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(57) Abstract

Compounds having
the formula (I), in which
R1, R2, R3, R4 and RS have
the meanings given in the
description, are new and
powerful PDE inhibitors.

(57) Zusammenfassung

Verbindungen der
‘Formel (I), worin R1, R2,
R3, R4 und RS die in der

(1)

CHZ-R3

Beschreibung angegebenen Bedeutungen haben, sind neue wirksame PDE-Hemmstoffe.




Description of the invention It has now been f ound

t hat t he phenyl di hydr obenzof urans described in greater detail 20
bel'ow, which differ from the previously published conmpounds by

a :conpletely di fferent type of substitution, have

surprising anWO9{36625i cul arly advant ageous properties. PCI/EPI6/02031
The invention thus relates to conpounds of thq 25 fornmula | (see attached
formul a sheet 1), in which is 1-6C al koxy, 3-7C-cycl oal koxy,
3-7C-cycl oal ky benzyl oxy or 1- 4C-al koxy which S
conpl etely or JMMW"?&B@%"%%& by fluorine, R2 is 1-4C-alkyl and
30" R3 I s hydrogen or 1-4C-al kyl, or R2 and R3, together and

i ncluding the two carbon atons to which they are bonded, are a

5-, 6- or 7- h e&ed hydrocarbon ring, if desired interrupted 35
by an* oxygen eu¥##ﬁu§94££i——ﬁFs hydrogen, hydroxyl, carboxyl,
1- 4C- al koxy- carbonyl, am no, nono- or di-1-4C- al kyl am no, 1-

4C-al kyl car bonyg i%”kﬂﬂ d? glbé]t(ﬁ#tk%t?é”wm%%r@éhn%e in der pharmazeutischen Indu-

triflUoronethylsul cyan ni't
y stmg Zur Hersté]lciung )\llon cid%m kamenten verwendet werden.

Stand der Technik

In der internationalen Patentanmeldung W092/12961 werden Benzamide mit PDE-
hemmenden Eigenschaften beschrieben. In der internationalen Patentanmeldung
W093/25517 werden trisubstituierte Phenylderivate als selektive PDE-IV-Hem-
mer offenbart. In der internationalen Patentanmeldung W094/02465 werden In-
hibitoren der c-AMP Phosphodiesterase und des TNF. beschrieben.

Beschreibung der Erfindung

Es wurde nun gefunden, daB die nachfolgend ndher beschriebenen Phenyldihy-
drobenzofurane, die sich von den vorverdffentTichten Verbindungen durch
eine vdllig andersartige Substitution unterscheiden, iiberraschende und be-
sonders vorteilhafte Eigenschaften besitzen.

Gegenstand der Erfindung sind somit Verbindungen der Formel I (siehe bei-

gefiigtes Formelblatt I), worin

R1 1-6C-Alkoxy, 3-7C-Cycloalkoxy, 3-7C-Cycloalkylmethoxy, Benzyloxy oder
ganz oder teilweise durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

R2 1-4C-Alkyl und

R3 Wasserstoff oder 1-4C-Alkyl bedeutet,

oder

R2 und R3 gemeinsam und unter EinschluB der beiden Kohlenstoffatome, an die
sie gebunden sind, einen 5-, 6- oder 7-gliedrigen, gewiinschtenfalls
durch ein Sauerstoffatom unterbrochenen Kohlenwaséerstoffring darstel-
len,



WD 96/ 36625 2 PCT/ EP96/ 02031 cyano,

nono- or di-1-4C al kyl am nocar bonyl, 5- tetrazolyl or carbanoyl
and R5 i s hydrogen, - hydroxyl, 1-4C-al koxy or hal ogen and _
where at |east one of the radicals R3, R4 and R5 5 has a neani n

ot her than hydr ¥QH436625 and their salts. 1- 6C- Al k 8%T/EPI6/02031
represents a radical which, in addition-tp 4 he oxygen atom contains a
strai ght-chain or branched al kyl radical having 1 to 6 carbon atonms. 10

| Rt B, 51158 Ry R e
(2, 2- di met hylméut yl‘ai:lp‘eﬁfﬁi'fi‘am’"°»i s%ﬁ%'rﬁ‘isﬂcarg %/'H'E))Pbuty‘y fi-!\?kyﬁéwyenﬂamino’
(2, 2-di met hyl - Trd Fyoyrimpthy1butfiphylamines ofyanginino, Kiaobulyphg, Momr-t obert \i-1-
15 pr Op?” N iksopr xh1kyARYocaBbnYE! bﬁet?i’z‘i{wﬁ'oﬂer Carbamoy] und
3-7C Cyeloa OXR% Ja%gér?s %?%,S I-l,yd\r'oxgcl),r 1-4&imyeéder Halogen _bedeutét und
wobei mindestens einer der Reste R3, R4 und R5 eine von Wasserstoff
verschiedene Bedeutung hat, '

und deren Salze.

1-6C-Alkoxy steht fir einen Rest, der neben dem Sauerstoffatom einen gerad-
kettigen oder verzweigten Alkylrest mit 1 bis 6 Kohlenstoffatomen enthilt.
Als Alkylreste mit 1 bis 6 Kohlenstoffatomen seien hierbei beispielsweise
genannt der Hexyl-, Isohexyl- (2-Methylpentyl-), Neohexyl- (2,2-Dimethyl-
butyl-), Pentyl-, Isopentyl- (3-Methylbutyl-), Neopentyl- {2,2-Dimethylpro-
pyl-), Butyl-, iso-Butyl-, sec.-Butyl-, tert.-Butyl-, Propyl-, Isopropyl-,
Ethyl- und der Methylrest. '

3-7C-Cycloalkoxy steht beispielsweise fir Cyclopropyloxy, Cyclobutyloxy,
Cyclopentyloxy, Cyclohexyloxy und Cycloheptyloxy, wovon Cyclopropyloxy,
Cyclobutyloxy und Cyclopentyloxy bevorzugt sind.

3-7C-Cycloalkyimethoxy steht beispie'isweise fir Cyclopropyimethoxy, Cyclo-
butyimethoxy, Cyclopentylmethoxy, Cyclohexylmethoxy und Cyclcheptyimethoxy,
wovon Cyclopropylmethoxy, Cyclobutylmethoxy und Cyclopentylmethoxy bevor-.

. zugt sind.

Als ganz oder teilweise durch Fluor substituiertes 1-4C-Alkoxy seien bei-
spielsweise "der 1,2,2-Trifluorethoxy-, der 2,2,3,3,3-Pentafluorpropoxy-,
der Perfluorethoxy- und insbesondere der 1,1,2,2-Tetrafluorethoxy-, der
Trifluormethoxy-, der 2,2,2-Trifluorethoxy- und der Difluormethoxyrest ge-

nannt.

Als 5-, 6- oder 7-gliedriger, gewiinschtenfalls durch ein Sauerstoffatom un-
terbrochener Kohlenwasserstoffring seien der Cyclopentan-, der Cyclohexan-,
der Cycloheptan-, der Tetrahydrofuran- und der Tetrahydropyranring genannt.
Wenn R2 und R3 gemeinsam und unter EinschluB der beiden Kohlenstoffatome,
an die sie gebunden sind, einen 5-, 6- oder 7-gliedrigen Ring bilden, so
liegt eine Spiroverbindung vor.



cycl opropyl oxy, cycl obutyl oxy, cycl opentyl oxy, cyclo- hexyl oxy and
cycl ohept yl oxy, of which cycl opropyl oxy, cycl obut yl oxy and

cycl opentyl oxy are preferred. 20 3-7C- Cycl oal kyl met hoxy
represents, for exanple, cycl opropyl net hoxy, cyclobutylnethoxg
cycl opentyl -  WOREB#B%y, cycl ohexyl met hoxy and cycl ohept yl net REX{EPI§2031
whi ch cycl opr opyl nmet hoxy, cycl obutyl net hoxy -agd cycl o- pent yl met hoxy
are preferred. 25 1-4C- Al koxy which is conpletely or partially
substituted by fluorine which may be nentioned for exanple, are

[sic]

the 1,2,2-trifluoroethoxy 2,2,3,3,3-pentaf | uoropr opoxy,

t e perfl uor oeflh@aplkehstent fiin gqradkmuaarodertmzwelgte Alkylreste mit 1 bis 4

% % 3 2- tfeltraf KoRTedet d¥Payomen! hsefdamm.teﬁwomtaﬁegmm dévheButyl-, iso-Butyl-,
tr| uor Qe or Xy c

A 5-,*6- or 7- ﬁﬁ%b%égg I’i;%rgcar On r?*fé’w qs'gg?'&’@ﬂs?r&r J|lntEH"§r eg‘tg%ithg'lregﬁ

oxygen aton1 whi ch may be mentioned is the cycl opentane, the

cycl ohexane, t'l%@iu&bjﬁk@é'lﬁpﬁlﬁeeinentMt t @dr" ABbEN aémrMerWWfatJnﬁb%en weve

t wo

tetr a?g?ggﬁyr 251’8 ﬂ?ygj gmneﬁz én lﬁgg Al%es%e %gglﬁgd fef Bﬂﬁlawgse %meagder e

7-menber ed ri nghoxyreundndepiEthoxyrestc gepannbed i s present.

1-4C-Alkoxycarbonyl steht fir eine Carbonylgruppe, an die einer der vor-
stehend genannten 1-4C-Alkoxyreste gebunden ist. Beispielsweise seien der
Methoxycarbonyl- (CH30 -C0-) und der Ethoxycarbonylrest (CH3CH 0-C0-) ge-
nannt.

Als Mono- oder Di-1-4C-alkytaminoreste seien beispielsweise der Methylami-
no-, der Dimethylamino-, der Ethylamino-, der Diethylamino-, der Propyl-
amino- und der Isopropylaminorest genannt.

Als 1-4C-Alkylcarbonylaminorest sei beispielsweise der Acetylaminorest
(-NH-CO-CHa) genannt.

1-4C-Alkylsulfonylamino steht fir einen Sulfonylaminorest der durch ginen
der vorstehend genannten 1-4C-Alkylreste substituiert ist. Beispielsweise
sei der Methylsulfonylaminorest (-NH-SOZ-CH3) genannt.

Unter Halogen werden erfindungsgemd8 Fluor, Chlor, Brom und lod, vorzugs-
weise Fluor und Chior, verstanden.

_Mono- und Di-1-4C-alkylaminocarbonyl enthalten neben der Carbonylgruppe
einen der vorstehend genannten Mono- bzw. Di-1-4C-alkylaminoreste. Bei-
spielsweise gemannt seien der N-Methyl-, der N,N-Dimethyl-, der N-Ethyl-,
der N-Propyl-, der N,N-Diethyl- und der N-Isopropylcarbamoylrest.

Hervorzuhebende Verbindungen der Formel I sind solche, in denen

R1 1-4C-Alkoxy, 3-5C-Cycloalkoxy, 3-5C-Cycloalkylmethoxy oder ganz oder
teilweise durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

R2 1-4C-Alkyl und
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1-4C Al kyl represents strai ght-chain or branched al kyl radicals
having 1 to 4 carbon atons. Exanpl es which nmay be nentioned are the
but.yl , i sobutyl, sec-butyl, tert-butyl, propyl, isopropyl, 5 ethyl
and net hyl radi Wei96/36625 1-4C- Al koxy represents a radi EaTERI6RHL | n
addition to the oxygen atom contains one of jhe abovenenti oned
1-4C-al kyl radicals. Exanples which may be nentioned are the nethoxy
and the ethoxy radicals ycar bonyl represents a

car bonyl group R3 %atsaev&ﬁ*’%g ofers 154+ Mé‘” gﬁ@é’ |oned 1- 4C al koxy radical s
i s bonded. Examdees whi ch nay be nentioned are the nmet hoxycar bonyl

§ aC';[ g;lr]SO f?) R2 @AHIR3 n@msaxﬁ’tulﬂaxl)iﬁ@f' 3R¥en1uB degcﬂrd[isérf kg;{e%f&@amfe) an mee'
mentioned, for exatif &€ ‘H’rdéntﬁié' rrefmﬁ“a%?’a/?peﬁ?@ eycéf"?f’é‘taﬂ fﬁ ﬁﬁhydf'ﬂg‘""'
et hyl am no, the disderyTetrahydrogyimanring darstellen,
R4 Wasserstoff, Hydroxy, Carboxyl, 1-2C-Alkexycarbonyl, Nitro, Cyano,
Mono- oder Di-1-4C-alkylaminocarbonyl, 5-Tetrazolyl oder Carbamoy? und
R5 Wasserstoff, Hydroxy, Methoxy oder Ethoxy bedeutet und
. wobei mindestens einer der Reste R3, R4 und R5 eine von Wasserstoff
verschiedene Bedeutung hat, B
und deren Salze.

Bevorzugte Verbindungen der Formel 1 sind solche, in denen

R1 1-4C-Alkoxy, 3-5C-Cycloalkoxy oder ganz oder teilweise durch Fluor
substituiertes 1-2C-Alkoxy bedeutet,

R2 und R3 gemeinsam und unter EinschluB der beiden Kohienstoffatome, an die
sie gebunden sind, einen Cyclopentan- oder Cyclohexanring darstellen,

R4 Wasserstoff, Hydroxy, Carboxyl, 1-2C-Alkoxycarbonyl, Cyano, Mono- oder
Di-1-4C-alkylaminocarbonyl, 5-Tetrazolyl oder Carbamoyl und

R5 MWasserstoff bedeutet,

und deren Salze.

Besonders bevorzugte Verbindungen der Formel I sind solche, in denen

R1 Methoxy,

R2 und R3 gemeinsam und unter EinschiuB der beiden Kohlenstoffatome, an die
sie gebunden sind, einen Cyclopentanring darstellen, -

R4 Hydroxy, Carboxyl, Cyano, Mono-1-4C-alkylaminocarbonyl, b5-Tetrazolyl
oder Carbamoyl und L

RS Wasserstoff bedeutet,

und deren Salze.

Als Salze kommen fiir Verbindungen der Formel I - je nach Substitution - al-
le Sdureadditionssalze oder alle Salze mit Basen in Betracht. Besonders er-
wihnt seien die pharmakologisch vertriglichen Salze der in der Galenik @b-
licherweise verwendeten anorganischen und organischen Sduren. Als solche
eignen sich einerseits wasserldsliche und wasserunldsliche Saureadditions-
salze mit Siuren wie beispielsweise Salzsdure, Bromwasserstoffsdure, Phos-



propyl am no and the isopropyl am no radicals. A

1- 4C- al kyl car bonyl am no radi cal which nmay be 20 nentioned, for exanple,
is the acetylam no radical (-NHCOCH err]).

1- 4C- Al kyl sul phonyl am no represents a sul phonyl am no radi cal
whi ch is substiW%8543§ one of t he abovenentioned 1-4C al kPCTERAHERL.
An exanple 25 which nmay be nentioned is gthe nethylsul phonylam no
radi cal (- NH-SCIerr] CHerr]). According to t he

i nventi on, halo

bromi ne and 30 PHOB ﬁ?‘ﬂ‘g’ %ar]g?teﬁrg&rgzf#%%gfﬂéagredngﬁﬁqg ?"ﬁgr 'Dirofiehs ""’P’ein 6lu-
addition to t he:omailD‘GnyBergpMY‘e,rr@nb‘l Hydooxybenzeyl Ji-banzogs&ureanBuldensfuney| Sul-

Cog_t ai ln one fosﬂ‘hcy'lsid?'@ Ma]e&hﬁ@&?n}hmﬁamnofﬁmsﬁlr@ Yumarsaralll Bern-

radi cal s. mention ar e

di met hyl | the%\ireg%@r ewﬁmisw% %P%aw{-’neﬁﬁrww& hﬁe“‘““éﬁ%r N’r‘?,ih"?s“‘f"“'

N-i sopropyl car ksiuog) Meibansal fonsiure oder 3-HydrexpcArnaphtboesitice f owohed adile Sdutes

enphagi zed are pai déQafzHePstdMdd - je nachdem, ob es sich um eine ein- oder mehrba-
sige Saure handelt und je nachdem, welches Salz gewiinscht wird - im dquimo-
laren oder einem davon abweichenden Mengenverhditnis eingesetzt werden.

Andererseits kommen auch Salze mit Basen in Betracht. Als Beispiele fir
Salze mit Basen seien Alkali- (Lithium-, Natrium-, Kalium-) oder Calcium-,
Aluminium-, Magnesium-, Titan-, Ammonium-, Meglumin- oder Guanidiniumsalze
erwihnt, wobei auch hier bei der Salzherstellung die Basen im &aquimolaren
oder einem davon abweichenden Mengenverhdltnis eingesetzt werden.

Pharmakologisch unvertrdgliche Salze, die beispielsweise bei der Herstel-
Tung der erfindungsgemdBen Verbindungen im industriellen MaBstab als Ver-
fahrensprodukte zunichst anfallen konnen, werden durch dem Fachmann bekann-
te Verfahren in pharmakologisch vertrdgliche Salze libergefiihrt.

Bei den Verbindungen der Formel I handelt es sich - sofern die Substitutio-
nen -R2 und -CH2R3 nicht identisch sind - um chirale Verbindungen. Die Er-
findung umfaBt daher sowohl die reinen Enantiomeren als auch deren Gemische
in jedem Mischungsverhdltnis, einschlieBlich der Racemate. Die Enantiomeren
kénnen in an sich bekannter Weise (beispielsweise durch Herstellung und
Trennung entsprechender diasterecisomerer Verbindungen) separiert werden.

Weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung der
Verbindungen der Formel I und jhrer Salze. Das Verfahren ist dadurch ge-
kennzeichnet, daB man

i a) Verbindungen der Formel II (siehe beigefiigtes Formelblatt I), in denen
R1, R2, R3 und R5 die oben angegebenen Bedeutungen haben, katalytisch
dehydriert oder daB man

b) Verbindungen der Formel III (siehe beigefiigtes Formelblatt I}, in denen
Rl, R2 und R3 die oben genannten Bedeutungen besitzen und X die Gruppe
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1- 4C- al koxy, 3-5C-cycl oal koxy, 3-5C-cycl oal kyl - nmet hoxy or
1-4C-al koxy which is conpletely or . partially substituted by
fluorine, R2 is 1-4Calkyl and 5 R3 i s hydrogen or 1-4C-al kyl,
or R2 and RWO%68682Fher and including the two carbon atons PCTEPS602031,
which they are bonded, are a cyclopentane, _g . cycl ohexane,

t et rahydrofuran or tetrahydropyran 10 ring, R4 is hydrogen,

hydr oxyl , car boxvyl, ... 1-2C-al koxy- . . b nity,0,.C no-
oy L e ar i YBeom ; bésefbel J: pinay, Veroindifh R bornB) 10 x5 foh8 WesgfHiRes
R5 is hydrogen, PFormethiptt Ijetwessty Rérund R dje .nben genannten Bedewtaingen besidzen

one of the radi cal gnd33 HaRdgeh Heddatet, katalyt{ieh KAppEIRNbAG @ddfEn t han
hydr ogen, and their salts. Preferred conpounds of the

formula | are those i n which
c) Verbindungen der Formel I, in denen Rl1, R2, R3 und R5 die oben angege-

benen Bedeutungen haben und R4 Carboxyl bedeutet, mit Aminen der Formel
H-N(R11)R12, worin R1l und R12 unabhingig voneinander Wasserstoff oder
1-4C-Alkyl bedeuten, umsetzt, oder daB man ' '

d) zur Herstellung von Verbindungen der Formel I, in denen Rl, R2, R3 und
R5 die oben angegebenen Bedeutungen haben und R4 Cyano bedeutet, ent-
sprechende Verbindungen der Formel I worin R4 Carbamoyl bedeutet ‘dehy-
dratisiert, oder daB man '

e) zur Herstellung von Verbindungen der Formel I, in denen Rl, R2, R3 und
RS die oben angegebenen Bedeutungen haben und R4 5-Tetrazolyl bedeutet,
entsprechende Verbindungen der Formel I worin R4 Cyano bedeutet mit
einem Azidderivat cycloaddiert,

und daB man gewiinschtenfalls anschlieBend nach a), b), c), d) oder e) er-
haltene Verbindungen der Formel I in ihre Salze Uberfihrt, oder daB man er-
haltene Salze der Verbindungen der Formel I in die freien Verbindungen
Oberfiihrt.

Gewlinschtenfalls kdnnen weitere Verbindungen der Formel I in einer dem
Fachmann bekannten Weise durch Derivatisierung {insbesondere der Reste R4)
in andere Verbindungen der Formel I iibergefithrt werden (beispielsweise
durch Synthese entsprechender Ester aus den Sduren).

Die Isolierung und Reinigung der erfindungsgemdBen Substanzen erfolgt in an
sich bekannter Weise z.B. derart, daB man das Ldsungsmittel im Vakuum ab-
destilliert und den erhaltenen Riickstand aus einem geeigneten LOsungsmittel
umkristallisiert oder einer der itblichen Reinigungsmethoden, wie beispiels-
weise der Sdulenchromatographie an geeignetem Trdgermaterial, unterwirft.

Salze erhilt man durch Aufldsen der freien Verbindung in einem geeigneten
Losungsmittel, z.B. in einem chlorierten Kohlenwasserstoff, wie Methylen-



20 R1 Is 1-4C-al koxy, 3-5C-cycloal koxy or 1-2C al koxy whi ch

Is conpletely or partially substituted by fluorine, R2 and R3,
t oget her and including the two carbon atons to which they are
bonded, are a cycl opentane or 25 cycl ohexane ring, R4 | S

hydr ogen, hy Po%?@f‘,’s car boxyl , 1- 2C al koxy&IM3aH¢As1
cyano, nono- or di- 1 4C- al kyl - am nogas bonyl, 5-tetrazolyl or

car banoyl and i s hydrogen, 30 and their salts.

Particul arly pry g 0 mOf

particularly I ﬂwmeg&ecr 6@3@@ odteEEeleﬁ bdern gkbhﬁre mgﬁﬁ?asg o nfkbnol
35° to whiEh nedy %Pr"@"%ﬂ?l@d a5 cdie &9&!‘!’65’&% . Base ppthaltg oder

hydroxyl, car ldemydie geyimschte Stine bzwC-Bak&ydnschlieBend zugugebatmbdmsdie Salze
S-tetr azol Y1 OnoGALP IR Fiiieren, Romeat1en AIEPASE mit offh WPSI 8S@MgsRItLel
fiir das Anlagerungssalz oder durch Verdampfen des L&sungsmittels gewonnen.
Erhaltene Salze kdnnen durch Alkalisierung bzw. durch Ansduern in die frei-
en Verbindungen umgewandelt werden, welche wiederum in Salze {bergefiihrt
werden kdnnen. Auf diese Weise lassen sich pharmakologisch nicht vertrig-
Tiche Saize in pharmakologisch vertrdgliche Salze umwandeln.

Die katalytische Dehydrierung von Verbindungen der Formel II nach Variante
a) erfolgt in einer dem Fachmann bekannten Weise in einem geeigneten L§-
sungsmittel (beispielsweise Toluol) und in Gegenwart eines geeigneten Kata-
lysators wie Palladium auf Aktivkohle, vorzugsweise bei erhGhtier Tempera-
tur, insbesondere bei der Siedetemperatur des Ldsungsmittels.

Die katalytische Kupplung der Boronsdure der Formel III mit dem Arylhalo-
genid der Formel IV [Variante b)] erfolgt unter Bedingungen, wie sie dem
Fachmann bekannt sind, beispielsweise so wie in den nachfolgenden Beispie-
Ten beschrieben. Als Arylhalogenide werden dabei vorzugsweise Verbindungen
der Formel IV eingesetzt, worin Z die_ Bedeutung Brom hat.

Die Umsetzung von Verbindungen der Formel I nach Variante c) erfolgt in
einer Weise, wie sie dem Fachmann zur Synthese von Carbonsdureamiden be-
kannt ist. Gewiinschtenfalls wird die Carbonsdure der Formel 1 vor der
Aminolyse in ein geeignet aktiviertes Derivat, beispielsweise ein ent-
sprechendes Saurehalogenid, Gbergefthrt. Als Amine der Formel H-N{R11)R12
die eingesetzt werden seien beispieisweise Ammoniak, Methylamin und
Ethylamin genannt.

Die Dehydratisierung analog Variante d) erfolgt ebenfalls auf bekannte
Weise in einem geeigneten Losungsmittel durch Behandlung mit wasserentzie-
henden Mitteln wie Phosphoroxychlorid oder Phosphorpentoxid, vorzugsweise
bei erhéhter Temperatur, insbesondere bei der Siedetemperatur des verwen-
deten Losungsmittels. |
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Suitable salts of conpounds of the fornmula | - dependi ng on
substitution - are all acid addition salts or all salts with bases.
Particul ar nention nmay be nade of the pharmacologically tolerable salts
of the 5 inorJ¥N68668nd organic acids customarily used FET/EP96/02031
pharmacy. Those which are suitable are, angthe one hand,

wat er - sol ubl e and wat er-i nsol uble acid addition salts with acids such
as, for exanpley:h [ I ' ' OLd G~
acid, nitric B1§C|¥gaﬁ’%n'l'g%é uﬁ?egh%ﬁ@&%@;tat?@ggg{%p%@%nec)cff'ﬂ 9%’10@?58& Ebeh

D- gl uconi ¢ fallg, bekanpbi Alsciogeionetes Hizdddanweh MivH ) Beispielswaisey Tributyl-

butyric acid, sginpaetdvesehtiet.acid, maleic acid, lauric acid, malic
acid, fumaric acid, succinic acid, oxalic 15 acid, tartaric acid,
enbonic acid, stearic acid, t ol uenesul phoni ¢ aci d, net hanesul phoni c

acid or 3- Yerbiedupgen dapforvealc Ihcwarinies K2, h&3 yad RS die- obemp|ggpannten Be-
in salt preparaddutingendRitRAS Sidd o1 vpRilSRdise GFQA-Addition eWdpybéehder®Verbins
gagﬁte :‘ tn g? i Sgdr gf negla)'rtpegnggm\é[f“ ﬁli], sv%lrtinzf) d'l'esse%ﬁhfn%du'th'iﬂ]m %rét’eaaunl We)rl'bairndungen
der Formel V (siche beigefligtes Formelblatt I), worin R5 die oben genannten
Bedeutungen hat, und anschlieBende Eliminierung von -Wasser zuginglich.
ZweckmiBigerweise werden Verbindungen der Formel V in teilweise geschiitzter
Form, beispielsweise als Monoethylenketal, eingesetzt und die Schutzgruppe

nach erfolgter Umsetzung wieder abgespalten.

Verbindungen der Formel III worin X Lithium bedeutet, sind aus entsprechen-
- den Verbindungen der Formel III worin X Ha]ogen, insbesondere Brom, bedeu-
tet durch Metall-Halogen-Austausch zuginglich.

Verbindungen der Formel III, worin X die Gruppe -B(OH)2 bedeutet sind aus
entsprechenden Verbindungen der Formel III, worin X Lithium bedeutet, durch
Umsetzung mit einem Borsduretrialkylester und anschiieBender Hydrolyse zu-
ganglich.

Die Verbindungen der Formel III worin X Halogen bedeutet, kdénnen gemdB dem
allgemeinen Reaktionsschema auf dem beigefiigten Formelblatt II hergestellt
werden. Die Synthese von Verbindungen der Formel III ist beispielhaft unter
"Ausgangsverbindungen” beschrieben. Weitere Verbindungen der Formel III
kénnen in analoger Weise hergestellt werden.

Verbindungen der Formeln IV und V sind bekannt oder kdnnen auf bekannte
Weise hergestellt werden. ' '

Die folgenden Beispiele erldutern die Effindung ndher, ohne sie einzu-
schrinken. In den Beispielen steht Schmp. fir Schmelzpunkt, Sdp. fiir Siede-
punkt, h fir Stunde(n), RT fiir Raumtemperatur, THF fiir Tetrahydrofuran, DMF
fiir N,N-Dimethylformamid und BC fiir Diinnschichtchromatographie. Die in den
Beispielen genannten Verbindungen und ihre Salze sind bevorzugter Gegen-
stand der Erfindung.



differing therefrom On the other hand, salts with bases are
al so suitable. Exanples of salts with bases which may be nentioned

and their m xtures in any

al kali  netal (l'ithium sodium 25 potassiun) or calcium

al um ni um nagnesi%£%6titaniun1 ammoni um megl um ne or guani di ni um
salts, where heP@%P366%5,, the bases are enployed in salt preparStBnePH3hn
equi nol ar quantitative ratio or one -d@i¢fering therefrom 30
Phar macol ogically intol erable salts which can be initially obtained as
process products, for exanple, in theppigera@ti on of the conpounds
according to the I nvention on an industrial scale, are converted into
phar macol ogically tolerable salts by processes known to 35 the person
skilled in the art. The conpounds of the formula | - if the
substitutions [Bidke eand -CHlerr]R3 are not identical - are chiral
conpolinds. The ventl on therefore includes both the pure enantioners

1. 4-(2.3-

Zu einer L&sung von 0,3 g (1 mmol) der nach Al hergesteliten Verbindung in
5 m1 absolutem Toluol gibt man 3 mg 10 %iges Pd/C und- kocht fir 72 h am
RickfluB. Nach Abkithlen der Liosung wird vom Katalysator abfiltriert und mit
ca. 100 ml Methanol nachgewaschen. Die organischen Phasen werden vereinigt,
zur Trockne eingeengt, der Rickstand in Ether aufgenommen, die Etherphase
mit 100 m1 1N Natronlauge ausgeschiittelt, die organische Phase abgetrennt,
die wiBrige Phase mit 6N Salzsdure auf pH 4 gebracht und mit Ethylether
ausgeschiittelt. AnschlieBend wird die Ethylether-Phase {iber Natriumsulfat
getrocknet und am Rofationsverdampfer eingedampft. Sﬁu]enchromatographie
ergibt 0,15 g der Titelverbindung als weiB-grdulichen Feststoff vom Schmp.
92-93°C.

0,41 g 2,3-Dihydro-7-methoxybenzofuran-2-spiro-1’-cyclopentan-4-boronsiure,
0,36 g 4-Brombenzoesdure und 0,59 g Natriumcarbonat werden unter Stickstoff
in einem Gemisch aus 12 m1 Toluol, 4,8 ml Wasser und 2,4 ml Ethanol bei RT
gerilhrt. Dann werden 0,04 g Tetrakistriphenylphosphinpalladium (0) zugege-
ben und das Gemisch 22 h zum Sieden erhitzt. Nach Abkithlen werden Ethylace-
tat und 0,5 N NaOH zugegeben. Die Phasen werden getrennt und die organische
Phase noch 2 x mit 0,5 N NaOH ausgeschiittelt. Die vereinigten widBrigen Pha-
sen werden mit 2 N HC1 auf pH 5 angesduert und der Niederschlag 2 x mit
Ethylacetat extrahiert. Die vereinigten organischen Phasen werden mit ge-
sittigter NaCl-Ldosung gewaschen, ber Magnesiumsulfat getrocknet und einge-
engt. Der Riickstand wird in ca. 15 ml1 Ethylacetat mit Aktivkehle gekocht,
heiB iiber Kieselgel/Celite filtriert und die Losung abgekihlt. Das auskri-
stallisierte Produkt wird abgesaugt, mit Ether gewaschen und getrocknet.
Man erhidlt 0,14 g der Titelverbindung mit Schmp. 240-242°C.
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I ncl udi ng the racenates. The enantioners can be separated in a manner
known per se (for exanple by preparation and separation of
correspondi ng di astereo-i soneric conpounds). 5 The invention
further rel at es™MOP6B50cess for the preparation of the co 02831
the formula | and their salts. The procesgpis characterized in that

a) conpounds of the fornmula Il (see attached fornmula 10 sheet 1),

in which R1, = R2. o7 andyRihp enzofyran2 [ H05vcl i A Rh1) - BORKE.
are catalytical Iy . T™h. that

of the formula |1158ugamig t ached fornula 15 sheet 1), in which

Rl, R2 and R3 have the abovenenti oned nmeanings and X is the

Pooml 2y v sedBeg dokae-UPREET BN R HR o 2 M D P ERTORHRIN oo T by

the abovenent i GoesduneafBeigrialnd) werdgn in 5 ml absqTolyod, midr 0,2,m} 19QE1, versetzt
und das Gemisch 2 h zum Sieden erhitzt. Nach Abkilhlen wird das Losungsmit-
tel im Vakuum am Rotationsverdampfer abdestilliert, mit 2 x 5 ml Toluol
nachdestilliert und der Rickstand im Vakuum getrocknet. Das rohe Sadurechlo-
rid wird in 5 ml abs. Dioxan geldst und unter Kithlung zu 2 m1 konz. Ammo- -
niakldsung getropft. Nach 1,5 h Rihren bei RT wird mit Wasser verdinnt, der
Niedersth]ag abgesaugt, mit Wasser gewaschen und getrocknet. Zur Reinigung
wird Gber eine Kieselgelsdule mit CHchZ/EtOH (95:5) chromatografiert. Die
chromatografisch reinen Fraktionen werden vereinigt, eingeengt und der
Rickstand aus Ethanol kristallisiert. Es wird abgesaugt, mit Ethanol ge-
waschen und getrocknet. Man erhdlt 0,13 g der Titelverbindung mit Schmp.

243-244°C.

siure-N-methylamid

Analog Beispiel 3 wird aus 0,5 g 4-(2,3-Dihydro-7-methoxybenzofuran-2-spi-
ro-l’-cyc]opentan-4-y1)-benzoesiure'das Sdurechlorid hergestellt und zu

5 ml einer gesdttigten Losung von Methylamin in abs. Dioxan unter Kiihlung
zugetropft. Das Gemisch wird am Rotationsverdampfer eingeéengt und der Riick-
stand zwischen Ethylacetat und Wasser verteilt. Die organische Phase wird .
noch einmal mit Wasser gewaschen, iiber Natriumsulfat getrocknet und einge-
engt. Der Riickstand wird iiber eine Kieselgelsdule mit CH2C12/Et0H (95:5)
chromatografiert. Die chromatografisch reinen Fraktionen werden vereinigt,
eingeengt, der Riickstand mit Diisopropylether kristallisiert, abgesaugt und
getrocknet. Man erhdlt 0,17 g der Titelverbindung mit Schmp. 143-144°C.

nitril

1,5 g 4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1‘-cyclopentan-4-y1)-ben-
zoesdureamid (Beispiel 3) wird in 60 ml Acetonitril suspendiert und dann
0,5 ml P0C13 zugegeben. Das Gemisch wird 1 h unter RiickfluB zum Sieden er-



c) conpounds of the formula I in which Rl, R2, R3 and R5 have the

meani ngs i ndi cated above and R4 is carboxyl, are reacted with

am nes of the fornmula 25 H N(R11) R12, in which R11 and R12
|ndependently o] one anot her are hydrogen or 1-4C- al ky, r.in

t hat E\‘%’Fm[ﬁg preparation of conpounds of the formnul allqulgr%)ozon

I n which Rl R2 R3 and R5 have the neani ngs-3Q - I ndi cated above and
R4- is cyano, corresponding conpounds of the formula |I in which
Rd I's t f Kz aTHp gékﬁhﬂﬁ dﬁahﬁU*rE¢§ﬁstéF’Eédbs%éﬁatEs wird m®t IN R&UH h&Rrali-
preparation of conpounds,.o

and R5 have EE r& Ethyq cetat & %r%‘@g 015b°5\95“1s\é£?13 aseRHircﬁzn;t Wasser

5-tetrazolyl, gewaschen dmerdhtonmsn’gfa&omﬂmnmtoﬁndt hingeengtu| Der| Rickstinid: wird
R4 i's cyano areaibifife! RfbskRyet¥fi1aand Pad184HP/ B¥hylacetat (6:BZth¥omatogra-
derivati ve, . . .

fiert. Die chromatografisch reinen Fraktionen werden vereinigt, eingeengt
und mit Petrolether/Diisopropylether verrieben. Der Feststoff wird abge-
saugt und getrocknet. Man erhdlt 0,74 g der Titelverbindung mit Schmp.
115-116°C (Zers.).

ny1]-tetrézo!

Eine Ldsung von 0,58 g 4-(2,3-Dihydro-7-methoxybenzofurdn-2-spiro—l’-cyc?o-
pentan-4-y1)-benzonitril (Beispiel 5) und 0,63 g Tributylzinnazid in 20 ml
Ethylenglykolmonomethylether wird 4 Tage unter RiickfluB zum Sieden erhitzt.
Nach Abkiihlen wird mit 35 ml 4 N HC1 und 20 ml Toluol versetzt und die Mi-
schung 3,5 h geriihrt. Der Feststoff wird abgesaugt, getrocknet, in einem
Gemisch aus Petrolether/Ethylacetat (8:2) in der Siedehitze geldst und heiB
filtriert. Der beim Abkiihlen auskristaliisierte Feststoff wird abgesaugt,

- gewaschen und getrocknet. Man erhdlt 0,15 g der Titelverbindung mit Schmp.
188-189°C (Zers.).

usaanasverbindunge

hex-4-en-1-on

Zu einer Lbsung von 7,4 g (0,021 mol) der nach A2 hergestellten Verbindung
in 100 m1 Toluol gibt man 50 m1 destilliertes Wasser und 2 Spatelspitzen
p-Toluolsulfonsauremonchydrat und kocht flir 2 h am RickfluB. Nach Abkithlen
wird die organische Phase am Rotationsverdampfer abgezogen, der Riickstand
in 100 ml Aceton aufgenommen und eine Spatelspitze p-Toluolsulfonsdure zu-
gesetzt. Nachdem die Mischung 8 h am RiickfluB gekocht hat, 1d8t man sie ab-
kithlen, destilliert das Aceton ab, nimmt den Rickstand in Ether auf, ver-
setzt mit 100 m1 1IN Natronlauge, trennt die organische Phase ab und extra-
hiert mit Ether. Nach Vereinigen und Trocknen der organischen Phasen iiber
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I f desired, conpounds of the fornmula I obt ai ned according to a), b),
c), d) or e) are then converted into their salts, or in that salts of
the 5 compounds of the fornmula | obtained are converted into the free
conpounds. WO 9636625 f (esired, further conpounds of the fom¢HER94/02031
can be converted into other conpounds of the fieryrul a | (for exanple by
synthesis of corresponding esters from10 the acids) by derivatization
g | }Oggt ! ﬁU' ar N fé‘iglﬁ.{?ﬁfat witr8dérigheén E?%gd maawgcﬁﬁgnﬁsﬁf%mﬁgﬁo@?aphie

[ d i . . [
i nvention are gereiig{gtat B grbdlbuPid Fe‘geri hl?ge r‘fﬁ&ﬁ@f’"“@n(ﬁ/\ﬁ gﬁg?essgfl. ol (fgne-
15 distilling pifatteme PetroletheryEssigaduveethy] asder \os & hIRFFQi4h ). t he residue
obt ai ned from a suitable sol vent or subjecting it to one of the

i .

custonmary puri Alzc'at4|_|§)r(1!m

Zu einer Ldsung von 9,5 g (0,034 mol) der nach A4 hergestellten Verbindung
in 100 ml1 THF gibt man bei -78°C tropfenweise unter ~Stickstoff 21,2 ml

{0,036 mol) n-Butyllithium und riihrt bei dieser Temperatur noch 0,5 h wei- -

ter. AnschlieBend tropft man eine Lésung von 5,3 g (0,034 mol) Cyclohexan-
dionmonoethylenketal bei -78°C zu und rithrt anschlieBend noch 2 h bei
-70°C. Nach Aufwirmen auf RT versetzt man mit 100 ml destilliertem Wasser
und neutralisiert mit IN Salzsdure. Es wird von der organischen Phase abge-
trennt und die wdBrige Phase mit Methylenchlorid zusatzlich extrahiert. Die
organischen Phasen werden vereinigt und Uber Natriumsulfat getrocknet, ein-
geengt und lber Sdulenchromatographie gereinigt. Man erhdlt 7,1 g der Ti-
telverbindung als gelbes 01. [DC (Petrolether/Essigsiureethylester 6:4)

Rf=0,16]. '

Zu einer Ldsung von 6,5 g 4-Brom-2,3-dihydro-7-methoxybenzofuran-2-spiro-
1’-cyclopentan in 100 ml abs. THF tropft man bei -78°C unter Stickstoff
16,6 ml einer 1,6 N Butyllithiumlésung in Hexan. Es wird 2 h bei -78°C ge-
rihrt und dann 7,7 m1 Borsduretrimethylester zugetropft und innerhalb von
2 h auf RT erwdrmt. Nach Zugabe von 75 ml 1 N Salzsdureldsung wird iber
Nacht gerithrt, dann die Phasen getrennt und die widBrige Phase noch 2 x mit
Diethylether extrahiert. Die vereinigten organischen Phasen werden mit
Wasser und gesdttigter NaCl-Ldosung gewaschen und fiber Magnesiumsulfat ge-
trocknet. Nach Filtrieren, Einengen und Trocknen im Vakuum erhdlt man 5,5 g
der Titelverbindung als Rohprodukt, das ohne weitere Reinigung weiterver-
wendet wird.

Ad. 4-Brom-2.3-dihydro-7-methoxybenzofuran-2-spiro-1’-cyclopentan

Zu einer Losung von 8,4 g (0,03 mol) der nach A5 hergeste]]tgn Verbindung
in 100 ml absolutem Toluol gibt man 9,0 g Amberlyst 15 und rithrt die Mi-



nmet hods, such as, for exanple, columm chromatography on sui tabl e

support material. 20 Salts are obtained by dissolving the
free conmpound in a suitable solvent, e.g. in a chlorinated

hydrocar bon, such as_net hyl ene chloride or chloroform

mol ecul ar wei ght*&1**#3ti ¢ al cohol (et hanol, |sopropanol) ﬁﬁ?@ﬁ”ﬁuﬂBl
contains the desired acid or base, 25 or to-which t he desired acid or base
is then added. The salts are obtained by filtering,

reprecipitating schung Al r ven%’e{ éﬂ? gy ﬁ%hai\ﬂlﬁme?ﬁohé/reﬂtiséh%%tvnﬁd %ﬂd"’" _ Pohendhis-

or be evaporatlng

al kal i zati on or tyschen cﬁbffﬂ:fd‘t"%ﬁ ‘i“ﬁt'b”t Ae0 & Methapol spbaawaschgp; dYach Ewengen
turn, can be Cﬂéwewgads!:hém Phase siad tsauiémhtdmsogmphtd dep herhabienbm Ricks taydes

#1507, P L, 1 EEL 1 Ap e

salts? e cat’'a conpoun

formula Il accosigsiyreashylastantt:4) R§ dalried out in a manner known to
the person skilled in the art in a SU|tabIe sol vent (for exanple

zgl uefie) and in gh -{Cycl o1 JPn];etﬁ1 tam'oex Cﬂmethx bronb enz paI adi um

Zu einer Suspension von 26,5 g (0,074 mol) Methyltriphenylphosphoniumbromid
in 200 m1 absolutem THF gibt man bei -78°C unter Stickstoff tropfenweise
52,1 ml (0,082 mol) n-Butyllithium (1,6 N in Hexan). AnschlieBend wird die
Suspension auf -30°C erwirmt, wobei die Suspension in Losung geht. Nach er-
neutem Abkiihien auf -70°C tropft man eine Ldsung von 19,2 g (0,067 mol) der
nach A6 hergestellten Verbindung in 200 m1 absolutem THF unter Stickstoff
zu. AnschlieBend wird auf -10°C erwirmt und 5 h bei dieser Temperatur ge--
rithrt. [DC (Petrolether/Essigsdaureethylester 6:4) Rf (Methylenverbindung)
=0,81]. Nach Erwdarmung auf RT wiv:d die Mischung von Feststoffen abfil-
triert, das Filtrat mit 3 x 200 m1 halbgesdttigter Natriumchlorid-Losung
“und 2 x 200 ml destilliertem Wasser ausgeschiittelt. Nach Vereinigung der
organischen Phasen, Trocknen i{iber Natriumsulfat und Einengen bis zur
Trockne wird der Riickstand in 50 ml1 Chinolin aufgenommen und 1 h bei
195-205°C gerithrt. Nach Abkiihlen der Lﬁsung' gibt man 400 ml Ethylether zu
und schiittelt das Chinolin mit 4 x 200 m1 2N Salzsdure aus. Die organischen
Phasen werden vereinigt, lber Natriumsulfat getrocknet und ei_ngeengt.' Nach
Sdulenchromatographie des Riickstandes ergibt sich eine Ausbeute von 8,4 g
der Titelverbindung als rotbraunes 01. [DC (Petrolether/Essigsdureethyl-
ester 6:4) Rf=0,65].

A6. 4-Methoxy-3-(2-oxocyclopentyloxy)-brombenzol

Zu einer Losung von 20 g (0,1 mol) 3-Hydroxy-4-methoxybrombenzol in 300 ‘m]
absolutem DMF gibt man 17,7 g (0,15 mol) 2-Chlorcyclopentanon und 41,4 g
(0,3 mol) Kaliumcarbonat und rithrt 12 h bei RY. Nach Abfiltrieren der Fest-
stoffe wird das Filtrat eingeengt, in 500 ml Ethylether aufgenommen und mit
3 x 200 m! destilliertem Wasser ausgeschiittelt. Saulenchromatographie er-
gibt 21,1 g der Titelverbindung als braunes 01 [DC (Petrolether/Essigsdure-
ethylester 6:4) Rf=0,47].
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préferably at el evated tenperature, in particular at the boiling
tenperature of the sol vent. The catal ytic coupling of the
boroni c acid of the formula Il with the aryl halide of the formula IV
5 [variant b)] WP ed out under conditions such as ar TR
the person skilled in the art, for exanple 14 25 described in the
foll ow ng exanpl es. Aryl halides enployed'%ere are preferably conpounds
of the formula IV in which Z has the neaning brom ne. 10 The
reaction of conpounds of the f e Anwe ng to variant c) is
carried out in a manner such as is known to the person skilled in the

Lo bhe o AR BlBR] YA s 055 WPt (SR g, -

activat ed deri \aenschaften,odiesiegewerblich veswerdh vbmashﬂg ablsd splaktine Zykliipeh:

of the fornula Nuk1edﬁw(#maﬁhaa?es&ms@yﬁbmmmbmwrqu@rzmrordeﬁl 9p€, Ivj Q@ignen

Sﬁgrgggusf‘ym P 'dsa Vs:ﬁh %t“ qgs aars.]g ﬁ' né’tli%ﬂ&?apeuhka (zur Beha'%%li'é’r%re R{'enmegs-
obstruktionen aufgrund jhrer dilatierenden aber auch aufgrund ihver atem-
frequenz- bzw. atemantriebssteigernden Wirkung) und zur Behebung von erek-
tiler Dysfunktion aufgrund der gefiBdilatierenden Wirkuﬁg, andererseits je-
doch vor allem zur Behandlung von Erkrankungen, insbesondere entziindlicher
Natur, z.B. der Atemwege (Asthma-Prophylaxe), der Haut, des Darms, der Au-
gen und der Gelenke, die vermitte]i werden durch Mediatoren, wie Histamin, -
PAF (Plattchen- aktivierender Faktor), Arachidonsdure-Abkommlinge wie Leu- .
kotriene und Prostaglandine, Zytokine, Interleukine, Chemokine, alpha-,
beta- und gamma-Interferon, Tumornekrosisfaktor (TNF) oder Sauerstoff-Ra-
dikale und Proteasen. Hierbei zeichnen sich die erfindungsgemdBen Verbin-
dungen durch eine geringe Toxizitdt, eine gute enterale Resorption (hohe
Bioverfiigbarkeit), eine groBe therapeutische Breite und das Fehlen wesent-
Jicher Nebenwirkungen aus.

Aufgrund ihrer PDE-hemmenden Eigenschaften kdnnen die erfindungsgemiBen
Verbindungen in der Human- und Veterinirmedizin als Therapeutika eingesetzt
werden, wobei sie beispielsweise zur Behandlung und Prophylaxe folgender
Krankheiten verwendet werden konnen: Akute und chronische (insbesondere
entziindliche und allergeninduzierte) Atemwegserkrankungen verschiedener Ge-
nese (Bronchitis, allergische Bronchitis, Asthma bronchiale); Dermatosen
(vor allem proliferativer, entziindlicher und allergischer Art) wie bei-
spielsweise Psoriasis (vulgaris), toxisches und allergisches Kontaktekzem,
atopisches Ekzem, seborrhoisches Ekzem, Lichen simplex, Sonnenbrand, Pru-
ritus im Genitoanalbereich, Alopecia areata, hypertrophe Narben, diskoider
Lupus erythematodes, follikuldre und flichenhafte Pyodermien, endogene und
exogene Akne, Akne rosacea sowie andere proliferative, entziindliche und
allergische Hauterkrankungen; Erkrankungen, die auf einer iberhdhten Frei-
setzung von TNF und Leukotrienen beruhen, so z.B. Erkrankungen aus dem
Formenkreis der Arthritis (Rheumatoide Arthritis, Rheumatoide Spondylitis,
Osteoarthritis und andere arthritische Zustdnde), Erkrankungen des Immun-



20 likewi se carried out in a known manner in a suitable sol vent by

treatnent with dehydrating agents such as phosphorus oxychloride or
phosphor us pent oxi de, preferably at el evated tenperature, in
particul ar at t he boiling tenperature of the solvent used. 25

The conditions WP%A23yc| oaddi tion according to variant ePCHEE96/02031
| i kewi se known to the person skilled in_the_art. A suitable azide
derivative used is, for exanple, tributyltin azide.

Compounds of the for [1,1.n i R1, , 30 apd R5 hav h
abovenent i oned %g?ﬁsggéﬂ]ér eM'QéééCesi%gI]%f"seﬁz ?ga'eéﬁ'ﬁ\?ﬁ?%fmeﬂygﬁsd§+?§ﬁ dpepti-
correspondi ng cehpoiciscksf Endotoxinechiaskigram:negativenbapstis X Taxdsches Behookriyn-
) in i oh rs FETAAINS AL (Rul0/rBsbfratoly BFsthels) shiton] Sdefe ehbralisier-
i i Vv | i-NgSs su
el i mination of %E%V.“"%@’Hi‘@n%%f‘%ﬁrﬁdgﬁ (M‘“%F W@“f%‘f’r’gﬁﬁ&?saﬂfemsﬂ);
enpl oyed in parBrkedrikungenot die eif alldngisehehoknd/oderpl chroni schewn oixmuns kngiéschen
ketal , and the pep1eddkPidheh | ¥ BIFALR ddr TDRPUF ALamRLE GldcREnfaRASINAR) "GN der
t aken” pl ace. ) . ) ) ]
angrenzenden Regiorien (Nasennebenhthlen, Augen) beruhen, wie beispielsweise
allergische Rhinitis/Sinusitis, chronische Rhinitis/Sinusitis, alliergische
Conjunctivitis sowie Nasenpolypen; aber auch Erkrankungen des Herzens, die
durch PDE-Hemmstoffe behandelt werden kdnnen, wie beispielsweise Herzinsuf-
fizienz, oder Erkrankungen, die aufgrund der gewebsrelaxierenden Wirkung
der PDE-Hemmstoffe behandelt werden konnen, wie beispielsweise erektile
Dysfunktion oder Koliken der Nieren und der Harnleiter im Zusammenhang mit
Nierensteinen; oder auch Erkrankungen des ZNS, wie beispielsweise Depres-
sionen oder arteriosklerotische Demenz.

Ein weiterer Gegenstand der Erfindung ist ein Verfahren zur Behandlung von
Sidugetieren einschlieBlich Menschen, die an einer der oben genannten Krank-
heiten erkrankt sind. Das Verfahren ist dadurch gekennzeichnet, daB man dem
erkrankten Sdugetier eine therapeutisch wirksame und pharmakologisch ver-
tragliche Menge einer oder mehrerer der erfindungsgemdBen Verbindungen ver-
abreicht.

Weiterer Gegenstand der Erfindung sind die erfindungsgemdBen Verbindungen
zur Anwendung bei der Behandlung und/oder Prophylaxe der genannten Krank-
heiten. '

Ebenso betrifft die Erfindung die Verwendung der erfindungsgemiBen Verbin-
dungen zur Herstellung von Arzneimitteln, die zur Behandlung und/oder Pro-
phylaxe der genannten Krankheiten eingesetzt werden.

Weiterhin sind Arzneimittel zur Behandlung und/oder Prophylaxe der genann-
ten Krankheiten, die eine oder mehrere der erfindungsgemdBen Verbindungen
enthaiten, Gegenstand der Erfindung.

Die Arzneimittel werden nach an sich bekannten, dem Fachmann geldufigen
Verfahren hergestellt. Als Arzneimittel werden die erfindungsgemdBen Ver-
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Compounds of the forrmula Il in which Xis lithium are accessible from
correspondi ng conpounds of the formula Il in which X is halogen, in
parti cul ar brom ne, by netal - hal ogen exchange. 5 Conpounds of
the fornula |11 WHPRh X is the group -B(OH)2 are acé’gﬁﬂf’?‘m
from correspondi ng conpounds of the formqgla 11l in which X is |ithium
by - reaction with a trialkyl borate and subsequent hydr ol ysi s.
10 The ngs af r [ Jq lL.C [ n

be prepared acc%lﬁ@lﬂﬁge%t g’t’ﬁé"‘%@?@%’o Ieme%eteéa]cst ?8%&&%%@ g"r%"‘%‘%sé'g ﬁ‘fgﬁhé@m

fornul a sheet |watigmanit gegignehessipbagmazewisehandH1bisstelden of Byl a0 (horm; ¥on Ta-
descri bgd f Eu]e}weh,obregal 8P| Kapsetigr Sippbsitiorfen,cPfasteds” Emfsidnesy Stspensi-
conpounds of the for P i . .
Conmpounds of th@ef'brﬁ%‘:eie o{’éf g%gur%%gréﬁ@%e&%tq?wo%& %eg‘n%ﬁgis%?g%;p@n%%eﬂ-
known manner. hafterweise zwincheno®,loundhg5 debefndgt. i | | ustrate the invention
20 in greater detail wthout restricting it. 1In the

Welche Hilfsstoffe fiir die gewilinschten Arzneiformulierungen geeignet sind,
ist dem Fachmann aufgrund seines Fachwissens geldufig. Neben Losemitteln,
Gelbildnern, - Salbengrundiagen und anderen Wirkstofftragern kdnnen bei-
spielsweise Antioxidantien, Dispergiermittel, Emulgatoren, Konservierungs-
mittel, Ldsungsvermittier oder Permeationspromotoren verwendet werden.

Fiir die Behandlung von Erkrankungen des Respirationstraktes werden die er-
findungsgemdBen Verbindungen bevorzugt auch inhalativ appliziert. Hierzu
werden diese entweder direkt als Pulver (vorzugsweise in mikronisierter
Form) oder durch Vernebeln von L&sungen oder Suspensionen, die sie enthal-
ten, verabreicht. Beziiglich der Zubereitungen und Darreichungsformen wird
beispielsweise auf die Ausfiihrungen im Europdischen Patent 163 965 verwie-
sen.

Fiir die Behandlung von Dermatosen erfolgt die Anwendung der erfindungsge-
miBen Verbindungen insbesondere in Form solcher Arzneimittel, die fir eine
topische Applikation geeignet sind. Fir die Herstellung der Arzneimittel
werden die erFindungsgemﬁBen Verbindungen (= Wirkstoffe) vorzugsweise mit
geeigneten pharmazeutischen Hilfsstoffen vermischt und zu geeigneten Arz-
neiformulierungen weiterverarbeitet. Als geeignete Arzneiformulierungen
seien beispielsweise Puder, Emulsionen, Suspensionen, Sprays, Gle, Salben,
Fettsalben, Cremes, Pasten, Gele oder Ldsungen genannt.

Die erfindungsgemdBen Arzneimittel werden nach an sich bekannten Verfahren
hergestellt. Die Dosierung der Wirkstoffe erfolgt in der fir PDE-Hemmstoffe
iiblichen GrdBenordnung. So enthalten topische App]ikationsforhen (wie z.B.
Salben) flr die Behandlung von Dermatosen die Wirkstoffe in einer Konzen-
tration von beispielsweise 0,1-99 %. Die Dosis fiir die inhalative Applika-
tion betrdgt dblicherweise zwischen 0,01 und 0,5 mg/kg. Die Ubliche Dosis
bei systemischer Therapie liegt zwischen 0,05 und 2 mg pro Tag.



exanples, mp. stands for nelting point, b.p. for boiling point, h for

hour (s), RT for roomtenperature, THF for tetrahydrofuran, DVF for

N, N- di met hyl f or mam de and TLC for thin-layer chronatography. The
invention 25 preferably relates to the conpounds and their salts
mentioned in t h&V@EAERSes. WO 96/ 36625 PORSEPI6/02031
PCT/ EP96/ 02031 - Exgmples Fi nal products

5 1. 4- (2, 3-Di hydro- 7- net hoxybenzof uran-2-spiro-1' -
cycl opentan-4-yl) phenol Bioloaische Untersuchungen

’ Bei der Untersuchung der PDE IV-Hemmung auf zelluldrer Ebene kommt der Ak-
tivierung von Entziindungszellen besondere Bedeutung zu. Als Beispiel sei
. die FMLP (N-formyl-methionyl-Tleucyl-phenylalanin)-induzierte Superoxid-Pro-

duktion von neutrophilen Granulozyten genannt, die als Luminol-verstirkte
Chemolumineszenz gemessen werden kann. [Mc Phail LC, Strum SL, Leone PA und

Sozzani S, The neutrophil respiratory burst mechanism. In "Immunology -

Series"” 1992, 57, 47-76; ed. Coffey RG (Marcel Decker, Inc., New York-Ba-
sel-Hong Kong)].

Substanzen, welche die Chemolumineszenz sowie die Zytokinsekretion und die
Sekretion entziindungssteigernder Mediatoren an Entziindungszellen, insbeson-

ders neutrophilen und eosinophilen Granulozyten hemmen, sind solche, welche
die PDE IV hemmen. Dieses Isoenzym der Phosphodiesterase-Familien ist be-

sonders in Granulozyten vertreten. Dessen Hemmung flhrt zur Erhdhung der
intrazellulédren zyklischen AMP-Konzentration und damit zur Hemmung der zel-
Tuldren Aktivierung. Die PDE IV-Hemmung durch die erfindungsgemiBen Sub-
stanzen ist damit ein zentraler Indikator fir die Unterdriickung von ent-
ziindlichen Prozessen. (Giembycz MA, Could isoenzyme-selective phosphodi-
esterase inhibitors render bronchodilatory therapy redundant in the treat-
ment of bronchial asthma?. Biochem Pharmacol 1992, 43, 2041-2051; Torphy TJ
et al., Phosphodiesterase inhibitors: new opportunities for treatment of
asthma. Thorax 1991, 46, 512-523; Schudt C et al., Zardaverine: a cyclic
AMP PDE II1I/IV inhibitor. In "New Drugs for Asthma Therapy", 379-402,  Birk-
hiuser Verlag Basel 1991; Schudt C et al., Influence of selective phospho-
diesterase inhibitors on human neutrophil functions and levels of cAMP and
Cai. Naunyn-Schmiedebergs Arch Pharmacol 1991, 344, 682-690; Nielson CP et
al., Effects of selective phosphodiesterase inhibitors on polymorphonuclear
leukocyte respiratory burst. J Allergy Clin Immunol 1990, 86, 801-808;
Schade et al., The specific type III and IV phosphodiesterase inhibitor
zardaverine suppress formation of tumor necrosis factor by macrophages.
European Journal of Pharmacology 1993, 230, 9-14).



3 ng of 10% strength Pd/C are added to a solution of 0.3 g (1 muol)
of the conmpound prepared 10 according to Al in 5 m of absolute toluene
and t he m xture is refluxed for 72 h. After cooling the sol ution,
the catalyst is filtered off and washed with about 100 ml of nethanol.
The organi ¢ pha¥exs@ses conbi ned and concentrated to drynes$CTERS/02031
residue is 15 taken up in ether, the ether. phase is extracted by

shaking with 100 mM of 1N sodi um hydroxi de sol ution, t he organi ¢ phase
i s separated of{, oup . se is brought to pH 4 using 6N
hydr ochl or i ¢ Ocl+y Blimbd Gef OB IR Ay i PESD ng with ethyl ether. The ethyl
ether 20 phase is then dried over sodi um sul phate and evaporat ed in a
rotary evaporator. Columm chromat ography affords 0.15 g of the title
conmpound as a | sh-white solid of mp. 92-93[err]C 25 2.

4- (2, 3-Di hydro-== xybenzof uran-2-spiro-1'-

cycl opent an- 4-yl ) benzoic acid 0.41 g of

2, 3- di hydr o- 7- nigeh AR eORSE et RAde nach Sdéir! Methodd Woh OB&iRy Al SchwdbeNdgrchge-

aci d, 0.36 #ﬁhrt, fdie auf Mikrotiterplatten adaptiert wurde (Naunyn-Schmiedeberg’s
Arch. Pharmacol. 311, 193-198, 1980). Hierbei erfolgt im ersten Schritt die
PDE-Reaktion. In einem zweiten Schritt wird das entstandene 5’-Nukleotid
durch eine 5/-Nukleotidase des Schlangengiftes von ophiophagus hannah (King
Cobra) zum ungeladenen Nukleosid gespalten. Im dritten Schritt wird das
Nukleosid auf Ionenaustauschsiulen vom verbliebenen geladenen Substrat ge-
trennt. Die Sdulen werden mit 2 ml 30 mM Ammonium formiat (pH 6,0) direkt
in Minivials eluiert, in die noch 2 ml Szintillatorflissigkeit zur Z&hlung
gegeben wird.

Die fir die erfindungsgemiBen Vefbindungen ermittelten Hemmwerte ergeben'
sich aus der folgenden Tabelle A, in der die Nummern der Verbindungen den
Nummern der Beispiele entsprechen.

Tabelle A

Hemmung der PDE IV-Aktivitdt

Verbindung -1og IC50

6,99
7,84
7,98
6,90
- 8,08

o oW N



30 4-bronobenzoic acid and 0.59 g of sodium carbonate are stirred at
RT Gnder nitrogen in a mixture of 12 ml of toluene, 4.8 m of water and
2.4 m of ethanol. 0.04 g of tetrakistriphenyl phosphinepal | adium (0)
is .then added and the m xture is heated to boiling for 22 h. 35 After
cooling, ethyl XQ¥WBFE&Sand 0.5 N NaCH are agdded. The phasesPCIVRPI6/02031
separated and the organic phase is extrdacted a further 2x by shaking
with 0.5 N NaOH The conbi ned aqueous phases are acidified to pH 5
using 2 N HCl and the precipitate | SspongLBpgEed 2x W th ethyl

WD 96/ 36625 11 PCT/ EP96/ 02031 acetate. The
conbi ned organi c phases are washed with saturated NaC solution, dried
over nagnesi um sul phate and concentrated. The residue is boiled with
active carbon in about 15 m of ethyl acetate, filtered hot 5 through
silica gel/Celite, and the solution is cool ed.

(1)
(1I1)
R1
o X (111)
R2
CH,-R3
¥ o)
RS (IV) RS ™)
R4



The crystallized product is filtered off with suction, washed with

ether and dried. 0.14 g of the title conpound of mp. 240-242[err]Cis
obt ai ned. 10 3. 4- (2, 3-Di hydr o- 7- net hoxybenzof uran-2-spiro-1'-

cyc) opent an- 4-yl ) benzam de 0.5 g of

4- (2, 3-di hydr o-WOPEB#BEX ybenzof ur an- 2- _Spjro-1' -cycl opent anPGTEPI6HIA0i C
acid (Exanple 2) is 15 treated with 0.2 m~0f SOCl[err] in 5 nm of- abs.

t ol uene and the m xture is heated to boiling for 2 h. After

cooling, the solvent is distilled off in vacuo in_a rotary evaporator,

and the residue is redistilled with  FORMELBLART Idt {0l uene and dried in
vacuo. The crude acid 20 chloride is dissolved in 5 m of abs. dioxane and

added dropwise with cooling to 2 mM of conc. amonia
solution. After stirring at RT for 1.5 h, the m xture is diluted with
water, and the precipitate is filtered off with suction, washed with
wat er and dried. For 25 purification, it is chromatographed on a silica
gel colum using CHerr]C [err]/EtOH (95:5). The chronat ographically
pure fractions are conbined and concentratefyl and the residue is
crystallized fromethanol. It is filtered '

R2 . oH o R2
cl °R3 cl “R3
| K,CO3, DMF K,CO5, DMF

X X
R2 H,C=PPh, o R2
<
o R3 o R3
R1 R1
A
X
R1
R2
H+
| > %
OH “R3 . 4
R1 ' R2
CH,~R3

(III)



off with suction,
conpound of mp. 243-244[err]C is obtained. 4.
4- (2, 3-Di hydr o- 7- net hoxybenzof uran-2-spiro-1'-

cycl opent an- 4-yl

Exanpl e 3, the

washed wi th ethanol and dried. 0.13 g 30 of the title

benzoi c acid N-nethyl am de 35 Anal ogously to

H/386350r i de i s prepargd from0.5 g of PCT/EP96/02031

4- (2, 3-di hydro- 7- net hoxybenzo-

furan-2-spiro-1'-cycl opent an-4-yl ) benzoic acid and added dr opw se
with cooling to 5 m of a saturated solution of nethylamne in abs.

di oxane. The m xture is WD 96/ 36625 _ 12

PCT/ EP96/ 02031 concentrated in ar a tor and the residue is

partitioned between ethyl acetate and water. The

1. Verbindungen der Formel I

Rl I

° nlliii RS (I)
R2 R4
CH,-R3
worin
R1 1-6C-Alkoxy, 3-7C-Cycloalkoxy, 3-7C-Cycloalkylmethoxy, Benzyloxy oder
ganz oder teilweise durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

R2 1-4C-Alkyl und
R3 Wasserstoff oder 1-4C-Alkyl bedeutet,
oder

R2 und R3 gemeinsam und unter EinschluB der beiden Kohlenstoffatome, an die

R4

RS

und

Rl

R2

sie gebunden sind, einen 5-, 6- oder 7-gliedrigen, gewinschtenfalls
durch ein Sauerstoffatom unterbrochenen Kohlenwasserstoffring darstel-
len,

Wasserstoff, Hydroxy, Carboxyl, 1-4C-Alkoxycarbonyl, Amino, Mono- oder
Di-1-4C-alkylamino, 1-4C-Alkylcarbonylamino, 1-4C-A1ky]su1fohy1amino,

Trifluormethylsulfonylamino, Cyanamino, Nitro, Cyano, Mono- oder Di-1-

4C-alkylaminocarbonyl, 5-Tetrazolyl oder Carbamoyl und

Wasserstoff, Hydroxy, 1-4C-Alkoxy oder Halogen bedeutet und

wobei mindestens einer der Reste R3, R4 und RS eine von Wasserstoff
verschiedene Bedeutung hat,

deren Salze.

Verbindungen der Formel I nach Anspruch 1, in denen

1-4C-Alkoxy, 3-5C-Cycloalkoxy, 3-5C-Cycloalkylmethoxy oder ganz oder
teilweise durch Fluor substituiertes 1-4C-Alkoxy bedeutet,

1-4C-Alkyl und

I

R



organi ¢ phase is washed once nore with water, dried over sodi um
sulphate and concentrated. The residue is 5 chromatographed on a silica
gel colum using CH2C 2/ Et CH (95:5). The chronmat ographically pure
fractions are conbined and concentrated, and t he residue is
crystallized us™RP6@#66250pr opyl et her, fllteﬁgd off with s uBCEER6492031
dried. 0.17 g of the title conpound of m p O 143-144[err]C is obtained.
5. 4-(2, 3-Di hydro 7- met hoxybenzof uran- 2-spiro-1'-

cyclopentan 4-vy] nzoniftr g of

4- (2, 3-di hydr o- nﬁ%*’f?&f 'f?éjﬁz‘l’)’leﬁragc Alkyl bedeutet, .
spiro-1' - cycl opaderan- 4- yI)benzan1de (Exanple 3) IS [ sic] sus-pended
in 60 n of aceiOphd rn3l §‘em’é'§'ﬁ'sa9| thdNinter EinsciHieB! de bdidbs Kbﬁ'ﬁ!hs@@fﬁ@omér hﬁn die

m xture is heated to er ref

| ed
onto ice water. ?tgﬁbg"%guts?'}ﬂ’l fé'ber\mctyﬁjlﬂpeﬂl{ﬂba-lc%qa %%P?ac?%tfaﬁx‘#ﬂ%"““
et hyl acet ate. Theodmgieﬁnahxdmmansingaﬁmdie%enh wat er, dried over

sodium sulphalgy RiGerSQRFSM GRS cdftbnl, LA r&cirﬁ&fg‘?”atm%@ph@ﬁnﬁn
a silica gel co unn us et rol eum
(6:1). The 25 ms?%g%gmcca]wammwbw{acg gazoly L odesrP@rh@wﬂawd
R5 Hasserstoff, Hydroxy, Methoxy oder Ethoxy bedeutet und
wobei mindestens einer der Reste R3, R4 und RS eine von Wasserstoff

~verschiedene Bedeutung hat,
und deren Salze.

3. Verbindungen der Formel I nach Anspruch 1, in denen

R1 1-4C-Alkoxy, 3-5C-Cycloalkoxy oder ganz oder teilweise durch Fluor
substituiertes 1-2C-Alkoxy bedeutet,

R2 und R3 gemeinsam und unter EinschluB der beiden Kohlenstoffatome, an die
sie gebunden sind, einen Cyclopentan- oder Cyclohexanring darstelien,

R4 Wasserstoff, Hydroxy, Carboxyl, 1-2C-Alkoxycarbonyl, Cyano, Mono- oder
Di-1-4C-alkylaminocarbonyl, 5-Tetrazolyl oder Carbamoyl und

R5 Wasserstoff bedeutet,

und deren Salze.

4. Verbindung der Formel I nach Anspruch 1, in denen

Rl Methoxy,
R2 und R3 gemeinsam und unter EinschluB der beiden Kohlenstoffatome, an die

sie gebunden sind, einen Cyclopentanring darstellen,

R4 Hydroxy, Carboxyl, Cyano, Mono-1-4C-alkylaminocarbonyl, 5-Tetrazolyl
oder Carbamoyl und ' .

R5 Wasserstoff bedeutet,

und deren Salze.

5. Verfahren zur Herstellung der Verbindungen der Formel I und ihrer Sal-
ze, dadurch gekennzeichnet, daB man

a) Verbindungen der Formel II,

* c L N S *



concentrated, and the residue is triturated with petrol eum

et hér/diisopropyl ether. The solid 1is filtered off with suction
and dried. 0.74 g of the title conpound of mp. 115-116[err]C (dec.) is
obt ai ned. 30 6. 5-[4-(2, 3-Di hydro-7-met hoxybenzof uran-2-spiro-1'-

cycl opent an- 4- yMQME6825 | t et r azol e ) A sol ution of (POIGEPYEAsP3L
4-(2, 3-di hydro-7- 35 nethoxybenzofuran-Z-%%Tro-l' -cycl opent an- 4-yl ) benzo-
nitrile (Exanple 5) and 0.63 g of tributyltin azide in 20 m of

et hyl ene gl ycol nonomethyl ether is heated to boi li ng under reflux for
4 days. After cooling, it is treated with 35 M of 4 NHO and 20 ml of
t ol uene and WO 96/3662';'&1 13

PCT/ EP96/ 02031

R5 (11)

CH,~R3

in denen R1, R2, R3 und RS die in Anspruch 1 angegebenen Bedeutungen haben,
katalytisch dehydriert oder daB man

b) Verbindungen der Formel III,
Rl

o % (III)

R2
CHz-R3

in denen R1, R2 und R3 die in Anspruch 1 genannten Bedeutungen besitzen. und
X die Gruppe -B(OH)2 bedeutet mit einer Verbindung der Formel 1V,

2
R5 (IV)
R4

worin R4 und R5 die in Anspruch 1 genannten Bedeutungen besitzen und Z
Halogen bedeutet, katalytisch kuppelt oder daB man

c) Verbindungen der Formel I, in denen R1, R2, R3 und RS die in Anspruch 1
angegebenen Bedeutungen haben und R4 Carboxyl bedeutet, mit Aminen der For-
mel H-N(R11)R12, worin R1l und R12 unabhingig voneinander Wasserstoff oder
1-4C-Alkyl bedeuten, umsetzt, oder da8 man

| ) O A A



the mxture is stirred for 3.5 h. The solid is filtered off with

suction, dried and dissolved in a m xture of petrol eum et her/ et hyl
acetate (8:2) at boiling heat, and the sol ution is filtered
hot. The solid 5 crystalllzed on cooling is filtered off with suction,
washed and dri e®O9/36685 g of the title conpoggd of n1p 18 PG HERIE{0203L
(dec.) is obtained. Starting conpound

4- (2, 3-Di hydro-7- nethoxybenzofuran 2-spiro-1'-

cycl opent an- 4- y)) éﬁ Vé’rbindungen der Formé'p 17 4 fdeﬁ’énskl | ed Rgahf}{
and 2 spatula t}] pf uen pgwg rmno ééte arg 31

te a sol ut ifndig ‘F nIprugs dzf“ﬁlﬁﬂe e'l?f‘ u ‘@\H/a yano bedeutet,

accordi ng to AZntspretRende Uérmndlungam derdFdrimel ni Xrtomre Ri4s Carbama)éf bedeatiet alehyp-

h. After cooli r | eis stripped off in arotary
evapor at or, thewﬁtéissﬁgﬁg’ ?gggzgaé)?‘g en up in 100 m of acetone and a spatul a

ti pful of p-tol uenesul phonic acid is added. After the m xture has
refluxed for 8¢), zur HérsabliumgdvdnoVerbihdunbére dee chopmel i1 in denkinsRi,) Ref R3f nd

the residue is liSan'leen'inAleBrl?éhh?rangEB?nenen Badeutungen haben und R4 5-Tetrazolyl be-
deutet, entsprechende Verbindungen der Formel I worin R4 Cyano bedeutet mit
einem Azidderivat cycloaddiert,

und daB man gewiins'chtenf‘a_ﬂs anschlieBend nach a), b), c), d) oder e} er-
haltene Verbindungen der Formel 1 in ihre Salze iiberfithrt, oder daB8 man er-
haltene Salze der Verbindungen der Formel I in die freien Verbindungen

iiberfithrt.

6. Arzneimittel enthaltend eine oder mehrere Verbindungen nach Anspruch 1
. zusammen mit Gblichen pharmazeutischen Hiifs- und/oder Tridgerstoffen.

7. Verbindung nach Anspruch 1 zur Anwendung bei der Behandlung von Krank-
heiten.

8. Verwendung von Verbindungen nach Anspruch 1 zur Herstellung von Arznei-
mitteln.

9. Verwendung von Verbindungen nach Anspruch 1 zur Herstellung von Arznei-
mitteln fiir die Behandlung von Atemwegserkrankungen.

10. Verwendung von Verbindungen nach Anspruch 1 zur Herstellung von Arznei-
mitteln fiir die Behandlung von Dermatosen.

-
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soluti'on is treated with 100 m of 1 N sodi um hydroxi de 25 solution, and
t ite ror gani'c phase is separated off and extracted with ether. After
conmbi ning and drying the organi ¢ phases over sodi um sul phate, the

solytion is woceggseeesated and the prodyct is purifiexbdmygpgsyuzo31
chr oimat ography. 5.4 g of the title conpound are 30 obtained as a yell ow

o oA by gL ) o ste 6:0) 0.1

spiro-1'-cycl opent an- 4-yl ) cycl ohexanone nonoet h- 35 yl ene ket al
21.2 m (0.036rgohnifi1nebyiy! [ ithiumare added dropw se under nitrogen

at -78[err]Ct ) .5 Q (0.034 nol) of the conpound,
prepared according to Tae; gnventionh relates to novel compounds which

5 are wused in the pharmaceutical industry for the
production of medicaments.

Prior art
International Patent Application W092/12961
10 describes benzamides having PDE inhibiting properties.
International Patent Application W0393/25517 discloses
trisubstituted phenyl derivatives as selective PDE IV
inhibitors. International Patent Application W094/02465
describes inhibitors of c-AMP phosphodiesterase and of
15 TNF.

Description of the invention
It has now been found that the
. phenyldihydrobenzofurans described. in greater detail
20 Dbelow, which differ from the previously published

compounds by a completely different type of

substitution, have surprising and particularly

advantageous properties.
The invention thus relates to compounds of the
25 formula I (see attached formula sheet I), in which

R1 is 1-6C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkyl-
methoxy, benzyloxy or 1-4C-alkoxy which is
completely or partially substituted by fluorine,

R2 is 1-4C-alkyl and

30 R3 is hydrogen or 1-4C-alkyl,

or

R2 and R3, together and including the two carbon atoms
to which they are bonded, are a 5-, 6- or 7-
membered hydrocarbon ring, if desired interrupted

35 by an oxygen atom, '

R4 is hydrogen, hydroxyl, carboxyl, 1-4C-alkoxy-~
carbonyl, amino, mono- or di-1-4C-alkylamino, 1-
4C-alkylcarbonylanino, 1-4C-alkylsulphonylamino,
trifluoromethylsulphonylamino, cyanoamino, nitro,
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100 M of THF

and:the miXture is additionally stirred at this-tenperature for a
further 0.5 h. A solution of 5.3 g (0.034 nol) of cycl ohexanedi one
nonQet hyl ene wo $&f3b625 then added droppi se at -78[ er rdc?fmpEbé o208t ur e

5 is subsequently stirred at -70[err]C for a further 2 h. -

After warm ng

to RT, it is treate X‘Aéf‘ 'ﬁgﬁm_-ogr qidistsd Jaﬁ@c%&z&%o%@cﬂb&‘% aliged

with 1 N hydrochl ori
aqueous phase is adéetramalyy extearbamovdtandet hyl ene 10

Thé organi'c phase-i’'s séparate

f and the
chloride. The

organi ¢ phaseg@re £omhyRedqany WyRbxyl, OVLfcSOOsHY SHLPRAISgen and
concentrated and purified by - .col um chrgnatog,a q¥% 7.1 g of the title
compound are ob¥B§TRdaks 183pdi |RE oPF. © FﬂR?%Hé% 1B3m Bfhémcetds) |

acetate 6:8) R err]hasOalidanig othéB. than hydrogen,

2,3-Di hydro-?-qg&ﬁgﬁ%benzo ran-2-spiro-1'- cycl opent ane- 4-boroni c acid
. fth |

16.6 ml of a 1517

Tum solution in 20 hexane are added dr opw se

at -78[err]C under nitlog@rAtlkosy repoesendba oh 6rédjcefl which, in
4'brO”D'2’3'd'£a&gﬁﬁgﬁ”§5h%ﬂé'oxygen_atom, contains a straight-chain

or branched alkyl radical having 1 to 6 carbon atoms.

10 Alkyl radicals having 1 to 6 carbon atoms which may be

mentioned here are, for example, the hexyl, isohexyl
(2-methylpentyl), neochexyl (2,2-dimethylbutyl), pentyl,-
isopentyl (3-methylbutyl), neopentyl (2,2-dimethyl-

propyl) ., butyl, isobutyl, sec-butyl,

15 propyl, isopropyl, ethyl and methyl radicals.
" 3-7C-Cycloalkoxy represents, for

tert-butyl,

example,

cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclo-
hexyloxy and cycloheptyloxy, of which cyclopropyloxy,

cyclobutyloxy and cyclopentyloxy are preferred.

20 3-7C-Cycloalkylmethoxy represents,
cyclopropylmethoxy, cyclobutylmethoxy,

for example;
cyclopentyl-

methoxy, cyclohexylmethoxy and cycloheptylmethoxy, of

which cyclopropylmethoxy, cyclobutylmethoxy and cyclo-

pentylmethoxy are preferred.

25 1-4C-Alkoxy which is completely or partially

substituted by fluorine which may be mentioned, for

example, are [sic] the 1,2,2-trifluoroethoxy, the

2,2,3,3,3-pentafluoropropoxy, the perfluoroethoxy and

in particular the 1,1,2,2-tetrafluoroethoxy, the

30 trifluoro-methoxy, the 2,2,2-trifluorocethoxy and the

difluoro-methoxy radicals.

A 5-, 6~ or 7-membered hydrocarbon ring, if

desired interrupted by an oxygen atom, which may be

mentioned is the cyclopentane, the cyclohexane, the

35 cycloheptane, the tetrahydrofuran and

[sic] the

tetrahydropyran ring. If R2 and R3, together and

including the two carbon atoms to which they are

bonded, form a 5-, 6- or 7-membered ring,
. compound is present.

then a spiro



benzofur an- -2~ spiro-1'-cyclopentane in 100 m of abs. THF. The m xture
is stirred at -78[err]Cfor 2 h and 7.7 ni of trinethyl borate are then
added dropwi se and the 25 mixture is warmed to RT in the course of 2 h.

After addiwbogepieg2sn of 1 N hydrochjoric acid solpdtoeos/0203E
m xture is stirred overnight, then the phases are separated and the

aqueous phase is extragt t her X th d The
conbi ned organic phaseg ggegﬁggimashe%pﬁ?%ﬁn€%ter éﬁ%gg%?ﬁ gﬁé%n

sol ution and de¥auched mddrylhmgaddicadssraning. 1After 4i kegbong, atoms.
concentrating gxam dﬁi‘gserhriQ:H N NAFUOpKed. iéneﬁueﬂ‘oﬂéaa tytle %@1@0%916

obt ai ned as a gru roduct which_1s. reused w thout furt
pur| fication., B8obut secpPyylz, 3-teyasyisne H’Rﬁ&i@enzoi\i%ﬁwlzy%pl ro-
1' - cycl opemst anethyl and methyE)QEBBGQZE 15

PCT/ EP96/ 02031 1-4C-Alkoxy represents a radical which, in

addition to the oxygen atom, contains one of the
abovementioned 1-4C-alkyl radicals. Examples which may
be mentioned are the methoxy and the ethoxy radicals.

10 1-4C-Alkoxycarbonyl represents a carbonyl group
to which one of the abovementioned 1-4C-alkoxy radicals
is bonded. Examples which may be mentioned are the

methoxycarbonyl (CH30-CO-) and the ethoxycarbonyl
(CH3;CH,0~CO-) radicals. _
15 Mono- or di-1-4C-alkylamino radicals which may

be mentioned, for example, are the methylamino, the
dimethylamino, the ethylamino, the diethylamino, the
propylamino and the isopropylamino radicals.

A 1-4C-alkylcarbonylamino radical which may be

20 mentioned, for example, is the acetylamino radical
(-NH~CO-CHjs) . .

1-4C-Alkylsulphonylamino - represents a
~sulphonylamino radical which is substituted by one of
the abovementioned = 1-4C-alkyl radicals. BAn example

25 which may be mentioned is the methylsulphonylamino
‘radical : :
(-NH-SO,—-CHj) . _

According to the invention, halogen is

understood as meaning fluorine, chlorine, bromine and
30 iodine, preferably fluorine and chlorine.

In addition to the carbonyl group, mono- and
di~1-4C-alkylaminocarbonyl contain one of the
abovementioned mono- or di-1-4C-alkylamino radicals.
Examples which may be mentioned are the N-methyl, N,N-

35 dimethyl, the N-ethyl, the N-propyl, the N,N-diethyl
and the N-isopropylcarbamoyl radicals.

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



9.0 g of Anberlyst 15 is added to a sol ution of 8.4 g (0.03 nol) of the
conpound prepared according to A5 in 100 m ‘of absolute toluene and the
m xture is stirred for 10 h at 100[err]C. After cooling the m xture, 5

the Herr] ionwexobargersis filtered off apd washed mnthPCT/Eﬁge/gtogi
met hanol . After concentratlng the organic phase and colum

chronatography of h a o] e tli gnpound
are obtained a%la i ﬁ ow g}éﬁ‘y’[ T?_%b(% JéY aelu]Fﬁ%{eS?he%/éghch&g}gygEG: 4)
Rf 10 = 0.72]. methsxy 20¢q/ét-é§enflkgxarnywrréchyl }s3- boupbeyedynmeohoxy-

bronDbenzene 15 part1all§2s%b@k1€ﬁt@%2bgDEhuQElﬂebUty|"th'U”1(1 6 N.in
hexane) are added dropw se at -78[err] n|trogen to a suspensi on

of 26.5 g (0.0%4 nolf $F4EEPH§W9r?BﬁenyI phosphoni um bromi de in 200 n

of absol ute& THR3 Thgs hydsugeansiron-us-thegyiyarnmed to -30[err]C, the
suspensi on 20 20|ng into solution. After cooling to -70[err]C again, a
sol ution of 19° (0.067 nol) of the conpound prepared according to A6
in 200 m of a&gobndeRHﬂ:theﬂhhxiand including the two carbon atoms

to which they are bonded, are a cyclopentane,
cyclohexane, tetrahydrofuran or tetrahydropyran
10 ring,

R4 is hydrogen, hydroxyl, carboxyl, 1-2C-alkoxy-
carbonyl, nitro, cyano, mono- or di-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and

R5 is hydrogen, hydroxyl, methoxy or ethoxy and

15 where at least one of the radicals R3, R4 and RS
has a meaning other than hydrogen,

and their salts.

Preferred compounds of the formula I are those
in which
20 R1 is 1-4C-alkoxy, 3-5C-cycloalkoxy or 1-2C-alkoxy
which is completely or partially substituted by
fluorine,

R2 and R3, together and including the two carbon atoms

to which they are bonded, are a cyclopentane or
25 cyclohexane ring,

R4 is hydrogen, hydroxyl, carboxyl, 1-2C-
alkoxycarbonyl, cyano, mono- or di-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and

R5 is hydrogen,

30 and their salts.
Particularly preferred compounds of the formula

I are those in which

R1 is methoxy,

R2 and R3, together and including the two carbon atoms

35 to which they are bonded, are a cyclopentane ring,

R4 is hydroxyl, carboxyl, cyano, mono-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and

RS is hydrogen,

and their salts.



dr opwi se under ‘nitrogen. The nixture is then warmed to -10[err]C and
stirred at this tenperature for 5 h. (TLC 25 (petro-l eum et her/ et hyl
acetate 6:4) Rf (methylene conpound) = 0.81]. After warmng to RT,

solids are wof bkygeedsoff fromthe mxtgire, and the fpeeyabsey62031
extracted by shaking with 3 x 200 ni of hal f - sat ur at ed sodi um chl ori de

solution and 2 x 200 n*sug_ft gll%t 'Q g@%@;ﬁn@%t 8 ¢ |f1|za$§’]';]%e organic
ate an c

phases, drying over gCam SHt e trat S t he
residue is takéﬁpapdﬂngSOnrﬂSUcbfstqmu‘tGque- anre salkradid additiLGS 265!:er r]jc

for 1 h. AfterogoghungahQ% $Al i es. Pégﬁgéﬂléy ﬁ%ﬁ@ﬁoﬁ“ﬁﬁg %éen?QQEd

and t he quinol 1 ne |s 35 extracte ng w.t
N hydr ochl 8£i ¢ the pharmacologagp ly tolerable sa}gg of orghfic

phases are xzonbhsedandei earayer oggehtitn SLelcmtBé e custamdredpcenida edinAf ter

Col o O BILERNYyY hRSse i Yo AcUiERAIE" £rd gl ThR 'LLLC
hand, water-soluble and water-insoluble acid addition
salts with acids such as, for example, hydrochloric
acid,

10 hydrobromic acid, phosphoric acid, nitric acid,
sulphuric acid, acetic acid, citric acid, D-gluconic
acid, benzoic acid, 2~ (4-hydroxybenzoyl)benzoic acid,
butyric acid, sulphosalicylic acid, maleic acid, lauric
acid, malic acid, fumaric acid, succinic acid, oxalic

15 acid, tartaric acid, embonic acid, stearic acid,
toluenesulphonic acid, methanesulphonic acid or 3-
hydroxy-2-naphthoic acid, where the acids are employed
in salt preparation - depending on whether a mono- or
polybasic acid is concerned and depending on which salt

20 is desired - in an equimolar quantitative ratio or omne
differing therefrom.

On the other hand, salts with bases are
also suitable. Examples of salts with bases which may
be mentioned are élkali nmetal (Lithium, sodium,

25 potassium) or calcium, aluminium, magnesium, titanium,
ammonium, meglumine or guanidinium salts, where here
too the bases are employed in salt preparation in an
equimolar quantitative ratio or one differing
therefrom.

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

35 the person skilled in the art.

The compounds of the formula I - if the
substitutions [sic] -R2 and -CH;R3 are not identical -
are chiral compounds. The invention therefére includes
both the pure enantiomers and their mixtures in any



WD 96/°36625° \ 16 PCT/ EP96/ 02031 as a red-brown

oi‘'l .- [ TLC (petrol eum et her/ethyl acetate 6:4) Rf- = 0.65]. A6.

4- Met hoxy- 3- (2- oxocycl opent yl oxy) br onrobenzene 5 17.7 g (0.15
nol ) _.of 2-chl owocgéfspégsanone and 4164 g (0.3 nmol ) PET/EDPSSL02031
carbonate are added to a solution of 20 g (0.1 nol) of

3- hydr oxy- 4- P . roqﬁﬂgﬂﬁgﬂﬁ]i 0Q..! bs e %&g e
m xture 10 Fgﬁggﬁg?eéagﬁ%hT: or’ : ﬁ??egaﬁkﬁggF?ﬁg<H§ ? e tf&ﬁ%%?ids,
the filtrate i §aBokeemararafed hidr rashgneersknownt egn af {Frsoexampbe

ethyl ether anﬂythepﬁg%a££emohs andeXt §8sh 88t bynshakF ng whihe¥or@Pngl of
distilled water | ym chronmat ography affords 21.1 g of the title 15

compound as a ﬂiGﬁEeB?P“lF?ﬂerleng PEBAS) et her / et hyl acetate 6:4) Rf
= 0.47]. 5 The inventiComRiriladr uiélatys td0a process Ther

conpounds aCCOEHé”%r%%JQQ%fJK“%%'eﬂeh%%%pounds of the formula I and
their salts. The process is characterized in that

a) compounds of the formula II (see attached formula

10 - sheet I), in which Rl, R2, R3 and RS have the

meanings indicated above, are catalytically
dehydrogenated or in that

b) compounds of the formula III (see attached formula
15 sheet 1I), fn which R1l, R2 and R3 have the
abovementioned meanings and X is the group -B(OH):
are catalytically coupled with a compound of the
formula IV (see attached formula sheet I) in which
R4 and R5 have the abovementioned meanings and Z
20 is halogen, or in that

c) compounds of the formula I in which R1l, R2, R3 and

R5 have the meanings indicated above and R4 1is
carboxyl, are reacted with amines of the formula

25 H~N(R11)R12, in which R11l and R12 independently of
one another are hydrogen or 1-4C-alkyl, or in that

d) for the preparation of compounds of the formula I

in which R1, R2, R3 and R5 have the meanings

30 indicated above and R4 1is cyano, corresponding

compounds of the formula I in which R4 is
carbamoyl are dehydrated, or in that

e) for the preparation of compounds of the formula I
35 in which R1l, R2, R3 and R5 have the meanings
indicated above and R4 is 5-tetrazolyl,

corresponding compounds of the formula I in which
R4 is cyano are subjected to cycloaddition with an
azide derivative,



val uabl e phar macol ogi cal properties which make them comercially

utitizable. As selective cyclic nucleotide phosphodi est er ase ( PDE)
inhibitors (nanely of type IV), they are suitable on the one hand as
bronchial 25 whesep®e625s (for the treatznent of air waypcHyHPIB L0208

on account of their dilating but also on account of their respiratory
rate- or respiratory drive-increasing action) and for the elimnation
of erectile dysfunction on account of the vasodilating action, but on

the other 30 ak@dinesphetal Hf desirede qompaupss off the sépgmuda In

particul ar of &S‘téﬁé@mé@&rr)ﬂﬁ'@ UES, a8-,9-bPf U?‘? d) B’ V&Y'S af-astinen

prophyl axis), of the skin, |ntest|ne e e and of the
joi nts which &f¥ver ‘ﬁ%dllé‘tth We%dlsétl&sg sBEh s Flf’gf'an%/%ets pRE the

(pl atel et - 535 cm:gsmmads ng£f atleorflormeraichi diobatnadi drderdomiarirsl Hutod

as | euko- tr| d glandlns cyt oki nes, I nterl eukins,
chemoki nes, e fr %t%:mgégﬁag interferon, tunour necrosis factor

(TNF) or oxygen free If dadncads ﬁmnihqnwnqnnnnndSIQf thies fagmiect¥ on,
the can be converted into other compounds of the formula I

(for example by synthesis of corresponding esters from

10 the acids) by derivatization (in particular of the
radicals R4) in a manner known to the person skilled in
the art.

The substances according to the invention are
isolated and purified in a manner known per se, e.g. by

15 distilling off the solvent in vacuo and recrystallizing
the residue obtained from a suitable solvent or
subjecting it to one of the customary purification
methods, such as, for example, column chromatography on
suitable support material.

20 Salts are obtained by dissolving the free
compound in a suitable solvent, e.g. in a chlorinated
hydrocarbon, such as methylene chloride or chloroform,
or a low molecular weight aliphatic alcohol (ethanol,
isopropanol) which contains the desired acid or base,

25 or to which the desired acid or base is then added. The
salts are obtained by filtering, reprecipitating,
precipitating with a non-solvent for the addition salt
or be evaporating the solvent. Salts obtained can be
converted by alkalization or by acidification into the

30 free compounds whieh, in turn, can be converted into
salts. In this manner, pharmacologically non-tolerable
salts can be converted into pharmacologically tolerable
salts.

The catalytic dehydrogenation of compounds of

35 the formula II according to variant a) is carried out
in a manner known to the person skilled in the art in a
suitable solvent (for example toluene) and in the
presence of a suitable catalyst such as palladium on



WD 96/'36625 = 17 PCT/ EP96/ 02031 conpounds

accerding to the invention are distinguished by a lowtoxicity, a good
enteral absorption (high bi oavail ability), a large therapeutic breadth
and_t he abgengg/akeakgni ficant side efgects. 5 PCT/EPoéfepost of
their PDE-inhibiting properties the conpounds according to the

i nvention can b ed and ,vet dicine as thera-
peuti cs, wher e §Eé¥ecé%ﬂbéxﬂse reESEHQ%Xnﬁv: ei%vaﬁﬁé QPH@F?EEFH§Ht HAd
prophyl axi s of pahtitulbaswehgthel heddéng temperatoreand tber spilyenti.n

particular inflammatofye %@%alytfﬂ'é%ﬂﬁﬂlﬁ&dBQGQhuﬁ'B&@%nﬂbsQﬁﬁﬁfson

various origins &bronchltls callergic bronchitis, bronchial asthm);
der mat oses (espB®i ZPEPUIL &ﬂﬂlW%ﬁQﬂF@% arkt| Banadsr ¢ theykpamyia oI ¥
type) such s, [fariexany)e, msordaacsmsel;jwouévmrgwn S&:ondli@Xdr)]ﬁsa@ﬂ;lcﬁti lgsgic
contact eczemm,_atopic zena, sebor.r ma,_l.ichgn si e
sunbur n, p?ﬁ?lgﬁngntPhg §n§§5ﬁQPaP 3316ﬁ cﬁ%F%rg QBMpfé
hypertrophic 8sardgscuilsbi dn ﬁhﬂ)ufollewynlgensxmlbes. Arfydl Ihaluides and
wi despread pyo e C cn cea
Qﬁﬁi‘%g?d o QPé't rpvg%e%gpllgxngcgﬁg%ﬁxdsa Bf‘?l tHY f’oiﬁﬁ’fé

and also other ry and al'l ergic skin
di sorders: Iv 1n which Z has the meaning bromine.
10 " The reaction of compounds of the formula I

according to variant c¢) is carried out in a manner such
as is known to the person skilled in the art for the
synthesis of carboxamides. If desired, the carboxylic
acid of the formula I is converted before aminolysis

15 into a suitably activated derivative, for example a

' corresponding acid halide. Amines of the formula
H-N(R11)R12 employed which may be mentioned are, for
example, ammonia, methylamine and ethylamine.

Dehydration analogously to variant d) is

20 likewise carried out in a known manner in a suitable
solvent by treatment with dehydrating agents such as
phosphorus oxychloride. or phosphorus pentoxide,
preferably at elevated temperature, in particular at
the boiling temperature of the solvent used.

25 The conditions of the cycloaddition according
to variant e) are likewise known to the person skilled
in the art. A suitable azide derivative used is, for
example, tributyltin azide.

Compounds of the formula II in which R1l, R2, R3

30 and R5 have the abbvementioned meanings are accessible,
for example, by addition of corresponding compounds of
the formula III in which X has the meaning lithium to
compounds of the formula V (see attached formula sheet
I) in which R5 has the abovementioned meanings, and

35 subsequent elimination of water. Expediently, compounds
of the formula V are employed in partially protected
form, for example as a monoethylene ketal, and the
protective group is removed again after reaction has
taken place.



di sorders which are based on an excessive rel ease of TNF and

| eukotrienes, i.e., for exanple, disorders of the arthritic type
(rheumatoid arthritis, rheumatoid 25 spondylitis, osteoarthritis and ot her
arthritic condwo 96/3662Bs), disorders of g he i mune syspeT/EPSSN203dti ple
sclerosis), types of shock [septic shock, endotoxin shock,

gram negative sepsis, &ﬁﬁbngggckofngﬁp ondi1a ¥ﬁ§D Il.@ﬁﬂkﬁﬁagsF%éatory

di stress syndrone)] a 50,30 generalize i ntfanmat i ons
gastroi nt esti nhithium, ageoRCqagHHES HreaBaserzrerendéngt GRRRVMAS s¢f di s-

orders which afkebFeeehuQr atier ghC vHkIOr XCHrsPNhglogen, f aW tyar FIEEDASYI Cal
reactions in the region s (pharynx, nose) and of the

of the upper airwa
adj acent 35 rREPBAH e'(erﬁﬁgéérha%PE§§e§?C£éyé§), such as, for
exanple, 5 allergic Compbuhtissbsi s tfoxmula IIThinnwhich X is the

f'so - disorsbrdeer TRIPRELT: SpRCHHUBERSKLbLE O B0y, O iE PO ERTy DLl
compounds of the formula III in which X is lithium by
reaction with a trialkyl ©borate and subsequent
hydrolysis.

10 ' The compounds of the formula III in which X is
halogen can be prepared according to the -general
reaction scheme on the attached formula sheet II. The
synthesis of compounds of the formula III is described
by way of example under “starting compounds”. Further

15 compounds of .the formula IIT can be prepared in an
analogous manner.

Compounds of the formulae IV and V are known or
can be prepared in a known manner.
' The following examples illustrate the invention

20 in greater detail without restricting it. In the

| examples,  m.p. stands for melting point, b.p. for
boiling point, h for hour(s), RT for room temperature,
THF for tetrahydrofuran, DMF for N,N—dimethylformamide
and TLC for thin-layer chromatography. The invention

25 preferably relates to the compounds and their salts
mentioned in the examples.



WO 96/°36625 18 PCT/ EP96/ 02031 i nhi bitors,
such as, for exanpl e, cardi ac I nsufficiency, or disorders
whi ch can be treated on account of the tissue-relaxant action of the
PDE | I nhi biworee/seehsas, for exanple,jgrectile dysfuset/wweesods3Lolics
of the kidneys and of the ureters in connection wth kidney st ones;
or alternatively di sorders of t x§$5ie§UCh as, for exanple,

depr essi ons or arteriosclerotic denentr a. - The invention
furthernore relates to a method 10 for the treatnment of manmmals, including
humans, who arpinai1 gpbhgetBy fromone of the abovenentioned illnesses. The
nmet hod i s characterrzed T that a therapeutically active and

phar macol ogi cal |y tol erabl e anount of one or nore of the conpounds

accordi ng 50 tihe ingenp|eApiBydbo-adiibhskgbedzbBurha-2-gjsiFBRIAL-.

The invention further Eelatgs Lg_tg? ﬁogggunds accordrng to the
I nvention for use i e / or prophylaxis of the illnesses
ment i oned. The invention likew se relates to the use of 20 the

conpounds according %o he, ir»@gniéy}eﬂth %%9c arB 0OdHgERON: 9f
Il Xegf reat ment

medi canments which are enp -for the and/ or prophy?axis
of © the i || pekgkion of g (1 mmol) of the compound prepared

10 according to Al in 5 ml of absolute toluene and the
mixture 1is refluxed for 72 h. After cooling the
solution, the catalyst is filtered off and washed with
about 100 ml of mnmethanol. The organic . phases are
combined and concentrated to dryness, the residue is

15 taken up in ether, the ether phase is extracted by
shaking with 100 ml of 1IN sodium hydroxide solution,
the organic phase is separated off, and the aqueous
phase is brought to pH 4 using 6N hydrochloric acid and

- extracted by shaking with ethyl ether. The ethyl ether

20 phase is then dried over sodium sulphate and evaporated
in a rotary evaporator. Column chromatography affords
0.15 g of the title compound as a greyish-white solid
of m.p. 92-93°C.

25 2. 4-(2,3-Dihydro-7-methoxybenzofuran-2~spiro-1’-
cyclopentan-4-yl)benzoic acid

6.41 g of 2,3-dihydro-7-methoxybenzofuran-2-
spiro-1'~cyclopentane-4-boronic acid, 0.36 g of

30 4-bromobenzoic acid and 0.59 g of sodium carbonate are
stirred at RT under nitrogen in a mixture of 12 ml of
toluene, 4.8 ml of water and 2.4 ml of ethanol. 0.04 g

of. tetrakistriphenylphosphinepalladium (0) is then
added and the mixture is heated to boiling for 22 h.

35 After cooling, ethyl acetate and 0.5 N NaOH are added.
The phases are separated and the organic phase is
extracted a further 2x by shaking with 0.5 N NaOH. The
combined aqueous phases are acidified to pH 5 using 2 N

HC1l and the precipitate is extracted 2x with ethyl



ment i oned. ‘ The invention furthernore relates to nedica- 25
ment-s for the treatnent and/or prophylaxis of the I 1l nesses
menti oned, which contain one or nore of the conmpounds according to the

I nventi on. Wo 96/366dke nedi caments arg) prepared by it dysuReB1
per se and famliar to the person skilled in the art. 30 As nedicanents,

the conpounds ccor di inventio = active. .co n are
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ormul ations e ggbs illzeh product is filtered off with suction,
washed with ether and dried. 0.14 g of the title

compound. of m.p. 240-242°C is obtained.

10 3. 4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1’-

cyclopentan—-4-yl)benzamide

0.5 g of 4-(2,3-dihydro-7-methoxybenzofuran-2-
spiro-1’-cyclopentan-4-yl)benzoic acid (Example 2) is
15 treated with 0.2 ml of SOCl; in 5 ml of abs. toluene and
the mixture 1is heated to boiling for 2 h. After
‘cooling, the solvent is distilled off in vacuo in a
rotary evaporator, and the residue is redistilled with
2 x 5 ml of toluene and dried in vacuo. The crude acid
20 chloride is dissolved in 5 ml of abs._dioxane and added
dropwise with cooling to 2 ml of conc. ammonia
solution. After stirring at RT for 1.5 h, the mixture
is diluted with water, and the precipitate is filtered
off with suction, washed with water and dried. For
25 purification, it is chromatographed on a silica gel
column using CH,Cl,/EtOH (95:5). The chromatographically
pure fractions are combined and concentrated and the
residue is crystallized from ethanol. It is filtered
off with suction, washed with ethanol and dried. 0.13 g

30 of the title compound of m.p. 243-244°C is obtained.

4. 4-(2,3-Dihvydro-7-methoxybenzofuran-2-spiro-1’'-

cyclopentan—-4-yl)benzoic acid N-methylamide

35 Analogously to Example 3, the acid chloride is
prepared from 0.5 g of 4—(2,3—dihydro—7-methoxybenzo—
furan-2-spiro-1’-cyclopentan-4-yl)benzoic acid and
added dropwise with cooling to 5 ml of a saturated
solution of methylamine in abs. dioxane. The mixture is
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5. 4~ (2, 3-Dihydro-7-methoxybenzofuran-2-spiro-1'-

cyclopentan-4-yl)benzonitrile

15 1.5 g of 4-(2,3-dihydro-7-methoxybenzofuran-2-
spiro-1’-cyclopentan-4-yl)benzamide (Example 3) is
[sic] sus—-pended in 60 ml of acetonitrile and 0.5 ml of
POCl;y is then added. The mixture is heated to boiling
under reflux for 1 h, cooled and poured onto ice water.

20 It is neutralized with 1 N NaOH and extracted with
ethyl acetate. The organic phase is washed with water,
dried over sodium sulphate and concentrated. The
residue is chromatographed on a silica gel column using
petroleum ether/ethyl acetate (6:1). The

25 chromatographically pure fractions are combined and
concentrated, and the residue 1is triturated with
petroleum ether/diisopropyl ether. The solid 1is
filtered off with suction and dried. 0.74 g of the
title compound of m.p. 115F116°C (dec.) is obtained.

30 .

6. 5-[4-(2,3~-Dihydro-7-methoxybenzofuran-2-spiro-1’-

cyclopentan~-4-yl)phenvyl]tetrazole

A solution of 0.58 g of 4-(2,3-dihydro-7-

35 methoxybenzofuran-2-spiro-1’-cyclopentan-4-yl)benzo-
nitrile (Example 5) and 0.63 g of tributyltin azide in
20 ml of ethylene glycol monomethyl ether is heated to
boiling under reflux for 4 days. After cooling, it is
treated with 35 ml of 4 N HC1l and 20 ml of toluene and
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washed and dried. 0.15 g of the title compound of m.p.
188-189°C (dec.) is obtained.

Starting compounds

10
Al. 4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1’-

cyclopentan-4-yl) cyclohex-4-en-1-one

50 ml of distilled water and 2 spatula tipfuls
15 of p-toluenesulphonic acid monohydrate are added to a
solution of 7.4 g (0.021 mol) of the compound prepared
according to A2 in 100 ml of toluene and the mixture is
refluxed for 2 h. After cooling, the organic phase is
stripped off in a rotary evaporator, the residue is
20 taken up in 100 ml of acetone and a spatula tipful of
p-toluenesulphonic acid is added. After the mixture has
refluxed for 8 h, it is allowed to cool, the acetone is
distilled off, the residue is taken up in ether, the
solution is treated with 100 ml of 1 N sodium hydroxide
25 solution, and the organic phase is separated off and
extracted with ether. After combining and drying the
organic phases over sodium sulphate, the solution is
concentrated and the product is purified by column
chromatography. 5.4 g of the title compound are
30 obtained as a yellow oil. [TLC (nanoplates, petroleum
ether/ethyl acetate 6:4) R = 0.41].

A2, 4-Hydroxy-4-(2,3-dihydro-7-methoxybenzofuran-2-

spiro-1’-cyclopentan—-4-yl)cyclohexanone monoeth-
35 ylene ketal

21.2 ml1 (0.036 mol) of n-butyllithium are added
dropwise under nitrogen at -78°C to a solution of 9.5 g
(0.034 mol) of the compound prepared according to A4 in
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over sodium sulphate, concentrated and purified by
column chromatography. 7.1 g of the title compound are
obtained as a yellow oil. [TLC (petroleum ether/ethyl
acetate 6:4) Rf = 0.16].

15
A3. 2,3-Dihydro-7-methoxybenzofuran-2-spiro-1’-

cyclopentane-4-boronic acid

16.6 ml of a 1.6 N butyllithium solution in
20 hexane are added dropwise at -78°C under nitrogen to a
solution of 6.5 g of 4-bromo-2,3-dihydro-7-methoxy-
benzofuran-2~spiro-1’-cyclopentane in 100 ml of abs.
THF. The mixture is stirred at -78°C for 2 h and 7.7 ml
of trimethyl borate are then added dropwise and the
25 mixture is warmed to RT in the course of 2 h. After
addition of 75 ml of 1 N hydrochloric acid solution,
the mixture is stirred overnight, then the phases are
separated and the aqueous phase is extracted a further
2x with diethyl ether. The combined organic phases are
30 washed with water and saturated NaCl solution and dried
over magnesium sulphate. After filtering, concentrating
and drying in vacuo, 5.5 g of the title compound are
obtained as a crude product which is reused without
further purification.
35 '
A4. 4-Bromo-2,3-dihydro-7-methoxybenzofuran-2-spiro-

1’ -cyclopentane
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phase and column chromatography of the residue
obtained, 7.4 g of the title compound are obtained as a
yellow oil. [TLC (petroleum ether/ethyl acetate 6:4) Rg
10 = 0.72].

A5, 2- (Cyclopent ~1-enylmethyl) ~3- hydroxy-4-methoxy—
bromobenzene

15 52.1 ml (0.082 mol) of n-butyllithium (1.6 N in
hexane) are added dropwise at -78°C under nitrogen to a
suspension of 26.5 g (0.074 mol) of methyltriphenyl-
phosphonium bromide in 200 ml of absolute THF. The

_ suspension is then warmed to -30°C, the suspension

20 going into solution. After cooling to -70°C again, a
solution of 19.2 g (0.067 mol) of the compound prepared
according to A6 in 200 ml of absolute THF is added
dropwise under nitrogen. The mixture is then warmed to
-10°C and stirred at this temperature for 5 h. [TLC

25 (petroleum ether/ethyl acetate 6:4) Re (methylene
compound) = 0.81]. After warming to RT, solids are
filtered off from the mixture, and the filtrate is
extracted by shaking with 3 x 200 ml of half-saturated
sodium chloride solution and 2 x 200 ml of distilled

30 water. After combining the organic phases, drying over
sodium sulphate and concentrating to dryness, the
residue is taken up in 50 ml of quinoline and stirred
at 195-205°C for 1 h. After cooling the solution,
400 ml of ethyl ether are added and the quinoline is

35 extracted by shaking with 4 x 200 ml of 2 N
hydrochloric acid. The
organic phases are combined, dried over sodium sulphate
and concentrated. After column chromatography of the
residue, a yield of 8.4 g of the title compound results



formation .of tunor necrosis factor by macrophages. Eur opean Jour nal of
Phar macol ogy 1993, 230, 9-14). 1. Inhibition of PDE IV activity b5
Met hodol ogy The activity test was carried out by the nethod

of Bauer and Smbwabg3eepbch was adapted tpenmicrotitre PCT/ER®S/02031
(Naunyn Schmi edeberg's Arch. Pharmacol . 311, 10 193-198, 1980). In this
test, in the fiLs R PRE C j C |
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bromobenzene in 300 ml of absolute DMF and the mixture

10 1is stirred at RT for 12 h. After filtering off  the
solids, the filtrate is concentrated, the residue is
taken up in 500 ml of ethyl ether and the solution is
extracted by shaking with 3x 200 ml of distilled water.
Column chromatography affords 21.1 g of the title

15 compound as a brown o0il [TLC (petroleum ether/ethyl
acetate 654) R = 0.47].

Commercial utility

20 The compounds according to the invention have
valuable pharmacological properties which make them
commercially utilizable. As selective cyclic nucleotide
phosphodiesterase (PDE) inhibitors (namely of type IV),
they are suitable on the one hand as bronchial

25 therapeutics (for the treatment of airway obstructions
on account of'their dilating but also on account of
their respiratory rate- or respiratory drive-increasing
action) and for the elimination of erectile dysfunction
on acdount of the vasodilating action, but on the other

30 hand especially for the treatment of disorders, in
particular of an inflammatory nature, e.g. of the
airways (asthma prophylaxis), of the skin, of the
intestine, of the eyes and of the Jjoints which are
mediated by mediators such as histamine, PAF (platelet-

35 activating factor), arachidonic acid derivatives such
as leuko-trienes and prostaglandins, cytokines,
interleukins, chemokines, alpha-, beta- and gamma-
interferon, tumour necrosis factor (TINF) or oxygen free
radicals and proteases. In this connection, the
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compounds according to the invention are distinguished
by a low toxicity, a good enteral absorption (high
bioavailability), a large therapeutic breadth and the
absence of significant side effects.

5 On account of their PDE-inhibiting properties,
the compounds according to the invention can be
employed in human and veterinary medicine as thera-
peutics, where they can be used, for example, for the
treatment and prophylaxis of the following illnesses:

10 acute and chronic (in particular inflammatory and
allergen-induced) airway disorders of various origins
(bronchitis, allergic bronchitis, bronchial asthma):;
dermatoses (especially of proliferative, inflammatory
and allergic type) such as, for example, psoriasis

15 (vulgaris), toxic and allergic contact eczema, atopic
eczema, seborrhoeic eczema, lichen simplex, sunburn,
pruritus in the anogenital region, alopecia areata,
hypertrophic scars, discoid lupus erythematosus,
follicular and widespread pyodermias, endogenous and

20 exogenous acne, ache rosacea and also other proli-
ferative, inflammatory and allergic skin disorders:;
disorders which are based on an excessive release of
TNF and leukotrienes, i.e., for example, disorders of
the arthritic type (rheumatoid arthritis, rheumatoid

25 spondylitis, osteocarthritis and other arthritic condi-
tions), disorders of the immune system (AIDS, multiple
sclerosis), types of shock [septic shock, endotoxin
shock, gram-negative sepsis, toxic shock syndrome and
ARDS (adult respiratory distress syndrome)] and also

30 generalized inflammations in the gastrointestinal
region (Crohn’s disease and ulcerative colitis); dis-
orders which are based on allergic and/or chronic,
faulty immunological reactions in the region of the
upper airways (pharynx, nose) and of the adjacent

35 regions (paranasal sinuses, eyes)j such as, for
example, allergic' rhinitis/sinusitis, chronic
rhinitis/sinusitis,
allergic conjunctivitis and also nasal polyps; but also
disorders of the heart which can be treated by PDE
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inhibitors, such as,  for example, cardiac
insufficiency, or disorders which can be treated on
account of the tissue-relaxant action of the PDE
inhibitors, such as, for example, erectile dysfunction
or colics of the kidneys and of the ureters in
connection with kidney stones; or alternatively
disorders of the CNS, such as, for example, depressions
or arteriosclerotic dementia.

The invention furthermore relates to a method
for the treatment of mammals, including humans, who are
suffering from one of the abovementioned illnesses. The
method 1is characterized in that a therapeutically
active and pharmacologically tolerable amount of one or
more of the compounds according to the invention is
administered to the sick mammal. _

The invention further relates to the compounds
according to the invention for use in the treatment
and/or prophylaxis of the illnesses mentioned.

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

The invention furthermore relates to medica-
ments for the treatment and/or prophylaxis of the
illnesses mentioned, which contain one or more of the
compounds according to the invention.

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

. The auxiliaries which are suitable for the
desired pharmaceutical formulations are familiar to the
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possible to use, for example, antioxidants, dispersing

5 agents, emulsifiers, preservatives, solubilizers or
permeation promoters. .

For the treatment of disorders of the respir-
atory tract, the compounds according to the invention
are preferably also administered by inhalation. To do

10 this, these are either administered directly as a
powder (preferably in micronized form) or by atomiz-
ation of solutions or suspensions which contain them.
With respect to the preparations and administration
forms, reference is made, for example, to the details

15 in European Patent 163 965.

For the treatment of dermatoses, the .compounds
according to the invention are in particular used in
the form of those medicaments which are suitable for
topical application. For the production of the medica-

20 ments, the compounds according to the invention
(= active compounds) are preferably mixed with suitable
pharmaceutical auxiliaries and additionally processed
to give suitable pharmaceutical formulations. Suitable
pharmaceutical formulations which may be mentioned are,

25 for example, powders, emulsions, suspensions, sprays,
oils, ointments, fatty ointments, creams, pastes, gels
or solutions.

The medicaments according to the invention are
prepared by processes known per se. The dosage of the

30 active compounds is carried out in the order of
magnitude customary for PDE inhibitors. Thus topical
application forms (such as, for example, ointments) for
the treatment of dermatoses contain the active com-
pounds in a concentration of, for example, 0.1-99%. The

35 dose for administration by inhalation is customarily
between 0.01 and 0.5 mg/kg. The customary dose in the
case of systemic therapy is between 0.05 and 2 mg [sic]
per day.
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hydr ogen_or 1-
cells hag particular ;ygppgﬁg@w@gogas an example, the

FMLP (N-formylmethionylleucylphenylalanine)-induced
superoxide production of neutrophilic granulocytes may
be mentioned, which can be measured as luminol-
potentiated chemoluminescence. [Mc Phail LC, Strum SIL,
Leone PA and Sozzani S, The neutrophil respiratory
burst mechanism. In “Immunology Series” 1992, 57, 47-
76; ed. Coffey RG (Marcel Decker, Inc., New York-Basel-
Hong Kong)].

Substances which inhibit chemoluminescence and
also cytokine secretion and the secretion of
proinflammatory mediators in inflammatory cells, in
particular neutrophilic and eosinophilic granulocytes,
are those which inhibit PDE IV. This isocenzyme of the
phosphodiesterase families is particularly represented
in granulocytes. Its inhibition leads to an increase in
the intracellular cyclic AMP concentration and thus to
the inhibition of cellular activation. The PDE IV
inhibition by the substances according to the invention
is thus a central indicator for the suppression of
inflammatory processes (Giembycz MA, Could isoenzyme-
selective . phosphodieéterase inhibitors render
bronchodilatory therapy redundant in the treatment of

or
R5

S

bronchial asthma? 'Biochem Pharmacol 1992, 43, 2041-

2051; Torphy TJ et 'al., Phosphodiesterase inhibitors:
new opportunities for treatment of asthma. Thorax 1991,
46, 512-523; Schudt C et al., Zardaverine: a cyclic AMP
PDE III/IV inhibitor. In “New Drugs for Asthma
Therapy”, 379-402, Birkhduser Verlag Basel 1991; Schudt
C et al., Influence of selective phosphodiesterase
inhibitors on human neutrophil functions and levels of
cAMP and Ca;. Naunyn-Schmiedebergs Arch Pharmacol 1991,
344, 682-690; Nielson CP et al., Effects of selective
phosphodiesterase inhibitors on polymorphonuclear
leukocyte respiratory burst. J Allergy Clin Immunol
1980, 86, 801-808; Schade et al., The specific type III
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I s hydrogen, X y e of
t he radical s Réﬂq 4¥b Hﬁééggé&lggtggﬁgé éﬁﬁggﬁFﬁr g@ﬁ%&%ﬁfin (ﬂﬁ??e J

and their saltsformatgon of @kwpmmdgleﬁrqwfoﬁaﬂn@| %cdﬁﬂﬂ@hﬁﬂ@ aim
1, in which  pldoped® Jdufkas! JSPXVharﬁaé@lG%f'PQb#OXZBOOVQ ~-142C al kOXy 15

which is conpletely or. partially_substituted fluori ne,

and RS, togethe* andti to which they
are bonded, 5are a cycl opentane or cyclohexane ring, 20 R4 S
hydr ogen, h ”q§¥5;1 car boxyl , 1-2C - al koxycar bonyl ,
cyano, -nobno- o : kyl - am nocar bonyl, 5-tetrazolyl or

car banoyl and ' R5  Thkehgdtibyehy testawdst berried pst by the method

of Bauer and Schwabe, which was adapted to microtitre
plates (Naunyn-Schmiedeberg’s Arch. Pharmacol. 311,

10 193-198, 1980). In this test, in the first step the PDE
reaction 1is carried. out. In a -second step, the
resulting 5’ -nucleotide 1is cleaved to the uncharged
nucleoside by a 5'-nucleotidase of the snake venom from
ophiophagus hannah (king cobra). In the third step, the

15 nucleoside is separated from remaining charged
substrate on ion exchange columns. The columns are
eluted with 2 ml of 30 mM ammonium formate (pH 6.0),
directly into minivials to which 2 ml of scintillator
fluid is additionally added for counting.

20 The inhibitory values determined for the
compounds according to the invention follow from Table
A below, 1in which the numbers of the compounds
correspond to the numbers of the examples.

25 Table A

Inhibition of PDE IV activity

Compound ~log ICsp
6.99
7.84
7.98
6.90
8.08

aobd W N



25 4.° Cbnpounds of the fornmula | according to aim 1, in which

R1 * «i s nmethoxy, R2 and R3, together and including the two carbon atons
to which they are bonded, are a cyclopentane ring, 30 R4 is hydroxyl,
carboxyl, cyamnmo 9epBes2s4C- al kyl - 22 am nocar bonyﬂ»c-r,&gpgas;@zmyl or
car banoyl and R5 i s hydrogen, and their salts. Process
for the preparation of the conpound mula | and thelr salts,
characterized in that a) conp%mao#}ﬁ ?{)rnul all WO
96/ 36625 26 PCT/ EP96/ 02031 [err]

(I1)
R1
I1X
o X (II1)
R2
z (o}
RS {(IV) RS {v)

R4 0



r

i'n whi-ch Rt, R2, R3 and R5 have the neanings indicated
catal yti cal I y dehydrogenat ed or in that 5 Db) conpounds of the formul a

Wo 96/36625Wh| ch Rl, R2 and %3; have the m%%d%o%ﬁed in

T

[err]

FORMULA SHEET II

R2

Cl R3 Cl R3
K,c0,, DMF - :K,CO;, DMF -

_ ij H,C= PPh IRZ
o) R3

R1

X

H+

R2 .
CH,-R3

(III)

in Cdaiml, are




Claim1 and X is the group -B(OH)[err] are catalytically coupled with a
conpound of the formula IV [err] 10 i n which R4 and R5 have
t he neani ngs nmentioned in Caim 1 and Z is halogen, or in that c)
conpounds of thewdoserdes2sin which Rl, R2,2K3 and 15 RS BeM/ERIE/OBUBI NQYS
indicated in CGaiml and R4 is carboxyl, are reacted wth am nes of the

formul a H N(R11) R12, in which Rl11 %ggeﬁ{zcilgqt:\-%endent ly of one

anot her are hydrogen or 1-4C-al kyl, o d) for the
preparation of conpounds of the formula | in which RI, R2, R3 and RS

have the neaningg, i ndi cat@fpoundd &Fathe lrgpduld ts cyano, corresponding

conpounds of
° G RS (1)
R2

R4
CHZ-R3

R1

5 in which

R1 is 1-6C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkyl-
methoxy, benzyloxy or 1-4C-alkoxy which is
completely or partially substituted by fluorine,

R2 is 1-4C-alkyl and

10 R3 is hydrogen or 1-4C-alkyl,

or

R2 and R3, together and including the two carbon atoms
to which they are bonded, are a 5-, 6- or 7-
membered hydrocarbon ring, if desired interrupted

15 by an oxygen atom,

R4 is hydrogen, hydroxyl, carboxyl, 1-4C-alkoxy-
carbonyl, amino, mono- or di-1-4C-alkylamino, 1-
4C-alkylcarbonylamino, 1-4C-alkylsulphonylamino,

; ~ trifluoromethylsulphonylamino, cyanoamino, nitro,
; 20 cyano, mono~ or di-1-4C-alkylaminocarbonyl, 5-
tetrazolyl or carbamoyl and
R5 is hydrogen, hydroxyl, 1-4C-alkoxy or halogen and
where at least one of the radicals R3, R4 and RS
has a meaning other than hydrogen,
25 and their salts. '
2. Compounds of the formula I according to Claim
1, in which _
R1 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkyl-
methoxy or 1-4C-alkoxy which is completely or
30 partially substituted by fluorine,
R2 is 1-4C-alkyl and
R3 is hydrogen or 1-4C-alkyl,

or

R ) A0 A



WO 96/ 36625 * 27 PCT/ EP96/ 02031 the fornmula
in which R4 i s carbanoyl are dehydrated, or in that e) for the
preparation of conpounds of the formula |l 5 in which Rl, R2, R3 and R5
have the neani nggoi 9¢lyseé2s in daimlagnd R4 is 5- tetg@z/tﬁggs/ozoggl

cor r espondi ng

conpounds of the formula | in which R4 is cyano are

subjected to cy add azi d er ve | f
desi red, conpo&%gs o Fﬁé qu“ﬁﬂ%r anéffﬁﬁ éﬁ ag%grélng o?é& %g%m%),

d) or e) are then _ (
conpounds of the formad bnoRiRéNedtaEEah9B¥BELEEN N6® tetrahydropyran

5.

10

15

20

25

30

35

R4

RS

teomlekcled thew eie rbgaded, oarén 2 hatyslxinentsnea he

ring,

is hydrogen, hydroxyl, carboxyl, 1-2C-alkoxy-
carbonyl, nitro, - cyano, mono- or di-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and

is hydrogen, hydroxyl, methoxy or ethoxy and

where at least one'of the radicals R3, R4 and RS
has a meaning other than hydrogen, '

and their salts.

- 3.

1,
Rl

R2

R4

R5

Compounds of the formula I according to Claim
in which
is 1-4C-alkoxy, 3-5C-cycloalkoxy or 1-2C-alkoxy
which is completely or partially substituted by
fluorine,
and R3, together and including the two carbon atoms
to which they are bonded, are a cyclopentane or
cyclohexane ring,
is hydrogen, hydroxyl, carboxyl, 1-2C-
alkoxycarbonyl, c¢yano, mono~ or di-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and
is hydrogen,

and their salts.

4.
1,
R1
R2

R4

R5

Compounds of the formula I according to Claim
in which
is methoxy,
and R3, together and including the two carbon atoms

to which they are bonded, are a cyclopentane ring,
is hydroxyl, carboxyl, cyano, mono-1-4C-alkyl-
aminocarbonyl, 5-tetrazolyl or carbamoyl and

is hydrogen,

and their salts.

5‘

Process for the preparation of the compounds of

the formula I and their salts, characterized in that

a)

compounds of the formula II

A



*

the free conmpounds. 15 6. Medi canments conpri sing one or. nore
conpaunds according to Caim 1 together wth customary
pharmaceuti cal auxiliaries and/or excipients. 7. Conpound accor di ng
to Caiml for yeedgyldees ~ treatnent of gl | nesses. 20 p@T/Epgs/b§g3Qf
conmpounds accordi ng to Claim1l for the production of nedi canents.

9. Use of conpounds according to Claiml for the producti on of

medi canents for the treatnentgpf aifway di sorders. 25 10. Use of
conpounds according to Caiml Ty > production of nedicanents for
the treatnent of der mat ose$ :

o
RS (11
R2 ’

CH,~R3

in which R1l, R2, R3 and R5 have the meanings indicated
in Claim 1, are catalytically dehydrogenated or in that

5 b) compounds of the formula III
R1l

(I11)

R2
CHZ-RB

" in which R1, R2 and R3 have the meanings mentioned in
Claim 1 and X is the group -B(OH), are catalytically

coupled with a compound of the formula IV
z .

RS (IV)

R4

10
in which R4 and R5 have the meanings mentioned in Claim

1 and Z is halogen, or in that

c) compounds of the formula I in which Rl, R2, R3 and

15 R5 have the meanings indicated in Claim 1 and R4 is
carboxyl, are reacted with amines of the formula
H-N(R11)R12, in which R11l and R12 independently of one
another are hydrogen or 1-4C-alkyl, or in that

20 d) for the preparation of compounds of the formula I
in which R1l, R2, R3 and R5 have the meanings indicated
in Claim 1 and R4 is cyano, corresponding compounds of

A O AR W
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the formula I in which R4 is carbamoyl are déhydrated,
or  in that

‘e) for the preparation of compounds of the formula I

in which R1, R2, R3 and R5 have the meanings indicated
in Claim 1 and R4 1is 5-tetrazolyl, corresponding
compounds of the formula I in which R4 is cyano are
subjected to cycloaddition with an azide derivative,

and in that, if desired, compounds of the formula I
obtained according to a), b), ¢}, d) or e) are then
converted into their salts, or in that salts of the
compounds of the formula I obtained are converted into
the free compounds.

6. Medicaments comprising one or more compounds
according to Claim 1 together with customary
pharmaceutical auxiliaries and/or excipients.

7. Compound according to Claim 1 for use in the
treatment of illnesses.

8. Use of compounds according to Claim 1 for the
production of medicaments. ’

9. Use of compounds according to Claim 1 for the
production of medicaments for the treatment of airway
disorders.

10. Use of compounds according to Claim 1 for the

production of medicaments for the treatment of
dermatoses.
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