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(54) Titlee CYCLOHEXYL DIHYDROBENZOFURANES
(54) Bezeichnung: CYCLOHEXYLDIHYDROBENZOFURANE
(S7) Abstract

Compounds having the formula (I), in which R1,

R2, R3, R4 and RS have the meanings given in the
description, are new powerful PDE inhibitors.

(57) Zusammenfassung

Verbindungen der Formel (), worin R1, R2, R3,
R4 und RS die in der Beschreibung angegebenen Bedeu-
tungen haben, sind neue wirksame PDE-Hemmstoffe.

Rl
R4

RS
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nenbered hydrocarbon ring, if desired interrupted : by an oxygen
atom 35 R4 IS hydrogen cyano, - car boxyl; 1-4C-al koxycar bonyl

and [sic] nitrq_and i s hydroxyl, carboxyl, 1-4C alk rbopyl ,
ani no, W%D%6136F2ﬁ| 1- 4C al kyl ami no, 1-4C alkylca?ﬁ%z§¥§27888¥g

2 am no, 1-4GC- al kyl sul phonyl am no, trifl uoronethyl -

sul phonyl anm no @yck9hewghilhbydrobeandfufreinvs sal ts. 1- 6C- Al koxy
represents a radical which, in ad- 5 dition to t.he oxygen atom contains a
straight-chain or = branched al kyl radical having 1 to 6 carbon atons.

Al - kyl radfeahsigali fyeldto 6 carbon atons which may be nent i oned
here are, for exanple, #he H%ﬁ@ntﬂdﬁ*@%Yétes to2 Bk | dﬁﬂdsnﬁﬁﬂ@hy|
(2, 2-dinmethylbutyl), penty | sopenty] 3- et hyl buty neop S

(2 2 dimethdl - aré Beedyip’ et ﬁham%afﬁﬁmgﬂca ctodus Ty feﬂtbatyro HFo
pyl, isopropyl,tebhybfamnddiebhehtsadi cal s. 3-7C- Cycl oal koxy
represents, for exanpl e, cy- clopropyloxy, cycl obut yl oxy,

-cycl opentyl oxy, cyclo- 15 hexyloxy 'and cycl oheptyl oxy, of which

cycl opr opyl oxy, Priorcgektobut yl oxy and cyclopentyloxy are preferred. .
3-7C- Cycl oal kyl nmet hoxy fo 0 (o' ATHRR
cycl obut yl met hoxy, C;g?%@gﬁ%&?n al Q§?ﬂP %§%?E¥8h ng?%iQBET §¥
cycloheptyﬂﬁbthé%?lbgﬁ ZDGHQEMGﬁeScbe@pD@pyEﬁﬁfﬁ@%}blt@W@Iobﬁpybwﬁﬂﬁéxy

and cy- C'@Hﬁ@%ﬂhﬂ?&ﬂﬁiy apg t_hef er i llcatlons WOb39§5%hW0XYaWB!Ch
is conpletely or substitute uQrine which

mentioned are 83[’%%]‘19 @iselassl etr-‘t%‘éb§‘¥-'2t’2t?ﬁi| fRRRAYet ﬁS%ﬂ*‘%‘f:HéfefS

2,2,3,3,3- pent aélsux@m@tppw POFNe IVPeLAh UL 86EBOXYIn®@d¥hationdl Ppatentul ar
the 1, 1,22 tg} TEE% Eggthﬁ6¥4/025%§ describes inhibitors of c-AMP

15 phosphodiesterase and of TNF. -

Description of the invention

It has now been found that the dihydrobenzofu-
rans described in greater detail below, which differ
20 from the previously published compounds by substitution
of a completely different kind, have surprising and
particularly advantageous properties.
The invention thus relates to compounds of the
formula I (see attached formula sheet 'I), in which
256 Rl is 1-6C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalk-
yimethoxy, bénzyloxy or 1-4C-alkoxy which is com-
pletely or partially substituted by fluorine,
R2 is 1-4C-alkyl and
R3 is hydrogen or 1-4C-alkyl,
30 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
_ by an oxygen atom, ' '
35 R4 ' is hydrogen, cyano, .carboxyl, 1l-4C-alkoxycarbonyl
and [sic] nitro and '
R5 is hydroxyl, carboxyl, 1—4C—alk6xycarbonyl, amino,
"mono- oOr di—lfdc—alkylamino, 1-4C-alkylcarbonyl-
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triflworomethoxy, the 2,2,2-trifluoroethoxy and the difluoronethoxy
radi cal s. A 5-, 6- or 7-nenbered hydrocarbon rrng I f de-

sired interrupted an oxygen atom which may be nen- oned are £S|c]
the cycl opent arf®® ?gb@‘é 26 ohexane, the Zycl ohept ane, ?%'%/EP”/”"S

t et rahydrof uran and the t et rahydr o- pyran rings. If R2 and R3, together
and including the amimo,caIb&o—albytsumphbhyhamhay,arérbﬁhdedemébhyia 5-,

35 6- 7- menb d A
i-4C—ArE;I ”fepfégedggﬁgon?lﬁﬁ%ﬁ§_g%gﬁﬁﬂﬂg h"‘in@’r’egregl'rrched al kyl radicals

having 1 to 4 candobheivnsalkEs. anpl es which may be nentioned are the
butyl, isobutyl, 3 e Pk | s0pLQpyl ,
et hyl and met hyl rad}cg Alkoxy %éﬁfé@e%%§ %kPHHXEal wﬂ%ﬂh b g?cm

EI’ esents ara
which, in a§ ditieribea tbet X Yoy @t oo goribninsg n% sheabghthehabbver 5

menti oned 1- 4C—e£¥z¥&hé&dh§&5ﬁ_ 1@&&'83195}1&5‘1198 MeYob& cardBit4eHRS. apg-t he

nmet hoxy and t he ethoxy radi Cal 1-4C- Al koxycar bqonyl represents
a carbonyl grouk¥l QQ&Qﬁ%%ﬁP%Mengf1tH€’a§o%€H%ﬁF}oﬂEﬁm§ yoigh gy b
radicals - isnénbiefed Bt earehi chofnetagngivnt | thed eyl ,heisbhexyl

met hoxycar bonyl ,xadi cal Kr] Q- nd,the.eth l: nyl
radicaY (CH[eyr %}W ﬁ$¥6pé§§&i)J(%é3%Qxyflfzﬂgf €%§$§%ﬁ¥+)fe§§@§¥%{s a.
carbonyl gAdup lSOPenchlchﬁbﬂeeﬁhylh@tﬁbbvemmmnpﬁnhyh.4ﬂ2a2k¢hmeabw¢als
(Gerr]Co . BEOBYE) AN PRy GBIty ek onbaL ) A e h PRy
be mentioned arRBYlfoiseruepyé, ﬁﬁ@Y#eﬁmﬁzmﬁﬁhY : Lgals met hyl ani no,

the ethylanino, the di eBhYbaﬂfy'&Qoatl%x? Orepresgirﬂ:gm nf)oﬁn‘extaﬂt@)le cy-
i sopropyl am no ridlcals 20 Qr car 0 g’ no radrca& mhrch
opropyloxy, cyclo utyloxy, cyc op yloxy, cyclo-

15 hexvloxy 'and cycloheptyloxy, of which cyclopropyloxy,
cyclobutyloxy and cyclopentyloxy are preferred.

may be

_ 3-7C-Cycloalkylmethoxy represents, for example,
cyclopropylmethoxy, cyclobutylmethoxy, ~cyclopentyl-
methoxy, cyclohexylmethoxy and cycloheptylmethoxy, of
20 . which cyclopropylmethoxy, cyclobutylmethoxy ‘and cy-
clopentylmethoxy are preferred.
1-4C-Alkoxy which is completely or partially
substituted by fluorine which may be mentioned are
 [sic]l, for example, the 1,2,2-trifluoroethoxy, the
25 2,2,3,3,3-pentafluoropropoxy, the perfluoroethoxy and
in 'particular the l,1,2,2—tetraf1uoroethoxy, the
trifluoromethoxy, the 2,2,2-trifluoroethoxy and the
difluoromethoxy radicals.
A 5-, 6- or 7-membered hydrocarbon ring, if de-
30 sired interrupted by an oxygen atom, which may be men-
tioned are [sic] the cyclopentane, the cyclohexane, the
cycloheptane, the tetrahydrofuran and the tetrahydro-
pyran rings. If R2 and R3, together and including the
two carbon atoms to which they are bonded, form a 5-,
35 6~ or 7-membered ring, a spiro compound is present.
i-4C-Alkyl  represents straight-chain or
branched alkyl radicals having 1 to 4 carbon atoms. Ex-
amples which may be mentioned are the butyl, isobutyl,'
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mentioned is, for exanple, the acetyl anino radical (-NH-CO-CHerr]).
1-4C Al kyl sul phonyl am no represents a sul phon- yl am no radi cal, which

is substituted by one of the 25 abovenentioned 1-4C-al ky, | An
exanpl e which wa ?1%53 $82%enti oned is the et hyl sul phonyl%ﬁﬁé%%&?s
(-NH-SOerr]-CHerr]) . Compounds of the fornmula | to be
enphasi zed ar e sec-hbwbogk, i ntehtechudyl, Rlpropylli- 4Csapkoryl, ethyl and

3-5C-cycl oal ko}&é(etl?‘yﬁcrgéifegiékyl nmet hoxy or 1-4C- al koxy Whl ch is
conpl etely or |y substituted by fluorine

1- 4C- al kyl and - R3 1s4ﬁyaﬂ-lsgéﬁ Fepregentikyd , ragicgl whicky a’rféi ad-

t oget her and 'r@it'ﬂbﬁgtbh%ﬁé’\ﬂoﬁ§§@ﬂna%dﬁﬁ5 contains bAeWdifCtHdreybate-
bonded, are a cy cIoEentane cl ohexane, et rahydr.of uran _ or

t et r ahydr opgr aftentioned }fC-alkyl rad:ipals REXapplegy df , M3, 2R,

carboxyl or Ing&kabkedyare the me€AbRYNWnARthe ethidxy Ix&dliy:dll@xyl
carboxyl, 1-2C- al koxyc

di - 1- 2C- al ky! ami no, ﬂaﬂﬁﬁéh.pco§grcla§%onyl represqg}ncésf et r%%rl%%%%uﬁagugf
the formula | ate th)sh one iaf vithehabovelntisned- 4c4atbkgxy radicals

aubstituteq by 4o Bondsdy Tdifies whicHinay 'SeCHRMCIMA Paspl bhel Y
two car bonI&tormethoxycarb@nwAu cﬁa@h@?lar@f&ﬂ‘r@@d) %ﬁi@ eﬂ@yc?ﬁb@ﬁﬁfﬁﬁe or
cycl ohexane ri Mdonyl radical (CH3CH,0-CO-). _
1-4C-Alkylcarbonyl represents a carbonyl group
to which one of the abovementioned 1-4C-alkyl radicals
is bonded. An example which may be mentioned is the
15 acetyl radical (CHiCO-). '
Mono- ‘or di-l1l-4C-alkylamino radicals which may
be mentioned are, for example, the methylamino, the di-
methylamino, the ethylamino, the diethylamino, the pro-
pylamino and the isopropylamino radicals.

20 A 1l-4C-alkylcarbonylamino radical which may be
mentioned is, for example, the -acetylamino radical
(-NH-CO-CHj) .

. 1-4C-Alkylsulphonylamino represents a sulphon—
ylamino radical, which is substituted by one of “the
25 abovementioned . 1-4C-alkyl radicals. An example which
may be mentioned is the methylsulphonylamino radical
(-NH-S0,—-CHj) .
Compounds of the formula I to be emphasized are
_ those in which .

30 Rl is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkyl-
methoxy or 1-4C-alkoxy which is completely or par-
tially substltuted by fluorlne,

R2 is 1- 4C—alkyl and
_R'3 is hydrogen or 1-4C-alkyl,

35 or

' R2 and R3, together and including the two carbon atoms
to which they a.re bonded, are a cyclopentane, cy-
clohexane, @ tetrahydrofuran or tetrahydropyran
ring, ' '

e m mteu el S s e e e e T NIt et 3o in e e




R4 "is hydrogen, cyano, carboxyl or 1-2C alkoxy- 15 carbonyl and
R5 is hydroxyl, carboxyl, 1-2C- al koxycarbonyl, am no nono-

g:egg;3e§czghgdﬁﬁgéez?sfﬁé ?g?nhrgigosa:th% t hose In'mha%%%?ﬂﬁgﬁi¥205g

met hoxy, R2 and R3, together and including the two carbon atons

to which they aRé bohaedhyﬁnpqemwcl@renoaneqanhpxyl o Ls2RyalkgEy-or
cyano and 25 R5 Iéap%ghgﬁ @r carboxyl, and the|r salts

Suitabl e salts for conpounds the fornula | - ependi_ng '
substitution - BPe a#ﬁ:hﬂdFQKEﬁilgﬁrbﬁﬁwif 1-26- %Jk°§¥@Q€bQRY%Ib§@é§°

Particul ar nention ngy ﬁgngadgrSQl_qudmg rameig ,0gi cal ly tolerable salts
of the inor- c.and anic aci ds.and bases custonarlly used in

phar macy. Tﬁbseag taBic §P on t he one hand, water- sol ubl e and

wat er - i nsol ubl e acud adprbfemnﬁatcbm@ddnds oficitthe sTefmuls T oarexaplse
hydr ochl ori c aC|d ﬁéd o- 35 bromc acid, phosphoric acid, nitric acid,
sul phuric ic acid, citric acid, D gluconic acid, ben-

zoic acid, 2- Rm hydsoxybéﬁzaymbmgnzoBcSGmﬂynloaikqu(:or 1adﬂ&alkoxy

sulphosallcyllc aci d; ei d ;
acid, succinic acid, O)'%g:n cfgc dﬂﬂplé&gif Qﬁl partlg??g“ Cc acl d or]1d|yc
aci d, stearil® aci d, tﬁﬂu@méﬂﬁn phoni c aC|d met hanesul phoni c aC|d or

3-hydroxy-2-  poaphidhais, a@bgem@@r thh%.rftcltﬁﬁr?g etl@émtaueéawoaalétoms
preparation - depending an, whet her n ba5|c cid i s concerned
S%QRﬂ

and dependi ng on whi &R dErichg they “are i n ﬁﬁ @un% APEHLEARP Hi i ve

ratio or one dif- cyclohexane ring,
R4 is hydrogen, cyano, carboxyl or 1-2C-alkoxy-
15 carbonyl and
R5 is hydroxyl, carboxyl, 1-2C-alkoxycarbonyl, amino
or mono- or di-1-2C-alkylanino, '
and their salts.

Particularly preferred compounds of the formula

20 I are those in which |
Rl . is methoxy, _
R2 and R3, together and including the two carbon atoms
. to which they are bonded, are a cyclopentane ring,'
‘R4  is hydrogen or cyano and '

25 RS . is hydroxyl or carboxyl,

. " and their salts.

Suitable salts for compounds of the formula I -
depending on substitution - are all acid addition salts
or all salts with bases. Particular mention may be made

30 of the.pharﬁacologically tolerable salts of the inor-
ganic and organic acids and bases customarily used in
pharmacy. Those suitable ére, on the one hand, water-
soluble and water-insoluble acid addition salts with
acids such as, for ekample, hydrochloric acid, hydro-

35 Dbromic acid, phosphqfic acid, nitric acid, sulphuric
acid, acetic acid, citric acid, D-gluconic acid, ben-

~zolic acid, 27(4—hydroxybenzoyl)benzoic acid, butyric
acid, sulphosalicylic acid, maleic acid, lauric acid,
malic acid, fumaric acid, succinic acid, oxalic acid,




fering therefrom On the other hand, salts with bases are al so
sui t abl e. Exanples of salts with bases V\/ni ch may be 10 nentioned are al kal i

Ui Lani um  amron¥ingS/ 5680 um ne or guani dini um Sai 15, WRGFERAPAOBEN e

bases are enployed in salt preparation in an equinol ar guantitative
rati o or one dit&stangct lerist,r osmbdsic "acid, Mteawiol agidal telusngissdabl e

sal ts which canghonjhe 'aE‘:'J.Td' al |nYe€3ﬁ11?é- &Qicexgﬁphe, o®S BLAGRTSxR-2duct s

in the preparation of the cénpounds o ing fo i nvenfion on._an
i ndustrial scal BaPhlpeigoReidedWigrs the pr&ifecorsyi cRLPYES etabiseldal t s

by processes kn?!‘@ph@a%@ohhe RRIFeY Tl | dredvh8thE2 ar hiono- or polybhbidc

conpounds of_the fqrnula can b rese as cis o ans |soners and -
P o botd {1 SRed Gik; conS@Rpdd Bt Clbrengi 8% A, Bhitho Rl S el

chiral com sfieedds. itheam neguimohatrhenafririctdtniclel dest bot br abheputief-25
di ast er eoners aggﬁgﬁ gﬁgggtfr%%ars and their m xtures I n any m xing

rati o including tes The enantionmers can be separated
in a manner known pén sih¢f othexanphirdby saldar witbn ks ss epre ataleso

f d
o T S SRS A i pger OO
C

the formul a9 amntlonﬁﬁlelarr%aallsalrrnéeba & thd ump a seedam, 2 &9 tas sim)

a) conpounds obrt heaf®ivm) aélun(ﬁﬁ@.u@ttﬁl%%@sfl‘%ﬂm ﬁltanlum, afRetivm, N
which Rl1, R2; d R4 have the s i ndi cat above and.Z is

an oxygen atom meg[JLumlne( ofr aQEaPéQ(’:PéHmunﬁ@htgmdﬂl?b’ﬁs h,toq ¢
sired, selectivbbgesediree émelopedonyl saldupresparation in ahhaetqulmolar

6 quantitative ratio or one differing therefrom.

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

20 the person skilled in the art.

The compounds of the formula I can be present
as cis or trans isomers and - if the substitions [sic]
-R2 and -CHR3 are not identical - are also chiral com-
pounds. The invention therefore includes both all: pure

25 diastereomers and pure enantiomers and their mnixtures
in any mixing ratio including the racemates.

The enantiomers can be separated in a manner:
known per se (for example by preparation and separation
of corresponding diastereoisomeric compounds).

30 ] The invention further relates to a process for
the preparation of the compounds of the formula I and
their s'alts. The process is characterized in that

a) compounds of the formula II (see attached formula
sheet I), in which Rl, R2, R3 and R4 have the
35 meanings indicated above and Z is an oxygen atom

(0), are reacted under conditions whlch, if de-
sired, selectively reduce the carbonyl group or in
that




b) ‘for the preparation of conpounds of the fornmula I in which R1,
R2, R3 and R4 have the neanings indi- cated above and R5 is a

car boxyl group,,.corre- spondi ng conmpounds of the |
which Zis 5 w§ é%i%sfﬁgup C(Br)2 are hygg)ol ysed and i n{’ﬁ;&%&}é?ég‘s
desired, conmpounds of the formula | obtained are then converted into
their salts, orbln tfer &het pusparatidr cfnpompounds wfe the ntewmuyla I
obtai ned are convertgd chn;;}q the fEee LM NdSye 1Phe meanmg{,g gﬁair_ed.
further conpounds of the % can al so be converted into other
conpounds of the forcated mheve |aﬁ1da RBnnkS RnoGRrPexyhe P%on SRFFEEd in
t he art by derivapbralhgncompoRdids G athofdhuradirals dMich zang
R5). 15 The ubstances éﬂf?rdl ng 0 thf |nvent|on a{:l i sol at ed
and purifiedin a lﬁ‘érgEﬂHR/n 3 gedr BY dpplysedgpag; ip; Sanf t he
solvent in vacupfarﬁés“md/,st aiolrdpﬁu‘mis oft hiehe e fottm1ebt Ai et fimed aare

sui tabl e sol ven e g 0 on f the S ry.
purification nme lﬂen v&rtecisugh't th?lr gaitg qu f#utrlr:T(g’gghrsoal so ?gphy
on sui t abl ethepp@mpqmtdesr iaf. the formula Sél t®1mle‘1a1btar¢1eaonyerted

di ssol ving the freg gﬁg} frﬁe E%H%@u'n’&lsa suitable solvent, e.g. in a
on

chlorinated hy- net hyl ene chl ori de or chl orof or m or

25 a |low A8 ecul ar wei §ht dasizedi cfarkbasi copREASS, Akdthe foprelandl )

which contains thf dasor & asdvert&asenter othertQ: md§%ﬂe§héeﬁo@cl d

or baselsthenade .The sal t areota| ed i1t

repreci pitating™ gf"e in Qi BRrRetn e h %resrﬂ ][fﬁedaﬁ?ii thsn

salt or 30 by arapbyaﬁjemgvfahﬁmﬂwnt(irSapastDbthBanedfcahebeaddmals R4

verted by al kallg1 thg? or by acidifying into the free conpounds, which
é

in turn can be &onverteéd into salts. In this manner, pharmacol ogically
non-tol eraldl% salts Then Emb@bweeSe@qcmnﬁlptmthcdﬂmgl tuvenytion epzill e

35 salts. isola ted B8 ‘gﬂ%lﬁtnfl OointhmEﬁﬁ 9”)&10950%!&' Qecoa*g 1A

pounds of theforrruall acc var | ant arried
manner known t o9tEELpeABgN ofif ItF}é%i $‘?llventtﬁ§ YpFuop e rasrystalddZLRg) e
inert solvents gheh @$sidue obtained from a suitable solvent or sub-

jecting it to one of the customary purification meth-

20 ods, such as, for example, column chromatography on
suitable support material. .

‘Salts are obtained by dissolving the free com-
pound in a suitable solvent, e.g. in a chlorinated hy-
drocarbon, such as methylene chloride or chloroform, or

25 a low molecular weight aliphatic alcohol (ethanol, iso-
propanol) which contains the desired acid or base, or
to which the desired acid or base is then added. The
salts are obtained by filtering, repre.cipitating, pre-
cipitating with a non-solvent for the addition salt or.

30 by evaporating the solvent Salts obtained can be con--
‘verted by alkalization or by acidifying into the free
compounds, which in turn can be converted into salts.
In this manner, pharmacologically non-tolerable salts
~can be converted into pharmacologically tolerable

35 salts.

The reduction of the carbohyl group in com-
pounds of the formula’ II according to variant a) is
carried out in a manner known to the person skilled in
the art, preferably in suitable inert solvents such as
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7 - -1, 2-di net hoxyet hane or an al cohol such as nethanol, us-. ing a

sui tabl e reduci ng agent, such as, for exanple, sodi um bor ohydri de or

| 'i t hi um bor ohydri de. The hydrol ysis of conpou | a
11 5 accordi nd'? P&/58%E b), in which Z %é t he group(iﬁg%{gﬁé%7%£6gg?s
carried out by use of methods known.-to the person skilled in the art,
e.g. as descri Hg®R-tdindichdxyéohimg or asxadsiodol such as methammmndgsof
the forrmula I | t oygne n gglngs
R4 is hydrogen ar%{iwg sbj(':)% %ﬁu d%agg%{‘é rre%%acﬁlte)dgﬁy srftgixgc#?/@s

hydr ogena- st#umﬁerQhE@I ﬁ @Du ibhEENdbpﬁO weréglel-ohexene ring

of correspondi ng corrpouiqgé y ?_yfsq_rsmgg Ebhpggggsa;t/\%f ﬁh%tleﬁ;ﬁq,jaorﬂl a

sheet 1). 15 npoun formul a I n

and R4 have5theﬁ%&%ﬁ@%%%tt%nﬁﬂrhéaﬁlhbs aRdwRich @nds thegHGGHPCFéPFQZare

obt ai ned, for exanpheribn rcﬁ@@tbgnlﬁe of SRHMRUROMNKGN CeBPaituispetsbhe
formula Il in tet.rabr.om

c with carbaq
tri phenyl phos- wg%ﬁfﬁﬁﬁn% |ﬁh§ ék%bmﬁ St SeeRE §¥%dﬂlé§q?lgﬂl?ﬂwfﬂg
art. ex&ogppesnds of the fornula [l in which Rl, R2 and
have 't he abovenenti one 4, e 0 can
be prepared by use of %gﬁgghﬂgﬁo?ﬁ EE é%gglr%olnn s"&ﬁfﬁ:r??(ﬂ nR%eagﬁit
starting fa®m cR3rbave thsp@b@vﬁ@eﬁﬁﬁp@mdkﬂﬂﬁn#nmﬁﬁd&ﬁuia hydregenagpdched

for- mul a speek bkybBnWRINcall b ey f%ﬁ’b§19élggkiﬁérﬁyd§6gena—
cording to the general reactlon schene “on the attached formul a“sheet
I1. The reacti obi@BqRENERS cathn idrwohy bend\dp dihexaypleherere ring

"starting conpogfdeorrkBpoPdERY ETompourdHnoof ther therimaenoundsseanake

carried out an Conpounds of the formula Il 'in
which Rl, R2 £a§H8dR§g559i¥tﬁBeEBOJéHEntIOned nmeani ngs are accessibl e,
_ 15 Compounds of the formula II in which R1, R2, R3

and R4 have the abovementioned meanings and Z is the

group C(Br), are obtained, for example, by reaction of

corresponding compounds of the formula II in which Z is

oxygen (O) with carbon tetrabromide and triphenylphos-

20 phéne in a manner known to the person skilled in the

art. _

. Compounds of the-formula II in which R1, R2 and

R3 have the abovementioned meanings, R4 is cyano and 2

is oxygen (0), can be prepéred by use of methods known

25 to the person skilled in the art, starting from corre-

sponding compounds of the formula IV (see attached for-

mula sheet I) in which. X is the group -C(O)-OCH3;, ac-

cofding to the general reaction scheme on the attached

formula sheet II. The reaction sequence is described by

30 way of example under “starting compounds”; the prepara-

tion of further compounds can be carried out analo-
gously. |

Compounds of the formula III in which R1, R2

and R3 have the abovementioned meanings are accessible,

35 for -example, by addition of appropriate compounds of

the formula IV, in which X has the meaning -lithium, to

1,4—cyclohexagedione'and subsequent elimination of wa-

. ter. Expediently, the 1,4-cyclohexanedione is emplpyed

in partially protected form, for example as a monoeth-
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35 for exanple, by addition of appropriate conpounds of the formul a

IV, in which X has the neaning lithium to 1, 4- cycl ohexanedi one and
subsequent el i n_of wa- ter. Expediently, the

1, 4- cyclohexanghg %f §G%ﬁployed in paﬁilally protect%ﬁTfﬁ?%?/?%?ss
exanple as a nonoet h- 8 yl ene ketal, and the protective group

i s renpved agaiylene aketaly eand dthélaﬁrohhehlwbamoup is remove&dnpoaads of
the formula IV éf‘té‘f"f@a%%iéﬂl hég tT;aken gma%ree accessible from

correspondi ng conpounds In whi ch X is hal ogen i n
particul ar bro- ni neCoBpopRds| offatbgefasithkhgty in which X JFﬁellth‘
cgrrpoundts of Ejhﬁuﬁoéﬂw %dc\dédsﬁﬁmi. C?r&l cB%respoQﬂﬁt dEROUEs of the
abovenent i oned nmeant pgs _an n or ro can
be prepared® acc%?’ﬁlrf“l‘lgg 5V101Tt‘h@’?"d€i’er>él 1§ea’%§fﬁﬁe§chéﬁegﬁﬁfgﬁfﬁﬁgﬂ‘% aPhed
forml a shegise) |y Mmbtalynthegen ekcteimminds of the formula IV is

d i bed b f I d t nds"

compounds of the for mul BRPvepRRopRed S0, O Brmia P ogsbet kiR 15
The fol | owi ng eamdpR8s hiavleusthrat abohementéoniedn neaningsyrazed &t dlet hello- .
W thout restric goi:t th'erhgréﬁpr e‘é'(%pat CHé.t L3R Besgéagéfkar aEBBE:(ii}lgD%”

for n1nute(s)
for di- 10et h?ﬁ mrpﬁml défeaDP&qulbr S(ﬂhﬁél‘tmylofnorﬁbm Rt C¥ ofozgula

tetrahydrOfUra”sheE’%D'I&'dOS)'ﬁhéorsyB't?x[e@l%(|®§ @oﬁ%ﬁhﬁﬁh‘s of the formula
phoshi no) et hane] aI | adj un{0),, PEG 400 for exg/mthgl | 400 and

lyco
TLC for thin-Iay¥r i8hCsRdfepRy way of nder “Sgagtlng com-
pounds” . Further compounds of the formula IV can be

prepared in an analogous manner.

15 The following examples illustrate the invention
in greater detail without restricting it. The abbrevia-
tion h stands for hour(s), min for minute(s), RT for
room temperature, m.p. for melting point, DMSO for di-

. methyl sulphoxide, DMF for dimethylformamide, THF for.

20 tetrahydrofuran, PdJd(DIPHOS), for bis[bis(l,2-diphenyl-
phoshino)ethanelpalladium(0), PEG-400 for polyethylene
glycol 400 and TLC for thin-layer chromatography.




9 - Exanpl es Fi nal products 5 1. G s-

and Trans 4- Cyano 4- (2, 3-di hydro- 7- net hoxy- benzof uran- 2-spiro-1'
-cycl opent an- 4- -1-cycl o- hexanol 1.1 .

Gi s- 4- Cyano- 4- (WO ?ﬁ .?ﬁ/%?%- 7- met hoxybenzof $ an-2- 10 PCTfER2§/02055
-cycl opentan-4-yl) -1-cycl ohexanol Sodi um bor ohydride (2.0 g,
52.4 mml) is intro- duced into abskkamplesthanol (70 ml) with stirring
at RT. A suspension of the conpound prepared according to 15 Al (6.3
g, 19.4 mmol) in absolute nethanol (130 m) is t hen added dropwi se.
After fresh addiinrah pfodedtam borohydride (1.4 g, 36.7 mmol), the
reaction mxture is treated with 2N hydrochloric acid until a pH of 2
S achi eved. A saturated sodium chloride solution (300 m) 20 . and

distilled waterl{100CHST_ag@dddlbreRs- $n6YaRArArd], 3-diRyireT ANMaEROXY=| s
extracted with Ethy|béﬁﬁé§ﬁﬁan—2 %ﬁ@go“h J%Jdl pentalia-§aybiinesggpgani ¢

phases are dri ed—over 2 f and concentrated T n vacuo
after filtration. Affefs] -sh chronatography on silica 25 gel [petrol eum
ether/ethyl acetate 6:4], the title com pound (2. 8 g) is obtained as a
col ourl ess SO|I [T etr I ether/eth 6 X, =
0.29], m p. 1h3dEls gnCy L9 QQmﬁ dyi d&to )9 mé%i n& f%%an 2-

Tr ans- 4- Cyao- 4- ( 2, SSnthdlb ?ynébbentb@nﬂoﬂdﬂad.cyclohexanol
2-spiro- 1'-cyc|opentan 4-yl)-1-cycl ohexanol

Sodium borohydride (2.0 g, 52.4 mmol) is intro-

duced into absolute methanol (70 ml) with stirring at

RT. A suspension of the compound prepared according to

15 Al (6.3 g, 19.4 mmol) in absolute methanol (130 ml) is
then added dropwise. After fresh addition of sodium .
borohydride (1.4 g, 36.7 mmol), the reaction mixture is
treated with 2N hydrochloric acid until a pH of 2 is
achieved. A saturated sodium chloride solution (300 ml)

20 and distilled water (100 ml) are added to the reaction
solution and it 1is extracted wifh ethyl acetate

(100 ml1, 3 times). The combined organic phases are
dried over magnesium sulphate and concentrated in vacuo
after fiitratibn. After flash chromatography on. silica

- 25 gel [petroleum ether/ethyl acetate 6:4], the title com-
pound (2.8 g) is obtained as a colourless solid. [TLC,
petroleum ether/ethyl acetate (6:4), Rf = 0.29], mn.p.

143°cC. '

30 1.2 Trans—-4-Cyano-4-(2,3-dihydro-7-methoxybenzofuran-

2-spiro—1'—cyclopentan—4-yl)—1—cyclohexanol

The trans-hydroxy compound was obtained from
_ the same batch as a colourless solid (0.75 g). [TLC, .
35 petroleum ether/ethyl acetate (6:4), Rf = 0.37], mn.p.
145°cC.
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The "t r ans- hydr oxy- conpound was obtai ned from the sanme batch as a
colourless solid (0.75 g). [TLC, 35 petroleumether/ethyl acetate (6:4),

Rlerr] = 0.37], : 145[err]C. ' 10 2. - 4-
(2, 3-Di hydro- 7- Vr@tgﬁl@ﬁéﬁfofur an- 2- spi ro- 119 gc'i/épss/ozoss
cycl opent an-4-yl ) -1-cycl ohexanol 0.05 g (1.3 nmmol) of sodi um

borohydride is %. addid-#o(a, §6D1h|ydmouﬂ-mejﬂiax§(hhmfuﬂﬂm-20fsmmp'ddm
pound prepared accorgk ggbﬁngém_q_&ga J—Q:f;[c]lcﬁ'xexanoij' nmet hoxyet hane and t he
m xture is stirred f then treated with 5
m of 2N hydro- chloric acid, 50 m of distilled water and 100 m of 10

ethyl ether, the aqueogsoghage %, gepﬁﬁ@ﬂad &ff d8@m bdrdR G} C ighase
and reextracted with et hyl acét at e, and t he or& ni c phas e dried

over sodi um%ul pAdee to HmnBoluEpsRatdd Gtk Fotl&ry CevRRrat | G
chroma- t ogpafihy apkepdsed’ rsg:c@frdlhr@ tittd e BIon@eLNd (as nd Vlof— 15 2s0us

0 zay "5 Bapehoxbethang Bl ofhe Pulk bR B ot A oITF 1{% at
cycl opent an- 4- yRY- 1Thyec|mhebmrec:asbbh¢hl traaited2@ith 5 ml of 1@NnthyairotON

di hyd d ded t f 4
sod um hydroxi dergghitl ABLe so apided 1AL e elL DRGSR hay e ure
of Pd(Dl PH3S) 2 eﬁhylme@ieﬁbsﬁm ea@‘é@%ySelié'laeﬂrﬁ oiFdesmrafied 304f cﬁrom

PEG 400, the m khil @igarsid rpRdsal 4fldf Pee®tracted with ethyl acetate,
and the organic phases are dried over sodium sulphate

and evaporated in a rotary evaporator. Column chroma-
tography affords 47 mg of the title compound as a vis-

15 cous wax. [TLC (nanoplates, petroleum ether/ethyl ace-
tate, 6:4), R = 0.23]

3. Cis-4-(2, 3-Dihydro-7-methoxybenzofuran-2-spiro-1’-
cyclopentan—-4-yl)-l-cvclohexanecarboxylic acid

20
10 ml of 10N sodium hydroxide solution are
added to 10 ml of PEG-400 and the mixture is stirred
under nitrogen at RT for 1/2 h. After addition of 0.1 g
of PA(DIPHOS), in 3 ml of absolute methylene chloride
25 and 3 ml of PEG-400, the mixture is stirred at RT for a
further 2 h under nitrogen, during which the solution
turns black. A solution of 1.1 g (2.4 mmol) of the com-
pound prepared according to Cl in 5 ml of absolute
methylene chloride and 5 ml of PEG-400 is then added
30 dropwise and the mixture is stirred at 60°C for 20 h.
After cooling the reaction solution, it is acidified
wifch 6N hydrochloric acid to pH = 2, and the aqueous
phase is separated off from the organic phase and ex-
tracted again by shaking with 2 x 100 ml of ethyl ace-
35 tate.  The organic phases are combined, dried over so-
dium sulphate and concentrated to dryness and the resi-
due is purified by column chromatography and by subse-
quent'recryétallization from ether. 0.31 g of the title
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further 2 h under nitrogen, during which the solution turns black. A
solution of 1.1 g (2.4 mvol) of the com pound prepared according to Cl
in 5 mM of absqlute net hyl ene chloride_and 5 mM of P |

added 30 dropw. ‘g P2 i xture is stirrtd at 60[err]_0§%f?g5§§[698§5
After cooling the reaction solution, it is acidified with 6N

hydrochl ori ¢ actelmpeoupd i, obtidinkd agsecuswhitephasdids e&pav.m.ed1OBf
fromthe organiggphase and ex- tracted again by shaking with 2 x 100 m

of ethyl ace- 3 tate. The organi c phases are conbined, dried over so-
di um sul phate and concentrated to dryness and the resi- due is purified-

by col um chronggggfgﬂ@ycggogﬁdgubse- quent recrystallization from
ether. 0.31 g - 11 conpound is obtained as a white
solid of mP. 103- 105[err] C. Starting conpounds 5 Al .

4- Cyano- (2, 3- di Ry dr o4/cy@hboxgherdehyaao—J—aRithdxybenzofuran-2-spiro-

1' - cycl opent an-4-y|);fyg| oh xanone ., 4 0.6 (1.56 Mol ) of the
conpound prepared 10+ '_ St A a mxture of 1 m of
DMSO, 1 'm of distilled water and 0.5 g of sodi um chl o- ride and the

m xture is stirred at 1801 frqr t oal | ) 200
m of distilled water_ § araé égc_]e t_{(i){mtohle) ré\fgqteclr}f)% g:g())I tl%ﬁga?ﬁ#&?gd '
extracted 19 wREROFOARD deetBEeisardizselvedannc pHatetusesepartatdl of
of f, dried overpgadi um syl BEAA 10 1NARCA B £ TaA® 615 g of BBASun bh2b-
flash chromat ography, 0.4 g of .the title ] o
ride  and the mixture is stirred at 180-185° for 10 h.
After cooling the mixture, 200 ml of distilled water -
are added to the reaction solution and it is extracted
15 with ethyl acetate, and the organic phase is 'separated
off, dried over sodium sulphate and evaporated to dry-
ness. After flash chromatography, 0.4 g of the title

compound results as a yellowish solid of m.p. 92-94°C.

20 A2. Methyl 5-cyano—-5-(2,3-dihydro-7-methoxybenzofuran-
2-spiro-1’-cyclopentan-4-vyl) —2—oxocyc_:lohexanecarb—
oxylate ' '

0.25 g (0.82 mmol) of sodium hydride (80 $
25 strength in paraffin) is added in pori:ions at RT under
nitrogen to a solution of 1.2 g (0.29 mmol) of the com-
pound prepared according to A3 in 25 ml of 1,2-di-
methoxyethane, and the mixture is refluxed for 6 h,
then allowed to cool to RT and stirred at RT for a fur-
30 ther 48 h. 5 ml of methanol and 10 ml of 1IN hydrochlo-
ric acid are subsequently added, then the mixture is
treated with 100 ml of distilled water and extracted
with ethyl acetate. The organic phases are combined,
dried over sodium sulphate and evaporated to dryness.
35 By means of column chromatography, 0.6 g of the title
compound is obtained as a white solid of mn.p. 137-
138°C.
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corrpou-nd results as a yellow sh solid of mp. 92-94[err]C 200 A2.

Met hyl  5-cyano-5- (2, 3-di hydr o- 7- net hoxybenzof ur an- 2-spiro-1'

-cycl opent an-4-yl) -2 oxocyclohexanecarb- oxyl at e 0. 25
g (0.82 mol) 3¥ 28 dride (80 %25 3frength in parBfPAFBo9§49207Rd in
portions at RT under nitrogen to a solution of 1.2 g (0.29 mol) of the
com pound A58 epMetthyk col-thyand-od AR j B-ashutirof 74methdxybenzofuran—

met hoxyethane, -and thies o xhuf P-L9cl BhLHYEH-W0y19nlptane 1190 3Eheyed to
cool to RT and stirr nol and

10 mM of 1N hydrochi@x Xlaterl c acid are subsequently added, then the
m xture is treated with 100 m of distilled water and extracted
with ethyl acetate. The organi ¢ phases are conbi ned, dried over sodium

sul phate” an8 evapor at ed®t §°éﬂﬁ‘§‘ﬁ8§s°f3§ By nthre? ML) wh e oRSFBYrAShy,

238[ g 0}‘ Ct he t 'éf@paredcéﬁééh‘ﬂdn@s tebtzed nedda$ ALVWRIft & r3dond BOfim $0 RB7-
err

(2, 3- di hydr o- 7-%bt ﬁB}??i&ﬁfof?ﬁ%ﬁonltr{ie is. éb?a%oeél 4 at GO GpdNart Y- iR

hept ane-1, 7-dismdb-6 ml (0.68ylmtiel) Df methylA sctylaom afrel. Sulyséd. 67

50 m ' of acdUfirLy,eadifParGRREETA Chnl ?%f@ﬁfe "I B8P Ll

6 M (0.6618npl fion st Hyeatedyltet ecefugufos- 6 Qﬂrobhﬁse

at this tenperatyifenfhe $O0k¥ripped off in a rotary evaporator, the
residue is taken up in 150 ml of ethyl ether and the
mixture is extracted by shaking with half-saturated so-
dium chloride solution. The organic phase is _dried and

15 stripped off in a rotary evaporator. Column chromatog-
raphy affords 2.0 g of the title compound as a yellow
oil. [TLC (petroleum ether/ethyl acetate 6:4) Re =
0.55].

20 Ad. 2,3—Dihydro—7—methoxybenzbfuran¥2-spiro—1’-cyclo—
pentan—-4-ylacetonitrile

2.4 g (0.01 mol) of the compound prepared ac—

cordlng to A5 are dissolved in 50 ml of absolute tolu-

25 ene and treated with stirring with 1 ml of fresh

thionyl chloride. The mixture is refluxed for 1 h. Af-

ter cooling to RT, the solvent is stripped off. The

residue is then coevaporated a further 3 times together

with 50 ml of toluene in each case. The residue is

30 taken up in 30 ml of absolute toluene and slowly added

dropwise at RT to a suspension of 0.5 g (0.01 mol) of

sodium cyanide in 20 ml of absolute DMF and 1 ml of 15—

crown~6. The mixture is stirred at RT for 4 h and then

added to 200 ml of half-saturated sodium chloride solu-

35 tion and extracted with 200 ml of ethyl acetate.: The

organic phases are combined and dried over sodium sul-

phate. After flash chromatography, 1.9 g of the title

compound are obtained as a brown oil. [TLC (petroleum
ether/ethyl acetate 6:4) R; = 0.83].
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10 "tion is heated to reflux for 6 h. After cooling, the solvent is

stripped off in a rotary evaporator, the residue is taken up in 150 ni
of ethyl ether _and e m xture is extracted by shaki |

hal f - sat ur at ed -93}]36%?7?1m chloride soluttdn. The or ganinec%ébeall%z%sr? ed
and 15 stripped off in a rotary evaporator. Col urm chronmat og- raphy

affords 2.0 g &5t he(2/i3tRikydpoufdnathexybengafurang@t-spiferd’ —cyeleql eum
ether/ethyl acetat - 4h-4 +Ransh- 20 A4,

2,3-Di hydro-?-neth03¥gg%zudeg%L%$sp$rUrl'-cyclo- .
pent an- 4-yl acetonitrile 2.4 g (0.01 nol) of the conmpound

prepared ac- cording, 80> qlee 0di g8l Yebf N so@itln OdinPapiabepiola~ 25
ene and treated with stir i

[ W th m._.of fre hi on
ChTortdo. The methievethery] alfmthare; (shum  ard 'sifed spddk Rltragen: ne
solvent is strifppedsoffl. dihetoluehesi dus i¢ {hBed mmelipwiattdie acébmpoted 3
ti mes together

Laken up i n 30 TPERERERs AU THRGae ahf Foel yaanared A7 okt B 2p%Rr

to a suspensi ontoluéné gnd. Slomwdly) added dmgiwimecyandde ian eonhtinuvéus
absol ute DVF an iy rawn-4.. T ' sio%, Sta LeRI-f Or
4 h and then gt%%%%dg%b%gsﬁr%?e%f%ﬁgl -%a?§¥§1éﬁﬂéﬁﬂfﬁﬁ1é%#%%?dg.gggu- 35
tion and eifractieingi has2deeen sfdechydrepwiste. tirpemixtugeyahs csphaged are
gogbl ne]gi ?Ed ?rf@ﬂ %vefuﬁeﬂéymdwl minb a’@h@id'le-aﬁ&t g:'hé"@&!ﬂxlréﬂt_(l)_% oghanhy,
.9 go0 e tit]e, conpoun e obtained as a brown qil. ‘o
(petrol eum %%ﬁé??%?hﬁ&%hdﬂfa$536ﬁﬂt¢€%r?Yanﬁéé%ff T0o" sty of 1¢is
tilled water are added to the residue and the mixture
is extracted with 200 ml of ethyl acetate. The organic

15 phases are combined, dried and evaporated. 1.2 g of a
pale yellow oil are obtained, which by addition of n-
pentane spontaneously begins to crystallize. [TLC
(petroleum ether/ethyl acetate 6:4) R = 0.34].

20 A6. Methyl 2,3—dihydr6—7-methoxybenzofuran—z—spiro—1’—
" cyclopentane—-4-carboxylate

. 10.2 g of the .compound prepared according to A7

are dissolved in 500 ml of anhydrous n-hexane and

25 treated with about 5 g of Amberlyst 15. The mixture is

stirred at RT for 3 'days, filtered and concentrated.

The residue is chromatographed on a silica gel column

using ethyl acetate/petroleum ether (4:6), and the

chromatographically pure fractions -are combined, con-

30 centrated and dried in a high vacuum. 7.2 g of the ti-
tle compound are obtained as a yellow oil.

A7. Methyl 2-cyclopenten-l-ylmethyl-3-hydroxy-4-meth-
oxybenzoate

35 . .

12.7 g of the compound prepared according to A8
are treated with 50 ml of quinoline and the mixture is
stirred at 190°C for 1 h. After cooling, it is treated
with water, a pH of 3 is set using 2N hydrqchloric acid




.~ (2, 3-D hydro-7- met hoxybenzof uran- 2-spiro-1' -cycl o-
pent an- 4-yl ) met hanol 1.8 M (6.0 mmol) of sodium
di hydrido-bis(2- 5 rret hox et hoxy) al-um nate (SDMA) are added nder nitrogen
to 15 M of tolWRME/ é (6.0 nmml) of thé& conpound EP9,602055
according to A6 are d| ssol ved in 10 m of - toluene and sl OV\A y added
dropwi se under am@orthenumuxture dtsr eextpéchietr ogieth t ethipd St ad .ut The.
After every- 1 ee I S e S
For a1 urther - eHEaR, VB N CPRRETES, SLARN SeopblRCTLULHGS ol ShRIVERE |

rotary evaporatb®. Ch@@mﬂto@fradﬂ@d on g |sibiomt gelauc@lmaedlsmq heth¥di due
and the m xtureyce n%atééﬁé‘afé‘igﬁ ttl'ﬁar.zoq4”16)0‘c 'ﬁ{é‘yhh?ﬁﬁé%éraﬁ_ﬁﬁcgwﬁm c
15 phases are co :

I ne eva orated

oi | are obt & ndRMrehiTHRGELORRI talr@n %‘Pnﬁentratﬁént% %éﬁ@an@éuﬁ yﬁbg Bi ns
to crystallize.yfdéém. 10(pelgy deuphet berhe! dmpigidtard dbtd¥ned Oasdh.

20 A6. Methyl f d|h dr o- 7- met hoxybenzof uran-2-spiro-1'-

cycl opent ane- 4-¥% %BWyPé 10.2 g of the conpound prepared
according to A7 are dlssolved in 500 mM of anhydrous n-hexane
and 25 treateségnt ] ' |

at RT for 3 da ‘ ; ‘ : : A

chr omat ogr 4®hed on absnkoaaegel colunn u5|ng et hyl acet at e/ petrol eum
ether (4:6), and the chr omat ogr aphi cal I'y pure fractions are conbi ned,
con- 30 centrated and dried in a _high vacuum 7.2 g of the ti- tle

conpound are obtai ned ag8aSyeM OQ,fO,qnethyltrlmnenymp onium bromide
2-cycl opent en- 1ai‘é”§ﬁb¥>len&e@’dfrp>3>0041ﬂ@t$|f anhgdrousOXHFeﬁﬁQélicenEErogen

2.7 of {he comiousd BLEPRLed 3o L8 s0mc. U5 WEBE I hyTY
15 lithium (1.6 mol) in n-hexane are then added dropwise
with stirring. After stirring at -20 to -10°C for
30 min, a solution of 20 g of the compound prepared ac-
cording to A9 in 100 ml of abs. THF is added dropwise.
The mixture is then allowed to warm to RT and is
20 stirred for a further 1 h. It is poured onto water and
extracted with ethyl acetate. The oil remaining after
concentr_ating -the organic phase is chromatographed on a
silica gel column using ethyl_ acetate/petroleum ether
(4:6). The chromatographically pure fractions are com-
25 bined, concentrated and dried in a high wvacuum. 12.7¥g
of the title compound are obtained as a colourless oil.

A9. Methyl 4—meth6xy—3- (2-oxocyclopentyloxy)benzoate

30 23.8 g of methyl 3-hydroxy-4-methoxybenzoate
are dissolved in 200 ml of anhydrous DMF and the solu-
tion is treated with 35 g of potassium carbonate
(ground) and 13 ml of 2-chlorocyclopentanone. The mix-
ture is stirred at 60°C for 3 h, then the solid is fil-

35 teréd off with suction and the filtrate is concentrated
in vacuo. The residue is chromatographed on a silica
gel column using ethyl acetate/petroleum ether -(4:6).
The . chromatographically pure fractions are combined,



stifred at 190[err]C for 1 h. After cooling, it is treated wth water,
a-pH of 3 is set using-2N hydrochloric acid .14 and the

m xture is extracted with ethyl acetate. The resi due which remij gfter
concentrating tWR /38886 s chromat ogrdBhed on a sil BT 9%2?%%

usi ng et hyl ~acetate/ petrol eum ether (4:6). The chromatographically 5
pure fractions corcavtcebtédatnd andedt ijad anhdghi gacuum.v@dudng 10f 2theof

S et S LRI R sasetE e S aae B
g of methyltriphenyl phosphoni um brom de ~are suspended in 300 m of

anhydrous THF ygder Al 5 08€f;hyarBnd-hBenthfdlitdiGeri2dies40Lerr] C. 50
m of n-butyl - I .

‘with stirrPng. Aft@yclepenfangd-yil)cyglohexemona | C for 30 mn, a
solution of 20 g of the conpound prepared ac- cording to A9 in 100 m
of abs. THF is added dropw se. The mxture is, then allowed t.o warm.to
RT and is 20 sti rred'fg'r\gla qur(tOrTeqlg H‘.°1I>3t F’? pﬁh?ed:%lm%u t P HagRed
-extracted wi th gtbykdangt ate. BPheavé| dieysoInted) aht 300 mlcanfterthahbig t he
organi ¢ phase is_chro gt a| n si |l %%L S| L
acet at e/ pet rol eﬁﬁ?@fﬁg‘ra&’l%h ?ﬂﬁg)& c?’ﬁelc(,ghr%on'saJéI(C)éarrl i%@*#%ﬁri@ggrrggg%l’ons
are com 230 biated chmcent naadarhimed hydeodengtiarcuapparatns for of
the title conpoyng aphgi@ht &;Nad AHH@ §PEOUNEWadting the catalyst with

methanol, the organic phase is stripped off in the ro-

tary evaporator and the residue is purified by means of
column chromatography. 3.8 g of the title compound are

15 obtained as a clear oil [TLC (nanoplates, petroleum
ether/ethyl acetate, 6:4) Re = 0.43].

B2, 4-{(2, 3-Dihydro-7-methobeenzofuran-z-—spiro-l’ -

‘cyclopentan—-4-vyl) cyclohex—-3-en-1-one

20 .
50 ml of distilled water and 2 spatula tipfuls
of p-toluenesulphonic acid monohydrate are added to a
solution of 7.6 g (0.021 mol) of the compound prepéred
according to B3 in 100 ml of toluene ‘and the mixture is
25 heated to reflux for 2 h. After cooling, the organic
phase is strippe'd off in the rotary evaporator, the
residue 1is 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,
30 the acetone is stripped off, the residue is taken up in '
ether, the solution is treated with 100 ml of 1N sodium
hydroxide solution, and the organic phase is separated
off and extracted with ether. After combining and dry-
ing the organic phases over sodium sulfah'ate, the solu-
35 tion is concentrated and the product is purified by
column chromatography. 5.4 g of the title compound are
obtained as a yellow oil. [TLC (nanoplates, petroleum
ether/ethyl acetate, 6:4) Ry = 0.41].




A9. © Met hyl 4-met hoxy-'3-(2-oxocycl opent yl oxy) benzoat e 30 23.8 ¢

of met hyl 3-hydroxy-4-net hoxybenzoate are dissolved in 200 m of
anhydrous DVF and t he sol u- tionis treated with 35 g of, potassium
carbonate MR ARVBEARI 13 M of 2-chl o*Bcycl opent anog%‘?”ﬁpgﬁi%oss
ture is stirred at 60[err]C for 3 h, then the solid is fil- 35 tered off

Wi th suction amBBi heifHydreke-4s (2pBedbhydired7-methoxybenaoflibenr-8si due is

cthor (a8 CTheikdekl zeyeipelfaT-yl) CholbhesaRERE e CRYEL ™

oo oygTopt '
15 concentrat ed emel Ketald in a high vacuum 24.3 g of the title
conpound are obtained as a pale yellow oil. Bl. 4- (2,

3- Di hydr o- 7- net hoxybenzof uran-2-spiro-1'" - 5 cycl opent an- 4-yl )

cycl ohexanofie 21.2/my dO-O361 2% )O%fnrh‘étﬁéblvr’p%&w A Qi added
according to Baiaisughesatvedore K Mitdidanto a solueRietom 905063 o

0 i -
O 10 strerotfy FALE ang) M O 0 o by ASSHENE % n
catalyst with 100nRlha®l abkblutegalHE phdseclie mixtppedisf fstiinrsdie ab-
Lary evaporatore @0 WUESRR | ol (ERRC R R, 2, A, ot
[ TLC (nanoploat €5, 3 pgt (0l 3dnmol) afhecyeldlyéxaneddore BorupeBiylénd3ketal
- is then added dropwise at -78°C and the mixture is then
stirred at =-70°C for a further 2 h. After warming to
RT, it is treated with 100 ml of distilled water and
neutralized with 1N hydrochloric acid. The aqueous
15 phase is separated off from -the orgénic phase and is
additionally extracted with methylene chloride. The or-
ganic phases are combined and dried over sodium sul-
phate, evaporated in a rotary evaporator and purified
by means of column chromatography. 7.1 g of the titlé

20 compound are obtained as a yellow oil. [TLC (petroleunm
ether/ethyl acetate, 6:4) . Rt = 0.16].

B4. 4-Bromo-2, 3—dihydro—7—metho_xybenzofuran—2-spiro—
1’-cyclopentane '

25 -
9.0 g of Amberlist [sic] 15 are added to a so-
lution of 8.4 g (0.03 mol) of the compound prepared ac-
cording to B5 in 100 ml of absolute toluene and the
mixture is stirred at 100°C for 10 h. After cooling the
30 mixture, the H+ [sic] ion exchénger is filtered off and
washed with 100 ml of methanol. After stripping off the
organic phase and column chromatography, 7.4 g of the
title compound are obtained as a yellow oil [TLC
(petroleum ether/ethyl acetate, 6:4) Re =0.72]. |

35




B2. 4- (2, 3-Di hydro-7-nmethoxybenzofuran-2--spiro-1' -

cycl opent an- 4-yl ) cycl ohex- 3-en-|-one 20 50 m of distilled water
and.2 spatula tipfuls " of p-toluenesul phonic acid nonghydrat e ded
to a sol ut {h T/3EE¢ (0.021 nol) of the conpound prpe%"a[ 6/02 fod¥

according to B3 in 100 mM of toluene and the nmixture i's 25 heated to
.reflux for 2. hBAft 2~ E:mlmp@;xtt—heenyi_l}mathyl 3-hyelsexys4smethpsdbobmorn t he
rotary evaporator, t;QS—;zlni residue is taken up in 100 mM of acetone and a -
spat ul a tipful ; uenesul phonic acid is added After t he

m xture has ref |uxed for it is allowed to cool, t he acetone is

stripped off, the residgg, 1sm§aggn0g@ &t{bl) oftﬁlqgu jm%&&lﬁblﬁaé&at ed
with 100 M of 1IN sodi um roxi de solutiaon, t he organi c ,phase_is

separated 5 oirepuhEe endeR edlﬁFPﬁeé‘t h%F -4 &r E8ntA nlsﬁépéﬁéldpy of
g the organi EESes eV SOsiol SHE PRyl ExipHEelyLpHEEpHorim Sbro-

0 of the titl o EkBo ﬁd%ﬁﬁ"m oBrhrALltas THE) o T, DiPen A Lo ten
(nanopl at es, pahamhedrrto ~-36°lsr /ditihg avbighe £thé: lk)us@fensnﬁarmdoes into

16 B3. "ch:lf'gﬁ(i'aé ( fée? E&ﬂreeleé TN é’%’ggec{lazc’f%‘a@ % solution of -

spiro-1'-cycl ope Zp exanone nono ehe K
21.2 m (01036 w; of Ry Imeihi of atleea@@mnound drrgndrast aaccaaqibmg]c

under nitrogen ¢Q ﬁss%ublt)@“mqf oF %t%oll%t %@f“l@é&d@é %P&%ﬁi?g@oﬂﬂ@er

prepared accordin bsol ute THF an xture is
stirred at Bh Eogﬁper%%r@%%ﬂiuﬁef%%h& e Warmed sGPutT‘éH 6f apd 5 3

g (0.34 nol) ofseyereaexaneghose vapnaidmhedesket @ h. [TLC (petroleum
ether/ethyl acetate, 6:4) R: (methylene compound) =

15 0.81]. After warming to RT, solids are filtered off-

from the mixture, and the .filtrate is extracted by

shaking with 3x200 ml of half-saturated sodium chloride

solution and 2x200 ml of distilled water. After combin-

ing the organic phases, drying over sodium sulphate and

20 evaporating to dryness,. the residue is taken up in 50
ml of quinoline and the solution is stirred at 195-
205°C for 1 h. After cooling the solution, 400 ml of
ethyl acetate are added and the quinoline is extracted
by shaking with 4x200 ml of 2N hydrochloric acid. The

25 organic phases are combined, dried over sodium sulphate
and brought to drjmess in a rotary evaporator. After
column chromatography, a yield of 8.4 g of the title
compound results as a red-brown oil. [TLC (petroleum
ether/ethyl acetate, 6:4) R = 0.65].

30

B6. 4-Methoxy-3-(2-oxocyclopentyloxy)bromobenzene

-17.7-g (0.15 mol) of 2-chlorocyclopentanone and

41.4 g (6.3 ml) of potassium carbonate are added to a

35 -solution of 20 g (0.1 mol) of the compound prepared ac-—
cording to B7 in 300 ml df.absolute DMF and the mixture

is stirred at RT for 12 ‘h. After filtering off the sol-
ids, the filtrate is concentrated, the residue is taken

up in 500 ml of ethyl acetate and the solution is ex—



I's then added dropwi se at -78[err]C and the m xture is then stirred at
-70[err]C for a further 2 h. After warmng to . RT, it is treated with
100.mM of distilled water and neutralized with 1N hydrochl oric acid.
The aqueous 15 WQh2E€L3662€cparated of f fro#Bt he organi c pREEAEBRE/P305S
additionally extracted with nethylene chloride. The or- gani ¢ phases
are conbi ned antrgcted bwersharding sulth 3x2pbatel ovapdistiddied watetary

t d fied of I ~ch t f th
T he’ 50 comoubi urh°Shrarabh oo bl T ERrdT 28 T B e O U fré Soft- 1
et her/ et hyl acepabrd ﬁs4)a Brow). 48l. [TLC @ktroleum ether/ethyl ace-

4- Br onp- 2, 3-di hgggg- 76 y_be@zﬁ ran- 2- spiro- 1' - cycl opent ane
25 i &rlist ic] 15 are added to a so- | uti on of
8.4 g (0.035m0l) of the corrpound prepared ac- cording to B5 in 100 m
of absolute tolﬁgne §”ﬂ;!a%xg;“4‘%’%5‘%”1%}@%6“2@‘@ 100[err]C for 10 h.
After cooling t anger is filtered off
and washed with 100 ml of nethanol. After stripping off the organi c
phase and col urm chr Orrahow@ahsﬂoxfl g£ofgd he (o 3bt Inﬁal)coapomn@hwr@-
obtained as gg oi | TLC (n?f”%l eltt]: r/et&)( acet ath 6:4)
Rlerr] = 0.72]. pg enzo:.c acid, in 5@@ e methylene o-

. 2- Cycl openti-0l- enyteetiby ladidd dd vogyw ils e bivery qm@rlod of 1 lkenkene sus-

o L eal e ] oF BBhki8h, v BUBNLL' { REUMEAES 294ed 5. ofr PW (¥ 28I ger

5~-bromo-2-methoxybenzaldehyde in 120 mnl of methylene
chloride, then the ice-cooling is removed and the mix-
ture is allowed to come to RT. The mixture is snow-
15 white after the dropwise addition and changes colour to
vellow after 70 h. The reaction to give the correspond-
ing ester can be mnonitored by means of TLC checking;
TLC (petroleum ether/ethyl acetate,' 6:4); Rg (5—bromo—2-
methoxybenzaldehyde) = 0.71; R (ester) = 0.76. After .
20 stirring at RT for 70 h, the reaction to give the ester
is quantitative according to TLC. The precipitate is
filtered off from the solution, and the filtrate is
washed with 5x200 ml of 5 % strength sodium sulphite
solution and 4x200 ml of half-saturated sodium hydro-
25 gen-~carbonate solution, then treated wth 50 ml of 2N
sodium hydroxide solution and vigorously stirred -for 30
min at RT. The organic phase is separated off from the
basic phase and the sodium hydroxide phase is brought
to pH 2 using half-concentrated hydrochloric acid. Af-
30 ter extracting with 500 ml of ethyl acetate and drying
the ethyl acetate phase over sodium sulphate, the or-
ganic phase' is brdught to dryness in a rotary evapora-
tor. 45 g of the title compound are obtained as dark-
red crystals of m.p. 45-46°C. |
35



26.5 g (0.074 nol) of nethyltriphenyl phosphoni um bro- mde in 200 m of
absolute THF. The suspension is then warnmed to -30[er]C, during which
t he suspension goes into solution. After renewed cooling to -70[err]C,
a solution of 1WO19623626. 067 nol ) of thel®npound prepaPectlli/ER86)ydR0HS
.to B6 in 200 mM of absolute THF is added dropw se under nitrogen The

mxture is thencyarngdb03= ﬁ@h%&'bc;?%thoxy‘ﬁérfi@ﬂuaéniﬂ“% emerature for

5 h. [TLC (petrol eum —ethers/ etnyt—acetate
conpound) 15 0.81]. ZYEAPPRRE -A-NA)mbmqu;eneqwa from

the m xture, and'the filtrate is extracted by shaking with 3x200 m of
hal f-saturated sodiumcl ri de | ution an x200 M .of distilled
water. After comnbin- ng? thé%?f; nirEOJpﬂas‘Eg, %H?lﬁqﬁé‘y&?&‘ro DEm are
sul phat'e andg 20adde1:iouabuemg Hictxbgeresso. at ko lutdiohuief s2. 6a¢<el(l7u8 o320

m  of quinoline eso tlrred 95- 5C for . Afte
cooling the sol @ (S:ﬁJL ##&%?ﬂronsué %@t e oa]? eagﬁa %nﬂteg:ﬁgliene
quinoline is exch&or@de anobyt]seakm.ngumet hisix@20drnedodt2RThythmchb omia, -
aci d. The 25 orgaeaﬁ p%&%ﬁl aEﬁeCQBQhEESn dcfdx‘?% Oc‘!Pén&é’d'H?}éi” BR8bGise

and brought to ryne s in rotary evapor ator.
chr omat ogr aphy, 243§t &ps Qif g.-2 @ of4 tmeol) t pE the compound pesphredagca

s gd Erﬁ/bmhqd 3&5h§16§eﬁ:bolB?lun1n 2oe&nf1erc£ﬁtauboﬁﬁeéahethméhe%hios}l@é] 30

(0,15 ol ) of 2ER GRRJAORBEAS ARG Fod FECFR §623bn )Tf PEAREIEUm

carbonat e are aghadet aisa %shml_ uwi.bh (ﬁaﬂﬂr@té&) koﬂiﬂhﬁn ofh1dwei do Meolne

prepared o s el "SRR Al UEPITB0r e Tbuie

filtrate i-s contendryness.t i reufiueilbceageh and @p md 6FO0anpedfrodeky

acetate anqg heggAbPyePRvS fftate 8:2 mixture are added to the resi-
due’ and the mixture is evaporated to dryness in a ro-.
tary evaporator. Column chromatography affords 1.3 g of
the title compound as a brown oil [TLC (petroleum
ether/ethyl . acetate; 8:2)

20 Re = 0.74].




18 7 : tracted by shaking with 3x200 m of distilled water. Col um

chromat ography affords 21.1 g of the title com pound as. a brown oiI

[ TLC (petrol eum et her/ et hyl ace- tate, 6:4) Rlerr] 0. 47] 5

3- Hydr oxy- 4- retWiex98/ 366BEnzene 20 A suspensi onPﬁT/EB%/%O%?S .
mol ) of mchl oro- perbenzoic acid in 500 m of absolute nethyl ene chlo-
10 ride is added dropw se over a pefimescifhllutiloty sus- pensi on,
cooled to 8[err]C, of 50.0 g (0. 23 mol) of

5- br onp- 2- net hoxybenzal dehyde in 120 m of nethyl ene chl ori-de, then the

i ce-cooling i.s renoved @hd tdmmpounds adaereling atd owke tinwemkidro RAveThe

mxture 1S snow.andll | BraChebohile P Wit sadditon Aldychanges £RLAUT

to yel | ow a FeactPon thée Corres
ester can b& rmqommea;slb}lweaﬁslhfzah_lech@@ksalgectlvemzc p@t nulcéamtl e

et her/ et hyl aCGéﬁBEg\h@dﬁEst@ra@é biEHED- %nhl?li’@fé"oﬁﬁfé’zﬁﬁfﬁl Sifhif?gé vy, 'L

Rf (ester) = stirring at e reaction to §ive
the ester i Ehg¥adhe SWikahieood rfghe oorechande ap?e]@F%ﬁl‘tﬂa%% i §hera-

filtered of f frpautfiesso{ﬂsrorthe apdehbReht! toRt Qikfay owm&wétmw %200
m of 5 %strength so 3_% sol uti.on-..and 4x200
r ggr éé

hal f - sat urated S5GPHM h)? hetipgorRle aslél%t‘?rbnacc?%'h PEekhedrwt h
50 M of 2M0 resgiivatbygr oxate-sant respdmdtmrgordmﬁq-mcﬂéwhﬂg)r age
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t he sodi um hydr ase 'S brou oncentra
hydrochl ori ¢ acP#. emcoumt toef @hlenafctvalgoolﬁ.lhtm@ ralctnfomt hbutaam atbeand

drying —~ the gihgh apsigt @sBQ@%‘il@Y{erféfd'tH@ %ﬂe@ﬁ&e@mt tc‘S'P Qisordergdni C

phase is brought to dryness ih a rotary evapora- to of the fitle
conpound are obt® ReFHHCHA%-of inflanpafery dakune.p. eiHS' efppcaiys

15 ways (asthma prophylaxis), of the skin, of the intes-
tine, of the eyes and of the joints, which are mediated
by mediators such as histanmine, ~ PAF (platelet-
activating factor), arachidonic acid derivatives such
as leukotrienes and prostaglandins, - cytokines, - inter-

20 leukins, chemokines, alpha-, beta- and gamma-—

. "interferon, tumour necrosis factor’ (TNF) or. oxygen free
radicals and proteases. In this connection, the com-
pounds according to the invention are distinguished by
low toxicity, good enteral absorption (high bioavail-

25 ability), a great therapeutic breadth and the absence
of significant side effects.

On account of the PDE-inhibiting properties,
the compounds according to the invention can be em-
ploved in human and veterinary medicine as therapeu-

30 tics,' where they can be used, for example, for the
treatment and prophylaxis of the following illnesses:
"acute and chronic (in particular inflammatory and al-
lergen-induced) airway disorders of various origin
(bronchitis, allergic bronchitis, -b.ronchi_al asthma) ;

35 dermatoses (especially of proliferative, inflammatory
and allergic type) such as, for example, psoriasis
(vulgaris), toxic and allergic contact eczema, atopic
eczema, seborrhoeic eczema, lichen éimplex, sunburn,
pruritis in the anogenital. region, alopecia aréata, hy-

Py



19 = - Cl. 4- (2, 3-Di hydro-7-nethoxybenzofuran-2-spiro-1'-

cycl opent an-4-yl) di brononet hyl enecycl ohexane 4.6 g (0.018
nol )- of triphenyl phosphane are 5 added under nitrogen to a solution of 2.6
g (7.8 mol.) WO 6/3&M tetrabronide i 220 m of absolRATY BRAGLOZNES
chloride and the mxture is stirred at RT for 15 mn, during which the

solution turns ;&émhﬂt%aﬁléppm%md 134414 '&y&feﬂat%eﬁlsﬂ feviicet the
conmpound prepared ac cor : m of absol ute, net hyl ene

|
chl ori de, e s%‘l“%tVbﬂeFBFﬁégdHVQdﬁéa‘léﬁrererﬂ%%O%é’}ﬂ Jekpgenous
phgjse i s }Naﬁhechanegh aaher a&@ﬂae@dl WNE hhosbdeoSipd - prféltﬂe@fatlcblre,edmv?ar
sodl um sul p ate 14 \/ orat nost ryness.... 0 SILII
and 20 m of a %]g e% ge?ﬁlelﬁfgf'ﬁyls’kd‘@et%t% %fe”f 'ﬂ%’roer%ﬁ%sa egﬁ
the resi- 5 da.nse abdslelde manxtazlr eeksessaper a:tesble&s;e dofneBNF | and r beuko-

tary evaporator of e
conpound as a bromn 0|ﬁ ${%?a etrg#ny Gt of et h%hylarthriéﬁc tfpe
acet at e; (rheumatpgg ggt Rﬂéiﬁ} fhyumqt01d spondyliigis, osteocar-

ﬁgczer cial utilgfyitis and othedNBre¢AFIIURASCEREPEIHAS) | O dilkRriqpsant ben

the immune system (AIDS, multiple sclerosis), types of
10 shock [septic shock, endotoxin shock, gram—negative
sepsis, toxic shock syndrome and ARDS (adult respira-
tory distress syndrome)] and also generalized inflamma-
tions in the gastrointestinal region (Crohn’s disease
and ulcerative colitis); disorders which are based on
15 allergic and/or chronic, faulty immunological reactions
in the area of the upper airways (pharynx, nose) and
the adjacent fegidns (paranasal sinuses, eyes), such
as, for example, allergic rhinitis/sinusitis, chronic
rhinitis/sinusitis, allergic conjunctivitis and nasal
20 polyps; but also disorders of the heart which can be
treated by PDE inhibitors, such as, for example, car-
diac insufficiency,  or disorders which can be treated
on account of the tissue-relaxant action of the PDE in-
hibitors, such as, for example, erectile dstunction or:
25 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 arterioscle-
rotic dementia. ,
The invention furthermore relates to a method
30 for the treatment of mammals, including humans, who are
suffering from one of the abovementioned illnesses. The
method is characterized in that a therapeutically ac-
tive and pharmacologically tolerable amount of one or
more of the compounds according to the invention is ad-
35 ministered to the sick mammal.
The invention further relates to the compoundé
according to.  the invention. for use in the treatment
and/or prophylaxis of the illnesses mentioned.



val uabl e pharmacol ogi cal properties which make them 5 commercially
utilizable. As selective cyclic nucleotide phosphodi est er ase ( PDE)

i nhibitors (nanely of type 1V), they are suitable on the one hand as
bronchi al ther a¥0 96 ggﬁcs (for the treaBfhent of airwayPEBLEPRELPBA%SoN
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asthma); 35 de?gapﬁ§§§rgg@§béﬁPaFP?bbPa$PSP§fépdﬂlvﬁultﬁh¥¢aﬁﬁ&F8ﬁVeu‘

and al | er gixs tybﬂ&:asuahx&&;aftﬁresexc'ﬁniﬁ.e mSQhIeaSﬂcﬁ:m of(wbgétS$) cota@éldc
and allergic co eczems, sebaorr i chen

S mplex. - sunbur iebietScr e 8l ek { pnopdelioties, PR, SERRT R ignsa o

hy- suspensions, gels or solutions, the active compound
content advantageously being between 0.1 and 95 §%.

The auxiliaries which are suitable for.the de-

20 sired pha;maceutical formulations are familiar to the
person skilled in- the. art on account of his expert
knowledge. Besides solvents, gel-forming agents, oint-
ment bases ‘and other active compound vehicles, it is
poésible to use, for 'example, éntioxidants, disper-

25 sants, emulsifiers, preservatives, solubilizers'or per-
meation promoters. _

For the treatment of dlsorders of the respira-
tory tract, the compounds according to the invention
are preferably also administered by inhalation. To do’

30 this, these are either administrered directly as a pow-
der (preferably in micronized form) or by atomizing so-
lutions or suspénsions which contain them. With respect
to the prepar&tion and administration forms, reference °
is made, for example, to the details in European Patent

35 0163965. | '

For the treatment of dermatoses, .the compounds
accordlng 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-




21 ° - pertrophic scars, discoid |upus erythenatosus, follicu- | ar and

wi-despread pyoderm as, endogenous and exogenous acne, acne rosacea and
al so other prolj ferail ve, in- fl armatoré and al l ergic skin disorders;

di sorders whi ch"® 26436826ed on an excessi $8 rel ease of TRETEFRP$LORESS
trienes,” e.g. disorders of the arthritic type (rheumat oi d
arthritis, rhelmem‘o$d spdrdy | c':ompcundSeoarccordlmj]ri tbs dihe ot heventibnitic
condi tions), f I e i's),
types of 10 98F§V8 compo%glcs) end %%f%ﬂgﬁk)qgixgar%%ﬁnesg&%%

sepsis, toxic slhb@kmégﬁdteﬁelanwmradal tan@s@ddatlonahlwr ypuoseseesl
Sy”dm”e)] and *@J;S%l%”eé@it‘_&@ﬂe' Phhém%eutl a1 Of?nh\(ﬁj‘lé Staﬁ hﬁﬂe' ”_a'

region (Crohn's di Sease cerative c | Sor
based on 155 a|P%@@%Caﬂe;tealcﬁpm%atﬂma wh#ﬁhm@mgbeamem*émme@n@re, in

the area of thefé'ﬁp%rxaﬁuﬂlf@,yspfpﬁhé&:}éox eﬁ@i@loﬁW susﬁé%@sﬂﬂis@cegﬁuré%' ons
(paranasal sinusg for al | er

eyes
rhinitis/si nusﬁﬂis’ cﬁ 5‘%#“@11%5’ r@ﬁ‘tnif‘}(l oLy, H‘&§’1 |'s c’%ﬁarnésr'gl %t'cﬁ’ﬁ'UnEFH"l tis
and nasal 20 potyssiubiibnal.so di sorders of the heart which can be

treated by PDE inhibito f C

I nsuf ficiency, or di sorggﬁs%%n (%%ceglr}:o eg rea%he'lag o ‘hh acgbﬁ%ﬁt]o?ntﬁge
tissue-rel #antpreprbadobyt HerFoEs$es knowni lpenrse. sible abosagsr ekahpee,
erectile dysf U”&&tWeOEo%Eou?le's' G Oéafffeg gﬂ%ysina’{g}é)fofer SL%ft ﬁ%gnhﬂ

connecti on ki dney stones; ternativel sor
CNS, such as, fBPd%xﬁﬁﬁ[t@ma&é’pr%%lgﬁg enha@&qresc@us topigal apRRACi a.

The invention fygathehmEoemse! @hfsh t&sp FBkhe%kadd1d, Oroixbené:{tes?)t nf@f ehe

| | ud ff f
mamal 5, i ncl udlng_ DunmRs 0 a1 osas SLELL RO from one of the  ie in
t her apeut i a#l | yaaconcenttriatd canc phafoncekagipdal, | 0 .t1oi9%wbIEhandose dbrone
or ~ more of %&ﬁlﬁngeaesééPang}rdaﬂaatl%t&?ﬁ ' %entch%gﬁ,&n; ?xergetwages O

mnistered to t nventi
the conpounds 0-0kcedddithd 189/ keie Theertuskonary udesen Jtnhéihter ecasenpt

systemic therapy is between 0.05 and 2 mg/kg per day.

20 ' Biological investigations
In the investigation of PDE IV inhibition at
. the cellular level, the aetivation of inflammatory
cells has particular importance. As an example, FMLP
(N-formulmethionylleucylphenylalanine)-induced superox-
- 25 ‘ide production of neutrophilic granulocytes may be men-

tioned, which can be measured as luminol-potentiated
chemoluminescence [Mc Phail ILC, Strum SL, Leone PA and
Sozzani S, The neutrophil respiratory burst mechanism.
In “Immunology Series” 1992, 57, 47-76; ed. Coffey RG

30 (Marcel Decker, Inc., New York-Basel-Hong Kong)l.
Substances which inhibit chemoluminescence and
also cytokine secretion and the secretion of proinflam-
matory mediators in inflammatory cells, in particular
neutrophilic and eosinophilic granulocytes, are those
35 which 'inhibit PDE IV. This isoenzyme of the phosphodi-
- esterase families is particularly represented in granu-
locytes. Its inhibition leads to an increase in the in-
tracellular cyclic AMP concentration and thus to the
inhibition of cellular activation. PDE IV inhibitien by



and/ or prophylaxis'of the illnesses nmentioned. 22

The invention |ikewi se relates to the use of t he conpounds according to
t he .invention for the pro- duction of nedicanments .which are

enpl oyed for WPeI6/36626atnent and/ or Bhophyl axis of PCTHEPIF/PRRESes
men- 5 tioned. The invention furthernore relates to nedica-

ments for the ttieat milistanbeas pceptditg Stof- the iinventionnessesthus a

ment.i oned, which contain_one qr nore_of_the com . _pounds.according_to
The i nvent i on. qereral’ LodieodPEgeo nd s si8Bress 1oh ¥ nifRS bhe Rt Ry
per se and fanpreacesseshdGhembyczsMA, eCouhdt heoantyme-sebsctibdecphests,
the compounds agponflogel@sbMd¥i¥ors +4h80r (BrBRLhYA;SOPBLYNIRLALE
ei t her enpl oyed as such, or. "prerérably in conbinatrons wth sui | e
phar maceu- 5 rédandanki Lhatihes treafment (o€ buenchialapsthwa?cBipchien

tablets, capsul ggaraspROShion, 543 P3RS 08Ty ToePhy TJ. SUSRENS! PABs-
gels-or solutions, the active—conpound confent advant ageously being

between 0.1 andPbgdigsterase inhHNLQESi | P&M PR IdIeSUfeBbIEEERS t he
dE_-'I I20d si reﬂ méﬁﬁa@@utaméo; n‘ﬁbahkorpgmi,e ggl;(n |51 523 ;t me:h%dt Per g&n
skilled in the art op_agcount of his expert now e . .Bes S
sol vents, gel-f® Mn635§§HF§,m&'nta- cyc)&%nleM%aggg fﬁﬁ%?hé?‘ﬁébﬂg?é" in
conpound vdal cl ®Newi tDrsgs f@osdAdtiland 0 Tiserapywr, exBngH402  anBiakhdasies.,
di sper- 25 sa LEher pr : ine l'ubi.| i-z€r r_per- _
meat i on pronot g\trlél.:lgguisglsEEL ]‘?I'—gc}r' ﬁcg{lﬁ?ea _n%}:\tggf’dlkégfiggﬁggofﬁt ﬁeele(_:
respira- t ofyver aosphodieshpoanes advidrdions t ont Heunay epegrophilar e
preferabl y al sorgdatnbaker eshdy i1dhal1ad | 0B Tocalp 30 ard)i Scaf hes Rain§n-
either admnistrered directly as a ]E)OWL der (1pr ef er ablg In_m crqni_zed
form or by at Oﬁ;lzqnﬁﬁdgg_ergs Arch Pharmacol 1991, 344, 682-690; Niel-
15 son 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 ne-
20 . crosis factor by macrophages. European Journal of Phar-

macology 1993, 230, 9-14).

1. . Inhibition of PDE IV activity

25 Methodology

' The activity test was carried out by the method
of Bauer and Schwabe, which was adapted to microtitre
platés (Naunyn-Schmiedeberg’s Arch. Pharmacol. 311,
193-198, 1980). In this test, the PDE reaction takes

30 place in the first step. In a second step, the 57-

nucleotide fbrmed is cleaved to give the uncharged nu-
cleoside by a 5"-nucleotidase of the snake venom from
ophiophagus [sic] hannah (king cobra). In the third
step, the nucleoside is separated from the remaining
35 charged substrate on ion’ exchange columns. Usi.ng 2 ml
of 30 mM ammonium formate (pH 6.0), the columns are di-
rectly eluted into minivials to which is additionally
added 2 ml of scintillator 'f'luid for counting. o



| utions or suspensions which contain them Wth respect to the

preparation and adm nistration forns, reference is made, for exanple,
to the details in European Patent 35 0163965. For the treatnent
of der mat oses, WOh@ 6J3GE@6NdS accordi ng o0 the invent iRAT/EPRS6/92055
particul ar used in the formof those nedi canents which are suitable for

t0pitcal ?Eplication Famd hinléiﬁ.ﬁﬂﬁékyoﬁ{éﬁfuéé‘ed@”@t@kﬁ@ned for ;che Zom-

ment s e ou. acc in e _inyen activ

conpounds.) ar é’%eraa%? di%\ﬂ tﬁ’%u??gﬁpglon %’;}lér%céﬁ?’f‘chgle A

auxiliaries an%e&mmtleHWHycmrDEGSBaﬂbers bE dhee conigahlds pwrregsitid cal

formul ati ons. I ti formul ati ons which may be nentioned
i tq%% %l%bmlaé r@gﬁﬁh%l%%mp %u%penm ons, -

are, for ers sprays, oi |l s,

oi ntnments, $atty ointnents, creans, pastes, gels or solutions.

The nedi canent %]a%q%or ding to the invention are 10 prepared by processes
known per se. osage of the active conpounds is carried out in the
order of magni - tude customary for PD E inhibitors. Thus topical appli-
cation fornms (StHiELidloexenml e @@im%s) for the treat nent of
dermat oses confarn € active compounds in 15 a concentration of, for
exanpl e, 0.1-99% The dose for " admnistration by inhalation is
custonmarily between Comp&ufdand 0.5 ng/ kglogh®Cgustomary dose in the case
of - system c therapy.l s between 0.05 ang % ng/ kg per day. 20

Bi ol ogi cal investigati o&s In th Rvesti gation of PDE IV

inhibition at the c@ lular level, the d¢BBvation of inflanmatory
cell's has particular i mgortance. As an exapphe, FMP

.10



~

(N-formul et hi onyl | eucyl phenyl al ani ne) -induced superox- 25 ide production

of neutrophilic granul ocytes may be nen- tione d, which can be
measured as | um nol - potenti at ed chepol um nescence [Mc Phail LC, Strum
SL,, Leone PA HRd96/3688szani S, The neutrXPhil respirat &CF/BRO$/02055
mechani sm In "I munol ogy Series" 1992, 57, 47-76; ed. Coffey RG 30
(Marcel Decker, -Inc.,. New Yor k- Basel pgipagtKend} s Subst ances
whi ch i nhi bit chenol um nescence and —al SO Cyltoki ne secretion and the -
secretion of proinflam - matory nediators in inflamatory cells, in
particul ar ineut r oplidmipouaidls ensittophférmuls anul ocytes, are those 35

whi ch inhibit PDE I'V. This isoenzynme of the phosphodi- est erase
famlies is particularly reﬁ}-;-'-~a in granu- | ocytes. Its inhibition
| eads to an increase in the in- Iragel lular cyclic AVP concentration
and thus—tothe—+nhibition B : activation. PDE IV inhibition by

24 : ces _accordigg tg the“ ion is thu$iﬁ central
i ndic B ME k t& Hression of
Coul d" % ; i ve WIS

processes (G enbycz MA,
age i nhibitors render
bronchodil atory therapy 5 redgs in the treatnment of bronchial asthm?
Bi ochem Phar macol 1992, 43, 2041-2051; Torphy TJ. et al., Phos-
phodi est erase inhibitors: new opportunities for treat- ment of asthma.
Thorax 19915 4@n wWh3-dh23; Schudt C et al ., Zardaverine: a cyclic AW

PDE [11/1V-inhihitor,. | "New Dru or t Ther " 79-.402,

Bi r khauser Pa‘erl ad Bgs_é%—fgg%xléchgﬁﬂ ' %Y%%‘?Wq ueﬁ'(%"cﬂycgé?ae]ég—

ti ve phosphodi est er gdaethu:Ay t cbsneplbuyaomelt4Omikoxy whilght iienscom-and

| evel s of CcAMP a i ] - hi e Phar macol

1991, 344, 682-690; * 5 B loar (BIYD pubs LEURRE BY LRI £0,

phosphodi ester &e is ilfiGialkwl cangol ynor phonucl ear | eukocyte respiratory
10 R3 is hydrogen or 1-4C-alkyl,

or .

RZ2 and R3, together and including the two carbon atoms
to which they are -bonded, are a 5—( 6- or -
membered hydrocarbon ring, if desired interrupted

15 by an oxygen atom, -

R4 is hydrogen, cyano, carboxyl, 1-4C-alkoxycarbonyl
or nitro and : ' .

R5 is hydroxyl, carboxyl, 1-4C-alkoxycarbonyl, "amino,
mono- or di-l-4C-alkylamino, 1-4C-alkylcarbonyl-

20 amino, 1—4C-alkylsulphqnylamino, trifluoromethyl-
éulphonylamino Or cyanoamino,

and their salts.

2. Compounds of the formula I according to Claim

1, in which . ) _. :

25 R1 is 1-4C-alkoxy, 3-5C—cycloalkoxy, 3-5C-cycloalkyl-
methoxy or -1-4C-alkoxy which is completely or par—'

. tially substituted by fluorine, |

R2 is 1-4C-alkyl and '

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

30 or | o _

R2 and R3, together and including the two carbon atoms

to which“thgy are bonded, are a cyclopentane,




-

b-l.JI‘St :(, J Allergy din Imunol 1990, 86, 801-808; Schade et al., The

specific type Il and IV phosphodi est erase I nhi bi tor zardaveri ne
suppress formation of tunor ne- 20 <crosis factor by macrophages. European
Journal of PhaWo 96/3®®2® ogy 1993, 230, ®74). 1. rdT)iEHSd/oPoss PDE
IV activity 25 Methodol ogy The activity test was carried out

by the nethod 0 &4tk Sch ' a t ] '

pl ates (Naunyn- Schmfc_ el%%'-s Krchﬁ\@‘gﬁglrlﬁgggﬁh’&%%l,%p %W%ﬁ In
this test, the PDE #é&8kion takes 30 place in the first step. In a second
step, the 5 -Rr4 nucl agfdasgéR) Medyiand! eaygepbeydi vert he unehanasd, nu-
cl eoside by a 5' -nucl egtidase of the snake venom from ophi ophagus [ sic]
hannah (ki ng cobra) _caIrg)o[qy % d step, the nucl eoside is separated
fromthe remi BSNg 3% kpdrgedl sulksnmizeyon LerCexstkangeacbbuyns. ddsimg 2

m of 30 MM a ' for e, {pH 6.0 t colums are di- rectly
Dl uted nto mmi ol oy HBrc T Sl b2t i%%’éﬁ%mm'added 2 m of
scintillator flamdd thedmaadttisg. 25 The inhibitory
val ues determmed for idagufiffids @oqﬁ%sb 25ERLELNG t P oyent I
from Table A bel ow, 1 n whi chstﬁe nu eré o? ?hg c%%%gﬁ%%gacgh ggshp%lnd
to the nunberslef iPh@bddnpl es. 5 Table A

10 Rl is 1-4C-alkoxy, 3-5C-cycloalkoxy or 1-4C-alkoxy
which is completely or partially substituted by
fluorine, : ‘

ow

R2 and R3, together and including the two carbon atoms
to which they are bonded, are a cyclopentane or
15 cyclohexane ring, '
R4 is hydrogen, cyano', carboxyl or 1-2C-alkoxy-
carbonyl and '
" R5 is hydroxyl, carboxyl, 1-2C~alkoxycarbonyl, amino
or -mono~ or di-1-2C-alkylamino,
20 and their salts. '
4. Compounds of the formula I according to Claim
1, in which
R1 is methoxy, ‘ _
R2 and R3, together and including the two carbon .atoms
25 to which they are bonded, are a cyclopentane ring,
R4 is hydrogen or cyano and '
R5 is hydroxyl or carboxyl, -
and their salts.
5. Process for the preparation of the compounds of
30 the formula I according to Claim 1 and their salts,
characterized in that
a) compounds of the formula II

T

Rl

(11)



Ihhrbition of PDE IV activity Compound - ° -1 og IC[erM

1 8. 35 2 7.38

7.11 10 Patent d ai ns

Conpounds of t H@ ﬁédﬁ&ﬁasl 28 -CH[erPFT/RPQﬁdp205§ in
whi-ch Ri—--s—1-6C- al koxy, 3-7C-cycl oal koxy, 3-7C-cycl oal k-

]i [ﬂoxxigogmlﬁmmkm, Bcanasaqgnzge ltllze merahcih@sy mrdl—
ute uoLi ne I S a an
Iéﬂm 20 40P 8% 1) ol B ls A TRYISh B LR 4D g e
t wo carbon,atons reacteidb uidenh ¢dwegibienbontédh, ad€ aesired, areléc-
tively reduce the carbonyl group or in that

5
b) for the préparation of compounds of-.the formula I
- in which R1, R2, R3 and R4 have the meanings indi-
cated in Claim 1 and R5 is a carboxyl group, cor-
responding compounds of the formula II in which 2
10 is the groﬁp C(Br}), are hydrolysed and in that,

if desired, compounds of the formula I obtained are

then converted into their salts, or in that salts of

the compounds of the formula I obtained are converted
15 into the free compounds.

6. Medicaments comprising one or more compounds

according to Claim 1 together with Customary pharmaceu-

tical auxiliaries and/or. excipients.

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

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
25 disorders. .

10. Use of compounds according to Claim 1 for the

production of medicaments for the treatment of dermato-

ses.



menbered hydrocarbon ring, if desired interrupted 15 by an oxygen

atom R4 is hydrogen, cyano, carboxyl, 1-4C- al koxycarbonyl

or nitro and wo B%/3ies2®ydroxyl, carboxyl, 1- 4C- al koxycardiyitis e AV IES
nono- or di-1-4C- al kyl am no, 1- 4C—a|ky|caupenyl 20 am no, -

1- 4C- al kyl sul phonyl am no, trifl uoronethyl - sul phonyl am no or
cyanoam no, and their salts. 2. Conpounds of the fornmula |
according to daim "1, in which 25 Rl is 1 4C- al koxy,

3-5C cycl oal koxy, 3-5C-cycl oal kyl - gporMu XF or 1-4C-al koxy which is
conpl etely or par- tially substltuted by | uori ne, R2 is
1-4C- al kyl and .R3 is hydrogen or 1-4C-alkyl, 30 or R2 and R3,
t oget her argl including the two carbon atons to which they are
bonded, are a cycl opentane, 27 ' cycl ohexane,
tetrahydrof uran or tetrahydropyran ring, R4- is hydrogen

carbonyl and 5 RS is
or nmono- or

cyano, carboxyl or 1-2C- al koxy-
hydr oxyl, carboxyl, 1- ZC-aIkoxycarbonyf

di - 1- 2C- al kyl am no, and their salts. Cbnpounds of the
formula | according to Claim 1, in R4 is 1-4C- al koxy,
3-5Ccycl oal koxy or 1-4C- al koxy ompl etel y(gr partially
substituted by fluorine, R ,'- : H?r and including the
: R
two car bon at 0@ CH,~R3
CH,~R3
(11) (111)
R1
le) X
R2
CH,~R3

(IV)



N

to whi ch they are bonded, are a cycl opentane or 15 cycfohexane ring,
R4 is hydrogen, cyano, carboxyl or 1-2C alkoxy- car bonyl and

R5 :i s hydr oxy, 1- 2C- al koxycar bonyl, am no
or di-1- ZC-alké? %?A%gégb and their salts. cBﬁBéEﬁa§/§5°gﬁ
formula | according to Caim 1, in which Rl i s met hoxy, R2 and
R3, together and including the two car boreA3ons 25 to which they are
bonded, are a cycl opentane ring, R4 is hydrogen or cyano and R5
is hydroxyl or carboxyl, and their salts. Process for the
preparation of the conpounds of 30FORMELP.SHEET FIaccordlng to Caim1 and
their salts, characterized in that a) conpounds of the fornula I
CH -Rerr] 28 in which Rl, R2, R3 and R4
have t he né%nlngs indi- cated in Caiml and Z is an oxygen atom (0) are
reacted under conditions which, if desired, selec- _ tively
reduce the carbonyl group or in that

R1

Rl
SDMA

o C(0)~OCH;
—_—

CHZOH
CHZ-R3 . R2
cHZ-R3

2. NaCN

c(o)-ocH, Rl

< o CH,CN

2. NaH k2
CH,~-R3 - Na CH.-R3
2 C(0)-0CH, 2

Nacl\‘ DMSO/H,0

Rl




Y

5 b) for the preparation of conpounds of-the formula |

in Whl ch RlL, R2, R3 and R4 have the neanings indi- cated in
Calm1 and R5w059a/§agbexyl group, cor- r@g@?ﬁﬂgagoggggounds
of the formula Il in which Z 10 is the group C(Br)2 are -

hydr ol ysed and in-that, i f de%}:ﬁ conpounds of the formula |
obt ai ned are then converted int eir salts, or in that salts of
t he conpounds of the formula I obt ai ned are converted 15 into the
free conpounds. 6. EﬁPrﬂ 4sing one or nore
conpounds according to CI alm geF'% er W th customary pharnmaceu-
tical auxiliaries and/ or excipients. Conmpound according to
Claim1l fors use in the - 20 treatnent of |IInesses 8. Use
of conpounds according to Claim1l for the production of .

medi canent s. 9. Use of conpounds according to Claim1l for the
production of nedicanents for the treatnent of airway 25 disorders.
10. Use of conpounds according to cffaim 1-for the production of

nedi canents for the treatnent of der ses.

€l "R3 c1” “R3
K,CO3, DMF K,CO3, DMF

X . : X
. = 0 R
szz H,C=PPh, \l/ 2
fe) R3 o R3
R1 R1
’ J
X .
R3
R2
| LM
OH °R3
CHZ—R3

(Iv)



