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Vb 99/ 05111 PCTI/EP98/04477
PCT/ EP98/ 044‘¥9”m5uhovel tetrazol e derivatives Field of application of

the invention The invention relates to noygl

6-[(tetrazol -5-yl)-phenyl ] phenant hri di nes, which are used in the
pharmaceutical industry for the production of medi canents. Known

t echni cal I . Ber. 1939, 72, 675-677, J. Chem Soc., 1956,
4280- 4283 gﬁﬁ@@@gﬁ%‘* %}?&.(gﬁ 1971, 1805 describe the synthesis of
partial hydrogenated 6-phenyl phenanthridines. In the international patent
applications W97135854 and W97/ 28131 partial hydrogenated

6- phenyl phenant hri di nes are described as cyclic nucleotide

‘phosphodi esEieldhetanplication eftheinventionf type 4. Descri ption of the

i nvention It has now been found that the novel 6-phenyl-phenanthridines,
whi ch are described bel ow-in greater detail, which differ fromthe prior
art, in par §hednvantionfelaes to,pavel {Ecl{tetsazobryh-aenyllpheaanthndings, wiich, are used in the

surprising prRémBsstics ihdustnyforhe PRIJASIRALS metREBMEAtseS.  The invention thus
relates to conpounds of the forrmula | [err]

Known technical backaround

Chem. Ber. 1939, 72, 675-677, J. Chem. Soc., 1956, 4280-4283 and J. Chem. Soc. (C), 1971, 1805
describe the synthesis of partial hydrogenated 6-phenylphenanthridines. In the international patent
applications WO97/35854 and WO97/28131 partial hydrogenated 6-phenylphenanthridines are

described as cyclic nucleotide phosphodiesterase (PDE) inhibitors of type 4.

Description of the invention
It has now been found that the novel 6-phenyl-phenanthridines, which are described below in greater
detail, which differ from the prior art, in particular, by the substitution on the 6-phenyl ring, have

surprising and particularly advantageous properties.

The invention thus relates to compounds of the formula |

R4 RS
RO
R2 ’ R31
H
R1 N
R6 ()]

in which

R1 is_hydroxyl, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predo-
minantly fluorine-substituted 1-4C-alkoxy,

R2 . is hydroxyl, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3~7C-cycloalkylmethoxy'or completely or predo-
minantly fluorine-substituted 1-4C-aikoxy, ' '



in which Rerr] I s hydroxyl, 1-4C- al koxy, 3-7C-cycl oal koxy,

3-7C cycl oalQI9%8$Hdxy or conpletely or predo- nmi nant | yPCT/EP98/04477
fluorine-substituted 1-4C-al koxy, R err] i s hydroxyl, 1-4C- al koxy,

3- 7C-cycl oal koxy, 3-7C cycl oal kyl met hoxy or-%onpl etely or predo-

m nantly fluorine-substituted 1-4C-al koxy, WO 99/ 05111

PCT/ EP98/ 04477 -2- or

i n which Rogiryhiehd Rlerr] together are a 1-2C al kyl enedi oxy group, Rlerr]
| S hydrOgerwéndlaz%gahw&eaRLz@.sukynedeaioaygroqs,en or 1-4C alkyl, or in which

Rlerr] and err] together are a 1-4C- alkylene group, Rl err] I s hydrogen
or 1-4C al . FApbydrpgen orildGs3lk¥logen, R51° is hydrogen, or in which R5 and
R51 t oget hgyaqar eisRPdrageH driiadtbikppond, R6 is a phenyl radical substituted
by R7, where R7 is a tetrazol-5-yl radical substituted by a radical RS,

‘where R8  OFMWRIER ogen, 1-7C alkyl, 3-7C cycloal kyl, 3-7C cycloal kyl met hyl
or Ar- 1- ACRd énd R31dogétherAire a 1-4Csalyl@teaymyulp, r adi cal which is unsubstituted or
substitute y R9.and/or Rl d RO and R10 i ndependently of one another
are hal oge%‘Pni t'?(??’drg%%%%'s'%—'ﬂ@]al kyl, trifluoronethyl or

1- 4C- al koxyRS andisthlydroger,t s of these conpounds. 1-4C- Al kyl represents a
strai ght - chgdsn O ed al kyl radical having 1 to 4 carbon atons.

Exanpl es V\hrt?é(?h rr_%hgg'gaﬁhént ioned are the butyl, isobutyl, sec-butyl,
tert-butyl orfrwhigh isopropyl and, preferably, the ethyl and nethyl

radi cal s. grglagfREY t6getHer £OLF addichal cal s which, in addition to the
oxygen ato contain a straight-chain _or branched al kyl radical having 1 to

4 carbon atffrs. BeRRSNEEadGH eypsHuipd¥ RfeWbe8ned are the butoxy, isobutoxy,
sec- but oxy,Rt er t ishiteraool-5-Hr MG Subdtifed BYPNadicaINHs, wheRf er ably, the et hoxy

Cycl obut y1 8y cvapan i egotcy EE sl B Een puimptnd & A where

Ar is a phenyl! radical which is unsubstituted or substituted by RS and/or R10, and

R9 and R10 independently of one another are halogen, nitro, cyano, 1-4C-alkyl, trifluoromethyl or
) 1-4C-alkoxy.

and the salts of these compounds.

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

1-4C-Alkoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or
branched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the
butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, isopropoxy and, preferably, the ethoxy and
methoxy radicals.

3-7C-Cycloalkoxy represents cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy and cyclo-
heptyloxy, of which cyclopropyloxy, cyclobutyloxy and. cyclopentyloxy are preferred.

3-7C-Cycloalkylmethoxy represents cyclopropylmethoxy, cyclobutyimethoxy, cyclopentyimethoxy,
cyclohexylmethoxy and cycloheptylmethoxy, of which cyclopropylmethoxy, cyclobutyimethoxy and
cyclopentylmethoxy are preferred.

Completely or predominantly fluorine-substituted 1-4C-alkoxy which may be mentioned are, for
example, the 2,2,3,3,3-pentafluoropropoxy, the perfluoroethoxy, the 1,2,2-trifiuoroethoxy, in particutar



hept yl oxy, okyegég8i1£yC! opropyl oxy, cycl obutyl oxy and cycl opentpdrkrosisasr?
t preferred. 3-7C- Cycl oal kyl net hoxy represents cycl opropyl net hoxy,

it cycl obutyl net hoxy, cycl opentyl nmet hoxy, cycl ohgexyl met hoxy and

| cycl oheptyl met hoxy, of which cycl opropyl met hoxy, cycl obutyl met hoxy and
cycl opentyl met hoxy are preferred. Compl etely or predom nantly

fl uorine- SUbﬁE' WIZ@!e&afﬂ:@ro%lHéQ%YthWrﬁbomlhgfy nﬁgtiﬁﬂﬁﬁmﬁ?@e{h&?rarﬁ%%?ably. the

the 2,2, 3,3, nt af | uor gpr.opoxy, the | uor oet
1, S 2 trifl u@ﬂt@@tprﬁgtjg?xy 'Pﬁ’fg‘ﬂétr ﬂeggpg\,anﬂyp in thisrsopoeghion Heans that more than half of the hydro-

PCT/ EP98/ 044deh atoms are substituted by fluorine atoms. _ - 3- t he
1,1,2,2-tetrafl uoroethoxy, the trifluoronet hoxy the 2,2, 2-tr| f 1 uor oet hoxy

| and, pref erably, the difluoromethoxy radicals. "Predomnantly” in this
| connection nﬁaowwrakdlmr :eptdsems ot éxatripld, lke MpthyRnedi®y (OLME-GJ Bnd the ethylenedioxy

it substituted 1- 2C- Al kyl enedi oxy represents, for
I exanpl e, the%njg%llﬁy'l elﬁe §_r5|(s O CH O) and the ethyl enedi oxy radi cal s

(-OCHCHerr]O). | f R3 and R31 together have the rreani ng 1-4C- al kyl ene,

| the positiong RS AR% 1 etfied FR0k Bl m i 4 AU the BbGich G 4  Bitfbouncs of e

1 another by a e bridge r'epr |ng Str
chai n or brafefRdd 'zﬂ'k inked do jonel |ao@thgr MaWr@ alktlgwlbrmebd)ﬂcsa"mme rEwaan'ﬁneg; straight-

| whi ch b
| ICI(iI[ e??i/ Cle_f‘lc[:ﬂeﬂrﬁfiﬂ tg?&ﬁ{[ﬂ??ﬁlg l&ﬁbereagigﬁg&f Cl-f é r'i&;—'ﬁtaﬂb H‘aato]n‘scg?ﬁl}\? ?W?’é}\m be mentioned

1, 2- di et hy| #ehyenEadicatsresthiene] ) CelficHetyleps - )(%&Hz§0pmapmyieaené-CHz-CHz-CHz-)
[ - A(CH err]) { etdirhethylethyléde [@@%cﬁ%wmr@mew; -8sh),uonal bond, then

the carbon atons in positions 2 and 3 in conpounds of the formula | are
| i nked to one another via a doubl e bond. 1-7C- Al kyl represents
strai ght - chalfrR®and Rsn abgeihet! dty lanr additioakisbdndy theg thetdarb?:ncélbﬂﬂerln FHoSifibns 2 and 3 in

he h 5-net hyl h 1),
eyl 1 soncimRfs SRR frf%'ﬁegéés@%?o?% i PRt 1) penty!
I sopentyl (3-nethylbutyl), neopentyl (2,2-dinethylpropyl), butyl, isobutyl,

g e(; C? gé’ : oalt E'?lb A?iégpl) ?éggegﬁétg Q@f%]%ht-cﬁﬁﬁ roPQ&éhcqe@ tah%lcrlagvggf HF&.L‘% T { adi, I%?I!'I ?toms Examples

cycl ohexyl aWich maydecnepieped aret P%Y'smm' ﬁ-rx@rwemamw |5Qt@xyje(|43nethylpentyl),
cycl opentyl , néoneky? i8.3simetRbuidiy; peRAD issherif Y3 A tiRdiy)OREsheR & £hifelibropyl), butyl,
isobutyl, sec-butyl, tert-butyl, propyl, isopropyl, ethy! and methy! radicals.

3-7C-Cycloalkyl represents the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the cycloheptyl
radicals. The 5-7C-cycloalkyl radicals cyclopentyl, cyclohexyl and cycloheptyl may be mentioned as
preferred.

3-7C-Cycloalkylmethy! represents a methy! radical which is substituted by one of the abovementioned
3-7C-cycloalky! radicals. Examples which may be mentioned are the cyclopentylmethyl and the
cyclohexyimethyl radicals.

Ar-1-4C-alkyl represents one of the abovementioned 1-4C-alky| radicals, which is substituted by one
of the aryl radicals defined above. Examples which may be mentioned are the p-methoxybenzyl, the
phenethy! and the benzyl radicals.

- Halogen within the meaning of the invention is bromine, chlorine and fluorine.
Suitable salts for compounds of the formula | - depending on substitution - are all acid addition salts or
all salts with bases. Particular mention may be made of the pharmacologically tolerable salts of.the



3-7C- Cycl oal k represents a nethyl radical which is substituted b
one of t he aﬂ%bg%%ﬁoned 3-7C-cycl oal kyl radicals. Exanples wht 044
menti oned are the cycl opentyl nethyl and the cﬁycl ohexyl met hyl radi cal s.
Ar-1-4C al kyl represents one of the abovenentioned 1-4C al kyl radicals,
which is substituted by one of the aryl radicals defined above. Exanples
whi ch may be nentioned are the met hoxybenzyl , the pheneth and the

benzyl radi difr@anic and: T8N a¢lits ﬂﬁ%bﬁ?é chgtomaniy usgd Wﬁ@aﬂ?ﬁ%n?%‘&ﬁ whichiare suiteble are,
ghl or :j ne andnithe!nd Wund, watéisolubid a\daﬁdtérsnémug:jecwiaoéumﬁﬁ satts \h.hﬁacfdarslT?Ht 5, korexample
ependi ng on titut are a a salts salts wt

bases. Parti (ﬁng’?" 4 g'ﬁdrﬁBV"B%aﬂ%(dgmfﬂqu'ﬁéc'ﬂ h'é{{’l‘ﬁrf(‘,’ﬂr 6‘6&'&&??‘9 o8l Acid) rgnc acid,
sal ts of t hd-gluconid\Eci@Obé&tzbiclacid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulfosallcyhc acid,
PCT/ EP98/ 04 .

i norgani c ailhzdﬁ ‘g?égﬁl (I:aug% |a&|d madc gg'géfsw%aﬂgtag'rcr’h? mfc‘m%g%'%' oxah%ﬁgnghggganc g3 mbonic
whi ch are s#cidagtearicacd, tmmﬁéfoonechamdthamamsammm %hwmxy%maphthmsaoidubhae the

‘acid additi %d§§r§ e Woyﬂloﬁcéa‘ﬂsp@%?ﬁm o E}Qﬁdu em( W qué' b @fdaglg 8eig and

hydr obrom c aci ric acl ur| C acl

citric acid, e@@'ﬂ%‘rﬂ"é‘”’aﬁ,ﬁ"ds dqy‘e‘néoin@n@ap@ola;zq@ammucoaqomnawrfymnnm&om
aci d, butyrlc acid, sulfosalicylic acid, nalelc acid, lauric acid, malic
aci d, furrari ci &.,erﬁucm nic acid,  oxalic acid, tartaric acid, enmboni ¢

acid. stear @0 FudreRampls the dgiragol-aod ralical BYl i sptitutad PYRBTH - salts with bases
3- hydr oXy- 2-ana|aisb Mitablaca)dmptdsedf&auilﬁltm%% wHiéh EHKP'H&Yrﬁ%tIoHe@ afel alkali metal (lithium,

reparation n_whether it LS a nono- basic acid

prep sodfif Rl i ! B,

dependi ng off slsg"ﬁsordé:g °f—“gh auV’H‘"Hh E‘d%“‘"ﬁb‘l"hr 30U | EPPYUM, e{P?%‘"@Pe or
one differi rgyammemgf s@its, when hetectoot therbakemndre- efployek ipale prdpatatién in an equimolar
tetrazol - 5- yah 5\E4%tlo%oh§dﬁféhﬁﬁgk}é%gx by R8=H - salts with bases are al so

suitable. Exanples o ts wt ases which nmay be nentioned are al kal i

metal (lithi um sodi um potassi u or calcium alum num rmagnesium -
titanium arfif® H‘énén inteianabig Fall§which may herabtaineddnitiaily s @rasesseprodustst fopexample in

bases a(rjef ?rmé mﬂﬁi‘alldh cfahd cmm&ﬂﬁidcﬁliﬂmgﬂo @Hlé |Mﬁlxﬂipb@5n %P@ﬂﬁdl%?&lé \efe &ﬁbél’i’ed into
or one di col ogi ca era salts nay
be obt ai nededl’ h%%{ag{cazfs&g}a&eesgg E?Braﬁ &S k"ﬂ% t%ﬁ‘ﬁr?ﬁfsg" ik et"i‘@thﬁ‘}raé‘par ation

of the conpounds according to the invention on an industrial scale, are

converted i mdaorﬂhértﬁ%ﬁﬁér%krf‘o&}lédbe 1 SnAuRdSH the uQ!nth%‘%ﬁéleé:s QPMtstrﬂ# %ﬁwtam

g? ' ts ﬁg Ismllele;aéj wrpgggso\,%?c{ ac‘éyﬁt?ﬁ@ Otrodl " tll?ﬂagl?l('lgl&ej{ﬁt af §plvents lncﬁjded wn?hlr(w: (t)he scope of the

invention are therefore all solvates and in particular all hydrates of the compounds of formula | as well
as all solvates and in particular all hydrates of the salts of the compounds of formula |.

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

R1 is 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predominantly
fluorine-substituted 1-2C-alkoxy,

R2 is 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predominantly
fluorine-substituted 1-2C-alkoxy,

R3 is hydrogen,

R31 is hydrogen,

or in which

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

R4 is hydrogen or 1-4C-alkyl,

R5 is hydrogen,

R51 s hydrogen,

or in which

RS and R51 together are an additional bond,



e. g. when is@lgéspfgiin crystalline form varying amounts of sol 8/04477

I ncluded within the scope of the invention are therefore all sol vates and
in particular all hydrates of the compounds @f. formula | as well as all
solvates and in particular all hydrates of the salts of the conpounds of
formul a 1. Compounds of the fornula | to be enphasized are those in which

R1 S 1- g al cycl oal kyl met hoxy or
conpletely or prégéﬁhe@] %gmgyﬁb&ﬁmg@wptoﬁh%&subst ituted 1-2C al koxy, R2

is 1-4C al k&y, ds ?Gt@}@‘ffbﬂlfm@}'su@m@@y@IféﬁWﬁSm’!hﬂexy or conpletely or
predonminantiRg s hydmédnuﬂl?bfﬁy%w%}d&ﬁﬁ i—?é@yé\b&ﬁmemﬁ?br Ar-1l4%-£|?(§i e

R31 i's hydrogen, get her are - ene
group, R4 Afis H§APReAragicahwhieh i upsppstityted or s‘ib§mHS¢H PM@@r?"dRSBm aF‘Q

hydr ogen, OIRQIahd\mIOGﬁUdBEnMdy tohelapataese 1a02ai opfldttan@ag! bond, WO
I%?J{I'?Eééé /04 El;c}the salts of these compounds .5 . RG
is a phenyl radical substituted by R7, where R7 is a tetrazol-5-yl

radi cal sub | . re . 1S .0 1- 7C al kyl ,

3-7C cycl oalii hfp%gﬂfg)(ce;fgﬁﬁg%’ ﬁ@%ﬂ@ﬁqﬂ\@% i{}‘ﬁ%}g&@ Sﬁéw Qﬂ’g'rcg is a
phenyl radi &l wh$ 844Cralkaxys3tBecyclosikoaty or campbetely bripredoripaitty fhnntﬂe%ub&itﬁked a42¢-alk-
R9 and R10 |ndeped;@ently of one another are 1-4C-al kyl or 1-4C-al koxy, and

- the salts of these conpounds. Compounds of the fornmula | particularly to

' be enphasi z&& ar ds #14Gsttkaxy. HWAC-Erciqrikoxy of eompletely of presigmingntiyBuogns-sbbtitatey 12C-alk-
conpletely or m nant |y fluorine-substituted 1-2C- al k- oxy, R2
is 1-4C al k cI oal koxy or conpletely or predom nantly
fluori ne-sugﬁll td?B 92'(:- al k- oxy, R3 is hydrogen, R31 is
hydrogen, omR3tn vibhgdiodéd, and R31 together are a 1-2C-al kyl ene group, R4
I s hydrogen o?fnvaﬁic C-al kyl, R5 I s hydrogen, R51 is hydrogen,

T S et et s o+

R3 and R31 together are a 1-2C-alkylene group,
R4 is hydrogen or 1-4C-alkyl,

RS is hydrogen,

R51 is hydrogen,

or in which

RS5 and R51 together are an additional bond,

R6 is a phenyl radical substituted by R7, where

R7 is a tetrazol-5-yl radical substituted by a radical R8, where
R8 is hydrogen, 1-4C-alkyl, 5-7C-cycloalkyl, 3-7C-cycloalkyimethyl or Ar-1-2C-alkyl, where
Ar is a pheny! radical which is unsubstituted or substituted by R9, and

R9 is 1-2C-alkyl or 1-2C-alkoxy,
and the salts of these compounds.

Preferred compounds of the formula | are those in which
R1 is 1-4C-alkoxy,

R2 is 1-4C-alkoxy,

R3 is hydrogen,

R31 is hydrogen,

R4 is hydrogen,

R5 is hydrogen,

R51 is hydrogen,

R6  is a phenyl radical substituted by R7, where



or in which R6 and R51 together are an additional bond, R6 i s a phenyl

fadi cal subsWQAlLy R7 where R7 is a tetrazol -5-yl radi CEfI/EPI8/04477
. substituted by a radical R8, where R3 i's h{drogen, 1- 4C- al kyl
5-7C-cycl oal kyl, 3-7C-cycl oal kyl net hyl or Ar=2=2Cal kyl, where Ar is a
phenyl radical which is unsubstituted or substituted by R9, and RO IS
. 1-2Cal kyl or_ 1-2C- al koxy and the salts of these conpounds. Preferred
conpounds ofR% he IF 3tetAza-4-yidpdical subsiituted byfR& whese is 1-4C al koxy, R2
is 1-4C al kg, R8 hydrogén, 1ud- K42 Br 4-Methoxytehzfly dr ogen, R4 I s hydrogen, R5
I s hydrogen, R?l S §droo%an, R6 I's a phenyl radical substituted by
R7, where andiRgsals phidipse compounds.
PCT/ EP98/ 04477 - 6- R7 S

a tetrazol - 5.yl di cal substituted,by R8 ere R8 . is hydrogen,
1- 4C al ky| gara\ﬁ -"!?EWﬁgei%eéynfg’mp?"%%aoqm%h%‘f'? EQrSf’h‘isﬁg‘s‘%h'@brrpounds.
Parti cul ar | yR1r ef iemethbxyonpthoxyils of the formula | are those in which Rl

i s met hoxy et LS, Met hoxy or et hoxy, R3 i s hydrogen, R31
i s hydrogen, Inlig)%"sm 3?8‘82 . R5 is hydrogen, R51 is hydrogen, R6
i s a phenyl R&di clahydogenituted by R7, where R7 is a 2Htetrazol - 5-yl

- radi cal subsgdqt ut g@Qyéiregds3, Where RS I s hydrogen, ethyl or

"~ 4- et hoxybenzyl , and t%e salts of these conpounds. The conpounds of the

 fornula | ar®¥ chiB&¥I®ERMounds having chiral centers in the positions 4a
} and R5 s hydrogen,

R51 is hydrogen,

R6 is a phenyl radical substituted by R7, where

R7 is a 2H-tetrazol-5-yl radical substituted by R8, where
R8 is hydrogen, ethyl or 4-methoxybenzyl,

and the salts of these compounds.

The compounds of the formula | are chiral compounds having chiral centers in the positions 4a and
10b and, depending on the meaning of the substituents R3, R31, R4, R5 and R51, further chiral
centers in the positions 1, 2, 3 and 4.

Numbering:

The invention therefore includes all conceivable pure diastereomers and pure enantiomers and their
mixtures in any mixing ratio, including the racemates. The compounds of the formula | are preferred in
which the hydrogen atoms in the positions 4a and 10b are cis to one another. Particularly preferred
here are the pure cis-diastereomers and the pure cis-enantiomers and their mixtures in any mixing
ratio and_including the racemates.




10b and, depgygl

R51, further
Nunber i ng:

bgék1Pn the neaning of the substituents R3, R31, p¥émebisnasd
chiral centers in the positions 1, 2, 3 and 4. [err]
The invention therefore inclydes all conceivable pure

di astereoners and pure enantionmers and their mxtures in any mxing ratio,
I ncluding the racemates. The conpounds of the formula | are preferred in

whi ch the hyﬁﬁ@@ﬁ%}i?ﬁ\@ﬁscd%mbé Qgptﬁgﬁa ) %nﬁxaﬂﬁer%qwﬂr%r b .e(fd?ieﬁcahgleowe pgagara;[i?{leand

anot her. Particul
pure cis- enaffPREERR

¥ prererre re are the pure Cl s-di ast ereoner's
®

AReroprte (diggtereqisameric comppundski Frglerably, @ senraration| af canaptiomers

t he racenat egkes place a€hePR4deok i starting compounds of the formula Hil
PCT/ EP98/ 04477 -7- The

enanti oners
preparation
Preferably,

starting conpounds of the fornmula Il Rgerr

can be separated in a manner known per se (for exanple by
and separation of appropriate di er eoi sonmeri ¢ conmpounds).
a separation of enantioners | ace at the stage of the

R2

R1

for example via salt formation of the racemic compounds of the formula Il with optically active
carboxylic acids. Alternatively, enantiomerically pure starting compounds of the formuia 11l can also be
prepared via asymmetric syntheses.

The tetrazol-5-yl radical R7 of the compounds of the formula | can be bonded to the phenyl radical R6
either in the ortho, meta or para position to the phenanthridine ring.

Those compounds of the formula | are preferred in which the tetrazol-5-yi radical R7 is bonded to the
phenyl radical R6 in the meta or para position to the phenanthridine ring. The compounds of the
formula | in which the tetrazol-5-y! radical R7 is bonded in the para position are particular preferred in
this connection. '

Compounds of the formula | in which R1, R2, R3, R31, R4, R5, R51, R6 and R7 have the meanings
indicated above and R8 is hydrogen occur in 2 tautomeric forms, which are in equilibrium with one
another (1H and 2H form of the tetrazol-5-yl radical). The invention therefore includes both tautomeric
forms in any mixing ratio.

By bonding of the substituent R8 (R8=H) to the tetrazol-5-yl group, the conversion of the two
tautomeric forms into one another is blocked. The invention therefore also relates to the 1H- and 2H-
tetrazol-5-yl compounds of the formula | substituted by a radical R8 (R8=H), both in pure form and in
any mixing ratio. In this connection, the compounds of the formula | are preferred in which the
tetrazol-5-yl radical is substituted in the 2 position by one of the radicals R8 (R8=H).

The invention further relates to a process for the preparation of the compounds of the formula |, in
which R1, R2, R3, R31, R4, R5, R51, A and R6 have the meanings indicated above, and their salts.



for exanple via salt formation of the racemc corrpounds of the I
with opti cal’WP’é@P Me car boxylic acids. Alternatively, enanti oﬁéj@%@dﬁ

" pure starting conpounds of the fornula |11 gn al so be prepared via
asymmetric synt heses. The tetrazol -5-yl radical R7 of the conpounds of
the formula I can be bonded to the phenyl radical R6 either in the ortho,
neta or para position to the phenanthridine ring. Those conpounds of the

i forms, which“are Tn

formula | are preferred in which the tetrazol-5-yl radical R7 is bonded to
the phenyl radical R6 in the nmeta or para position to the phenanthridine

ring. The c ounds of the formula I in which the tetrazol-5-yl radical R7
I s bonded |%€H@c cf"l%'g?suon are particular preferred in this connection.
Compounds of the formula I in which Rl, R2, R3, R31, R4, R5, R51, R6 and R7

have the rre%‘n ng%onlt'ﬂg &Fe%%ragor?gpé’o%p%ﬁlqu%tﬂesmmﬂ %ﬁlé?ﬁﬂj 53 ?3 2R§1a¥¥4 ﬁ?rééﬁ R6

one anot her and

i tet razol - 5- yl ra(ﬁﬂdaﬂq have éhe meenings indicated cibove apé (& ischydmgen. feacingneartesponding

! conpounds of the formula | in which Rl, R2,
{ and R7 have the neanings indi cageii

. forms in any m Xidaehdo@hdss the ML NGH Wﬁc@ﬁsﬁﬁaﬁdﬂﬂéwl L LIk dnndtatdkReS bid hdiGen

the tetrazol -5-yl the conversion of thé two tautomeric forns into
one anot her is in?gi%PmW‘H@a-l%ventlon therefore also relates to the 1H— and
2H tetrazol -5-yl conpounds of the formula | substituted by a radical

(Ra[err}H)

| he. conpounds. of PRUSFAFRIARAN Pl ampeiiel RGP (AMbfRh Vo RPcks. 5%8?‘%% W1, e,

1 radical is subst iRTtadd RS (RM)Zhams&hémeanbm dndicadéd tabeve; aycioednderisthg corresponding

(R8[err]H). The | ven relates to a process for the
preparation of the ‘ﬁ(r!}}eﬂé ‘pﬁg formula 1, in which RlL, R2, R3, R3l,

R4, R5, R51, A and R6 have t he neani ngs i ndi ceﬁgd above, and their salts.
WO 99/ 05111 R4
PCT/ EP98/ 04477 The process conprR

Fs R#or the preparation of

g% R5 R81, R&
ﬁyd_rogen, reacting

correspondi ng conpounds gt‘l ch R6 is

cyanophenyl, with alkali nmetal azid¢

R6 (i

and,

if desired, then converting the compounds of the formuia | obtained according to a) or b) into their
salts, or, if desired, then converting salts of the compounds of the formula | obtained according to a)
or b) into the free compounds.

If desired, compounds of the formula | obtained can be converted into further compounds of the
formula | by derivatization. For example, compounds of the formula 1 in which R6 is a phenyl! radical
substituted by R7 and R7 is an unsubstituted 1H- or 2H-tetrazol-5-yl radical can be converted into the
corresponding substituted tetrazole compounds of the formula | by alkylation reactions, the hydrogen
on the tetrazole ring being replaced by the radicals mentioned for R8 - excluding hydrogen. The
reactions are expediently carried out analogously to the methods known to the person skilled in the
art, e.g. by reaction of the 1H- or 2H-tetrazole compounds of the formula | with compounds of the
formula R8-X in the presence of a base, R8 having the abovementioned meanings - excluding
hydrogen - and X being a suitable leaving group such as, for example, a chlorine, bromine or iodine
atom or an alkylsulfate radical. The 1- and 2-substituted tetrazole regioisomer mixtures usually formed
in the alkylation are separated by methods known to the person skilled in the art, -such as
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salts of ammy goosiis  b) for the preparation of conpounds afCt/BP98/04477

formula | in which R, R2, R3, R31, R4, R5, R51, R, R7 and R8
(R8[err]H have the nmeanings indicated above,scycl ocondensi ng correspondi ng
conpounds of the formula Il [err] and, i f desired, then

converting the conpounds of the formula | obtained according to a) or b)
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conmpounds  of the forrrul a | by derivatization. For exarrpl e, corrpounds of t he

' h di b % d, R7
unsubst i t ut cEeresclgh o5 prangpetyiHenvaryes wlplkaf meal st oBH palbedtFah AT mENa to oive

correspondi nz, sam:at(n Hubml-l-taﬂ‘azal-&yl)phangmmuatd&s ehich lase drsubstituted inlthye tletrazoée mbmety is
al kylation r n W t tetr | e ring being repl ace y
t he radi cal sg%gﬁée?bﬁéag}ﬁmgég‘,%exc Jﬂfgs $,3346

ng hydrO0gen. The reactions are
expediently carried out anal ogously to the nethods known to the person

skilled in t?ﬁ'cltf’c%de atg,,, |?§?Jr¥r}§@&.g frpgﬁng\?érfiﬁov;r"beﬁgﬁ iiﬂ'etpghs[:ﬁémle% ﬁf?m%ggtﬁmg to

of the fornu resence of

base, R8 havBﬁ@f“QW%@ﬂﬁ'@rﬁé& Bd desrriedhin dgShemeRes-uddify %?W%Eéﬂ" ihQaﬁGsﬂ'ce of a

bei ng a- sui tﬁfﬂbﬁle'&ﬂ&édkﬁmggédé‘dp shbif Bs,2fr e&%pnexaamﬁsprﬁ;nwcm ipR é)hbr'i@rﬁeﬁ@cl%nde
i odi ne atom or an al r% fate radical 2-substituted tetrazole

regi oi soner PROSPRANES! E‘Bﬁq’q + PheSPPARIS pF’l‘f‘”E'ﬂ% t%EPRX; I°5‘Pf"3ﬁ1°'é?’§ ecably,phosehenys oxychloride,

met hods knowp & Guitdite isarts Solverki €.9.6M 4 rehiofifatad thyddtarboraSuch as chioroform, or in a cyclic
\Ié\gr? %Dgg}éi 4t’yflrocarbon such as toluene or xylene, Or(ﬂngg\Ffa‘nFﬁ‘( gg{y% ﬁuqﬂa ?ﬁgg’ﬁﬁ'ﬂ'&gﬂf wm}n Mher

sui t abl e supgalvent osibg an akseess Ahcandensingoagent ipkeférably aheledated tenguecdtas, in particular at the
boiling temperature of the solvent or condensing agent used.

* Compounds of the formula I, in which R1, R2, R3, R31, R4, R5, R51 and R6 have the meanings
indicated above, are accessible from the corresponding compounds of the formuia HI, in which R1,
R2, R3, R31, R4, RS and R51 have the meanings indicated above, by reaction with compounds of the
formula R6-CO-X, in which R6 has the meaning indicated above and X is a suitable leaving group,
preferably a chlorine atom. For example, benzoylation is carried out as in the following examples
according to the Einhorn process, the Schotten-Baumann variant or as described in J. Chem. Soc.
(C), 1971, 1805-1808.

Compounds of the formula R6-CO-X and compounds of the formula |ii are either known or can be
prepared in a known manner.

Compounds of the formula R6-CO-X can be prepared, for example, from the corresponding carboxylic
acids R6-COOH, in which R6 has the meaning indicated above, by reaction in a manner familiar to
the person skilled in the art.

The compounds R6-COOH, in which R6 has the meaning indicated above, are either known or can be
obtained from alkyl 2-, 3- or 4-cyancbenzoates in a manner known to the person skilled in the art, e.g.
by reaction with alkali metal azides and halogen salts of ammonia to give alkyl 2-, 3- or 4-(1H- or 2H-
tetrazol-5-yl)benzoates which are unsubstituted in the tetrazole moiety. Such a reaction is described,
for example, in J. Med. Chem. 1993, 36, 3246. If desired, these intermediates can be converted by '
alkylation with compounds of the formula R8-X in the presence of a base - as described above for the

¢



and separation of the regioisoners is described, for exanple, in
Chem 1996, V4@ 99954} The reaction of cy% Fy&‘l’g 4477
derivatives with alkali netal azides and halogen salts of anmonia to give

2-, 3- or 4-(1H or 2Htetrazol -5-yl)phenyl” Werivatives which are
unsubstituted in the tetrazole noiety is descri bed, for
exanple, in J. Med. Chem 1993, 36, 324
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excess of conden5|ng agent, preferably at elevated tenperature, in

particul ar at the | RSt enperature of the sol vent or
condensing agent used. 4 Compounds of the fornmula I,

in which Rl, R2, R3, R31, R4, R5, R51FG » i

I ndi cat ed above, are accessible fromthe ¢ JpoRBHg conpounds of the
formula I'll in which R1, R3, R31, R4, R5 and R51
have the neani ngs indicated aﬁ)v, 3 4onmpounds of the

formula R6-CO X, in which R6 has t pani ng i ndi cated above and X is a

sui tabl e | eavi ng group, Oal;erabl (V3 chlorine atom For
exanpl e, benzoylation is carr Rt out™as in th ol  ow ng exanpl es

according to the Ei nhom process, the Schotten-Baunmann variant or as -
described in J. Chem Soc. (O, 1971, 1805-1808..
Conpounds oin which R IR2URA, RBt, G3; X5 and RS0 hipeaithd snezhinhh enchtisred|abovd, by agdiction of the
ei t her knomﬂrgh Q]?n be prepared I n a known manner.

" Compounds o e tormula R6-CO X can be prepared, for exanple, fromthe
correspondi ng carboxylic acids R6-COOH, in which R6 has

t he neani ngredidtisifisRdrRBAUEIN dMadRARAIWANo ki FerfBANRMAED frﬁt’ﬁh' 'nafor 'eQample_as described
t he person shjgied In t npounds R6-
a

in which Re™ad™®: h%"%égﬁ?r; T AH75. % B AespiRed in H}eefowweﬁxm% Pagferaly. frduction is
obt ai ned f r canied dut by 2atalyfe hyarogénalpam@emmaﬁra@nworazmp ARKelKiA QMBwérQ\ldth! such as

_person skil n Wt

.nmetal azi de@gg’ﬁﬁah‘%l %8%0 s%lr?og" SIMRERILTE A B"dger\f'@"ﬂ?'kél elﬁ"‘ﬁedspre&?”rﬂ fl‘?*?s"%‘* a
2H catalytic amount of aneicidasurh-a5- fot ¢xaepieo Aydrschidricabidacan henmidbd toi melsmdent.n
the tetrazole nmoiety. Such a reaction is described, for
exanple, in_J. Med. Chem 1993, 36, 3246. If desired, these internedi ates
can be convEi eRMpapnds of the formula lil, in which Bt k§2.aR3. 8 WenchR¢é by theomeasfingsHedicated

f9 glr OmSJ Il(illR8 above dndeRP RS RBT Gogethed aRAGE addifiéhall 86, ich® Be alepired REMUAE correspoifihg
PCT/ EP98/ O 4910}t}pounds of the formula IV by selective reduction of the nitro group in a manner known to the
person skilled in the art, for example in the presence of Raney nickel in a lower alcoho! as a solvent

using hydrazine hydrate as a hydrogen donor.

The compounds of the formula [V, in which R1, R2, R3, R31 and R4 have the meanings indicated
above and RS and R51 are hydrogen, are either known or can be prepared from corresponding
compounds of the formula IV, in which R5 and R51 together are an additional bond. The reaction can
be carried out in a manner known to the person skilled in the art, preferably by hydrogenation in the

presence of a catalyst, such as, for example, palladium on actnvated carbon, e.g. as described in J.
Chem. Soc. (C), 1971, 1805-1808.



- 10- 1H orny8lghsiri azol e conpounds of the formula | or in thepct/EPS/04477
abovenentioned literature - into alkyl R6- carboxylates, in which R6 is a
phenyl radical substituted by R7, R7 is a 1H.40r 2H-tetrazol -5-yl radial
substituted by a radical R8 and R8 is not hydrogen, but has one of the

ot her abovenentioned neanings for R8. By neans of alkaline or acidic

hydrol ysis ¢ b el b4l A - .
R6- car boxyl a?‘eiéslbg‘t‘g&hz\g%s@.{eefgﬁ?%?g;’? ﬁgﬂ %pzéegn%@r%égxé ?thé}a%rpgg%gt&%io%.k#%eenher
conpounds of kiqwn greanhe abteinpd by reastionnf spmpeunds phine formwg\e, fr om conpounds

of the formula IV [err] in which Rl, R2, R3, R31, R4, R5 and

.R51 have the neani ngs nentioned above, by reduction of the nitro group.

on skilled in the
962, 27, 4426 or as

Reduction is carried out in a m
art, for exanple as described in J.
described in the foll ow ng -exanpl es. ably, reduction is carried out
by catal ytic hydrogenation, e.g. g esence of y nickel, in a
| ower al cohol such as nethanol or ethanol at roomte ature and under
normal or elevated pressure. If desired, a catalytic anount of an acid,

such as, for, exa , rochloric aci can be added to the sol vent. The
conpounds of MW g?%fﬁﬂ‘? églh?Ye thg ahﬁ‘feé'??" nediHeaniags, "F@f%’ﬁﬁ"’ﬁﬁ ohtag dormyla VI
meani ngs i ndi cated above and R5 and R51 together are an additional bond,
can be prepared fromthe co H¥C f ot mula |V by

sel ective reduction of the rrﬁ?f% gr ogﬁﬁ)m%%?eﬁ ﬁm‘{’m t he person
skilled in the art, for exanple in the presence of Raney nickel in a |ower

al cohol as a,sol.ve in drazine hydrate as a_hydrogen donor. The
conpounds of " Y4 g%'r#‘aar%\%ky'?ar’(ehﬁ %‘?" ?’%ﬁﬁ‘?‘?ﬁﬁ?“' 1 and R4 have the
meani ngs i ndi cated above and R5 and R51 are hydrogen, are either known or

can be prepar i of the for | in_which RS,
and RoLt ogorTap a3 EariaP AR eiiin B3 REEEMA 1 Igipsis3h SKn e ] st 1 e
a manner knovder.e.g.1es dgseribed inskiAmerdChem.t3ns. $957, 7$1656@ paiolJy Ong: Chem. 1952, 17, 581 or

‘hydrogenat i 0RsiyBsdiBéd MRSRIGAnPExdingiél @l yst, such as, for exanple,
e.g.

s
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pal | adi um on acti vated car bon, as described in J. Chem Soc. (O,

1971, 1805-1808.
Compounds of the formula IV obtained in the cycloaddition, in which the phenyl ring and the nitro

group are trans to one anothér. can be converted into the corresponding cis compounds in a manner
known to the person skilled in the art, e.g. as described in J. Amer. Chem. Soc. 1957, 79, 6559 or as
described in the following examples.

The compounds of the formula V and VI are either known or can be prepared in a known manner. The
compounds of the formula V can be prepared, for example, from corresponding- compounds of the
formula VI| in a manner known to the person skilled in the art, as described, for example, in J. Chem.
Soc. 1951, 2524 orin J. Org. Chem. 1944, 9, 170 or as in the following examples.

The compounds of the formula VIi

R2 CHO

(VH)
R1

in which'R1 and R2 have the meanings Indicated above, are either known or can be prepared in a

manner known to the person skilled in the an, as described, for example, in Ber. Dtsch. Chem. Ges.
1925, 58, 203.

L



WD 99/ 05111
PCT/ EP98/ 044WP 99/0511the conpounds of the formula 1V, in which RFGHEPIRPHT7

.together are an additional bond, are either knovvn or can be obtai ned by

reacti on of conpounds of the formula V [errf?- in which Rl and R2
have t he abovenenti oned neani ngs, wth conpounds of the formnula Vi
R3-CH=C(R4) - C(R4) =CH R31 (V) i n which R3, R31 and R4 have the
abovenenti oned neani ngs. Cycloaddition is carried out here in a manner

known to therﬂa%o‘iéiﬁnikd(!:hbrﬁ%aﬁdh mﬂa ﬁlb&taﬁé‘é%@dr&ﬁg wm@weﬁﬁo.ﬂréeamesogt m%smamer
described in J. Amer |

17, 581 or A&OWRERTSeHEOHeXaMAleRY T"S‘I'"I"E\ﬂ“}f@e é?éé?ﬂ&!’b‘éa"“ a&) Fﬁf&i%ag'"ﬂﬁh"c 'F?é““'“g residue

formula |V ghinfiangsabie sbhentoqr(ﬁubjaﬁﬂigtit nnonebaf mlanbtomgy phm;dnoﬁr metoas) Guth s, for
nitro group are raps t one anaqt he n_be conyerted into the
cor r espondi rﬁj‘aE'P}f °8gﬁtﬁfb%\%_§§?9{a yr?&r?ﬂﬁb?(ﬁ!ﬂﬁlﬂ Y‘Trﬁ‘ person skilled in the

art, e.g. as described in J Aner . Chen1 Soc 1957, 79, 6559 or as
descri bed i S
ek kAl GAOPOE e, rod SBRRE ol oL 3y Bl

VI are either KnOwn Of ca

. the fornul a hydwsarbbe, quprgparrwbyldmrch&xlderpr ehloffofasmm, o0 A ey pwietilag weightpaliphatic aitohol
the f I ' | i O )
:jegcr ?Lg‘é a . (\S/irhhnél r‘iﬁ%ﬁf@ﬂﬂﬁ Vjﬂféﬁggfﬂtam éﬁ&&sﬁgﬁ&&' Ségﬂé Sﬂo'vn\jcrhh% %ésﬁrg% 4cid or base is

1944, 9, 170thep added; Fhe saltsrase phiained;by Rltarpa.deprecipitaionc pregiitatian Wi atmsolvem for the

¢ formula VI addfiohlsalt or by evaporation of the solvent. Salts obtained can be converted by alkalization or by

T R TR R T

acidification into the free compounds, which in turn can be converted into salts. In this manner,
pharmacologically intolerable salts can be converted into pharmacologically tolerable salts.

The following examples serve to explain the invention in greater detail without restrictirpg it. Likewise,
further compounds of the formula | whose preparation is not described explicitly can be prepared in an

) analogous manner or in a manner familiar to the person skilled in the art using customary process
techniques.

In the examples, m.p. stands for melting point, h for hour(s), RT for room temperature, EF for
empirical formula, MW for molecular weight, calc. for caiculated, fnd for found. The compounds and
their salts mentioned in the examples are a preferred subject of the invention.



i.n which R1. 1fiave the neanings indicated above, are eithgicTE®snsdrr
can be prepared In a manner known to the person skilled in the art, as

descri bed, for exanple, in Ber. Dtsch. Chemq4{es. 1925 58, 203. VO
99/ 05111
PCT/ EP98/ 04477 -12 -

The isolation and purification of the Su%ﬁi according to the invention
are carried out in a nanner known per se, anple by distilling off the
solvent in vacuo and recrystallizing the resulting residue froma suitable
sol vent or b)) gedduegs It t0 one of the customary purification methods, such
as, for exainple colunmm chromatography on suitable support material. Salts
are obtained by dissolving the free conpound in a suitable solvent, e.g. in

a chlorinatad hx#%aa@ﬁoxwgtmyﬁﬂm-@&ﬁuﬁ ﬂbﬂngﬂ@vﬁh,@,b,h%’ <] ﬁ)ﬁﬂﬁkaﬂdr@-
| ow nol ecul ar wel ght I phatic al coho et hano | SOpr opano

contains the deﬁﬁ@@mggp-ﬁ‘—eor base, or to which the desired acid or base S
t hen added. The salts are obtained by filtering, reprecipitation,

precipitat| ent for. th dditi b va tion
t he sol vent Z au_g_ ﬁ'g‘(f XY BERetha Palrady eﬁ?’ié’ltzr z‘{af“? %W'&ﬁ’gﬁ‘ﬂﬁa ph8Raniridine
acidificati chmpuund Ak OfaSQeof(ammnnwndshloridblaou 0i83 gt afrsndiomrazide atosuspendad in mmml of

o Dy o abs. AR AAGHorRf BEHGAM R 24 i i 3k Fetfibd B 10 BafiER defieen

into pharnmacol ogi ca abl e sal ow ng examnple
expl ai n t he watereand |dmh¥| rethareandethe @eganicl phase Fsodriedrvwitht sqdalm sgfate and ictrwentsated. The

further Cowxs%r&ﬁﬁoé HEH ! Amc\sﬁwﬁs.pg G, le%ldnée/ﬂ%ihaﬂ&%ﬁb?%ﬁioi 471. After

explicitly can be tPpre pared 1 n an anal og;ous man manner i
to the per sc?ﬁ"%ﬂm"ﬁ anpfithe ¢arespangding slualg agliansthe ythﬂmsd iscabtaineguas & solidified oil.
the exanples, mp. stands for nelting point, h for hour(s), RT for room

t enper at ure,EﬂJ_EF ;or mirical fornmula, MNfor nolecular weight, calc. for
cal cul at ed, n& 5&%@“&1@ conpounds and their salts nmentioned in the
exanpl es ar Elememaf erred subject of the invention. .
analysis x 0.7 H,0: calc.: C 66.39 H6.40 N 16.83
’ fnd: C 66.34 H 6.46 N 16.45

2. +/-)-tis-9-Ethoxy-8-methoxy-6-[4-(2-ethyl-2H-tetrazol-5-y!}phenyll-1.2.3.4.4a,10b-hexa-
hydrophenanthridine

3.55 g of (+/-)-cis-N-[2-(3-ethoxy-4-methoxyphenyl)-cyclohexyl]-4-(2-ethyl-2H-tetrazol-5-yl)benzamide
(compound A2) are dissolved in 150 ml of acetonitrile and 1.0 mi of phosphorus oxychloride and the
solution is stirred at 80°C overnight. The reaction mixture is treated with 60 ml of ethyl acetate and
extracted with sodium hydrogencarbonate solution. The organic phase is dried using sodium sulfate
and concentrated. The residue is extracted by stirring with ethyl acetate/petroleum ether in the ratio
1A, filtered off with suction and dried. 2.06 g of the titie compound of m.p. 167-170°C are obtained.

EF: C25H29N502; MW 431.54
Elemental analysis: cale.: C 69.58 H6.77 N 16.23
fnd.: C 69.50 H 6.92 N 16.38

Starting from starting compounds described below, the following is obtained according to the
procedurg in Example 2:
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‘Exanpl es Fi nal products 1.

(+/-)-cis-9-Ethoxy-8-nmnmethoxy-6-[4-(2Htetr a28r- 5-yl) pheny] -1, 2, 3, 4. 4a. 10b-h

f nd

- (+/-)-cis-9-ethox -8rrethox-6

exahydr o- Phenanthridine 4.2 g of
4 C ano- -1 2, 3 4, 4a, 10b- hexahydr ophe

& .-..'...fA DY) '.'

nant hri di né"(c : ' H .

azi de are suspeﬂdeg4ﬂobﬁféxah¥d}52mﬁmmdm§ hyI for manm de and heated at
120[err}C for 24 h. The reaction mxture is partitioned between water and
di ethyl ether, and the organic phase is dried with sodium sul fate and
concent r at ed.p.: Bhlidifiedldildue i s chromat ographed on silica gel using nethyl ene
chl ori de/ i ti,0 4/ 1. After concentration of the
corresponﬁ%q%%ﬁm%"f@@cégcﬁ%s the title conmpound is obtained as a
solidified Bemental EF: CJerr]Herr]Nerr]Jerr]; MN403.48 El enental

anal ysi s x Shalysslia H,0: ga' Caale: | C E903  Heldo® 40 N1 1689

(+/ ) ci s- 9- Et hoxy- 8- et hoxy 6- [ 4n4.2- et hyP-79/47 etra'2§1575 yl )BH@®fI 1-1.2.3. 4.

h 4a. 10b- hexa- hydr ophenant hri di ne 3.55 g of

(+/-)-cis-N[2-(3- ethox - 4- met hox phenyl
| - 5- y| )benz m g is-8.9-D 1.'~°A.u =} ar{ £ -B1N : . A
1.0 M of phosppis tg_idgmlorlde andthe solution is stlrred at 80[err]C

-cycllohex I] 4 2- eth I-2H-te‘t’razo

¢ overnight. The reaction mxture is treated with 60 m of ethyl acetate and
. extracted with sodi um hydrogencarbonate sol ution. The organic phase is
‘dri ed usi ngMgadcsolidifisidilf at e and concentrated. The residue is extracted by

stirring wgpn & ,fe]%hs&ﬁ‘%ﬁﬁ troleumether in the ratio 1/1, filtered off

Wi th suction a g of the title conpound of mp. 167-170[err]C
are obtal nellemental: Clerr]Herr]Nerr]Jerr]; MVN431.54 El emental anal ysis:

cal c. &:a@%;sfiﬁoquoH 6. 77 calc: N 16 ?e%sz H 6,55 N 16.67 -
f nd. H 6.92 N 16. 38 Starting fromstarting

corrpounds descrl bed bel ow, the ffB¥I owi ngCi% ot ai nd&-8ccor dNi§-5Bo t he

Specific rotation: [a] D = .75.2° (c=2, ethanol)

Starting compounds

A1,  (#/-)-cis-9-Ethoxy-8-methoxy-6-J4-cyanophenyl]-1,2.3.4.4a,10b-hexahydrophenanthridine

5.1 g of (+/-)-cis-N-[2-(3-ethoxy-4-methoxyphenyl)-cyclohexyl}-4-cyanobenzamide (compound AS5) are
dissolved in 100 mi of acetonitrile and 3 ml of phosphorus oxychloride and the solution is stirred at
50°C for 8 h. The reaction mixture is added to 100 mi of saturated sodium hydrogencarbonate solution
and extracted with ethyl acetate. The organic phase is washed with sodium hydrogencarbonate
solution and water, dried using sodium sulfate and concentrated. 4.3 g of the title compound are
obtained as solidified oil.

A2. _(-l-_l-)-cis-N-[z-(s-Ethoxx-4-methoxyghenvl)-cvclohexvl]-4—(2;ethvl-_2_H-tetra_zol-5-
ylibenzamide

5.0 g of (+/-)-cis-2-ethoxy-1-methoxy-4-(2-amino-cyclohexyl)benzene (compound B1) are dissolved in
60 ml of methyiene chloride and 5.3 ml of triethylamine. A solution of 7.4 g of 4-(2-ethyl-2H-tetrazol-5-
yhbenzoyl chloride in 60 mi of methylene chioride is added dropwise at RT, and the mixture is
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procedure [ n‘yw 2: WO 99/ 05111 ' PCT/EP98/04477
PCT/ EP98/ 044 1A -14- 3.
(#/-)-cis-9-Ethoxy- 8- nmet hoxy- 6-[ 4- (2- p- met hoggy.- benzvl - 2H-t et razol - 5-yl ) phen
yll- 1. 2. 3. 4. 4a. 10b- hexahvdr ophenant hri di ne Mp.: solidified oil

EF: Cerr]Herr]Nerr]derr]; MN523.62 Elenental analysis x 0.3 Herr] O

](c:z;ljc . g&%@gﬁﬂe’ sumﬂéjoge-ré'@ht with 1% rgjge%:@ of witer. 2N hydrochloric acid, saturated sodium

(-)-ci s- 8. 9hpimgsancarnyrae Folutian andhwateragain (The asyank: phasgHe dyied using sadiymasuifalgrend

TS AR Pt enofs M it B oo v

cal c.: After concerdration of the produetdragtions, 3.6 g of the tme compound of m.p. 157-159°C
fnd. : aFé Staifedt. H 6.81 N 16. 59 20

Specific rotation: [err -75.2[err] (c=2, ethanol) Starting conpounds

Al. (+/-)-cis-9-Ethoxy-8-nethoxy-6[4-cyanophenyl]-1.2.3.4.4a.1

Ob- hexahydr (Sﬁ}ﬁﬂih’:\mbhf srating con&oim@ @éscribed below, the following is obtained according to the
(+/-)-cis-N ‘(JB et ho§¥ ﬁ(#;iﬁe %E%ohenyl ) -cycl ohexyl ] - 4- cyanobenzam de
(conpound ASJocgHe §eIaciged o nl of acetonitrile and 3 m of

phosphorus oxychloride and the solution is stirred at 50[err]C for 8 h. The
reaction mé{ 1 €

sol ution and éxt

sodi um hydrogenc&ﬂ!ﬂéﬂﬂﬂ&ol ution and wat er, dr| ed usi ng SOdI um sul fate and
concentrated. 4.3 g of the title conpound are obtained as solidified oil.

M.p.: 176-178°C

M.p. solidified oil
) 2
Optical rotation: [a]; = -195.5° (c=0.2, ethanol)
AS5. [+/-)cis-N-2-[3-Ethoxy-4-methoxyphenyl)cyclohexyl]-4-cyanobenzamide

M.p. solidified oil

B1. (+/-)-cis-2-Ethoxy-1-methoxy-4-{2-aminocyclohexyllbenzene

40.0g of (+/-)-cis-2-ethoxy-1-methoxy-4-(2-nitro-cyclohex-4-enyl)benzene (compound ' C1) are
dissolved in 1000 ml of e{hanol and 500 ml of tetrahydrofuran, treated with 10 g of Raney nickel and
hydrogenated at a hydrogen pressure of 100 bar for 4 days in an autoclave. After filtration and
removal of the solvent in vacuo, 35.9 g of the titie compound are obtained as a solidifying oil.



- A2,
© (+/-)-ci s- NVRPO5SE0xy - 4- met hoxyphenyl ) - cycl ohexy] - 4- ( 2- et hy IEHERBOMT |

solution of 7.4 ¢

-b5- yl ) benzanm de 5.0 g of

(+/-)-cis-2-ethoxy- 1-met hoxy- 4- (2- am no- cychsnexyI)benzene (conpound B1)

are dissolved in 60 m of methylene chloride and 5.3 nl of triethylamne. A
of 4-(2- et hyI 2H—tetrazo| 5- yI)benzoyI chloride in 60 ml
21 : FHEE exylbandenee i xture is WO

of net hyl enB2 chl-'%
99/ 05111
PCT/ EP98/ 04477

-extracted aPo& °fs(f"‘)r‘?‘§‘?ra dinRibayah-liraayciebrxyibenzens arg disgglved in "'QRI ml of methanol and

hydrochl ori grested ehith 3 @il uf RdeineOftrate NAl2.5 g ONRandYaTEKeFinPottiohs ﬁmaﬁﬂh%élﬁﬁe of 8 h.

agai n. The ani ¢ _phase Led usi sodj um s {ff oncentr
e Tosi due A Birfngharaeioadit e fBatn TRRD I terd. o Aiele” By concerialsa and te
t ol uene/ di oresidgeiis dhimenategramphed Odril silidd tgel usmgcaarlmmte of talberielsthyd razelatttriethylamine

oun escCri elow, the follow ng is obtained

fractions, 4(;2,?5 hetﬁ@cBn%&fﬁd QHEHja% &Ep. 157-159[err] C are obtai ned.
I'n

Starting fro

i according to the procedure descrl bed i n Exanpl e A2: A3.

(+/-)-cis- Ngg2- (Bl éth fataf EloheXfilbeh | )-4-(2-)-nmet hoxybenzyl -
2Htetrazol - -y enzam de 35 "Merr]c A4

i (-)-cis-Nr2-(3.4-D rrethoxyphenvl)cvclohexyl] 4-(2-ethyl - 2H tetrazol - 5- yl)b
: enzani de MZ.Dg 5@{“/—5’-b‘%11@dlﬁie{hoxy-4-(2-ammocyclohexyl)ben?éﬂeQHd' 62lg OLRhbMItIc acid are

(513 ci 5. n Ssolvedl k20 i ptforaRs ARBAY Y elteilivicepirsn andps selian s sirad ot RT overight,

The solid is filtered off with suction, dried, treated with 100 mt of saturated sodium hydrogencarbonate
solution and extracted with ethyl acetate. The organic phase is dried using sodium sulfate and
concentrated under reduced pressure. 4.8 g of the titie compound of m.p.: 80-81.5°C are-obtained.

. 0
Specific rotation: [a]2D =-58.5° (c=1, ethanol)

C1. (#/)-cis-2-Ethoxy-1-methoxy-4-(2-nitrocyclohex-4-enyl)\benzene

88.25 g of (+/-)-trans-2-ethoxy-1-methoxy-4-(2-nitrocyclohex-4-enyl)benzene (compound D1) and 37 g
of potassium hydroxide are dissolved in 500 m! of absolute ethanol. A solution of 23.5 ml of conc.
sulfuric acid in 120 m! of absolute ethanol is then added dropwise such that the internal temperature
does not exceed -2°C. After stirring for 1 h, the mixture is added to 4 | of ice water, and the precipitate
is filtered off with suction, washed with water and dried. M.p.: 66-67°C.

C2. (+/-)-cis-1,2-Dimethoxy-4-(2-nitrocyclohex-4-enyllbenzene

10.0g of (+/-)-trans-1,2-dimethoxy-4-(2-nitrocyclohex-4-enyl)benzene and 20.0g of potassium
hydroxide are dissolved in 150 ml of ethanol and 35 m! of dimethyl formamide. A solution of 17.5 m!
of conc. sulfuric acid in 60 ml of ethanol is then added dropwise such that the internal temperature
does not exceed 4°C. After stirring for 1 h, the mixture is added to 1 | of ice water, the precipitate Is
filtered off with suction, washed with water and dried, and the crude product is recrystallized from
ethanol. 8.6 g of the title compound of m.p. 82.5-84°C are obtained.



M p. solidi fy¢9ed1h1 Bl. PCT/EP98/04477
(+/ -)-ci s-2- Et hoxy- 1- met hoxy- 4- ( 2- ani nocycl ohexyl ) benzene 40.0 g of
(+/-)-cis-2-ethoxy-1-nmet hoxy-4-(2-nitro-cycliphex-4-enyl)benzene (conpound
Cl) are dissolved in 1000 i of ethanol and 500 m of tetrahydrofuran,
treated with 10 g of Raney ni ckel and hydrogenated at a hydrogen pressure

of 100 bar égr B101835 3 Dirdin B0 Atdcydohélybbhidrd! | 0N and I emoval of the
sol vent in vacuo, .9 g of the titlTe conpound are obtained as a

solidi.fying oil. WO 99/05111

(PC;” )EP98/ 0‘1@2 BDlof §[+I-)-c|s-1 2-dnr2nethoxy-4-(2-mtrocyclohex-g-enyl)benzene are dissolvedlfn 458%ml of
+ cis me am noc enzene

(1)1 - nstnahcllieRiatwib £ 51 B bonge YO BRD 4P HATEOVEroReBatay 3L adhion gf 0mo of
m of et hatosb siwerdti PEG! Tk rehdtion mixtiread filteyel and the filtmate is cencentdated. M.g.: 04-86.5°C.
Raney nickel in portions at RT in the course of 8 h. After stirring

overni ght at RT, the reactlon mxture S flltered the filtrate is

concent r at eRt.anf-4re : 2 126 using a

m xture of toluene/et hyI acet at e/trl ethylam ne 4/ 2/0 5. The title
conmpound is obtained as an oil.

(-)-cis-1.2119 mh%Wﬂ'G'@Wmeﬂ%ea) and (RP0amg of hydroquinone are

(+/-)-cis-lgg asdseﬁmwmﬂof(a%sm WS 'aﬁ&'ﬁééﬁb& E?ﬂé%"mﬁﬁﬂo ﬁu ag.dafa 1,3-butadiene. The
(-)-mandelic aC| are dissolved in 42 di oxane and

t et r ahydr of BPgyfe iflired at tﬁ?ﬂﬁpu%f?rﬁgaﬁ'n |aP éHmﬁ'?VR?“‘bV@P ﬁP@Jﬂ‘i Th?lﬁ@dﬂﬁlﬁ gxtfagted by
filtered of &g VthetRrioRMiterdd b dith bickigh 8/t Widdh MOl 1mbcsat urated sodi um
hydrogencarbonate solution and extracted with ethyl acetate. The organic
phase is dried using sodiumsulfate and concentrat ed under reduced

pressure. 4D2. g{xd-ttane-1{3-Dineet Fridtroéyciohex:4 wyr] C are obtai ned.

20 Specific rotation: [err] = -58.5 (c=1, 'ethanol) Cl.
(+/-)-cis-2-Ethoxy-1 -nethoxy-4-(2-nitrocycl ohex-4-enyl)benzene 89.25 g

of (+/-)-tr &negdf 3dkdimgthoxywe-nittostyrere ard hD gr(8.d yehohekhytiraguinohdane sespended in 200 mi
(conmpound D atﬁngﬂ&ZeQneftreQ@H ?5’)0”@8%\“%5% gleoza‘t%ﬁ\oﬁ'o?qﬁhxﬁ% -biRadi&i. Fhe Hixture is

absol ute ethanol. A sol ution 0
stirred at 160°C for 6 days in an autoclave and then cooled. Some of the solvent is removed on a

rotary evaporator, and the resulting precipitate is filtered off with suction and recrystallized in ethanol.
M.p.: 113.5-115.5°C.

E1. 3-Ethoxy-2-methoxy-e-nitrostyrene

236 g of 3-ethoxy-2-methoxybenzaldehyde, 101 g of ammonium acetate and 320 m! of nitromethane
are heated to 100°C for 4 h in 655 ml of glacial acetic acid. The solution is added to 5| of ice water,
and the precipitate is filtered off with suction, washed with water and dried. M.p.: 132-133°C.

E2. 3.4-Dimethoxy-e-nitrostyrene

207.0 g of 3,4-dimethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 mi of nitromethane
are heated to boiling for 3-4 h in 1.0 1 of glacial acetic acid. After cooling in an ice bath, the precipitate
is filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-
141°C. Yield: 179.0 g.



- 450 m of net

fsulfuric acid in 120 of absolute et hanol I's then added dropw se
‘ fhat the int &%%’Wé’rrperature does not exceed -2[err]C After &W?%é“fyr

+ 1h, the mxture is added to 41 of ice water, and the preci p|tate S
flltered off with suction, washed with water Bnd dri ed. Mp.: 66-67[err]C
(+/-)-cis-1,2-D net hoxy 4- (2-nitrocycl ohex- 4- enyl)benzene 10.0 g of

(+/ )-trans-1, 2-di net hoxy- 4- ( 2- mtrocycl ohex - 4- en\él)benzene and 20.0 g of

pot assi um hydr oxi de are di ssolved in nol and 35 nl of

di met hyl formam de. A solution of 17.5 m of conc. sulfuric acid in 60 m

of ethanol is then added dropw se such that the internal tenperature does

not exceed 4[err]C. After stirring for 1h, the m xture is added to 11 of

ice water, the precipitate is filtered off with suction, washed with water
and dried, aIhelcornpounds decopdingitodbe inventivarhpse asdfulphdmiacopieaipropeties Svhfchgnske them

the title Cg{;ﬁﬁ&“&@ tilizdBleP As SdectivB EiiR aciBil o‘@'prﬂggphodmsteragp(%ﬁm%&s?(spectﬂcally of

PCT/ EP9/ 044
C3. (+ -)-ciyped), thepjangsyitable. on the. one: handyas breashyjal)thenapeuties (fopthe featment of airway

(+/-)-cis- 1oBstd!c(mishQi(!cdbuﬁtZOﬂthfeerﬁMﬁr{g)Eé%n”rbtﬂ”é{é& bﬁ%.@%t!r?u gffggftt $e°s‘ﬁiréi€n‘} bakb- or
rea I

'55 hydr ogenat e&esgaq ey dé'&ﬁ'fr‘tcfegﬁ'"%?"t?ﬁg ";Hg'%'fhe Tl ¢ eerfﬁ‘t &F %f"@"t"’m ?CQ%HH‘ Phiheir vas-
m xture.i s filatdiatog aglidnbut of thetatizer dand espeniaiyfor tie datnddnp of dishtd§. il pantityl&E of an

+ DL, (+/-)- ”uﬁﬁﬁm%t RSnie; & ”?tlfrf]l?é(lxna 5 (tHthd rgﬁwoﬁzygt%s‘iWé?tgggﬁe%ﬂﬁe of t'h%oeyes

; g of 3- ethox é tro tyrene
hydr oqui non& é:'ﬁjg%gfd joirs. yishare Brediatedhy mediaters geefban higlaminea PAH (aletelet-acti-
- -70[ err] C wivaiingl &2tan, apdchidofiici atidl dQn&uliivésilseﬂe as'ﬁb@kdm%‘éwaﬁ\dl &oﬁﬁglér{&% @ytokines,

160-180[ err ]in?e [e%fun? cq@ﬁ[\gl%t ?ﬁh?u{)&g ﬁwnnga '(S‘P eron i 8?;’8?{5 m&@d" oxygen

extract ed by anb
M p. 130- 1gr_ge[@ﬂqc?lg and proteases. In this context the compounds according to the invention are

“(+/ t
g +4 él %?Egﬂ%ﬂﬁg@h%%p@xfﬁw“mfl&ty‘"b édb@%hlté?gl%s fﬁ&i’ W%Pﬁﬂi%@{}h?a?nlgg)gIaglg%gqacrarapeutuc

t t
suspended uyq’yefgg'rar# ubefabrég'ice ‘{fggﬁ'gﬁ@qﬁ'ﬁﬁegg‘éét ed at -70[err]Cwith 55.0 g
(1.02 mmol ) of liquid 1,3-butadiene. The mxture is stirred at 160[err]C

for 6 days igh a&oaftt ACthay ® g@tﬂm&ﬂﬁé‘ pfdtﬁgh‘ég th§%pgtmc}sh§cc§®1 q\éeﬂ thé% \@H& %gn be

4 on a rotary evaporator, resu recipitate |
| suction and®M® %{%quai‘e'ﬂ‘dl ‘f?“’éf‘ﬁﬁrfﬁ?d'c‘!\ﬁ ps ‘helaPS“‘EPS'l‘ﬂ!h?Ie@ﬁ%'rqa]‘@e used, for example,

for the treatment and prophylaxis of the following illnesses: acute and chronic (in particular
inflammatory and allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis,
bronchial asthma); dermatoses (especially of proliferative, inflammatory and allergic type) such as
psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema, Lichen
simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid lupus
erythematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne
rosacea and other proliferative, inflammatory and allergic skin disorders; disorders which are based on
an excessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid
arthritis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune
system (AIDS, mulliple sclerosis), types of shock (septic shock, endotoxin shock, gram-negative
sepsis, toxic shock syndrome and ARDS (adult respiratory distress syndrome)) and also generalized
inflammations in the gastrointestinal region (Crohns disease and ulcerative colitis); disorders which
are based on allergic and/or chronic, immunological false reactions in the region of the upper airways
(pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), such as atlergic rhinitis/sinusitis,
chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; but also disorders of the heart
which cap be treated by PDE inhibitors, such as 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; and also
illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. t
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El. 3-Ethoxy-wewsbsi1axy-[err]-nitrostyrene 236 g of PCT/EP98/04477

3- et hoxy- 2- net hoxybenzal dehyde, 101 g of ammoni um acetate and 320 ml of
nitromet hane are heated to 100[err]C for 4 h4en 655 m of glacial acetic

acid. The solution is added to 5 [err] of ice water, and the precipitate is
filtered off wth suction, washed with water and dried. Mp.:

132-133[err] C E2. 3.4-Dinethoxy-[err]-nitrostyrene 207.0 g of

3, 4-di me':1 hoxyheamaatisefapther. rela@® l_xcpa ﬁ'le?fod&diﬂzél 'gumm 1eétahanauati. iguaﬁ?iﬁb po:}‘nans, which are
ni tromet han 111N or . 3J- I . Lr | acetlic .
et - tr SuBbio ) ae 8f4nd Bhayefifniiea indests the ipenod i haiietyp fhay Aifdrafeut
sucti on, ri reabyiagtive land ipharmalcolagically effactiveé anddolpeablecarnount of bre oramdrechfiteeicompounds
Mp.: 140- lgdd@ingldine ¥ivehtbn id d6niistered 1o the Hihath&> 111
PCT/ EP98/ 04477 ' - 18-
Commercial utility The conpounds according to the invention have useful
phar macol ogiThel inyentipe firihes reldiescto ﬂlmlcembbmmsiaedmrﬂtngitalﬂhqhingbmtiohzfmbﬁse. inAlie treatment
sel ective cygli | S | i_nhi bitors

(speci fi cal |a3q/‘h}é’ p‘?’yfpf’le'g%é’q'?}?%}ga%ggﬁ'ﬁ?ﬁ%p@g%ﬁé FhQE&%“Ir?Q hand as bronchi al

t herapeutics (for the treatnment of airway obstructions on account of their

dilati n? aCt'{jt@ﬂnMﬁiorﬁél%reﬁibs&S Qf[é!l&'b oﬂfhetghﬁaipbur{oﬁ%ﬁwr&hé’{ol\’thé ?’Iv@ﬂtio‘ﬁ[fprl the production of
reSpI ra-ory r,ve-1 ncreagasi n a | a or renov .0 erectil e .
o oP Unat Lo BASATas g arf Bpioye Dt 1B iealmant BAYPLAORYXS P s /{nestes entioned.

-other hand especially for the treatnent of disorders, in particular of an

I nfl ammat or ' | 2%) '
of the 1 nt eopansthfon Eflarsfle felbfesty AREAR 01 1o PLARSH BHP broppd it 1R iesses
nedi at ed by ReHicaed Which gertaiaLnp s Mare 9fdhe qooppdsAcsPrdingae theinveatiomg

factor), arachidonic acid derivatives such as | eukotrienes and

e nt o { DeonSbtE Sre pRbfiet B SriBereh\BL pRC R P g onp g 36 theperson
prot eases. |skilleinsthe@ant Agtmedidamentsnibe natpounsisacdordigg o thehipventiom (7 activeaompounds)

di stingui shegle R¥thér drgploye@dsCubl, ordprér@RBIySiRlcdhinaBdls At isuitdbid Phdifpaceutical auxiliaries,
bi cavail ability heragtggt I c breadth and t he absence of

SARRts. sEPsulRs: suRRegitarish RAlGNeR EYIRioNsy fyspensions,
t he conpoundeelswrsolutionsgthe activeccompoent content advabtagesgslyheind between Metnaraired%.
veterinary nedicine as therapeutics, where they can be used, for exanple,
The person skilled in the art is familiar with auxiliaries which are suitable for the desired pharmaceuti-
cal formulations on account of his expert knowledge. In addition to solvents, gel formers, ointment
bases and other active compound excipients, for example antioxidants, dispersants, emulsifiers, pre-

servatives, solubilizers or permeation promoters, can be used.

For the treatment of disorders of the respiratory tract, the compounds according to the invention are
preferably also administered by inhalation. To do this, these are éither administered directly as a
powder (preferably in micronized form) or by atomizing solutions or suspensions which contain them.
With respect to the preparations and administration forms, reference is made, for example, to the
details in European Patent 163 865. '

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

?



for the trea prophyl axis of the followng illnesses
chronic (in b§$?§@§q i nfl ammatory and al | ergen-i nduced) alrmgﬁeﬁ§§§9@%7§
of varying origin (bronchltls allergic bronchitis, bronchial asthm);

dermat oses (especially of proliferative, |an%nnatory and allergic type)
such as psoriasis (vulgaris), toxic and allergic contact eczema, atopic

eczems, seboehngiicanRfEetBordihg €8 irfvieAidntfe ﬁ&w&u () prdUebHe'stkHSwr\ Perls8€The dosage of
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of TNF and | eukotri enes arthritis

(r heunat oi d Htemarty petwesn@.4 3ad aufm BRfciRty Ther Gustomasy desgrin fhe ease oﬁm qmm&erapy (p.0.
arthritic cardv) istesyeendio3ainddrfig/kd péritlay.i mmune system (AIDS, nultiple
sclerosis), types of shock (septic shoci endot oxi n shock, gram negative

. sepsi s, toxic shock syndrone and ARDS (adult respiratory di stress
syndrone)) and al so generalized inflammuations in the gastrointestinal
region (Crohn's disease and ul cerative colitis); disorders which are based
on allergic and/or chronic, immunol ogical false reactions in the region of
t he upper airways (pharynx, nose) and the adjacent regions (paranasal

| sinuses, eyes), such as allergic rhinitis/sinusitis, chronic
rhinitis/sinusitis, allergic conjunctivitis and al so nasal polyps; but also
di sorders of the heart which can be treated by PCE inhibitors, such as
cardi ac insufficiency, or disorders which can be treated on account of the
ti ssue-rel axant action of the PDE inhibitors, such as, for exanple,
erectile dysfunction or colics of the kidneys and of the ureters in

connection with kidney stones; and also illnesses of the central nervous
system such as depressions or arteriosclerotic denentia. _ WO 99/ 05111
PCT/ EP98/ 04477 -19- . The

invention further relates to a nethod for the treatnment of mammal s,

i ncl udi ng humans, which are suffering fromone of the abovenenti oned
illnesses. The nmethod is characterized in that a therapeuti- cally active
and pharmacol ogically effective and tol erabl e anount of one or nore of the

conpounds according to the invention is admnistered to the ill mammal.
The invention further relates to the conpounds according to the invention
for use in the treatnent and/or prophylaxis of illnesses, especially the
i1l nesses nmentioned. The invention also relates to the use of the
conpounds according to the invention for the production of nedi canents

whi ch are enployed for the treatnment and/or prophylaxis of the ill nesses
ment i oned. The invention furthernore relates to nmedi canents for the
treatment and/or prophylaxis of the illnesses nentioned, which contain one
or nore of the conpounds according to the invention. The nedi canents are

prepared by processes which are known per se and famliar to the person



P skilled in tiwoudsi1As nedi canments, the conpounds accordi ng to pEEEPIS/04477
‘“invention (= active conpounds) are either enployed as such, or preferably
. in conbination with suitable pharmaceutical .gqxiliaries, e.g. in the form
- of tablets, coated tablets, capsules, suppositories, patches, enul sions,

i suspensions, gels or solutions, the active conpound content advantageously

' being between 0.1 and 95% The pergjaggﬁlﬂ an\,ggiq'a%ohge art is famliar with
auxiliaries which are suitable for the desired pnharnaceuti- cal

formul ati ons on account of his _exgﬁ.rt know eq&g In addition to solvents,
gel for mer s He{ovastigation Of PDE 4y inhibRiop othe GelluiasRIRNgn theeagtivaion pf dnflamspatory cells is
exanpl e ant aﬁcﬁbdmrﬁa&nculir SipoRanteS Aneaxdnsplé InerFElVlLFpr(BHoﬁﬁjl Wih‘thnbf@lileucyl-phenylalanme)-

- solubilizer 0 I t he treatne

P sorder o oapes SIEEAIEL BBl o "yneiibllc rahliftes. wbRh: cal pd, iisiied s luminok

"~ invention aR@plifjedf @eawpml@F@ﬂDCandrﬁmldfecﬁtw Shhheene BA.an¥dSadpar 19, SThet istrephil
are either ?éimrélb&tbﬁfs?ﬁe%irﬁgiﬁ |IrY "AmufolBgY EéHest §7F: sz%a‘i’ééé b Cf@ftﬁ{l R (f/\\/f'éil%el Decker,

form or by ,a i, Ng,.SO K’é’ [ suspensions which contfain them
;o respect to er Z\fﬂggf'?% mnistration fornms, reference is nade,
: for exanple, to the details |n European Patent 163 965. For the treatnent

~ of dermatosgg 5&%5 Cﬁﬂgﬁuﬂﬂﬁta‘&%ﬂma&&cg NEnd n(\./\ﬁm%o%egreg%r{ {Ln@arﬂ‘ dicRbion of

adm - n+stere In the Tormof those nedl canents
t opi cal appPWH'@FWP?*O"FdHeQ'ﬁEFSp%mﬂemmﬁprbfcetlmen mﬁwmsopmlheammmmmc gra-

- according t auibbyges, "V-Wﬂhﬁéytér .a&tdcs«es %amu&dsaagageararﬁ.t@é c’ﬂ#éﬁ mnmdptsrstb This

!.

- sui tabl e pharmaceut (ili% auxiliaries an

rocessed I ve sultab

phar maceut i APYBIERI G Plstzenod ef%fﬁlf%m ﬁ%FrPEEE;H{aB! é?pr?st?F'Wﬂl"éP BHgcHess Its f’B‘l'b"w"
exanpl e, poleads to arcinoiegseinghe intrageduist cyclic ANIPraneentmatidrs andothos toethe snhitfitidnt of cellular

oi ntNents, GERANE. PRESE RRIbItIR by 1Y suBRhntel 8Brding to tth%%leEI}&\%§ 3 (fer_)trat.i:hd(iacatc;r for

'PCT/ EP98/ 04 77

medi cament s MEcRBPESHED £b INflAmMatane piocesses: Gigmbyisa N GRulg isserzymeseleting Pissphodi-
se. The doseasgterasé inhitdtomscrendes beanehadiladsy ﬂ'hSraﬁﬁﬁ'éduadarQUﬁ thetréddRetr st drorthial asthma?.

nmagni t ude C?@#ﬂ%ﬁrﬂhgﬁﬁcﬁ D 'ﬂ%ﬁi 2b§10r1§92 T?Qn{pﬁﬁ T2RPL CEE'?%(E %{%{tﬁ% SER02S new

oi nt nent s) e treatnent er rmt oS'es s contai
conpounds i H%P"(‘:'BWE%FRW‘&L“’FW‘M asthea. TherapME:; 51R-323) J@P1:THehudoS cetfabs Zardaverine: a

adm ni st r at icydlic AR RbEI3M inﬁib:td»rSlnC'NSW@ﬁ?g“sl fr RQhWE TheRipy, 3‘%14@2 ﬁﬂkmgerd@éﬂag Basel
The cust Omaays‘p%%gudt% éthaq ‘fﬁ?ﬁugré%fof %XI%& %giﬁ% %%ra(sg m%lbutors on hunzan neutrophil func-

between 0.0 ml:;
PCT/ EP98/ 041igns and levels of cAMP and Ca Naunyn-Schmiedebergs Arch Pharmacol 344; €82-690, 1991; Tenor

H and Schudt C, Analysis of PDE isoenzyme profiles in cells and tissues by pharmacological
methods. In Phophodiesterase Inhibitors*, 21-40, ,The Handbook of Immunopharmacology®,
Academic Press, 1996; Hatzelmann A et al., Enzymatic and functional aspects of dual-selective
PDE3/4-Inhibitors. In ,Phosphodiesterase Inhibitors*, 147-160, ,The Handbook of Immunopharmaco-
logy*®, Academic Press, 1996.



Bi ol ogi cal ions In the investigation of PDE 4 inhibi t he
cel lular pl aﬁ’ggﬁé’h%?%cti vation of inflammatory cells is ascri be#‘ffg'rﬁ}%%r
i mportance. An exanple is FMLP (N-fornyl-netky onyl -l eucyl - phenyl al ani ne) -

i nduced superoxide production of neutrophlllc ‘granul ocytes, which can be
measured as lum nol- anplified chem|um nescence. (M Phail LC, Strum SL,

Leone PA an Soz§§%.§s. ﬂﬁﬁfuﬁlf thi | respiratory burst nechanism In
"I mmunol ogy “Seri : —Fo2 ; ed. Coffey RG (Marcel Decker, Inc.,
New Yor k- Basel - Hong Kong)) . Subst ances which inhibit chem | um nescence

and cyt oki n%e?t?ﬂo%d ?n and the secretion of proinflammatory nmediators on

i nfl ammat o n particular neutrophilic and eosinophilic gra-
nul ocytes, T-Ilynphocytes, nonocytes and nmacrophages are those which inhibit

PDE 4. Thi s 1hsQRINiY Wi osO sOlvad @m@@%ﬁ?ﬂﬂ%@%eﬁﬁ&:ﬁ@f géﬁﬂr' drfeSshriwdpe! Svh%k"v?z[s'h%dapted to

represented in tes. [ts inhibitlon an I ncrease In
i ntracel | ul Zicretiter P'é‘e?\ uwymSehmipdaberrs Al Phasmacal 1988, 21h1831PBninothis connection,

cel lul ar aCTtlieVﬂ'DE Paactidii& catried 6t B th ARkt Si¢pliRe s%'d&ﬁits'i‘&:% éﬁﬁ?ﬁ ?-IgclE&odtehgcleaved
i nvention i ?‘G"&ﬁﬁ&fa central indicator for the pression o

processes. dnchprgedyglenside Bea fy%leé‘ﬁ‘l’%%tqf saﬁ&mmm frora Sretalys gtrox In the

i nhi bitors nlﬂmdaw.%nni&mdmhaﬁ@%&éﬁt@d o teel dariaimihg ldha?&& @bﬁ?&tmt loﬁfexchange
br onchi al a%&n

hem Phar 2051, 199 ph et
Phosphodi est erg"a Tnehg‘gi’?“&? 8 'g@ﬁovﬂwoimrﬂq% M gpmppiyay f?é’ﬁ?‘e é”a@?hﬁﬁec"y into
Thorax 46: inivigE39 whio®2 miStsninditatich Beid i additidasilyadesd foecounting/Ccl i ¢ AVP PDE
3/4 inhibitor. In "New Drugs for Asthma Therapy", 379-402, Birkhauser
Verl ag Basel 1991; Schudt C et al., Influence of selective
phosphodi es (T8¢ aisBiblteri yaluesr Seterminerefar et cooyrouhdst wecording otes ten dnventien Sinbibitory

CAWP and CacoRaifatitn 38 big ﬁﬂ.ﬁfgﬁdm Fofibw h-oRhPa’bﬁEggB{elo@“%’wh@@ﬁpgﬁgﬂg&?%me cgﬂxgounds

H and Schudt C, ysi s of I soenzyne p es 1 n ce i'ssue
phar nacol ogi BE?SPH'E"(WG'EFS"”"F'??W@NH ‘F’?@U}ﬂfﬁdl esterase |nhibitors", 21-40,

[err] The Handbook of | mmunophar macol ogy", Academ c Press, 1996 Hat zel mann

Aet al., F{Tﬁil c and functional aspects of dual -sel ecti ve
PDE3/ 4- 1 nh| bi I n , Phosphodi esterase | nhibitors", 147-160, , The
Handbook of | mmunopharmaco- |ogy", Academ c Press, 1996. -WD 99/ 05111

PCT/ EP98/ 044fnition of the PDE 4 act -22- 1.
I nhi bition Tﬁﬁﬁ%ﬁn-v?rﬁg—w%et hodol ogy The activity test was carried

out by the od of Bauer and Schwabe, which was adapted to mcrotiter

pl at es ( Nau yo°§ hm,@dnber_g' je4r ch. Pharnacol . 1980, 311, 193-198). In this
connecti on, mwi ed out inthe first step. In a second
step, ther - i is cleaved to give the uncharged

nucl eosi de by a 5'-nucl eoti dase of the snake venomfrom Crotalus atrox. In
t he




. third step, {ygfooysgircoside is separated fromthe remaini ng chargagEr9sn4s??
substrate on ion exchange colums. The columms are eluted with 2 m of 30

mM ammoni um formate (pH 6.0) directly into pgguvials to which 2 nl of
scintilation fluid is additionally added for counting. The inhibitory
val ues determ ned for the conpounds according to the invention [inhibitory
concentration as -log I Cferr] (mol/1)] fRkdftMabhom Tabl e A below, in which
t he nunbers of the conpounds correspond 0O tne nunbers of the exanpl es.

Table A Inhibition of the PDE 4 activity Conpound -logl (err]
2 8.4, 1
ocT) Eposy 0alyy A Compouna Y Reliah | _23-
‘Patent clains 1. A conpound of the formula I [err] in
whi ch
R4 RS
R3 R4
H R51
R2
R
! H 31
R1 7 |
re
in which

R1 is hydroxyl, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycioalkylmethoxy or completely or predo-

minantly fluorine-substituted 1-4C-alkoxy,
"R2 is hydroxyl, 1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy or completely or predo-

minantly fluorine-substituted 1-4C-alkoxy,

or in which

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

R3 is hydrogen or 1-4C-alkyl,

R31  is hydrogen or 1-4C-alkyl,

or in which '

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

R4 is hydrogen or 1-4C-alkyl,

RS is hydrogen,

RS81  is hydrogen,

or in which

RS5 and R51 together are an additional bond,

R6 is a phenyl radical substituted by R7, where

R7 is a tetrazol-5-yl radical substituted by a radical R8, where .

R8 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethy! or Ar-1-4C-alkyl, where

Ar is a pheny! radical which is unsubstituted or substituted by R9 and/or R10, and

R9 and R10 independently of one another are halogen, nitro, cyano, 1-4C-alkyl, trifluoromethy! or
1-4C-alkoxy,

or the salts of this compound.

AR



! .

R1 S hydrox | . 1-4C-al koxy, 3-7C-cycl oal koxy, 3-7C-cycl oal éjfﬁg%} or
conpletely dW%M@Jp m nantly fluorine-substituted 1- 4C5y %
i s hydroxyl, 1-4C-al koxy, 3-7C-cycl oal koxy, 3-7C- cycloal kyl net hoxy or

conpl etely or predo- m nantly fl uor i H&-"substi tuted 1-4C al koxy, or
in which RL and R2 together are a 1-2C-al kyl enedi oxy group, R3 S

hydr ogen or 1-4C-al kyl, R3 I s hydrogen or 1-4C-al kyl, or in which R3 and
R31 toget hef areAaF"E%/Pﬁ'ﬂldaqf%ﬁf@ﬁ@”'@r?ﬁég"\Qﬂ in claims!, iR WhiSken or 1-4C alkyl, R5
i's hydrogenri1R51is f§achubxpgsnc-cotioalkoxgh BCAT-Ezioalkglintathoxy Qg edontpletély Gr tedominantly

addi ti onal bond, R6. | S. radi cal substituted by R7, where R7
Is a tetrazol - 5- WW"&’(TP%%?"%@G@?%&WF’% by a radical R8, where R8 S

hydr ogen, I &Rllc alisk y44C-dikoxy,- &yclfcgdbﬂkdxly. 3-7?}(:%oab\kzlaielrt1ndxyraﬂl"gdmgnmely or péedominantly
Ar - 1- 4C- al kyl, Al il S, radi ca ich is unsubstituted or
e Hupstiytcr-2cH

substituted by ‘and R10 i ndependently of one anot her
are hal ogenR3ni t isdyydeogeamo, 1-4C-al kyl, trifluoronethyl. or
j 1-4C- al koxy papr § s of this conpound. WO 99/ 05111

PCT/ EP98/ 044'127.('7) iaRger, -24 - 2.
A conpound 8finWhiehf ornula | as claimed in claim1, in which RL i s

1-4C al koxyR3&na§3¢ydgbmg}&g)gn,zgaaﬂﬁeﬁé/ﬁb%gl kyl met hoxy or conpletely or
pr edom nant IRX, uorjne-substituted 1-2C al koxy, R2 i's

_ fl
1- 4C- al koxy R43- 788 9eR P 45-alk%. 7C cycl oal kyl met hoxy or conpletely or
predom nant Rg is hydrdgksior i ne- substituted 1-2C al koxy, R3 i s hydrogen,
R31 is hydkggen, or. in which R3 and R31 together are a 1-2C-al kyl ene
group, R4 I's hWPQgSﬁ or 1-4Cal kyl, R5 is hydrogen, R51 is
hydr ogen, oerinwhidhi ch RS and R51 together are an additional bond, R6 S

substiTut ed Gy REA BBl g Bhalha i €, I, i
3-7C cycl oaR@y| , ixa penyhradies] substitutadthy R%owhege- 1- 4C- al kyl , where
R7 is a tetrazol-5-yl radical substituted by a radical R8, where
‘R8 is hydrogen, 1-7C-aikyl, 3-7C-cycloalky!, 3-7C-cycloalkylmethyl or Ar-1-4C-alkyl, where
Ar is a pheny! radical which is unsubstituted or substituted by R9 and/or R10, and
" R9 and R10 independently of one another are 1-4C-alkyl or 1-4C-alkoxy,

or the salts of this compound.

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

R1 is 1-4C-alkoxy, 3-7C-cycloalkoxy or completely or predominantly fluorine-substituted 1-2C-alk-
oxy,

" R2 is 1-4C-alkoxy, 3-7C-cycloalkoxy or compietely or predominantly fluorine-substituted 1-2C-alk-

oxy, '

R3 is hydrogen,

R31  is hydrogen,

or in which

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

R4 is hydrogen or 1-4C-alkyl,

R5 is hydrogen,

R51 is hydrogen,

or in which

R5 and R51 together are an additional bond,

R6 is a pheny! radical substituted by R7, where

R7 s a tetrazol-5-yl radical substituted by a radical R8, where

2
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A is a pYryydpsipdi cal which is unsubstituted or substitut edp®rPShioasrr
~and/or R10, and R9 and R10 i ndependently of one another are 1-4C-al kyl or

- 1.4C-al koxy, or the salts of this conpound._,g3. A compound of the

i formula | as clained in claim1, in which R1 isl4C—aIkoxy, _

i 3-7C-cycl oal koxy or conpletely or predom nantly fluorine-substituted '

t 1-2C al k- ﬁ@l" Yo 2@ 4% ely
or predom nant ly i? r%e%-‘sl%t?k?lr %ﬁ?’e%da&&%s Yé c}&ﬁk’ﬁ&&ﬁkﬂ%‘?%%‘, éiﬁ’)g%%?e
hydrogen, R&L i dsapbanyltyedicalyvhidhis wisubstitvted ersubsButed bgBBhand are a

1-2C-al kyl e ar gen or 1-4Calkyl, RS I s hydrogen,
R51 is hydrp@ %JP.ZC%Y' %G-E{lé hd R51 together are an additional bond,
" R6 is a Bh&’ﬁfﬁ“sr%f(!h‘éaq’mmg-tltut ed by R7, where R7 is a tetrazol -5-yl
" radical substituted by a radical R8, where WO 99/ 05111

PCT/ EP98/ 04477 -25 - R8

i s hydrogen® 1- 4¢A ¢AmReund 3"‘76"6‘98'?(53?&'91’"“3" ?‘é’%§rdﬂé9@!°kyl met hyl or
Ar-1-2C- al kR4, whetdCAtkoxy, i s a phenyl radical which is unsubstituted or

. substitutedday is 1-2Cal kyl or 1-2C al koxy, or the salts of
| R R?%?Q&dauﬁi&onp , or |

this compou ound of the formula | as claimed in claiml1,
"in which RLR3 i dsliydfagea) koxy, R2 Is 1-4C- al koxy, R3 I s hydrogen, R31
s hydrogenR R4 9&0%)‘drogen i s hydrogen, R51 i s hydrogen, R6

is a phenyl rad| ca‘I tituted by R7, where R7 is a tetrazol -5-yl

radi cal sub&¥it utiebydoageR3, where R8 i's hydrogen, 1-4C-al kyl or

4- met hoxybepgy! , i?ﬁydi’&‘aen,sal ts of this conpound.
R51 is hydrogén,
R6 is a phenyl radical substituted by R7, where
R7 is a tetrazol-5-yl radical substituted by R8, where
R8 is hydrogen, 1-4C-alkyl or 4-methoxybenzy!,
‘or the salts of this compound.

5. A compound of the formula | as claimed in claim 1, in which
R1 is methoxy or ethoxy,

R2 is methoxy or ethoxy,

R3 is hydrogen,

R31 s hydrogen,

R4 is hydrogen,

RS is hydrogen,

RS51 is hydrogen,

R6 is a phenyi radical substituted by R7, where

R7 is a 2H-tetrazol-5-yl radical substituted by R8, where
R8 is hydrogen, ethyl or 4-methoxybenzyl,

or the salts of this compound.

6. A compound of the formula | as claimed in claim 1 for use in the treatment of diseases.

7. A medicament comprising at feast one compound of the formula | as claimed in ciaim 1
together with pharmaceutical auxiliaries and/or excipients.

R R



5 A conpound of the fornula | as clainmed in claiml, in which R1 IS

met hoxy or MR i s methoxy or ethoxy, R3 i s hydr ogBET/FEBIBI044TE
hydr ogen, R4 i s hydrogen, R5 i s hydrogen, R51 i s hydrogen, R6 is
a phenyl radical substituted by R7, where R726- is a 2Htetrazol -5-yl

radi cal substituted by R3, where R7 i s hydrogen, ethyl or

4- met hoxybenzyl, or the salts of this conpound. 6. A conpound of the

formul a | a$-cl aiThedusen ot campdunds af the cformula Heas claitnerbin claim d1 Jom dhes produdtion of

A nedi CarreH%M{ehéifw@hétﬂa&tofg%f?md of the formula | as clained
in claim1l together wth pharmaceuti cal auxiliaries and/or excipients.

+ WO 99/ 05111

PCT/ EP98/ 04477 -26 - 8.

The use of conpounds of the formula | as claimed in claim1 for the
production of nedicanents for the treatnent of airway disorders.

—_— ,
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