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PCT/ EP98/ WSHBA18P RYDROSENZOFURANS Fi el d of applicatlon of FEHEPRM®Ati on The
inVention relates to novel conpounds which are used in the pharmaceuti cal

i ndustry for the pro- dcutron of medi canents. vkown technical background
Itternational Patent Applications W91112251 and W93107146 descri be

pht hal azi nones havi ng bron- chdi ating and antiasthmatic properties.

I nternational Patent Application W94/12461 descri bes 3-aryl -

pyti dazi n- 6- DIEYDROBENZOFURANS as sel ective PDE4 inhibitors. European Patent
Application EP 0722936 descri bes fused pyridazi ne conpounds w th cGWP- PDE
inhibiting activity. In J. Med. Chem 1993, 4052-4060 Yamaguchi et al.
descri be phthal azi nones havi ng thronboxane A2 synt hetase inhibitory and

br ot i ghiggi XE i RYAR Description of the invention It has been found
t hat fﬁi&i@b EM'ZO?’%MQ'M ﬁm'i bed in greater detail below, which differ
from 'E_he previ - ously published conpounds by a different substitution

pat t erigiRtion HeIRted & MRl 2BRPAALS WHitH Bl ibe A MRBIRIMALRONEE! iRARRE T iR Sro-The
invention thus relates to conpounds of the fornula I -2 -"Rl is

1- 4C- Slogliopypf medieamentse| oal koxy, 3-5C- cycl oal kyl met hoxy, or 1 -4C-al koxy
which i's conpletely or predomnantly substituted by fluorine, R2 1is
1-4Cal kyl and 1R3 i s hydrogen or 1-4C-al kyl, or \Werein 12 and R3
together and with inclusion of the two carbon atons, to which they are

bonde dgriduay textnicbbackground

' Iriternational Patent Applications W091/12251 and WQ93/07146 describe phthalazinones having bron-

chadilating and antiasthmatic properties. Intemational Patent Application WO94/12461 describes 3-aryl-
ﬁi}rfdazin-s-one derivatives as selective PDE4 inhibitors. European Patent Application EP 0722936
destribes fused pyridazine compounds with cGMP-PDE inhibiting activity. In J. Med. Chem, 1993,

 4052-4060 Yamaguchi et al. describe phthalazinones having thromboxane A, synthetase inhibitory and
brofichodilatory activities.

Dageription of the invention

1t higs been found that the phthalazinones described in greater detail below, which differ from the previ-
ously published compounds by a different substitution pattern have surprising and particularly advanta-
geous properties.

The invention thus relates to compounds of the formula |

R1 Het

)
R3

in which



i nked 5-, 6- or 7- menber ed hydr ocarbon. ring, optionaldy interrupted by an
oxygen or " M%’WW atom -It represents a heterocycl e havi REVERISHRSEHI ng
wherein R4 is [err] R5 is hydrogen, 1-8C-Ikyl, 3-10C-cycl oal kyl,

3-7C-cycl oal kyl met hyl, 7-10C-pol ycycl edkkyl, an un- substituted phenyl or
pyridyl radical or a phenyl radical substituted by R51 and/or R52, in which
R51 is 1-4Calkyl, 1 -4C al koxy, carboxyl, 1-4C al koxycarbonyl, cyano,
nitro, hal ogen, hydroxyl, am no, nono- or di-1 -4C-al kyl am no, i m dazolyl
or t et rRizolig/A-4C-amekyRSEC- c}:doalko%ﬂtlcyd!oalk&mﬁo@l K@P‘t}(:-alﬁéxwﬂhlcﬁ'is dombre@ner RS

S hydroxyl hal n cvano, carboxyl, 1-4C al koxycarbonyl, am no,
nono- pmfﬁ'&'n%%&ﬁ?bs"{g#f’ﬁxﬂu%ﬂ? ‘nocar bonyl or nono- or

di - 14CRﬁ kyé’amamyjandbonyl Y I's O (oxygen), S (sul phur) or a coval ent
bond, %4, &y@:% 3 +"£>}'Jt ed phenyl, naphthyl, pyridyl, pyrazinyl,
pyrlda2|nyl I ny qU|nazoI|nyI qui noxal i nyl, cinnolinyl,

I soqui rmswmremqm noI yl, puri nyI ben2| m dazol yl, benzotri azol yl,

benzoxgzol.y! I r I
benzoxaRakils NG b e BT b o A0 BRI ool B RSHY.
hydr oxyl , wmeég% qn|7tme5nbete¢a{wdrocaxbomcmal Wlbnalhlmmuaﬂe&bxyan oxygeh @x giiphur

car boxy- 1 Lo kyI 1- 4C- al koxycar bonyl, am no, nono- or

di -1- 4G al kyl am no, ami nocarbonyl, nono- or di-14C al k- yl am nocarbonyl,
1- 4C alhig}| éW%WP&ﬁ?WGYC'QWG&@GIW“'@ tetrazolyl, R8 is halogen, nitro,

1-4C-al kyl or 1-4C-al koxy, m IS an integer fromlto 4, p IS an
integer from1l Ra 4, arid the gglts of these conpgunds.
/ / /
N~ N—N N—N
/ 0 / o / 0
{a) v (b) or (c)
wherein

‘R4 18 R5, -CHzn-RE 0F -CyHpp-Y-Ar
'R5 is hydrogen, 1-8C-alkyl, 3~10C-cycloa|ky!, 3-7C-cycloalkylmethyl, 7-10C-polycycloalkyl, an un-
substituted phenyl or pyridyl radical or a phenyl radical substituted by R51 and/or R52, in which
‘R51 is 1-4C-alkyl, 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbonyl, cyano, nitro, halogen, hydroxyl,
amino, mono- or di-1-4C-alkylamino, imidazoly! or tetrazolyl, and
'R82 is 1-4C-alkyl, 1-4C-alkoxy, nitro or halogen,
“RE is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkoxycarbonyl, amino, mono- or di-1-4C-alkyl-
amino, aminocarbonyl or mono- or di-1-4C-alkylaminocarbonyl,
Y is O (oxygen), S (sulphur) or a covalent bond,
Ar is an unsubstituted phenyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, quinazolinyl,
quinoxalinyl, cinnolinyl, isoquinolyl, quinolyl, purinyl, benzimidazolyl, benzotriazolyl, benzoxazolyl,
- coumarinyl, imidazolyl, pyrazolyl, oxazolyl or pyrroly! radical or a pheny! radical substituted by R7
and/or R8, in which
R7 is hydroxyl, halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy, carboxyl, carboxy-1-4C-alkyl,
" 1-4C-alkoxycarbonyl, amino, mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alk-
ylaminocarbonyl, 1-4C-alkylcarbonylamino, imidazolyl or tetrazoly!,
R8 s halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy,
..m is an integer from 1 to 4,
p - isanintegerfrom1to 4,



4C- Al kyl is a straight-chain or branched al kyl radical having | to 4 carbon
atons. Exaw@lsesieee the butyl isobutyl, sec-butyl, tert-burGI/EPIS0805YI

i sopropyl, ethyl and nethyl radicals. 1-4C Akoxy is a radical which, in
-addition to the oxygen atom contains-3-straight-chain or branched al kl

radi cal having 1 to 4 carbon atons. Al koxy radicals having | to 4 carbon
atonms which nmay be kntioned in this context are, for exanple, the butoxy,

| sobut oxy, sec-butoxy, tert-butoxy, propoxy, iso- propoxy, ethoxy and

et hoXYanki @t <afd o thedelCanfpigeal koxy stands for cycl opropyl oxy, cycl obutyl oxy
and cycl opentyl oxy. -3 C- Cycl oat kyI met hoxy stands for cycl opropyl rret hoxy,

cycl obu net hox and cycl open tho 4C— oxXy whi c S COo etely
oF  br oA 5 UBEE AR Py PP 115 GRS, Grmpics B he ¢
2, 2, 3, iy, obitaf detputgiPER-BaRIY profyl soprepy, | ethyr e infethyhraditdre

1,2,2-trifluoroethoxy and in particular the 1 ,2,2-tetrafl uoroethoxy, the

2,2,2-trifluoroethoxy, the trifluoronmethoxy and the difl uoronethoxy
radl calf At Alknlyi i b radival wihiéH, iroadsilien tootkg oxygeh stain, ¢antainsef Siraipbtichaisor dpanched| | nked

5o 48l AgRBTRRALT Y ABGRLRAD kAP BRYEONE 10 4 HbEE LS S heoxy 0N

I one ane, exane
cycl oh fendioned in @ls Icarngo@ Bigf or examplecthe Wf?ﬂr 'QWOXY,QEC-EW@(YI tegt-butoxy. arepeiyoshi ophen

ring. AgeRigliehax) Hadetokyrugiiid.on, the group Het is represented by a
het erocycl e having the neaning a, b or ¢, of Wich the heterocycles having

the nmeaning a orb are preferred. Possible groups -[err] are straight chain

or br argbegygdaiNdRstands fRA By cRProphloxy | cyblBbutisky ARdicyclopéid@skyar e t he butyl ene,
i sobutyl ene, sec-butylene, tert-butylene, propylene, isopropylene, ethylene

and the nethylene group. 1-8C-Alkyl is a straight-chain or branched al kyl

radi cal3-6exCycigalkiintethosy standl ton cydapropyimEthanyptyeisbutylreething aod tyclopentgimetbaxy!
(6- nethylheptyl) heptyl, isoheptyl (6-nethyl hexyl), hexyl, isohexyl
(4-nmeth g&r& yl), neo- hi exyl (3, 3-dinethyl butyl 2) pentyl, isopentyl
(3-met K PxY) whtn!edm@nmgiptewzorzpr&nmnm Frbgitutad by fugrine s dsuexample, the

sec- bUtﬂﬁastﬁeBtaﬁuaFawopo@r QiEB"perﬂbé“rQQﬁd}?ylme @fzh}fhﬂua%@thﬂx%ﬂ Bxd i %hféé\bﬁ the
3-1 OC st ands, for exanp yl,” cyclo

cycl ope%:! gp-tet qgﬂ\@;gs, Fhea?r'ﬁiz gxg}téqrqfthopg)é meytpﬂuoy methoxy and the di uoromethoxy radical,

- of which the difluoromethoxy radical is preferred.

As spiro-linked 5-, 6- or 7-membered hydrocarbon rings, optionally interrupted by an oxygen or sulphur
' éfém, may be mentioned the cyclopentane, cyclohexane, cycloheptane, tetrahydrofuran, tetrahydropy-
‘an and the tetrahydrothiophen ring.

: R&bbrding to the invention, the group Het is represented by a heterocycle having the meaning a, b or ¢,
- of which the heterocycles having the meaning a or b are preferred.

Possible groups -CyHgz,-, ~CHam- are straight chain or branched groups. Examples which may be men-
tioned are the butylene, isobutylene, sec-butylene, tert-butylene, propyl'ene. isopropylene, ethylene and
the methylene group.

1-8C-Alkyl is a straight-chain or branched alkyl radical having 1 to 8 carbon atoms. Examples are the
octyl, isooctyl (6-methylheptyl), heptyl, isoheptyl (5-methylhexyl), hexyl, isohexyl (4-methylpentyl), neo-
hexyl (3,3-dimethylbutyl), pentyl, isopentyl (3-methylbutyl), neopentyl (2,2-dimethylpropy!), butyl, isobu-
tyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methy! radicals.

3-10C-Cycloalkyl stands, for example, for cyclopropyl, cyclobutyl, cyclopentyl, cyclohexy! and cyclo-
hepiyl.



-4- 3-7C Cycl oal kyl nethyl stands for a methyl radical, .which.is substituted
by one of tW@9BW®e- nenti oned 3-70-cycl oal kyl radicals. PCT/EP98/08054

7- 10C- pol ycycl oal kyl stands for 7-10C-bi cycl oal kyl or 7-10C-tricycl oal kyl
groups, such as for exanple, bornyl, nogbornyl or adamantyl. Hal ogen within
t he meaning of the present invention is brom ne, chlorine and fluorine.
1-4C Al koxycar bonyl is a car bonyl group to which one of the above-nentioned
1-4G al koxy radicals is 'bonded. Exanples are the nethoxycarbonyl [err])-]
and the? Mwwhx) Istands fof a glhyicadical, wivish is-sulstitutsid-by -on€otthk shasermantionedli cal s
cont ai nam@dﬂgmy]ga,cggg the nitrogen atom one or two of the above-
mentioned 1-4C-al kyl radicals. Preferred are the di-1-4C al kyl am no

radi cal.s, .especially the dinmeth- ylamino, the diethylanmino and the

di | sopr Gp?ﬁb&;i&lyﬁwfoblaﬂ isfds for MIODbicyloali) nﬂ?#&-ﬁicifd’da zngﬂaﬁéréaawé fof &@HpR/ S
cont a| mbﬁ%yl n_to th«? car bonyl group one bo- venenti oned nono-

r?S PaWlcal s, Exanpl es whi ch may be nmentioned are the
N-rrethyl the NN—dlnethyI , the Nethyl-, the N-propyl-, the N, N-diethyl -

and t heﬁ%rabéﬂ%mb(é I?Ig%nﬂ\% ofﬁ»@rpwré(gwlnvern ﬂ'l lgglloml Ihhn ﬂ'@‘f{ﬁ L.gar bonyl am no

radi cal exa e’ propionylam no rg' acetyl- am no
radi cal [CH3C(O)NH-] Car boxy-1-4C-al kyl radical are, for exarrple t he

car boxy EidtkodeBRPRC bartlih) il (FARBD NG anbi bt T kB kit o

Swtablgazqaltsfor conpounds rtution -
are all od- SRS gre 5I"ieéh°?5¥°aES?P’|'Y' {CH:PLC(Qh-t #ndidhe e%lOXYP%beWYbiSHHa@HzMQ)‘bn may
be made raficat. he phar macol ogically tol erable salts with the inorganic and
organi ¢ aci ds and bases custonmarily used in pharmacy. Those suitable are,

on the one hand, water-soluble and water-insoluble acid addition salts with
aci ds sidoho-as ,Du-i—éC-amxlam’pb eadicalg dorasif In@xdditidnCto &@inflrogéhy 4tbrR @ 6t fvod thel above-

phOSphOFﬁeﬁﬂo@@i q 4C':H|lzyr }a(c\iucglg' lgrefe%'c! Q\Q%e gl-ﬁ-fé-glkylaﬂ%r% ra%aceﬁs especgallg/ rthe dlmetkd

y%amlno the diethylamino and the diisopropylamino radical.

“Wono- or Di-1 -4C-alkylaminocarbonyl radicals contain in addition to the carbony! group one of the abo-
vémentioned mono- or di-1 -4C-alkylamino radicals. Examples which may be mentioned are the
.‘N"-methyl- the N,N-dimethyl-, the N-ethyl-, the N-propyl-, the N,N-diethyl- and the N-isopropylamino-
‘carbonyl radical.

An 1-4C-Alkylcarbonylamino radical is, for example, the propionylamino [CsH;C(O)NH-] and the acetyl-
amino radical [CH,C(O)NH-).

‘Garboxy—1-40—alkyl radical are, for example, the carboxymethyl (-CH,COOH) and the carboxyethyl
{-CH;CH,COOH) radicals.

Suitable salts for compounds of the formula | - depending on substitution - are all acid addition salts or
all salts with bases. Particutar mention may be made of the pharmacologically tolerable salts with the
'in"organic and organic acids and bases customarily used in pharmacy. Those suitable are, on the one
hand, water-soluble and water-insoluble acid addition salts with acids such as, for example, hydrochlo-
ric ‘acid, hydrobromic acid, phosphoric acid, nitric acid, sulphuric acid, acetic acid, citric acid, D-gluconic
acid, benzoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulphosalicylic acid, maleic acid,
lguric acid, malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid,
toluenesulphonic acid, methanesulphonic acid or 3-hydroxy-2-naphthoic acid, the acids being employed
in salt preparation - depending on whether a mono- or polybasic acid is concerned and depending on
Which salt is desired - in an equimolar quantitative ratio or one differing therefrom.



acid, benzoic acjd, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid,

sul phosal i W09981@0i d, mal eic acid, lauric acid, malic aci deCT/EPESIO8eS4aci d,
succinic acid, oxalic acid, tartaric acid, enbonic acid, stearic acid,

_ tol uenesul phoni ¢ acid, methanesul phoni-&-aci d or 3-hydroxy-2-naphthoi c aci d,
the acids being enployed in salt preparation - dependi ng on whether a nono-
or polybasic acid is concerned and dependi ng on which salt is desired - in
an equi; ar antitati, ratio or ane differing therefrom 6- - t he
o hor e ctodFed, opiBivih Feted st dPberda o sl % ol SR oo o o7

sui t ablwith basescarameEntiched theslithitrs, ddiiui, patsssibimacaciure,ndiursinien, thhgnesiutnhiitanigm,

sodi UMt ; LCi Lo . ; L ' ) ,

rogl um g o fiof i e b4t o Yk g e bR e BB,
pr epar niegpimolar quantitatiye ratio loueneifferind tbereffome ratio or one differing therefrom
Phar macol ogically intol erable salts, which can be obtained, for exanple, as
processyproducts during the preparation of the conpounds according to the

i nvent iféﬁfrmvofasicq"hw&@gq'%a'@ &!aicg,caneﬂeeob@mv.é?fteéﬂnmws PiPRPSTREQSILEIy wrag the

t ol er abgparatibh of Y cBMPELRES AScokiRVID teDinbdMBord B 8R Thaakiidl|sesle, dte ichvedd into
Accor dizRg-t o exgaﬁrt' sbﬁnog edpge t he con‘go nds Ofi"it}'h‘? lnvention as wel | as
thei r SAPFRECHRgCAlYqlergble salls by proggesss loynd? B PRECLSET Bt a. form varyi ng

anounts of solvents. Included within the scope of the inven- tion are

her ef oge. ' ' .al |, f i
o o ol EBURL RO ORI A Rl UEfdl S flifaramRR OE:
sal t s o#henfizolatedrip oystallinedprnt, yanfing amauntsCefisplentsl dnciytied withif e sodpg of thednverr

enphasi {pRdréthrelofdQli Solvatss 2Maii¢ Parflular bifhybirafds Rtne QeMpoudaPbftentilad @l eiys ai
3-5Ccycl oalsggdl met hox ch is conpletely or predom nantly

. ) , . or 1-4°g-al koxy whi
subst i t 18l i P%‘f“?"yr’i@',' hygates; thg_sg!’e_ogjhﬁwm%madwfonpgla hydr ogen or
1-4C-al kyl, orwherein R2 and R3 together and with inclusion of the two
carbon atons, to which they are bonded, forma spiro-
Compounds of the formula | to be emphasized are those, in which

‘Rt is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or

predominantly substituted by fluorine,

R2 is 1-4C-alkyl and

R3 is hydrogen or 1-4C-alkyl,

orwherein '

F!Z- and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,

Het represents a heterocycie having the meaning

-



| i nked cycl gw , cycl ohexane, tetrahydrofuran or tetra ring,
Het represent’s g&ﬁeterocycl e havi ng the neani ng -6- Y %gf o{?gdé‘én) or:
a coval ent bond, Ar is an unsubstituted.phenyl, pyridyl, purinyl,

benzi m dazol yl, benzotriazolyl, im dazoFyI , pyrazolyl, or pyrrolyl radical,
or a phenyl radical substituted by R7, in which R7 is halogen, nitro,
cyano, 14C-al kyl, 1-4C-al koxy, carboxyl, carboxy-1-2Calkyl, 1-4C al koxy-
car bonyl or_tetrazolgll, mis an integer froml to 4, pis an integer froml
to 4, 'and tHe g eovaigtBodonpounds. Conpounds of the fornmula | which

«'itr gcpalr tlzdrguliﬁiﬂ annsstih@dwmlaﬂsy?zﬁyﬁ@ﬂ pavirg1, b&&j&ﬂdaz?llﬁ uumk%thatzatsa, Erﬁ%a]zglﬂp?yl?ézkwy or
- - al KOXY 1 C 1S, CO e Or r 0 .sSupstitute Yy uori ne,
R is 1-4C &f R‘S;Pnh'ﬁg'cé@r'rg§EWG¥%%?1B8§&E‘MP%'°? or wherein R2 and R3 -

t oget herR7ands walbden| Ritrbusyans) BAC-tRg, 1-W0-atkaxyh @arbelyh arbokyet-2dHalkil, t-ACwlkenye
bonded, forma% S)Eirrto- Ili Inked cycl opent ane or cycl ohexane ring, Hot
represents F2R8Y ?o%tgféf’%’ having the neaning wherein R4 is [err] RS is
hydr ogerm 3-&iotegdrframkyie 4, 3- 7C- cycl oal kyl net hyl , adamantyl or an
unsubst i.:;; ut ef%‘“ﬁ@?g%f&j’ toaSubstituted phenyl radical, in which RS is

car boxyl”™ or Koxycar’bonyl ,
“and the salts of these compounds.

- bompounds of the formula | which are particularly to be emphasized are those, in which

R1 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R2 is 1-4C-alkyl and

"'R3 s hydrogen or 1-4C-alkyl,
or wherein _
R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-

linked cyclopentane or cyclohexane ring,
"Het represents a heterocycle having the meaning

wherein

R4 is RS, -CuHam-R6 or -CpHa,-Y-Ar,

R5 is hydrogen, 3-7C-cycloalkyl, 3-7C-cycloalkyimethyl, adamantyl or an unsubstituted or by R51
. substituted phenyi radical, in which

R61 is carboxyl or 1-4C-alkoxycarbonyl,

R6 s hydroxyl or halogen,

<

. is O {oxygen) or a covalent bond,

Ar is an unsubstituted phenyl, pyridyl, imidazolyl or purinyl radical, or a phenyl radical substituted by
R7, in which _

R7 is cyano, 1-4C-alkyl, 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbonyl or tetrazolyl,

m  is aninteger from 1 to 4,

p is an integer from 1 to 4,



R6 |s hydro%él 9/2{ pal ogen, Y  is O (oxygen) or a coval ent %mﬁr%l s an

unsubstitute enyl, pyridyl, imdazolyl or purinyl radical enyl
radi cal substltut ed by R7, in which R7 s cyano, 14C al kyl, 1-4C-al koxy,
car boxyl, 1-4C al koxycarbonyl or tetrazolyl, mls an integer froml to 4, p
IS an integer from1l to 4, -7 - and the salts of these conmpounds. One
enbodi nent of the corrpounds of the formula | particularly to be enphasi zed
are those, in which Rl is 1-2C al koxy or 1-2C al koxy which is conpletely
or pred@ns e sl BeRSOMPRHNES by fluorine, R2 is 1-4C-alkyl and R3 is
hydrogen or i-4C-alkyl, -or wherein R2 and R3 together and w th inclusion
of thetvvocrbonaom; to whi hth areb ded, forma spiro- ked
cycl operﬂ"&ﬁ pimeny gf tag eampqundsio h‘é E‘grgfﬂ? fe Sml’f@ﬁ’é?‘g?fﬁﬁpée' Wa”(ﬂ'cﬂg t he
meani ng pah e sel-2C-aMdoxy os1-B-alkb:grwhich Iaﬁconmtelywd predeminanly substitiited badusiite,

3-7C- cyx] oaﬁ?lfngi\%l adamantyl or phenyl, R6 is hydroxyl or hal ogen, Y
is 0 (o “or rb‘(/al ent bond, Ar is an unsubstituted phenyl or pyridyl
radi cal JR3or ishyprogemydr 154@ehiygl substituted by R7, in which R7 is cyano,

14C al kyl \’Nhl 4C-al koxy, carboxyl, 1-4C-al koxycarbonyl or tetrazolyl,

i Rz and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-

linked cyclopentane or cyclohexane ring,
‘Het represents a heterocycle having the meaning

/R4 R4 /R4

wherein

R4 is R5, -CpHzm-R6 or -CpHap-Y-Ar,

R5 s hydrogen, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, adamantyt or phenyl,
R6 is hydroxy! or halogen,

<

is O {oxygen) or a covalent bond, .

Ar s an unsubstituted phenyl or pyridyl radical, or a phenyi radical substituted by R7, in which
R7  is cyano, 1-4C-alkyl, 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbony! or tetrazolyl,

m is an Integer from 1 to 4,

p is an integer from 1 to 4,

and the salts of these compounds.

Preferred compounds of the formula | are those, in which
Rt is methoxy or diflucromethoxy,

R2 is methyl,
R3 is hydrogen,
or wherein

R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane ring,
Het represents a heterocycle having the meaning



m is an | roml to 4, p is an integer froml1l to_ 4, and the

salts of thégga(?%?’rir%%lunds. Preferred conpounds of the fornul a"‘i’”ﬁ%@"’?%i‘)se,
in which Rl is nmethoxy or difluoronmethoxy, R2 is nethyl, R3 is hydrogen,
or wherein R2 and R3 together and with Inclusion of the two carbon atons,

to which they are bonded, forma spiro- |linked cycl opentane ring, Het
represents a heterocycl e having the neaning wherein R4 Is RS, [err] R5
i s hydrogen, 3-7C-cycloal kyl or an unsubstituted or by R51 substituted
phenyl radical, i 4_which R51 is c Roxyl, R6 S hygﬁfxyl or hal ogen, Y
is 0 (oxygen) or coval ent bond, IS an unsubsti ed phenyl, -pyridyl,
i m dazol yl inyl radical, NN phenyl radi caN-sNbstituted by R7, in
whi ch R7 car box t ol yl, 7is bteger froml to
4, p - is amn\intkger from1l t the salts Qf these conpounds. One

ds of the for
or (c}

enbodi nent of are those conpounds

preferred co
in which (a)

,  (b)

wherein

R4 is R5, -CHam-R6 or -CgHyp-Y-Ar,

R5 s hydrogen, 3-7C-cycloalkyl or an unsubstituted or by R51 substituted phenyl radical, in which

R51 s carboxyt, ‘

R6 s hydroxyl or halogen,

Y is-O (oxygen) or a covalent bond,

Ar is an unsubstituted phenyl, pyridyl, imidazolyl or puriny! radical, or a phenyl radical substituted by
R7, in which

R7 is cyano, carboxyl or tetrazolyl,

m is an Integer from 1 to 4,

P is an integer from 1 to 4,

and the salts of these compounds.

One embodiment of the preferred compounds of the formula | are those compounds in which

R1 is methoxy or diflioromethoxy,

R2 is methyl,

R3 s hydrogen,

or wherein

R2 and R3 'together and with inclusion of the two carbon atoms, to which they are bonded. form a spiro-
linked cyclopentane ring,

Het represents a heterocycle having the meaning

wherein
R4 Is RS, -CpHam-R6 0OF -CoHye-Y-Ar,
R5  is hydrogen, 3-7C-cycloalkyl or phenyl,



R1 I's met hoxy or difluoronmethoxy, R2 is nethyl, s h en, or
wher ei n R2. WRIYRH9 oget her and wit h |ncI usi on of the two ¢ dﬂ’%

whi ch they are bonded, forma spiro- erd cycl opentane ring, Het
represents a heterocycle havi ng the nmeahing wherein R4 is R5, [err] RS is
hydr ogen, 3-7C-cycl oal kyl or phenyl, -9- R6 is hydroxyl or hal ogen, Y
Is 0 (oxygen) or a coval ent bond, Ar I s an unsubstituted phenyl, pyridyl,

i m dazolyl or purinyl radical, or a phenyl radical substituted by R7, in
whi ch Rﬁa s Ishydmwy! ochalaseky| or tetrazolyl, inis an integer froml to 4, p

Is an int GQWOfdxygﬁhﬂorfaCboéalerﬁﬁdde he salts of these corrpounds Especi al | y _
ﬁ{; Ls |r ' %mco‘{g:) Ou%ﬁ&ﬁ%d L@%"%W%F%’I mldazo ypor purinyl rad\é\'gl org phenyl raﬁacggubs?@/ed by 'S
R7, in which
' ij’ﬁ‘? is cyano, carboxyl or tetrazolyl,
‘i isaninteger from 1 to 4,
‘B is aninteger from 1 to 4,
“&fid the salts of these compounds.

’ "‘.‘?‘:"_'special'ly preferred compounds of formula | are those, in which
"R1is methoxy,
‘R2 s methyl,
'R3 s hydrogen,
“or wherein
: R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane ring,
f He§ represents a heterocycle having the meaning

wherein
‘R4 i RB, -CoHam-R6 or -CoHp,Y-Ar,
R5 s hydrogen, cyclopentyl, cycloheptyl, phenyl or p-carboxyphenyi,
R6  Is hydroxyl,
Y  is O (oxygen) or a covalent bond,
Ar s an unsubstituted phenyl, pyridyl, imidazoly! or purinyl radical, or a phenyl radical substituted by
R7, in which
R7 is cyano, carboxyl or tetrazoyl,
m s aninteger from 1 to 4,
P is is an integer from 1 to 4,

and the salts of these compounds.



R2 and R3 together and with inclusion of the two carbon.atons, to which
they are ‘banW@d93¥08¢ m a spiro- |inked cycl opentane ring, HetPCTERPHMPMk s a .
het er ocycl e having the nmeaning wherein R4 is R5, [err] R5 is hydrogen,
cycl opentyl, cycl oheptyl, phenyl or p-carBoxyphenyl, R6 1|s hydroxyl, Y
Is 0O (oxygen) or a covalent bond, Ar is an unsubstituted phenyl, pyridyl,
| m dazolyl or purinyl radical, or a phenyl radical substituted by R7, in
which R7 is cyano, carboxyl or tetrazoyl, m is an integer froml to 4, p
i s i s anOnpembusiment efithel espesially prafeded sompauids of fermulat eredhase seroneaks. in whichone
embodi megy ofs diRxgespecial ly preferred conpounds of formula | are those
conpounds in which Rl is nmethoxy, R2 is nethyl, R3 is hydrogen, or
wherein ﬁ@ ai§dnettyl. t oget her and with inclusion of the two carbon atoms, to
which they aggydegded, forma spiro- Iinked cyclopentane ring, Het
represents a heterocycle having the neaning wherein R4 is R5, [err]

. ‘or wherein

"R2 and R3 together and with inclusion of the two carbon atomns, to which they are bonded, form a spiro-

linked cyclopentane ring,

“Het represents a heterocycle having the meaning

/
N—N N—N
/ 0

.
o

. ga) or (b)

“wherein
R4 is R5, -CyyHom-R6 or -CyHyp-Y-Ar,
"R5 s hydrogen, cyclopentyl, cycloheptyl or phenyl,
R6 s hydroxyl,
% is O (oxygen) or a covalent bond,
Ar is an unsubstituted phenyl, pyridyl, imidazolyl or purinyl radical, or a phenyl radical substituted by
R7, in which
R7  is gyano, carboxyl or tetrazoyl,
m is an integer from 1 to 4,
P is an integer from 1 to 4,
and the salts of these compounds,

Exempiary compounds according to the invention are listed in the following tables:

Table 1

" Compounds of the formula |, in which Het represents a heterocycle having the meaning (a), (b) or (c),
R4 is cycloheptyl, and the following further substituents meanings:

R1 R2 R3
OCH, CHs H
OCHs CHs H

OCFH CHs H



R5 1Is.hy sooCYClopentyl, cycloheptyl or phenyl,

is O (oxyggggﬁggma coval ent bond, Ar is an unsubstltuted pﬁﬁgﬁﬁ pyrldyl

i mdazolyl or purinyl radical, or a phgnyl radical substituted by R7, in
which R7 is cyano, carboxyl or tetrazoyl, m is an integer from1l to 4,
p is an integer froml to 4, and the salts of these conpounds. Exenpl ary
conpounds according to the |nvent|on are listed in the follow ng tables:
aq§h8q the formula 1, In which Het represents a heterocycle
mng ta), (b) or (c), R4 is cycloheptyl, and the foll-ow ng

furtheE_aubsLLlimmB&LJﬂﬁﬂMJM;;JﬂH R2 R3 OCH err]
CH[err?%Fs CHs Hlerr] CH3 H OCF2H CH3
H Conti nuation of Table 1 Rl . R2 R3 -
OCF[ er PPHs CH3 C2Hs CHs H OCCH err] C2H5
CH3 [eb@le [(%HE] CH, CH3 OCF[ err] . [err]
CHer r‘%ﬁ&ﬂ CaHs CHs
" BEF, CaHs CHy

OCH, CH,CH,CH;,

"OCHs CH,CH,CH,

' OCFH CH,CH,CH,

O6F, CH,CH,CH,

OCH; CH,CH,CH.CH,

0C,Hs CH,CH,CH,CH,

OCFH CH,CH,CH,CH,

OCF; CH,CH,CH,CH,

OCH;, CH,-0-CH,

O, Hs CH-O-CH;

OCF,H CH,-O-CH;,

OCF, CH,-O-CH,

OCHs CH,CH,-0

OCHs CH,CH,-O

OCF,H CH,CH,-O

OCF; CH,CHxO

OCH;, CH,CH,-O-CH,

OC,Hs CH,CH,-O-CH,

OCEH CH,CH,-O-CH,

OCF; CH,CH,-O-CH,

Table 2

Compounds of the formula |, in which Het represents a heterocycle having the meaning (a), (b) or {c),
R4 is cyclopentyl, and the following further substituents meanings:

Rl R2 R3
OCH, CH, H
OC,Hs CHa H

OCFH CHs H



{2”} [ er r] WO99/31050 Lert] e tea [err] - —
[err] CH2CH2CH2CH2 OCF[ e!i{-] CH2CH2CH2CH2
[err] [err] [err] [err] OCF[err]H
[err] [err] [err] [err] [err] [err]
[err] [err] [err] [err] [err] [err]
[err] ["g"°f"§!““ i E% | [err] OCF2H _ _ [err] [err]
[err] T s of the fornula 1, in which Het represents a
het er oc &t 0 R3), (b) or (c), R4 is oyclopentyl, and the
Egllc)(élv_\lﬁ%gurtherq_ggstltuents ﬁeaul Fgfr]m [err]Rz "
OCF2H C'CHa [ er€gHs CH: H

'GGZHS C.Hs CH,

"OCFH CaHs CHs

OCF,s CaHs CH;

OCH, CH,CH,CH,

OCHs CH,CH,CH,

'OCFH CH,CH,CH,

OCF, CH,CH,CH,

OCH, CH,CH,CH,CH,

OC,Hs CH,CH,CH,CH,

OCFH CH,CH,CH,CH,

OCF; CH,CH,CH,CH,

OCH, CH,-O-CH,

OC;Hs CH,-O-CH,

OCF.H CH,-0-CH,

OCF, CH,-0-CH,

OCH, CH,CH,-O

OC,H; CH,CH,-0

- OCFH CH,CH,-O

OCF, CH,CH,-0

OCH; CH,CH,-0-CH;,

OCHs CH.CH,-O-CH;,

OCF,H CH,CH,-O-CH,

OCF; CH,CH;-O-CH,

Table 3

Compounds of the formula |, in which Het represents a heterocycle having the meaning (a), (b) or {c),
R4 is benzyl, and the following further substituents meanings:

R1 R2 R3
OCH;,3 CHa H
OC.Hs CH, H

OCFH CH, H



-12- Conti rw&% of Table 2 R R2 R3 &%rr]
Tabl e 3 Conpoun s %f the formula 1, in which Het represent $CAERENI05 v c| e

havi ng the ‘'meaning (a), (b) or (c), RA4ss benzyl, and the follow ng further
substituents nmeanings: [err] -13. Continuation of Table 3 [err] The
conpounds of formula | are chiral conpounds with a chiral center in the
di hydrofuran-ring, if the substituents -[err] are not identical. However,
pr ef er rgshiAlfod HG88e §OMPOUNds, in which the substituents -[err] are
I dentical” or together and with inclusion of the carbon atomto which they
are bon@; 5-, 6- or 7-nenbered hydrocarbon ring.
Addi ti ap@#, chiral - ters exigt in the positions 4a and 8a in those
cases, 1:‘l)@_lwhl ch Het represents a heterocycle having the neaning (a) or (b):
Ther efo the i nve®@ion incl udddal | conceivabl e pure di astereoners and
pure eraBHsoners, a&gHyvel | as aldH,m xtures thereof independent fromthe
ratio, ﬁ&ghudl ng tI&eHracemat es. HPreferred are those corn-

2015 3

OCF, CaHs CHs
“OBH, - CH,CH;CH,
OC,Hs CH,CH,CH,
OCFH CH,CH,CH,
'mf:'r—'s CH,CH,CH,
OCH; CH,CH,CH,CH,
OCHs CH,CH,CH,CH,
‘OCFH CH,CH,CH,CH,
"OCF, CH,CH,CH,CH,
OCH, , CH,-O-CH,
O8Hs CH,-O-CH,
" OCFH CH,-O-CH;,
OCF, CH,-O-CH,
OCH, CH,CH;-O
OC,Hs CH,CH»-0
OCFH CH,CH,-O
OCE, CH,CH,-O
OCH, CH,CH,-0-CH,
OC4Hs CH,CH,-0-CH,
OCFH CH,CH,-0-CH,
OCF, CH,CH;-0-CH,

The compounds of formula | are chiral compounds with a chiral center in the dihydrofuran-ring, if the
substituents -R2 and -CH,R3 are not identical. However, preferred are those compounds, in which the
substit!.sents -R2 and -CH,R3 are identical or together and with inclusion of the carbon atom to which

_ they are bonded form a spiro-connected 5-, 6- or 7-membered hydrocarbon ring. Additional chiral cen-
ters exist in the positions 4a and 8a in those cases, in which Het represents a heterocycle having the
meaning (a) or (b):



Founds, in which the hydrogen atons in the positions 4a and .8a are

ci s-confi gi¥QIMEA00ESpecial |y pre- ferred are in this conneBCI/BPISIOBASS e
conmpounds, in which the absol ute configgration (according to the rul es of
Cahn, Ingold and Prelog) is Sin the pdSition 4a and Rin the position 8a.
Racemates can be split up into the correspondi ng enanti oners by nethods
known by the person skilled in the art. Prefera- -bly the racem c m xtures
are separated into two diasteggoners with t hel p of an optical active
separa- tfon agent on the _stage of the cycl ghexanecarboxylic acids (for
exanpl e, starting corrpoun{B@gor the 1 M 6-t etrahydrobenzoi c acids (for
exanpl e, starting conpet N D) —A& sepaegg i on agents may be

ment i ofiimbedingexanpl e, optigal active amngs such as the (+)- and

(-)-fornms of a-phenyl e and ephg \e, or the optical active
ti ne 0 . The invention further

al kal oi ds ci nchoni ne, \¥i*y
relates to a process (see\sehene 1) for preparation of conpounds of

formula 1 and their salts® 7 WD 99/3109b 7

PCT/ EP98/ 08054 -15 - Schene | R Z0s (Ill') RR O3 /
EI?) -0 "_ﬁi‘ér‘efor@thg‘mventioﬂ in%ﬂﬁ%zall conceiv?lfl% Saure diastereg?ﬁiers ar% pye enantiort\?rf.tgs well as
R2 “alf noiktuEep tiRpeof independent from the ratio, includin@3the racemates. Preferred are those dad- b)

a) “pounds, MwHgh the hydrogen 8Bhs H thE) BodtoRS 5 Snd A E b8 R8nfigurated. Especially pre-
“?éfre'ti are in this connection those compounds, in which the absolute configuration (according to the

filles of Cahn, Ingold and Prelog) is S in the position 4a and R in the position 8a. Racemates can be

“gplit up into the corresponding enantiomers by methods known by the person skilled in the art. Prefera-

- b‘iy the racemic mixtures are seperated into two diastereomers with the help of an optical active separa-

tion agent on the stage of the cyclohexanecarboxylic acids (for example, starting compound B) or the

" 1,2,3,6-tetrahydrobenzoic acids (for example, starting compounds A and D). As separation agents may

be rnentioned, for example, optical active amines such as the (+)- and {-)-forms of a-phenylethylamine

épd ephedrine, or the optical active alkaloids cinchonine, ¢inchonidine and brucine.

“The invention further relates to a process (see scheme 1) for the preparation of compounds of formula |
and their salts.



a) react wugosksedgo acids of formula [err][ or one of theirpeg@pisiogsss
derivatives, in which [err] and R3 have the above-nentioned neanings in a -

first step Wi th hydrazi ne hydrate to edapounds of fornmula la (lIb, Ic), in
which RI, R2 and R3 have the above-nenti oned nbani ngs and R4 stands for
hydrogen (H). If desired, these conpounds can be reacted with al kyl ati ng
agents of fornmula R4-X, in which R4 has the above-nenti oned neani ngs

[ excepts $dheimeR4 does not represent hydrogen (H)] and X re- presents a

| eaving group to give further conmgesynds of formula 1, In which R, R2, R3
and R4 have the above-nenti ongd @ ngs [ exception: R4 does not represent
hydrogen (H)]. -16- b) react 4, alternatively to procedure a), keto
acids of formula Ila (Ilb, Ilc) g n@mof their reactive derivatives, in

derivates of formnul 8 R4- NH- NH2,RZ n ich R4 hag the above-nentioned

meani ngs [ except Pyt MR doe not regpresant AR T Ogeh (H)], to give conpounds
of the formula la [ P and R4 havethe

above-nmenti oned e £on: R4 do repr esent hydrogen the
-conversion of the aci ds formula | la\(TTb, Ilc) or one of their
reactive derivatives AMth hy- zijne hydrate Yfaccording to procedure a)]
respectively with i tabl e hy zi pe-derivat es the formul a R4- NH NH2
[according to pr ocedure b)] is advantageously carried out with one to five
equi val ent s /8 g peotively the itable hydr azi ne

deri vat ¢q—€ 4 used as

sol vent ‘ i hab i AV, o luse an ad . pproprr ate
sol vent . [ : y used a+ 3 ch as net hanol ,
et hanol , isgpopaRal/, n-butanol> i soem | at coho and their ethers

such as eRihyI
monoet hyl et Rgr, carboxylic acigs

n@byl ycol , et Ry : nononet hyl or
such as formc ggid, acetic or propionic

aci d, suh,t abI e Mpxtures of the aboyeynentionedysol ventsgy as well as
m Xt ures terH for exanpig agquemis ethanajpuf ur herﬂ et hers,
especi al | IR}Qgte R$0 mblLe et hgrRsxsu R as t“etrahmjm)f ur aRe” d"lNBxane or
é di et hyI e-

et hyl ene

R1

The process comprises

a) reacting keto acids of formula lla (lIb, lic) or one of their reactive derivatives, in which R1, R2 and
R3 have the above-mentioned meanings in a first step with hydrazine hydrate to compounds of
formula fa (Ib, Ic) , in which R1, R2 and R3 have the above-mentioned meanings and R4 stands
for hydrogen (H).

If desired, these compounds can be reacted with alkylating agents of formula R4-X, in which R4
has the above-mentioned meanings [exception: R4 does not rebresent hydrogen (H)] and X re-
presents a leaving group to give further compounds of formula [, in which R1, R2, R3 and R4
have the above-mentioned meanings [exception: R4 does not represent hydrogen (H)].



ther; further toluene or benzene, especially when the-nethod of azeotroplc
desti nat i-O¥OP¥8%d to re- nove the reaction water. The r EGEEF -
tenperatures are suitably between 0 ang. 200' C, preferably between 20 and
1000C;, the reaction tines are preferably between 1 and 48 hours. Suitable
reactive derivatives of the keto acids of formula Ha (lib, 1lic) which may
be mentioned in this context are, for exanple, esters, especially nethyl
and ethyl esters, ni | s and, aci.d hal i such as acid chlorides or acid
b on dBL.  EREFocal el 3 BRGNS Dokereating ot e [nie 618 i Teactvs

cor r espondidenyatives,in wisierost, @R aﬁ@RBTHéve tﬂd ao\(d méntionekdbdeaniBys Witht SaRbR: hobriagife ar e

known by the. pers he conver.si on of. conpounds, of
R e
meani ngs addesiRét represens Bytrage (M)}, aopive cbh-i):oums bf tiad floyriude lnmlg, iapamwiictoR1, (R2e

formul a R4; h n ne s [with th
exception (')% "')Hﬁj/dr#{r4 \(,)Hg]"gg p\fn%%"‘" rg‘{ '?eé’f{?gaé@ﬂ%”@"é”@% gﬁb’ﬁ% ‘gqe r%sﬁmgrl’yg{?ﬂ?" i's
carried oufHli.n a manner, which is known by a person skilled in the art. In
a first step, the hydrogen atom (H) of the NHgroup of the conpounds of
formulg.la (Ib, Ic), in which R4 represents a hydrogen atom (H) is renoved
by a bae cenetsionsf thedetoeacidsysf rmyaila i, lleh o 2ne ohthele reastyei derivalivasrvitai e,

Sodi UMeiie hitfate RRCI BBIIAIA 4f spesfidl Wi éﬁ:bﬂ@ﬁs}ﬁézﬁ\e%n@\éwthé fobiiim 11 a

suit- - I nert sol vent” such as di net

di net hﬁ“sNH‘NHa( laa@rdlqgetprpsmy@nr%m FSaWV%Tr*aQ?P@ﬂWF@f’ we# withTene t5 fiue gquivalents of

prefer aawryz.m%rameépa&weup BRSuRbleR Y anRd ddrivatad éf@ormiﬁa ¢z46NuJ|<MH WwheRsimBitanhen
carried .o t E(?Faddl ng o@g’vaﬁg o€r| ate_ al kgl atin ent of e fornmula R4- X
i

Exanpl &Y Usgi 28y e 51t SOWRPLIP 58 "B d‘Vﬁé‘ﬁ‘thBrr?B'éP‘ea?"é’eh‘af‘%gen
at ons, 'ir&'ﬁtpsemrﬂé by pt‘dfdrﬁlﬂ)i sd ambhontysiiemxydnetgarmu Rhams, tisoprdpeitbl, BybukmbiSikdamycat i on

(e SHIBR ok S PSR S5 S Eol e A P 0 Bt
pr opaney n@adatrwhcjpnrp@myhcaenbs sutbhpe tm'raunep:d,capetiocqwrnp;ohbraoudj sldtable mixtures of
gr ormm;ﬁ 09¥ @Lﬁﬂﬁé@?o?x/entgyg \»C/)Qle:% rmxttuy |tﬁ %%? f?r ex%hI R a%@?’ Elfh%‘hgnol 404er 2C! d,

bronnne nzorc acl AT or ONEL ace
ethers, espec&ally water soluble ethers such as tetrahydrofuran dxoxane or ethylene glycol dimethyle-

ther; further toluene or benzene, especially when the method of azeotropic destillation is used to re-
move the reaction water,

The reaction temperatures are suitably between 0 and 200°C, preferably between 20 and 100°C; the
reaction times are preferably between 1 and 48 hours.

Suitable reactive derivatives of the keto acids of formula lla (lib, lic) which may be mentioned in this
context are, for example, esters, especially methyl and ethyi esters, nitrils and acid halides, such as
acid chiorides or acid bromides. They can be prepared, for example, starting from the corresponding
keto acids of formula Hla {Iib, lic), by methods which are known by the person skilled in the art.

The conversion of compounds of formula la (Ib, ic}, in which R1, R2 and R3 have the above-mentioned
meanings and R4 represents hydrogen (H) with alkylating agents of the formula R4-X, in which R4 has
the above-mentioned meanings [with the exception of hydrogen(H)] and X represents a suitable leaving
group, is carried out in @ manner, which is known by a person skilled in the art.

In a first step, the hydrogen atom (H) of the NH-group of the compounds of formula la (b, ic), in which
R4 represents a hydrogen atom (H) is removed by a base such as, for example, potassium carbonate,
sodium hydroxide, sodium hydride, sodium methanolate, sodium ethanolate or buthyllithium in a suit-



2- met hoxyb tori.de, 3-nethoxybenzylchloride, 4-nmethoxybenzylchloride,
3, 5-di net hg’%%?é:;r@ - chloride, 2-chlorobenzylchloride, 2-pi SfEfP PROSH | de, -
3-picolyichloride, 4-picolylchloride ang_2-bronoethyl- benzene. Exanples
for suitable hydrazine-derivates of fornula R4-NH NH2 are mnet hyt hydrazi ne,
2- hydr oxyet hyl - hydrazi ne, phenyl hydrazi ne, benzyl hydrazi ne,

4-tert-butyl hydrazi ne, 2-bronophenyi hydrazi ne, 4-chloro- phenyl hydrazi ne,

4-f | uor gphenyl hydrazi ne, .2, 4-di chl or gph | hydrazi ne !

4~ chi or e 0B PO B A e AR DR Sielrofian or detryiener. The

2, 4- di nbaseoars prejdribhdusad inmenre thdn areéduimoygp hatiny | hydr azi ne,  3- ni trophenyl -

hydr azi ne, p-tol ythydrazi ne and 4-hydrazi nobenzoic acid. Keto acids of the
formula Ila (Ilb, Ie) , in which Rl, R2 and R3 have the above-nenti oned
meani ngthecalitylatidnos them earfiedsout bycadding paappdopFiate rikyalinp agend of the fotritde R&Xnul a 1111
in which R, R2 and R3 have the above-nenti oned neani ngs and Z represents
hydrogen (H) by Friedel-Crafts acylation with hexahy- drophthalic

anhydr i Bxamplies of itehle leavingrayeurs Xwhich giay be mantipded ate haegepiptoms| especiglbigdipinge. The

Fri edel aarbiy® oBs R0 b}'istﬁrﬁféétioﬁﬂ’o@kﬁmbl_@wﬁh ( ﬁésu%hiicc‘d%id'?.” known Dby the

skilled pérson (for exanple as described in Yamaguchi et al., J. Med.
Chem 36: 40524060, 1993) in presence of a suitable catalyst, such as for
exanpl eguilbie-alkyléiHg! agents8Chs fddmuth RAixXSre forlbxaiipld RREMAGHArR! SromB&thdnes Pbiomd! |
such as nethy%ene chlorlgé or nitrobenzene or . apot her |g§{§ solveqt, such
as di et A§PaN&: #RPMONPRANEy SBloRANtaNG; %BPGME?M%& Armomethyeysionprape. fycipheg-

]?oi | 'lngtythflirﬂﬁe. l@{ghlbd&&te&@lb&f&ﬂib aﬁ&.ir??lg'om&ﬁdhy(w;t@tf ﬁd,iW@loﬁom&Hﬁhé@lﬁﬁﬂhMﬁ, 01(‘:I
ormul a_ | cl., Jn lch R, .R2 and, R3 have t - ti_gne
reani g8 Rk shEkE: e Hapisies TR TR (SRR R R
and R3 thiaride tZablondbenzyichieride] 2-nisclylchiaide, rigucalyintiiodder; ¢picelgleMorkie and 2bmgwathgdt om

t hroughpggaction with hexahydro- phthalic anhydride,

1,2, 3,6-tetrahydro-phthalic anhydride, or phthalic anhydride. The reaction
is carried out in a manner which is known by a person skilled in the art,

for exagpinples forslifible Mdrazind¥erditbd otadrinlE RIOTRAHNSE nidthyfhPdra3thed 21nldrbxyethit- Whi ch

R, R, hﬁ?az%g,d ph%nym%\ér%zi%Q,%egzgﬂygézrirr%%-lte?&%gylhydrazine, 2-bromophenylhydrazine, 4-chloro-
phenylhydrazine, 4-fluorophenylhydrazine, 2,4-dichlorophenylhydrazine, 4-chloro-o-tolythydrazine, 2,5-
dimethylphenylhydrazine, 2,4-dinitrophenyihydrazine, 4-methoxyphenylhydrazine, 3-nitrophenyl-
hydrazine, p-tolylhydrazine and 4-hydrazinobenzoic acid.

Keto acids of the formula lia (lib, lIc) , in which R1, R2 and R3 have the above-mentioned meanings
can, for example, be prepared from compounds of the formula Il , in which R1, R2 and R3 have the
above-mentioned meanings and Z represents hydrogen (H) by Friedel-Crafts acylation with hexahy-
drophthalic anhydride, 1,2,3,6-tetrahydro-phthalic anhydride or phthalic anhydride. The Friedel-Crafts
acylation is carried out in a manner which in known by the skilled person (for example as described in
M. Yamaguchi et al., J. Med. Chem. 36: 4052-4060, 1993) in presence of a suitable catalyst, such as
for example, AICl,, ZnCl,, FeCl, or iodine, in an appropriate inert solvent, such as methylene chloride or
nitrobenzene or another inert solvent such as diethyl ether, preferably at raised temperature, especially
at the boiling point of the solvent being used.

Alternatively, the compounds of formula Ila (iib, lic) , in which R1, R2 and R3 have the above-
mentioned meanings, can be prepared from compounds of the formula IH, in which R1 R2 and R3 have
the above-mentioned meanings and Z represents a halogen atom through reaction with hexahydro-
phthal_ic anhydride, 1,2,3,6-tetrahydro-phthalic anhydride, or phthalic anhydride.

The reaction is carried out in a manner which is known by a person skilled in the art, for example
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meani ngs, by a |ithiunm hal ogen exchange reaction at | ow tenperatures
(preferabl woaisstged to -100C) in an appropriate inert sol veriresbeoss
tetrahydrofuran or diethylether, preferably under 'an atnosphere of inert
gas, followed by reaction of the lithr4ed conpounds the above-nenti oned
anhydri des, or b) by converting conpounds of forrmula |1, in which R,
R2, R3 and Z have the above-nentlioned neanings, in a suitable inert

sol vent such as, for exanple, tetrahydrofuran or diethyl ether into the
.correspondi ng Grignard conpounds of formula [, in which Z represents

0 e % o el SpRASE PRRBE S B bl REBBAR B L

R3 have t heneatmgsebvr@nﬁtmlmbdogmaaxchﬁgse seadtion at dqw tempewitwes @referahiogle R0 (H) or
hal ogen at 0m0°@)ru’?an§9§>‘9%n% r?e?tr&fﬂb&\t Qﬁ&%ﬁ&%ﬁﬁf&f&&gbﬂﬂetﬂﬁetﬁé?epréf&%% Lifar SChene

2. - -19- Schene exa ounds of
the formul &0 Ptmosp@reu@g@rtlg%cﬁoﬂpwqwéeacm’n Qimeﬁggla@%&ﬁmpwné%tha AeRVE- megﬁzoa?et i ng
conpounds” ;anifyaRddrf @par ation of further conpounds of -formula Il can be
carried out in an anal ogous manner. Additionally, it is possible to convert
one functional group of a conpound of formula | (la, Ib, Ic) to an- other
functi a)al bgrce;wambg c@h@h@dmyoma deswder @acR3 ansZ haWuihe abdvedreationed,

ds of f h d
CoTor S Sheb Lot s B TS o o SSHBRGETR AR
i n whi ch R4hecawrpsposding @rignesitcempasds bfe’ommw&nrl elictb¥ repeaseiitse Mg, bighradr Mge
saponif| Ca‘f&«@@eé@ rE&ﬁa&&‘iﬂe %ﬁé’}ﬁ k&ﬂpo%ﬂ&mmie abova%h .or%%'ak@%&es the

conversions are carried out al ogous to net hods ch ar amliar per se
to the person

" Compounds of formula 1ll, in which R1, R2 and R3 have the above-mentioned meanings and Z repre-
“ gents a hydrogen (H) or halogen atom, are known or can be prepared according to the reaction scheme
2.



skilled jin e art for exanple, in the manner which is described in the
fol |l owi ng eﬁ@ﬁ%ﬁgéq 20 - the substances according to thé"?ﬁ??ﬁ@ﬁﬁﬁ are -
isolated and purified in a manner knowp4per se, e.g. by destilling off the
sol vent in vacuo and recrystallizing the residue obtained froma suitable
solvent or - subjecting it to one of the customary purification nethods,
such as colum chronmat ography on a suit- able support material. Salts are
obtainethénﬁkssolving the free conmpound in a suitable solvent, e.g. in a
chlorin drocar- bon. such as nethylene chloride or, chloroform or a
| ow nol ecul ar wei ght aliphatic al cohol (ethanol, isopropanol) which
contains the desired acid or base,zor to which the desired acid or base is
then added. The salts are obtained by filtering, reprecipitating,
precipitating with a non-sol vent ) the addi- tion salt or by evaporating
the solvent.. Salts g?tained can kg ggnverted by q§si§50ation or by
acidifying into ree conpoundsf whPBh, in turn,;E N be converted into

h

salts. In this mapgper, pharnmacol ojically non-tol eraple salts can be

converted into @ghar Racol ogigally tol erable sa|tsCI'Th&fol | owi ng exanpl es
iTlustrate the invention j é@a{;ﬁw dek,fa:bl_‘,pmw hout restricting it. As
wel |, further conpounds »f fornula 1, of which e preparation is

explicitly not described, can be prepared in an al ogous way or in a way
which is known by 4 person skilled in the art usifig customary preparation

methods. In the exs geand M p.HE6PPmel ting #ON1CARA for mnutes, THF
for tetrahydrofu nd |DMF for NegNe—di-rethyl f or e. {The conpounds, which
are nentioned i n Yhe kes as well as their s S car erpreferred
conpounds of the iyenti on. R4

R2 H
| _ o z
OH "R3 R2

R1 CH,-R3
()

By way of example, the preparation of compounds of the formula |il is described in the following exam-
ples under "starting compounds". The preparation of further compounds of formula i can be carried out
in an analogous manner.

Additionally, it is possible to convert one functional group of a compound of formula 1 (la, Ib, Ic) to an-
other functional group by customary methods and reactions.

* Thus, if desired, compounds of formula | with suitable functional groups can be converted into further
compounds of formula I.

For instance, compounds of formula |, in which R4 comprises an ester can be converted by acidic or

alkaline saponification to the corresponding carboxylic acid.

‘Suitably, the conversions are carried out analogous to methods which are familiar per se to the person
skilled in the art, for example, in the manner which is described in the following examples.
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(cis)-4-2 V28 o- 7- net hoxybenzofuran 2-spiro-1' -cycl op%T’EFPBQBVI‘) 4a.5.8
. 8a-tetrahydro- 2H phthal azin-|I -one A%qsol ution of 8 g of conpound A and 10
g of hydrazine hydrate in 100 m of etfianol refluxed for 3 hours. After
evaporating the solvent, the residue was partitioned between ethyl acetate
and aqueous sodi um car bonate The organic | ayer was dried over nagnesium

sul fat %@ms@%s %EBoFd?rIéﬁE' mén/f‘l/aﬁnoﬁ gﬁmwﬂeﬂn‘awmu fra MBHRr IMBIvA Bl dae.g AgPOUNd

crystallized

YT

(cis)- zlesttl@nmfbm;ﬁewém?n MRAUR GRY &@Wﬁ*@lﬁm‘ﬁe gesidye obtained fFop [acpiéaieasniventen - 45 5,

6.7.8. 83 J&Wr to%@bpmgbbﬂmmb@ﬁbdﬂoﬂmeﬁ% ?Jcﬁ@@&ﬁ@nﬁ ot &{W&“&ﬁ‘ aBumnd
hydr azj. lF’%;’drate as described for conpound 1. Crystallization from

met hanéﬁ’es primegaal g6l err] C 3.
4 (2, 3-Di hvdr o- 7- met hoxybenzof ur an- 2- stiro-|
'-cycl:g one The title conpound can be prepared

ent an- 4% 2H pht hal azi n-4

from c§§‘fiﬂ; dﬁ?ﬂY'%&?‘ﬁ freq,CPAYNS Iny@ sitalie Bolveat e @0 2 Caltinalsd idrocer- 4
ﬁ, C:j s) - %‘;‘E %u&; & Jﬂmﬁy@ﬁch%nab Uﬁ&hlb)’dforgl ]grBé mxma&in&pwgmrhnﬂmyé hlcéha; (étna?]o?g t tet ra

vdr o i n41-ope romc |ne rate
as deségPPrBE?T ‘98’&’ (‘}Pr?}?i%g‘ 1‘}z aﬂr PRSEa 0l &W&bﬁgﬁé’ﬁ 8 a&% ¥ 54881 eum
et her @6ddSTHeevalt & oanqu by ﬂﬁtﬁrﬁge rapleCipitating, preclpitatmg with a nlon-solvent for the addi- ,.

4-.(2 r or.oent c
G opentt sal g by bta ol M SO SUPRT e Roh Broa ERENERR B DR, )oY
and cyttoperiey bomnoomdsddnchsmdw&man bedon\/e'tedomiorpamrid trid mariiee pbampeningialyas
puri 1 G Brdbly QRLAGE AN GOl :5I0LA) BELEGL G eLher (60-957C), 1. 6]
a I et hyl

and cryst |ze from eum et her (60-95[err]C). M p.
162[err]C

“The following examples illustrate the invention in greater detail, without restricting it. As well, further
'dﬁh')pounds of formula 1, of which the preparation is explicitly not described, can be prepared in an
anialogous way or in a way which is known by a person skilled in the art using customary preparation
methods.

In the examples stand M.p. for melting point, min for minutes, THF for tetrahydrofuran and DMF for
N,N-dimethylformamide.

The compounds, which are mentioned in the examples as well as their salts are preferred compounds
of the invention,
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(cis)-4-] 2‘.”?—9&3?1‘{/9& 0- 7- met hoxvbenzof uran2-spirol' - cycl open?%?'z’ﬂs{/"f"is-“z- cyclo
heptyl - 4a. 5, 8. 8a-tetrahvdro-2H phthalggin-1 -one Prepared from conpound 1
and cycl oheptyl brom de as described for conpound 11. The conpound \Was
purified by chromatography [ethyl acetate/petrol eum ether (60-95C), 1:4]
and crystallized fromdtethyl ether/petroleumether (60-95[err]C. M p.
135C 7. Examples

~-(cis)-4-(2, 3-Di hvdro- 7- met hoxvbenzof uran- 2-spiro-1"'-cvl opentan4-yi) - 2-benz
yl -4a, 5. 8, 8a- tetrahydro-2H Phthal azin-1 -one Prepared from conpound | and
benzy| EinM Brodgets5s descri bed for compound | 1. The conpound was purified by
chromat ography [ethyl acetate/petroleumether (60-95[err]C), 1:4] and
crystallized from di et h{yl et her/petrol eum ether (60-95C). M p. 99-1
00] er r Jic geisk-4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-T'-cyciopentan-4-yl)-4a,5.8 8a-tetrahydro-

(ci s) - 4- ( 2HDHthdRsH-Pore "Bt hoXvbenzof uran- 2- spiro-1' -cycl ooent an-4-yl ) -2-phe
nyl-4a, 5, 8. 8a- tetrahvdro-2H Phthal azin-1 -one A solution of | g of

phenyl hydrazine and 1.5 g of compound A in 1-butanol was refluxed for 18 h
and subssitiendfisyy of vapmuad Adnd heof hpdrahechyd@tk i t00i hliotethdng! refluxedrivt B psuephy

(L oA BbFAREAPASARL e 5% B3ARP Sy S04 3 B But o7
8aR) - 4-cg@otateiThe digenid laper twas diidsicaverohagnesiurg suifaterand toncentrated under reduced ;;res- ’

' -cycl %9%%2?‘4"2‘¥“‘%§ﬂ“e@’}‘§d gmﬁa,ﬁg% Wﬁﬁg@?y@g@- 2H 1lht hal azi n-1-one A sol ution

of 10 mmol I'ne’in et hanol was added to a sol ution of
20 mmol of com pound Bin 20 mM of ethanol. The resulting m xture was |eft

for 18 0 sy NOM.biR r7aﬂaem@x;%&%m&.@é@o.@@hub@.ﬁarvmguemfls,%9 rgfd-Hekd. and
dried (4 mol). p- . - experinents 1 n contirrnmed the
presence dwdiet-phihelazingliang | 1 5980 purity. The precipitate obtained above
was partioned between ethyl acetate and 1N hydrochloric acid. The organic
| ayer was dried over nesi um sul fate and evaporated. The residue was

di ssol VagPaed fmaqmow% ang pydgazing ﬁédaata dF GPRHPesk forseopmpgyndok. Grypiatization from
hydr at epetizmbl MpetBst@6°3 hours. After evaporating the sol- vent, the
conmpound was crystallized fromnmethanol. The enantioneric purity of the
conpound was '

3. 4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentan-4-yl)-2H-phthalazin-1-one

The fitte compound can be prepared from compound C and hydrazine hydrate as described for com-
pound 1.

4, [cis)-4-(2,3-Dihydro-2,2-dimethyl-7-methoxybenzofuran-4-yi}-4a,5 8,8a-tetrahydro-2H-
phthalazin-1-one

Prepared from compound D and hydrazine hydrate as described for compound 1. Crystallization from
ethyl acetate/petroleum ether (60-80°C). M. p. 242°C

4a,5.8,8a-tetrahvdro-2H-phthalazin-1-one

Prepared from compound 1 and cyclopentyl bromide as described for compound 11. The compound
was purified by chromatography [ethyl acetate/petroleum ether (60-95°C), 1:6] and crystallized from
diethyl ether/petroleum ether (60-95°C). M. p. 162°C



confirnmed 0#9?; H-NIVR experinments in CDO 3 using Europium
tris[3-(héptaffuoropropythydroxy- nethylene)-(+)- carrphoratlem{OE%“showed
an enatiomeric purity of >98% M p. 803 88[err]C -23 - 10. (4aR

8aS) - 4-f 2, 3- Di hvdr o- 7- met hoxybenzof ur an- 2-spiro-1'-cvcl opentan-4-yl)4a.5, 6.
7, 8, 8a- hexahydro 2H- pht hal azin-1 -one Prepared from conpound B and

(+) ephedrine as described for conpound 9. Melting point of the

(+)- epmdr&m&w@www Médtéd#vmmaﬁ@hﬁ? 8g[err]C

11. (C'S)'és(gs:f'te bR iREkLY R)&ybenzofuran -spiro-1
vI)

4a. 5 6.7, 8. 8a- hexahydro 2H-pht hal azi n-1-one To a solution of 1 g of

conpou f‘lﬁha}?arézcﬁfron§3 Borfdould 1 N?\&T‘EHM{;W %Fo%dggésg&@ﬁ??@ for & ,-on%d 4. 71%43(;%’#?@? nsi on

of sodium hydride i'n m neral” ol er §% 1'rring urefor
ten ni ntRSSRUNied by ehrospatograntiv [ivh Aetate/retmlews Gther @@196"%@4]%@«3@)'%@64 fiem

resul t rdighyrremérlpwm@m éth@qed-geecmwyssc After dilution with ethyl acatate,
the m xture was washed twice with I N hydrochloric acid. The organic |ayer
was dried over magne3| um sul fate and evaporat ed. The residue was purified
by chr chat{cigl-&(2 irioy atvhbe 54’ Fethni wi-an5esate. M
p. 213-21 A2 "

(cis)-4- (%ﬂ Phalazint 5 benzof ur an- 2-spiro-1'-cvcl opentan-4-yl)-2-(4-
pyridvl net hyl - 4a. 5, 6.7.8, 8a- hexahydr o- 2H pht hal azi n-1 - one- hydrochl ori de

Pr epar oherd afrm&lpméﬂﬁh 2 afd'Bert? le:hlGﬁHeyAs &Q&r@% Qa?c%?(ﬂﬂ) ﬁhg%g%bmg@nggﬁg ri bed

for gpp% The reacti on m xture was

acet at U %@W@E‘%WW&QWH%QE‘G’W‘%MW%M%ﬁ)db“] and ervstalipasi froe GMB}'I
puri f i eghebpeteieumratep@oaetD). M botdooacet ate) and crystallized as the
hydrochl ori de fromdi ethyl ether. M p. 196-198[err]C 13. (cis)-4

42, 3- D hydr o- 7- net hoxybenzof ur an- 2-spiro-

- cycl dhercialt- odvnéth furan-2-spiro-1'-cyclopentan-4 -xl)-z-ghenyMa,S,BrSa-
4a5. 6. 7, 8. 3?8?3%&?9:;]%@ Q.%Eal azin-1-ons Prepared from conpound 1 and

.cycl ohepty ed for compound 11. The conpound

A solution of 1 g of phenylhydrazine and 1.5 g of compound A in 1-butanol was refluxed for 18 h and
subsequently evaporated. The residue was purified by chromatography {ethyl acetate/petroleum ether
(60-95°C),1:4). Crystallization from diethy! ether/petroleum ether (60-95°C). M. p. 127-128°C

8. {4aS, 8aR)-4-{2,3-Dihydro-7-methoggbenzofuran-2—s;;iro-1‘-cyclogentan-4-vl)-4a,5,6,7,8,8a-
hexahydro-2H-phthalazin-1-one

A solution of 10 mmol of (-)-ephedrine in 20 ml of ethanol was added to a solution of 20 mmol of com-
pound B in 20 mi of ethanol. The resulting mixture was left for 18 h at room temperature and the pre-
cipitate was filtered off and dried (4 mmol). M. p. 1 48-149°C

'H-NMR experiments in CDC; confirmed the presence of one enantiomere in >98% purity.

The precipitate obtained above was partioned between ethyl acetate and 1N hydrochloric acid. The
organic layer was dried over magnesium sulfate and evaporated. The residue was dissolved in ethanol
and, after the addition of 6 mmol of hydrazine hydrate, refluxed for 3 hours. After evaporating the sol-
vent, the compound was crystallized from methanol. The enantiomeric purity of the compound was
confirmed by 'H-NMR experiments in CDCl; using Europium tris[S-(heptaﬂuoropropy!hydroxy-
methylene)-(+)-camphorate], which showed an enatiomeric purity of >98%. M. p. 87-88°C



was purified by chromatography [ethyl acetate/petroleumether (60-950C),
1:5) and crYQP¥OPLed from petrol eum et her (60-95C). M p. PFI@PQQ@{“@H]C
14. (cis)-4-(2.3-D hvdro-7-nmet hoxvbenzqgfuran-2-solro-1

'-cycl opent an-4-yl)-2-benzyl - 4a.5,6, ng 8a- hexahvdr o- 2H Dht hal azi n- 1- one
Prepared from conpound | and benzyl chloride as described for conpound 11.
The conpound was purified by chromat ography [ethyl acetate/petrol eum ether

g ggt gfe@ 4JR 4is ﬁlﬁﬁa&ﬁ& hbBRRE-5 Spird-PLTEBbGRIN-4-50495 6 /By
(cis)-4- (M&M@Menzofuran 2-sipro-1'-cycl oi entn-4-yl)-2-benz

vl phthal azi n- 1-one Prepared from conpound 3 and benzyl chloride as
described for conpound 11. The conpound was ptrified by chromat ogi; ;‘)

[ et hyl Pepared EopcemBruRd f &0 - e("@é”'!ﬁ)f‘%ﬁ?ﬂcﬁijed fer: gampopnd B, Mltingzpaint P

eci s) - “ﬁﬂQphadlﬂerldINDp7‘r5’(E|BWMb§@tRI@fc&h§dlun&’)83@81’03 1" - cycl opent an-4-yl)-2-cvc
| ohepty nht hal azi n-1 -one Prepared from conmpound 3 and cycl oheptyl

brom de as described for conpound 11. Crystallized fromnethanol. M p.
210C 1711. (teis - ﬂ; drobi-in¥thoRybénraftidan2 A béysiopaniang 4-carboxybenzyl)-

“-cvcl oPen‘*a 4 - b é 8, 8a-t et rahvdr o- 2H pht hal azi n- 1- one
A solutio g of 2-hydroxyet hyl hydrazine in 150
m of 1-butanol was re- fluxed for 18 hours. After evaporating the sol vent
the re -t hy. |

wth 5{9&’@@%6 of g%?l:&@;%gﬂ\\/d;% %n@ 'ﬂledé Nﬁ'&#@' y? &F’ b Zﬁydétgn@?“a [ ng%
reducedsogwe\shyj#"ée in ieinesal ngilowasl aéfieﬂstl’éﬁﬂ stréng. thisl puxtqezgorlteozlr@nmes. 05 g °f

(Cl s) - 44—(0310%:1&@!‘/5%90:(.7 AR AU AL e B ing iRk Qtirred for 2 hours. After dilution with

-cvcl onentan-4-vl)- 2. bromoet hvl - 4a, 5, 8, 8a-t et r ahvdr o- 2H pht hal azi n- 1- one
&thyl acatate, the mlxture was washed twice with 1N ‘hydrochloric acid. The organic layer was dried

“over magnesium suifate and evaporated. The residue was purified by chromatography (ethyl acetate)
and crystallized from ethyl acetafe. M. p. 213-215°C

12, ({cis)-4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentan-4-yi)-2-(4-pyridylmethyl)-
4a,5 6,7,8,8a-hexahydro-2H-phthalazin-1-one-hydrochloride

Prepared from compound 2 and 4-picolyl chioride hydrochloride as described for compound 11. The
reaction mixture was diluted with 200 ml of ethyl acetate and washed twice with 1M sodium hydroxide.
The compound was purified by chromatography (ethyl acetate) and crystaliized as the hydrochloride
from diethyt ether. M. p. 196-198°C

4a.5,6.7.8,8a-hexahydro-2H-phthalazin-1-one

Prepared from compound 1 and cycloheptyl bromide as described for compound 11. The compound
was purified by chromatography [ethyl acetate/petroleum ether (60-95°C), 1:5) and crystallized from
petroleum ether (60-95°C). M. p. 118-120°C

4a,5,6,7,8,8a-hexahydro-2H-ghtha!azin-1-one

Prepared from compound 1 and benzy! chloride as described for compound 11. The compound was
purified by chromatography [ethyl acetate/petroleum ether (60-95°C), 1:4] and crystallized from petro-
leum ether (60-95°C)/ethyl acetate. M. p. 104-106°C



A solution of Br2 in CH2A 2 was added to a solution of 3.1 g of

tri phenyl pM &%ﬁﬂ‘%& in CH2Cl 2 at 00C, followed by the addi tRGWERSE/805&60! ut i on:
of 4.6 g of conpound 17 in CH2012. The,resulting solution was stirred for 2
hours at room tenperature and subsequéﬁ%Ty washed with diluted hydrochloric
acid (2x) and aqueous sodi um carbonate. Crystallisation from nethanol (2x).
M p. 143-145[err]C 19. (cis) 4-(2,3-D hydro-7-nmet hoxvbenzof urn-2-spiro-

' -cvcl ovent an4A- vl 2-r 2- (4- cvanophen-

oxvuet vII-4a 5 8. 8a-t et rahydr o- 2H-phtha| a2|n I-one A mxture of 2,0 g of
Con‘pou s H ' GroH J..;nu,. HE et -5 piro-Baeyclione 364yl ): R|z A' of DMVF
was heat ed.drgr 2 hour s at 110[err]C After cooling to roomterrperature 100
m of water and 150 ml of diethyl ether was added to the reaction m xture.
The ether |ayer was dried over MgJSO4 and evaporated. The residue was

;1)gr7 i f1 |2 gﬂleﬁayeddfwommg‘ﬁtﬁ@bbﬁ Rengy! chiSrideGI3RREdBeClol %n?dﬁgr?cﬁgg\'/ﬁgg %%%Pﬁﬁ/as M p.
57t 1 PuEb euyemaiiainy ety Sieldnirabiia Shen R E), F51 V. p. 1670

phenoxy) et hvl 1-4a, 6. 8. 8a-tetrahvdro- 2H Dht hal azin-1 -one A solution of 1.2
g of ¢ ( d X

heat ed ion 5 2 =St ¥

m xture vvﬁl@&ﬂd!ﬂl&d and the resi due partltloned betvveen di | uted
hydrochloric acid and ethyl acetate. The organic |ayer was dried over mag-
nesi um sul fate and evaporated. The conpound was crystallized from et hyl

acet at é?reqerqg fromocompogd@ and cycloheptyl bromide as described for compound 11, Crystallized from

(CI S) - 4nckrand: W f1¥§ee- 7- met hoxvbenzof uran- 2- spiro-1

'-cycl oyentan4-yl)-2-r4-1 brono- 1- bu-

tvl)1-4a5. 8. 8a- tetrahvdro 2H- pht hal azi nl -one 64 g of 1 ,4-di bronobutane was

added tp. gcis DhydtgidS- pension
of sodi umdhg(grl € ! y room
t enper at ures IR (el T —of water was added to the reaction

m xture and the resul ting i xture extracted with diethyl ether. The ether

was evapor ﬁf nd_t ‘{1 {3

[ petr ol eun@ &f edr&?y%%%gﬂ%) a ﬁ’yq ef?c'%yt lxge, e %Tz’"el\%d%g'g'gg}a f‘g?”Pf‘@/s re-
fluxed for 18 hours. After evapor_atlng the solvent, the residue was dissolved in diethyl ether and this
solution was washed with water. After drying over magnesium sulfate and concentrating under reduced
pressure, the compound crystallized. M.p. 129-130°C

cis)-4-(2,3-Dihydro-7-methoxybenzofuran-2-spiro-1'-cyciopentan-4-yl}-2-bromoethyl-
4a,5,8 Ba-tetrahydro-2H-phthaiazin-1-one

A solution 1.92 g of Br, in CH,Cl; was added to a solution of 3.1 g of triphenylphosphine in CH,Cl, at
0°C, followed by the addition of a solution of 4.6 g of compound 17 in CH,Cl,. The resulting solution
was stirred for 2 hours at room temperature and subsequently washed with diluted hydrochloric acid
(2x) and aqueous sodium carbonate. Crystaliisation from methanol (2x), M.p. 143-145°C

19. [(cis)-4-(2.3-Dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentan-4-yl)-2-{2-(4-cyanophen-
oxylethyl]-4a,5 8 8a-tetrahydro-2H-phthalazin-1-one

A mixture of 2,0 g of compound 18, 2 g of 4-hydroxybenzonitrile and 2 g of K,COs in 50 mi of DMF was
heated for 2 hours at 110°C. After cooling to room temperature, 100 ml of water and 150 mi of diethyl
ether was added to the reaction mixture. The ether layer was dried over MgSO, and evaporated. The
residue was purified by chromatography and the compound crystalliised from ether. M.p. 127-128°C



22. - W0 99/31090 ‘
(cls)4-(2.3-D hydro-7-met hoxvbenzof ur an- 2 spiro-1'-cvcl openfgﬁl-gg?yw?‘z-m- (-

| M dazol -1 v)-1- butvll-4a.5.8.8a-tetrahuggo-yht hal azi n-1-one A m xture of
1.65 g of conpound 21, 0.5 9 of imdazole and 0.9 g of K2ZCO3 in 20 m of
di met hyl - formam de was heated at 90C for 3 hours. After evaporating the
sol vent, 100 n1 of wat er was added to the resi due and th| S mxture was
ext r act ed?® el Dibydse-2 methoxyhenzofuss Ercvolanent 2 : )
evapor at ed. - ﬁtﬁ&lbﬁh 1%& at e) and Crystalllsed
fromdiethyl ether. Mp. 115-116* .

(cis)-4-2.3-D hvdro-7-net hovbenzof uran-2-spiro-1'-cvcl opentan-4-vli-2-r2-(7
-puri nvl ) Atshutiondai412, @of&:ambmnﬂ abyrit @oﬂhtm%hlelg@ﬁfwcs-umaoam%w R8s hdaRidfor
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(ci E ) - 4- g} ParBtiobedbetweenTdilnted hymgdblﬁn%m?wrﬂirbﬂ&l Sqetate) The ci-gmd; @%?Na@@néd Mfel‘ mag-( P-
car poxvp anvar o n- one o
compounn el sy e Bvapilcf MR Ang ol Ohelal AR i Sl el b 7tzec

hydrochl ori de were refluxed for 5 hin 50 m of pyridine. After evaporating

the reactp n{éﬂ!'y“t‘%q""&d?ﬁ*'ﬁ @éﬁiﬁgﬁbgnt

and the so

was dried ovBill-Aa588aitetrahydnor2it-phthatapindvoneor at ed. Crystallization from
met hanol. M p. 216- 21 9C 25. (cts
-4-(2.3.Di hvdro- 2. 2-di net hvl - 7- met hoxVbenzof ur an4-yl ) - 2-cvl ohept vl 14a, 5, 808
aet ra hydP49x81 driitemebrtane was gddedre esaiutian of Béra Senppaund 14nd ich & ofcd Sh% s
brom de aﬁeré%ﬁcdf s fh9&nd§9:'irB@HP‘3f Hnet @rroﬂd}n%n% ag‘rrboﬁal %ﬁlgergtu 2 Mg o

fcis)- 4(2 hvdr o- 2 2- di net hvl - 7- benzof ur an
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as descri prslethérwas @VRSIREY ik Vacubliid HTBAMR ARG by chromatography [petroleum ether (60-
80°C): ethyl acetate, 6:1]. M.p. 86-88°C

butyl)-4a.5.8.8a-tetrahydro-phthalazin-1-one

A mixture of 1.65g of compound 21, 0.5 g of imidazole and 0.9 g of K,CO3 in 20 ml of dimethyl-
formamide was heated at 80°C for 3 hours, After evaporating the solvent, 100 mi of water was added to
the residue and this mixture was extracted with ethyl acetate. The organic layer was dried over MgSO,

and evaporated. Purified by chromatography (ethy! acetate) and crystallised from diethyl ether. M.p.
115-116°C

4a-5,8,8a-tetrahydro-2H-phthalazin-i-one

Prepared from purine and compound 18 as described for compound 22. Crystallized from methanol.
M.p. 171-173°C '

24, (cis)-4-(2.3-Dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentan-4-vl}-2-{p-carboxyphenyl)-
4a,5,8 8a-tetrahydro-2H-phthalazin-1-one

20 mmol of compound A, 25 mmol of 4-hydrazinobenzoic acid and 2 g of pyridine hydrochloride were
refluxed for 5 h in 50 mi of pyridine. After evaporating the reaction mixture, the residue was dissolved in



purified by chromatography [ethyl acetate/petroleumether (60-95[err]C,

1: 61 and cry&x%aBiaseed fromethyl acetite/petrol eum ether (GERTAHONE5M p.
137-138C 27.

ci s)4-(2.3-Di hvdro- 2, 2-di net hvl - 7- met ho®&benzof ur an4- vl ) . 2- Rhenvl - 4a. 548. 8a
-tetrahvdro-. 2H Phthal azin-1 -one Prepared from conpound D and

phenyt hydrazi ne as described for conmpound 8. Purified by chromatog- raphy
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A. (cis)aver m@nsmm stlfete and evaporniest\dnystallization fiom MethBnal.dM. . 21Bv20tpent ane
4-carbonvl-1 .2.3,6-tetra- hvdrobenzolc acid A solution of 35 g of conpound
E in 350 m t et r.ah drofuran was added sIovay to 3.5 g of magnesiumin 50 m
of tetr {eigkd:i2 1Dihydro-2 2-dimathylZ-rethaxybenzofiran-g-yl)-2icveloheptyl-da 58 8artelva~d f or 5
hours and Imﬁio-a{-gmmmm-e_-ra@erature for addltlonal 18 hours. This m xture
was added slowy to a solution of 18.8 g of (cis)-
1.2,3,6-tetrahydrophthalic anhydride in tetrahydrofuran at 0C. After

conpl et Premdidtiiogreombendiband cyelonepyl brefnldeee destrired for bertygcanang M. gft14at5°coOM
tenperature for additional 18 hours after which the reaction was quenched
wi th anmoni um chI oride and the soI vent rem)ved under reduced pressure The
r esi due 3Radeigkd- Aveirgi22rdimethilT-methexvhenzafirambyh2ibenzy 3d-tettah
extracted \M-lt@tlﬁléﬂﬂ- -anet ate. The or ganr C Iayer was dri ed over magnesi um
sul fate and evaporated. The residue was purified by chromat ography

(petrol eum ether/ethyl acetate/acetic acid, 3:1:0.1). Crystallization from
di et hyl Re¢pfaeed. froM compouridi4 4rdbifénzy! brodhide 28, described for compound 11. The compound was

) cyel onduled 17 ciceBirleF NG SPBRRSLIART oer IR AR -k o FSBIATForm i) o'
cis-1, 2-%9*9ﬂebhf&l@1nmﬂmt69&5§@)m rme37a138%C descri bed for conmpound A. M p.
161-1 630C

27. (cis)-4-(2.3-Dihydro-2 2-dimethyl-7-methoxybenzofuran-4-yl)-2-phenyl-4a,5,8,8a-tetrahydro-
2H-phthalazin-1-one

Prepared from compound D and phenylhydrazine as described for compound 8. Purified by chromatog-
raphy [petroleum ether (60-80°C) /ethyl acstate , 6:1]. Crystallized from diethy! ether/petroleum ether
(60-80°C). M p. 175°C

Starting compounds

hydrobrenzoic acid

A solution of 35 g of compound E in 350 ml tetrahydrofuran was added slowly to 3.5 g of magnesium in
50 ml of tetrahydrofuran. After complete addition, the mixture was refluxed for 5 hours and left at room
témperéture for additional 18 hours. This mixture was added slowly to a solution of 18.8 g of (cis)-
1,2,3 ,6-tetrahydrophthalic anhydride in tetrahydrofuran at 0°C. After complete addition the mixture was
refluxed for 6 hours and left at room temperature for additional 18 hours after which the reaction was
guenched with ammonium chioride and the solvent removed under reduced pressure. The residue was
acidified with concentrated hydrochloric acid and the mixture extracted with ethyl acetate. The organic
layer was dried over magnesium sulfate and evaporated. The residue was purified by chromatography
(petroleum ether/ethyl acetate/acetic acid, 3:1:0.1). Crystallization from diethyl ether. M. p. 132-135°C
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242. 3-Di hvdW8-9%’§lr93? hoxvbenzof uran-2-spiro-1'-cycl opent ane- f?ﬁ?%’ﬂ?ﬂﬁj benzoi
c acid The title conpound can be prepa[%d_ from conmpound E and phthalic acid
anhydride as described for conmpound A D.

(cl's)-2-(2.3-D hvdro-2, 2-di net hvl - 7- net hoxvbenzof ur an- 4- car bonyl )-1. 2. 3. 6-t
et rahydro- benzoic acid Prepared from conpound H and cis-1

, 2,3,6-tetrahydropht hali c anhydri de as described for conpound A M p.

154- 1565C E.
4- Br onp¥2. SRUERSHEL U8 QAL G Y ERDE eSS :
sol uti on otafox¥yligacii conpound F in 100 nm of absolute toluene is ad
Anberlist 15; the mx- ture is stirred at 10Jerr]C for 10 h. After
cooling, the H+-ion exchange resin is filtered off and washed with 100 ni
met hanoPrepéifed fromrcbinpanid Eramd misct , Saykiviexarsdicarexytiesdid aedksafokd éondomfuind AsiMdue i s
chronat;_ﬁg{ﬂlglg% on a silica gel colum to give 7.4 g of the title conpound
as a yelflow ofI". TLC (petrolether/ethyl acetate, 6:4), R =0.72. F.

2- Cvcl opent - 1- envl net hyl - 3- hvdr oxy- 4- net hoxvbr onobenzene To a sol uti on of
26.5 g 0. 944 3. 5Rvhird Pidil ol ADSHR RAHB AL W i R8T dE bRy Rz dIL o aDSOI Ut e
t et.:rahy- droruarar Tded ar Of 3 qnaer a nitroger nospher e
52.1 m (0.082 nol) of n-butyllithium Afterwards the suspension is warned
to -30[ ahé kifle compoGrty éaﬁ%é&r&#&r&dh@nﬂéoﬁﬁ@&d&?ﬁ 8y phthalid' i uﬁgeﬂib%l RdeséMobefor
cooling once again to -70[err]C, a solution of 19.2 g (0.067 nol) of
corrpoun&""@?‘?”ﬁdgoo m of absolute tet- rahydrofuran is slowy added under a
nitrogen atnosphere. Then the m xture is warned to -10*C and stirred at
this t egper at,ur
R( met hyl"én&=eo . g ' 8 OO L et

the solid behevicasies are filtered off and the filtrate is washed three
tiftes with 200 m of a half-saturated sodium chloride solution and two

tines with 200 mM of destined
Prepared from compound H and cis-1,2,3,6-tetrahydrophthalic anhydride as described for compound A.

M. p. 154-156°C

ded 9 ¢

E. 4.Brome-2,3-dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentane

To a solution of 8.4 g of compound F in 100 mi of absolute toluene is added 9 g Amberlist 15; the mix-
ture is stirred at 100°C for 10 h. After cooling, the H'-ion exchange resin is filtered off and washed with
100 mi methanol. The combined organic solvents are destilled off and the residue is chromatographed
‘on a silica gel column to give 7.4 g of the title compound as a yellow oil. TLC {petrolether/ethyl acetate,
6:4), R=0.72,

F. 2-Cyclopent-1-enyimethyl-3-hydroxy-4-methoxybromobenzene

To a solution of 26.5 g (0.074 mol) methyltriphenyiphosphonium bromide in 200 m! of absoiute tetrahy-
drofuran is added dropwiss at -89°C under a nitrogen atmosphere 52.1 ml (0.082 mol) of n-butyliithium.
Afterwards the suspension is warmed to -30°C, which leads {o the dissolution of the suspension. After
co’dling once again to -70°C, a solution of 19.2 g (0.067 mol) of compound G in 200 mi of absolute tet-
rahydrofuran is slowly added under a nitrogen atmosphere. Then the mixture is warmed to -10°C and
stirred at this temperature for 5 days. TLC (petroleum ether/ethyl acetate, 6:4), R{methylene com-
pound)=0.81.
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washed three times with 200 mi of destilled water. The organic layer is dried over sodium sulfate and
concentrated. The residue is chromatographed on a silica gel column to give 21.1 g of the title com-
pound as a brown oil. TLC (petrolether/ethyl acetate, 6:4), R=0.47.

H. 4-Bromo-2,3-dihydro-2,2-dimethyl-7-methoxybenzofuran

Prepared analogously to compound E starting from 3-Hydroxy-4-methoxybromobenzene and 1-chloro-
or 1-bromoacetone.



action, hut on the other hand especially for the treatnent of disorders, in
particul ar -OYORBPOM | ammat ory nature, e.g. of the airways (XETHPES/08054
prophyl axis), of the skin, of the intestjne, of the eyes, of the CNS and of
the joints, which are nediated by nedi at®¥r's such as hi stami ne, PAF
(platelet-activating factor), arachidonic acid derivatives such as

| eukotri enes and prostagl andi ns, cytokines, interleukins, chenoki- nes,
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simplex, sunburn, pruritus in the anogenital arez, alopema areata, hypertrophic scars, discold 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 ex-
cessive release of TNF and leukotrienes, for example Hisorders of the arthritis type (rheumatoid arthri-
tis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune system
(AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, 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 (Crohn's disease and
uicerative 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 allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps;
but also disorders of the heart which can 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. In addition, the compounds of the invention are useful in the treatment of diabetes insipidus and



for exanple erectile dysfunction or colics of the kidneys-and of the
ureters i WOBRHEtion with ki dney stones. In addition, t RETERRNYOWAts of the
invention are useful in the treat man':Té‘ﬁf di abet es i nsi pi dus and -30 -
conditions associated with cerebral abolic inhibition, such as cerebral
senility, senile denentia (Al z- heiner's disease), nenory inpairment

associ ated with Parkinson's disease or nultiinfarct denentia; and al so
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I nvention. Additionally, the invention relates to an article of

nmanuf aﬁ’i‘!ﬂ'BmPWﬂxt?r?f@’Eﬁ?ﬁ?sr epecigly Medirssgs MEMOPedal and a phar maceutical agent
contai ned within said packaging material, wherein the phar maceut i cal agent

i s therapeut effective f ant a n|2|n he ef the cyclic
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an PDEdediexthents atticH araintpidyed Nte wbamerit andldreprq@mﬁdmgifﬂ\guméses méntidhedcONpPri ses a
| abel or package insert which indicates that the pharnaceutical agent is
useful for pre- venting or treating PDE4-nedi ated di sorders, and wherein
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i nsert erw se gener regarded as
standard packaging material, |abels

Additionally, the invention relates to an articie of manufacture, which comprises packaging material and
a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type
4 (PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging mate-
rial comprises a label or package insert which indicates that the pharmaceutical agent is useful for pre-
venting or freating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or
more cormpounds of formula | according to the invention. The packaging material, label and package
irisert otherwise parallel or resemble what is generally regarded as standard packaging material, labels
and pa&:kage inserts for pharmaceuticals having related utilities.

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

The person skilled in the art is familiar with auxiliaries which are suitable for the desired pharmaceutical
formulations on.account of his expert knowledge. In addition to solvents, ge! formers, ointment bases



and pana e |nserts for pharmaceuticals having related utilities.
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fam | i ¥es\wplubiiizats or permestion pigmoters, eanddedised-abl e for the desired pharmaceuti cal

formul ati ons on. account of his expert know edge. In addition to solvents,
gel formers, ointnment bases -31. and ot her active conpound excipients,

Tor exdipIe TRRIMERG! disAtders o the fesaraiprac el OmpRE acogrding-io Jh invenfescare

sot ubi kirgerasly Qo ARhinSarel eyﬂ mﬁéléﬂbﬁt'ﬁf& this ARese rd SiAek: adniristérBe ditdchodsEptw- Of
di sorders, of the res t he conpounds according to the

tract,
i nvent i4h{PEaferatly @F@?&Iﬁes g %Y&WW?‘%Q £UHENSRF SpSPRBSIoNS; Wieh cepjaig et { hese
ar e ei tr@@éctaéimem@hﬁﬁﬁﬁ ot BORhkYAtios fomg) GdereftRlis (RIS F@ leithle,ite thaidermyTh zed

sol utions or suspensions which contain them Wth
res pec'fguf??g?'}%ea??ﬂ’ iwg i ni i i

tions and adm nistration forns, reference i s nade,
for exanple, to the details in 'European Patent 163 965 For the treatnent
of der d icul ar
i i St 08 iagmph Sy GRREHA e S5l Whobnd Whhd VR S8 nEbaRicit BE
t opi calredipie forat df those mRedicanests whish acstsuitabledér topical mmaomrﬁmtbe produstioneftbeunds
accor di | ME T SHERO KN wi t h
aui bl ospRehG e PUHRIGLAG hok TRy o e HREERD LT Rile Bifholh) St KR L e
phar rradféihtsméaéle phamegeutical eiigges andifertisr @O%ﬁﬂﬁﬁé@@ 'e'w@blp ph@rrmﬁumai tomaular e,

for exajgpd, %u:ta‘BQ"bﬂé‘rﬁﬁcatﬁEﬂFbﬁhM%ms &HQ&%Q%&@%OW&H% @)ﬁﬁlsnoﬁé |s§speﬁ§ndﬂ§ TEFQS/SS
fatty ointments, creanms, pastes, gels or solutions. The nedi canen

accor dqu‘gqr@“?"ﬁefaf‘hﬂ)‘é‘ﬁ‘ﬂ“&ﬁ’%ﬂ“@ Rﬂs%ﬁaﬂe d’rﬁg}”"ﬁ‘i‘%cesses known per se, The
dosage of the active corrpounds is carried out in the order of nagnitude

custo for PDE inhibitors, Topical
mil[h)e/; medlrcaments accordmg tto t'ime mven?ign are prepared by processes known per se. The dosage of

the active compounds is carried out in the order of magnitude customary for PDE inhibitors. Topical
application forms (such as ointments) for the treatment of dermatoses thus contain the active com- -
pounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation is custo-
marly between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy (p.o. or i.v.)
is between 0.03 and 3 mg/kg per day.



application fornms (such as ointnments) for the treatnent of dernmatoses thus
cont ai n"t hWoesB3109¢ com pounds in a concentration of, for poyAPIses0sd. 1- 99%.
The dose for adm nistration by inhalation is custo- nmarly between 0.1 and 3
ng per day. The customary dose in the-82se of system c therapy (p.o. or
I.v.) is between 0.03 and 3 ng/ kg per day. -32 - Biol ogical

I nvestigations In the investigation of PDE 4 inhibition on the cellul ar

pl ane, the activation of infl gﬂootgg%n&eghl m;‘ss as- Linbed particular

I mportance. An exanple is FML

(N-fornyl -net hi onyI -1 eucyl - phenyl al ani ne) -i nduced super oxi de production of
t I h | I I d

Cher 1 gt fveBioail o P20t ol F5he bt fvalin o eaBpAn Pl e o

neut r op#ibed pastisplar mportgnchuArs exarmteharﬁth(NIfmmyHmmmel-Ia@yI pﬁemylm nefirducéd - 76,

1992; =g C Yor k- S Ko )

- Subst anc%é;&gv?/nﬁ%ﬂ ﬁwﬁﬁgﬁ%w@% gﬁ]ﬁnoﬁgtgigfe‘?\%éﬁexa%ﬁd%: "feSIs( %‘g agé‘fﬁ"g"ﬂ F’Bﬂﬂé‘%d t he

secr et |°5‘PI“‘I§*I“"I§F@I"P# KMerPhail € oSt Bl Leane P4 aothSezaéni §n‘ﬁmtr@ut;opmedekm‘atoryrburst

parti Ctiied i s
rmnocy%ﬁagf@%‘éf@%%%é?@iﬁfgfI‘,‘Z?E MREHPRARY S MR el PN e o

the p B9EM9de fanilies is particularly represented in granul ocytes.
Its inhibition |eads to an in- criease in the intracellular cyclic AW
concenigation a d th he inhibition of cel]ular activation. PDE 4

i nhi bi %slrugsr%arf??/s igh éﬂﬂ’g’gt hﬂﬁ'@@’"ﬁﬁ‘i‘?ﬂ?ed?qﬁ'gcy foling serretian @ne ltnfrFeF@t"l“h‘i@m&‘ﬂé@nt ral
i ndi catrigtory anediatoes o0 piplagesitay celfs, nmbbrarmlaatrentyoppin@@as Se%SmopM& Q;Pdamﬁ@t

b onche L fEheg eé“&ﬁ%%*?%@@@gé FARGAT I A 2, R B,
Bi ochet Mﬁ?qﬁ 5343“ ‘?0'4133219'5311,\' rgggs;enteqtom ptayuldbllte@t Itsainhipitiéth lesqshiocineist er ase
Ilggllbl {EREse i 1tn RV RHRBIRN Hﬁ:h& AIﬂIs ct‘;rﬁéntﬁaﬁ&\a&n’aﬁfﬁfs t@%ﬁgﬁbmgﬁof clIiIPJr %&‘tgélf& Prﬁ]ﬁz 523,
' " New %ﬂﬂ%’%gﬁl&s’t“ ﬁﬂ‘%@?&'\@‘g 0 G gvanjon ‘slﬁgqsm&u%wd\%w fa@thsa@@;)erswgl
Schudt "oCinfiammbtory provebseen(@tentblyczs MALCHulY Boglzaaebaettias pspigiestarasdinkigilors ON
human Rgiks HQ%LdIILHF}QEérQ&Sre&Q\garIt FVRL FreRhet/oVbroRdth S8hman. Biochem Pharmacol
“43: 2041-2051 1992; Torphy TJ et al., Phosphodiesterase inhibitors: new opportunities for treatment of
‘asthma. Thorax 46: 512-523, 1991, Schudt C et al., Zardaverine: a cyclic AMP PDE 3/4 inhibitor. in
“New Drugs for Asthma Therapy™, 379-402, Birkh&user Verlag Base! 1991; Schudt C et al., Influence of
selective phosphodiesterase inhibitors on human neutrophil functions and levels of cAMP and Ca;
NaUnyn-Schmiedebergs Arch Pharmacol 344; 682-690, 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 iImmunopharmacology”, Academic Press, 1996; Hatzelmann A et al., Enzy-
miatic and functional aspects of dual-selective PDE3/4-Inhibitors. In ~Phosphodiesterase Inhibitors®,
147-160, ,The Handbook of Immunopharmacology*, Academic Press, 1996,



Naunyn- Schm edeber gs Arch Pharmacol 344; 682-690, 1991; Tenor H and Schudt
C, Anal ysiWO93180E i soenzynme profiles in cells and ti ssueB(3'!3/97«1’5'3""3054

phar macol ogi cal net hods. In nPhophodi esterase |nhibitors", 2140, rThe
Handbook of | nmunophar nacol ogy”, Acadétic Press, 1996; Hatzel mann A et al.,
Enzy- matic and functional aspects of dual -selective PDE3/4-Inhibitors. In
r Phosphodi est erase | nhi bitorsu, 147-160, , The Handbook of

| mmun Academ ¢ Press, 1996. I nhibition of PDE 4 activity
The QBﬁBﬁ|GHSPJ’I9@¥actn arried out according to the nethod of Bauer and
Schvvabe whi ch was adapted to mcrotitre plates (Naunyn-Schm ederberg's

Ar ch. gk ©311, 193-198, 1980). In this test, the POE reaction is
carried ou N the first step. In a second step, the resul t ant :
5'-nucleotide is cleaved to fthe uncherged nucl eoside by a snake venom

5- nucl Fetdefiap &sﬁ‘waaraaﬁaé@bmlau@rd%tgrtem methddbeBaul il Sth@Bbe, vhich Wacddapis te | S

separ at d.fr i ni.ng, char bstr t n ms. The
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for matmE riacton @) carred owhin dive fastfstept Ihersezonal stepf the cesoltank batcientidelizicleaved teadded
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the comslsasidrss eenaraterifromthe tﬁmaiwgrvbm@# spbetratq erior REahpasFolumas | Tae solumns
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-Sogl7 gmi o]f' scintillatipn gléd |s added for countmg

The inhibitory values determined for the compounds according to the invention follow from the following
table A, in which the numbers of the compounds correspond to the numbers of the examples.

Table A
Inhibition of PDE4 activity {measured as -logiCsg, (molli}]

Compound -!o‘g_lggg
1 8.02
5 9.22
6 9.17
7 8.93
8 8.87
9 7.80
11 7.66
12 8.22
13 9.22
14 8.62
17 8.36
22 8.82
24 9.38
25 9.01
26 8.72

27 8.74




11 . 7.66 12 8.22 13 9.22 14 8.6 8. 36
22 8.@9%2990 9.38 25 9.01 26 8. 7%"%"“’”’“"5“ 8.74
-34 - Patent Clainms 1. Conpounds of thegformula 1, Rl Het in
which RI R is 1-4C- al koxy, 3-5C-cycl oal ﬁoxy, 3-5C-cycl oal kyl met hoxy, or
1-4C-al koxy which is conpletely or predom nantly substituted by fluorine,
R2 is 1-4G alkyl and R3 is hydrogen or 1-4C-al kyl, or wherein R2 and R3
together and with inclusion of the_two rbon atons, to which they are
bonded, forma spiro- linked 5-, GE—E"MW(?nber ed hydrocarbon ring,
optionally interrupted by an oxygen or sul phur atom Het represents a

het erocyg! &i¥indd of tRE ALY, N

W - < o

7R1 - is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or
predominantly substituted by fluorine,
R2 is1-4C-alkyl and
R3 s hydrogen or 1-4C-alkyl,
or wherein
" R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur
atom,
Het represents a heterocycle having the meaning -

wherein .

R4  is RS, -CpHzm~R6 or -CoHap-Y-Ar

RS . is hydrogen, 1-8C-alkyl, 3-10C-cycioalkyl, 3-7C-cycloatkyimethyl, 7-10C-polycycloalkyl, an un-
substituted phenyl or pyridyl radical or a pheny! radical substituted by R51 and/or R52, in which

R51 is 1-4C-alkyl, 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbonyl, cyano, nifro, halogen, hydroxyl,
amino, mono- or di-1-4C-alkylamino, imidazolyl or tetrazolyl, and

R52 is 1-4C-alkyl, 1-4C-alkoxy, nitro or halogen,



wherein .[ er. rrr] substituted phenyl or pyridyl radical or a phenyl
r adi cal su‘t}&{)i%/&o Jd by [err] in which R51 is 1-4C-al kyl, 1P&EER? ]

car boxyl, 1-4C al koxycarbonyl, cyano, n{; ro, hal ogen, hydroxyl, am no,
mono- ‘or di-1 -4C-al kyl ami no, im dazol yf®or tetrazolyl, and R52 is

1-4C-al kyl, 1-4C-al koxy, nitro or hal ogen, -35 - R6 is hydroxyl,

hal ogen, nitro, cyano, carboxyl, 1-4C-al koxycarbonyl, am no, nono- or

di - 1-4C.__al kyl am no, am nocarbonyl or nono- or di-1 -4C-al kyl am nocar bonyl,
Y i SR8 (15:8ygemyh, halogeay pilsey FYRNG, rcarbopihy b GAkoyeamkenylaaminos mano- il d€i t ut ed
phenyl, nap‘JblkMir_,uo, amrnib@%c?nyw _fnaﬁé-lraybinl«twvimoa&}mnlypyri m d: nlyl, .

qui nazol,i ny] ,. gui naxal,i ci nnol i . isoquinolyl, quinolyl, purinyl,
benzi m dazoffJ @xygg y {*%EQPW‘,’N@E’HB@MOI yl, coumarinyl, inidazolyl,
pyrazol gt , isxazaisybstibredpprichp| Yidphthgtlipgdyl, QiragingdNeyithzinyl PyfdidinRl BSAdzbimpied by
R7 andf or RBuio'q' VYhI.Ch].R;. IS Mdr,ogw ,hﬁll og%r_.\_, nM)ro, cyano, 1-4C al kyl,
1- 4C- al koxyTUMCAPBYsSolinyl J59800M, AEinalyl Rrinyl, pefizimidazolyt, berizglr [penzgxazefy,

nono- or di ediméyalirigdzalyl, pyrazaiyiriorazoipr dd erydlyl radiosl @r a phiengli radicafSubstitityd by R7

am nocar bo”{Adfor?{ Aii: ﬁil A(yl car bonyl am no, imdazolyl or tetrazolyl, R8 is

hal ogen, nitro, i & Q| kyl or 1-4C-al koxy, m Is.an integer froml to 4,
p i SRAn sriydrget, halogen, Inittopcyéno, 21-4C-allbyirpiedCralkoxg f catbioryl f cartiouy-2-4C-alkglc 040i ng t o

claiml, in ' L, s 1 -4C- gl -oC-cycl oal. koxy .

. } = - ! ' - - -
3-5C cycl oal @;?ér%&oﬁgﬁ#ﬁ‘g‘r “‘53’-“’48? a€+( E‘g%? 'kilﬁrlﬁfc&ﬂ' %{'ﬁ'"%%%f'ﬁ't opRe- & ds1-4E8hant 1 y
subst i t ut edaminodatbgoyt, 1a4C-alkylcarbonylamino, imidazolyl or tetrazolyl,

R8 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy,

m  isanintegerfrom 1 to 4, et o o e i T

e [

and the salts of these compounds.

2. Compounds of the formula | according to claim 1, in which
R1  is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycioalkylmethoxy, or 1-4C-alkoxy which is completely or
predominantly substituted by fluorine,
R2 s 1-4C-alkyl and
R3 is hydrogen or 1-4C-alkyl,
or wherein
R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
-Het represents a heterocycle having the meaning

R4 | R4 R4

wherein
‘R4 i R5, -CH2m-R6 or -CyHap-Y-Ar,
RS s hydrogen, 1-6C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, bornyl, norbornyl, adamanty! or
an unsubstituted or by R51 substituted phenyl radical, in which
R51 s 1-40-alkyl. 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbonyl or halogen,
R6  is hydroxyl, halogen, carboxyl or 1-4C-alkoxycarbonyl,



R2 is 1-4Calkyl and R3 is hydrogen or 1-4C-al kyl, or wherein R2 and R3
t oget her’ armows#096 ncl usi on of the two carbon atons, to wheCIVEPIsHgosar e
bonded, forma spiro- |inked cycl opentane, cycl ohexane, tetrahydrofuran or
tetrahydropyran ring, .Het represents e36hreterocycle having the neaning
wherein [err] RS is hydrogen, 1-6G alkyl, 3-7G cycloal kyl,

3-7G cycl oal kyl net hyl , bonyl, norbornyl, adamantyl or an unsubstituted or
by R51 substituted phenyl radical, in which RG1 is 1-4C- al kyl,

1-4C- al k’oxy;sm@kslgew»dracavaé@min&oxycar bonyl or hal ogen, R6 is hydroxyl,

22{/2?22 f“ bols Oa?nx%sub%ﬁtutjedﬁ ﬁ’ E@f&%’lc n?)ggyenﬁmﬁ?ﬁolyl %Qrﬁo dg%olyl ﬁn?da?o?{l %éé%ﬂ) or a
benzi i dazobksgyrolgadics, of aphenyliradicaisubiitubadpy R7 gy whiglol yl , or pyrrolyl radical,
or a phesyl I t ks
cyano, Tﬁ4cls ﬁ"%&%%ﬁ ni%’ %Br}no}(éﬁ;&%ll@ﬁ;%&-@l &y \(,:\éa]‘irr%};!g(l a{bdé‘g F%@ké}fw Wﬁd&%"&{xgoxy-
car bonyl orCQVBQW'eFZéﬁ“WOlY'»m is an integer froml to 4, p IS an i nteger
froml #p 4is Affledeforsdtd4 of these conpounds. 3. Conmpourds of the forml a

| according,to claiml, in which R is i -2C al kox mumlﬁnl whi ch
is conplPet elsPndiedst &ap iathnt |y substituted by fl uorﬂmm al kyl

and “&nd the salts of these compounds.

"3. Compounds of the formula | according to claim 1, in which
R s 1-2C-alkoxy or 1-2C~alkoxy which is completely or predominantly substituted by fluorine,
R2 is 1-4C-alkyl and | '
R3 is hydrogen or 1-4C-alky!,
“or wherein
R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane or cyclohexane fring,
Het represents a heterocycle having the meaning

/R4 /R4 )?4
N—N N— N—

/4 o) / o 4 O
(a) ,  (b) or (c)

wherein

R4  is RS, -CHam~R6 or -CoHz,-Y-Ar,

R5 is hydrogen, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, adamantyl or an unsubstituted or by R51
substituted phenyl radical, in which

R51 s carboxy! or 1-4C-alkoxycarbonyl,

R6 is hydroxyl or halogen,

Y  is O (oxygen) or a covalent bond,

Ar is an unsubstituted phenyl, pyridyl, imidazolyl or puriny! radical, or a phenyl radical substituted by
R7, in which

R7 ls cyano, 1-4C-alkyl, 1-4C-alkoxy, carboxyl, 1-4C-alkoxycarbonyl or tetrazolyl,

m is an integer from 1 to 4,

p is an integer from 1 to 4,

and the salts of these compounds,



R3 is hydrogen or 1-4C-al kyl, or wherein FR2 and R3 together and with

i ncl usi on-¥P %AW wo carbon atons, to which they are bondeéR;T/BRIBME0S4 spiro- .

| i nked cycl opentane or cycl ohexane ring, Het represents a heterocycle

havi ng the nmeaning w herein [err] R5 -3s hydrogen, 3-7C-cycloal kyl,
3-7C-cycl oal kyl net hyl , adamantyl or an unsubstituted or by R51 substituted
phenyl radical, in which R51 is carboxyl or 1-4C-al koxycarbonyl, R6 1is
hydr oxyl or hal ogen, Y is O (oxygen) or a covalent bond, Ar is an
unsubs#i t Genguburdsanh thie forpylail decording ta deind| ipwhion  purinyl radical, or a phenyl

radi Cakq s n which R7 |s cyano, 1 4CatkRyl~; 1-4C al koxy,
rac boi‘%} L%gﬁ%@%gif%%(m thoiy

4, p R2|slsm$thylnt eg)gc?r o(r)nnly t8r4t e;:}gz?lhgl salmts of tmm‘mnmnuﬂmml t037

: ﬂ fgegf the formula | according to claim1, *I ncwhich R
rret hoxg | T ["uor omet hoxy, br WWerein P-R and R3 together and W|th
i ncl us "(M’efﬂ"the two carbon atons, to which they are bonded, form a spiro-

| i nkedRE s RGBSR afd Wikl 1Bclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentarte ring,
“Het - represents a heterocycle having the meaning

wherein

R4  is R5, -CHam-R6 or ~CyHa,-Y-Ar,

R5 s hydrogen, 3-7C-cycloalkyl or an unsubstituted or by R51 substituted pheny! radical, in which
R'51 is carboxyl,

R6 s hydroxyl or halogen,
Y  is O (oxygen) or a covalent bond,
Ar Is an unsubstituted phenyl, pyridyl, imidazolyl or purinyl radical, or a phenyl radical substituted by
R7, in which
R7 is cyano, carboxyl or tetrazolyl,
m is an integer from 1 to 4,
p is an integer from 1 to 4,
" and the salts of these compounds.

&, Compounds of the formula | according to claim 1, in which

R1 is methoxy,

R2 is methyl,

R3 s hydrogen,

or wherein

R2 and R3 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro-
linked cyclopentane ring,

Het represents a heterocycle having the meaning



et represents a heterocycle having the neaning wherein R4 1S R5, E‘{%H] R5
I's hydrogen¥Y&2%0y | oal kyl or an unsubstituted or by R51 RGMERIS{BISAq :
phenyl radical, in which R51 is carboxgh, R6 is hydroxyl or hal ogen, Y
Is 0 (oxygen) or a covalent bond, Ar [I'§°an unsubstituted phenyl, pyridyl,
I m dazolyl or purinyl radical, or a phenyl radical substituted by R7, in
which R7 is cyano, carboxyl or tetrazolyl, m Is an integer froml to 4,
p I's an integgy froml to 4, angsthe salts of these conpounds. S.
Compounds of . the fornmula | accordivng to claim1, in which Rl is nethoxy,

R 1S hydrogen,NUrN\A,herei n R2 and R3 together and with

R2 is nethyl N
whi ch they ar e bomrded—forma spiro-

i ncl usi on—ef ] I = ; .
esents a eterocyc: F mﬁ’ ﬁ’t g preani ng
drogen, cycl opentyl I*, J ’L ,jHHl”“ﬂFnyl

Whér ei n A4
or p-car ¥ixs

“wherein
R4 I8 RS, -CHanR6 0F ~CyHas-Y-Ar,
RS is hydrogen, cyclopentyl, cycloheptyl, phenyl or p-carboxyphenyl,
‘R6 s hydroxyl,
Y  is O (oxygen) or a covalent bond,
‘Ar s an unsubstituted phenyl, pyridyl, imidazoly! or puriny! radical, or a phenyl radical substituted by
R7, in which
R7 is cyano, carboxyl or tetrazoyl,
m  is an integer from 1 to 4,
p is an integer from 1 to 4,
and the salts of these compounds.

6. Compounds according to one of the claims 1, 2, 3 or 4, wherein Het represents a heterocycle
having the meaning

R4 R4

/ /
N—N N—N
/ 0 / o

(?) or (b)

7. Medicaments containing one or more compounds according to claim 1 together with the usual
pharmaceutical auxiliaries and/or carrier materials.

8. Compounds according to claim 1 for use in the treatment of illnesses.

9. Use of compounds according to claim 1 for the production of medicaments for the treatment of
airways disorders.

10. Use of compounds according to claim 1 for the production of medicaments for the treatment of
dermatoses.
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