- 1 - Novel hydro%y-G-heteroaryIphenanthridines and their use as
PDE4 inhibitors Field of application of the invention The invention
rel ates to novel hydroxy-6-heteroaryl phenanthridi ne derivatives,

whi ch are used in the pharnaceutical industry for the production of
pharmaceuti cal conpositions. Known techili-cal background The

I nternational Patent applications W99/57118 and W02/ 05616 descri be
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descri bed as bronchial therapeutics. In the European Patent

appl i cat i &RpPHQA8R &f tllk Rehtehsoqui nol i ne derivatives are described
which are said to be useful in the treatnent of asthma. The
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inhibitors. The International Patent application W97/35854 di scl oses

phenant hri di nes substituted in the 6- position as PDE4 inhibitors.
The | nt eFASYD trsAnicabkpekgrouadpl i cati ons W2004/ 019944 and W20041019945
di scl ose hydroxysubstituted 6-phenyl phenant hri di nes as PDE4
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surpri si agyaRdizRRdideGiikar | y advant ageous properties. The invention

thus relates to a conpound of formula I, - 2 -
In the European Patent application EP 0490823 dihydroisoquinoline derivatives are described which

are said to be useful in the treatment of asthma.

The International Patent application W0O00/42018 discloses 6-arylphenanthridines as PDE4 inhibitors.

The International Patent application WO002/06270 discloses 6-hetercarylphenanthridines as PDE4
inhibitors.

The International Patent application WO97/35854 discloses phenanthridines substituted in the 6-
position as PDE4 inhibitors.

The International Patent appfications W02004/019944 and WO2004/019945 disclose hydroxy-
substituted 6-phenylphenanthridines as PDE4 inhibitors.

Description of the invention
It has now been found that the novel 2-hydroxy-6-heteroarylphenanthridines described in greater detail
betow differ from the previously known compounds by unanticipated and sophisticated structural

alterations and have surprising and particularly advantageous properties.

The invention thus relates fo a compound of formula |,

R4
R3 R5
H

R2 R31

W H

~
R1
(1)

Har



in which Rlis 1-2C- al koxy, 2,2-diffuoroethoxy, 1-2C al koxy, R2is

1- 2C- al koxy, 2,2-difluoroethoxy, 1-2C alkoxy, R3 is hydrogen, R31 is
hydrogen, R4 is -0-R41l, in which R4l is hydrogen, R5 is hydrogen, Har
is substituted by R6 and R7 and is a pyridinyl radical, in which R6is
1-4C-al koxy, R7is 1-4C-al koxy, or a salt2-a N-oxide or a salt of a

N- oxi de of this conpound. 1-4C- Al koxy represents radicals which, in
addition to the oxygen atom contain a straight-chain or branched

al kyl radical having 1 to 4 carbon atons. Exanples which may be

ment i oned"¥P'E" t he but oxy, isobutoxy, sec-butoxy, tert-butoxy,

propoxy, Risops opeSyikand Fe-dfierabbyy, t fre compleny andré®ihaxy mashinealtstituted

1-2C-alkoxy,

R2 s 1-2C-alkoxy, 2,2-diflucroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,

R3 is hydrogen,

R31 is hydrogen,

R4 is -0-R41, in which

R41 is hydrogen, )

RS  is hydrogen,

Har is substituted by R6 and R7 and is a pyridinyl radical, in which

R6 is 1-4C-alkoxy,

R7 Is 1-4C-alkoxy,

or a salt, a N-oxide or a sait of a N-oxide of this compound.

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

radicals.

As completely or predominantly fluorine-substituted 1-2C-alkoxy, for example, the perflucroethoxy, the
1,2,2-trifluoroethoxy, in particular the 1,1,2,2-tetrafluoroethoxy, the 2,2, 2-trifluoroethoxy, the
trifluoromethoxy and preferably the difluoromethoxy radicals may be mentioned. "Predominantly” in this
connection means that more than haif of the hydrogen atoms of the 1-4C-alkoxy radicals are replaced

by fluorine atoms.

As more detailed exemplary suitable Har radicals may be mentioned, pyridinyl, which is substituted by

R6 and R7 in which
R6é s 1-4C-alkoxy, particularly 1-2C-alkoxy, and
R7 is 1-4C-alkoxy, particularly 1-2C-aikoxy.

The term pyridyl or pyridinyl includes pyridin-2-yi, pyridin-3-yl and pyridin-4-yl.

Constituents which are optionally substituted as stated herein, may be substituted, unless otherwise

noted, at any possible position.
The heterocyclic groups, alone or as part of other groups, mentioned herein may be substituted by their

given substituents, unless otherwise noted, at any possible position, such as e.g. at any substitutable

ring carbon or ring nitrogen atom.



As conpletely or predom nantly fluorine-substituted 1-2C-al koxy, for
exanpl e, the perfluoroethoxy, the 1,2,2-trifluoroethoxy, in
particular the 1,1,2,2-tetrafl uoroethoxy, the 2,2,2-trifluoroethoxy,
the trifluoronethoxy and preferably the difluoronethoxy radicals may
be nmentioned. "Predom nantly" in this cofmection neans that nore than
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i ncl udes h ool t
LA hees %Wss Bt Ysted, B efbrdbioh o rRAMCRAE ikl iy B! |sfet§:gs!b%rcés R

subst it ut 3[?9’ 'f]?ﬁ%@%%EB?’ﬁ“?r%Uﬁ @'gmﬁ‘?ﬂaé‘d“(s)éf salisly trﬁd@’@”‘ﬁ? e position. The

heterocyclic groups, alone or as part of other groups, nmentioned

her ei n mayheh@npiahstid ddtid tholVndn iRk Elmgln\éﬁpcﬁglh@nl %%%E%]thH%lil%% endent

ot herwi se noted, at any possible position, such as e.qg.
substitutable ring carbon or ring nitrogen atom - 3 - UnI ess

ot her wi sés Kitkaewn iof theysereaprskisiddrin ihg ageatneeunilyaiipasingritroger atpres canie form N-

ni t r ogen oatieMmBarfcully, Jmin@itrdygn, @Elféf:ﬁﬂﬁﬁieYoc%HE o%@?c%l‘dﬂiaﬁ@ﬂur%’?mrtoﬁﬁﬁ &r

i mno-ty toms stituents, Unless
ot her wi g&drnk @% Hhr%e%ﬂ% L7 8?1'1’ 0 3’“‘?{%%2? E‘F X E?%‘Q’“\R['st"?? the group
unsat i sf FdOValWadksscompasidyasardie fcéhﬁprﬁseﬂafswhmdommsmw imihe nikygknatpen
aton(s) h@ositdnissf the phenylphdrant@sine BAN@Bneedhy, dbﬁddamhﬁae%lﬁ'g\ﬁn&hém&aﬁunrggﬁﬂe

one ti ”Esdeut@Jr'. )ggg@,tnhéré'ﬁﬂﬁﬁr P:‘Fryem ol s's[}ftarbe % ems% th Ckggmcﬂes & (=N"(0 Aé)may

is known for e person s

ni trogen ea‘EE‘B?FEe tedumieereaing ‘N—*W”B‘é@f of F’Hﬁ’&er‘ éi&?lﬂaﬂf@b'e forfprimestatile Nowgides)
especi al imyndiededes cycNiogidesror heliel-a@ke v hixtirdsiief.ni t r ogen, or
pyridine-type nitrogen (=N-) atoms, can be N-oxidized to formthe

N- oxi des...C Si. t he group. =N*( 0-)-. Thus, the conpounds according
to the pT'?ng%E ?’i*f{‘]?g‘-‘ﬁf‘?'dﬁ‘? EdRpInvesionyherRiarei sRrampasses plbrpssiblatansriniparticular al
posi t i orst@ileiN-edde fphersyptipisenaniioxidds, bis-Nadieb omeultBNdxidespbringnaks Yereof in
(dependidg rdhgt-fiR, Neani ng of the substituents), one or nore further
nitrogen atons suitable to exist in the NNoxide state (=Nt (Cl)-) may
be capable to form (dependi ng on the nunber of nitrogen atons

sui t abl €os&ibi¢ saitafos pemhriobedsIqf b foded) | -dereoding ordubiaitifio bee-aMlacx kdhitwn edits or

mul ti - Neﬂ)&bl@@\&h bﬁes ma?‘ikhlér&ﬁenfltk}ﬁﬁ%e mahB gf tﬁ@ﬁmn%cgdéiéja@)( RlerAR sHIt&%(flth}e
I'n partli cul ar

this i nv asses . al

all stabd a”'%%-”‘; %P?" orsr"%% S Sfag“aw%ﬁscﬁdﬁwi’i “15‘8% T“%Fé“'@'&ﬁ[‘*d%‘“%?”e
mul ti - NhBsd. walsr-ingsylublel apgl neeigulartyewalesfsoluble agiy 2dsitin saifs Wit adisls sRoesi ol e

sal ts f exammepalicsBriodcid Aeirdbniddor, bhosﬁ%ﬂ@ﬂﬁﬂ Ritic @8d %Ulhﬁl& b&d"al:é? Bacid@l €

aI I aC| t I S

¢! BRGSOl el o2l by AR it i Sl PR o
and or géﬁF’ (ARG e @Hrd? %ﬁs@@’cé‘ﬁl@t“m‘ﬁ @hig, sueindt dcd, qrhlierascigriarlacié, @mbonic
sui t abl eciarsearioaid, ke sseifdirRd, maﬁaaésmecwar @-hfrH"r'Q&y 2RR Atk cRY, #tb!emg

wat er - S?Léémeqo afi Eélg’ tﬁg%! ds u?&l!%?elpgrgn e%gln on wrée?hg {j"b"ci E;?_ofyeasg%?caj is

hydrochl oric PO

sul f uri Eongeed ar&@éeqn&'maen whw'tﬁatt B C@S'Efér i an@qgmdemwamltaw wiio drene differing
aci d, 2#edfrbydr oxybenzoyl)benzoic acid, butyric acid, sulfosalicylic
acid, maleic acid, lauric acid, malic acid fumaric acid succinic
acid, oxalic acid, tartaric aC|d enboni c aC|d stearic aC|d

t ol uene&uins eRiext ch e fpregpine s fiutoen Foighiwbion may bersed inthelpropayatien ntmobsithoiats

aci d, i tf doeptgdpassinbibe cbrobdaﬁ@'h[&jédfab@toa&idjﬁ alsébrﬁialaéldﬂ_r@ﬂ:%ﬁ%tdc% -

dependi R
dgggzd: ﬁ%zgﬂe f%lcﬂgc.rld & a&&%ddoogergglc% %S gﬁaalﬁér rlﬁﬁfig,rp*'gﬁ%rﬂifﬁof ZP 1SgiEenic
ratio ofCdcarylis scid (qq&jmprﬁ@p@ ,d@ﬁqecyisulfurlc acid, ethane-1,2-disulfenic acid,

ethanesulfonic acid, 2-hydroxy-ethanesuifonic acid, formic acid, galactaric acid, geniisic acid,
D-giucoheptonic acid, D-glucuronic acid, glutamic acid, 2-oxo-glutaric acid, hippuric acid,



In the context of the foregoing, as further acids, which nmay be used
in the preparation of possible salts of conpounds of fornula I, can
be nentioned adipic acid, L-ascorbic acid, L-aspartic acid, .
benzenesul foni ¢ aci d, 4-acetani do-benzoic acid, (+)-canphoric acid,
(+)-canphor-10-sul fonic acid, caprylic acid (octanoic acid),
dodecyl sul furic acid, ethane-1,2-disulfonic acig, etranesu!fonlpd
acid, 2- - | foni ¢ acid rm c,acj. al act ar aci
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skilled in the art. A conpound of forrmula | nore particular worthy to
be nentioned is that in which Rlis 1-2C al koxy, 2,2-difl uoroethoxy,
or conpletely or predom nantly fluorine-substituted 1-2C- al koxy, R2is
1- 2C- al koxy, 2,2-difluoroethoxy, or conpletely or predom nantly
fluorine-substituted 1-2C-al koxy, R3is hydrogen, R31 is hydrogen,
Rdis -0-R41, in which R41 is hydrogen,

A compound of formula | more particular worthy to be mentioned is that in which

R1  is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,

R2 s 1-2C-alkoxy, 2,2-diflucroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,

R3 is hydrogen,

R31 s hydrogen,

R4  is -O-R41, in which

R41 is hydrogen,

R5 s hydrogen,

Har is 2,6-dimethoxypyridin-3-yl,

or a salt, a N-cxide or a salt of a N-oxide of this compound.

A particularly preferred compound of formula | is (2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl)-9-
ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-phenanthridin-2-o! or a salt of this compound.

A special interest in the compounds according to this invention relates to those compounds which are
included -within the meaning of this invention- by one or, when possible, by more of the following

embodiments:



R5 is hydrogen, Har is 2,6-dinethoxypyridin-3-yl, or a salt, a
N-oxide or a salt of a N-oxide of this conmpound. A particularly
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Another special embodiment of the compounds of the present invention include those compounds of
formula | in which R1 is methoxy, and R2 is 2,2-difluoroethoxy, and R3 and R31 are both hydrogen.

Another special embodiment of the compounds of the present invention include those com pounds of
formula | in which R1 is methoxy, and R2 is ethoxy, and R3 and R31 are both hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of
formula | in which R1 is methoxy, and R2 is difluoromethoxy, and R3 and R31 are both hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of
formula i, in which Har is pyridinyl bisubstituted by 1-4C-alkoxy, such as, for example, 2,6-
dimethoxypyridinyl (e.g. 2,8-dimethoxypyridin-3-yl).

Another special embodiment of the compounds of the present invention include those compoungs of
formula I, in which Har is pyridinyl substituted by R6 and R7, in which



Anot her speci al enbodi ment of the compounds of the present invention
i nclude those conpounds of formula I in which RL is nethoxy, and R2
is difluoronethoxy, and R3 and R31 are both hydrogen. Another speci al
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The compounds of formula [ are chiral compounds having chiral centers in positions 2, 4a and 10b,

Numbering

The invention includes all conceivable sterevisomers in pure form as well as in any mixing ratio.
Preference is given to compounds of formula | in which the hydrogen atoms in positions 4a and 10b
are in the cis posltion relative to one another. The pure cis enantiomers and their mixtures in any
mixing ratio and including the racemates are more preferred in this context.



R5 Nunbering The invention includes all conceivabl e stereoi soners in
pure formas well as in any mxing ratio. Preference is given to
conpounds of formula | in which the hydrogen atons in positions 4a
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la****: |If, for exanple in
R5 have the meani ng
3GO .gﬁg t he rul es of Cahn,
il O 2, & in the position 4a and
xanptN in conpounds of the formula
t he nmeanijng hzgﬁﬁgen, t hen the
, Ingold and Prelog - is R

in the 4a position and R in thg

a** R3

in the position 2, Sin the position 4a and S in the position 10b.

I f,
have t he

for

ﬁxaqﬁle i n conpounds of the formula |a**** R3, R31 and R5
2\ Ffﬁg'eﬁg}a?l‘fy_g@ﬁqs qf fpsiula I* R3, R31 and R5 have the meaning hydrogen and R4 has

the meaning -OR41, then the configuration — according to the rules of Cahn, Ingold and Prelog —is R in
the 4a position and R in the 10b position.

Further preferred compounds of the formula ! are those which have, with respect to the positions 2, 43
and 10b, the same configuration as shown In the formulae la** and la*** and lg***

If, for example in compounds of the formuia Ja** R3, R31 and R5 have the meaning hydrogen, then the

configuration ~ according the rules of Cahn, Ingold and Prelog —is S in the position 2, R in the position
4a and R in the position 10b.

If, for example in compounds of the formula la** R3, R31 and R5 have the meaning hydrogen, then

the configuration — according the rules of Cahn, ingold and Prelog — is R in the position 2, S in the
position 4a and S in the position 10b.

If, for example in compounds of the formula {a**** R3, R31 and R5 have the meaning hydrogen, then

the configuration ~ according the rules of Cahn, Ingold and Prelog — is S in the position 2, S in the
position 4a and S in the position 10b.



[ [ [ | | d and Prel og -
ration - according the rules of Cahn, Ingo rel
}Qesc?zfiﬁg position 2, Sin the position 4a and S in the p05|t:on
10b - 8 - Mre particular preferred conpounds of the fornuLa thare
t hose whi ch have, w th respect tﬁ tpe p0f|t:gg§.26Rji gggSlO“,c fgr
same configuration as shown in the or mula : A L
[ formula |l en" R3, R31 and R5 have
exanpl e in conmpounds of the _ : _ Ro have the
ani he configuration - according the ~of
Cann, " 1'ng S 4 BUBL R G ComEuRes of hefemglos e ome Gt vt oapom o
4a and R PPsitione2,desid 10bnihd Bdme éﬁhﬁggﬂ!ﬂ@rﬂéééﬂ%r{i_ﬁgﬁagwgﬁ gﬁgg; ?.t gg Io ][1 a
nner known per se (for exanple by preparati _
ggpropriate dPastereoisoneric conpounds). Thus, e.g. an enantioner

separation can be carried out at the stag@Rdfl the starting conpounds

having a free am no group such as stgsting ¢o§pounds of formula |IVa

as defined below OR41 R3 s R5 R31wNﬁa

If, for example in compounds of the formula ia***** R3, R31 and R5 have the meaning hydrogen, then
the configuration — according the rules of Cahp, Ingold and Prelog —is R in the position 2, R in the
position 4a and R in the position 10b. '

The enantiomers can be separated in a manner known per se (for example by preparation and separa-
tion of appropriate diasterecisomeric compounds). Thus, e.g. an enantiomer separation can be carried
out at the stage of the starting compounds having a free amino group such as starting compounds of
formula iVa as defined below.

OR41
R3 R5
R2
R31
R1 NHz (lVa)

Separation of the enantiomers can be carried out, for example, by means of salt formation of the
racemic compounds of the formula IVa with optically active acids, preferably carboxylic acids,
subsequent resolution of the salts and release of the desired compound from the salt. Examples of
optically active carboxylic acids which may be mentioned in this connection are the enantiomeric forms
of mandelic acid, tartaric acig, 0,0"-dibenzoyltartaric acid, camphoric acid, quinic acid, glutamic acid,
pyroglutamic acid, malic acid, camphorsulfonic acid, 3-bromocamphorsulfonic acid,
a-methoxyphenylacetic acid, a~methoxy-a-triﬂuoromeihylphenylacetfc acid and 2-phenylpropionic acid.
Alternatively, enantiomerically pure starting compounds of the formula [Va can be prepared via
asymmetric syntheses. Enantiomerically pure starting compounds as well as enantiomerically pure
compounds of the formulz | ¢an be also obtained by chromatographic separation on chiral separating



Separation of the enantioners can be carried out, for exanple, by
means of salt formation of the racem c conmpounds of the fornmula IVa
with optically active acids, preferably carboxylic acids, subsequent
resolution of the salts and rel ease of the desired conpound fromthe
salt. Exanples of optically active carbaxgylic acids which may be
mentioned in this connection are the enantioneric fornms of mandelic
acid, tar ic.achd 0 0'-di henzoyltartaric acid, canphoric acid,

qui ni ¢ acitcgi,['}ngﬁ’ gf%egﬁs{%nz‘gﬂ H’E" %W?’@@¥"Mﬁ?&?”'ﬁcﬁ@§eqm digsteagdngkr separation and
canph (f)l r suf§eFf e pliral %‘xhgj)m% iy astiorah Bjy];ﬁflal%iidhfromha sluitahble solvent

a- met hoxy hesvypaais k€cofigth thentEk -tri Qr one| enyl acetic
aci d and gc-hgmggyéwa%gia?%géz acj W'%ﬁ?ﬁaﬁeﬁ@%‘f'%eﬁ% %/so"l%ﬁ‘f”i‘ B a9 rgaghen e
starting conpounds OF “tHs "4t i folowiRgsregifirdeacimestsas. @d puitiaul@igy M Biahies as
synt hes eSqESErI‘PiH PY wana! iexamipleyin the flogitgpetaimbigs, OSMRRYAES oaﬁmm}l lhe%%obaccordin%
enant i onetpipepbilayonpdiced G EHHAS: [ a | can be also obtalne
by chromat ogr aphi ¢ separation o%ggaﬁ%#glkﬁﬁggkhgto?rﬁ%’ 5“’.”@55“88@[}71“5; by
derivatization with chiral auxiliary reagents, subsequent

di ast er eorfEIPOSE &L BT, 18 ktich BHiRRaR3, Gi31,t e RS Bikd 1t iV id ¥ o I OB e
by (fr actaboveatdn beroyainal bd easrbedlad EREAA SUI tabl e sol vent.  The
conpounds according to the invention can be prepared, for exanple, as
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predom nantly fluorine substituted 1-4Cal kyl). The introduction
reaction is carried out in a manner habitual per se for an
etherification or esterification reaction, or as described by way of
exanple in the foll om ng exanpl es. Reaction schene 1: I n the next
reaction step of the synthesis route shown in reaction schene 1, the
nitro group of conpounds of the fornmula Va, in which Rl, R2, R3, R31,
R41 and R5 have the neani ngs nmentioned above whereby R41 is other

t han hydrogen, is reduced to the am no group of the correspondi ng
conpounds of the fornula IVa. Said reduction is carried out in a
manner known to the person skilled in the art, for exanple as
described in J. Og. Chem 1962, 27, 4426 or as described in the

foll owi ng exanples. In nore detail, the reduction can be carried out,
for exanple, by catalytic hydrogenation, e.g. in the presence of
Raney ni ckel or a noble netal catalyst such as palladiumon active
carbon, in a suitable solvent such as nethanol or ethanol at room
tenperature and under normal or elevated pressure. Optionally, a
catal ytic anount of an acid, such as, for exanple, hydrochloric acid,



reaction in the presence of a netal catalyst, for exanple palladium
or, preferably, Raney nickel, in a |lower al cohol as solvent using,
for exanple, ammonium form ate or, preferably, hydrazine hydrate as
hydr ogen donor. Conpounds of the formula Ha, in which RI, R2, RS,
R31, R41, R5 and Har have the neani ngs iqygli cated above whereby R41 is
ot her than hydrogen, are accessible fromthe correspondi ng conpounds
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Bel ow reaction scheme 2 shows the synthesis of conpounds of the
formula Via, in which Rl, R2, R3, 231 and R5 have the neani ngs

i ndi cat ed above, from correspondi ng conpounds of the fornmula Vila via
reduction reaction of the carbonyl group. Suitable reducing agents
for the abovenenti oned reduction reacti-on-may include, for exanple,
metal hydride conpounds such as, for exanple, diisopropylalum nium
hydride, borane, sodium borohydride, sodiumtriacetoxyborohydride,
sodlun1cyanoboroh dride, zinc borohydride, potassium

tri-sec- dMp %ﬁmﬂor%a llagighighRi 12 Ba (it §A10BS aivyir have thelmashingam
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In addition, the conpounds of the fornula | can be converted,
optionally, into their N-oxides, for exanple wth the aid of hydrogen
peroxide in nmethanol or with the aid of mchl oroperoxybenzoic acid in
di chl oronet hane. The person skilled in the art is famliar on the
basis of his/her expert know edge with ti#2e reaction conditi ons vvhi ch
are specificall y necessary for carrying out t he N oxi dati on. IS
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filtering, reprecipitating, precipitating wth a nonsolvent for the
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converted I nto 'h"tan urn C
i nto sal3°8ve: By ek kawn Lt F%‘r?eePfaB@d %Yéh?jﬁe@qﬂefa?ﬁcewoumﬁﬁ of Hiedormela iéss in which
phar mac dtiomd &alhbye thieacadpt alehiensbdbbge, GRNcIAIDoGIE YRthd Behula NI, |n which R3,

phar mec HAGhHE R‘j h%e%ﬁﬁnﬂ@g frenti (ﬁd%bov-ghﬁwe%yézlala%zj iffoh r ?egctug)r?lg Ll eg | A ;Lg

hydrates. of the conpounds_accor

in a madPREPERABIHC g@weegn skllegyin “"%r‘taﬁ@"ﬂw@e@@f?@ef"‘éﬂf &has eﬁﬁ'mbeﬁmﬂa@reer
sol vent .ChelpdBcet €257,7fy635€ oobtl APrp.athefnr R\t &1 008s daseriedinXiclislB&ing
wat er Wedinghal ar organi c solvents (for exanple al cohols, e.g.

nmet hanol , et hanol or isopropanol, or ketones, e.g. acetone).
Suitably, the conversions nmentioned in this invention can be carried
out analRsgdiesapene2similarly to nethods which are familiar per se to
the person skilled in the art. The person skilled in the art knows on
he basis of those synthesis

ared

t he basis of his/he now edge and on

rout es, vvhic Q h’fﬁm and r'{t/(\)/?thl n the description of this
i nvention, d ot her bl e synthe5|s routes for conpounds
of the forwﬁh l. Th%1 ol | ofif ng exan‘é?‘%s serve to illustrate the

i nvention. Likew se, further compounds of the fornula I, whose
preparation is not explicitly dggcRBJ{):EIdC(OSWHSQgJ(BS)emevi;;{) an

anal ogous or simlar manner or if a manner famliar per se to the

person skilled in the art using customary process techni ques. Any or
all of the conmpounds which are nti oned as fi nal corrpounds in the
fol l owi ng exanples as well as thgir salts, N oxides _and Odalts of the
N-oxi des are a preferred sub % he present i nvEhtit

exanples, mp. stands fee ) %1nt h Tor gour(s

NO, (Viia)

Rt R



Exanpl es Final Conpounds o

1. (2RS, 4aRS, 10bRS) - 6- (2, 6- Di met hoxy- pyri di n-3-y1) - 9- et hoxy- 8- net hoxy-
1,2,3,4,4a, 10b- hexahyd ro-phenanth ridin-2-ol 423 ng of acetic acid
(2RS, 4aRS, 10bRS) - 642, 6- di net hoxy- pyri di'A~3-yl ) - 9- et hoxy- 8- met hoxy1, 2,
3, 4, 4a, 10b- hexahydr o- phenant hri di n-2-yl ester (Exanple 1la) dissolved
in 1 nl of dichloromethane and 9 nl of nethanol are added to 152 ny
of cesium carbonate and the solution stirred for 19 h. The reaction

m xture is adsorbed to silica gel and purified by flash

chr omat SEPRPASE & Eledrieias Y aiya.dt whithdhe phend riegrng dhemitrcemsoug acdtapsifolops s
foam Eé&notier 3N tebMa atner. knowhltd i PelVBi siiiBdin thetnts thge !}!Ejfe_s%ondirng cls
Startin r j e r n [ are nention .
descri by PR o e s ed i F e SR S50 547, P55 R 4 ep e fowing
follomdﬁﬁmé%ﬁpounds 2 to 16 are obtained according to the procedure

as in Exanple 1. 2. o
4 , - 92 - D) 5 16- (2. 6-di met hoxy-pyridin-3-y

s el chbiile sl dordi b e e kit o biPrea en n i il

f r om colSGeIARPUDds of i Fermula dXasa e prerred: fopBeaTPleeid 2inrenagr kaovel tothe aerson

manner shigeddeseritverd cbosspindmgRbtpclndsiFine G2RUIIRS af @esNB e Tor MMpICRIC.

. . . RS)-3-(Z2-D.ifluo.
oot harsT- &h LA S S el b TR Sl BRA R eltina e
ro- phenant hri dl
The compounds of the formula Xa, in which R1 and R2 have the meanings indicated above, are eilher
known or can be prepared in a manner known to the person skilled in the art, as described, for
example, in Ber, Dtsch, Chem. Ges, 1925, 58, 203.

The compounds of formuta 1, in which R1, R2, R3, R31 and Har have the megnings
mentioned above, R4 is ~0-R41 and R41 is hydrogen can be obtained from correspond-
ing compounds of formuia |a, in which R41 is an acyl group, such as e.g. acetyl, by dees-
terfication (e.q. saponification) reactions,

The deesterification (e.g. seponification) is expediently carried out analegously to the
methods known fo the person skilled in the art or as described by way of example in the
following examples.

Optionally, compounds of the formula | can be converted into their salts, or, optionally, salts of the

compounds of the formula | can be converted into the free compounds.

in addition, the compounds of the formula | can be converted, optionally, into their N-oxides, for
example with the aid of hydrogen beroxide in methano! or with the aid of m-chioroperoxybenzoic acid in
dichloromethane. The person skilled in the art is familiar on the basis of hisfher expert knowledge with
the reaction conditions which are specifically necessary for carrying out the N-oxidation.

Itis moreover knowrt to the person skilled in the art that if there are a number of reactive centers on a
starting or infermediate compound it may be necessary to block one or more reactive centers
temporarily by protective groups in order fo allow a reaction to proceed specifically at the desired
reaction center. A detailed description for the use of a large number of proven proteclive groups is
found, for example, in “Protective Groups in Organic Synihesis” by T. Greene and P. Wuls (John Wiley
& Sons, Inc. 1998, 3™ Ed.) or in “Protecting Groups {Thieme Foundations Organic Chemistry Series N
Group” by P. Koclenski (Thieme Medical Publishers, 2000,

The substances according to the invention are isolated and purified in 2 manner known per se, for
example by distilling off the solvent under reduced pressure and recrystallizing the residue obtained
from a suitable solvent or subjecting it io one of the cusiomary purification methods, such as, for
example, column chrométography on a suitable support material,



Starting from conpound 3a the title conpound is obtained in an

anal ogous manner as described for Exanmple |I. EF: C23 H25 F2 N2 05;

MAN calc.: 448,47 M5. fnd.: 449,3 4.. . .

(2RS, 4aRS, 10bRS) - 6- (2, 6- Di met hoxy- pyri di n- 3-y1) - 8, 9-di met hoxy-1, 2, 3, 4

, 4a, 10b- hexahyd ro- phenanthrid in-2-o0 J14Starting from conpound 4a

the title conmpound is obtained in an anal ogous manner as descrlggd4

f 223 E)éa”péaq’ls dre ogllzfne%dié_s'glging';\%e Qréé col\r%{)un%% § é:tiitagfe9 sso’lv%gt (Q/E' a lIe?og'l'e ‘such as aceto-

( 2R8, 4aRSe1 0B REFIY ketoneormy syt isrptyL ksipne ainsthar, such a9 diethyl ettyr, Btratytiobran-of

2, 3, 4, 4a,doxéndya chiekaiy dydeocaibe aidnhds intbiHyreRe Q'horlgé &chioRebrrh r&m&ﬂﬂm&dﬂged

5a the ti escr i

Por  Branmyiot SBERCHRel 5y B B ForyhoR el h R T g TR Vepeg 2 igbe 576

6. whrch the desired acid or base is then added. The salts are obtained by filtering, reprecipitating, preci-

(2S, 4aS, POuBY whh 4 Zorbeldintiet e Xyt salchr By Sralpdritind 1Rt sB0EN - B d B8 ¥arlbeZood-
,4,4a,1 %’ted into the free compounds, which can in turn be converted into salts, by alkalization or by acidifi-

cation. |n this manner, pharmacologically unacceptable salls can be converted into pharmacologically

acceptable salts.

The solvates or particularly ﬁydrates of the compounds according to this invention can be prepared in a
manner known per se, e.g. in the presence of the appropriate solvent. Hydrates may be obtained from
water or from mixtures of water with polar organic solvents (for example alcohols, e.g. methano),

ethanol or isopropanol, or ketones, e.g. acetone).

Suitably, the conversions mentioned in this invention can be carried out analogously or simifarly 6
methods which are familiar per se to the person skilled in the art.

The person skilled in the art knows on the basis of histher knowledge and on the basis of those
synthesis routes, which are shown and described within the description of this invention, how to find
other possibie synthesis routes for compounds of the formula I.

The following examples serve to illustrate the invention. Likewise, further compounds of the formula !,
whose preparation is not explicitly described, can be prepared in an analogous or similar manner or in
a manner familiar per se to the person skilled in the art using customary process technigues.

Any or all of the compounds which are mentioned as final compounds in the following examples as well
as their salts, N-oxides and salts of the N-oxides are a preferred subject of the present invention.

In the examples, m.p. stands for melting point, h for hour(s), mir for minutes, R; for rentention factor in
thin layer chromatography, s.p. for sintering point, EF for empirical formula, MW for molecular weight,
MS for mass spectrum, M for molecular ion, fnd. for found, calc. for calculated, other abbreviations

have their meanings customary per se to the skilled person.

According to common practice in stereochemistry, the symbols RS and SR are used to denote the
specific configuration of each of the chiral centers of a racemate. In more detail, for example, the term
"(2RS,4aR8,100RS)" stands for a racemate (racemic mixture) comprising the cne enantiomer having
the configuration (2R,4aR,10bR) and the other enantiomer having the configuration {25,4aS,10b8).



hexahydr o- phenant hri di n-2-ol The titre conpound can be obtained by
chromat ogr aphi cal separation of the correspondi ng racemate (Exa'r'rp! e
1) using a columm as described bel ow at the end of the chapter "Final
conmpounds". EF: C23 H28 N2 05; MW calc.: 412,49 Ms: fnd.: 413,3 7.

(2R, 4aR, 1 -15-

ObR) - 6- (2, 6- Di net hoxy-pyri di n-3-y1)-9-et hoxy-8-nmet hoxy-1, 2,3, 4,4a,1
Ob- hexahydro- phenant hridin-2-ol Starting fromconpound 7a the title
conpound i s obtained in an anal ogous manner as described for Exanple

1. Al ternampiby, the title conpound can be obtained by
chromat ogr aphi cal separation of the correspondi ng racemate (Exa'r'rp! e
| um as descri bed bel ow at the end of the chapter "Final

1) using ,
conpoundﬁ'?a?éﬁ'.“pws H28 N2 05; MN calc.: 412,49 Ms: fnd.: 413,3
S. (2R, 4aR, 10bR) - 6- (4, 6- Di et hoxy- pyri di n-3-y1) - 9- et hoxy- 8- rrgt hogy- 411 2,
3, 4, 4a, 1 100~ aesatakdlBsRABEBABiNL Y byPiafla free R ENLReHa 81,2, 33501 it
Found (M -1): 44Jh.3 .

hexahydro-phenanthridin-2-ol

423 mg of acetic acid (2RS,4aRS,10bRS)-G-(z,S-dimethoxy—pyridin—3-yl)-9-ethoxy—8-methoxy-

1.2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester (Example 1a) dissolved in 1 ml of dichloromethane

and 8 ml of methanol are added to 152 mg of cesium carbonate and the solution stirred for 19 h. The

!

reaction mixlure is adsorbed to silica gel and purified by flash chromatography to give 229 mg of the

titlte compound as a calouress foam.

EF: CagHasN205: MW: calc.; 412.49

MS: fnd.: 413.3 (MH*)

Starting from appropriate ester compounds, which are mentioned or described explicitly below
(compounds 2a to 13a and 16a) the following compounds 2 to 16 are obtained according to the

procedure as in Example 1.

2. (2RS,4aR8,10bRS)-9-(2,2-Difiuoro-ethoxy)-6-(2,6-di methoxy-pyridin-3-yl)-8-methoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-ol

Starting from compound 2a the title compound is obtained in an analogous manner as described for
Example 1.

EF: Coz Hag F2 No Os; MW: cale.: 448,47

MS: fnd.: 449,3

3. {2ZRS,4aR5,1 0bRS)-8-(2,2-Difluoro-ethoxy)-6-(2,6-dimethoxy-pyrid in-3-yl)-9-methoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-ol

Starting from compound 3a the title compound is obtained in an analogous manner as described for
Example 1.

EF: Cyg Hpg Fa Ny Og; MW: calc.: 448,47

MS: ind.: 449,3

4, {2RS,4aR5,1 ObRS)-6-(2,6-Dimethoxy-pyridin-3-yl)-8,9-dimethoxy-1 2,3,4,4a,10h-hexahydro-
phenanthridin-2-ol

Starting from compound 4a the title compound is obtained in an analogous manner as described for
Example 1.

EF: Cp Hag Nz O5; MW: calc.: 398,46

MS:ind.; 399,4



9. (2R 4aR 1
OR) - 6- (4, 6- D net hoxy- pyri di n-3-y1l)-9-et hoxy-8-net hoxy-1, 2, 3,4, 4a,1
(bhexahydr o- phenanth ridi n-2-ol 023H28N205 Cal c.: 412,49 Found

(M-1+): 413.3 10.
(2R, 4aR, 10bR) - 6- (5, 6- Di net hoxy- pyri di n-3t6y1) - 9- et hoxy- 8- net hoxy-1, 2, 3
, 4, 4a, 1 OQbhexahydro- phenant hridi n-2-ol C23H28N205 -17- Cale.: 412.49

11.
(2R, 4aR, 10bR) Ethoxz 6-%5 et hoxy- 6- nethox%gpyrldln 3-yl) - 8- net hoxy-
1,2, 3,4, & 1(5%%4&%1& BS i@ S-Rimpthpei-Rirlingt-yIED 2110 ENE 06 thoxy-6.2,3,4024 0152

12 hexahydro -phenanthridin-2-ol

(2RS, 4aR%t§F%R@n &)nﬁ)gzur;]d' QC{;J: ﬁ%rcg' gﬁ}ng?sxé/t)l%n%ﬁ(rlz?n analo oushOX Frp %2(%5?-&9;’ for

yl) - 8- net o 4a4 exa r o- enhan
F2 N2 05 434 44 Found (MH): 435.3 13. (2R5,4aRS,10 b

mg-g-(LEEGhHﬁubﬂgmw calc.: 41249  MS: fnd.; 413.2
et hoxy) - 6- ( 2, 6- di net hoxy- pyridin 3-yl)-9-net hoxYl, 2, 3, 4, 4a, 10

b- hexah ro-phenanth ridi ol
y%. (2%,4 Q 10bS)-6-(2, 6—D1methoxy -pyridin-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-

hexahydro-phenanthridin-2-o}

The tile compound can be obtained by chromatographical separation of the corresponding racemate
(Example 1) using a column as descritlJed below at the end of the chapter "Final compounds”.

EF: Cp3 Hag N Os; MW: calc.; 412,49 |

MS: fnd.: 413,3

7. (2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yi)-8-eth oxXy-8-methoxy-1,2,3,4,4a,10b-
hexahydro-phenanthridin-2-ol

Starting from compound 7a the title compound is obtained in an analogous manner as described for
Example 1.

Alternatively, the title compound can be obtained by chromatographical separation of the
corresponding racemate (Example 1) using a column as described below at the end of the chapter
“Final compounds”.

EF: Cas Hag Np O5; MW: calc.: 412,49

MS: fnd.; 413,3

8. (2R,42R,10bR)-6-(4,6-Diethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1 12,3,4,4a,10b-hexahydro-
phenanthridin-2-ol

Ca25HazN205

Calc.: 440,54

Found (MH"): 441.3

8, (2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yi)-8-eth oxy-8-methoxy-1,2,3,4,4a,10b-
hexahydro-phenanthridin-2-ol

CaaH2Nz05

Calc.: 412,49

Found (MH"): 413.3

10.  (2R,4aR,10bR)-6-(5,6-Dimethoxy-pyrid in-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-
hexahydro-phenanthridin-2-ol
Cz3H32gN;05



C22 H24 F2 N2 05 Cale.: 434,44 Found (M#): 435.2 14. (26, 4a5,1
0S) - 6- (2, 6- D net hoxy- pyri di n-3-y1) -8, 9-di net hoxy-1, 2, 3, 4, 4a, 10b- hexa
hydr ophenant hri di n-2-ol The title conpound can be obtai ned by

chromat ogr aphi cal separation of the correspondi ng racemate (Exanple
4) using a colum as described beI ow at-t7he end of the chapter "Anal
compounds”. C22 H26 N2 05 Cale.: 398,46 Found (M#): 399.3 15.

(2R, 4aR, 18hR) 561§ 2, 6- D met hoxy- pyrldln 3-y1) -8, 9-di net hoxy-1, 2, 3,4, 42
, 10b- hexahydrophenanthrl din-2-ol The title conpound can be obtained
by chromat ogr aphi cal separation of the correspondi ng racemate

(Exanpl e ) 2R,MR, DbEPL-EMOXAS-(HaReNy-6xasthba)- @Nd&f.a SiPerRendx 0l 2Bhg, 1§u:.-

chapt er "fekggjdr&ﬂ{gg%ng&;“gzz H26 N2 05 Cal'e.: 398,46 Found (NMH+
399. 2 a. Acetic acid

(2RS, 4aR§1fb‘i"3@528) 6- (2, 6-di net hoxy- pyri di n-3-y1l)-9-et hoxy- 8- net hoxyl
, 2, 3, 4, 4A&ak0B2Ghexahydr o- phenant hri di n-2-y1 ester 1.67 g of
phosphorus pent achl ori de are suspended in 5 m of dichloronethane.

1.227 9 q e tic acid

(1RS, 3R3, %RS}ZL“%:%F%??%% “dil PPt S it pmegdin drldopetBoxys- e
t hoxy. 4 ﬁé‘kW@ﬁ[ﬂhéln;dh)ldgoeﬂlmhmlyﬁdne&bEr (compound Al) dissolved in 15
m of di el egidlane are added and the reaction mxture stirred at

roomter‘rBe{%aS% g over ni ght. The reaction mxture is cooled with an
i ce bat h ard" 2 m  of triethylam ne are added, than cautiously 10 m

of wat er FneiMi+)g#¥dus stirring. The organic |ayer is separated,
concentrated and the crude product purified by flash chromatography

to give ?:;LS &Hs,ggRé,mRtSB-E-l(‘len-BRlﬁgrgyn‘?ghoxy)~6-(2,G-dimethoxy-pyridin-3-yl)-9-methox§-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-ol
Caz Hz4 F2 N3 O
Cale.: 434,44
Found (MH+): 435.2

14.  {25,4aS,1 0bS)-6-(2,6-Dimethoxy-pyridin-3-y!)-8,9-dimethoxy-1 213,4,4a,10b-hexahydro-
phenanthridin-2-ol

The title compound can be obtained by chromatographical separation of the corresponding racemate
{Example 4} using a column as described below at the end of the chapter "Final compounds®.

Cz2 Hzs Nz Os

Calc.: 398,46

Found (MH+): 388.3

15, (2R,4aR,10bR)-B-(Z,G-DImethoxy—pyridin-3-yl)-8,9-dimethoxy-1,2.3.4.43,1Ob-hexahydro-
phernanthridin-2-ol

The titte compound can be obtained by chromatographical separation of the corresponding racemate
(Example 4) using a column as described below at the end of the chapter "Final compounds”,

Ca22 Hzs N2 Qg

Calc.: 398,46

Found (MH+): 398.2



EF: C25H30N206; MA cab.: 454.53 Ms: fnd.: 455.2 (M\+) Starting from
the appropriate starting conpounds, which are mentioned or described
explicitly bel ow (conpounds A2 to A10), or which can be prepared in a
manner known to the person skilled in the art or anal ogously or
simlarly to the exanpl es described herejgn, the follow ng conpounds
2a to 5a, 7a to 13a and 16a, are obtained according to the procedure

[ clization reacti on can be
oS 11 S e oA RBSRRS AR D SHb 20t o SRl on, San b
such e. g. b 3PhA2EMrhaxppsie-geenaptirido @t esterci d (2R5, 4aRsS,
10bRS) - 9-167, &of GhdshbtRisqrenta bR} o@slsdefied in@ﬁléb%‘i&’ﬁzid?&{iétgésn?é fezz@?o? &ide acetic
St ot O B R PR e g B ol Btshtont
( 2RS, 4aRSelBREFIECCPhexyidister (somenuad ADXigyoled (r2156ml 0 dieidnonathapy Biedidedny
1) - 9- netieowsetidn Rix@redtided é%ﬁ@x@ég&aﬁ/quapigrgmzégafﬁd3nr@§wéls &ib& bR ice
root i oaciara etk flRe aretdted o Bhisds 10,0 fkier Wi gorops singnieno
xy- 1,2, Sreanigayer (irepyRighrancsriFiasean tha ciude progucyduriien lenflagiiehroGRibgidgy ti2
08; MN giak 15 mdlditheRit&/Bomgdons. : 441, 3

EF: CasHspNoOg; MW: cale.: 454.53

MS: fnd.: 455.2 (MH*)

Starting from the appropriate starting compounds, which are mentioned or described explicitly below
{compounds A2 to A1 0), or which can be prepared in a manner known to the person skilled in the art or
analogously or simitarly to the examples described herein, the following compounds 2a to 5a, 7a to 13a
and 16a, are obtained according to the procedure as in Example 1a. If necessary, the cyclization
reaction can be carried out in the presence of a catalytic amount of a Lewis acid such e.g. tin

tetrachloride.

2a. Acetic acid (2RS, 4aRS$, 10bRS)-9-(2,2-d iﬂuoro-ethoxy)-a-(z,ﬁ-dimethoxy—pyridin-3-yl)-8-
methoxy-1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

EF: CasHogFaNL0g MW: cale.: 490,51

MS: fnd: 491.2 ’

3a., Acetic acid (2RS,4aRS,10bRS)-S‘(Z,Z-difluoro-ethoxy)-ﬁ-(2,6-dimethoxy-pyridin-S-y!)-9~
methoxy—1,2,3,4,4a,10b-hexahydro-phenanthridin-z-yl ester

EF: Cos Hag Fa N» Og; MW: cale.: 490,51

MS: fnd.: 491,3

4a.  Acetic acid (2RS,4aRS,1 DbRS)-6-(2,6-dimethoxy-pyridin-3-y])-8,9-dimethoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

EF: Czq Hog Nz Og; MW calle.: 440,5

MS: ind.: 441,3

Sa. Acetic acid (2RS,4aRS,1 0bRS)-6-(2,S-dimethoxy-pyridin-4—yl)-9-ethoxy-8-methoxy—
1,2,3,/4/4a,10b-hexahydro-phenanthridin-2-yl ester

EF: Cys Hap N2 Og; MW: calc.: 454,53

MS: fnd.: 455,2



5a. Aceti caci d(2RS, 4aRS, 10bRS) - 6- ( 2, 6- di net hoxy- pyri d

I n-4-y1)-9-et hoxy- 8- net hoxy-

1, 2,3, 4, 4a, 10b- hexahydr o- phenant hri di n-2-yl1 ester EF. C25 H30 N2 06;
MAN calc.: 454,53 Ms: fnd.: 455,2 - 19 - 7a. Aceticacid(2R 4aR 1 0
bR) - 6- (2, 6- di met hoxy- pyri di n-3-y1) - 9- et fi®xy- 8- met hoxy- 1, 2, 3,4,4a,1
b- hexahydr o- phenant hri di n-2-y1 ester Starting from conpound A6 the

title comaoungelis Obtalied ApROLRIDG LN REOESINR A4 0nSEARLE o,

la. |f neceg{ ibtheccl on redction can carri
presence ot>a% Qafr??'?ygr%ﬁliﬁ?ﬁ?thm”"é Westrs acid such e.g. tin
t et r achl ditértie. fromEBmpORO AB3 e KR d¥polvids ddalned adborting % VSprofdiitre as Hxadple

|8ﬁ SA;:/?.; 1@, l%c%s&%ﬁhéé@uz@a@&%mﬁo c%z@e girrietdgﬂﬁx hh@%}:esgnce of a catalytic amount of a
exahydroLﬁﬁ‘éﬁ‘é{ﬁf%ﬁe@rWt?trag?}lloré‘get er C271-134N205 Cal e.: 482.58 Found

(|\/|\|) 48FF3CH A N2 Og; MW: calc.: 454,53
Acet i cacivdf i 4893 10bR) - 6- (4, 6- di met hoxy- pyri di n-3-y1l) - 9- et hoxy- 8- net

hoxy-
8a. Acetlc acid (2R,4aR,10bR)-6-(4,6—diethoxy-pyridin-3-yI)-Q-ethoxy—8—methoxy-1,2,3,4,4a,10b-
| hexahydro-phenanthridin-2-y| ester
C27H34N2 O
Calc.: 482.58
Found (MH"): 483.3

9a. Acetic acid (2R,4aR,10bR)-6-(4,6-dimethoxy-p yridin-3-yl)-9-ethoxy-8-methoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

CasH30N20g

Calc.: 454,53

Found (MH"): 455.3

10a. Acetic acid (2R,4aR,10bR)-6-(5,6-dimethoxy-pyrid in-3-yl)-9-ethoxy-8-methoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

CasHaeN2Op ’

Calc.; 454.53

11a. Acetic acid {2R,4aR,10bR)}-9-ethoxy-6-(5-ethoxy-6-m ethoxy-pyridin-3-yl)-8-methoxy-
1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

CasHa2N20g

Calc,: 468.55

12a. Acetic acid (2RS,4aRS,1GbRS)-Q-(1,1-diﬂuoro-methoxy)-ﬁ-(z,e-dimethoxy-pyridin-3-yl)-8-
methoxy-1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester

CaaHasF2N206

Calc.: 476,48

Found (MH+): 477 .4

13a. Acetic acid (2RS,4aRS.10bRS)-8-(1,1-dif[uoro-methoxy)-G—(Z,G-dimethoxy-pyridin-3-yl)~9—
methoxy-1,2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester
CasHa6F2N20g



132, 3, 4, 4a, 10b- hexahydr o- phenant hri din-2-yl ester C251-1301\ 1206
Cal c.: 454.53 Found (MH): 455.3 10a. Aceticaci d(2R, 4aR, 10b

R) - 6- (5, 6-di net hoxy- pyri di n-3-y1l)-9- et hoxy- 8- net hoxy-

1,2, 3,4, 4a, 10b- hexah yd ro-p henanth rid in-2-yl ester C25H30N206

Calc.: 454.53 1la.

Acet i caci d( 2R, 4aR, 10bR) - 9- et hoxy- 6- ( 5- et¥oxy- 6- net hoxy- pyri di n-3-y1) -
8- net hoxy- 1, 2, 3, 4, 4a, 10b- hexahydr o- phenant hri di n-2-y1 ester
C26H32N20%miGay6 46 468. 55 12a. Acetic acid (2RS, 4aRS, 1

ORS) -9- (L, 1-djfl - met hoxy) - 6- (2, 6-di net h oxy-pyridin-3-yl)-8-

met hoxy- léﬂnwiqlgg)égd) hexahyd ro-p henanth rid in-2-yl ester
C24H26F2N206 Cal e.: 476,48 Found (MH): 477.4 13a. Acetic acid

(2R5, 4aRS, 10bRS) - 8- (111-di f | uor o- et hoxy) - 6- ( 2, 6- di net hoxy- pyri di n- 3-
y1l)-9- nethoxy-1, 2, 3, 4, 4a, 10b- hexahydr o- phenant hri di n-2-yl ester

Starting from the appropriate compounds mentioned above and the appropriate acid the corresponding
salts can be obtained, for example, according to the following general procedure, or analogously or
simitaﬂy thereto:

About 1 g of the free base is solved in about 10 ml of a suitable solvent at room temperature. To this
solution 1.1 eq. of the appropriate acid is added in one portion under stirring. The mixiure is stirred over
night while the salt precipitated. The salt is filtered off, washed with about 2 ml of the suitable solvent
and dried over night at about 50 °C in vacuo. Thus, for example, in the case of hydrochloric acid an
ether or alcohol solvent (e.g. dioxane, THF, diethylether, methanol, ethanol, or the like), or in the case
of organic acids, such as e.g. fumaric, tartaric or oxoglutaric acid, a ketone solvent (e.g. acetone) may

be suitable,

The following salts are obtained according to the abovementioned procedure or analogously or

simifarly thereto:

(2R,4aR,10bR})-6-(2,6-Dimethoxy-pyridin-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol hydrochloride
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol hydrochioride
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yi)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-of sulfate
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a, 10b-hexahydro-
phenanthridin-2-ol sulfate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol methansulfonate
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol methansulfonate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a, 10b-hexahydro-
phenanthridin-2-of citrate
(2R,4aR,10bR)}-6-{4,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol citrate



C24H26F2N206 - 20 - Calc.: 476,48 Found (MH): 477.3 Starting from
t he appropriate conmpounds nenti oned above and the appropriate acid
the correspondi ng salts can be obtai ned, for exanple, according to
the foll owi ng general procedure, or analogously or simlarly thereto:
About 1 g of the free base is solved in about 10 ml of a suitable

sol vent at roon1tenperature. To this soldltion 1.1 eq. of the
appropriate "acid is added in one portion under stirring. The mxture

is stirr e(i’ROMRHOEEN)@ b slmhétﬁ‘oxp Bﬁrdﬁ@m) d%ﬁ&k Bl 2,318 50 ﬁiexh@dro-

filtered about of the suitabl'e solvent and

dried ovél mﬁm w& ° '%85 50 C |n vacuo Thus, for exanple, in the
case of H%ﬁﬂ:mb&ﬁi ¢, aRimgthary-rytidieB-yibB-etibxyehobthaxgi! 268 4a @b hexatiydixcane,
THF, di etohydpthh®i-2-onekharol , ethanol, or the like), or in the case of
organic i £, g ut id, a
ket one sgﬁigﬁmﬁgg %gz,asg@glﬁ %?fg)p Y ”‘5'5‘};\9 ?ﬁ y%:i’f‘%‘h Wé)§f404ar186\1fﬁﬁh§‘§‘f ts
ar e obt aiPhewntido?-dithigrets; mm@ﬁdbdenmﬁﬁmmﬁ@dm@ﬂdéé@ure or anal ogously

or sim | g 36~ 106R4-Q;6- lﬁlaetﬁe)@%ﬁ,ﬂ@ﬁl -9- @tﬁé)% Ban%d}]/ 1,2,3,4,4a,10b-hexahydro-

et hoxy- p¥%%atﬁﬁ%__ ) eghoxy 8- met hoxy- 4, 4a, 10b- hexahydrophena
nt hridin ] q4F0r| de

(2R, 4aR, {AHRR160R)IA-G.Seiimethoryeyridsyd-yibe-pthawypiyetioxef AGédAad Obrbexabyde- 1, 2, 3
,4,4a,10bmﬁemaﬂmﬁ?mmheﬂ&ﬂhm§idin 2-ol hydroghl oride

(2R 4R 100k Bk @B ABAOYRVE I Dok blnlenioh D% SolRLORNG. - 2 3

, 4, 4a, 10 exah ophenan
(2R 402, R‘@awthf@'"(?ztmeﬂea? {RE%Fox
Y- pyri di (2R31aR 1 PbR)-6e(l o diryiet Boxppirkitndyy 19-&haky4.rthod P2, hexahpdrephamant hr i

di n- 2- ol @Hgﬁtﬁhﬁni@D%é@g 10 bR)-6-(2, 6-Dim
et hoxy- p rl - 8- net hox

b hoxah( BN P i o P RO B Gty 2.7 52, 10b-hexahydro-
(2R, 4aR, dGb&yhriGin{24gl B-nilawet hoxy- pyri di n- 3-y1) - 9- et hoxy- 8- met hoxy- 1 2,

3,4, 4a, 1@h 49ﬁ>s@ftmsér 9 @Jﬂﬁﬁ@ﬁb&mﬁafnw i dip s m@n@w { 0ELE 1 &@r%xé@a

bR) - 6- (2 i n-3-y1)-9-ethoxy-8 oxy 4a, 10b-

hexahydr%ﬁ”ﬂ@ﬁgﬂ% ?HF%”? ol citrate
(2R, 4aR, 10bR}-6-{4,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol L-malate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yf)-8-ethoxy-8-methoxy-1,2,3,4,4a, 10b-hexahydro-
phenanthridin-2-ol fumarale; m.p.: fnd.: decomposition starting at 172°C
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yl)-8-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-cl fumarate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl)-8-ethoxy-8-methoxy-1,2,3,4,4a, 10b-hexahydro-
phenanthridin-2-ol maleinate
(2R,4aR,10bR}-6-(4,6-Dimethoxy-pyridin-3-yl)}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol maleinate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl)}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol oxcglutarate; m.p.: fnd.; decompesition starting at 110°C
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yt)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol oxoglutarate
(2R,4aR, 10bR)-6-(2,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a, 10b-hexahydro-
phenanthridin-2-cl oxalate
(2R,4aR,10bR)-6-(4,6-Dimethoxy-pyridin-3-yl}-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol oxzlate
(2R,4aR,10bR)-6-(2,6-Dimethoxy-pyridin-3-yl)-9-ethoxy-8-methoxy-1,2,3,4,4a,10b-hexahydro-
phenanthridin-2-ol D-gluconate



(2R 4aR, 10bR) - 6- (4, 6- D net hoxy-pyridin 3

y1l) - 9- et hoxy- 8- net hoxy- 1, 2, 3, 4, 42, 10b- hexahydr ophenant hri di n- 2- ol

citrate - 21 -

(2R, 4aR, 10bR) - 6- ( 2, 6- Di net hoxy- pyri di n-3-y1) - 9- et hoxy- 8- net hoxy-1, 2, 3
, 4, 4a, 10b- hexahydr ophenant hri di n-2-o0l L-tartrate

(2R 4aR, 10bR) - 6- (4, 6- Di net hoxy- pyri di n-&2y1) - 9- et hoxy- 8- met hoxy-1, 2, 3
, 4, 4a, 10b- hexahydr ophenant hri din-2-o0l L-tartrate

(2R 4aR 10RMR, ﬁhb(maxs@r @bmtrh@f%wmelyﬂ%m%st %etﬁ&m&ys&rmbm%y&mz 3,4
4a, 10 b-hexa %(qu—%opg ant hridin-2-of D-tartrate, mp.

deconposifTGHLYLAP nam?ﬁ tfO7C
(2R, 4aR, 10bR) - 6- (4, 6- Di et hoxy- pyri di n-3-y1l) - 9- et hoxy- 8- net hoxy-1, 213

, 4, 4a, 10bagueneaiine i-pReBRIBhEY dald Ehnaje(ﬂon@rtédifntd Atsble solvent w1th the aid of a surtable

(2R 4aR, 0 > m et hoxy- 1

S aa 1oBonbs TP o i P G oo apeR i peiper

(2R, 4aR, 10bR) - 6- (4 6- D| nmet hoxy- pyri di n-3-y1) - 9- et hoxy- 8- net hoxy-1, 2, 3

, 4, 4a, 10@ﬁhﬁi@@&@pﬁﬂﬁlwb@awﬂ&mri di n-2-ol neso-tartrate

22§a4iORb o é\h Aé %e%g&r?g %1 %%Hrﬁ ,s%lr%_u?ﬁrééol.afm%%%am n}/erlcal!y pure stX |¥mg 2,3,

(2R, 4aR, TOBRYHD e'lﬁn@ﬁmﬂmﬂr %ﬁ@lab%mpewwssifwwa@d@wi@‘x@mss hygtogen yanbe | 3

, 4, 4a, 10bbthiesdirdnytie cpleegadidiatdtidtesdy @hrofatoBrhsHicdl separation, which can be afforded

(2R 4aR, 10bR) .- O Q%o@fh@fcﬁ%hgﬁ le[, H's! n 3-y1)-9-et hoxy- 8- net hoxy-1, 2,3
ro .

, 4, 4a, 10b- hexa henant - L-mal ate
(2R 4aR QUWPBK(*%DH%E“ﬁ?@t’WBWU)p%@dl n- 3-y1) - 9- et hoxy-8-m
et hoxy- 1héhtdes;piapadol/Dethfiexiasaodompih et atihin dethiciion2t 840 nkn; el at e
(2R14aR, .
6-Di met éﬂl@.@A@éD’zﬂ%o um 5_285x _1 160t nﬁrg)x >3/'0 8C r?céettonggl(l;llsopr%pan% 955 570 &fn’hn detection
hydr opheﬁ‘zf%i ﬁ%f’a Ef?"f‘ oI fumar ate; mp.: fnd. decorrp05| t| on st artl ng
at 172C CHIRALPAK® AD 20 pm (250 x 50 mm), ambient temperature heptane/isopropancl = 95:5, 120

(2R, 4aR, LPAR) delrldh024d frebhoxy- pyri di n 3-y0-9- et hoxy- 8- nmet hoxy-1, 2

3,4,4 a, ophe r|d|n

(2R, 4am‘}8'%&|;‘§%éh“ég@ %PWE%&Q‘? Wr? dcnT %J“ nFé%éPWBWetg“fﬁ’éﬁ“rﬁf?Q;?mi 2,3,
4, 4a, 10b- hexahydr ophenant hri di n-2- ol mal ei nate

(2R, 4aR, 10bR) - 6- (4, 6- Di net hoxy- pyri di n-3-y1) - 9- et hoxy- 8- net hoxy-1, 2, 3
, 4, 4a, 10b- hexahydr ophenant hridin-2-ol malein ate



(2R, 4aR, 10bR) - 6- ( 2, 6- Di et hoxy- pyri di n-3-y1l)-9-et hoxy-8-m

et hoxy-1, 2, 3, 4, 4a, 10b- hexa hydr ophenant hri di n- 2- ol oxogl ut arate;

mp.: Ind.: deconposition starting at2ii0C

(2R, 4aR, 10bR) - 6- (4, 6- Di net hoxy- pyri di n- 310- 9- et hoxy- 8- et hoxy-1, 2, 3, 4

, 4a, 10b- hexahydr ophenant hri di n- 2- ol oxogl utarate

(2R, 4aR, 10bR) - 6- ( 2, 6- Di net hoxy- pyri di n-3-yl) - 9- et hoxy- 8- net hoxy-1, 2,3

,4, 4a , 10 b-hexa hydrophenant hri di n-2-o0l oxal ate

(2R, 4aR, Fywyg Bafedalg- Di met hoxy- pyri di n- 3-y1) - 9- et hoxy- 8- net hoxy-1, 2, 3

, 4,42, 10b- hexahydr ophenant hri di n- 2- ol oxal ate

(2R14aR, 1QbR),- 6: (2. 6- Di A i.dj.n-3-y1)-9- et hoxy- 8- net hoxy-1, 2,3

4, 4a, 103)”‘9he>’<"8?1 &°@E§ﬁ%g§%§§zﬁ{%éﬁb‘+""ﬁgﬁ’%ﬁ?&fa‘&%&m"l‘%‘?"‘?y amio}=3-(3-

(2R, 4aR, ROWRy-4enethpxgniBniaybloRskypsstdardi n- 3-y1 ) - 9- et hoxy- 8- met hoxy- 1, 2, 3

, 3, 4a, 1015_5$1m§afwsialai?9thwﬁi&$t§ihﬂ{:la@|u Qﬂd%{S@lrjnng Qlethgiongd- : %in@%lérﬁwdpyl)é?ﬁdiitmﬁdg

abovenent j oned .sa can onverte a suitabl. n .

2 of ana R JaE8h ieeF RENisE. o b Be Rt Rard (R s eBinardir

i n a manAgeYKNBNACgRendisyclotrybester gmagini B2land @ prarch ¢-diovethylAininepyzdipe/edtty

to the aboyduitenaichbememyitdiesidsd a{dgﬁe%iluﬁf@ﬁsﬁu@d ff691 @i&aaﬂfct,ﬂﬁﬁa% ﬁatlr]l?bfn

pure sta oRpo enant | i pure final compounds. .

Por mual - oR S TR 1 SOAALE & B e Gt o B o e s

cor r es polashae Wittht e bl saiuiipd @RtresiAY ygicagrkereerateselyianatias fryinghe ofgatia liydse

af f or dedwittt thdgresien enfalicsonént idrembvel toMen @2t Biof 18 cr@ hﬂtllgﬂcﬁripo@ﬂ wifidhPRAe

AD-H 5p ' - propanol / di et hyl am ne=

90/ 10/ omf-gegg"gt%ﬁ'ﬁ‘f”@%‘é‘%@?ﬂif@ﬁ‘gé‘fbﬂ%ﬁmf\m CH RALPAI € AD 20 pm (285 X

110 ) , MBS AZ2Pbni t r MSelnd:d8pi opanol = 95:5: 570 ni/min, detection

at 250 nm or 280 nm CHI RALPAK(r) AD 20 pm (250 x 50 nm, anbient

t enper at §itfing EPHE A5 AR CARALREY 2V AF612 0 HAfoWH fetbh i 0

nm or CHI RAL PAK( r '?‘!éd@o%czopm' R e Wr'rg?q%‘g‘%la?fgﬁ% i

m / min ea:&ogeqt? altmdsl‘::élo %ﬁl@ B4 or B5 further relevant, non-explicitly described starting
compounds analogous to compound AT, which are also used to give via the abovementioned
cyclization step the compounds mentioned above, are obtained according to the procedure as in

Example Al.

The following compounds can be prepared from the appropriate starting compounds mentioned below
and the appropriate commercially available or art-known heteroary! carboxylic acids in a manner

according to Example A1.

AZ. Acetic acid (1RS,3RS,4RS)-3-[3-(2,2-difluoro-ethoxy)-4-methoxy-phenyl]-4-{[1-(2,6-
dimethoxy-pyridin-3-yl)-methanoyll-amino}-cyclohexyl ester
MW calc.: 508.52 MS: fnd: 509.1

A3. Acetic acid (1RS,3RS,4R8)-3-[4-(2,2-diflucro-ethoxy}-3-methoxy-phenylj-4-{{1-(2,6-
dimethoxy-pyridin-3-yl)-methanoyl]-amino}-cyclohexyl ester
MW calc.: 508.52 MS: fnd: 509.2

Ad, Acetic acid (1RS,3RS,4R8)-3-(3,4-dimethoxy-phenyl)-4-{[1-(2,6-dimethoxy-pyridin-3-yl)-
methanoyl]-amine}-cyclohexyl ester
MW calc.: 458.52 MS: fnd: 459.1

A5. Acetic acid (1RS,3RS,4R 8)-4-{[1-(2,6-dimethoxy-pyridin-4-yl}-methanoyl]-amino}-3-(3-
ethoxy-4-methoxy-phenyl)-cyclohexyl ester
MW calc.: 472.54 MS: find: 473.1



Starting Materials Al. Acetic acid

(1RS, 3R5, 4RS) - 4- 111-{ 2, 6- di et hoxy- pyri di n- 3- ypnet hanoy! | am no} - 3- ( 3-
et hoxy- 4- net hoxyphenyl ) cycl ohexyl est-@#-555 ng of

2, 6-di met hoxyni cotinic acid and 581 ngy of

N- et hyl - N - (3-di net hyl am nopr opyl ) car bodi i m de hydrochl ori de are

pl aced in a flask under nitrogen. 778 ng of acetic acid

(1RS, 3R8, 4RS) - 4- am no- 3- ( 3- et hoxy- 4- net hoxyphenyl ) cycl ohexyl ester
(conpound 81) and 2 ng of 4-dinmethyl am nopyridine both as solution in

di chl or ot haaic atie (AgsFesR) A -LhRaiimahstlAndat .ﬁ)[rﬁghél‘%ryg%m%oz-ggﬁ%ox 4
h W t f

than 42 h Z$ ro§n1ge Fﬁatrr . The reaction is quenché
wat er. AFTBIER %'é‘”'s';gga K1 BX "t he organic layer is washed with 2.5 m
of sat ur #edelpot7as4i um & fdgEidcar bonat e sol ution. After drying the
organic layer with magnesium sul fate the solvent is renoved to give

1.227 he cr. i omound whi ¢ re used for the follown
step w1 AGATe SR LR A GRS vl 356 g Sneu Rempal e
St ar t i ng Methoxy-phenvbspelofsxylester cormerci al |y avail able or art-known
het er oaryl carboxylic acids and the appropriate conmpound 81, 82, 83,

84 or 85 : alQnsexplicitly described starti

conmpound ég'%cépgég%%ght% 0’ C 2%@3??8 %XNE) E':“!'(\’/’\ﬁ"{ip (‘fﬁd' rg'é'ﬁ%ﬂe HAng 5%5'“ F‘Sﬁ%‘%hwa -
t he abovBRERKY-BFREY)€YLPNexdiePSh step the conpounds mentioned above,
are obtained according to the procedure as in Exanple Al . The

foll ow : f . 1. iat e ti
compound - SROUAE RS ANERE SR el BTSRRI ERbUPATnS Sl by
or art - kReRAxRiteaybaydlahexd eBi8kyl i ¢ acids in a manner according to

Exanple Al. A2. Acetic acid

( 1R5, 3RS R bdia(fR, 3R, IR I HRIs ) X Yot Sy IR AR SKHRRE Aok -4 Picf- 51 £~
O ot b o e, O LRSI el
(1RS, 3R5, 4RS) - 314- (2, 2-di f | uor o- et hoxy) - 3- net hoxy- phenyl | - 4-{(1- (2, 6-

di met hOxﬂmﬁé&rrélgjaﬂ’s%ﬂhﬁé)zorﬁﬁuh@ﬂ&){%m&%ﬁl@ﬂnﬁ&%é)ﬁﬁov@%&r%e d}é%%glfrgm the
508. 52M5; fn Acet |

d. ?0%2 A4. ic acjd ) ) _
(I RS, 3RSPRIEPeST o £ompoliget By TRIBAIT FIdihe pRPropgetg o mRTRI.AYRIBYS PreTn- 3
-y1) -  nmenknksjer FvcabyiispcHe hepdnnerscerdingty Exemple:A1458. 52M5:  f nd:
459.1 A5. Acetic acid

(1RS, 3R$ARR. 4 {: 1&%3%? ef hoxy-pyridin: 4-yl ) - net hanoylFani no} - 3- (
3- et hoxgli 47 1Tet hoxy- pheny if-gg{/%T'B 8% tlhce)x t4errmt¥'°2y"%"yl?'°yé(ojhexwem}
tarting from compound C1 mentioned below, the title compound is obtained analogously to the
procedure as in Example B2.
EF: C17H25NO4; MW: 307.39

MS: 308.0 (MH")

B1a. Acetic acid (1R,3R,4R)-4-amino-3-(3-ethoxy-4-methoxy-phenyl)-cyclohexyl ester

24.0 g (55.0 mmol) of the pyroglutamate of the title compound (compound B1b) are suspended in 150
ml of water, 100 ml of dichloromethane are added, then saturated KHCO;-solution until the gas
evolution ceased. After phase separation, reextraction of the water layer and drying the combined
organic layers with sodium sulfate the solvent is removed to give 16.9 g of the salt-free title compound.
Analytical Column Chromatography (CHIRALPAK AD-H 250 x 4.6 mm 5 p No.ADHOCE-DB030,

Eluent: n-Hexan/iPrOH = 80/20 (v/v} + 0.1 % Diethylamine): Retention Time: 6.54 min

B1b. Acetic acid (1R,3R,4R)-4-amino-3-(3-ethoxy-4-methoxy-phenyl}-cyclohexyl ester, 2dome
with L-pyroglutamic acid

Solution A: §5.2 g (180 mmol) of racemic acetic acid (1RS,3RS,4RS)-4-amino-3-(3-ethoxy-4-methoxy-
phenyl)-cyclohexyl ester (compound B1} are dissolved in 540 ml of isopropyl acetate.



MN cal c.: 472.54M5:. fnd: 473.1 - 24 - A6. Acetic acid

(1R 3R 4R)-4-([1- (2, 6-di et hoxy- pyridi n-3-y1)-net hanoyl ] - am no} - 3- ( 3-
et hoxy- 4- net hoxy- phenyl)-cycl ohexyl -@st-er MV cal c.: 472.54Ms: fnd:
473.2 A7. Acetic acid

(1R, 3R 4R) - 4- ([ 1- (4, 6-di et hoxy- pyri di n-3-y1) - net hanoyi kam no} - 3- ( 3- et
hoxy-4- met hoxy- phenyl)-cycl ohexyl ester AS. Acetic acid

(1R 3R 4R)-4-{[ 1- (4, 6-di met hoxy- pyri di n- 3-y1) - net hanoyl ] - am no} - 3- ( 3-
et hoxy- 4-Sotubiernk X §.6 giieddynnie of thwhegrhic esit e disdBred A0 imt ofdmpebpanol under
(1R 3R 4H%)aatﬁag(tﬁérz(gﬁn.@ofddoa@bmaam@wau&u@aéru ) - met hanoyl i - ani no) - 3- (3-

et hoxy- 4 n C

(1R 3R 4R I.EF g‘ﬂ%gg‘% %ﬁa@éi’/‘% Wg%}ﬁ@‘{? *BVFF@PFﬁAé 'W?"eﬁ@gf?fﬁr’(ﬁii‘ﬁd Wi s -
3-(3- et FF@RFyP agpiatehio giye pitas diyind 89.48 o boigss eastatswitrarathef the etaptiaredrs of 97:3 in
starti I’lgf&&ﬂ%ﬂﬂﬁ@ﬁlﬁgcﬁﬁﬂbmﬁqbe final exanples nentioned above can be

pr epar edN]‘ r_cz,rg)ti_t1 Aappr opriate starting conpounds nentioned bel ow and
t he approppr"i ate commercially available or art-known heteroaryl
carboxylic acids in a manner according to Exanple Al. Bl. Acetic acid

(1RS, 312524R$aet.4aam(msﬁas(&mhmyo. ggﬂ:ﬂ@m&@h&%é}a&%ﬁh@?@%yl ester

Starting,f le co
obt ai ned a%a og {l;gs)# %t'ﬂg&awggg ure aés:)eéy r%?h SNYR-sH-nit n%ﬁvcloqlexyFester
C17 H25NOQF°mW rWBf EtB@B' Ipaqdegiio)a EBT'_EaJODmf;QqupIg, ;a@pla(gad from 16.8 g of zirc
(1R 3R 4Mrm9a®maﬂ(@mﬁtrmx¢aa4e meridnpste Preax bid, Qb&rlaﬁhllﬁgjyﬁs;g@%toﬁﬁs

24.0 g ( %ﬁux@d g{)ﬁ e)ategtmtlji E’éamp&f 5%% H&cﬁlgg%ﬁ n{:ﬂ:\tafletrgﬁc{ éé anl oﬁﬁtgorﬁr ?H% resulting
hEMEE

(conmpoun are suspend
di chl or oREtFed %fOéEF&E%i 15%%“%%{?&9{‘5‘9@6*“?(% gﬂ@p@non arf thimsgiventihe

‘gas evol etiben. Ceasacyraphfchleurifohins @n sitq@ajatsinga mixuee¥figedslé indsthdkthiihe
wat er | aéﬁ%fateﬁ%y%‘?rﬁ(ﬂeﬁrgthg Nio %’H’%&‘ gtqlcgﬁlgﬁdﬂ' gthg @cyn%l:s@w%é b Faﬁg Eécldgﬂs afford

sulfatedbtnae @g \?r&lﬁls renpved to give ree ti
‘conpound® " EHEP vA T EEPYLE NG e a8 aag‘rpa'ﬁﬁvw(‘eﬁl RALPAK AD-H 250 x 4.6
mmb5 p N = ABRIOEFoIBE0 8iDer/ethy! acetateftriethylamine = 2/7/1)

B3. Acetic acid (1RS,3RS,4RS)-4-amino-3-[4-(1,1-difluoro-methoxy)-3-methoxy-phenyl]-
cyclohexyl ester

Starting from compound C3 mentioned below, the title compound is obtained analogously to the

procedure as in Example B2.

EF: CigHaFaNOy; MW: 329.35

MS: 330.0 (MH")

B4. Acetic acid (1RS,3RS,4R8)-4-amino-3-[3-(1,1-difluoro-m ethoxy)-4-methoxy-phenyi]-
cyclohexyl ester

Starting from compound C4 mentioned below, the tille compound is obtained analogously to the

procedure as in Example B2,

EF: CigHoqF2NO,; MW: 32035

MS: 330.0 (MH")

B5. Acetic acid (1RS,3RS,4RS)-4-amino-3-[342,2-difluoro-ethoxy)-4-methoxy-phenyl]-
cyclohexyl ester

Starting from compound C5 mentioned below, the title compound is obtained analogously to the

procedure as in Example B2.

BSa. Acetic acid (1R,3R,4R)-4-amino-3-[3-(2,2-difluoro-ethoxy)-4-methoxy-phenyl]-cyclohexyl
ester



El uent: n-Hexan/iPrOH = 80/20 (v/v) + 0.1 % Diethylamne): Retention
Time: 6.54 mn Bib. Acetic acid

(1R 3R 4R) - 4- ami no- 3- ( 3- et hoxy- 4- met hd¥y- phenyl) - cycl ohexyl ester,
24ome with L-pyroglutam c acid Solution A: 55.2 g (180 mmol) of

racem c acetic acid

(1RS, 3RS, 4RS) - 4- am no- 3- ( 3- et hoxy- 4- net hoxyphenyl ) - cycl ohexyl ester
(compound Bl1) are dissolved in 540 m of isopropyl acetate. - 25 -
Sol ut i on B tifsgeogipgund iwobtaingd frym 8§ piraghyancaid elt éavineotad Bab)analoatiissad deetlibeh
260 m offoricempsunp BnolsingReidiim ArirddeR@roohdiesond9® m of isopropyl acetate
i s added carefully. Solution B is added to solution A and left for 48
hours. The solid is filtered off and washed with a little isopropyl
acet at e tB¥PgirGeticaciddiRARGRhfamimoBd32 Zdifluerpethexyrafaethpry-rbienyil- ey ofdiexd
of the enant kstegsdt with Bgyrdglutanfi@your of the title conpound. M o.

é%%é?ﬁ%f%ﬂ(ww) %QZ@ é&d (RS ERS ARSIy 352 2 dlsrp-etiap) 4-m£thoxy-

sol uti on "l nylieyc@lra)%jf e§ter er@gqued a@la&e dassolved in 3'mil of |sopropanol A solution of 103 mg
( 1RS, 3RS(0RS)m 3} df B;pdrodiLtmdiclzoi jrhelrf ispprdeandl s eﬂ&@&hﬁﬂﬂ aneyihg &8ltddying 162 mg of
( Comoun%e%%gnhtamgégre%ona‘i’éd vith Qﬁ‘@ﬁ%nnérﬁer@gagiggf d7Q sjh f%&oﬂPof%%Rﬁﬁon%%Hfat e

prepared from 16.89 of zinc powder and
nonohydrate in acetic acid, the resulting suspension is refluxed and
treat ed BBt hAGECcatid d)fSlhmm‘ﬁ)-a@nﬁho-@(szetmdxy@fmmwpha:ml) ZbloftxyDéster

et hanol . 3 E@e(ﬂs@%%&)' é?gac&]cxatclar @SR, §Ré @ﬁé)%t@ﬂ' b{ljg{yﬁ b Sho- J:?a—é’%%-eﬂ‘e‘?fgfxy-

preci pi t at enin L V\%}% é; e solvent Is 1
-Chr omat offISARRPES] exﬂl??tlerf C?:’BFEOU 15k T‘°1°E’5d '@élm'ﬁg‘? Md1Gh inrfioxpnfy and gtirred for 30
pet r ol euminetfiee remevd gl thaeadventttey nesitustingibmivedie dicilorbhetharetand 22mTdf SatameHC O,
concent rﬁildtl&nar@fad&éﬂl%afeﬂf lf Q@t@pﬂﬂh@ﬁbpgﬂa% ?‘eef(tra@-&)})'o@m\% vialeh %F(g' and 111?3(1 of the

- (55% of r

(petrol e%%]%m{e ‘f{?’rrg? (i] elrs g)tt% %elgh S?F'ﬁ‘f‘ﬁ%ﬁ‘gg %egge Coﬂl?é‘t"ldc aC| d
(1RS, 3R§&§57H25Hﬁ4nf6w335{7@9(1 1- di f | uor o- et hoxy) 3- net hoxy- phenyl j cy
cl ohexylMesoen ((t'arti ng from conpound C3 nentioned below, the title
conpound i s obtained anal ogously to the procedure as in Exanple B2.

EF: C16H21F2N04 MN  329.35 Ms: 330.0 (I\/W
7. Acetic acid (1SR,3RS,4RS)- -3-amino-4-(3,4-dimethoxy-phenyl}-cyclohexyl ester

The fitle compound can be obtained from compound C7 analogously as described for compound B6.

C1.  Acetic acid (1RS,3RS,4RS)-3-(3-ethoxy-4-methoxy-phenyl)-4-nitrocyclohexyl ester
Starting from compound D1 mentioned below, the title compound is obtained according to the
procedure as in Example C2,

C2. Acetic acid (1RS,3RS,4RS)-3-(3,4-dimethoxyphenyi}-4-nitrocyclohexyl ester

10.18 g of (1RS,3RS,4RS8)-3-(3,4-dimethoxyphenyl)-4-nitrocyclohexanol {(compound D2) are dissolved
in 100 ml of acetic anhydride and the solution is heated to 100°C for 1-2 h. After removal of the solvent,
the residue is chromatographed on silica gel using a mixture of petroleum ether/ethyl acetate in the
ratio 2/1, Concentration of the corresponding eluate fractions furnish 10.37 g (89 % of theory) of the
title compound as an oil.

R¢=0.32 (petroleum ether/ethyl acetate = 2/1)

Starting from the starting compounds mentioned below, the following are obtained according fo the
procedure as in Example C2:

C3. Acetic acid (1RS,3RS,4RS)-3-[4-(1,1-difluoro-methoxy)-3-methoxy-phenyl]-4-
nitrocyclohexyl ester



84. Acetic acid

(1RS, 3R5, 4RS) - 4- am no- 343- (1, 1-di f| uor o- met hoxy) - 4- net hoxy- pheny1) -

cycl ohexyl ester Starting from conpoudd-C4 nmentioned below, the title

conmpound i s obtained anal ogously to the procedure as in Exanple B2.

EF: Cl16H21F2N04; MWN 329.35 MsS: 330.0 (MH) B5. Acetic acid

(1RS, 3RS, 4RS) -4-amino-3-[3-(2,2-d ifl uoro-eth oxy)-4-m

et hoxy- phenyl j cycl ohexyl ester Starting from conpound C5 nenti oned

bel ow, the title conpound i s obtained anal ogously to the procedure as

in Exanmples. Ba\ceﬁéé’md ARBI3RS, 4R§)L3j|% (1,1-difluoro-methoxy)-4- methoxy phenyl]-4-

(1R 3R 4R) - 4- am h3 &'3 E |'uor o- et hoxy) - 4- met hoxy- phenyl | -cycl o

hexyl ester ™ mf@cc' FHtt 1 e conpound is obtained fromits

pyrogl utanmate salt (conmpound B5b) anal ogously as descri bed for

c grrgound @3l a Adsiid iSRS IS, XS PERAS-BIMAORU x5 LA MbdhBKY-p AR 4 AR Gohexy!
i

(1R 3R 4R) - 4e3tﬁ1r no- 343- (2, 2-di f| uor o- et hoxy) - 4- net hoxy- phenyl | - cycl oh

exyl ester, salt with L-pyroglutamc acid 343 ng (1.00 mmol) of

acetic amed Acetic acid (15R,3RS,4RS)-3-tert-butoxycarbanylamino-4-(3-ethoxy-4-methoxy-phenyl}-

(1RS, 3RS, 4RS); c‘l‘oH%Q‘yl@Qt 3- 13 (2 2-di fl uor o- et hoxy) - 4- met hoxyphenyl kcycl

ohexyl ester nd B re dissolved in 3 m of isopropanol. A

sol uti on24P44 "Ff@f")("@[(w )(3'9‘f1°>1! Aryeteneyy-oheari-evclalsxeB-dnpl]-Garpamiodcid teri-

i sopr opanat! esisr (@cttitind Bd) gy dissbilddan 1 80gniantHO&NisD eh die, m\n@&[uttoh% THF) are

pyrogl ut ?&@E @ro?{v@iz Lf}%m /-ﬁtgr éé\ﬂrﬁwe &g? hipan?&thr% rursecrolg(e:d Lrls%tglag ice bat% and a mixture of

. favour

(1SR, 3RS>URSY LA *Rlend £ ? @' A eHsRYE MEGHEEBHD s adpert Aelixtenedd Bitresipt 3tminet

3.0 g (7186 temyergturafioaciediivateaaridd00 mi of dichloromethane are added. After phase separation,

(1SR SRSbfSkaaof & cvafgugmwmwlhg@g@@Te;aegg%ns¥a SXNas SR hIXYDIENY! Y

cycl ohex ester onpound

di oxane %ﬁ’ﬂ"@ﬁ"? F’@&r udg progist (2p- ﬂ2 9.pixtere of Eeripanentined regiosenerene:1tihigvour of
resi due thstitth compbundlds iged direchy Withooratrmanerrigagn25 M of sat. NaHCO3
solution are added carefully. After phase separation, reextraction of
the water and dry| ng of the conbined organic Iayers (Na2S™4)

the oot vTisicoE maR e P ien s dheoed)n 5 mi 6@ EIe IS0 s s EiensTe
H25 N 04andiginm! gGiFeiBaniyBride3@8adlieqd ®Nd thSixtuAcstiirédforeaDindn at 100° C The solvents and

( 1SR, 3RS R)ic é’rm?d??délgreﬁlerﬁ&enﬂ(sgﬂ Nﬁiét?’&)frum? BY |f):atf3¥3yl|9 h?ﬁ%a%gra-gns?
title CO??CE %&. e obt ai ned COITpOUﬂ ana OgOUST

descri bet tl & EPTHRAL und as color!ess oam.
EF: C22 H33 N 06 MW: 407. 51

MS: 308,1 (MH"-Boc), 407.8 (MH"*), 430.1 (Mna")

C7. Acetic acid {1 SR,3RS,4RS)-3-tert-butoxycarbonylamino-4—(3,4-dimethoxy-phenyl)—
cyclohexyl ester

The title compound can be obtained from compound D7 analogously as described for compound C6.

D1. (1RS,3RS,4RS)-3-(3-Ethoxy-4-methoxy-phenyl)-4-nitrocyclohexanol
Starting from compound E1 mentioned below, the title compound is obtained according to the
procedure as in Example D2,

D2. (1RS,3RS,4R8)-3-(3,4-Dimethoxyphenyl}-d-nitrocyclohexanol

10 g of (1RS,3RS,48R)-3-(3,4-dimethoxyphenyl)-4-nitrocyclohexanol (compound E2) are dissolved in
170 mi of absolute 1,2-dimethoxyethane. 14.3 ml of a 30 % solution of sodium methanolate in metha-
nol are added dropwise, After complete addition, stirring is continued for 10 min and a mixture
consisting of 85 % phosphoric acid and methanol is added to pH 1. By adding of saturated potassium
hydrogencarbonate solution the resulting suspension is neutralized. The mixture is diluted with water



C. Acetic acid

(1RS, 3RS, 4RS) - 3- ( 3- et hoxy- 4- net hoxy- phenyl ) - 4-ni trocycl ohexyl ester
Starting from conpound D1 nenti oned béfow, the title conpound is

obt ai ned according to the procedure as in Exanple C2. ' C2. Acetic
acid (1RS, 3RS, 4RS) - 3- (3, 4-di net hoxyphenyl ) -4-nitrocycl ohexyl ester
10.18 g of (1RS, 3RS, 4R3) - 3-( 3, 4-di met hoxypheny1l) -4-nitrocycl ohexanol
(conpound D2) are dissolved in 100 m of acetic anhydride and the

sol ut i on Mg disllgre@ethens. e pEaticopyet is seppraty and extragied with didiordnihage| The salvents
th te r Iesi ohnere'msvsmhm:aéda@r@maaﬁg saryiteﬁi the tﬁlta_c@}ﬁ;!,ze/ufi@ésréhgpa% y@jltdgdtﬂ!%ic@]fc{ys’%awzes_
petrol eu he ' e.rati.o , ncentration o e
corresponni](!lj:ﬂ::q[lile %ﬁgg{?}é lsfLr%g%‘%@%ﬁgd@ﬁrrpr‘ffmscﬁ%fd.tﬁ? "GIUES 9% of theory) of
the titl &¥TBaPMGHAeursethgiedyijacelae =10) 32 (petrol eum et her/ethyl acetate
= 2/ 1) Sinaptizeg2frcomthe starling conpounds nentioned bel ow, the

foll ow ng are obtained according to the procedure as in Exanple C2:
C3. Acetic acid ﬂl RS, 3R5, 4RS) - 344- (1,1 -d

i f1 uor o- MEFHEIYY 8- aRRPRIRIR A135ING SppRquUDds merftiened gley.dhafollswiph awgbigined - 27
- CA. Acetdogiingas tie procedure as in Example D2:

(1R5, 3RS, 4RS) - 343- (1, 1-di f | uor o- net hoxy) - 4- met hoxy- phenyl | - 4-
nitrocycl ohex&l ester C5. Acetic acid )

( 1RS, 3RSPARSYRIIRIARS)-S 41 f1RifBietr-metexy) y-aethayipbryMlphuigayelohexsnel ocyc
| ohexyl ester C6. Acetic acid

(1SR, 3RSp4R5 7 f ) 1 Q- Ao 3~ ¢ e - phenyl
)- cycl ohexy Rg'gﬁg'r hggﬁ%:ﬁ%é%?%g%:ﬁ?ﬁg? m%ﬂ(&ﬁ’wr% ’ rﬂtr&@glﬁﬁé&"&

[ (1RS; 6RS) - 6- ( 3- et hoxy- 4- met hoxy- pheny1l) - cycl ohex- 3- enyl kcar bam ¢

aci d t el PS.butl 3¥.3B8#B$)-F-BdapOifludrodshoxa)-¢ matrezphbvang!)-UmitiddOclotiexad ol THF
and 50 m of BH3 (1 Msolution in THF) are added dropwi se (30 mn).

After-stirri f he mxture is cooled usi an ice bath and a
m xture f('3% _égl%%sﬂt%f'g"%% o’{yég'a}ft‘i’gl’ﬂ’dp"@ﬁyl ] yc&)‘ﬁ'eé' ﬁ@gﬁ'?r 2¢id tagybyty ester
added. Thiating framul! BS68S s§-{3rathey-4-oethay-niemydtcyciehenfetydampeer (admpoend Z6) thenitle
of wat ercoaipound@obtdined bnaldgeiodsQeRkbaTe BM8oddded. After phase

separati Clnh,O the water | ayer and drying of the
conbi ne o?zgﬁ%&@y@}r"s&(%&'zsm) the solvent is renoved and the crude

product N$3/%56nan} xt ure of the two mentioned regioisomers - 2:1 in
favour of the title conpound) is used directly w thout further

urificaj4 o i V. h i.s. di.sspl ved jn 50
i of | pyaT QRS SEE- LA by b LN EEBa S Eh RO SRl
anhydr i de&-18r% (6348 & dnef Ers-Gridrdipahaypherddryelehexg@nyianineafcomp@Od EFhend
|S5 ol y]?_nt siaang (651e1 aeel) brBathydrstiea iﬁlﬂi@hlér&ﬁ_@tﬁﬁ f()rs?.a.‘a h, t%Hﬁ@ﬁol@ﬂ! ib'frén’ﬂi%d

uritic . I el. . the title
conpoun%kgggé%?egr sazhzgé)gﬁ]pE@@te%%ﬁpﬁgénﬁoﬁé‘fﬁR/S\P °2@‘%&I§f°ﬂ}%‘?””§-os. 1
( MW Boc )BT 4UPHIE N REMW: 388631 (vhat)

MS: 334.2 (MH")

E1. (1RS,3RS,48R)-3-(3-Ethoxy-4-methoxy-phenyl)-4-nitrocyclohexanol
Starting from compound F1 mentioned below, the title compound is obtained according to the
procedure as in Example E2.

E2. (1RS,3RS,4SR)-3-(3,4-Dimethoxyphenyi)-4-nitrocyclohexanol

Under nitrogen atmosphere 16.76 g of (3RS,4SR)-3-(3,4-dimethoxyphenyl)-4-nitrocyclohexanone
(compound F2) are dissolved in 300 ml of tetrahydrofurane, the solution is cooled to —78°C, and 75 m
of 1 M solution of potassium tri-sec-butylborohydride in tetrahydrofurane is added dropwise. Afier
stirring for further 1 h, a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer
solution is added. Stirring is continued for further 10 min, the reaction mixture is diluted with 400 mi of

ethyl acetate and the aqueous layer is extracted with ethyl acetate, the combined organic phases are



a.

Aceti caci d( 1SR, 3R5, 4R5) - 3-tert - but oxycar bonyl am no- 4- ( 3, 4- di met hoxy-p
henyl) - cycl ohexyl ester The title coRfound can be obtained from
conmpound 07 anal ogously as described for conpound 06. D .

(1RS, 3RS, 4R5) - 3- (3- Et h oxy-4-m et hoxy-ph enyl)-4-nitrocycl ohexan ol
Starting from conpound El nentioned below, the title conpound is

obt ai ned according to the procedure as in Exanple 02. D2. (1 RS, 3

RS, 4RS) - F0peEniates P give A a5y Whish i pijiigc by chromeiogiephylon sieaashiesing Banigure bt
(1RS, 3RS, peStRpunBetiaethyticateie rony R lo)farfisini 6, QB0 b exarpQ) thé @@mmpjaﬁd
E2) are Ci:_lﬁ@ @g 4Py of absolute 1,2-di met hoxyethane. 14.

of a 30% sol E'N?‘,SOC]I um et hanol ate in net hanol are added

dr opwi se. MSA Iete addition, stirring is continued for 10 mn
and a rriﬂfaﬂegQaQMeL&tetlmlemilaEﬁata/e:phpsphori c acid and nethanol is
added t o ppki ko 1Bycaddi ng of saturated potassium hydrogencarbonate
solution the resul'ting suspension is neutralized. The mixture is
diluted with water - 28 - and dichl oronet hane, the organic |layer is
separ at edteaiind frem thecepbrephiaie dtdntingicarhpoandxmedniiaiae beldd,ehessollowR b b&: cblaged

renoved gggﬁfngrt@gyg@gecgreeagwxgmb,gﬂl eld the title conpound as a pale
yellow oi |, which crystallizes. The title conmpound is used w thout

further purification in the next step. Rf=-0.29 (petroleum
et her/ et Byl EBESRESSR)-ZI41(),1Wifhioro-h@ibedd- 2@ Bt axyiphag/f4-otrddybihexanol
appropriate starting corrpounds menti oned below, the follow ng are

??}?gl geRgEﬁ(:@hg-'ﬁgg (1%_8)15 g%il | ugldol-'-lrglgthgfy)-!et rll'le o?'(g-?alhenyl]%t mtrc(u)c:;)(clohexanol
uor o- net hoxy) - 3- net hoxy- phenyi ] -4-ni trocycl oh exanol D4. (1

RS, 3R5, 4RS) (3|4§.3|(eé,4§R)|31 Bl 20anBRLdIBRY)-1- Atk NPNAY -4 AR disbsBnol
i trocycl ohexanol .

(1RS, 3RS 4RS) 3-(3- (2 2-Di fl uor o- et hoxy) - 4- met hoxy- phenyl ) -4-nitrocyc
| ohex ano¢ (1RS,6RS)-6-(3-Ethoxy-4-methoxy-phenyl)-cyclohex-3-enylamine

Starting from 2-ethoxy-1-methoxy-4-{(1RS,6RS)-6-nitro-cyclohex-3-enyl)-benzene (compound F&} the
titte compound is obtained analogously as described for compound E7.

E7. (&)-cis-6-(3,4-Dimethoxyphenyl)-cyclohex-3-enylamine

40 g of (x)-cis-1,2-dimethoxy-4-{2-nitrocyclohex-4-enyl)benzene (compound F7) zre dissolved in 400
ml of ethanol and 40 g of zinc powder are added. After heating to boiling temperature, 65 ml of glacial
acetic acid are added dropwise. Afterwards, the reaction mixture is filfrated and concentrated. The
residue is redissolved in diluted hydrochloric acid and extraxted with toluene. The aqueous layer is
alkalized using 6 N solution of sodium hydroxide and extracted several times with toluene. The
combined organic phases of the alkalic extraction are dried using sodium sulfate and concentrated.
The residue is chromatographed on silica gel. 11.5 g of the title compound are obtained.

F1. (3RS,4SR)-3-(3-Ethoxy-4-methoxy-phenyl)-4-nitrocyciohexanone
Starting from compound G1 mentioned below, the title compound is obtained according to the
procedure as in Example F2.

F2. (3RS,45R)-3-(3,4-Dimethoxyphenyl)-4-nitrocyclohexanone

90.0 g of 3,4-dimethoxy-w-nitrostyrene {compound G2), 80 ml of 2-trimethylsilyloxy-1,3-butadiene and
180 ml of abs. Toluene are putin an autoclave, where the mixture is stirred af 140°C for 2 days and
then cooled. After addition of 1000 mi of ethyl acetate, 300 mi of a 2 N solution of hydrochloric acid are
dropped under stirring. The phases are separated and the agueous layer is extracted three times with
dichloromethane. The combined organic exiracts are washed with saturated sodium



6. [(1RS, 6RS) - 6-(3- Et hoxy- 4- net hoxy- pheny1l) - cycl ohex- 3-enyl i -carbamc
acid tert-butyl ester Starting from
(1RS,6RS)-6-(3-ethoxy-4-nethoxy-phenyﬁ?:cyclohex-3-eny|anine
(conpound E6) the title compound is obtained anal ogously as descri bed
for conpound D7. EF: C20 H29 N 04; MN 347.46, Ms: 370.1 (Ma+) 7.
[ (1RS, 6RS) - 6- ( 3, 4- Di et hoxy- phenyl) -cycl ohex-3-enyli-carbamc acid
tert-butyl ester 15.18 (65.06 mmol ) of

()-cis- G-WQ'PQF-”BWH%‘FW(?R'V&%‘HW pye PagnsEien sdfatepp digispleertscase MevIngddE?)
and ﬁ4' 21e@ce{c6;5eskmle hngite) 150§ oBhe&ud tile 8dmpolieKl Fmed;mmia@crnoﬂﬁrrk&arast b}ﬁyor
2.5 h, t I S i WA fr
2ty ace?%?g}ﬁsﬁ'@to\éggéat Seho IR AL LG L8 (e bl alleradal o
H27 N 049 ®Anp 05881 thypure Bitecoppqupf-_ 1) EI .

(1RS, 3RSEASR)HNG3MAL AT9ap- 4- met hoxy- phenyl ) - 4-ni trocycl ohexanol

Starti ng g o/ HOMRAUNMNRE Ment i oned bel ow, the title conpound is
obtainengp ;ding to the @rocedyre as in Exanple E2. E2.

(1RS, 3RS, Eé%-@%f:",eﬂm[ﬁtq‘?g‘?tﬁ FEFRAYM) - 4- ni t rocycl ohexanol Under

ni t r ogenMet-n8gp#E€e 16. 76 g of

(3RS, 4SR) - 3- ( 3, 4-di et hoxyphenyl ) - 4- ni t rocycl ohexanone (conpound F2)
are dissg}ved in 300 M of tetrahydrofurane, the solution is cooled
Co - 78, SHES oM HE B oRriasiaPa TSR ms8tiaged peja. the following are obtained

tri - sec- #asening toribvhgraeedere a in BxenplaRgidr of ur ane i s added dropwi se. After
stirring for further 1 h, a mxture consisting of 30%

hydr ogengper Qxi i and osphate buffer solution is added.
Stirri ng%s‘ @%‘#’fg ?Wgaoéﬂa}(i’!(l)%ﬂ*uﬁrrot"ﬂée)tpoﬁ'gg'mﬁﬁwf‘ﬁgﬁ?@Hb‘lfrl'té‘?‘FyﬁlPQ‘fxﬂ?@ei s
diluted with 400 m of ethyl acetate and the aqueous |ayer is

ext r act exh. wi (siks, a3 3% e DAkiBro-h &R0y PRI NRAy-PRIR NG IRNFSBFexBidhe - 29 -
concentrated to give a foam which 1s purified by chromatography on
silica gel usin m xture of petroleum ether/ethyl acetate in the

1

a
ratio 1/"P-t 3R ‘?%@W%@E%‘gow@ﬂ%)&mgﬁwwnwwﬁ@cque@amﬁpound.
EF: Cl14F119N05; MA 281.31 MS: 299.1 (M\H4+) Rl= 0.29 (petrol eum

et her/ ety Zéﬂﬁéx@hemé_thJ*YJQ-((MS?GF\’-S)-%%RFOJ‘D%Qhex—3-enyl)-benzene
Starting from 2-ethoxy-1-methoxy-4-((1RS,8SR)-6-nitro-cyclohex-3-enyl)-benzene (compound G6) the
titte compound is obtained analogously as described for compound F7.

F7. (t)-cis-1,2-Dimethoxy-4-(2-nitrocyclohex-4-enyl)benzene

10.0 g of (x)-trans-1,2-dimethoxy-4-(2-nitrocyclohex-4-enyl)benzene (compound G7) and 20.0 g of
potassium hydroxide are dissolved in 150 ml of ethanol and 35 ml of dimethylformamide. A solution of
17.5 ml of cone. Sulfuric acid in 60 ml of ethanol is then added dropwise such that the internal
temperature does not exceed 4°C. After stirring for 1 h, the mixture is added to 1 1 of ice water, the
precipitate is filtered off with suction, washed with water ang dried, and the crude product is
recrystallized in ethanol. 8.6 g of the title compound of m.p. 82.5-84°C are obtained.

G1. 3-Ethoxy-4-methoxy-e-nitrostyrene

Starting from art-known starting compounds, the title compound is obtained according to the procedure
as in Example G2;

G2. 3,4-Dimethoxy-w-nitrostyrene
207.0 g of 3,4-dimethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 m| of nitromethane are
heated to bolling for 3-4 h in 1.0 | of glacial acefic acid. After coaling in an ice bath, the precipitate is



Starting fromthe appropriate starting conpounds nentioned bel ow, the
foll ow ng are obtai ned according to thﬁ procedure as in Exanple E2:
Es. TR

(1RS, 3RS, 45R) - 344- (1, 1- Di f | uor o- et hoxy) - 3- met hoxy- pheny1] -4-nitrocyc
i chexanol EA4.

(1RS, 3RS, 4SR) - 343- (1, 1- Di f1 uor o- et hoxy) - 4- met hoxy- phenyl11-4-nitrocyc
| ohexanol _ E5. , o ) ) o

( 1RS, 3RSAYRFd off il sugiion. rinsed wih sk Bkasefieyryid andretrpley ethereny djedMai: 1400y e,
ohexanol Y8qd: 179.0g.

(1RS, 6RS) - 6- ( 3- Et hoxy- 4- met hoxy- pheny1l) - cycl ohex- 3-enyl am ne Starting
from2- eggho. - 1- met hox&;ﬁ- 1RS, 6RS) - 6-ni tro-cycl ohex- 3-enyl) - benzene
( compoun tf@/‘" RS ting CRMROYAT o REN 3r€ 2bkonn Aekhichiean byehiaineg aagomgdiioptied
f or conpdaeveh d8FpouEds or according to art-known procedures (such as e.g. as described in WO 95/01338
() - ci s- 6f shafhgbdsiRE OR i i Tpad - 4

()-cis-1,2: g%r%et ﬁ;% y- 4'%”% f\%,c{)%hggrg‘%wg%ex-p%@%‘] %g]r?z[FI g%%&?rg@ toolﬁen%ocle%re
are di ss6f{ arinﬂe%o n of ethanol and 40 g of zinc powder are added.
After heating to boiling tenperature, 65 ml of glacial acetic acid
are addeggsdr -6 g I8 I mxture is filtrated and
concentr at ed%heﬁ?%?%ﬁi&@sg&gﬁogggIn\gg)g&?%gdi | uted hydrochloric acid
and extraxted with toluene. The aqueols | ayer is alkalized using 6 N
sol uti onGéf Udi-Diffudrgaiiedhaxges-mathoexbhacsyetnseveral tinmes with

tol uene. The conbi ned organi c phases of the alkalic extraction are
dried using sodiumsulfate and concentrated. The residue is

chr omat ofjf-aphed- Yivaerihesy-fanethaxy-woitrgstyrene titl e conmpound are

obt ai nedTheRile compound is obtained starting from 3-(2,2-difluoro-ethoxy)-4-methoxy-benzaldehyde

(3RS, 4SRkarksd.fa Fh aesad RLNR AR k)i T ocycl ohexanone 'Starting
GL ‘nent1 one I

fromco oqng~ . | bel ow, the titl'e conpound is obtained
accordi ﬁg-Pré ¥1Pe (f)rocedure as in Exanmple F2. F2.

(3RS, 4SR) - 3- (3, 4- Di et hoxyphenyl ) -4-ni trocycl ohexanone 90.0 g of

3, 4- di Megd0%YEtREYMN-hERSEHYA-§IFEs 0! L 320

2-tri rreh{]%,lgsi I \Elfxg%(\% 1, 3-%u?adi eﬁ%gﬁém%Scoﬁ%%Sg?ylg%g%nfol uene are put
in an autSEISPE S-Ghey-é rahexyeyigsigenadcannopnd ) de e ermppeid ipokialed and
t hen codneldgously bedeseribed for compEndl®00 ml of et hyl acetate, 300 ml of a

2 N solution of hydrochloric acid are dropped under stirring. The
phases q.fr{e ?jgparat ed_and the aqueous |ayer is extracted three tines
wi.th di cHF oM BHBrRAAE M SRYLREIRAYCIBhesetheylestesntct s are washed with
sat ur at @.OME,Mm ethoBPw-nitray g eRERURDTD Hid 3 0lgUub.H Ginol)dF pggg,q.gy@\g are
magnesi : [ e nder, r ced pressure
o g1 ve TED e et o K R L O L B R <
carri ed PHateHy TRaTPiHgiIOYFahEy 68F 126l darsdn ieputestavh gndibery copleds $ome of the
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of t heoratlys@iiizddieetRitbenmty. 1 855 ppeund.

QO

H1.  3-(2,2-Difluoro-ethoxy)-4-methoxy-benzaldehyde

10.04 g of isovanillin and 15.5 g of potassium carbonate are placed in an autoctave, 50 m! of DMF are
added as well as 12.44 g of 2-bromo-1,1-difluoroethane. The autoclave is closed and heated at 60°C
for 20 h. Then the solids are filtered off and washed with 120 ml of DMF. About 120 m! of the solvent
are distilled off and the residue poured on 200 ml of ice/water, where the product precipitates, Aiter
stirring the slurry for 30 minutes the product is filtered off and dried to give 13.69 g of the desired
product.

M.p.: 66-68°C



EF: Cl41 d17N05; MN 279.30 Ms: 279 (M, 297.1 (M\R4+) Rf= 0.47

(petrol eumether/ethyl acetate = 1/1) Mp.: 147-148C Starting from
the appropriate starting conpounds nenti-oned bel ow, the foll owi ng are
obt ai ned according to the procedure as in Exanple F2: F3.
(3R5,4SR)-3-14- (1, 1-Di f | uor o- net hoxy) - 3- met hoxy- ph enyl]-4-n

I trocycl ohexa n one F4. _

(3RS, 4SR) - 343- (1, 1-Di f | uor o- net hoxy) - 4- met hoxy- phenyl] - 4-ni trocycl ohe

zanone Fb5. _
(3RS, 4SR)canthéeialutidityDi | uor o- et hoxy) - 4- met hoxy- phenyl) - 4-ni trocycl ohe

xanone EG6. _
2- Et hoxy-_1- nmet hoza/- 4- (é | RS, 6RS) - 6-ni t ro- cycl ohex- 3-enyl) - benzene
Starting Tihe §pf1pounds according to the invention have useful pharmacological properties which make them
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et hanol and 35 m of di mgthhy_lformam e. Asolution o om0
conc. Sulf TUPTROYERY Ho-GOMAPINGYS haiRarorhexiphghinaeired i iBiptineof baetes.
that theofthe NHaid of Gwpertawbice agoesisted by exdaed sd.as AblzgilneSPAR (blaRBt-5c0r
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On account of their PDE-inhibiting properties, the compounds according to the invention can be
employed in human and veterinary medicine as therapeutics, where they can be used, for example, for
the treatment and prophylaxis of the following illnesses: acute and chrenic (in particular inflammatory
and allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial
asthma, emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type)
such as psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema,
Lichen simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid
lupus erythematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne
rosacea and other proliferative, inflammatory and allergic skin disorders; disorders which are based on
an excessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid
arthritis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune
system (AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shack {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 ulcerative colitis); disorders which are based on zallergic 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 conditions associated with cerebral metabolic inhibition, such as cerebral



207.0 g of 3, 4-di nmet hoxybenzal dehyde, 100.0 g of ammoni um acetate and
125 m of nitromethane are heated to boiling for 3-4 hin 1.0 I of
gl aci al acetic acid. After cooling in3n ice bath, the precipitate is
-31 - filtered off with suction, rinsed with gl aci al acetic acid and
-petrol eumether and dried. Mp.: 140-141C Yield: 179.0g. Starting
fromstarting conmpounds, which are art-known or which can be obtai ned
anal ogously to art-known conpounds or according to art-known
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The invention also relates to the use of the compounds according to the invention for the manufacture
of pharmaceutical compositions having PDE4 inhibitory activity.

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis

of the illnesses mentioned comprising one or more of the compounds according to the invention.

The invention yet furthermore relates to compositions comprising one or more compounds according to
this invention and a pharmaceutically acceptable carrier. Said compositions can be used in therapy,
such as e.g. for treating, preventing or ameliorating one or more of the abovementioned diseases.

The invention stifl yet furthermore relates to pharmaceutical compositions according to this invention
having PDE, particularly PDE4, inhibitory activity.

The pharmaceutical compaositions are prepared by processes which are known per se and familiar to
the person skilled in the art. As pharmaceutical compositions, the compounds according to the
invention (= active compounds) are either employed as such, or preferably in combination with suitable
pharmaceutical auxiliaries and/or excipients, e.g. in the form of tablets, coated tablets, capsules,
caplets, suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active
compound content advantageously being between 0.1 and 95% and where, by the appropriate choice
of the auxiliaries and/or excipients, a pharmaceutical administration form {e.g. a delayed release form
or an enteric form) exactly suited to the active compound and/or to the desired onset of action can be
achieved.



10.04 g of isovanillin and 15.5 g of potassium carbonate are pl aced
in an autoclave. 50 mMl of DVF are added as well as 12.44 g of
2-brono- 1, 1-di fl uor oet hane. The autocl3ve is closed and heated at 60C
for 20 h. Then the solids are filtered off and washed with 120 m of
DMF. About 120 ml of the solvent are distilled off and the residue
poured on 200 m of ice/water, where the product precipitates. After
stirring the slurry for 30 mnutes the product is filtered of f and
dried to give 13.69 g of the desired product. Mo.: 66-68C
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The invention still yet furthernore relates to pharnaceuti cal

conposi tions according to this invention having PDE, particularly
PDE4, inhibitory activity. The pharnacéutrcal conpositions are
prepared by processes which are known per se and famliar to the
person skilled in the art. As pharmaceutical conpositions, the
conpounds according to the invention (= active conpounds) are either
enpl oyed as such, or preferably in conbination with suitable
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In addrtlon g or mer er actirve
conmpound™ 5?%?§HPEEmP8Ptg?ﬁﬁb?éaﬁﬁ?wgﬁ?dﬁhﬁgdmﬁF@ﬁéT@%ﬁF§°f%$mmm
erul si fi herpy fpregary stbetwes 0.8dndBinkg/kmeesdaycol or ants, conpl exi ng
agents or perneation pronoters, can be used. The adninistration of
the pharnaceutical conpositions according to the invention may be
performed in any of the generally accepted nodes of adm nistration
available in the art. Illustrative exanples of suitable nodes of

adm ni stration include intravenous, oral, nasal parenteral, topical,
transdernmal and rectal delivery. Cral deIivery IS preferred. For the
treatment of disorders of the respiratory tract, the conpounds
according to the invention are preferably al so adm ni stered by
inhalation in the formof an aerosol; the aerosol particles of solid,
liquid or mxed conposition preferably having a dianeter of 0.5 to 10
pm advantageously of 2 to 6 pm Aerosol generation can be carried
out, for exanple, by pressure-driven jet atom zers or ultrasonic

atom zers, but advantageously by propellant-driven netered aerosols
or propellant-free adm nistration of mcronized active conpounds from
i nhal ati on capsul es. Depending on the inhaler systemused, in
addition to the active conpounds the adm nistration forns
additionally contain the required excipients, such as, for exanple,
propellants (e.g. Frigen in the case of netered aerosols),
surface-active substances, emulsifiers, stabilizers, preservatives,
flavorings, fillers (e.g. lactose in the case of powder inhalers) or,
if appropriate, further active conmpounds. For the purposes of

i nhal ation, a |arge nunber of apparatuses are available wi th which
aerosols of optinmum particle size can be generated and adm ni stered,
using an inhal ation technique which is as right as possible for the
patient. In addition to the use of adaptors (spacers, expanders) and
pear - shaped containers (e.g. Nebulator(r), VolumaticO, and autonmatic
devices emtting a puffer spray (AutohalerO, for netered aerosols,
in particular in the case of powder inhalers, a nunber of technical
solutions are available (e.g. Diskhal ere, Rotadiske, Turbohal ere or
the i nhal er described in European Patent Application EP 0 505 321),
usi ng which an optimal adm nistration of active conpound can be

achi eved. For the treatnent of dernatoses, the conpounds according to
the invention are in particular admnistered in the form of those
phar maceuti cal conpositions which are suitable for topical



powder s, emnul sions, suspensions, sprays, oils, ointnents, fatty

oi ntnments, creans, pastes, gels or solutions. The pharnaceutlca
conposi tions accordlng to the inventi-éfi-are prepared by processes
known per se. The dosage of the active conmpounds is carried out in
the order of magnitude customary for PDE inhibitors. Topica
application forms (such as ointnments) for the treatnent of dernatoses
thus contain the active conpounds in a concentration of, for exanple,
0. 1-99% Biplggigglduvestigatigusyi ni stration by inhalation is custonarly
between 0.01 and 3 nmg per day. The custonary dose in the case of

system c . IS, .bet per day.
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Representative inhibitory values determ ned for the conpounds
according to the invention follow fromthe following table A in

whi ch the numbers of the conpounds corfespond to the numbers of the
Exanpl es. Table A Inhibition of the PDE4 activity Conpound -1|ogl C50
(m1l/1) 1 The inhibitory value of this |isted conpound is in the
range from7.24 to i 9.32 2 The inhibitory values of these 7 listed

conpounds_2 and 7 are in the range from6.91 to ,
The SF21 insect cells were resuspended, at a concentration of approx. 10 cells/ml, in ice-cold (4°C)

homogenization buffer (20 mM Tris, pH 8.2, containing the following additions: 140 mM NaCl, 3.8 mM
KCL 1 mM EGTA, 1 mM MgClz, 10 mM B-mercaptoethancl, 2 mM benzamidine, 0.4 mM Pefablock,
10 pM leupeptin, 10 uM pepstatin A, 5 uM trypsin inhibitor) and disrupted by ultrasonication. The
homogenate was then centrifuged for 10 min at 1000xg and the supernatant was sfored at —80°C until
subsequent use (see below). The protein content was determined by the Bradford method (BioRad,
Munich} using BSA as the standard.

PDE4B2 activity is inhibited by the said compounds in a modified SPA (scintillation proximity assay)
test, supplied by Amersham Biosciences (sele procedural instructions “phosphodiesterase [3HJcAMP
SPA enzyme assay, code TRKQ 7090"), carried out in 96-well microtiter plates (MTP's). The test
volume is 100 pl and contains 20 mM Tris buffer (pH 7.4), 0.1 mg of BSA (bovine serum albumin)/mi,
5 mM Mg®, 0.5 uM cAMP {including atout 50,000 cpm of [3HJcAMP), 1 pl of the respective substance
dilution in DMSO and sufficient recombinant PDE (1000xg supernatant, see above) to ensure that
10-26% of the cAMP is converted under the said experimental conditions. The final concentration of
DMSO in the assay (1 % viv) does not substantiaily affect the activity of the PDE investigated. After a
preincubation of 5 min at 37°C, the reaction is started by adding the substrate (cAMP) and the assay is
incubated for a further 15 min; after that, it is stopped by adding SPA beads (50 pl). In accordance with
the manufacturer's insiructions, the SPA beads had previously been resuspended in water, but were
then diluted 1:3 (v/v) in water; the diluted solution also contains 3 mM IBMX to ensure a complete PDE
activity stop. After the beads have been sedimented (> 30 min), the MTP's are analyzed in
commercially available luminescence detection devices. The corresponding ICs, values of the
compounds for the inhibition of PDE activity are determined from the concentration-effect curves by

means of non-linear regression.

Representative 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 Exam-

ples.



9.17 12 The inhibitory values of these 15 |isted conpounds
are in the range from?7.02 to

Table A

Inhibition of the PDE4 activity

Compound

-loglCsq (mallt)

The inhibitory value
of this listed
compeound is in the
range from 7.24 to
9.32

The inhibitory
values of these
listed compounds 2
and 7 are in the
range from 6.91 to
9.17

12

15

The inhibitory
values of these
listed compounds
12 and 15 are in the
ranée from 7.02 to
9.4

12 and 15

9.4 Cl%ins: 1. A conpound of fornula



in which Rlis 1-2C- al koxy, 2,2-difluoroethoxy, or conpletely or
predom nantly fluorine-substituted 1-2C al koxy, R2is 1-2C- al koxy,

2, 2-di fl uoroet hoxy, or conpletely or -p¥edomi nantly
fluorine-substituted 1-2C-al koxy, R3 is hydrogen, R31 is hydrogen, R4
is -0-R41, in which R41 is hydrogen, R5 is hydrogen, Har is
substituted by R6 and R7 and is a pyridinyl radical, in which R6is
1-4C-al koxy, R7 is 1-4C-al koxy, or a salt, a NNoxide or a salt of a

N- oxi de oftlaim$:s conpound.

1. A compeund of formuta |

R4
R3 RS
H
R2 R31
H
=N
R1 0
Har
. inwhich ' '
R1  is 1-2C-alkoxy, 2,2-diflucroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,
R2  is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,

R3 is hydrogen,

R31 is hydrogen,

R4  is -O-R41, in which

R41 is hydrogen,

R5  is hydrogen,

Har is substituted by R6 and R7 and is a pyridinyl radical, in which
R6 is 1-4C-alkoxy,

RY s 1-4C-alkoxy, '

or a sait, a N-oxide or a sait of a N-oxide of this compound.

2. A compound of formula I according to claim 1 in which

R1 s 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly flucrine-substituted
1-2C-alkoxy,

R2 is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted
1-2C-alkoxy,

R3 s hydrogen,

R31 is hydrogen,

R4  is-0-R41, in which

R41 is hydrogen,

R5 is hydrogen,

Har is 2,6-dimethoxypyridin-3-yl,

or a salt, a N-oxide or a sailt of a N-oxide of this compound.



2. A conpound of forrmula | according to claiml in which Rlis

1- 2C- al koxy, 2, 2-difluoroethoxy, or conpletely or predom nantly
fluori ne-substituted 1-2C al koxy, R2i-€0t-2C al koxy,

2, 2-di fl uoroet hoxy, or conpletely or predom nantly
fluorine-substituted 1-2C- al koxy, R3 is hydrogen, R31 is hydrogen, R4
Is -0-R41, in which R41 is hydrogen, R5 is hydrogen, Har is

2, 6-di met hoxypyridin-3-yl, or a salt, a NNoxide or a salt of a

N- oxi de of3. t hisororempbal framula Lacddiing t@ank cooofreunatedig dabnsruhieh Has aiecor di ng
to any ongespéct o HREIRHSdh 51 166 AL EiguMRb i ho AR Mnlib 1

or a salt, 2 N-oxide or a salt of a N-oxide of this compound.

4, A compound of formula | according to any one of the preceding claims, which has with
respect to the positions 2, 4a and 10b the configuration shown in formula la*****:

or a salf, a N-oxide or a salt of a N-oxide of this compound.

5. A compound or a N-oxide, salt or salt of a N-oxide of this compound as claimed in any one of the
preceding claims for the treatment of diseases.

6. A pharmaceutical composition comprising one or more compounds or N-oxides, salts or salts of a
N-oxide of these compounds as claimed in any one of the preceding claims together with custornary
pharmaceutical excipients and/or vehicles.

7. Use of a compound or a N-oxide, salt or salt of a N-oxide of this compound as claimed in any one
of the preceding claims for the production of pharmaceutical compositions for the treatment of 2
PDE4-mediated disease selected from bronchial asthma, COPD, psoriasis, atopic eczema and

diabetes mellitus.



respect to the positions 4a and 10b the configuration shown in
formula r: or a salt, a N-oxide or a s It of a N-oxide of this
conpound. 4. A conpound of fornula I ording to any one of the
precedi ng clai ns, which has with respect to the positions 2, 4a and
10b the configuration shown in formula la*****: or a salt, a N oxide
or a salt of a N-oxide of this conmpound. 5. A conpound or a N oxi de,
salt or salt of a N-oxide of this conpound as clained in any one of
the preceding clains for the treatnment of diseases. 6. A

phar rrgceutal xatmp@meoﬁnmaq @c&@iiﬁ@id SHAGuABRs WecRnCOMPOUNDS OF
OoXIl des C as C ai me
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phar naceu?h%‘aﬂthré'%&%ﬁfé’lﬁ%sa }WOWEWM:I es. 7. Use of a conpound or a
N-oxide, salt or salt of a N-oxide of this conpound as clainmed in any
one of the Rk eGe Nk &5a et g al
conpositiqgns for thertreatngnﬁﬁpéﬁﬂy%sgrﬁ@%H ?gg ﬂ?@%@%ﬁgéigcted
from br on8@f7?8%> ast hma, COPD, psori asi s, atoplc eczena and di abet es
mellitus. -41 - 8. A conpound of forrmula I according to claim1l

which is Wh@ﬁérﬁi@c&tic@momposrtlon compnsmg the compound or a salt of the compound as claimed

2R, 4aR, 1 h 1,2,3
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9. The conpound or a salt of the compound as clained in claim8 for
use in thel. Usedtheestpodhd dliaseBs e compbind & cRIRGIdTEdAH B Fo ik pReRPSSIft | on.
conpri si nﬂnam%etﬁmgtlo% fofth® Rdatmdaf oftPBF4 RIROYVALER <& (ﬁdd%rq bh rﬁ jaim

8 together mnt armaceut |1 cal excipients and/or ve

11. Use of*"Vfie %'%ﬁﬁ%odﬁﬂs%tf’aymgng?m%f the conpound as claimed in claim -
8 for the production of pharmaceutical conpositions for the treatnent
of PDE4- medigtete dinsRamas a S 2ok eshmdoliskizRiza i dim 8%t REBrod kIRl

psori asi 3pag@gcot.epeo%p9%tﬁ%rtreJe%méewfm.{%eshnem fgmpound or a salt of

t he conp as clarmed 1n clarm uctlon of
pharmaceutical conpositions for the treatnent of diabetes nellitus.



