. 1 Bicyclic-fuse Lidines T resent, i ntion relates to bicyclic-fused
pyri diynes, p?%‘ B[ Forel ﬁeu me?ﬁwg%ﬁat ion and their usédph
medi canments. The publication US 5 169 857 A2 discl oses 7-(pol ysubstituted
pyridyl)-6- heptenoates for the treatnment jof arteriosclerosis,
| i poprot ei naem a and hyperlipo- proteinaem a. The preparation of
7-(4-aryl-3-pyridyl)-3,5-di hydroxy-6-heptenoates is additionally described
i n the publi cBidyeliciiRedApyridile"2. The conpound 3- 10
benzoyl - 2- met hyl - 4- phenyl -i ndeno[ 1, 2- b] pyri di n-5-one is furthernore
di sclosed in the publication J. Chem Soc. 1949, 2134, 2137. The present
i nventi on rel Thesptesenti tyehtian- frelated oy bicyichefused pyraliggsnepratessasr borl sheft ) -

5 preparation and their use in medicaments.

The publication US 5 169 857 A2 discloses 7-(polysubstituted pyridyl)-6-
heptenoates for the treatment of arteriosclerosis, lipoproteinaemia and hyperlipo-
proteinaemia. The preparation of 7-(4-aryl-3-pyridyl)-3,5-dihydroxy-6-heptenoates
is additionally described in the publication EP 325 130 A2. The compound 3-

10 benzoyl-2-methyl-4-phenyl-indeno[1,2-b]pyridin-S-one is furthermore disclosed in
the publication J. Chem. Soc. 1949, 2134, 2137.

The present invention relates to bicyclic-fused pyridines of the general formula (I) -

A
D R
| N M
o
E N R?

A represents aryl having 6 to 10 carbon atoms, which is optionally substituted

15 up to S5 times in an identical or different manner by halogen, hydroxyl, tri-
fluoromethyl, trifluoromethoxy, nitro or by straight-chain or branched alkyl,

acyl, hydroxyalkyl or alkoxy each having up to 7 carbon atoms, or by a

group of the formula -NR3R?,

in which

20 R® and R* are identical or different and denote hydrogen, phenyl or
straight-chain or branched alkyl having up to 6 carbon atoms,

D represents a radical of the formula
_ R\, R®
RR—T— or R® AL
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- [err] A represent rgl Q?V|n 6 to 10 carbon atons, which is
optionally su -bageign Countries : . . :

up to 5 tines in an identical or
di fferent manner by hal ogen, hydroxyl, tri- fluoronethyl, trifluoronethoxy,
nitro or by straight-chain or branched al kyl, acyl, hydroxyal kyl or al koxy
each having up to 7 carbon atons, or by a group of the fornula
-NR[err]Rerr], in which 20 and R err] are identical or

di fferent and denote hydrogen, phenyl or SZ{ral ght-chain or branched al kyl

having up to 6 carbon atons, D represents a radical of the formula
[err]

R® and R® independently of one another denote cycloalkyl having 3 to 8
carbon atoms, or

aryl having 6 to 10 carbon atoms,
or a 5- to 7-membered aromatic, optionally benzo-fused heterocycle
5 having up to 3 heteroatoms from the series consisting of S, N
and/or O, each of which is optionally substituted up to S times in an
identical or different manner by trifluoromethyl, trifluoromethoxy,
halogen, hydroxyl, carboxyl, by straight-chain or branched alkyl,
acyl, alkoxy or alkoxycarbonyl each having up to 6 carbon atoms or
10 by phenyl, phenoxy or thiophenyl, which for their part can be
substituted by halogen, trifluoromethyl or trifluoromethoxy,

or the cycles are substituted by a group of the formula -NRR!?,
in which

R’ and R!0 are identical or different and have the meaning of R®
15 and R* indicated above,

T denotes a straight-chain or branched alkylene or alkenylene chain
each having up to 10 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or halogen,

20 and

R® denotes hydrogen, halogen, azido, trifluoromethyl, hydroxyl, tri-
fluoromethoxy, straight-chain or branched alkoxy having up to 5
carbon atoms or a radical of the formula -NR''R!?,

in which
This Sheet Has Been Replaced THIS SHEET HAS BEEN




. in which -2 - | I I ndependent|y of one anot her denote

cycl oal kyl hawerd g XOTRIZARANINEIES s, or aryl having 6 to 10 carbon atons,
or a5 to 7- merrbered arorratlc optlonally benzo-fused heterocycle 5
having up to 3 heteroatons fromthe series consisti ng of S, N and/or O
each of which is optionally substituted up to 5. tinmes in an

-3 -

R!! and R'? are identical or different and have the meaning of R3
and R* indicated above,

or

R” and R3, together with the C atom, form a carbonyl group,

5 E represents cycloalkyl having 3 to 8 carbon atoms, or
represents straight-chain or branched alkyl having up to 8 carbon atoms,

which is optionally substituted by cycloalkyl having 3 to 8 carbon atoms or
by hydroxyl,

R! and R? together form a straight-chain or branched alkylene chain having up to
10 8 carbon atoms, to which a phenyl ring is fused and which must be
substituted by a carbonyl group or a group of the formula

(CH,).—CH,
o o or -OR!3 ,
v
in which
a represents a number 1, 2 or 3,

15 and

R!*>  denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-
carbonyl each having up to 6 carbon atoms or a radical of the
formula -SiRMR°RIS,

in which

20 R R! and R!® are identical or different and denote straight-chain
or branched alkyl having up to 6 carbon atoms or phenyl,

This Sheet Has Been Replaced
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_identical or gifigﬂggi ggnner%bx trifluoromethyl, trifluoronethoxy,

hal ogen, hydr ; o ai ght -chain or branched al kyl, acyl,

al koxy or al koxycarbonyl each having up to 6 carbon atons or 10
by phenyl, phenoxy or thiophenyl, which for their part can be substituted
by hal ogen, trifluoronmethyl or trifluoronethoxy, or the cycles are
substituted by a group of the formul a -NBL@[r]R[err], in which Rerr] and
Rlerr] are identical or different and have the neaning of R err] 15

and Rl err] indicated above, T denotes a strai ght-chain or branched
| kyl en r al kenyl hai n h havin r.bon - f
3“ é/hei g gpt ?ongl |y>;1% ew}?erf;Jl Ibotheggg sys%t\elnllls greugptllo?\aﬂ}p sgbasu%)uct)ed 3;% Ct)o tlt%gsc pn gn

identical or different manner by halogen, carboxyl or by straight-chain or

branched alkyl, alkoxy or alkoxycarbonyl each having up to 6 carbon
atoms,

5 and their salts and their N-oxides, with the exception of the compound
3-benzoyl-2-methyl-4-phenyl-indeno[1,2-b]pyridin-5-one.

The bicyclic-substituted pyridines according to the invention can also be present in

the form of their salts. In general, salts with organic or inorganic bases or acids
may be mentioned here.

10 In the context of the present invention, physiologically acceptable salts are pre-
ferred. Physiologically acceptable salts of the compounds according to the in-
vention can be salts of the substances according to the invention with mineral
acids, carboxylic acids or sulphonic acids. Particularly preferred salts are, for
example, those with hydrochloric acid, hydrobromic acid, sulphuric acid, phos-

15 phoric acid, methanesulphonic acid, ethanesulphonic acid, toluenesulphonic acid,
benzenesulphonic acid, naphthalenedisulphonic acid, acetic acid, propionic acid,
lactic acid, tartaric acid, citric acid, fumaric acid, maleic acid or benzoic acid.

Physiologically acceptable salts can also be metal or ammonium salts of the
compounds according to the invention which have a free carboxyl group. Those
particularly preferred are, for example, sodium, potassium, magnesium or calcium
salts, and also ammonium salts which are derived from ammonia, or organic
amines, such as, for example, ethylamine, di- or triethylamine, di- or triethanol-

| amine, dicyclohexylamine, dimethylaminoethanol, arginine, lysine, ethylene-
diamine or 2-phenylethylamine.

20

25 The compounds according to the invention can exist in stereoisomeric forms which

either behave as image and mirror image (enantiomers), or which do not behave as
image and mirror image (diastereomers). The invention relates both to the
enantiomers or diastereomers and to their respective mixtures. These mixtures of

the enantiomers and diastereomers can be separated into the stereoisomerically
30 uniform constituents in a known manner.

e
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_ substituted up to tines .b droxyl, R err] denot es hydrogen or
hal ogen, 20 Pe'i37 deh Fiokei tes” Genot es hydrogen, hal ogen, azi do,
trifluoronmethyl, hydroxyl, tri- fluoromethoxy, straight-chain or branched

al koxy having up to 5 carbon atons or a radical of the fornula
-NRerr]Rerr], in which -3 -

-5-

Heterocycle, if appropriate benzo-fused, in the context of the invention in general
represents a saturated or unsaturated 5- to 7-membered, preferably 5- to 6-
membered, heterocycle, which can contain up to 3 heteroatoms from the series
consisting of S, N and/or O. Examples which may be mentioned are: indolyl, iso-

5 quinolyl, quinolyl, benzo[b]thiophenyl, benzo[b]furyl, pyridyl, thienyl, furyl,
pyrrolyl, thiazolyl, oxazolyl, imidazolyl, morpholinyl or piperidyl. Quinolyl, furyl,
pyridyl and thieny! are preferred.

Preferred compounds of the general formula (I) according to the invention are
those

10 in which

A represents naphthyl or phenyl, each of which is optionally substituted up to
3 times in an identical or different manner by fluorine, chlorine, bromine,
hydroxyl, trifluoromethyl, trifluoromethoxy, nitro or by straight-chain or
branched alkyl or alkoxy each having up to 6 carbon atoms,

15 D represents a radical of the formula
R\, R
R*—T— or R® AL_ ’
in which

R’ and R® independently of one another denote cyclopropyl, cyclopentyl or

20 cyclohexyl, or denote naphthyl, phenyl, pyridyl, quinolyl, indolyl,
benzothiazolyl or tetrahydronaphthalenyl, each of which is
optionally substituted up to 3 times in an identical or different
manner by trifluoromethyl, trifluoromethoxy, fluorine, chlorine,
bromine, hydroxyl, carboxyl, by straight-chain or branched alkyl,

25

acyl, alkoxy or alkoxycarbonyl each having up to 5 carbon atoms or
by phenyl, phenoxy or thiophenyl, which for their part can be

substituted by fluorine, chlorine, bromine, trifluoromethyl or tri-
fluoromethoxy,
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. Rlerr] and eryr n ldentical  or different and have the neaning of R3
and R err] in R r] and Rlerr], together with the C atom
forma carbonyl group, 5 E represents cycloal kyl having 3 to 8
carbon atons, or represents straight-chain or branched al kyl having up to 8
carbon atons, which is optionally substituted by cycl oal kyl having 3 to 8

carbon atons or by hydroxyl, R err] and R[frr] together forma
strai ght-chain or branched al kyl ene chain "having up to 10 8

carbon atons, to which a phenyl ring is fused and which nust be substituted

by a car bonyl groupr or adeg(gtgéJ R gtf'aléhr%-%h];l%r or Lranched alkylene or alkenylene chain

each having up to 6 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

R’ denotes hydrogen, fluorine, chlorine or bromine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, trifluoro-

methyl, hydroxyl, trifluoromethoxy, straight-chain or branched
alkoxy having up to 4 carbon atoms,

or
10 R” and R® form a carbonyl group with the C atom,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl,
or represents straight-chain or branched alkyl having up to 6 carbon atoms,
which is optionally substituted by cyclopropyl, cyclobutyl, cyclohexyl,
cycloheptyl or by hydroxyl,

15 R! and R? together form a straight-chain or branched alkylene chain having up
to 6 carbon atoms, to which a phenyl ring is fused and which must be
substituted by a carbonyl group or a group of the formula

H,
(H,C),—C
| | or -OR!3,
O O
\/
in which
20 a denotes a number 1, 2 or 3
and
cet Has Been Replaced
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[err] in whi Cg 2 ! i rese@s a. nunber 1, 2 or 3, 15 and Rerr]
denot es hydro ,3 84130 3 PRSS b anched al kyl, acyl or al koxy-
carbonyl each having up to 6 carbon atons or a radical of the fornula

-SiRerr]Rerr]Rerr], in which 20 Rlerr], Rerr] and

Rlerr] are identical or different and denote strai ght-chain or branched
al kyl having up to 6 carbon atons or phenyl,

RI3  denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-

carbonyl each having up to 5 carbon atoms or a radical of the
formula -SiR“R!°R!6,

in which

5 R" RIS and R!® are identical or different and denote straight-chain
or branched alkyl having up to 5 carbon atoms or phenyl,

and where both ring systems are optionally substituted up to 3 times in an
identical or different manner by fluorine, chlorine, bromine, or by straight-

chain or branched alkyl, alkoxy or alkoxycarbonyl each having up to 5
10 carbon atoms,

and their salts and their N-oxides, with the exception of the compound
3-benzoyl-2-methyl-4-phenyl-indeno[1,2-b]pyridin-5-one.

Particularly preferred compounds of the formula (I) are those

in which

15 A represents phenyl which is optionally substituted by fluorine, chlorine,
methyl, methoxy, nitro or trifluoromethyl,

D represents a radical of the formula

R\ R
RP—T— or R6_AL_

in which

20 R> and RS independently of one another denote cyclopropyl, phenyl,
pyridyl, quinolyl, indolyl, benzothiazolyl or tetrahydronaphthalenyl,
each of which is optionally substituted up to 2 times in an identical
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. -4 - and mherE %05?§ﬁEQQ>S§SE§nE are optionally substituted up to 3 tines
In an identic by hal ogen, carboxyl or by
straight-chain or branched al kyl, al koxy or al koxycarbonyl each having up

to 6 carbon atons, 5 and their salts and their N-oxides, with the

exception of the conpound

3-benzoy|-2-nethy|4-pheny|-indeno[1,2-b]9¥gjdin-5-one. The
bi cyclic-substituted pyridines according to the invention can al so be

present in the formof their salts. In general, salts with organic or
I norgani ¢ bases or acids_ .. . . .
g or different manner by trifluoromethyl, nitro, trifluoromethoxy,

fluorine, chlorine, bromine, hydroxyl, carboxyl, by straight-chain or
branched alkyl, acyl, alkoxy or alkoxycarbonyl each having up to 4
carbon atoms or by phenyl, phenoxy or thiophenyl, which for their

5 part can be substituted by fluorine, chlorine, bromine, trifluorometh-
yl or trifluoromethoxy,

T denotes a straight-chain or branched alkylene or alkenylene chain

each having up to 4 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

10 R’ denotes hydrogen or fluorine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, trifluorometh-
yl, hydroxyl, trifluoromethoxy or methoxy,

or
15 R’ and R®, together with the C atom, form a carbonyl group,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl,
or represents straight-chain or branched alkyl having up to 5 carbon atoms,
which is optionally substituted by cyclopentyl or cyclohexyl,

R! and R? together form a straight-chain or branched alkylene chain having up
20 to 5 carbon atoms, to which a phenyl ring is fused and which must be
substituted by a carbonyl group or a group of the formula

(H,C)—CH,

0 g or -ORB,

N

in which

st S SRS R R bk
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. may be nentioEe% 2@@@2;%0. gr1ghe context of the present invention
physi ol ogi cal 5 Z 2 e pre- ferred. Physiologically
acceptabl e salts of the conmpounds according to the in- vention can be salts
of the substances according to the invention with mneral acids, carboxylic
acids or sul phonic acids. Particularly preferred salts are, for exanple,
those with hydrochloric acid, hydrobromcgqacid, sul phuric acid, phos- 15
phori c acid, methanesul phonic acid, ethanesulphonlc aci d, toluenesulphonic
aci d, benzenesul phoni c acid, naphthalenedlsulphonlc acid, acetic acid,
propionic acid, lactic Cld tart citric acid, fumaric acid,
mal ei ¢ acid or benZoic ﬂBS¢H9@| LPly acceptable salts can al so be

nmetal or amonium salts of the corrpounds according to the invention which
have a free car box3élndgr oup. Those

R'*  denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-
carbonyl each having up to 4 carbon atoms or a radical of the
5 formula -SiRM“R'R'®,

in which

R RIS and R!® are identical or different and denote straight-chain.
or branched alkyl having up to 4 carbon atoms or phenyl,

and where both ring systems are optionally substituted up to 3 times in an

10 identical or different manner by fluorine, chlorine, straight-chain or

branched alkyl, alkoxy or alkoxycarbonyl each having up to 4 carbon
atoms,

and their salts and N-oxides, with the exception of the compound 3-benzoyl-2-
methyl-4-phenyl-indeno[ 1,2-b]pyridin-5-one.

15 Very particularly preferred compounds of the general formula (I) according to the
invention are those

in which
A represents phenyl which is optionally substituted by fluorine or chlorine,
E represents isopropyl or cyclopentyl.

20 A process for the preparation of the compounds of the general formula (I)
according to the invention has additionally been found, characterized in that

in compounds of the general formula (II)

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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20 partigglzrﬁﬁgggifenreg are, for exanple, sodium potassium

magnesi um or ; % A o o amoni um salts which are derived from
anmoni a, or organic am nes, such as, for exanple, ethylam ne, di- or
triethylamne, di- or triethanol- am ne, dicyclohexylam ne,

di met hyl am noet hanol , arginine, lysine, ethylene- diam ne or

2- phenyl et hyl am ne. 25 The conpounds ggcording to the invention can
exist in stereoisoneric forns which either behave as inmage and mrror inage
(enantioners), or which do not behave as inmage and mirror inage
(diastereoners). The invention felates both to the enantioners or

di astereonmers and to their respective m xtures. These m xtures of the
enantioners and di asteregqers can begr$eparated into the stereoisonerically
30 uni form constituents i own mannglr)

in which
A, E, R! and R? have the meaning indicated above,

first, with organometallic reagents, the substituent D is introduced in inert solvents
5 according to a Grignard or Wittig reaction,

and if appropriate the substituents mentioned under A, E and/or R! and R? are
varied or introduced according to customary methods.

The process according to the invention can be illustrated by way of example by
the following reaction scheme:

This Sheet Has Been Replaced
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. -5- He_terog:ych(g,l,,ngl @qgﬁ&glrh oﬁngpegzo-fused, I n the context .c.)f _t he
i nvention in aturated or unsaturated 5- to- - - -

7-menbered, preferably 5- to 6- nenbered, heterocycle, which can contain-ab
to 3 heteroatoms fromthe series consisting of S, N and/ Bis Steet
whi ch may be nentioned are: indolyl, iso- 5 quinolyl,l

q Easaﬁﬂ ﬁﬁ; l:%ﬁlaced
benzo[ b] t hi ophenyl, benzo[b] furyl, pyridyhy thienyl, fury i}i{!ﬂlfmﬂmi“}d
t hi azol yl, oxazolyl, imdazolyl, norpholinyl or piperidyl. I no X ryl,
pyridyl and thienyl are preferred.

DIBAH, NaBH,
or asymmetric reduction

»

90-95%

Suitable solvents are ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol
dimethyl ether, or hydrocarbons such as benzene, toluene, xylene, hexane, cyclo-
hexane or petroleum fractions, or halogenohydrocarbons such as dichloromethane,
5 trichloromethane, tetrachloromethane, dichloroethylene,




_Preferred co
are those 10

by fluorine,

Qu f the eral formula (1) according to the invention
A S g Eotgied o esents naphthyl or phenyl, each of which
is optionally substituted up to 3 tinmes in an identical or different manner

chl orine, brom ne, hydroxyl, trifluoronethyl,

trifluoronmethoxy, nitro or by straight-chain or branched al kyl or al koxy

each having up to 6 carbon atons, 15 D represents a radical of the

formula [err] in which Rlerr] and Rlerr] ifndependently of one anot her
denote cycl opropyl, cycl opentyl or

10

15

20

25

chlorobenzene, or ethyl acetate, or triethylamine, pyridine, dimethyl sulphoxide,
dimethylformamide, hexamethylphosphoramide, acetonitrile, acetone or nitro-

methane. It is also possible to use mixtures of the solvents mentioned. Dichloro-
methane is preferred.

Possible bases for the individual steps are the customary strongly basic
compounds. These preferably include organolithium compounds such as, for
example, n-butyllithium, sec-butyllithium, tert-butyllithium or phenyllithium, or
amides such as, for example, lithium diisopropylamide, sodium amide or
potassium amide, or lithium hexamethylsilylamide, or alkali metal hydrides such

as sodium hydride or potassium hydride. n-Butyllithium or sodium hydride is
particularly preferably employed.

Suitable organometallic reagents are, for example, systems such as Mg/bromo-
benzotrifluoride and p-trifluoromethylphenyllithium.

Suitable Wittig reagents are the customary reagents. 3-Tri-fluoromethylbenzyltri-
phenylphosphonium bromide is preferred.

In general, suitable bases are one of the abovementioned bases, preferably
Li bis-(triethylbutyl)amide.

The base is employed in an amount from 0.1 mol to 5 mol, preferably from
0.5 mol to 2 mol, in each case relative to 1 mol of the starting compound.

The reaction with Wittig reagents is in general carried out in a temperature range
from 0°C to 150°C, preferably at 25°C to 40°C.

The Wittig reactions are in general carried out at normal pressure. However, it is

also possible to carry out the process at reduced pressure or at elevated pressure
(e.g. in the range from 0.5 to 5 bar).

The reductions are in general carried out using reducing agents, preferably using
those which are suitable for the reduction of ketones to hydroxyl compounds.
Particularly suitable in this context is reduction with metal hydrides or complex
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.20
qui nol yl,

by trifluoronmethyl, trifluoronethoxy, fluorine, chlorine, brom ne,

hydr oxyl ,

carboxyl, by straight-chain or branched al kyl, 25

acyl, al koxy or al koxycarbonyl each having,up to 5 carbon atons or by
phenyl, phenoxy or thiophenyl, which for  their part can be substituted by

fluorine,

10

15

20

25

This Sheet Has Been Replac THIS S[:%:Li;\ggg
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chlorine, bromne, trifluoromethyl or tri- fluoronethoxy,

metal hydrides in inert solvents, if appropriate in the presence of a trialkylborane.
The reduction is preferably carried out using complex metal hydrides such as, for
example, lithium borohydride, sodium borohydride, potassium borohydride, zinc
borohydride, lithium trialkylborohydride, diisobutylaluminium hydride or lithium
aluminium hydride. Reduction using diisobutylaluminium hydride and sodium
borohydride is very particularly preferred.

The reducing agent is in general employed in an amount from 1 mol to 10 mol,
preferably from 1 mol to 3 mol, relative to 1 mol of the compounds to be reduced.

The reduction in general proceeds in a temperature range from -78°C to +50°C,.
preferably from -78°C to 0°C, particularly preferably at -78°C, in the case of

diisobutylaluminium hydride in each case depending on the choice of the reducing
agent and solvent.

The reduction in general proceeds at normal pressure, but it is also possible to
work at elevated or reduced pressure.

Derivatizations which may be mentioned by way of example are the following
types of reaction:

oxidations, reductions, hydrogenations, halogenation, Wittig/Grignard reactions and
amidations/sulphoamidations.

Possible bases for the individual steps are the customary strongly basic
compounds. These preferably include organolithium compounds such as, for
example, n-butyllithium, sec-butyllithium, tert-butyllithium or phenyllithium, or
amides such as, for example, lithium diisopropylamide, sodium amide or potas-
sium amide, or lithium hexamethylsilylamide, or alkali metal hydrides such as

sodium hydride or potassium hydride. n-Butyllithium or sodium hydride is
particularly preferably employed.

Suitable bases are additionally the customary inorganic bases. These preferably in-
clude alkali metal hydroxides or alkaline earth metal hydroxides such as, for
example, sodium hydroxide, potassium hydroxide or barium hydroxide, or alkali

metal carbonates such as sodium or potassium carbonate or sodium hydrogen

31 | ohexyl denot e napht hyl, phenyl, pyridyl,
i nd@ﬁ,—&é&%ﬁg@%ﬁ—%r t et rahydronapht hal enyl , each of which
is optionally substituted up to 3 tinmes in an identical or di fferent manner

BEEN |

il

im




-6 - T denat tyaightschain or branched al kyl ene or al kenyl ene
chai n each hali]"e 31 B4E g%&%‘rlﬁ%ons, each of which is optionally

substituted up to 2 times by hydroxyl, R err] denot es hydrogen,

fluorine, chlorine or bromne, 5 and Rlerr] denot es hydrogen,
fluorine, chlorine, bromne, azido, trifluoro- nmethyl, hydroxyl,

trifluoromethoxy, straight-chain or branchgd al koxy having up to 4 carbon
atons, or

carbonate. Sodium hydroxide or potassium hydroxide is particularly preferably
employed.

Suitable solvents for the individual reaction steps are also alcohols such as
methanol, ethanol, propanol, butanol or tert-butanol. tert-Butanol is preferred.

It may be necessary to carry out some reaction steps under a protective gas
atmosphere.

The halogenations are in general carried out in one of the abovementioned

chlorinated hydrocarbons or toluene, methylene chloride and toluene being
preferred.

10 Suitable halogenating agents are, for example, diethylaminosulphur trifluoride
(DAST) or SOCl,.

The halogenation in general proceeds in a temperature range from -78°C to +50°C,
preferably from -78°C to 0°C, particularly preferably at -78°C, in each case
depending on the choice of the halogenating agent and solvent.

15 The halogenation in general proceeds at normal pressure, but it is also possible to
work at elevated or reduced pressure.

The compounds of the general formula (II) are new and can be prepared by a
process in which

by reaction of the compounds of the general formula (III)

R
20 l (11T

E” TNH,

in which This Sheet Has Been Replaced
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10 El e!rﬂ @qu @.errd forma carbonyl group with the C atom E
represents cy = € cycl opentyl, cyclohexyl or cycloheptyl,

or represents straight-chain or branched al kyl having up to 6 carbon atons,
which is optionally substituted by cycl opropyl, cyclobutyl, cyclohexyl,
cycl oheptyl or by hydroxyl, ‘15 Rlerr] and Rlerr] together forma
strai ght-chain or branched al kyl ene chai n,having up to 6 carbon atons, to
whi ch a phenyl ring is fused and which nust be substituted by a carbonyl
group or a group of the fornmula [err] in which 20 a denotes a
nunber 1, 2 O%n

R!7  represents C,-C -alkoxycarbonyl,
with aldehydes of the general formula (IV)
A-CHO av)
5 in which
A has the meaning indicated above

and compounds of the general formula (V)

O
R'®
R )
O
in which
10 R'® and R', including a carbonyl group, encompass the scope of meaning of R!

and R? indicated above,

the compounds of the general formula (VI)
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_ and -7 -

and Rlerr]

are identical

er,r tes 0 en, straight-chain or branched al kyl,
acyl or al koM@&MA%&%ﬁg u

the formula -SiRerr]Rerr]Rerr], in which 5 Rlerr],Rerr]
or different and denote straight-chain or branched

p to 5 carbon atons or a radi cal

al kyl having up to 5 carbon atons or phenyl,

10

15

20

25

- 16 -

A E R'7 R'"® and R!® have the meaning indicated above,

are prepared,

and in a last step the alkoxycarbonyl group (R!7) is converted into an aldehyde
group by a reduction/oxidation sequence.

Suitable solvents for the oxidation are ethers such as diethyl ether, dioxane, tetra-
hydrofuran, glycol dimethyl ether, or hydrocarbons such as benzene, toluene,
xylene, hexane, cyclohexane or petroleum fractions, or halogenohydrocarbons such
as dichloromethane, trichloromethane, tetrachloromethane, dichloroethylene, tri-.
chloroethylene or chlorobenzene, or ethyl acetate, or triethylamine, pyridine, di-
methyl sulphoxide, dimethylformamide, hexamethylphosphoramide, acetonitrile,

acetone or nitromethane. It is also possible to use mixtures of the solvents
mentioned. Methylene chloride is preferred.

Suitable oxidizing agents are, for example, sulphur trioxide-pyridine complex,
cerium(IV) ammonium nitrate, 2,3-dichloro-5,6-dicyano-benzoquinone, pyridinium
chlorochromate (PCC), osmium tetroxide and manganese dioxide. Sulphur
trioxide-pyridine complex is preferred.

The oxidizing agent is employed in an amount from 1 mol to 10 mol, preferably

from 2 mol to S mol, relative to 1 mol of the compounds of the general formula
av).

The oxidation in general proceeds in a temperature range from -50°C to +100°C,
preferably from 0°C to room temperature.

The oxidation in general proceeds at normal pressure. However, it is also possible
to carry out the oxidation at elevated or reduced pressure.

The compounds of the general formula (III), (IV) and (V) are known per se or can
be prepared by customary methods.
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. and where bot sgEns 2 & tlonally substituted up to 3 tinmes in an
| denti cal or uorlne chl orine, brom ne, or by
straight- chain or branched al kyl, al koxy or al koxycarbonyl each having up

to 5 10 carbon atons, and their salts and their N-oxides, with
the exception of the conpound

3- benzoyl - 2- net hyl - 4- phenyl -i ndeno[ 1, 2- b] pyr.i di n-5-one. Particularly
preferred conpounds of the formula (1) are those in which 15 A

represents phenyl which is optionally substituted by fluorine, chlorine,
Pﬁteh]%/l)’r WWF;hOXIyHe Q(I)l%{)gun%r ttr {fel ggnre?ﬂE } l)r/\ula R/I) are’ new ea?\gn(t:a?l Be rparlgplaa?g agf
described above.

The compounds of the general formula (I) according to the invention have an
unforeseeable spectrum of pharmacological action.

5 The compounds of the general formula (I) according to the invention have useful
pharmacological properties which are superior in comparison with the prior art, in
particular they are highly effective inhibitors of cholesterol ester transfer protein
(CETP) and stimulate reverse cholesterol transport. Reactive compounds according
to the invention cause a lowering of the LDL cholesterol level in the blood with

10 simultaneous raising of the HDL cholesterol level. They can therefore be
employed primary and for the treatment of hyperlipoproteinaemia,
hypolipoproteinaemia, dislipidaemia, hypertriglyceridaemia, combined hyperlipid-
aemia or arteriosclerosis.

The pharmacological actions of the substances according to.the invention were
15 determined in the following test:

CETP inhibition testing

Obtainment of CETP

CETP is obtained from human plasma in partially purified form by
differential centrifugation and column chromatography and used for the
test. To this end, human plasma is adjusted to a density of 1.21 g per ml
using NaBr and centrifuged at 4°C for 18 h at 50,000 rpm. The bottom
fraction (d>1.21 g/ml) is applied to a Sephadex®phenyl-sepharose 4B
(Pharmacia) column, washed with 0.15 M NaCl/0.001 M trisHCl pH 7.4
and then eluted with distilled water. The CETP-active fractions are pooled,
25 dialysed against 50 mM Na acetate pH 4.5 and applied to a CM-

Sepharose® (Pharmacia) column. The column is then eluted using a linear

gradient (0-1 M NaCl). The pooled CETP fractions are dialysed against

10 mM tris HCI pH 7.4 and then further purified by chromatography on a
Mono Q® column (Pharmacia).

20
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_[err] in whic R r and Rlerr] independently of one another
denot e cycl opm%&)31 Bk i , quinolyl, indolyl, benzothiazolyl or
t et rahydr onapht hal enyl , each of which is opti onal | y substi t ut ed up to 2

times in an identical -8 - or different manner by trifluoronethyl,

nitro, trifluoronethoxy, fluorine, chlorine, bromne, hydroxyl, car boxyI ,
by straight-chain or -18 -

Obtainment of radiolabelled HDL

50 ml of fresh human EDTA plasma are adjusted to a density of 1.12 using
NaBr and centrifuged at 50,000 rpm for 18 h at 4°C in a Ty 65 rotor. The
upper phase is used to obtain cold LDL. The lower phase is dialysed

5 against 3x4 1 of PDB buffer (10 mM tris/HCI pH 7.4, 0.15 mM NaCl, 1
mM EDTA, 0.02 % NaNj3). 20 pl of 3H-cholesterol (Dupont NET-725; 1
uC/ul dissolved in ethanol!) are then added per 10 ml of retentate volume
and the mixture is incubated under N, at 37°C for 72 h.

The mixture is then adjusted to the density 1.21 using NaBr and

10 centrifuged at 20°C for 18 h at 50,000 rpm in the Ty 65 rotor. The upper.
phase is recovered and the lipoprotein fractions are purified by gradient
centrifugation. To this end, the isolated, labelled lipoprotein fraction is
adjusted to a density of 1.26 using NaBr. Each 4 ml of this solution are
covered with a layer of 4 ml of a solution of density 1.21 and 45 ml of a

15 solution of 1.063 (density solutions from PDB buffer and NaBr) in
centrifuge tubes (SW 40 rotor) and then centrifuged in the SW 40 rotor for
24 h at 38,000 rpm and 20°C. The intermediate layer lying between the
densities 1.063 and 1.21 and containing the labelled HDL is dialysed at
4°C against 3x100 volumes of PDB buffer.

20 The retentate contains radiolabelled 3H-CE-HDL, which is used for the test,
adjusted to about 5x10° cpm per ml.

CETP Test

To test the CETP activity, the transfer of >H-cholesterol ester from human
HD lipoproteins to biotinylated LD lipoproteins is measured.

25 The reaction is ended by addition of streptavidin-SPA®beads (Amersham)
and the transferred radioactivity is determined directly in a liquid
scintillation counter. _

In the test mixture, 10 pl of HDL->H-cholesterol ester (~ 50,000 cpm) are
incubated at 37°C for 18 h with 10 pl of biotin-LDL (Amersham) in 50
30

mM Hepes/0.15 M NaCl/0.1 % bovine serum albumin/0.05 % NaN, pH
7.4 with 10 pl of CETP (1 mg/ml) and 3 pl of solution of the substance to
be tested (dissolved in 10 % DMSO/1 % RSA). 200 ul of the SPA-
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. branched al ky I kox r koxycar bonyl each having up to 4 carbon
atons or by p ?{8,4 € d (o @Sphenyl, which for their 5
part can be substituted by fluorine, chlorine, bromne, trifluoronmeth- vyl
or trifluoronethoxy, T denotes a straight-chain or branched al kyl ene or
al kenyl ene chain each having up to 4 carbon atons, each of which is
optionally substituted up to 2 tinmes by hygdroxyl, 10 R7 denot es
hydrogen or fluorine, and R err] denot es hydrogen, fluorine, chlorine,
brom ne, azido, trifluoroneth- yl, hydroxyl, trifluoronmethoxy or nethoxy,
streptavidin bead solution (TRKQ 7005) are then added, the mixture is
incubated further for 1 h with shaking and then measured in the
scintillation counter. As controls, corresponding incubations with 10 pl of
buffer, 10 ul of CETP at 4°C and 10 pl of CETP at 37°C are used.
5 The activity transferred into the control mixtures with CETP at 37°C is
rated as 100 % transfer. The substance concentration at which this transfer

is reduced by half is indicated as the ICs;, value.

In Table A which follows, the ICy, values (mol/l) are indicated for CETP

inhibitors:
10 Table A
Example No. IC,, value (mol/)
14  |ex10?
22 2.4 x 107
27 3 x 107
15 Ex vivo activity of the compounds according to the invention

Syrian golden hamsters from in-house breeding are anaesthetized after
fasting for 24 hours (0.8 mg/kg of atropine, 0.8 mg/kg of Ketavet® s.c., 30'
later 50 mg/kg of Nembutal i.p.). The jugular vein is then exposed and
cannulated. The test substance is dissolved in a suitable solvent (as a rule

20 Adalat placebo solution: 60 g of glycerol, 100 ml of H,O, PEG-400 to
1000 ml) and administered to the animals via a PE catheter inserted in the
jugular vein. The control animals receive the same volume of solvent
without test substance. The vein is then tied off and the wound is closed.
The administration of the test substances can also be carried out p.o., by

25 orally administering the substances dissolved in DMSO and suspended in
0.5% Tylose by means of a stomach tube. The control animals receive
identical volumes of solvent without test substance.
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_or 15

r d r]..together wwth the C atom forma carbony
group, E g IF §§¥§, cycl obutyl, cyciopentyl, cyclohexyl or-
cycl oheptyl, or represents straight-chain or branched al kyl having up to 5
carbon atons, which is optionally substituted by cycl opentyl or cycl ohexyl,
Rlerr] and Rlerr] together forma straight-chain or branched al kyl ene chain
havi ng up 20

to 5 carbon atons, _tzﬁ which a phenyl ring is fused
and which nust be substituted by .a carbonyl” group or a group of the fornula

[err] in which
After various times - up to 24 hours after administration - blood (about
250upl) is taken from the animals by puncture of the retro-orbital venous
plexus. Clotting is ended by incubation at 4°C overnight, then
centrifugation is carried out at 6000 x g for 10 minutes. In the serum thus

5 obtained, CETP activity is determined by the modified CETP test. As for
the CETP test described above, the transfer of 3H-cholesterol ester from
HD lipoproteins to biotinylated LD lipoproteins is measured.
The reaction is ended by addition of Streptavidin-SPA® beads (Amersham)
and the transferred radioactivity is determined directly in the liquid

10 scintillation counter.
The test mixture is carried out as described under "CETP test". For the.
testing of the serum, only 10 ul of CETP are replaced by 10 ul of the
corresponding serum samples. As controls, corresponding incubations with
sera of untreated animals are used.

15 The activity transferred in the control mixtures with control sera is rated as
100 % transfer. The substance concentration at which this transfer is
reduced to a half is indicated as the EDy, value.

Table B

EDs, values for ex vivo activity

1l
20 Ex. EDy, % Inhibition
at 10 mg/kg
I 14 < 10 mg/kg 64.0 % l
‘ 19 > 10 mg/kg 46.0 %
“ 29 > 10 mg/kg 172 %
In vivo activity of the compounds according to the invention
25

In experiments to determine the oral action on lipoproteins and tri-
glycerides, test substance dissolved in DMSO and 0.5 % Tylose suspended
by means of a stomach tube are administered orally to Syrian golden

T T ]
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-9- a denpl oS3 Y HELied Cotnfiies3 anNd Rlerr] denotes hydrogen,
strai ght-cha H_Gr‘g‘ra‘mmdgmgzy{l_—a or al koxy- carbonyl each having up
to 4 carbon atom; or a radical of the5 formul a

-SiRerr]Rlerr]Rlerr], in which Rlerr], Rerr] and Rlerr] are identical or

different and denote straight-chain. or branched al kyl having up to 4
carbon atons or phenyl, -21 -

hamsters from in-house breeding. To determine the CETP activity, blood
(about 250 pl) is taken by retro-orbital puncture before the start of the ex-
periment. The test substances are then administered orally by means of a
stomach tube. The control animals receive identical volumes of solvents
5 without test substance. The feed is then withdrawn from the animals and
" blood is taken at various times - up to 24 hours after substance ad-
ministration - by puncture of the retro-orbital venous plexus.
Clotting is ended by incubation at 4°C overnight, then centrifugation at
6000 x g is carried out for 10 minutes. In the serum thus obtained, the
10 content of cholesterol and triglycerides is determined with the aid of
modified commercially available enzyme tests (cholesterol enzymatic.
14366 Merck, triglycerides 14364 Merck). Serum is suitably diluted using
physiological saline solution.
100 ul of serum dilution are mixed with 100 pl of test substance in 96-hole
plates and incubated at room temperature for 10 minutes. The optical
density is then determined at a wavelength of 492 nm using an automatic
plate-reading apparatus. The triglyceride or cholesterol concentration
contained in the samples is determined with the aid of a standard curve
measured in parallel. |
20 The determination of the content of HDL cholesterol is carried out
according to the manufacturer's instructions after precipitation of the ApoB-

containing lipoproteins by means of a reagent mixture (Sigma 352-4 HDL
cholesterol reagent).

15

Table C
25 HDL rise in in vivo experiments
Ex. Dose (mg/kg) % HDL rise
18 2 x 10 33
19 2x10 17.1
20 2 x10 11.14
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and where bot L AN S¥SE&R Rt Sutfild onal 'y substituted up to 3 tines in an
10 i'dentrcal or different manner by fluorine, chlorine,

strai ght-chain or branched al kyl, al koxy or al koxycarbonyl each having up
to 4 carbon atons, and their salts and N-oxides, wth the exception of the
conmpound 3- benzoyl -2- net hyl - 4- phenyl -i ndeno[ 1, 2-b] pyri di n-5-one. 15 _
Very particularly preferred conpounds of _the general fornula (I) according
to the invention are those in which A represents phenyl which is
optionally substituted by fluorine or chlorine, E represents isopropyl

or cyclopentyl, vive activity in transgenic hCETP mice

(D

Transgenic mice from in-house breeding (Dinchuck, Hart, Gonzalez,
Karmann, Schmidt, Wirak; BBA (1995), 1295, 301) were administered the
substances to be tested in the feed. Before the start of the experiment,
5 blood was taken retro-orbitally from the mice in order to determine
cholesterol and triglycerides in the serum. The serum was obtained as
described above for hamsters by incubation at 4°C overnight and sub-
sequent centrifugation at 6000 x g. After one week, blood was again taken

from the mice in order to determine lipoproteins and triglycerides. The

10 change in the parameters measured is expressed as a percentage change
compared with the starting value.
Table D
Ex. HDL LDL Triglyceride
14 (100 ppm) 22.0 % -10.5 % -97 %
15

The invention additionally relates to the combination of bicyclic-fused pyridines of
the general formula (I) with a glucosidase and/or amylase inhibitor for the treat-
ment of familial hyperlipidaemias, of obesity (adiposity) and of diabetes mellitus.
Glucosidase and/or amylase inhibitors in the context of the invention are, for
example, acarbose, adiposine, voglibose, miglitol, emiglitate, MDL-25637,

20 camiglibose (MDL-73945), tendamistate, AI-3688, trestatin, pradimicin-Q and
salbostatin.

The combination of acarbose, miglitol, emiglitate or voglibose with one of the

abovementioned compounds of the general formula (I) according to the invention
1s preferred.

25 The compounds according to the invention can furthermore be used in

combination with cholesterol-lowering vastatins or ApoB-lowering principles in

order to treat dyslipidaemias, combined hyperlipidaemias, hypercholesterolaemias
or hypertriglyceridaemias.
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.20

formula (1) a
characterized in that in conpounds of the general formula (I1)

[err]

A proc

in whic

10

15

20

25

SS fqr 4t1 reparation of the conpounds of the general
' L2 R I on has additionally been found,

-23 -

The combinations mentioned can also be employed for the primary or secondary
prevention of coronary heart disease.

Vastatins in the context of the invention are, for example, lovastatin, simvastatin,

pravastatin, fluvastatin, atorvastatin and cerivastatin. ApoB-lowering agents are,
for example, MTP inhibitors.

The combination of cerivastatin or ApoB inhibitors with one of the above-

mentioned compounds of the general formula (I) according to the invention is pre-
ferred.

The new active compounds can be converted in a known manner into the

customary formulations, such as tablets, coated tablets, pills, granules, aerosols,
syrups, emulsions, suspensions and solutions, using inert, non-toxic, pharma-
ceutically suitable excipients or solvents. In this case, the therapeutically active
compound should in each case be present in a concentration of approximately 0.5

to 90 % by weight of the total mixture, i.e. in amounts which are adequate in
order to achieve the dosage range indicated.

The formulations are prepared, for example, by extending the active compounds
with solvents and/or excipients, if appropriate using emulsifiers and/or dispersants,

it being possible, for example, when water is used as a diluent, optionally to use
organic solvents as auxiliary solvents.

Administration takes place in the customary manner, intravenously, parenterally,
perlingually or orally, preferably orally.

In the case of parenteral administration, solutions of the active compound can be
employed using suitable liquid excipient materials.

In general, it has proved advantageous in the case of intravenous administration to
administer amounts of approximately 0.001 to 1 mg/kg, preferably of approx-
imately 0.01 to 0.5 mg/kg of body weight to achieve effective results, and in the

case of oral administration the dose is approximately 0.01 to 20 mg/kg, preferably
0.1 to 10 mg/kg of body weight.
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Cfirst, with ogggngfr%g;i_lgl iec rgfogetrrlltss, the substituent D is introduced in
I nert sol vent Gignard or Wttig reaction, and if
appropriate the substituents nmentioned under A, E and/or Rerr] and Rerr]

are varied or introduced according to customary nethods. The process

according to the invention can be illustrated by way of exanple by the
follow ng reaction schene: [err] [err]24_

In spite of this, if appropriate it may be necessary to deviate from the amounts
mentioned, mainly depending on the body weight or the type of administration
route, on individual behaviour towards the medicament, the manner of its
formulation and the time or interval at which administration takes place. Thus in
5 some cases it may be sufficient to manage with less than the abovementioned
minimum amount, while in other cases the upper limit mentioned has to be ex-
ceeded. In the case of the administration of relatively large amounts, it may be ad-
visable to divide these into several individual doses over the course of the day.
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. Suitable solv DixS4 kG %;hers tﬁ s diethyl ether, dioxane,
tetrahydrofurg%—-%ﬁ&m&—%ﬁ%&%ﬁ%ﬁ—@fher, or hydrocarbons such as benzene,
t ol uene, xyl ene, hexane, cyclo- hexane or petroleumfractions, or

hal ogenohydr ocar bons such as di chl oronet hane, 5 trichl or onet hane,

tetrachl oromet hane, dichl oroethyl ene, trichloroethylene or -12-

chl or obenzene, or ethyl acetate, or trietdylam ne, pyridine, dinethyl

sul phoxi de, di net hyl f or nani de, hexanet hyl phosphor am de, acetonitrile,

acetone or nitro- nethane It is also possible to use m xtures of the
sol vents nenti % P|
reviations used

C = cyclohexane

EA = ethyl acetate

PE = petroleum ether
5 THF = tetrahydrofuran

Starting compounds

Example I

Methy! 7,8-dichloro-4-(4-fluoro-phenyl)-2-isopropyl-5-oxo-SH-indeno[ 1,2-b]
pyridine-3-carboxylate

10

4 g of 5,6-dichloro-1,3-indanedione (204 mmol), 29.2 g of methyl 3-amino-4-
methyl-2-pentenoate (204 mmol) and 25.3 g of p-fluorobenzaldehyde (204 mmol)
are dissolved in 300 ml of toluene and the mixture is heated to reflux temperature
in a water separator for 18 h. After cooling, it is filtered and the filtrate is

15 concentrated. The crude product is eluted on 1.2 kg of silica gel (0.04 - 0.063
mm) using cyclohexane: ethyl acetate 9:1.
Yield: 14.5 g (16 % of theory)
R, =037 (C/EA 9:1)
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methane is pr A3 . | .blLe bases for the individual steps are the
customary sltoreig 5 84?—Fore1 I{D g = These preferably include organolithium

conpounds such as, for exanple, n-butyllithium sec-butyllithium

tert-butyllithiumor phenyllithium or amdes such as, for exanple, |ithium
di i sopropyl am de, sodium anide or potassiumamnide,. or lithium
hexamet hyl si |yl am de, or alkali metal hydrjdes such 10 as sodi um

hydride or potassium hydride. n-Butyllithium or sodium hydride is
particularly preferably enployed. Suitable organonetallic reagents are, for
exanpl e, syst egﬁ l%ui:eh- s My/brono- benzotrifluoride and

p-trifluoronmet y?p enyl lithium Suitable Wttig reagents are the customary
reagents. 3-Tri-fluoronethyl benzyltri-

7,8-Dichloro-4-(4-fluorophenyl)-3-hydroxymethyl-2-isopropyl-SH-indeno[ 1,2-
b]pyridin-5-ol

5 74 g of the compound from Example I (16.7 mmol) are dissolved under argon in
155 ml of absolute toluene and 66.6 ml of 1 molar diisobutylaluminium hydride
solution in toluene (66.6 mmol) are added dropwise at -70°C. After stirring at -
70°C for 30 min and at -60°C for 30 min, 15.6 ml of methanol are slowly added
dropwise and the cooling bath is removed. The mixture is subsequently diluted

10 with 100 ml of toluene and 900 ml of 20 % strength sodium potassium tartrate
solution are added and the mixture is stirred for 1 h. After separation of the
organic and aqueous phases, the aqueous phase is reextracted with toluene, and the
combined organic phases are washed with saturated sodium chloride solution and
then dried over sodium sulphate. The crude product concentrated from the organic

15 phase is eluted on 600 g of silica gel (0.04 - 0.063 mm) using C/EA 8:2.

Yield: 4.47 g (64 % of theory)
Ry = 0.12 (C/EA 8:2)
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15 phenyl p hum bronjde i.s preferred. In general, suitable bases
are one of thqﬁé) ?P@hij oLt : preferably Li

bis-(triethylbutyl)am de. The base is enployed in an amount fromO0.1 nol to
5 nol, preferably from0.5 nol to 2 nol, in each case relative to 1 nol of
the starting conpound. .20 The reaction with Wttig reagents is in

general carried out in a tenperature range{,f_rom O[err]C to 150[err]C,
tig reactions are in general

preferably at 25[err]C to 40[err]C. The W
carried out at normal pressure. However, it is also possible to carry out
t he process at reduFe@Ipressure or at elevated pressure (e.g. in the range
from0.5to 5 Eé??ﬂ’%z The reductions are in general carried out using
reduci ng agents, preferably using

7,8-Dichloro-4-(fluorophenyl)-2-isopropyl-5-oxo-5H-indeno[1,2-b]pyridine-
3-carbaldehyde

OH
Cl
T
~

N Cl
5 A mixture of 6.8 g of pyridinium chlorochromate (30 mmol) and 3.2 g of alumina
(30 mmol) is added at room temperature to a solution of 2.1 g of Example II
(5 mmol) in 140 ml of methylene chloride. After 1.5 h, some silica gel is added,
the mixture is filtered through 280 g of silica gel and the solid is washed with
about 2000 ml of methylene chloride. The combined filtrates are concentrated and

10 dried in a high vacuum.

Yield: 1.8 g (87 % of theory)
R; = 0.45 (C/EA 8:2)
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.those which are iltsqﬁl_ > f.or r&etrreeduction of ketones to hydroxyl
conpounds: Pa%l—m—i—yﬁ%—g—‘—ﬁ' this context is reduction with netal
hydri des or conpl ex - 13 - netal hydrides in inert solvents, if
appropriate in the presence of a trial kyl borane. The reduction is

preferably carried out using conplex netal hydrides such as, for exanple,

| it hi um bor ohydri de, sodi um borohydri de, _petassi um borohydride, zinc
borohydride, lithiumtrial kyl borohydri de, diisobutyl al um ni um hydri de or
l'ithiumb5 al umi nium hydride. Reduction using diisobutylal um nium

hydride and Sqgpatation Examples

Example 1

7,8-Dichloro-4-(4-fluorophenyl)-3-[hydroxy-(4-trifluoromethyl-phenyl)-methyl}-2-
isopropyl-indenof 1,2-bjpyridin-5-one

a) Preparation of the Grignard reagent
100 ml of THF are added under argon to 537 mg of magnesium (22.4
mmol), a few drops of dibromomethane are added and the mixture is
heated to reflux. 3.47 g of p-bromobenzotrifluoride (15.6 mmol), dissolved

in 20 ml of THF, are slowly added dropwise to the refluxing suspension.
After 2 h, it is cooled to room temperature.

10

b) Grignard addition to substance from Example III

The Grignard solution synthesized under a) is added dropwise at -20°C to a
solution of 2.18 g of Example III (5.2 mmol) in 50 ml of THF. After 30
min, 50 ml of saturated ammonium chloride solution are added and the
mixture is stirred for 10 min. It is diluted with water and toluene, the
phases are separated, the aqueous phase is reextracted with toluene, the
combined organic phases are washed with saturated sodium chloride
solution and finally the organic phase is dried over sodium sulphate and
concentrated. The crude product is eluted on 600 g of silica gel (0.04 -
0.063 mm) using C/EA 9:1. The eluates are crystallized.

Yield: 2.6 g (89 % of theory)

15

20
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bor ohydride is Kt referred. The reducing agent is in
genergl enpl oy LEA 41 ¥ E}O%{ 4 nmol to 10 nol, preferably from1 nol
to 3 nol, relative to 1 nol of the conpounds to be reduced. The reduction
in general proceeds in a tenperature range from-78[err]Cto +50[err]C,. 10
preferably from-78[err]Cto O[err]C, particularly preferably at -78[err]C,
I n the case of diisobutylaluniniun1hydriqp%%p each case dependi ng on the
choi ce of the reducing agent and sol vent. e reduction in general proceeds
at nor mal pressure but it is also possible to work at el evated or reduced

15 i ch may be nentioned by way of exanple
g; 2Stsﬁtraef ol | owi ng t 68??{:&2@? zgh

Example 2

7,8-Dichloro-4-(4-fluorophenyl)-3-[fluoro-(4-trifluoromethyl-phenyl)-methyl]-
2-1sopropyl-indeno[1,2-b]pyridin-5-one

260 mg of Example 1 (0.46 mmol) are dissolved under an argon atmosphere in 10
ml of methylene chloride and 0.06 ml of diethylaminosulphur trifluoride in 1 ml
of methylene chloride is added dropwise at -70°C. After 10 min at this tempera-
ture, 6 ml of saturated sodium hydrogen carbonate solution are added and the mix-
10 ture is warmed to room temperature. The phases are separated, and the organic
phase is washed again with water, dried over sodium sulphate, filtered and con-
centrated. It is eluted on 20 g of silica gel (0.04 - 0.063 mm) using C/EA 95:5.
Yield: 184 mg (71 % of theory)
R, =0.43 (C/EA 9:1)

15 Example 3

7,8-Dichloro-4-(4-fluorophenyl)-3-[fluoro-(4-trifluoromethyl-phenyl)-methyl ]-
2-isopropyl-5H-indeno[1,2-b]pyridin-5-ol
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oxi dations, r u | . 2 e l.ons, hal ogenation, Wttig/ Gignard
reactions andi‘lE LD ¥1ﬁp{g éatlons Possi bl e bases for the

i ndi vi dual steps are the customary strongly basic 20 conmpounds. These
preferably include organolithium conpounds such as, for exanple,
n-butyllithium sec-butyllithium tert-butyllithium or phenyllithium or
am des such as, for exanple, I|th|un1d||s§?ropylanide, sodi um am de or
potas- sium am de, or |ithium hexanethylsilylamde, or alkali netal

hydri des such as sodi um hydri de or potassium hydride. n-Butyllithium or
sodi um hydride is 25 particul ardy preferably enpl oyed. Suitable bases
are additionally the customary inorigani c bases. These preferably in- clude
al kali nmetal hydroxides or alkalingd_earth nmetal hydroxides such as, for

16 mg of sodium borohydride (0.4 mmol) are added at 0°C to a solution of.

122 mg of Example 2 (0.2 mmol) in 10 ml of methanol and the mixture is stirred

at room temperature for 2 h. It is treated with saturated ammonium chloride
5 solution and extracted three times with toluene. The combined organic phases are

dried over sodium sulphate, filtered and concentrated. The crude product is eluted

on silica gel (0.04 - 0.063 mm) using C/EA 97:3.

Yield: 119 mg (97 % of theory)

R¢= 0.17 (C/EA 9:1)

10 Separation of the diastereomers:
By means of preparative HPLC (250 x 25 mm, RP18, 7 pm; flow rate 6 ml/min
with acetonitrile/water 8:2).
110 mg of the compound Example VI are separated by means of the column in 2
injections.

15 Yield: 56 mg of diastereomer A, 41 mg of diastereomer B
R;=0.17 (C/EA 9:1)

The compounds shown in Table 1 are prepared in analogy to the procedures of
Examples 1-3:
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_exanpl e, sodi
al kali netal

hydr ogen - 14 -

Y gyf'f gﬁ-ﬁ&ei@%%&'—'

car bonat e.

=3

um or

hydr oxi de or bari um hydroxi de,

or

pot assi um car bonate or sodi um

reaction steps are al so al cohols such as net hanol,

but anol

or tert-butanol.

tert - But anol

IS _

et hanol ,
ieferred. 5

necessary to carry out some reaction steps under a protective gas

Sodi um hydr oxi de or potassi um hydroxide is
particularly preferably enployed. Suitable solvents for the individual

pr opanol ,
It may be

Table 1:
F
OH
19
D R
“
\
E N Rm
Ex.-No. D E RI/R? Isomer R, ]]
4 f H,C H/H Diasteromer 0,13
)J:j/k \( mixture C/EA 9:1
.
CH 2:1
| K 3
3 5 § | HC HH 0,13
>(©)k b cra 91
F.
C
! H,
6 £ HSC H/H Diastereomer 0,13
>(E:I*\ \T// 1 C/EA 9:1
F
C
T H,
7 i H,C H/H Diastereomer | 0,13
H/QJ\ Y 2 C/EA 9:1
.
1 CH,
8 H,C H/H 0,18
Fﬁ/[:j/\ \T// PE/EA 10:1
.
‘ CH,
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at nosphere. Thgeggg?%ﬂwg&ﬁgﬁégghﬁﬁ%g general carried out in one of the
abovenenti oned ' ons or toluene, nethylene chloride and
t ol uene being preferred. 10 Sui t abl e hal ogenati ng agents are, for
exanpl e, diethyl am nosul phur trifluoride (DAST) or SOCl[err]. The

hal ogenation in general proceeds in a tenperature range from-78[err]Cto
+50[err]C, preferably from-78[err]Cto Qlﬁi[]c; particularly preferably at
-78[err]C, in each case depending on the choice of the hal ogenati ng agent
and solvent. 15 The hal ogenation in general proceeds at nornal pressure,
but it i s al soB i evated or reduced pressure

. RP/R2® Isomer R,
9 i £ H,C H/H Diastereomer | 0,15
QKE:IA\ \T// 1 C/EA 9:1
CH,
10 el i Hsc H/H Diastereomer 0,14
Fﬂj:j)\ \T// 2 C/EA 9:1
CH,
F

(W]
S oo
T
w
0
0 o——<;
uI wI

Enantiomer I1 | 0,13
C/EA 9:1

H,C H/H Enantiomer 12 | 0,13
\T// C/EA 9:1

13 H3C H/H Enantiomer 0,13
FZJ:j)\ \T// 111 C/EA 9:1
- ‘ - F F CH3
l 14 £ H3C HH Enantiomer 0,13
FXQ)\ Y 2 C/EA 9:1
¢ CH,
l F
f
15 FoF H,C H/H 0,15
! CH,
[

r16

HMH 0,18 + 0,28
<ii7// C/EA 82

mm
| E
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. The conmpounds eral formula (I11) are new and can be prepared by a
process in mth T%49- a2 (T NHER conpounds of the general fornmula (I11)

20 [err] in which E has t he meani ng indi cated
above 15 - and
-33 -
“ Ex.-No. D E RP/R¥ Isomer R,
17 £ H/H Diastereomer 0,12
F.
E
F
18 ¢ H/H Diastereomer 0,12
ﬁ)\ o ? C/EA 91
F
F
F
19 8 H/H 0,13
F
il
20 H/H 0,18
F>'/©/\ Q/ C/EA 9:1
T
5 21 T H/H Enantiomer 4 0,12
F F
22 1 oK H/H Diastereomer 0,13 + 0,21
Fﬂ\/@* Q/ mixture C/EA 8:2
ci .
23 e 5 OH HMH Diastereomer 0,13 “
[~}
24 e ¢ H/MH Racemate 0,10
[+]
25 i £ HH Diastereomer 0,33
Fjj@)\ O/ mixture C/EA 8:2
Cl
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"Rlerr] represent §,G
general fornu -
i ndi cat ed above and conpounds of the general

r]-al koxycarbonyl, wth al dehydes of the
K trEg\/) I n which A has the neani ng
formula (V) [err] in which 10

Rlerr] and R err], including a carbonyl group, enconpass the scope of
meaning of Rlerr] and R err] indicated above, the conpounds of the general
formula (VI)
-34 -
Ex.-No. D E R/R Isomer R,
26 £ H,C 3-Cl/4-Cl Diastereomer | 0,17
)(@J\ 1 C/EE 9:1
F
£ £ CH3
27 r Hsc 3-Cl/4Cl Diastereomer 0,17
>p)\ 2 C/EE 9:1
F
b CH,
#= J
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.[err] in whichpe A 31581 FCo&ﬁ%e ], Rlerr] and Rlerr]) have the neaning

I ndi cat ed abov n alast step the al koxycar bonyl group
(Rlerr]) is converted into an al dehyde group by a reduction/oxidation
sequence. 5 Sui tabl e solvents for the oxidation are ethers such as

di et hyl ether, dioxane, tetra-
-35-

The compounds shown in Table 2 are prepared in analogy to the abovementloned

procedures:;
Table 2:
[ Ex.-No. Structure Isomer Ri-value ]'
5 28 0,38
Cy/EA
©:1
F
P 29 Racemate- 0,55

. mixture PE / EA
9:1)

[T
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‘hydr of ur an, 9|ﬂ§2|3ﬁBHFFGMﬁ%£EE§¥neQr hydrocarbons such as benzene,

t ol uene, xyl ene exane or petroleumfractions, or

hal ogenohydr ocar bons such as di chl oronet hane, trichl oronet hane,

tetrachl oromet hane, dichl oroethylene, tri- chloroethylene or chlorobenzene,
or ethyl acetate, or triethylamne, pyridine, di- 10 met hyl sul phoxi de,
di met hyl f or mam de, hexanet hyl phosphor am dey acetonitrile, acetone or
nitronethane. It is also possible to use mxtures of the solvents

menti oned. Met hyl ene chlorrde S preferred Surtable oxrdrzrng agents are,
for exanple, s
nitrate, 2,3-d QﬂLghQ-5
chl or ochr ot e
trioxide-pyridfng conplg

o um [L
fsbﬂn‘ep grvgllﬂep hur

Ano. ese dioxid
Diastereo- 0,22

mer PE / EA
mixture (10:1)
(-1

31 Diastereo- | 0,24
mer PE / EA
mixture (EH))
r
32 Diastereo- | 0,22 |
mer 1 PE /EA
(10:1)
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-The oxi di zi ng ag ‘:ﬂ'— ed in an amount from 1 nol to 10 nol, .
preferably fro e a2 ative to 1 nol of the conpounds of the
general formula (1V). 20 The oxidation in general proceeds in a
tenperature range from-50C to +100[err]C, preferably fromOC to room
tenperature. The oxidation in general proceeds at nornmal pressure. However,
it is also possible to carry out the oxi d_afH' on at elevated or reduced
pressure. The conpounds of the general fornula (1I11), (1V) and (V) are

known per se or can 25 be prepared by customary nethods.
Ex.-No. Structure Isomer Ri-value 1]
33 Diastereo- 0,22
mer 2 PE / EA
(10:1)

34 Racemate 0,43
Cy / EA
(8:2)
J
35 Diastereo- 0,30
mer 1 Cy / EA
(CR))
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.17 - The conp-u‘d ) fornula (VI) are new and can be prepared
as descri bed apove: JELOTHRNISSE t he general fornula (lI) according to
the invention have an unforeseeabl e spectrum of pharnacol ogical action. 5
The conpounds of the general fornmula (1) according to the invention. have
useful pharmacol ogi cal properties which are superior in conparison with the
prior art, in particular they are highly_ ggfectlve I nhi bitors of

chol esterol ester transfer protein (CETP) and stimnulate reverse chol esterol

transport. Reactive conpounds according to the invention cause a | owering
of the LDL cholesterol level in the blood with

Ex.-No. Structure Isomer Ri-value ]‘
36 Diastereo- 0,30
mer 2 Cy/EA
o1

37 Racemate 0,25
Cy /EA !
©:1) [
38 Diastereo- 0,24
mer 1 PE/EA
¢:1)

[T —




.10 si mul t apeous 1 '@l St eRicdulfictPl chol esterol Ievel. They can therefore
be enpl oyed I"I‘I’TH'I’V"&'I’T?#O‘?‘TCT’TE—?F‘EM ment of hyperli poprotei naem a,

hypol i popr ot ei naem a, dislipidaem a, hypertriglyceridaen a, conbi ned
hyperlipid- aem a or arteriosclerosis. The pharnmacol ogi cal actions of the
substances according to the invention were 15 determned in the
followng test: CETP inhibition testing Oggai nment of CETP CETP is obtained
fromhuman plasma in partially purified formby differential centrifugation
and col um chromat ography and used for the 20 test. To this end,
human pl asna i el 2l -g-nor o

1

Structure Isomer Ri-value

Diastereo- | 0,24
mer 2 PE /EA

¢

40 Enantiomer | 0,12
2 Cy/EA
%:1)
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usi ng NaBr an r.r]C for 18 h at 50,000 rpm The bottom
fraction (d>1. ERMT BALIGR; é‘[“ﬁ ”] a Sephadex[ err] phenyl - sepharose 4B
(Pharmaci a) columm, washed with 0.15 M NaC/0.001 MtrisHCO pH 7.4 and then
eluted with distilled water. The CETP-active fractions are pool ed, 25

di al ysed against 50 mM Na acetate pH 4.5 and applied to a

Sepharose[ err]

gradient (0-1 M Nad).

1.

10

15

20

The pool ed CETP fractions are dial
tris HOl pH 7.4 and then further purified by chronatography on

col um ( Phar maﬂf%t claims

Bicyclic-fused pyridines of the general formula (I)

A
D R
| N 4]
o
E N R?
in which
A

represents aryl having 6 to 10 carbon atoms, which is optionally
substituted up to 5 times in an identical or different manner by
halogen, hydroxyl, trifluoromethyl, trifluoromethoxy, nitro or by
straight-chain or branched alkyl, acyl, hydroxyalkyl or alkoxy each
having up to 7 carbon atoms, or by a group of the formula -NR3R?,

in which

R? and R* are identical or different and denote hydrogen, phenyl or

straight-chain or branched alkyl having up to 6 carbon
atoms,

represents a radical of the formula

R\ R
RR—T— or RGL ’

in which

R and R® independently of one another denote cycloalkyl having 3
to 8 carbon atoms, or aryl having 6 to 10 carbon atoms, or a
5- to 7-membered aromatic, optionally benzo-fused hetero-

cycle having up to 3 heteroatoms from the series consisting

Mond Q+

(Pharnaci a) col um. The calgm is then el § Hﬁ!ﬂﬂﬂﬁmﬂﬂmﬂﬂﬂamw
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- 18 - otain t FH ol DL 50 m of fresh human EDTA pl asnma are
adjusted to anEgrésl f?ﬁg 04.1 e ]%jn'g'?é_'NaBr and centrifuged at 50,000 rpm for
18 h at 4[err]Cin a Ty 65 rotor. The upper phase is used to obtain cold
LDL. The | ower phase is dialysed 5 agai nst Bmﬂu‘\mmﬂﬂﬁl “mr
(10 MM tris/HAO pH 7.4, 0.15 mM NaCl, | nM EDTA, 0.02_ gl ) | of
[err]H chol esterol (Dupont NET-725; | [err]C[err]l dissol ved‘l | r'f. et hahol !)
are then added per 10 ml of retentate volunme and the m xture is incubated

under N err] at 37[err]C for 72 h. The mxture is then adjusted to the

density 1.21 using NaBr and oeg N andjor O, each of which is optionally substituted up

to 5 times in an identical or different manner by trifluoro-
methyl, trifluoromethoxy, halogen, hydroxyl, carboxyl, nitro,
by straight-chain or branched alkyl, acyl, alkoxy or alkoxy-
carbonyl each having up to 6 carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be
substituted by halogen, trifluoromethyl or trifluoromethoxy,

or the cycles are substituted by a group of the formula -
N'RgRIO

10 in which

R’ and R!° are identical or different and have the meaning
of R? and R* indicated above, '

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 10 carbon atoms, each of which is

15 optionally substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or halogen,

R® denotes hydrogen, halogen, azido, trifluoromethyl, hydroxyl,
trifluoromethoxy, straight-chain or branched alkoxy having

20 up to 5 carbon atoms or a radical of the formula -NR''R!?,

in which

R'" and R!? are identical or different and have the meaning
of R? and R? indicated above,

or
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10 h Tl g€ Cfor 18 h at 50,000 rpmin the Ty 65
rotor. The upﬁg&w 349908 n&ha‘r‘eqkd and the |ipoprotein fractions are
purified by gradient centrifugation. To this end, the isolated, |abelled
Ilpoprotel usted to a density of 1.26 using NaBr. Each 4 ni
of this s rﬂ Iﬁlﬂ“’m"ﬂ!“m‘ed with a layer of 4 ml of a solution of density
1.21 and sol utiogp of 1.063 (density solutions from

PDB buffer and NaBr) in centrifuge tubes (SW40 rotor) and then centrifuged
inthe SW40 rotor for 24 h at 38,000 rpmand 20[err]C. The internediate

| abel et 1EL 15 di al ysodt bty e Wactued StutE Coacohy, 5 ERAMBNY BT o 20
The retentate contains radiol abell ed 3H CE-HDL, which is used for the test,
E represents cycloalkyl having 3 to 8 carbon atoms, or represents
straight-chain or branched alkyl having up to 8 carbon atoms, which
is optionally substituted by cycloalkyl having 3 to 8 catbon atoms
5 or by hydroxyl,

R! and R? together form a straight-chain or branched alkylene chain having
up to 8 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbonyl group or a group of the formula

(CH,);—CH,
or -0R’3,
0 o
ANy
10 in which
a represents a number 1, 2 or 3,
and

R denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to 6 carbon atoms or a
15 radical of the formula -SiR“RIPR!6.

in which

R R and R!® are identical or different and denote
straight-chain or branched alkyl having up to 6
carbon atoms or phenyl,

20 and where both ring systems are optionally substituted up to 3 times
in an identical or different manner by halogen, carboxyl or by
straight-chain or branched alkyl, alkoxy or alkoxycarbonyl each
having up to 6 carbon atoms,
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‘adj usted to ahui ﬁ)gzﬁ[lg#rg!gu PlaRG ™ - CETP Test To test the CETP
activity, the HT est er ol

ester f Ijilgepr ot ei ns
to biotinylated LD |ipoproteins is nmeasured. 25 “m“rmllmllmmmmﬁ ion is
ended by addition of streptavidin-SPA err]beads (AnetshHany ahd the
transferred radioactivity is determined directly in a liquid scintillation

counter. In the test mxture, 10 [err]l of3HDL-[err]Hcholesterol ester (-~
50,000 cpm are incubated at 37C for 18 h with 10 [err]l of biotin-LDL

(Amersham in 50 30 mM Hepes/0.15 M NaCl /0.1 % bovi ne serum
al bum n/0.05 % NaN[err] .pH. 7.4 with 10 [err]l of CETP (1 nmg/nm) and 3
[err]] of solution a&fi 4‘%‘88 lgfn%}dgﬁ%'é #SXI@S'

2. Bicyclic-fused pyridines of the formula according to Claim 1

in which

A represents naphthyl or phenyl, each of which is optionally
5 substituted up to 3 times in an identical or different manner by
fluorine, chlorine, bromine, hydroxyl, trifluoromethyl, trifluorometh-

OXy, nitro or by straight-chain or branched alkyl or alkoxy each
having up to 6 carbon atoms,

D represents a radical of the formula
R\ R°
10 . \/ ,
RR—T— or r®
in which

R> and R® independently of one another denote cyclopropyl, cyclo-
pentyl or cyclohexyl, or denote naphthyl, phenyl, pyridyl,
quinolyl, indolyl, benzothiazolyl or tetrahydronaphthalenyl,
each of which is optionally substituted up to 3 times in an
identical or different manner by trifluoromethyl, trifluoro-
methoxy, fluorine, chlorine, bromine, hydroxyl, carboxyl, by
straight-chain or branched alkyl, acyl, alkoxy or alkoxy-
carbonyl each having up to 5 carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be

substituted by fluorine, chlorine, bromine, trifluoromethyl or
trifluoromethoxy,

15

20

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 6 carbon atoms, each of which is

25 optionally substituted up to 2 times by hydroxyl,
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be tested (di ssohvedgi .9 .l % RSA). 200 [err]| of the SPA- - 19
E)estrept avi(di n éaﬁgit‘) e lL'%005) Zire then added, the mxture is

i ncubated further for I h with shaking and then neasured in the
scintillation counter. As controls, corresponding incubations with 10
[err]l of buffiuumﬂllﬂﬂm""”m"CETP at 4[err]C and 10 [err]l of CETP at
37[err]C are u The activity transferred into the control

m xtures with CETP at"37err]C is rated as 100 %transfer. The substance
concentration at which this transfer

R’ denotes hydrogen, fluorine, chlorine or bromine,

and

R® denotes hydrogen, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy, straight-chain or
5 branched alkoxy having up to 4 carbon atoms,

or
R” and R® form a carbonyl group with the C atom,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclo-
heptyl, or represents straight-chain or branched alkyl having up to 6

10 carbon atoms, which is optionally substituted by cyclopropyl, cyclo-
butyl, cyclopentyl, cyclohexyl, cycloheptyl or by hydroxyl,

R! and R? together form a straight-chain or branched alkylene chain having
up to 6 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbony! group or a group of the formula

(H,C)7—CH,
15 o o or -OR'3,
A4

in which

a denotes a number 1, 2 or 3

and

R denotes hydrogen, straight-chain or branched alkyl, acyl or
20

alkoxycarbonyl each having up to 5 carbon atoms or a
radical of the formula -SiRMRlSRIG,
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i s reduced byq E?I %1 Fﬁl-ﬂ%i%@?@g 'ﬁ? the I err] value. In Tabl'e A which
foll ows, the are indicatﬂ'l m]ﬂ Hﬂltors
Tabl e A Exanpl e No. ICerr] value (nol/l) 14 I”HII H'lnl 10[err] 22

2.4 x 10[err] 27 3 x 10[err] 15 *Ex vivd aétivity of the
conpounds according to the invention Syrian golden hansters fromi n-house
breedi ng are anaestheti zed after fasti ng A9r 24 hours (0.8 ng/kg of
atropine, 0.8 ng/kg of Ketavet[err] s.c., 30

in which

R™ RP and R!® are identical or different and denote
straight-chain or branched alkyl having up to 5
carbon atoms or phenyl,

5 and where both ring systems are optionally substituted up to
3 times in an identical or different manner by fluorine,
chlorine, bromine, or by straight-chain or branched alkyl,
alkoxy or alkoxycarbony! each having up to 5 carbon atoms,

and their salts and their N-oxides.

10 3. Bicyclic-fused pyridines of the formula according to Claim 1
in which

A represents phenyl which is optionally substituted by fluorine,
chlorine, methyl, nitro, methoxy or trifluoromethyl,

D represents a radical of the formula

15 R _\- {R >
RP—T— or R®

in which

R’ and R® independently of one another denote cyclopropyl, phenyl,

pyridyl, quinolyl, indolyl, benzothiazolyl or tetrahydro-

naphthalenyl, each of which is optionally substituted up to 2

20 times in an identical or different manner by trifluoromethyl,
trifluoromethoxy, fluorine, chlorine, bromine, hydroxyl,

carboxyl, by straight-chain or branched alkyl, acyl, alkoxy or

alkoxycarbonyl each having up to 4 carbon atoms or by

phenyl, phenoxy or thiophenyl, which for their part can be

R THIS SHEET HAS BE\:N‘X ,
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| ater 50 ny/ kg o% ll\l%gﬂf : The jugular vein is then exposed and
cannul ated. T 3 %0?1 nd)ou}lt I ssol ved |n a suitabl e-sol vent (as -a

rule 20 Adal at pl acebo sol ution: g of gl yc |
Herr]O PEG 400 to 1000 m) and admi ni stered to t he an m Mﬁ w
catheter inserted in the jugular vein. The control animaks ¢ecel

vol une of solvent w thout test substance., dhe vein is then tied off and the
wound is closed. The administration of the test substances can al so be

carried out p.o., by 25 oraIIy adm ni stering the substances
di ssol ved i n DVBO and suspend

Tyl f h tub
The control aninals receive |H€%‘L1‘F{8‘glb OSE}B?X%%%W%M}YM?m?é& or

subst ance. tnﬂuoromethoxy,
T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 4 carbon atoms, each of which is
5 optionally substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or fluorine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy or methoxy,

10 or

R7 and R?, together with the C atom, form a carbonyl group,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclo-
heptyl, or represents ‘straight-chain or branched alkyl having up to 5

carbon atoms, which is optionally substituted by cyclopentyl or
15 cyclohexyl,

R! and R? together form a straight-chain or branched alkylene chain having
up to 5 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbonyl group or a group of the formula

(H,C),—CH,
o 0 or -ORB,
Y4
20 in which
a denotes a number 1, 2 or 3
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.- 20 - After arig 4i S - to 24 hours after adm nistration - blood
(about 250[eriﬂé—i§l—iﬁﬁg¥r@ﬁw L. ani mal s by puncture of the
retro-orbital venous plexus. Cotting is ended by incubation at 4[err]C

overnight, then centrifugation is carried out at 6000 x g for 10 m nutes.

Lgdfp?egﬂmmmlﬁlmsu I“l) obt ai ned, CETP activity is determ ned by the

r the CETP test Q?SCI’I bed above, the transfer of
[err] Hchel est érol® ester fromHD | poprotel ns to biotinylated LD

| i poproteins is neasured. The reaction is ended by addition of
Streptavidin-SPA[ err] b%%gs (Amrer sham

R'3>  denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to 4 carbon atoms or a
radical of the formula -SiR“RI°R!6,

5 in which
R4 R and R!® are identical or different and denote

straight-chain or branched alkyl having up to 4
carbon atoms or phenyl,

and where both ring systems are optionally substituted up to

10 3 times in an identical or different manner by fluorine,
chlorine, straight-chain or branched alkyl, alkoxy or alkoxy-
carbonyl each having up to 4 carbon atoms,

and their salts and N-oxides.
4, Bicyclic-fused pyridines according to Claims 1 to 3 as medicaments.

15 5. Process for the preparation of bicyclic-fused pyridines according to Claims
1 to 3, characterized in that

in compounds of the general formula (II)

A
OHC R’
| ~ an
=

ET N7 TR?

in which Th1s Sheet I.;Ifﬁlrﬁen Re lace
gl )i
il
20 A, E, R! and R? have the meaning indicated above, "l' I H H.’
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and the transieergrﬁﬁgﬁﬁgi ﬁeact 'gvirtltﬁei s determned directly i-n-the-liquid 10
scintillatio : ture is caflg t as described under
"CETP test". For the. testing of the serum oﬁim& L"'luﬁl CETP are
replaced by 10 [err]| of the correspondi ng se st ont r ol s,

correspondi ng i ncubations with sera of untreated animls are used. 15
The activity transferred in the control mxtures with control sera is rated
as 100 % transfer. The substance concentration at which this transfer is

reduced to a half is indicated as the ED50 value. Table B ED50 val ues for

X Viv I Vi . . . o .
€ 0 act ty first, with organometallic reagents, the substituent D is introduced in inert
solvents according to a Grignard or Wittig reaction,

and if appropriate the substituents mentioned under A, E and/or R! and R®
are varied or introduced according to customary methods.

5 6. Medicaments comprising at least one bicyclic-fused pyridine according to
Claims 1 to 3.
7. Medicaments according to Claim 6 for the treatment of arteriosclerosis.
8. Medicaments according to Claim 7 for the treatment of arteriosclerosis.
9. Use of bicyclic-fused pyridines according to Claims 1 to 3 for the pro-
10 duction of medicaments.
10.  Use according to Claim 9 for the production of medicaments for the treat-

ment of arteriosclerosis.

This Sheet Has Been Replaced

!!?.?n !lﬂl” !ug' Igl |5§!
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20 oy _ . ED[err] % Inhibition at 10 ng/ kg 14
< 10 ny/ kg Le A31 841-Folgkan Countries T g/ kg 46.0 % 29 > 10

ng/ kg 17.2 % In vivo activity of the conpounds according to the
i nvention 25 In experinments to determne the oral action on
| i poproteins and tri- glycerides, test substance dissolved in DVSO and 0.5

% Tyl ose suspended by nmeans of a stomach jgibe are administered orally to
Syri an gol den

Bicyclic-fused pyridines
Abstract

Bicyclic-fused pyridines are prepared by introducing the appropriate side chain by
reaction of the corresponding aldehydes with the aid of Wittig or Grignard re-
agents. The bicyclic-fused pyridines are suitable as active compounds in medica-
ments, in particular in medicaments for the treatment of arteriosclerosi.

This Sheet Has Been Replaced

L
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-21- hansters fromin-house breeding. To determ ne the CETP activity;-blood
(about 250 [err]l) is taken by retro-orbital puncture befof?{'rrjt;.ﬁegﬁg@rt\ of

“the ex- perinment. The test substances are then adm ni &E@\&M ﬁfﬁlﬂl..ﬁy— y jmeans
of a stomach tube. The control animals receive identicat~—Vvolunes, of
sol vents 5 wi thout test substance. The feeH {sattheft!\wisthdr
fromthe animals and blood is.taken at vdrdi ous tinesi-

substance ad- ministration - by puncture of the retr

pl exus. dotting.is ended by incubation at 4[err]C oderni
centrifugati A LCMES carried out for 10 mi nUUES.

obt ai ned, the

In the serumthus

The present invention relates to bicyclic-fused pyridines, processes for their
5 preparation and their use in medicaments.

The publication US 5 169 857 A2 discloses 7-(polysubstituted pyridyl)-6-
heptenoates for the treatment of arteriosclerosis, lipoproteinaemia and hyperlipo-
proteinaemia. The preparation of 7-(4-aryl-3-pyridyl)-3,5-dihydroxy-6-heptenoates
is additionally described in the publication EP 325 130 A2. The compound 3-

10 benzoyl-2-methyl-4-pheny!-indenof1,2-b]pyridin-5-one is furthermore disclosed in
the publication J. Chem. Soc. 1949, 2134, 2137.

The present invention relates to bicyclic-fused pyridines of the general formula (I) -

A
D R!
| N )]
2
E N R?

A represents aryl having 6 to 10 carbon atoms, Which is optionally substituted

15 up to 5 times in an identical or different manzer by halogen, hydroxyl, tri-
fluoromethyl, trifluoromethoxy, nitro or by straight-chain or branched alkyl,

acyl, hydroxyalkyl or alkoxy each.having. up to 7 carbon atoms, or by a

group of the formula -NR3R,

in which

20 R® and R* are identical or different and denote hydrogen, phenyl or
straight-chain or branched alkyl having up to 6 carbon atoms,

D represents a radical of the formula

R\ R
RP—T— or RG_L

in which



10 content of cholesterol and triglycerides is_detern ned wth—-
the aid of nodified comrercially avail able enzyne tests cmgdmggmlgm SHEET |
“enzymatic- 14366 Merck, triglycerides 14364 Merck). Serum | S.sui-tabéy !
di l uted using physiol ogical saline solution. 100 [err]| of se;)r[ym!m 1 é;g oh
are mxed with 100 [err]| of test substance in 96-hole 1% §1 ates:
and i ncubated at room tenperature for 10 m nutes. The opti $ |
then determined at a wavel ength of 492 nmusing an automgtic pl ate-reading:
apparatus. The triglyceride or chol esterd-concentration tegn-t—a-l—ﬁed-ﬂ-n—i—he
sanples is determined with..the aid of a standard curve neasured in

paral lel. 20 The determ' nati on of the content of HDL chol esterol
is carried out R3 and R® independently of one another denote cycloalkyl having 3 to 8

carbon atoms, or

—

aryl having 6 to 10 carbon atoms,
or a 5- to 7-membered aromatic, optionally benzo-fused heterocycle
5 having up to 3 heteroatoms from the series consisting of S, N
and/or O, each of which is optionally substituted up to 5.times in an
identical or different manner by trifluoromethyl, trifluoromethoxy,
halogen, hydroxyl, carboxyl, by straight-chain or branched alkyl,
acyl, alkoxy or alkoxycarbonyl each having up to 6 carbon atoms or
10 by phenyl, phenoxy or thiophenyl, which for their part can be
substituted by halogen, trifluoromethy! or trifluoromethoxy,

or the cycles are substituted by a group of the formula -NR°R'°,
in which

R® and R0 are identical or different and have the meaning of R3
15 and R* indicated above,

T denotes a straight-chain or branched alkylene or alkenylene chain
.each having up to 10 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or halogen,

20 and

R® denotes hydrogen, halogen, azido, trifluoromethyl, hydroxyl, tri'-.
fluoromethoxy, straight-chain or branched alkoxy having up to 5
carbon atoms or a radical of the formula -NR!'R!2,

in which



according to the manufacturer's instructions after precipitation of the

ApoB- containing |ipoproteins by neans of a reagent m xturfe @%{ﬂ
"HDL chol esterol reagent). Table C 25 HDL rise in in vi vg‘(E Q%@ﬁ%{EH
Ex. Dose (ng/kag) % HDL rise 18 2 ix {10
3.3 19 2 x 10 17.1 20 2 x| 195 M. 1997
11. 14
-3 -
R!! and R'? are identical or different and have the meaning of R3
and R* indicated above,
or
R7 and RS, together with the C atom, form a carbonyl group,
5 E represents cycloalkyl having 3 to 8 carbon atoms, or

represents straight-chain or branched alkyl having up to 8 carbon atoms,

which is optionally substituted by cycloalkyl having 3 to 8 carbon atoms or
by hydroxyl,

R! and R? together form a straight-chain or branched alkylene chain having up to
10 8 carbon atoms, to which a phenyl ring is fused and which must be
substituted by a carbonyl group or a group of the formula

(CH,)—CH,
OZ; ) or _0R13 )
N '
in which
a represents a number 1, 2 or 3, .-

15 and

R'*  denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-

carbonyl each having up to 6 carbon atoms or a radical of the
formula -SiRM“RIPR!6,

in which

20 R, R' and R!S are identical or different and denote straight-chain
or branched alkyl having up to 6 carbon atoms or phenyl,



REPLACEMENT SHEET 25 JUL1997 -22 - In vivo activity in_transgenic-hekEF

_mce Transgenic mice fromin-house breeding (D nchuck,

Kar mann,

substances to be tested in the feed. Before the start o

Eby A SN éi‘iEET
Schm dt, Wrak; BBA (1995), 1295, 301) were a Hﬁmtée‘mnd t-he

cire

he exper i
bl ood was taken retro-orbitally from the mice in orderjt aeﬁeﬁaﬁ‘é

chol est er ol
descri bed above for

10

15

20

25

30

and triglycerides in the serum The serum whs -Aed—as—
hanst ers by incubation at 4[err] C oyerni ght and sub-

-4 -

and where both ring systems are optionally substituted up to 3 times in an
identical or different manner by halogen, carboxyl or by straight-chain or

branched alkyl, alkoxy or alkoxycarbonyl each having up to 6 carbon
atoms,

and their salts and their N-oxides, with the exception of the compound
3-benzoyl-2-methyl-4-phenyl-indeno[ 1,2-b]pyridin-5-one.

The bicyclic-substituted pyridines according to the invention can also be present in

the form of their salts. In general, salts with organic or inorganic bases or acids
may be mentioned here.

In the context of the present invention, physiologically acceptable salts are pre-
ferred. Physiologically acceptable salts of the compounds according to the in-

_vention can be salts of the substances according to the invention with mineral

acids, carboxylic acids or sulphonic acids. Particularly preferred salts are, for
example, those with hydrochloric acid, hydrobromic acid, sulphuric acid, phos-
phoric acid, methanesulphonic acid, ethanesulphonic-acid, toluenesulphonic acid,
benzenesulphonic acid, naphthalenedisulphonic acid, acetic acid, propionic acid,
lactic acid, tartaric acid, citric acid, fumaric acid, maleic acid or benzoic acid.

Physiologically acceptable salts can also be ‘metal or ammonium salts of the
compounds according to the invention which have a free carboxyl group. Those
particularly preferred are, for example, sodium, potassium, magnesium or calcium
salts, and also ammonium salts which are derived from ammonia, or organic
amines, such as, for example, ethylamine, di- or triethylamine, di- or triethanol-
amine, dicyclohexylamine, dimethylaminoethanol, arginine, lysine, ethylene-
diamine or 2-phenylethylamine.

The 'compounds according to the invention can exist in stereoisomeric forms which
either behave as image and mirror image (enantiomérs), or which do not behave as
image and mirror image (diastereomers). The invention relates both to the
enantiomers or diastereomers and to their respective mixtures. These mixtures of

the enantiomers and diastereomers can be separated into the sterecisomerically
uniform constituents in a known manner.




sequent centrifugation at 6000 x g. After one week, bl ood was agai n taken

fromthe mce in order to determne |ipoproteins and tri g

. . eettdes: ]S%_“:l:l‘l
“change in the paranmeters neasured is expressed as a perce*nt%d?é%ﬁ@ﬁ%@

conpared with the starting value. Table D Ex.

Triglyceride 14(100 ppm 22. 0% -10. 5% 19. 7‘}2@.5;;;; mgp

I nvention additionally relates to the conbi nation of bicyg¢l

pyridi nes of the general forrmula (I) with a glucosi dase and/ anyT ase

inhibitor for the treat- nment of famlialShyperlipi daem ag,

itc-fused

of obesity

(adi posity) and of diabetes nellitus. d ucosidase and/or a
In the context of the invention are, for

rase Tnhibitors

.Heterocycle, if appropriate benzo-fused, in the context of the invention in general
represents a saturated or unsaturated S5- to 7-membered, preferably 5- to 6-
membered, heterocycle, which can contain up to 3 hetercatoms from the series
consisting of S, N and/or O. Examples which may be mentioned are: indolyl, iso-

5 quinolyl, quinolyl, benzo[b]thiophenyl, benzo[b]furyl, pyridyl,
pyrrolyl, thiazolyl, oxazolyl, imidazolyl, morpholinyl or piperidyl
pyridyl and thienyl are preferred.

thienyl, furyl,

. Quinolyl, furyl,

Preferred compounds of the general formula (I) according to the invention are

those

10 in which

A represents naphthyl or phenyl, each of which is optionally substituted up to
3 times in an identical or different manner by fluorine, chlorine, bromine,
“hydroxyl, trifluoromethyl, trifluoromethoxy, nitro or by straight-chain or

branched alkyl or alkoxy each having up to 6 carbon atoms,

15 D represents a radical of the formula
R7 RB '
RE—T— or R® _AL_ ’
in which

"~ 20

and RS independently of one another denote cyclopropyl, cyclopentyl or

cyclohexyl, or denote naphthyl, phenyl, pyridyl, quinolyl, indolyl,

benzothiazolyl or tetrahydronaphthalenyl, each of which is.-

optionally substituted up to 3 times in an identical or different

manner by trifluoromethyl, trifluoromethoxy, fluorine, chlorine,

bromine, hydroxyl, carboxyl, by straight-chain or branched alkyl,
25

acyl, alkoxy or alkoxycarbonyl each having up to 5 carbon atoms or

by phenyl, phenoxy or thiophenyl, which for their part can be
substituted by fluorine, chlorine, bromine, trifluoromethyl or tri-

fluoromethoxy,




exanpl e, acarbose, adi posine, voglibose, nmiglitol, emglitjafEPLABIMERESHEET
20 cam gl i bose (MDL-73945), tendam state, Al-3688, tresiafTm,
“pradimcin-Q and sal bostatin. The conbination of acarbose, m glg t gty 997
in
29

emglitate or voglibose with one of the abovenenti oned conpo s of the
general formula (lI) according to the invention is preferref
conpounds according to the invention can furthernore be us )
with chol esterol -1 owering vastatins or ApoB-lowering principles 1n order to

treat dyslipidaem as, conbi ned hyperli pt daem as, hyperchol esterol aem as or
hypertri gl yceri daem as.

'he

T denotes a straight-chain or branched alkylene or alkenylene chain
each having up to 6 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

R’ denotes hydrogen, fluorine, chlorine or bromine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, trifluoro-
methyl, hydroxyl, trifluoromethoxy, straight-chain or branched
alkoxy having up to 4 carbon atoms,

or
10 . R’ and R® form a carbonyl group with the C atom,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl,
or represents straight-chain or branched alkyl having up to 6 carbon atoms,
which is optionally substituted by cycloprépyl, cyclobﬁtyl, cyclohexyl,
cycloheptyl or by hydroxyl,

15 R! and R? together form a straight-chain or branched alkylene chain having up
to 6 carbon atoms, to which a phenyl ring is fused and which must be
substituted by a carbonyl group or a group of the formula

Hz
(H,C),—C .
I l or -ORD3,
@] @]
N
in which
20 a denotes a number 1, 2 or 3

and

d in conbination :

PR



- 23 - The conbi nati ons nentioned can al so be enployed for the primary or
secondary prevention of coronary heart disease. Vastatinsg in the context of

the invention are, for exanple, lovastatin, sinmvastatin, §p

fluvastatin, atorvastatin and cerivastatin. ApoB-Iowering R@P‘B@éé\ﬁéi‘ﬁ S ET
for exanple, MIP inhibitors. The conbi nation of ceri vastatl n or Ap

i nhi bitors with one of the above- nentioned conpounds of {t he §&néfidl 1997
formula (1) according to the invention is7pre- ferred. !

R3  denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-
carbonyl each having up to S carbon atoms or a radical of the
formula -SiR"“RVR!,

in which

5 R', R! and R'® are identical or different and denote straight-chain
or branched alkyl having up to 5 carbon atoms ot phenyl,

and where both ring systems are optionally substituted up to 3 times in an

identical or different manner by fluorine, chlorine, bromine, or by straight-

chain or branched alkyl, alkoxy or alkoxycarbonyl each having up to 5
10 carbon atoms,

~and their salts and their N-oxides, with the exception of the compound
3-benzoyl-2-methyl-4-phenyl-indenof1,2-b]pyridin-5-one.

Particularly preferred compounds of the formula (I) are those
in which

15 A represents phenyl which is optionally- substituted by fluorine, chlorine,
methyl, methoxy, nitro or trifluoromethyl,

D represents a radical of the formula

R\ R
R®*—T— or RSAL

in which

20 R® and R® independently of one another denote cyclopropyl, phenyl,
pyridyl, quinolyl, indolyl, benzothiazolyl or tetrahydronaphthalenyl,
each of which is optionally substituted up to 2 times in an identical

{



The new active conpounds can be converted in a known nmanngt-i-pt-g—-the—i-6

customary formul ati ons, such as tablets, coated tablets, mﬂcpgﬁbﬂmﬁﬁﬁﬁﬁﬁiﬁ

" aerosols, syrups, emul sions, suspensions and sol utions, upi kg :nert,
non-toxi c, pharma- ceutically suitable excipients or solvents Eﬁpﬁﬁﬁ
case, the therapeutically active conpound should in each :ase‘bé presé
a concentration of approximately 0.5 to 90 % by wei ght of t he—t+otead ;
m xture, i.e. in anmpunts which are adequate in 15 ordeér to achieve the
dosage range '

i ndi cated. The fornul ati ons 8are prepared, for—exanpte "Dy

extending the active conpounds with solvents and/or excipients, if

appropriate using emulsifiers and/or dispersants, it being possible, for

exanpl e, when water i s odséiffetsnt amdhnateby , trifioraiethyly hierol eiflab@aidtitoxy,
solvents as auxiliary %Rmrme c%ﬂorme bromine, hydroxyl, carboxyl, by straight-chain or

10

15

20

branched alkyl, acyl, alkoxy or alkoxycarbonyl each having up to 4
carbon atoms or by phenyl, phenoxy or thiophenyl, which for their
part can be substituted by fluorine, chlorine, bromine, trifluorometh-
yl or trifluoromethoxy,

T denotes a straight-chain or branched alkylene or alkerylene chain
each having up to 4 carbon atoms, each of which is optionally
substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or fluorine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, trifluorometh-
yl, hydroxyl, trifluoromethoxy or methoxy,

or
R’ and R®, together with the C atom, form a carbonyl group,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl,
or represents straight-chain or branched alkyl having up to 5 carbon atoms,
which is optionally substituted by cyclopentyl or cyclohexyl,

R! and R? together form a straight-chain or branched alkylene chain having up
to 5 carbon atoms, to which a phenyl ring is fused and which must be
- substituted by a carbonyl group or a group of the formula

2
or -OR'3,

in which

n!



20 Adm ni stration takes place in the customary manner,

parenterally, perlingually or orally, preferably orally.

" parenteral adm nistration, solutions of the active conpou
using suitable liquid excipient materials. In general, it

advant ageous in the case of intravenous adm nistration to |

0.01 to 0.5 nu/ kg of body weight to achieve effective resul
case of oral admnistration the dose is-gpproxinmately 0.01
preferably 0.1 to 10 ng/ kg of body wei ght.

and in th

a denotes a number 1, 2 or 3

and

R denotes hydrogen, straight-chain or branched alkyl, acyl or alkoxy-
carbonyl each having up to 4 carbon atoms or a radical of the
5 formula -SiRM“RIRIS,

in which

R R! and R!® are identical or different and denote straight-chain.
or branched alkyl having up to 4 carbon atoms or phenyl,

and where both ring systems are optionally substituted up to 3 times in an

10 identical or different manner by fluorine, chlorine, straight-chain or
' branched alkyl, alkoxy or alkoxycarbonyl each having up to 4 carbon
atoms,

and their salts and N-oxides, with the exception of. the compound 3-benzoyl-2-
methyl-4-phenyl-indeno[1,2-b]pyridin-5-one.

15 Very particularly preferred compounds of the general formula (I) according to the
invention are those i '

in which

A represents phenyl which is optionally substituted by fluorine or chlorine,
E - represents isopropyl or cyclopentyl.

20 A process for the preparation of the compounds of the general formula (I)
according to the invention has additionally been found, characterized in that

in compounds of the general formula (II)



- 24 - In spite of this, if appropriate it may be necessaryf REPURSEN fnomm |

the anmpunts nentioned, mainly depending on the body wei ght jor; N A 2 S
“administration route, on individual behaviour towards the fed c;ﬁa,gerygfg,_! el
manner of its formulation and the time or interval at whicl gdrtHi stFat+bn
t akes place. Thus in 5 sonme cases it may be sufficient f§ '

| ess than the abovenenti oned m ni num anmount, while in otheg cases the upper

limt mentioned has to be ex- ceeded. In the case of the admmnrstratiomrof
relatively large amounts, it may be ad— Misable to divide these into '
several individual doses over the course of the day.

A
OHC R’
| ~~ (I1)
~
E N R?

in which
A, E, R! and R? have the meaning indicated above,

first, with organometallic reagents, the substituent D is introduced in inert solvents
5 according to a Grignard or Wittig reaction,

and if appropriate the substituents mentioned under A, E and/or R! and R? are
varied or introduced according to customary methods.

. 'The process according to the invention can be illustrated by way of example by
the following reaction scheme:



= cycl ohexane EA = ethyl acetate

- 25 - Abbreviations used: C =
PE = petrol eum ether 5 THF = t et rahydr
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"conmpounds Exanple | Methyl
7,8-di chl oro-4-(4-fluoro-phenyl)-2-isopropyl -5-oxo- 5H i hdgroti2-bi

25 pr1omgy

D R MR BT YO

-11 -

DIBAH, NaBH,
or asymmetric reduction

—
»

90-95%

Suitable solvents are ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol
dimethy! ether, or hydrocarbons such as benzene, toluene, xylene, hexane, cyclo-
hexane or petroleum fractions, or halogenohydrocarbons such as dichloromethane,
S trichloromethane, tetrachloromethane,' dichloroethylene, trichloroethylene or



pyri di ne- 3-carboxyl ate [err] 10 44 g of 5, 6-dichloro-1, 3-indanedione. (204 . .

g of p-fluorobenzal dehyde (204 mmol ) are dissolved in 300

~mmol ), 29.2 g of methyl 3-am no-4- nethyl-2-pentenoate (ZJAH%—

Chvand 2% é’f

JJQDQ..J:!.
the mxture is heated to reflux tenperature in a water sepafator for g
After cooling, it is filtered and the filtrate is 15 cénderd 5 atBl. B9he
crude product is eluted on 1.2 kg of silica gel (0.04 - 0j043.my.usi.ng.

cycl ohexane: ethyl acetate 9:1. Yield: 14.5 g (16 % of the*ory) R[err] =

0.37 (C/EA 9: 1) -12-

10

13

20

25

chlorobenzene, or ethyl acetate, or triethylamine, pyridine, dimethyl sulphoxide,
dimethylformamide, hexamethylphosphoramide, acetonitrile, acetone or nitro-

methane. It is also possible to use mixtures of the solvents mentioned. Dichloro-
methane is preferred.

Possible bases for the individual steps are the customary strongly basic
compounds. These preferably include organolithium compounds such as, for
example, n-butyllithium, sec-butyllithium, tert-butyllithium or phenyllithium, or
amides such as, for example, lithium diisopropylamide, sodium amide or
potassium amide, or lithium hexamethyisilylamide, or alkali metal hydrides such

as sodium hydride or potassium hydride. n-Butyllithium or sodium hydride is
particularly preferably employed.

Suitable organometallic reagents are, for example, systems such as Mg/bromo-

__benzotriﬂﬁoride and p-trifluoromethylphenyllithium.

Suitable Wittig reagents are the customary reagents. 3-Tri-fluoromethylbenzyltri-
phenylphosphonium bromide is preferred.

'In general, suitable bases are one of the abovementioned bases, preferably

Li bis-(triethylbutyl)amide.

The base is employed in an amount from 0.1 mol to 5 mol, preferably from
0.5 mol to 2 mol, in each case relative to 1 mol of the starting compound.

The reaction with Wittig reagents is in general carried out in a temperature range
from 0°C to 150°C, preferably at 25°C to 40°C.

The Wittig reactions are in general carried out at normal pressure. However, it is

also possible to carry out the process at reduced pressure or at elevated pressure
(e.g. in the range from 0.5 to 5 bar).

The reductions are in general carried out using reducing agents, preferably using
those which are suitable for the reduction of ketones to hydroxyl compounds:
Particularly suitable in this context is reduction with metal hydrides or complex



- .26 - Exanple Il 7,8-Dichloro-4-(4-fluorophenyl)- 3- hydroxy rrethyl

-2-1sopropyl -

“fromExanple I (16.7 mml) are dissol ved under argon in

t ol uene and
t ol uene (66.

10

15

20

25

omd

5H—|ndeno[1 2- b]pyridin-5-ol [err] 5 AE@L% cnrr
B A

66.6 nm of 1 nolar diisobutylalum nium hydrfd¢ solution in
6 Mol ) are added dropwi se at -70[err]C. Afterq t%riiihg3sd

- 13 -

te

metal hydrides in inert solvents, if appropriate in the presence of a trialkylborane.
The reduction is preferably carried out using complex metal hydrides such as, for
example, lithium borohydride, sodium borohydride, potassium borohydride, zinc
borohydride, lithium trialkylborohydride, diisobutylaluminium hydride or lithium
aluminium hydride. Reduction using diisobutylaluminium hydride and sodium
borohydride is very particularly preferred.

The reducing agent is in general employed in an amount from 1 mol to 10 mol,
preferably from 1 mol to 3 mol, relative to 1 mol of the compounds to be reduced.

The reduction in general proceeds in a temperature range from -78°C to +50°C.,.
preferably from -78°C to 0°C, particularly preferably at -78°C, in the case of

diisobutylaluminium hydride in each case depending on the choice of the reducing
agent and solvent.

The reduction in general proceeds at normal pressure, but it is also possible to

work at elevated or reduced pressure.
Derivatizations which may be mentioned by way of example are the following
types of reaction:

oxidations, reductions, hydrogenations, halogenatlon Wittig/Grignard reactions and
amidations/sulphoamidations.

Possible bases for the individual steps are the customary strongly basic
compounds. These preferably include organolithium compounds such as, for
example, n-butyllithium, sec-butyllithium, tert-butyllithium or phenyllithium, or
amides such as, for example, lithium diisopropylamide, sodium amide or potas-

sium amide, or lithium hexamethylsilylamide, or alkali metal hydrides such as .

sodium hydride or potassium hydride. n-Butyllithium or sodium hydride is
particularly preferably employed.

Suitable bases are additionally the customary inorganic bases. These preferably in-
clude alkali metal hydroxides or alkaline earth metal hydroxides such as, for
example, sodium hydroxide, potassium hydroxide or barium hydroxide, or alkali
metal carbonates such as sodium or potassium carbonate or sodium hydrogen



70C for 30 mn and at -60[err]C for 30 mn, 15.6 mM of nmethanol are slowy

added dropwi se and the cooling bath is renoved. The m xtu

re i.s subsequently

“diluted 10 with 100 ml of toluene and 900 Ml of 20 % s

potassiumtartrate solution are added and the m xture is
After separation of the organic and aqueous phases, the afju¢oys_phase,i
Laseh W n

S[ng%gs@gg#'mm

reextracted with toluene, and the conbi ned organi c phases|afe

saturated sodium chloride solution and then dried over soi
crude product concentrated fromthe orgamc 15

phase i§ eluted on 600

he
g

of silica gel (0.04 - 0.063 mm using C/EA 8:2. Yield: 4. hit—g{64-9-0f—mm
theory) Rerr]= 0.12 (C EA 8:2)

carbonate. Sodium hydroxide or potassium hydroxide is particularly preferably
employed.

Suitable solvents for the individual reaction steps are also alcohols such as
methanol, ethanol, propanol, butanol or tert-butanol. tert-Butanol is preferred.

5 It may be necessary to carry out some reaction steps under a protective gas
atmosphere. '
The halogenations are in general carried out in one of the abovementioned
chlorinated hydrocarbons or toluene, methylene chloride and toluene being
preferred.

10 Suitable halogenating agents are, for example, diethylaminosulphur trifluoride
.(DAST) or SOCl,.
The halogenation in general proceeds in a temperature range from -78°C to +50°C,
preferably from -78°C to 0°C, particularly preferably at -78°C, in each case
‘depending on the choice of the halogenating agent and solvent.

15 The halogenation in general proceeds at normal pressure, but it is also possible to
work at elevated or reduced pressure. -
The compounds of the general formula (II) are new and can be prepared by a
process in which
by reaction of the compounds of the general formula (III)

R"
20 1 (I1I)

E NH2
in which

E has the meaning indicated above
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7,8-Di chl oro-4-(fluorophenyl)-2-isopropyl - 5-o0xo-5H i ndenofpd2=b}pyridime:
" 3-carbal dehyde F [err] 5 A mxture of 6.8 g of pyridi nRﬁHLAdéJI\XENT SH%ET
chl orochromate (30 mml) and 3.2 g of alumna (30 mml) ijs gdded—at—ToO0OM

tenperature to a solution of 2.1 g of Exanple Il (5 nmol)
nmet hyl ene chloride. After 1.5 h, sone silica gel is added

N 340 . ede7

-15 -

and
R!7  represents C,-C,-alkoxycarbonyl,
with aldehydes of the general formula (IV)
A-CHO (Iv)
5 in which
A has the meaning indicated above

and compounds of the general formula (V)

)

4%

in which

10 - R'™ and R", including a carbonyl group, encompass the scope of meaning of R
and R? indicated above,

the compounds of the general formula (VI)
A @)
= R™ (VD)
E N R'

in which



the mxture is filtered through 280 g of silica gel and thersol+d-is-washed

wi th about 2000 m of nethyl ene chloride. The conbi ned filtf e AEER" '
‘concentrated and 10 dried in a high vacuum Yield: 1.8 g (ﬂ#—%e% i
theory) Rlerr]= 0.45 (C/ EA 8:2) - 28 - Preparation Exanpleq Bx@amplie oy § i
_ -

-16 -

A, E, R, R'* and R have the meaning indicated above,

are prepared,

and in a last step the alkoxycarbonyl group (R!”) is converted into an aldehyde
group by a reduction/oxidation sequence.

5 Suitable solvents for the oxidation are ethers such as diethyl ether, dioxane, tetra-
hydrofuran, glycol dimethyl ether, or hydrocarbons such as benzene, toluene,
xylene, hexane, cyclohexane or petroleum fractions, or halogenohydrocarbons such
as dichloromethane, trichloromethane, tetrachloromethane, dichloroethylene, tri-
chloroethylene or chlorobenzene, or ethyl acetate, or triethylamine, pyridine, di-

10 methyl sulphoxide, dimethylformamide, hexamethylphosphoramide, acetonitrile,
acetone or nitromethane. It is also possible to use mixtures of the solvents
_mentioned. Methylene chloride is preferred.

Suitable oxidizing agents are, for example, sulphur trioxide-pyridine complex,
cerium(IV) ammonium nitrate, 2,3-dichloro-5,6-dicyano-benzoquinone, pyridinium

15 chlorochromate (PCC), osmium tetroxide and n’iénganese dioxide. Sulphur
trioxide-pyridine complex is preferred.

The oxidizing agent is employed in an amount from 1 mol to-10 mol, preferably
from 2 mol to 5 mol, relative to 1 mol of the compounds of the general formula

aw.

20 The oxidation in general proceeds in a temperature range from -50°C to +100°C,
preferably from 0°C to room temperature.

The oxidation in general proceeds at normal pressure. However, it is also possible
to carry out the oxidation at elevated or reduced pressure.

The compounds of the general formula (III), (IV) and (V) are known per se or can
25 be prepared by customary methods.
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Exanple 111

The compouhds of the general formula (VI) are new and can
described above.

be prepared as

The compounds of the general formula (I) according to the invention have an

unforeseeable spectrum of pharmacological action.

5 The compounds of the general formula (I) according to the invention.have useful
pharmacological properties which are superior in comparison with the prior art, in

particular they are highly effective inhibitors of cholesterol ester

transfer protein

(CETP) and stimulate reverse cholesterol transport. Reactive compounds according
to the invention cause a lowering of the LDL cholesterol level in the blood with
10 simultaneous raising of the HDL cholesterol level. They can therefore be
' employed primary and for the treatment of hyperlipoproteinaemia,
hypolipoproteinaemia, dislipidaemia, hypertriglyceridaemia, combined hyperlipid-

_aemia or arteriosclerosis.

The pharmacological actions of the substances according to the
15 determined in the following test: .

' CETP inhibition testing

Obtainment of CETP

invention were

CETP is obtained from human plasma in partially purified form by
differential centrifugation and column chromatography and used for the
20 test. To this end, human plasma is adjusted to a density of 1.21 g per ml
using NaBr and centrifuged at 4°C for 18 h at 50,000 rpm. The bottom
fraction (d>1.21 g/ml) is applied to a Sephadex®phenyl-sepharose 4B
(Pharmacia) column, washed with 0.15 M NaCl/0.001 M trisHCl pH 7.4
and then eluted with distilled water. The CETP-active fractions are pooled,'
25 dialysed against 50 mM Na acetate pH 4.5 and applied to a CM-
Sepharose® (Pharmacia) column. The column is then eluted using a linear
gradient (0-1 M NaCl). The pooled CETP fractions are dialysed against
10 mM tris HCI pH 7.4 and then further purified by chromatography on a

Mono Q® column (Pharmacia).

|

l
|



The Gignard solution synthesized under a) is added dropwi se at -20[err] C

to a solution of 2.18 g of Exanple Ill (5.2 nmmol) in 50 mM &f,dhiRecdl-ter

15 mn, 50 m of saturated amoni um chl oride sol ufi Lé‘l%@é:ﬁge%i%T
‘and the mixture is stirred for 10 min. It is diluted with watdr and

tol uene, the phases are separated, the aqueous phase is ree t lact Bd Uit 837
tol uene, the conbi ned organi c phases are washed with saturatied _sodium
chloride solution and finally the organic phase is dried ovdr sodium

sul phat e and. 20 concentrated.- ¥he crude product id _eluted on-600

g of silica gel (0.04 - 0.063 mm using C/EA 9:1. The eluates are
crystallized. Yield: 2.6 g (89 % of theory)
Obtainment of radiolabelled HDL

50 ml of fresh human EDTA plasma are adjusted to a density of 1.12 using
NaBr and centrifuged at 50,000 rpm for 18 h at 4°C in a Ty 65 rotor. The
upper phase is used to obtain cold LDL. The lower phase is dialysed
5 against 3x4 | of PDB buffer (10 mM tris/HCl pH 7.4, 0.15 mM NaCl, 1
| mM EDTA, 0.02 % NaNj). 20 ul of H-cholesterol (Dupont NET-725; 1
uC/ul dissolved in ethanol!) are then added per 10 ml of retentate volume

and the mixture is incubated under N, at 37°C for 72 h.

The mixture is then adjusted to the density 1.21 using NaBr and
10 centrifuged at 20°C for 18 h at 50,000 rpm in the Ty 65 rotor. The upper,
phase is recovered and the lipoprotein fractions are purified by gradient
centrifugation. To this end, the isolated, labelled lipoprotein fraction is
adjusted to a density of 1.26 using NaBr. Each 4 ml of this solution are
L covered with a layer of 4 ml of a solution of density 1.21 and 4.5 ml of 2
15 solution of 1.063 (density solutions from PDB buffer and NaBr) in
centrifuge tubes (SW 40 rotor) and then centrifuged in the SW 40 rotor for
24 h at 38,000 rpm and 20°C. The intermediate layer lying between the
densities 1.063 and 1.21 and containing the",'la.belled HDL is dialysed at
4°C against 3x100 volumes of PDB buffer.
20 - The retentate contains radiolabelled *H-CE-HDL, which is used for the test,
adjusted to about 5x10° cpm per ml.

CETP Test

To test the CETP activity, the transfer of 3H-cholesterol ester from human
HD lipoproteins to biotinylated LD lipoproteins is measured.
25 The reaction is ended by addition of streptavidin-SPA®beads (Amersham)
. and the transferred radioactivity is determined directly in a liquid
scintillation counter.
In the test mixture, 10 ul of HDL-3H-cholesterol ester (~ 50,000 cpm) are
incubated at 37°C for 18 h with 10 pul of biotin-LDL (Amersham) in 50
30 mM Hepes/0.15 M NaCl/0.1 % bovine serum albumin/0.05 % NaN; pH
7.4 with 10 pl of CETP (1 mg/ml) and 3 ul of solution of the substance to
be tested (dissolved in 10 % DMSO/I % RSA). 200 pl of the SPA-



- 29 - Rerr] =0.32 (CEA 8:2) Exanple 2 7,8-Dichl oro-4-(r4~f! soropheny| ) - 3
-[fluoro-(4-trifluoronethyl -phenyl)-nethyl] - REPLACEMENT SHEET
- 2-isopropyl -indeno[ 1, 2- b] pyridi n-5-one [err] 260 ng of Exgnp

mol ) are di ssol ved under an argon atnosphere in 10 m of hykenl«;” a [
chloride and 0.06 ml of diethylam nosul phur trifluoride in 1997

nmet hyl ene chloride is added dropwi se at -70[err]C. After 10 mrmat—thi-s
t enmper a-
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streptavidin bead solution (TRKQ 7005) are then added, the mixture is
incubated further for | h with shaking and then measured in the
scintillation counter. As controls, corresponding incubations with 10 pl of
buffer, 10 ul of CETP at 4°C and 10 pl of CETP at 37°C are used.

5 The activity transferred into the control mixtures with CETP at 37°C is
rated as 100 % transfer. The substance concentration at which this transfer
is reduced by half is indicated as the ICs, value.

In Table A which follows, the IC5; values (mol/l) are indicated for CETP

inhibitors:
10 Table A
— =t
Example No. ICsy value (moifl)
14 ~ |6x10%
l 22 2.4 x 107
“ 27 3 x 107
i
15 Ex vivo activity of the compounds according to .the invention

Syrian golden hamsters from in-house breeding are anaesthetized after
fasting for 24 hours (0.8 mg/kg of atropine, 0.8 mg/kg of Ketavet® s.c., 30'
later 50 mg/kg of Nembutal i.p.). The jugular vein is then exposed and
cannulated. The test substance is dissolved in a suitable solvent (as a rule

20 Adalat placebo solution: 60 g of glycerol, 100 ml of H,0, PEG-400 to
1000 ml) and administered to the animals via a PE catheter inserted in the

- jugular vein. The control animals receive the same volume of solvent

without test substance. The vein is then tied off and the wound is closed.
The administration of the test substances can also be carried out p.o., by

25 orally administering the substances dissolved in DMSO and suspended in
0.5% Tylose by means of a stomach tube. The control animals receive
identical volumes of solvent without test substance.




ture, 6 nM of saturated sodi um hydrogen carbonate sol utien (2
the mx- 10 ture is warned to roomtenperature. The p aBERLAHY
‘separated, and the organic phase is washed again with watler

sodi um sul phat e,

silica gel (0.04 - 0.063 nm using C/ EA 95:5. Yield: 184
theory) Rerr] =0.43 (CEA 9:1) 15 Exanple 3
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After various times - up to 24 hours after administration - blood (about
250ul) is taken from the animals by puncture of the retro-orbital venous
plexus. Clotting is ended by incubation at 4°C overnight, then
centrifugation is carried out at 6000 x g for 10 minutes. In the serum thus
obtained, CETP activity is determined by the modified CETP test. As for
the CETP test described above, the transfer of >H-cholesterol ester from
HD lipoproteins to biotinylated LD lipoproteins is measured.

The reaction is ended by addition of Streptavidin-SPA® beads (Amersham)
and the transferred radioactivity is determined directly in the liquid
scintillation counter. ,

The test mixture is carried out as described under "CETP test". For the.
testing of the serum, only 10 pl of CETP are replaced by 10 pl of the
corresponding serum samples. As controls, corresponding incubations with
sera of untreated animals are used.

The activity transferred in the control mixtures with control sera is rated as
100 % transfer. The substance concentration at which this transfer is
reduced to a half is indicated as the EDg, value.

Table B

EDj, values for ex vivo activity

20

Ex. EDq, % Inhibition
at 10 mg/kg

14 < 10 mg/kg 64.0 %

19 > 10 mg/kg 46.0 %

29 > 10 mg/kg 172 %

In vivo activity of the compounds according to the invention

25

In experiments to determine the oral action on lipoproteins and tri-
glycerides, test substance dissolved in DMSO and 0.5 % Tylose suspended
by means of a stomach tube are administered orally to Syrian golden




- 30 - [err] 16 ng of sodium borohydride (0.4 nmol) are added at QOlerr]Cto
a solution of 122 ng of Exanple 2 (0.2 mmmol) in 10 m of rm_iﬁ{qg §

m xture is stirred at roomtenperature for 2 h. It is trga EE‘;%E ‘ﬂdsﬂéﬁ
sat urated anmoni um chl oride 5 solution and extractedjt g ti mas W|th
tol uene. The conbi ned organi c phases are dried over sodi pms efb

filtered and concentrated. The crude product is eluted o

- 0.063 mm using CEA 97:3. Yield: 119 ng (97 % of theo
(C EA 9:1) -21-

,-l-l-l—c-a._gel...(..ﬂ..,m
y) Rerr] = 0.17

EDS_

hamsters from in-house breeding. To determine the CETP activity, blood
(about 250 pul) is taken by retro-orbital puncture before the start of the ex-
periment. The test substances are then administered orally by means of a
stomach tube. The control animals receive identical volumes of solvents

5 without test substance. The feed is then withdrawn from the animals and
blood is taken at various times - up to 24 hours after substance ad-
ministration - by puncture of the retro-orbital venous plexus.
Clotting is ended by incubation at 4°C overnight, then centrifugation at
6000 x g is carried out for 10 minutes. In the serum thus obtained, the

10 content of cholesterol and triglycerides is determined with the aid of
modified commercially available enzyme tests (cholesterol enzymatic.
14366 Merck, triglycerides 14364 Merck). Serum is suitably diluted using
physiological saline solution.
100 ul of serum dilution are mixed with 100 pl of test substance in 96-hole

15 plates and incubated at room temperature for 10 minutes. The optical
density is then determined at a wavelength of 492 nm using an automatic
plate-reading apparatus. The triglyceride or cholesterol concentration
contained in the samples is determined with the aid of a standard curve
measured in parallel.. :

20 The determination of the content of HDL cholesterol is carried out
according to the manufacturer's instructions after precipitation of the ApoB-

containing lipoproteins by means of a reagent mixture (Sigma 352-4 HDL
cholesterol reagent).

Table C
25 HDL rise in in vivo experiments
Ex. Dose (mg/kg) % HDL rise “
18 2x10 33
19 2x10 17.1
20 2x10 11.14 “




10 Separation of the diastereoners:

25 mMm RP18, 7 [err]m flowrate 6 mM/mn wth acetonitril e/water 3 2)
ng of the conpound Example VI are separated by neans of tHeREmeMgm BHFET
drastiereonsi—B

i nj ections.

Rlerr] = 0.17 (C EA 9:1) The conpounds shown in Table 1 arfe prg&ar?ﬂ'l‘ -
anal ogy to the procedures of Exanples 1-3: 3 J o

10

15

20

25

By neans of preparative HPLC (250 x

110

15 Yield: 56 ng of diastereoner A 41 ng of
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In vivo activity in transgenic hCETP mice

Transgenic mice from in-house breeding (Dinchuck, Hart, Gonzalez,
Karmann, Schmidt, Wirak; BBA (1995), 1295, 301) were administered the
substances to be tested in the feed. Before the start of the experiment,
blood was taken retro-orbitally from the mice in order to determine
cholesterol and triglycerides in the serum. The serum was obtained as
described above for hamsters by incubation at 4°C overnight and sub-
sequent centrifugation at 6000 x g. After one week, blood was again taken
from the mice in order to determine lipoproteins and triglycerides. The

change in the parameters measured is expressed as a percentage change.
compared with the starting value.

Table D

Ex. HDL LDL Triglyceride

14 (100 ppm) 22.0 % -105% -97%

—_——
e

The invention additionally relates to the combination of bicyclic-fused pyridines of
the general formula (I) with a glucosidase and/or amylase inhibitor for the treat-
ment of familial hyperlipidaemias, of obesity (adiposity) and of diabetes mellitus.

Glucosidase and/or amylase inhibitors in the context of the invention are, for

example, acarbose, adiposine, voglibose, miglitol, emiglitate, MDL-25637,
camiglibose (MDL-73945), tendamistate, AI-3688, trestatin, pradimicin-Q and
salbostatin.

The combination of acarbose, miglitol, emiglitate or voglibose with one of the

abovementioned compounds of the general formula (I) according to the invention
is preferred.

The compounds according to the invention can furthermore be used in
combination with cholesterol-lowering vastatins or ApoB-lowering principles in

order to treat dyslipidaemias, combined hyperlipidaemias, hypercholesterolaemias
or hypertriglyceridaemias.
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The combinations mentioned can also be employed for the primary or secondary
prevention of coronary heart disease.

Vastatins in the context of the invention are, for example, lovastatin, simvastatin,
pravastatin, fluvastatin, atorvastatin and cerivastatin. ApoB-lowering agents are,
for example, MTP inhibitors.

The combination of cerivastatin or ApoB inhibitors with one of the above-

mentioned compounds of the general formula (I) according to the invention is pre-
ferred.

The new active compounds can be converted in a known manner into the
customary formulations, such as tablets, coated tablets, pills, granules, aerosols,
syrups, emulsions, suspensions and solutions, using inert, non-toxic, pharma-

_ceutically suitable excipients or solvents, In this case, the therapeutically active

15

20

25

compound should in each case be present in a concentration of approximately 0.5
to 90 % by weight of the total mixture, i.e. in amounts which are adequate in
order to achieve the dosage range indicated.

The formulations are prepared, for example, by extending the active compounds
with solvents and/or excipients, if appropriate using emulsifiers and/or dispersants,

it being possible, for example, when water is used as a diluent, optionally to use
organic solvents as auxiliary solvents.

Administration takes place in the customary manner, intravenously, parenterally,
perlingually or orally, preferably orally.

In the case of parenteral administration, solutions of the active compound can be
employed using suitable liquid excipient materials.

In general, it has proved advantageous in the case of intravenous administration to
administer amounts of approximately 0.001 to 1 mg/kg, preferably of approx-
imately 0.01 to 0.5 mg/kg of body weight to achieve effective results, and in the

case of oral administration the dose is approximately 0.01 to 20 mg/kg, preferably
0.1 to 10 mg/kg of body weight.




1 C/EA 9:1 7 [err HEETA
[err] Di ast er eoner 0,13 [err] REPLACEMENT S
"C/EA 9:1 8 [err] [err] efr] 997
0,18 PE/EA 10:1 - 32 - EX.-No. D E 25 JuL 198
Rierr]/Rerr] | somer Rlerr] [err]
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In spite of this, if appropriate it may be necessary to deviate from the amounts
mentioned, mainly depending on the body weight or the type of administration
route, on individual behaviour towards the medicament, the manner of its
formulation and the time or interval at which administration takes place. Thus in
S some cases it may be sufficient to manage with less than the abovementioned
minimum amount, while in other cases the upper limit mentioned has to be ex-
ceeded. In the case of the administration of relatively large amounts, it may be ad-
visable to divide these into several individual doses over the course of the day.
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Starting compounds

Example I

Methyl 7,8-dichloro-4-(4-fluoro-phenyl)-2-isopropyl-5-oxo-5H-indeno[ 1,2-b]
pyridine-3-carboxylate

44 g of 5,6-dichloro-1,3-indanedione (204 mmol), 29.2 g of methyl 3-amino-4-
methyl-2-pentenoate (204 mmol) and 25.3 g of p-fluorobenzaldehyde (204 mmol)
are dissolved in 300 ml of toluene and the mixture is heated to reflux temperature
in a water separator for 18 h. After cooling, it is filtered and the filtrate is
concentrated. The crude product is eluted on 1.2 kg of silica gel (0.04 - 0.063
mm) using cyclohexane: ethyl acetate 9:1.

Yield: 14.5 g (16 % of theory)

R; = 0.37 (C/EA 9:1)

F lerr]  [err] "HH | REPRACEMENSISHEET
CEA 9:1 11 [err -1 Y H
11 0,13 CEA 9:1 12 [efr
12 0,13 CEA 9:1 [err] 5 13 23 {%’rrg?
H H Enant i oner 0,13 111 AT
=25 -
Abbreviations used:
C = cyclohexane
EA = ethyl acetate
PE = petroleum ether
THF = tetrahydrofuran
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Example [I

7,8-Dichloro-4-(4-fluorophenyl)-3-hydroxymethyl-2-isopropy!-SH-indeno[1,2-
b]pyridin-5-0l

5 7.4 g of the compound from Example I (16.7 mmol) are dissolved under argon in
155 ml of absolute toluene and 66.6 ml of 1 molar diisobutylaluminium hydride
solution in toluene (66.6 mmol) are added dropwise at -70°C. After stirring at -
70°C for 30 min and at -60°C for 30 min, 15.6 ml 6f methanol are slowly added
dropwise and the cooling bath is removed. The mixture is subsequently diluted

10 with 100 ml of toluene and 900 ml of 20 % strength sodium potassium tartrate
solution are added and the mixture is stirred- for 1 h.-After separation of the
organic and aqueous phases, the aqueous phasé is reextracted with toluene, and the

" combined organic phases are washed with saturated sodium chloride solution and
then dried over sodium sulphate. The crude product concentrated from the organic

15 phase is eluted on 600 g of silica gel (0.04 - 0.063 mm) using C/EA 8:2.

Yield: 4.47 g (64 % of theory)
Ry=0.12 (C/EA 8:2)
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Example 111

7,8-Dichloro-4-(fluorophenyl)-2-isopropyl-5-oxo-5H-indeno[1,2-b]pyridine-
3-carbaldehyde

'A mixture of 6.8 g of pyridinium chlorochromate (30 mmol) and 3.2 g of alumina

(30 mmol) is added at room temperature to a solution of 2.1 g of Example II
(5 mmol) in 140 ml of methylene chloride. After 1.5 h, some silica gel is added,
the mixture is filtered through 280 g of silica gel a;ﬁd the solid is washed with

'a'bout 2000 ml of methylene chloride. The combined filtrates are concentrated and

dried in a high vacuum.
Yield: 1.8 g (87 % of theory)
Ry = 0.45 (C/EA 8:2)
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Preparation Examples

Example L

7,8-Dichloro-4-(4-fluorophenyl)-3-[hydroxy-(4-trifluocromethyl-phenyl)-methyi]-2-
isopropyl-indeno[1,2-b]pyridin-5-one

b)

Preparatxon of the Grignard reagent -

100 ml of THF are added under argon to - 537 mg of magnesium (224
mmol), a few drops of dibromomethane are added and the mixture is
heated to reflux. 3.47 g of p-bromobenzotrifluoride (15.6 mmol), dissolved

in 20 ml of THF, are slowly added dropwise to the refluxing suspension.
After 2 h, it is cooled to room temperature. '

Grignard addition to substance from Example III

The Grignard solution synthesized under a) is added dropwise at -20°C to a
solution of 2.18 g of Example III (5.2 mmol) in 50 mi of THF. After 30
min, S0 ml of saturated ammonium chloride solution are added and the
mixture is stirred for 10 min. It is diluted with water and toluene, the
phases are separated, the aqueous phase is reextracted with toluene, the
combined organic phases are washed with saturated sodium chloride
solution and finally the organic phase is dried over sodium sulphate and
concentrated. The crude product is eluted on 600 g of silica gel (0.04 -
0.063 mm) using C/EA 9:1. The eluates are crystallized.

Yield: 2.6 g (89 % of theory)
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R; = 0.32 (C/EA 8:2)

Example 2

7,8-Dichloro-4-(4-fluorophenyl)-3-[fluoro-(4-trifluoromethyl-phenyl)-methyl]-
2-isopropyl-indeno[1,2-b]pyridin-5-one

260 mg of Example 1 (0.46 mmol) are dissolved under an argon atmosphere in 10

ml of methylene chloride and 0.06 mi of diethylamiﬁosulphur trifluoride in 1 ml

of methylene chloride is added dropwise at -70°C. After 10 min at this tempera-
ture, 6 ml of saturated sodium hydrogen carbonate solution are added and the mix-
ture is warmed to room temperature. The phases are separated, and the organic
phase is washed again with water, dried over sodium sulphate, filtered and con-

centrated. It is eluted on 20 g of silica gel (0.04 - 0.063 mm) using C/EA 95:5.
Yield: 184 mg (71 % of theory)

R, = 0.43 (C/EA 9:1)

Example 3

7,S-Dichloro-4-(4-ﬂuorophenyl)-3 -[fluoro-(4-trifluoromethyl-phenyl)-methyl]-
2-isopropyl-SH-indenof 1,2-b]pyridin-5-ol
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abovenenti oned procedures: Table 2: EX.-No. Structure
| soner Rl err]value 5 28 - .
0,38 Oy /EA (9:1) 29 25 S 189 d-
0,55 mxture PE / EA (9:1)
-30 -

16 mg of sodium borohydride (0.4 mmol) are added at 0°C to a solution of.
122 mg of Example 2 (0.2 mmol) in 10 ml of methano!l and the mixture is stirred
at room temperature for 2 h. It is treated with saturated ammonium chloride
5 solution and extracted three times with toluene. The combined organic phases are
' dried over sodium sulphate, filtered and concentrated. The crude product is eluted
- on silica gel (0.04 - 0.063 mm) using C/EA 97:3.
Yield: 119 mg (97 % of theory)
Re= 0.17 (C/EA 2:1)

10 .Separatxon of the diastereomers:
By means of preparative HPLC (250 x 25 mm, RP18 7 um; flow rate 6 ml/min
with acetonitrile/water 8:2). :
110 mg of the compound Example VI are separated by means of the column in 2
" injections. |
15 Yield: 56 mg of diastereomer A, 41 mg of diastereomer B
Ry =0.17 (C/EA 9:1)

The compounds shown in Table 1 are prepared in analogy to the procedures of
Examples 1-3:
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Table 1:
F
OH
19
D R
“)
S
E N
RZO
i ==
Ex.-No. D E RI9/R2 Isomer R,
4 1 H,C HH Diasteromer 0,13
. Y mixture C/EA 9:1
1 CH, 2:1
5 5 o H,C H/H 0,13
) >(gk \( C/EA 9:1
e CH,
_ I
6 £ H,C HH Diastereomer | 0,13
F YQJ\ Y 1 C/EA 9:1
i CH,
7 f H,C HH Diastereomer | 0,13
) )(Q/k Y 2 C/EA 9:1
el CH,
8 H,C HH 0,18
:>,/©/\ Y PE/EA 10:1
¢ CH,




mer

~Di ast er eo-
| soner

D ast er eo-

PE / EA nixture (5:1) 32 [ —IE
0,22 mer 1 PE/EA - 37 - Ex.-No. RERIAGEMENT SHEET
R err]val ue 33 [ err]
0,22 nmer 2 PE / EA 28 NI 1997
-32 -
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Ex.-No. D E RY/RZ Isomer R,
9 e 5 H H3C H/H Diastereomer 0,15
F*@H\ \( 1 C/EA 9:1
CH,
10 et F H3C HH Diastereomer 0,14
F>K©H\ \( 2 C/EA 9:1
CH3
I .
I 1 . H,C H/H Enantiomer 11 | 0,13
) >(©)\ Y C/EA 9:1
12 £ Hac HH Enantiomer 12 | 0,13
.= )/@(K Y C/EA 9:1
! CH3 il
13 £ H3C HH Enantiomer 0,13
F YQ/K \( i C/EA 9:1
T CH,
14 ¢ Hac HH Enantiomer 0,13
) a/@\ \)/ 2 C/EA 9:1
T CH,
H]
15 £ H,C HH 0,15
) ﬂ\ \( C/EA 9:1
.. |
16 9 H/H 0,18 + 0,28
oM O |
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EA (8:2) 35 [err] Di ais-t"ereo-
0,30 mer 1 Cy /I EA (9:1) - 38 - j | 25 JuL 1997
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Ex.-No. D E RIY/R2 [somer R,
17 £ H/H Diastereomer 0,12
E
3
]
18 i HH Diastereomer | 0,12 rJ
YQA o8 2 eEA 51
F
F
F
.J
19 H H/MH 0,13
Mo
F.
£
| l‘
20 HH 0,18
F>K©/\ O/ C/EA 9:1
F F
5 21 o - H/H . ' Enantiomer 4 0,12
| YUK O CiEA 91
£
F
F
22 et on HH Diastereomer | 0,13 + 0,21
‘jj:j* Q/ mixture C/EA 8:2
ct R .
23 et OH HH Diastereomer 0,13
ot o [T R
Ct
24 - L F o H/H Racemate | 0,10
aloa o
-]
25 el H H/H Diastereomer 0,33
"jg)\ O/ mixture C/EA 8:2
[}
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Ex.-No. D E R'/R? Isomer R,
26 F H,C 3-Cl/4-Cl Diastercomer { 0,17
F XQ)\ Y I C/EE 9:1
! CH,
1]
27 H H3C 3-Cl/4C1 Diastercomer 0,17
2 C/EE 9:1
CH,
[
%m
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The compounds shown in Table 2 are prepared in analogy to the abovementioned

procedures:
Table 2:
Ex.-No. Structure ' rlsomer Re-value
5 28 | 0,38
Cy / EA
(9:1)
29

Racemate- 0,55
. mixture PE / EA
e:D
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-36 -

Ex.-No. Structure Isomer Ri-value

30 Diastereo- 0,22
mer PE / EA
mixture (10:1)
(1:1)

31 Diastereo- 0,24
mer PE / EA
mixture 5:D

32 Diastereo- | 0,22
mer 1 PE /EA

(10:1)




having up to 7 carbon atons, or by a group of the fornmula -RMLAGE?]:’&EI:lErS“}E,ET
10 in which Rerr] and Rl err] are identical rer—etffterent
and denot e hydrogen, phenyl or straight-chain or branchedjal ky}shqmnﬂgpp
to 6 carbon atons, D represents a radical of the formjl 4 5 =~ -
[err] in which Rerr] and R err] independently of one anotihes+—demote
cycl oal kyl having 3 to 8 carbon atons, or aryl having 6 tq 10 carbon atons

or a 5- to 7-nmenbered aronatic, optional I3¥ benzo-fused hetlero=

Ex.-No. Structure [somer Ri-value
33 Diastereo- | 0,22
mer 2 PE / EA
(10:1)

34 Racemate 0,43
Cy/EA
(8:2)
ll |
35 Diastereo- 0,30

mer 1 Cy /EA
(5:1)




20° cycle having up to 3 heteroatons
.consi sting -41- of S, N and/or O each of which is optilo

Dy trifluor
met hyl, trifluoromethoxy, hal ogen, hydroxyl, carboxyl, nitlro

substituted up to 5 tinmes in an identical or different marne
p% fui 1997
straight-chain or branched al kyl, acyl, al koxy or al koxy-

carbonyl each having up to 6 carbon atons or by phenyl, phienoxy or
t hi ophenyl, which for their part can be

Ex.-No. Structure Isomer Rvalue I
36 Diastereo- 0,30
mer 2 Cy/EA
(%:1)

37 Racemate 0,25
Cy / EA
91
| )
: it
38 Diastereo- 0,24

mer 1 PE/EA
D




substituted by hal oge

in which Rerr]

of Rerr] and R err]

and Rlerr]

are identical
i ndi cat ed above,

T

or

NR[err] Rl err

different an
denotes a stfa

branched al kyl ene or al kenyl ene chain each having up to

each of which is 15

T R

n, trifluoromethyl or trifl uoronet oﬁEPL@EqﬂﬁﬁfEWEEE

are substituted by a group of the formula -

0

erT1

(oo g, e

i Ng

-

arpomat ons,
optionally subktituted up to 2

P,

times by hydroxyl, R err] denot es hydrogen or hal ogen,—and
-
Ex.-No Structure Isomer Revalue
39 Diastereo- 0,24
FJ mer 2 PE /EA
(51
It 40 Enantiomer | 0,12
m2 Cy /EA
(9:1)




Rl err] denot es hydrogen, hal ogen, azido, trifluoronethyl ? RERUACEMENT SHEET
~trifluoronethoxy, straight-chain or branched alkoxy havi ng 20

up to 5 carbon atons or a radica -NRlerr] R ¢rn] 4 &N W&l[%g?
Rlerr] and Rlerr] are identical m ": have t he ani 01J ]

and R[err] indicated above, or

| - 40 - e e e o ——— ———.
This Sheet Has Been Replaced
Pt L
8
L Bicyclic-fused pyridines of the general formula (I)
A
D R
I X ®
e
E” N7 TR
in which
5 A represents aryl having 6 to 10 carbon atoms, which is optionally

substituted up to 5 times in an identical or different manner by
halogen, hydroxyl, trifluoromethyl, trifluoromethoxy, nitro or by
straight-chain or branched alkyl, acyl, hydroxyalkyl or alkoxy each
having up to 7 carbon atoms, or by a group of the formula -NR’R?,

10 in which _ ¢

R? and R* are identical or different and denote hydrogen, phenyl or
straight-chain or branched alkyl having up to 6 carbon
atoms, -

D represents a radical of the formula

‘ Ry R
15 } / i
RR—T— or R

in which

R® and R® independently of one another denote cycloalkyl having 3
to 8 carbon atoms, or aryl having 6 to 10 carbon atoms, or a
5- to 7-membered aromatic, optionally benzo-fused hetero-

20 cycle having up to 3 heteroatoms from the series consisting

{ THIS SHEET HAS BEEN
| REPLACED




Rlerr] and Rlerr], together with the C atom forma carbonyl----«g-l—tm-ﬂ,——t———“‘

represents cycloal kyl having 3 to 8 carbon atoms, or represgEftiACE ENT SHEET

strai ght-chain or branched al kyl having up to 8 carbon at engr—whiTirTS

optionalty substituted a ycl oal kyl having 8 to 8 carbonjat OEESAUL 1997
h r

or by hydrmum m‘ Rlerr] together forma straight-g
branched a‘l

g ing up to 8 carbon atons, to | ctra—phenyT ring
is fused antl whi ch nust be substituted by a carbonyl grougd or a group of
the fornmula [err] 10 invhich a repr esemrsTa nunber 1, 2

or 3,

of §, N and/or O, each of which is optionally substituted up
to 5 times in an identical or different manner by trifluoro-
methyl, trifluoromethoxy, halogen, hydroxyl, carboxyl, nitro,
by straight-chain or branched alkyl, acyl, alkoxy or alkoxy-
S carbonyl each having up to 6 carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be
substituted by halogen, trifluoromethyl or trifluoromethoxy,

or the cycles are substituted by a group of the formula -
NR9R10

10 in which

R’ and R0 are identical or different and have the meaning
of R3 and R* indicated above,

T denotes a straight-chain or branched alkylene or alkenylene
- chain each having up to 10 carbon atoms, each of which is
15 optionally substituted up to 2 ties by hydroxyl,

R’ denotes hydrogen or halogen,

R® denotes hydrogen, halogen, azido, trifluoromethyl, hydroxyl,
trifluoromethoxy, straight-chain or branched alkoxy having
"20 up to 5 carbon atoms or a radical of the formula -NR!!R!?,

in which

R'! and R'2 are identical or different and have the meaning
of R3 and R? indicated above,

or

is Sheet Has Been Replaced
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and Rlerr] denotes hydrogen, straight-chain or branched al MSPALACEMENT SHEET

al koxycar bonyl

each having up to 6 ¢ tonB or a’ls

radi cal of the formula -SiR[err]R[erDi w mnkluﬂh r{]: [ hoend
Rlerr] are identical or different an ' cha} n o?qjéﬁkhéﬁn
al kyl having up to 6 carbon atons or phenyl

(D

d.lluI VV:ICI c

both ring systens are optionally substltuted up to 3 tings in an identical

or different manner by hal ogen, carboxyl or by straight-chalin or branctred
al kyl, al koxy or al koxycarbonyl each -42-

10

15

20

R” and R®, together with the C atom, form a carbonyl group,

represents cycloalkyl having 3 to 8 carbon atoms, or represents
straight-chain or branched alkyl having up to 8 carbon atoms, which
is optionally substituted by cycloalkyl having 3 to 8 carbon atoms
or by hydroxyl,

R! and R? together form a straight-chain or branched alkylene ¢hain having

up to 8 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbonyl group or a group of the formula

(CHz)a—'CHZ
s 5 or -OR3,
NS
in which _ ]
This Sheet Has Been Rep
a represents a number 1, 2 or 3, . ! [ ] H E“N ‘1“ M Ilil
and

R!®>  denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each ha"ving up to 6 carbon atoms or a
radical of the formula -SiR1R!*R'6,

in which

R R and R! are identical or different and denote
straight-chain or branched alkyl having up to 6
carbon atoms or phenyl,

and where both ring systems are optionally substituted up to 3 times
in an identical or different manner by halogen, carboxyl or by
straight-chain or branched alkyl, alkoxy or alkoxycarbonyl each
having up to 6 carbon atoms,




having up to 6 carbon atons, - 43 - and their salts a dRE?EAGEMEWiSHEET

Wi th the exception of the conpound 3-benzoyl -2-
net hyl - 4- phenyl -i ndeno[ 1, 2- b] pyri di n-5-one. 2

ohenyt , ol Bl mﬂﬁlﬂlﬁ]ﬂﬁ] |!ﬂt onally 5
al er I

times in an*i denty c

Bi cyclil-

repr eskn

!f;%fazpﬁnzbﬁ?zrg

(2]

10 -

15

20

25

fferent manner by

s

-43 -
and their salts and their N-oxides.

Bicyclic-fused pyridines of the formula according to Claim 1

in which

A represents naphthyl or phenyl, each of which is optionally
substituted up to 3 times in an identical or different’ manner by
fluorine, chlorine, bromine, hydroxyl, trifluoromethyl, trifluorometh-
oxXy, nitro or by straight-chain or branched alkyl or alkoxy each
having up to 6 carbon atoms,

D represents a radical of the formula
R\ R°
RR—T— or R AL_ ’
in which

R3 and RS independently of one another denote cyclopropyl, cyclo-:
pentyl or cyclohexyl, or denote naphthyl, phenyl, pyridyl,
quinolyl, indolyl, benzothiazolyl or tetrahydronaphthalenyl,
each of which is optionally substituted up to 3 times in an
identical or different manner by trifluoromethyl, trifluoro-
methoxy, fluorine, chlorine, bromine, hydroxyl, carboxyl, by
straight-chain or branched alkyl, acyl, alkoxy or alkoxy-

- carbonyl each having up to 5 carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be
substituted by fluorine, chlorine, bromine, trifluoromethyl or
trifluoromethoxy,

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 6 carbon atoms, each of which is
optionally substituted up to 2 times by hydroxyl,

This Sheet Has Been Replaced
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fluorine, chlorine, brom ne, hydroxyl, trifluoronethyl, tnqrffuo
nitro or by straight-chain or branched al kyl or al koxy ead hﬂﬁm(%

SHERT

carbon atons, D represents a radl Ia [grr
Rlerr] and R err] independently of o lm H m““ cycliopr opgl , 111y i559-
c P

pentyl or cycl ohexyl, or denote napht ennyl s pyridyl,} qui

n Whi ch

nol yl ,

I ndol yl, benzot hi azolyl or tet rahydronapht hal enyI 15

each of which is optionally substituted up to 3 times in an identical

or

di fferent manner by trifluoronethyl, tri44uoro-

R’ denotes hydrogen, fluorine, chlorine or bromine,

and

R® denotes hydrogen, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy, straight-chain or
5 branched alkoxy having up to 4 carbon atoms,

or
R’ and R® form a carbonyl group with the C atom,
E represents cyclopropyl, cyclbbutyl, cyclopentyl, cyclohexyl or cyclo-
heptyl, or represents straight-chain or branched alkyl having up to 6
10, carbon atoms, which is optionally substituted by cyclopropyl, cyclo-

butyl, cyclopentyl, cyclohexyl, cycloheptyl or by hydroxyl,

R! and R? together form a straight-chain or branched alkylene chain having

up to 6 carbon atoms, to which a phenyl ring is fused and which -

must be substituted by a carbonyl group or a group of the formula

(H,C)—CH,
15 5 é or -ORB,
N
in which
a denotes a number 1, 2 or 3
‘and

R'®  denotes hydrogen, straight-chain or branched alkyl, acyl or
20 alkoxycarbonyl each having up to 5 carbon atoms or a
radical of the formula -SiR“RPRI¢,
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met hoxy, fluorine, chlorine, bronine, hydroxyl, carboxyl, by——s—kﬁﬁ-r-%lgl-r—tﬁa'l—rr
or branched al kyl, acyl, al koxy or al koxy- carbonyl each haRERLACEMEND SHEET
carbon atons or. by phenyl, 20 phefpoxy—or

t hi ophenyl part can be substituted by fl gori gpe
brom ne, l!m“ ii“)m un? I‘ trifluoronmethoxy, T denot és anZeE gt]LOfgg
strai ght - c alkylene or al kenyl ene chain each~traving-up to 6

carbon atons, each of which is 25 ptionally
substituted upt02tirres by hydroxyl, -45- '

in which

R RY and R'® are identical or different and denoté
straight-chain or branched alkyl having up to 5
carbon atoms or phenyl,

5 and where both ring systems are optionally substituted up to
3 times in an identical or different manner by fluorine,
chlorine, bromine, or by straight-chain or branched alkyl,
alkoxy or alkoxycarbonyl each having up to 5 carbon atoms,

and their salts and their N-oxides.

10 3. Bicyclic-fused pyridines of the formula according to Claim 1
. in which

A represents phenyl which is optlonally substituted by ﬂuorme
chlorine, methyl nitro, methoxy or tnﬂ’uoromethyl

D represents a radical of the formula -

; Ry R
15 '
RR—T— oor RS_L ’

in which

R’ and R® independently of one another denote cyclopropyl, phenyl,

pyridyl, quinolyl, indolyl, benzothiazolyl or tetrahydro;-

naphthalenyl, each of which is optionally substituted up to 2

20 times in an identical or different manner by trifluoromethyl,
trifluoromethoxy, fluorine, chlorine, bromine, hydroxyl,

carboxyl, by straight-chain or branched alkyl, acyl, alkoxy or

alkoxycarbonyl each having up to 4 carbon atoms or by

phenyl, phenoxy or thiophenyl, which for their part can be
This Sheet Has Been Repl

I




REPLACEMENT SHEET -44- Rerr]  denotes hydrogen, fluori ne, 51@53‘!-@5@-"05“&1-
brom ne, and R err] denot es hyl(ir ogen, fluorine, chloring, promme,
azido, tri- fluoronethyl, hydroxi um"ﬂ“m oxy, strai gh gkjar;rmoqgg?
branched al koxy having up to 4 c mm err] and [Rlerr] forma
carbonyl group with the C atom E* ¢ r'epr”‘esénts cycl opropy] , "CycCT obut yl,
cycl opentyl, cycl ohexyl or cyclo-

- 46 -

substituted by fluorine, chlorine, bromine, trifluoromethyl or
trifluoromethoxy,

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 4 carbon atoms, each of which is
5 optionally substituted up to 2 times by hydroxyl,

R’ denotes hydrogen or fluorine,

R® denotes hydrogen, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy or methoxy,

10 or

R’ and R®, together with the C atom, form a carbonyl group,

E represents cyclopropyl, cyclobutyl, cycﬁ)pentyl, cyclohexyl or cyclo-
heptyl, or represents straight-chain or branched alkyl having up to 5

carbon atoms, which is opuonally substituted by cyclopentyl or
15 cyclohexyl, '

R! and R? together form a straight-chain or branched alkylene chain having
up to 5 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbony! group or a group of the formula

(H,C),—CH,
or -OR'3,
o] O
20 in which This Sheet Has Beei Iieplliced
l [H]
a denotes a number 1, 2 or 3
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heptyl, or represents straight-chain or branched al kyl havi n
carbon atoms, which is optionally substitut'ed by cycl opropy
cycl opentyl, cycl ohexyl, cycl ohepty R[err]
t oget her forma strai ght chain or “m wm“!lﬂumnmchal n

carbon atons, to which a phenyl ring+rsetusea and whi ch nus}

by a carbonyl group or a group of the*forrmula [err] 15 in wh
denotes a nunber 1, 2 or 3 and

S.U

RePPACEMEN], SHEET

ahfd R err] J

ving Supi'tio 1887

e substi tuted
ich a
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and

R'®  denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to 4 carbon atoms or a

radical of the formula -SiR“RR!S,

5 in which

R RY and R' are identical or different and denote
straight-chain or branched alkyl having up to 4

carbon atoms or phenyl,

and where both ring systems are optionally substituted up to
10 3 times in an identical or different manner by fluorine,
chlorine, straight-chain or branched alkyl, alkoxy or alkoxy-

carbonyl each having up to 4 carbon atoms,

and their salts and N-oxides.

4. Bicyclic-fused pyridines according to Claims 1 to 3 as medicaments.

15 5. Process for the preparation of bxcyclxcofused pyridines accordmg to Claims

1 to 3, characterized in that

in compounds of the general formula (II)

A
OHC R’
| N (In)
A
E N R?

This Sheet Has Been Replaced
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HEET
Rl'err]  denotes hydrogen, straight-chain or branched alkyl, RERL A]CEMEN; S |

- al koxycar bonyl each having up "t *5 carbon atons or a radic I of the fO@g]]I
-SiRerr]Rerr] R er WhICh Rlerr], Rerr] add |Ri&br ik
i dentical or differH‘\“}l\w rai ght-chain or branchgd
BN c\\

up to 5 carbon atons*or¢

- 48 -

first, with organometallic reagents, the substituent D is introduced in inert
solvents according to a Grignard or Wittig reaction,

and if appropriate the substituents mentioned under A, E and/or R! and R?
are varied or introduced according to customary methods.

5 6. Medicaments comprising at least one bicyclic-fused pyridine accordmg to
Claims 1 to 3.
7. Medicaments according to Claim 6 for the treatment of arteriosclerosis.
8. Medicaments according to Claim 7 for the treatment of arteriosclerosis.
9. Use of bicyclic-fused pyridines according to Claims 1 to 3 for the pro-
10 duction of medicaments.

10.  Use according to Claim 9 for the production of medicaments for the treat-
ment of arteriosclerosis.
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5 and where both ring systens are optiang|
substituted up to 3 tinmes in an identical or different manner k nSﬁEEF
chlorine, brom ne, or by straight-chain or branched al kyl, al 1oxy or

al koxycar bonyl each having up to 5 carbon atons, and their $alit 2 Sndi}1 Hgay
N-oxi des, with the exception of the conpound 3-benzoyl -2-

nmet hyl - 4- phenyl -i ndeno[ 1, 2- b] pyri di n-5-one. 10 3. Bi ¢yclic-fused
pyridines of the fornmula according to Claiml in which A epresents
phenyl which is optionally substituted-®9 §1uorine, chlorine, nethyl,
nitro, nmethoxy or trifluoronethyl, D represents a radical of the
formul a

Bicyclic-fused pyridines
Abstract

Bicyclic-fused pyridines are prepared by introducing the appropriate side chain by
reaction of the corresponding aldehydes with the aid of Wittig or Grignard re-
agents. The bicyclic-fused pyridines are suitable as active compounds in medica-
ments, in particular in medicaments for the treatment of arteriosclerosi.

No figure is suggested
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Patent claims
L Bicyclic-fused pyridines of the general formula (I)
A
D R'
| ~ M
7N R
in which
A

represents aryl having 6 to 10 carbon atoms, which is optionally
substituted up to S times in an identical or different manner by
halogen, hydroxyl, trifluoromethy!, trifluoromethoxy, nitro or by
straight-chain or branched alkyl, acyl, hydroxyalkyl or alkoxy each
having up to 7 carbon'atoms, or by a group of the formula -NR3RY,

in which

R3 and R* are identical or different and denote hydrogen, phenyl or

straight-chain or branched alkyl having up to 6 carbon
atoms,

represents a radical of the formula

RY R
RR—T— o RG_M_ ’

in which

R’ and R® independently of one another denote cycloalkyl having 3
to 8 carbon atoms, or aryl having 6 to 10 carbon atoms, or 2
5- to 7-membered aromatic, optionally benzo-fused hetero-
cycle having up to 3 heteroatoms from the series consisting
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of S, N and/or O, each of which is optionally substituted up
to 5 times in an identical or different manner by trifluoro-
methyl, trifluoromethoxy, halogen, hydroxyl, carboxyl, nitro,
by straight-chain or branched alkyl, acyl, alkoxy or alkoxy-
carbonyl each having up to 6 carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be
substituted by halogen, trifluoromethyl or trifluoromethoxy,

or the cycles are substituted by a group of the formula -
N'R‘)Rl()

10 in which

R® and R'C are identical or different and have the meaning
of R’ and R? indicated above,

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 10 carbon atoms, each of which is
15 optionally substituted up to 2 times by hydroxyt,

R’ denotes hydrogen or halogen,

RS denotes hydrogen, halogen, azido, trifluoromethyl, hydroxyl,

trifluoromethoxy, stra.igh't-chain or branched alkoxy having

"20 up to 5 carbon atoms or a radical of the formula -NR''R!2,
in which

R!! and R!? are identical or different and have the meaning
of R3? and R* indicated above,

or



fl uoronet hyl, hydroxyl, trifluoronmethoxy or nethoxy, 10 or
R[erf]'and Rl err], together wwth the C atom forma carbonyl group, E
represents cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl '
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R7 and R, together with the C atom, torm a carbonyl group,

E represents cycloalkyl having 3 to 8 carbon atoms, or represents
straight-chain or branched alkyl having up to 8 carbon atoms, which

is optionally substituted by cycloalkyl having 3 to 8 carbon atoms
5 or by hydroxyl,

R' and R? together form a straight-chain or branched alkylene ¢hain having
up to 8 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbony! group or a group of the formula

(CH,)—CH,
5 (l) or -OR'3,
N
10 in which
a represents a number 1, 2 or 3,
and

R denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to 6 carbon atoms or a
15 radical of the formula -SiR“R!°R!S,

-

in which o

R, R and R'S are identical or different and denote
straight-chain or branched alkyl having up to 6
carbon atoms or phenyl,
20 and where both ring systems are optionally substituted up to 3 times
in an identical or different manner by halogen, carboxyl or by

straight-chain or branched alkyl, alkoxy or alkoxycarbonyl each
having up to 6 carbon atoms,
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and their salts and their N-oxides, with the exception of the _QQ_TEP:QHEQE'PE‘_‘.Z.QX_"_%
methyl-4-phenylindeno(1,2-blpyridin-5-one.

Bicyclic-fused pyridines of the formula according to Claim 1

in which

A represents naphthyl or phenyl, each of which is optionally
substituted up to 3 times in an identical or different’ manner by
fluorine, chlorine, bromine, hydroxyl, triflucromethyl, triflucrometh-
oxy, nitro or by straight-chain or branched alkyl or alkoxy each
having up to 6 carbon atoms,

D represents a radical of the formula
R? Rs
RP—T— or RS _l/___ !
in which

R3 and RS independently of one another denote cyclopropyl, cyclo-
- pentyl or cyclohexyl, or denote naphthyl, phenyl, pyridyl,
quinolyl, indolyl, benzothiazolyl or tetrahydronaphthalenyl,
each of which is optionally substituted up to 3 times in an
identical or different manner by trifluoromethyl, trifluoro-
methoxy, fluorine, chlorine, bromine, hydroxyl, carboxyl, by
straight-chain or branched alkyl, acyl, alkoxy or alkoxy-
carbonyl each having up to S carbon atoms or by phenyl,
phenoxy or thiophenyl, which for their part can be
substituted by fluorine, chlorine, bromine, triflucromethyl or
trifluoromethoxy,

T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 6 carbon atoms, each of which is
optionally substituted up to 2 times by hydroxyl,
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5. Process for the preparation of bi cychhc-fused pyri di ngs accordrng to

d ai ns

R’ denotes hydrou i i
ydrogen, fluorine, chlorine or bromine,

and

8
R denotes hydroggn, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy, straight-chain or

or

7 8
R" and R® form a carbonyl group with the C atom,

branched alkoxy having up to 4 carbon atoms,

represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclo-

heptyl, or represents straight-chain or branched alkyl having up to 6

10

carbon atoms, which is optionally substituted by cyclopropyl, cyclo-

butyl, cyclopentyl, cyclohexyl, cycloheptyl or by hydroxyl,

1 2 .
R. and R* together form a straight-chain or branched alkylene chain having
up to 6 carbon atoms, to which a phenyl ring is fused and which
must be substituted by a carbony! group or a group of the formula

(Hzc)a* CH,
1S l
@] 0

N

or -ORB,

in which
a denotes a number l,2o0r3

and

20

radical of the formula -SiR“R'sRls,

13
R denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to S carbon atoms or a
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in which

R, R' and R'® are ideatical or different and denote
straight-chain or branched alkyl having up to 5
carbon atoms or phenyl,

and where both ring systems are optionally substituted up to
53 times in an identical or different manner by fluorine,
chlorine, bromine, or by straight-chain or branched alkyl,
alkoxy or alkoxycarbonyl each having up to 5 carbon atoms,

and their salts and their N-oxides, with the exception of the__compouné_S-benzoyl-z-
methyl-4-phenyl-indenof 1 2-blpyridin-5-one.

Bicyclic-fused pyridines of the formula according to Claim 1

in which

A' represents phenyl which is optionally substituted by fluorine,
chlorine, methyl, nitro, methoxy or triffuoromethyl,

D represents a radical of the formula

. R\ R
RR—T— or R“.AL'

in which

R’ and RS independently of one another denote cyclopropyl, phenyl,
pyridyl, quinolyl, indoly!, benzothiazolyl or tetrahydro-
naphthalenyl, each of which is optionally substituted up to 2
times in an identical or different manner by trifluoromethyl,
trifluoromethoxy, fluorine, chlorine, bromine, hydroxyl,
carboxyl, by straight-chain or branched alkyl, acyl, alkoxy or
alkoxycarbonyl each having up to 4 carbon atoms or by
phenyl, phenoxy or thiopheny!, which for their part can be
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substituted by tluorine, chlorine, bromine, trifluoromethyl or

trifluoromethoxy,
T denotes a straight-chain or branched alkylene or alkenylene
chain each having up to 4 carbon atoms, each of which is
5 optionally substituted up to 2 times by hydroxyl,
R’ denotes hydrogen or fluorine,

and

R® denotes hydrogen, fluorine, chlorine, bromine, azido, tri-
fluoromethyl, hydroxyl, trifluoromethoxy or methoxy,

10 or

R’ and RS, together with the C atom, form a carbonyl group,

E represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclo-
heptyl, or represents straight-chain or branched alkyl having up to 5

carbon atoms, which is optionally substituted by cyclopentyl or
1s cyclohexyl,

R! and R? together form a straight-chain or branched alkylene chain having
up to 5 carbon atoms, to which'a phenyl ring is fused and which
must be substituted by a carbony! group or a group of the formula

(H,C);—CH,

0 0 or -ORY,

AV

20 in which

a denotes a number 1, 2 or 3
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and

R'*  denotes hydrogen, straight-chain or branched alkyl, acyl or
alkoxycarbonyl each having up to 4 carbon atoms or a
radical of the formula -SiR"“R!'*R'S,

in which

R, R and R!' are identical or different and denote
straight-chain or branched alkyl having up to 4
carbon atoms or phenyl,

and where both ring systems are optionally substituted up to
53 times in an ideatical or different manner by fluorine,
chlorine, straight-chain or branched alkyl, alkoxy or alkoxy-
carbonyl each having up to 4 carbon atoms,

and their salts and their N-oxides, with the etceptlon of the compound 3-benzoy1—2-
methyl-4-phenyl-indeno[1 2-b]pyr1dm—5-one

Bicyclic-fused pyridines according to Claims 1 to 3 as medicaments.

Process for the preparation of bicyclic-fused pyridines accordmg to Claims
1 to 3, characterized in that

in compounds of the general formula (II)

A
OHC R
| ~ (I
e
E N R?

in which

A, E, R! and R? have the meaning indicated above,
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first, with organometallic reagents, the substituent D is introduced in inert
solvents according to a Grignard or Wittig reaction,

and if appropriate the substituents mentioned under A, E and/or R! and R?
are varied or introduced according to customary methods.

Medicaments comprising at least one bicyclic-fused pyridine according to
Claims 1 to 3.

Medicaments according to Claim 6 for the treatment of arteriosclerosis.
Medicaments according to Claim 7 for the treatment of arteriosclerosis.

Use of bicyclic-fused pyridines according to Claims 1 to 3 for the pro-
duction of medicaments.

Use according to Claim 9 for the production of medicaments for the treat-
ment of arteriosclerosts.



