
Di(hetero)arylcyclohexane derivatives, their
preparation, their use and pharmaceutical compositions
comprising them The present invention relates to
di(hetero)arylcyclohexane derivatives of the formula I
, in which Ar1, Ar2, R1 and R2 have the meanings
indicated below. The compounds of the formula I are
valuable pharmaceutical active compounds which inhibit
ATPsensitive potassium channels in the heart muscle
and are suitable, for example, for the treatment of
disorders of the cardiovascular system such as
arrhythmias or a decreased contractility of the heart,
such as can occur, for example, in coronary heart
disease, cardiac insufficiency or cardiomyopathies. In
particular, they are suitable for the prevention of
sudden cardiac death. The invention furthermore
relates to processes and intermediates for the
preparation of the compounds of the formula I , their
use and pharmaceutical compositions comprising them. A
blood sugar-lowering action, or hypoglycemic action,
is described for certain benzenesulfonylureas.
Glibenclamide, which is used therapeutically as an
agent for the treatment of diabetes mellitus, is
regarded as a prototype of such hypoglycemic
sulfonylureas. Glibenclamide blocks ATP-sensitive
potassium channels (KATP channels) and serves in
research as a tool for investigations of such
potassium channels. In addition to its hypoglycemic
action, glibenclamide additionally exhibits other
actions which hitherto, however, cannot be utilized
therapeutically, among them an antifibrillatory action
on the heart. In the treatment of arrhythmias or of
ventricular fibrillation or its pre-stages with
glibenclamide, in many cases the pronounced blood
sugar-lowering action simultaneously produced by this
substance would beundesirable or even hazardous, since
it can further worsen the condition of the patient, so
that clinically glibenclamide is not generally
suitable as an antiarrhythmic. From various
publications, for example US-A-5574069, US-A-5698596,
US-A- 5476850, US-A-5652268, US-B-6410573, Goegelein
et al., J. Pharmacol. Exp. Ther. 286, 1453 - 1464
(1998), Billman et al., J. Pharmacol. Exp. Ther. 286,
1465 - 1473 (1998), or Billman et al., J. Pharmacol.
Exp. Ther. 309, 182 - 192 (2004), antifibrillatory
benzenesulfonylureas and -thioureas are known which
selectively block myocardial KATP channels (isoform
SUR2A/Kir6.2) and act only slightly on KATP channels
in other organs such as blood vessels and the pancreas
and exhibit only a slight blood sugar-lowering action.
In US-B-6414030, the action of some of these compounds
on the autonomous nervous system is described. There
is, however, a need for further compounds which block
myocardial KATP channels and have a favorable
pharmacodynamic and pharmacokinetic property profile
and which are suitable in particular for the treatment
of a disturbed cardiac rhythm and its sequelae such as
of sudden cardiac death or of a weakened heart power,
especially in ischemic conditions. Surprisingly, it
has been found that the 1,4- di(hetero)arylcyclohexane
derivatives of the formula I of the present invention
have the desired properties. The specific compound of
the formula I, in which Ar1 and Ar2 simultaneously are
unsubstituted phenyl, R1 is hydroxy, i.e. in the
definition of the compounds further below R1 is R4-O-
and therein R4 is hydrogen, and R2 is hydrogen, i.e.
the compound 4-hydroxy-1
,4-diphenylcyclohexanecarboxylic acid, is already
described in Rubin et al., J. Am. Chem. Soc. 68, 828 -
832 (1946). It was prepared in the course of
investigations of 1-arylcyclohexanecarboxylic acids
having spasmolytic or analgesic action, but a
pharmacological action of this compound is not
described. In WO 93/19749, phenylcyclohexane
derivatives are described which are inhibitors of the
tumor necrosis factor or of phosphodiesterase IV and
are suitable for the treatment of allergic and
inflammatory diseases, and whose broad generic
definition comprises certain compounds of the formula
I of the present invention in which oneof the groups
Ar1 and Ar2 is a specific heteroaromatic group from
the series consisting of pyrazolyl, imidazolyl,
triazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl and thiadiazolyl, the other of the groups
Ar1 and Ar2 is a specifically substituted phenyl
group, and R2 is hydrogen or (Ci-C 4)-alkyl which is
optionally mono- to trisubstituted by fluorine. The
specifically substituted phenyl group in the compounds
which are defined generically in WO 93/19749,
compulsorily carries a substituent in the 3-position
which, inter alia, can be an optionally
fluoro-substituted alkyl-O- group or HO-alkyl-O-
group, and in the 4-position compulsorily carries a
substituent which, inter alia, can be a halogen atom
or an optionally fluoro-substituted group from the
series consisting of (Ci-C 2)-alkyl-O-,
(C1-C2)-alkyl-S-, (d-C 2)-alkyl-S(O)- and (C1-C2)-
alkyl-S(O)2- , and can optionally carry a further
substituent. In WO 99/34797 and WO 99/34798, the use
of compounds described in WO 93/19749 for the
treatment of multiple sclerosis and of COPD (chronic
obstructive pulmonary disease) is described. Specific
compounds of the formula I of the present invention
are not described in the documents. In EP 1264829,
oxygen-containing heterocycles are described which are
inhibitors of phosphodiesterase IV and are suitable,
for example, for the treatment of inflammatory
allergic diseases such as bronchial asthma, and whose
very broad generic definition comprises certain
compounds of the formula I of the present invention in
which one of the groups Ar1 and Ar2 is a heteroaryl
group, and the other of the groups Ar1 and Ar2 is a
specifically substituted phenyl group which in
positions 2 and 3 compulsorily carries a divalent
substituent -O-alkyl-O- and which in position 4
compulsorily carries a substituent which, inter alia,
can be an optionally substituted alkoxy group, and
which can optionally carry a halogen atom in the
6-position as a further substituent. Specific
compounds of the formula I of the present invention
are not described in EP 1264829. In WO 01/87866,
cyclohexane derivatives are described which are
tachykinin antagonists and are suitable, for example,
for the treatment of CNS disorders such as depression
or anxiety, of pain or of inflammatory disorders, and
whose broad generic definition comprises compounds
which are related to compounds of theformula I of the
present invention in which Ar1 is phenyl or pyridyl,
Ar2 is a heteroaryl group and R2 is hydrogen. The
pharmacologically active compounds described in WO
01/87866 comprise, in addition to a phenyl group or
pyridyl group directly bonded to the cyclohexane ring,
a further phenyl group in the same position on the
cyclohexane ring which is bonded to the cyclohexane
ring via a linker group. Starting compounds for the
synthesis of the pharmacologically active compounds
described in WO 01/87866 can be
1-phenylcyclohexanecarboxylic acids, for which no
pharmacological action is described. Specific
1-phenylcyclohexanecarboxylic acids which carry a
heteroaryl group and a hydroxy group in the 4-position
of the cyclohexane ring and carry only hydrogen atoms
in the 3-positions, are not described in WO 01/87866.
The broad generic definition of the compounds in EP
1736467, which are characterized by a sulfonamide
group or other amide group the nitrogen atom of which
is linked to a ring, comprises among others compounds
in which the said ring is a cyclohexane ring. The said
ring can be substituted by various substituents and in
particular carries a nitrogen substituent in a
position opposite to the linking position. The
characteristic structural features of the compounds of
the present invention, which do not contain such a
sulfonamide group, are not anticipated by EP 1736467.
The compounds of EP 1736467 potentiate the expression
of a low density lipoprotein receptor and therefore
are useful for the treatment of hyperlipidemia or
arteriosclerosis which can lead to diseases such as
cardiac angina or myocardial infarction. An inhibitory
action on ATP-sensitive potassium channels and an anti
arrhythmic activity of the compounds of EP 1736467 or
any other compounds is neither disclosed nor suggested
in EP 1736467. Certain compounds of the formula I are
also comprised by broad generic definitions of
compounds in other patent documents such as WO
01/27107, WO 2004/014370 or EP 1679069 which, however,
do not anticipate the structural characteristics of
the compounds of the present invention and in which no
specific compounds of the formula I are described.A
subject of the present invention is a compound of the
formula I, in which Ar1 and Ar2, which are independent
of one another and can be identical or different, are
phenyl, naphthyl or heteroaryl, which are all
optionally substituted by 1, 2 , 3 or 4 identical or
different substituents from the series consisting of
halogen, cyano, (C1- C5)-alkyl, (C2-C5)-alkenyl,
(C3-C8)-cycloalkyl-C vH2v-, Ar3, (d-C 5)-alkyl-O-,
HO-(Ci- C5)-alkyl-O-, -O-(Ci-C 3)-alkyl-O-,
(C3-C8)-cycloalkyl-S(O)r, (d-C 5)-alkyl-S(O) k- and
R11R12N-S(O) 2- , wherein all alkyl groups, alkenyl
groups and cycloalkyl groups in Ar1 and Ar2 are
optionally substituted by one or more fluorine
substituents; Ar3 and Ar5, which are independent of
one another and can be identical or different, are
phenyl or monocyclic heteroaryl, which are all
optionally substituted by 1, 2 or 3 identical or
different substituents from the series consisting of
halogen, cyano, (C1- C5)-alkyl, (d-C 5)-alkyl-O-,
-O-(d-C 3)-alkyl-O-, (C1-C5)-alkyl-S(O) m- and
R13R14N-S(O) 2- , wherein all alkyl groups in Ar3 and
Ar5 are optionally substituted by one or more fluorine
substituents; Ar4 is phenyl or heteroaryl, which are
all optionally substituted by 1, 2, 3 or 4 identical
or different substituents from the series consisting
of halogen, cyano, (CrC 5)-alkyl, (C2-C5)-alkenyl,
(C3-C8)-cycloalkyl-C wH2w- , Ar5, (d-C 5)-alkyl-O-,
HO-(C 1-C5)-alkyl-O-, -O-(C 1-C3)-alkyl-O-, (d-C
5)-alkyl-S(O) n- and R15R16N-S(O) 2- , wherein all
alkyl groups, alkenyl groups and cycloalkyl groups in
Ar4 are optionally substituted by one or more fluorine
substituents; R1 is R3- , R4-O- or R5R6N-;R2 is
hydrogen, (Ci-C b)-alkyl, (C2-C8)-alkenyl,
(C3-C8)-alkynyl, phenyl-(C 2-C8)- alkenyl-, Ar4,
R17-O-(C 1-C8)-alkyl-, R18R19N-(C1-C8)-alkyl-,
Het-CuH2u- or (C3-C8)- cycloalkyl-C uH2u- , wherein
the phenyl group in phenyl-(C2-C8)-alkenyl- is
optionally substituted by 1, 2 or 3 identical or
different substituents from the series consisting of
halogen, cyano, (Ci-C 5)-alkyl, (d-CsJ-alkyl-O- and
(Ci-C 5)-alkyl-S(O) g- , and wherein all alkyl groups,
alkenyl groups, alkynyl groups and cycloalkyl groups
in R2 are optionally substituted by one or more
fluorine substituents; R3, R4, R5 and R6, which are
all independent of one another and can be identical or
different, are hydrogen, (d-C 8)-alkyl or
(C3-C8)-cycloalkyl-C pH2p- , wherein all alkyl groups
and cycloalkyl groups in R3, R4, R5 and R6 are
optionally substituted by one or 



more fluorine substituents; R11 , R12 , R13 , R14 ,
R15 , R16 , R17 , R18 and R19 , which are all
independent of one another and can be identical or
different, are hydrogen, (Ci-C 8)-alkyl or (C3-C8)-
cycloalkyl-CqH2q- , wherein all alkyl groups and
cycloalkyl groups in R1 1 , R12 , R13, R14 , R15 , R16
, R17 , R18 and R19 are optionally substituted by one
or more fluorine substituents; Het is a residue of a
monocyclic 4-membered to 7-membered saturated ring
which contains 1 or 2 identical or different ring
heteroatoms from the series consisting of nitrogen,
oxygen and sulfur, which is bonded via a ring carbon
atom and which is optionally substituted by 1, 2, 3 or
4 identical or different substituents from the series
consisting of phenyl and (Ci-C 5)-alkyl, wherein
phenyl groups in Het are optionally substituted by 1,
2 or 3 identical or different substituents from the
series consisting of halogen, cyano, (CrC 5)-alkyl,
(C-i-C5)-alkyl-O- and (Ci-C 5)-alkyl-S(O) h- , and
wherein Het and all alkyl groups in Het are optionally
substituted by one or more fluorine substituents;
heteroaryl is a residue of a monocyclic 5-membered or
6-membered or of a bicyclic 8-membered, 9-membered or
10-membered aromatic ring system which contains 1,2 or
3 identical or different ring heteroatoms from the
series consisting of nitrogen, oxygen and sulfur; f ,
g, h, k, m and n, which are all independent of one
another and can be identical or different, are 0 , 1
or 2; p, q, v and w, which are all independent of one
another and can be identical or different, are 0, 1, 2
, 3 or 4; u is 0, 1, 2 , 3, 4 , 5 or 6; wherein all
cycloalkyl groups, independently of any other
substituents, are optionally substituted by one or
more identical or different (Ci-C 4)-alkyl
substituents; in any of its stereoisomeric forms or a
mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof; provided that
Ar1 and Ar2 cannot both be unsubstituted phenyl if
simultaneously R1 is hydroxy and R2 is hydrogen. If
structural elements such as groups, substituents or
numbers can occur several times in the compounds of
the formula I or are defined conjointly, they are all
independent of one another and can in each case have
any desired meanings of the indicated meanings, and
can in each case be identical to or different from any
other group, substituent or number. Alkyl groups, i.e.
saturated hydrocarbon residues, and alkenyl groups and
alkynyl groups, i.e. unsaturated hydrocarbon residues,
can be straight-chain (= linear) or branched. This
also applies if these groups are substituted or are
part of another group, for example of an alkyl-O-
group (= alkyloxy group = alkoxy group), of a
sulfurcontaining group such as (Ci-C 5)-alkyl-S(O)k-,
of an alkenyl-O- group or of an alkynyl-O- group.
Corresponding to their respective definition, alkyl,
alkenyl andalkynyl groups can contain 1, 2, 3, 4, 5 ,
6, 7 or 8 carbon atoms. In one embodiment of the
invention, corresponding to the respective definition,
an alkyl group, alkenyl group or alkynyl group in the
compounds of the formula I independently of any other
alkyl, alkenyl or alkynyl group, contains up to 6
carbon atoms, in another embodiment up to 5 carbon
atoms, in another embodiment up to 4 carbon atoms, in
another embodiment up to 3 carbon atoms. Examples of
alkyl are methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, the n-isomers of these groups,
isopropyl, sec-butyl, isobutyl, tert-butyl,
1-methylbutyl, isopentyl, neopentyl, tert-pentyl,
3-methylbutyl, 3,3- dimethylbutyl and isohexyl.
Examples of alkyl-O- are methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy, tert-butoxy,
n-pentoxy. Examples of sulfurcontaining groups such as
(Ci-C 5)-alkyl-S(O) k- or (Ci-C 5)-alkyl-S(O) m- are
methylsulfanyl (= methanesulfanyl = methylthio =
CH3-S-), methanesulfinyl (= CH3-S(O)-),
methanesulfonyl (= CH3-S(O)2-), ethylsulfanyl (=
ethanesulfanyl = CH3-CH2-S-), ethanesulfinyl (=
CH3-CH2-S(O)-), ethanesulfonyl (= CH3-CH2-S(O)2-),
isopropylsulfanyl (= 1-methylethylsulfanyl =
1-methylethanesulfanyl = (CH3)2CH-S-),
propane-2-sulfinyl (= 1-methylethanesulfinyl =
(CH3)2CH-S(O)-), propane-2-sulfonyl (=
1-methylethanesulfonyl = (CH3)2CH-S(O)2-). In one
embodiment of the invention, a (C2-C8)-alkenyl group
is a (C3-Cb)-alkenyl group. In one embodiment of the
invention, an alkenyl group contains one double bond.
In one embodiment of the invention, an alkynyl group
contains one triple bond. The double bonds in an
alkenyl group and the triple bonds in an alkynyl group
can be present in any desired positions. In one
embodiment of the invention, an alkynyl group is
bonded via a carbon atom which is not part of a triple
bond. In another embodiment of the invention, an
alkenyl group is bonded via a carbon atom which is not
part of a double bond. Examples of alkenyl groups and
alkynyl groups are ethenyl (= vinyl), prop-1-enyl,
prop-2-enyl (= allyl), but- 2-enyl,
2-methylprop-2-enyl, 3-methylbut-2-enyl, hex-3-enyl,
hex-4-enyl, 4- methylhex-4-enyl, prop-1-ynyl,
prop-2-ynyl (= propargyl), but-2-ynyl, but-3-ynyl, 4-
methylpent-2-ynyl, hex-4-ynyl and hex-5-ynyl.
Substituted alkyl groups, alkenyl groups and alkynyl
groups can be substituted in any desired positions,
provided that the resulting group is stable and is
suitable as a subgroup in a pharmaceutical active
compound. The prerequisite that a subgroup inthe
compounds of the formula I and the molecule as a whole
are stable and suitable as a pharmaceutical active
compound applies in general and with respect to all
definitions of groups, substituents and numbers. An
alkyl group, alkenyl group or alkynyl group in the
compounds of the formula I which is optionally
substituted by one or more fluorine substituents, i.e.
which can be mono- or polysubstituted by fluorine, can
be unsubstituted, i.e. not carry fluorine
substituents, or substituted, for example by 1, 2, 3,
4, 5, 6, 7, 8 , 9 , 10 or 11 fluorine substituents
which can be present in any desired positions. In one
embodiment of the invention, an alkyl group, alkenyl
group or alkynyl group which is optionally substituted
by fluorine substituents, can be unsubstituted or
substituted by 1, 2, 3, 4, 5 or 6 fluorine
substituents, in another embodiment it can be
unsubstituted or substituted by 1, 2 , 3, 4 or 5
fluorine substituents, in another embodiment it can be
unsubstituted or substituted by 1, 2 or 3 fluorine
substituents. For example, one or more methyl groups
in such an alkyl group, alkenyl group or alkynyl group
can carry three fluorine substituents and be present
as trifluoromethyl groups, and/or one or more
methylene groups (= CH2) can carry two fluorine
substituents and be present as difluoromethylene
groups. These details for substitution by fluorine
also apply if the groups additionally carry other
substituents and/or are part of another group, for
example of an alkyl-O- group. Examples of
fluoro-substituted alkyl groups are trifluoromethyl,
2-fluoroethyl, 1,1- difluoroethyl,
2,2,2-trifluoroethyl, pentafluoroethyl,
3,3,3-trifluoropropyl, 2,2,3,3,3- pentafluoropropyl,
4,4,4-trifluorobutyl and heptafluoroisopropyl.
Examples of fluorosubstituted alkyl-O- groups are
trifluoromethoxy, 2,2,2-trifluoroethoxy,
pentafluoroethoxy and 3,3,3-trifluoropropoxy. Examples
of fluoro-substituted sulfurcontaining group such as
(CrC 5)-alkyl-S(O) k- , (Ci-C 5)-alkyl-S(O)m- and
(Ci-C 5)- alkyl-S(O)n- are trifluoromethylsulfanyl (=
trifluoromethanesulfanyl = CF3-S-),
trifluoromethanesulfinyl (= CF3-S(O)-) and
trifluoromethanesulfonyl (= CF3-S(O)2-). In a
phenyl-alkenyl- group the phenyl group can be present
in any position. In one embodiment of the invention,
the phenyl group is present on a carbon atom which is
part of a double bond, in another embodiment the
phenyl group is not present on the carbon atom via
which the phenyl-alkenyl- group is bonded. Examples of
phenylalkenyl groups are 2-phenylprop-2-enyl (=
2-phenylallyl), 3-phenylprop-2-enyl (= 3-phenylallyl),
2-phenyl-but-2-enyl, 2-phenylbut-3-enyl and
4-phenylbut-3-enyl, wherein in these groups the phenyl
moiety is optionally substituted as indicated. If
applicable, the above explanations on alkyl groups
apply correspondingly to divalent alkyl groups such as
alkanediyl groups and alkylene groups, for example the
groups CpH2p, CqH2 , CuH2u, CvH2v and CwH2w, which can
also be regarded as an alkyl moiety of a substituted
alkyl group, just as the alkyl moiety of substituted
alkyl groups can also be regarded as a divalent alkyl
group. For example, the alkyl moiety of the divalent
substituent -O-(Ci-C3)-alkyl-O- can be regarded as a
divalent alkyl group. Divalent alkyl groups can also
be straight-chain or branched. The bonds to the
adjacent groups can be present in any desired
positions and can start from the same carbon atom or
from different carbon atoms. If alkyl groups which are
contained in a group in the compounds of the formula I
are optionally substituted by fluorine, this also
applies to the divalent alkyl groups which can be
contained in the respective group, for example to the
divalent alkyl groups CvH2v and CuH2u which can be
present in the groups Ar1, Ar2 and R2. Examples of
divalent alkyl groups are -CH2- , -CH2-CH2- ,
-CH2-CH2-CH2- , -CH2-CH2-CH2-CH2- ,
-CH2-CH2-CH2-CH2-CH2- , -CH 2-CH 2-CH 2-CH 2-CH 2-CH
2- , -CH(CH3)-, -C(CH3)2- , -CH(CHa)-CH2- ,
-CH2-CH(CH3)-, -C(CHa)2-CH2- , -CH2-C(CH3)2- .
Examples of fluoro-substituted divalent alkyl groups
which, for example, can contain 1, 2, 3, 4, 5 or 6
fluorine atoms, are -CF2- , -CF2-CH2- , -CH2-CF2- ,
-CF2-CF2- , -CF(CH3)-, -C(CF3 2- , -C(CH3)2-CF2- ,
-CF2-C(CH3)2- . Examples of the divalent substituent
-O-(Ci-C 3)-alkyl-O-, which is optionally substituted
by fluorine substituents, are -0-CH 2-O-, -0-CH
2-CH2-O-, -O-C(CH3)2-O- and -0-CF 2-O-. If the number
p, q, u, v and w in the divalent alkyl groups CpH2p,
CqH2q , CuH2u, CvH2v and CwH2w is 0 (= zero), the two
adjacent groups which are bonded to these groups are
directly bonded to one another via a single bond. If,
for example, R2 is the group (C3-C8)-cycloalkyl-C
uH2u- or the group Het- CuH2u- , which are bonded to
the remainder of the molecule via the group CuH2u as
is symbolized by the terminal hyphen next to the group
CuH2u, which hyphen in general represents the free
bond via which a group is bonded, and the number u is
0, the (C3- C8)-cycloalkyl group or the group Het is
bonded directly to the oxygen atom which carries the
group R2 via a single bond.Examples of cycloalkyl are
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl. In one embodiment of the
invention, a cycloalkyl group, such as
(C3-C8)-cycloalkyl or (C3-C6)-alkyl, in the definition
of any group is independently of any other group
chosen from a subgroup of any two or more of the
listed specific cycloalkyl groups, for example from
cyclopropyl and cyclobutyl, i.e. it is a
(C3-C4)-cycloalkyl group, or from cyclopropyl,
cyclobutyl and cyclopentyl, i.e. it is a
(C3-C5)-cycloalkyl group, or from cyclopropyl,
cyclopentyl and cyclohexyl, i.e. it is a C3- or
(C5-C6)-cycloalkyl group, or from cyclopentyl and
cyclohexyl, i.e. it is a (C5-C6)- cycloalkyl group, or
from cyclopentyl, cyclohexyl and cycloheptyl, i.e. it
is a (C5-C7)- 



cycloalkyl group, or from cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl, i.e. it is a
(C3-C7)-cycloalkyl group, or from cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl, i.e. it is a
(C3-C6)-cycloalkyl group. Generally, cycloalkyl groups
in the compounds of the formula I are optionally
substituted by one or more identical or different
(Ci-C 4)-alkyl substituents, i.e., they are
unsubstituted by (CrC 4)- alkyl or carry one or more,
for example, 1, 2 , 3 or 4, identical or different
(Ci-C 4)-alkyl substituents, for example methyl groups
and/or ethyl groups and/or isopropyl groups and/or
tert-butyl groups, in particular methyl groups, which
alkyl substituents can be present in any desired
positions. Examples of alkyl-substituted cycloalkyl
groups are 1-methylcyclopropyl,
2,2-dimethylcyclopropyl, 1-methylcyclopentyl, 2,3-
dimethylcyclopentyl, 4-methylcyclohexyl,
4-isopropylcyclohexyl, 4-tert-butylcyclohexyl and
3,3,5,5-tetramethylcyclohexyl. Generally, cycloalkyl
groups also are optionally substituted by one ore more
flourine substituents, i.e. they are unsubstituted by
fluorine substituents or mono- or polysubstituted by
fluorine substituents, for example by 1, 2 , 3, 4 , 5,
6, 7 , 8, 9, 10 or 11 fluorine substituents. In one
embodiment of the invention, a cycloalkyl group which
is optionally substituted by one ore more fluorine
substituents, is unsubstituted by fluorine
substituents or substituted by 1, 2, 3, 4, 5 or 6
fluorine substituents, in another embodiment it is
unsubstituted or substituted by 1, 2, 3 or 4 fluorine
substituents, in another embodiment it is
unsubstituted by fluorine substituents. A cycloalkyl
group can also be substituted simultaneously by
fluorine and alkyl. The fluorine substituents can be
present in any desired positions of the cycloalkyl
group and can also be present in an alkyl substituent
on the cycloalkylgroup. Examples of fluoro-substituted
cycloalkyl groups are 1-fIuoro-cyclopropyl, 2,2-
difluorocyclopropyl, 3,3-difluorocyclobutyl,
1-fluorocyclohexyl, 4,4-difluorocyclohexyl and
3,3,4,4,5,5-hexafluorocyclohexyl. Examples of the
group cycloalkylalkyl, which is bonded to the
remainder of the molecule via the acyclic alkyl group
and which, for example, can be the group
(C3-C8)-cycloalkyl-C uH2u- in the definition of R2 or
can occur as a substituent (C3-C8)-cycloalkyl-C vH2V-
in Ar1 and Ar2, are cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl,
cycloheptylmethyl, cycloocty Imethyl,
cyclopropyldifluoromethyl, cyclobutyldifluoromethyl,
cyclopentyldifluoromethyl, cyclohexyldifluoromethyl,
cycloheptyldifluoromethyl, cyclooctyldifluoromethyl,
1-cyclopropylethyl, 2-cyclopropylethyl,
1-cyclobutylethyl, 2- cyclobutylethyl,
1-cyclopentylethyl, 2-cyclopentylethyl,
1-cyclohexylethyl, 2- cyclohexylethyl,
1-cycloheptylethyl, 2-cycloheptylethyl,
1-cyclooctylethyl, 2- cyclooctylethyl,
3-cyclopropylpropyl, 3-cyclobutylpropyl,
3-cyclopentylpropyl, 3- cyclohexylpropyl,
3-cycloheptylpropyl, 3-cyclooctylpropyl,
2-cyclopropylpropyl, 2- cyclobutylpropyl,
2-cyclopentylpropyl, 2-cyclohexylpropyl,
2-cycloheptylpropyl, 2- cyclooctylpropyl, which can
also be substituted by fluorine substituents in the
cycloalkyl moiety and the alkyl moiety and/or by alkyl
substituents in the cycloalkyl moiety as indicated in
the respective definitions. Halogen is fluorine,
chlorine, bromine or iodine. In one embodiment of the
invention, halogen in any occurrence in the compounds
of the formula I, independently of any other halogen,
is fluorine, chlorine or bromine, in another
embodiment fluorine or chlorine, in another embodiment
chlorine or bromine. In substituted phenyl groups, the
substituents can be present in any desired positions.
In monosubstituted phenyl groups, the substituent can
be present in the 2- position, the 3-position or the
4-position. In disubstituted phenyl groups, the
substituents can be present in positions 2 and 3,
positions 2 and 4 , positions 2 and 5 , positions 2
and 6 , positions 3 and 4 or positions 3 and 5. In
trisubstituted phenyl groups, the substituents can be
present in positions 2, 3 and 4, positions 2, 3 and 5,
positions 2, 3 and 6, positions 2 , 4 and 5, positions
2 , 4 and 6 or positions 3, 4 and 5. If a phenyl group
carries four substituents, of which, for example, 1,
2, 3 or 4substituents can be fluorine substituents,
the unsubstituted ring carbon atom can be present in
the 2-position, the 3-position or the 4-position,
i.e., the four substituents can be present in
positions 2 , 3, 4 and 5, positions 2, 3, 4 and 6 or
positions 2, 3, 5 and 6. In one embodiment of the
invention, the number of substituents in an optionally
substituted phenyl group, i.e. a phenyl group which is
unsubstituted or substituted as indicated, is
independently of the number of substituents in any
other phenyl group 1, 2 or 3, in another embodiment 1
or 2, in another embodiment 1, wherein the
substituents can be identical or different. Likewise,
in one embodiment of the invention the number of
substituents in an optionally substituted naphthyl
group or heteroaryl group, independently of the number
of substituents in any other such group, is 1, 2 or 3,
in another embodiment 1 or 2, in another embodiment 1,
wherein the substituents can be identical or
different. If a polysubstituted phenyl group, naphthyl
group or heteroaryl group carries different
substituents, each of the substituents can be present
in any suitable position, and all such positional
isomers are subject of the invention. If a phenyl
group, a naphthyl group or a heteroaryl group is
substituted by the group -O-(Ci-C 3)-alkyl-O-, in
which the alkyl group is optionally substituted by one
or more fluorine substituents, in one embodiment of
the invention it carries only one such substituent.
Examples of such substituted phenyl groups are
methylenedioxyphenyl and ethylenedioxyphenyl, for
example 2,3- methylenedioxyphenyl,
3,4-methylenedioxyphenyl, 2,3-
(difluoromethylene)dioxyphenyl,
3,4-(difluoromethylene)dioxyphenyl, 2,3-
ethylenedioxyphenyl and 3,4-ethylenedioxyphenyl. If a
phenyl group, a naphthyl group or a heteroaryl group
is substituted by substituents Ar3 or substituents
Ar5, in one embodiment of the invention it carries
only one such substituent Ar3 or Ar5, respectively.
Naphthyl (= naphthalenyl) can be 1-naphthyl (=
naphthalen-1-yl) or 2- naphthyl (= naphthalen-2-yl).
In monosubstituted 1-naphthyl groups, the substituent
can be present in the 2-position, the 3-position, the
4-position, the 5-position, the 6- position, the
7-position or the 8-position, in monosubstituted
2-naphthyl groups in the 1-position, the 3-position,
the 4-position, the 5-position, the 6-position, the
7-position or the 8-position. Also in polysubstituted
naphthyl groups, for example disubstituted or
trisubstituted naphthyl groups, the substituents can
be present in all suitable positions.Heteroaryl is a
residue of a monocyclic or fused bicyclic aromatic
ring system. In the case of a bicyclic aromatic ring
system, at least one of the two rings is aromatic,
i.e. it has a conjugated pi electron sextet, and the
ring system is bonded to the remainder of the molecule
via an atom in an aromatic ring. The second ring in a
bicyclic aromatic ring system in a heteroaryl group
contains a double bond by means of the condensation to
the aromatic ring and can additionally contain one or
two further double bonds or can contain no further
double bond, and it can be aromatic or nonaromatic. In
one embodiment of the invention, an 8-membered
bicyclic ring system contains two fused 5-membered
rings, a 9-membered bicyclic ring system contains a
5-membered ring and a 6-membered ring which are fused,
and a 10-membered bicyclic ring system contains two
fused 6-membered rings or a 5-membered ring and a
7-membered ring which are fused. In a bicyclic ring
system, both rings can contain ring heteroatoms, or
only one of the rings can contain one or more ring
heteroatoms and the second ring contain no ring
heteroatoms. Nitrogen ring heteroatoms can be common
to both rings. In a bicyclic ring system in a
heteroaryl group, a ring which contains one or more
ring heteroatoms, as well as a ring which contains no
ring heteroatoms, can be aromatic or non-aromatic. The
ring heteroatoms indicated in the definition of the
group heteroaryl can be present in any combination and
can be present in any suitable position, provided that
the resulting group and the molecule as a whole are
stable and suitable as a pharmaceutical active
compound and at least one of the rings in the ring
system is aromatic. In one embodiment of the
invention, two ring heteroatoms from the series
consisting of oxygen and sulfur cannot be present in
adjacent ring positions. Examples of ring systems from
which a heteroaryl residue can be derived are pyrrole,
furan, thiophene, imidazole, pyrazole, triazoles such
as [ 1 ,2,3]triazole and [ 1 ,2,4]triazole, oxazole (=
[ 1,3]oxazole), isoxazole (= [ 1,2]oxazole), thiazole
(= [ 1 ,3]thiazole), isothiazole (= [ 1,2]thiazole),
oxadiazoles such as [1 ,2,4]oxadiazole, [ 1
,3,4]oxadiazole and [ 1 ,2,5]oxadiazole, thiadiazoles
such as [ 1 ,3,4]thiadiazole, pyridine, pyridazine,
pyrimidine, pyrazine, triazines such as [
1,2,3]triazine, [ 1 ,2,4]triazine and [ 1
,3,5]triazine, indole, benzothiophene,
benzofuran,benzo[1 ,3]dioxole (= [1,3]benzodioxole =
1,2-methylenedioxybenzene), [ 1,3]benzoxazole, [
1,3]benzothiazole, benzoimidazole, 4,5,6,7-
tetrahydrobenzoimidazole, pyrrolopyridines such as
pyrrolo[2,3-b]pyridine, pyrrolo[3,2-b]pyridine,
pyrrolo[2,3-c]pyridine and pyrrolo[3,2-c]pyridine,
imidazopyridines such as imidazo[4,5-b]pyridine and
imidazo[4,5-c]pyridine, chromane, isochromane, benzo[1
,4]dioxane (= [ 1,4]benzodioxane = 1,2-
ethylenedioxybenzene), quinoline,
1,2,3,4-tetrahydroquinoline, 5,6,7,8-
tetrahydroquinoline, 1,2,3,4-tetrahydroisoquinoline,
5,6,7,8-tetrahydroisoquinoline, cinnoline,
quinazoline, quinoxaline, phthalazine, pyrroloazepines
such as 6,7,8,9- tetrahydro-5H-pyrrolo[1 ,2-a]azepine,
imidazoazepines such as 6,7,8,9-tetrahydro-5Himidazo[
1 ,2-a]azepine and 6,7,8,9-tetrahydro-5H-imidazo[1
,5-a]azepine, triazoloazepines such as
6,7,8,9-tetrahydro-5H-[1 ,2,4]triazolo[4,3-a]azepine,
thienothiophenes, thienopyrroles, thienopyridines,
naphthyridines etc. In one embodiment of the
invention, heteroaryl groups are bonded via a ring
carbon atom, and can be bonded via any suitable ring
carbon atom in an aromatic ring. A thiophenyl group (=
thienyl), for example, can be thiophen-2-yl (=
2-thienyl) or thiophen-3-yl (= 3-thienyl), furanyl can
be furan-2-yl or furan-3-yl, pyridinyl (= pyridyl) can
be pyridin-2-yl, pyridin-3-yl or pyridin-4-yl,
pyrazolyl can be 1H-pyrazol-3-yl, 1Hpyrazol- 4-yl or
2H-pyrazol-3-yl, imidazolyl can be 1H-imidazol-2-yl,
1H-imidazol-4-yl or 3H-imidazolyl-4-yl, thiazolyl can
be thiazol-2-yl, thiazol-4-yl or thiazol-5-yl, [ 1
,2,4]triazolyl can be 1H-[1 ,2,4]triazol-3-yl, 2H-[1
,2,4]triazol-3-yl or 4H-[1 ,2,4]triazol- 3-yl, indolyl
can be 1H-indol-2-yl, 1H-indol-3-yl, 1H-indol-4-yl,
1H-indol-5-yl, 1H-indol- 6-yl or 1H-indol-7-yl,
benzoimidazolyl can be 1H-benzoimidazol-2-yl,
1Hbenzoimidazol- 4-yl, 1H-benzoimidazol-5-yl,
1H-benzoimidazol-6-yl, 1Hbenzoimidazol- 7-yl,
3H-benzoimidazol-4-yl or 3H-benzoimidazol-5-yl,
4,5,6,7- tetrahydrobenzoimidazolyl can be 4,5,6,
7-tetrahydro-1 H-benzoimidazol-2-yl,
imidazo[4,5-b]pyridinyl can be
1H-imidazo[4,5-b]pyridin-2-yl, 1H-imidazo[4,5-
b]pyridin-5-yl, 1H-imidazo[4,5-b]pyridin-6-yl,
1H-imidazo[4,5-b]pyridin-7-yl, 3Himidazo[ 



4,5-b]pyridin-2-yl, 3H-imidazo[4,5-b]pyridin-5-yl,
3H-imidazo[4,5-b]pyridin-6- yl or
3H-imidazo[4,5-b]pyridin-7-yl, quinolinyl (= quinolyl)
can be quinolin-2-yl, quinolin-3-yl, quinolin-4-yl,
quinolin-5-yl, quinolin-6-yl, quinolin-7-yl or
quinolin-8-yl, isoquinolinyl (= isoquinolyl) can be
isoquinolin-1-yl, isoquinolin-3-yl,
isoquinolin-4-yl,isoquinolin-5-yl, isoquinolin-6-yl,
isoquinolin-7-yl or isoquinolin-8-yl, 6,7,8,9-
tetrahydro-5H-imidazo[1 ,2-a]azepinyl can be
6,7,8,9-tetrahydro-5H-imidazo[1 ,2- a]azepin-2-yl or
6,7,8,9-tetrahydro-5H-imidazo[1 ,2-a]azepin-3-yl,
6,7,8,9-tetrahydro- 5H-imidazo[1 ,5-a]azepinyl can be
6,7,8,9-tetrahydro-5H-imidazo[1 ,5-a]azepin-1-yl or
6,7,8,9-tetrahydro-5H-imidazo[1 ,5-a]azepin-3-yl,
6,7,8,9-tetrahydro-5H- [ 1
,2,4]triazolo[4,3-a]azepinyl can be
6,7,8,9-tetrahydro-5H-[1 ,2,4]triazolo[4,3-
a]azepin-3-yl, for example. In one embodiment of the
invention, a heteroaryl group in the compounds of the
formula I , for example a heteroaryl group
representing Ar1 or a heteroaryl group representing
Ar2 or a heteroaryl group representing Ar3 or a
heteroaryl group representing Ar4 or a heteroaryl
group representing Ar5, independently of any other
heteroaryl group, contains 1 or 2 identical or
different ring heteroatoms, in another embodiment 1
ring heteroatom. In one embodiment of the invention,
the ring heteroatoms in a heteroaryl group in the
compounds of the formula I, for example a heteroaryl
group representing Ar1 or a heteroaryl group
representing Ar2 or a heteroaryl group representing
Ar3 or a heteroaryl group representing Ar4 or a
heteroaryl group representing Ar5, independently of
any other heteroaryl group, are chosen from the series
consisting of nitrogen and sulfur, in another
embodiment the ring heteroatoms are nitrogen atoms. In
one embodiment of the invention, a heteroaryl group in
the compounds of the formula I, for example a
heteroaryl group representing Ar1 or a heteroaryl
group representing Ar2 or a heteroaryl group
representing Ar3 or a heteroaryl group representing
Ar4 or a heteroaryl group representing Ar5,
independently of any other heteroaryl group, is chosen
from the series consisting of thienyl, pyrazolyl,
imidazolyl, [ 1 ,2,4]triazolyl, thiazolyl, pyridinyl,
pyrimidinyl, indolyl, benzodioxolyl, benzoimidazolyl,
4,5,6,7- tetrahydrobenzoimidazolyl,
imidazo[4,5-b]pyridinyl, quinolinyl, isoquinolinyl and
6,7,8,9-tetrahydro-5H-imidazo[1 ,5-a]azepinyl, or from
any subgroup thereof, for example from thienyl,
pyrazolyl, imidazolyl, [ 1,2,4]triazolyl, thiazolyl,
pyridinyl, indolyl, benzoimidazolyl, quinolinyl and
isoquinolinyl, or from thienyl, pyrazolyl, imidazolyl,
[ 1,2,4]triazolyl, thiazolyl, pyridinyl, pyrimidinyl,
benzoimidazolyl, quinolinyl and isoquinolinyl, or from
thienyl, pyrazolyl, imidazolyl, [ 1,2,4]triazolyl,
thiazolyl, pyridinyl, pyrimidinyl, quinolinyl and
isoquinolinyl, or from thienyl, pyrazolyl, imidazolyl,
[ 1,2,4]triazolyl, thiazolyl, pyridinyl, pyrimidinyl
and benzoimidazolyl, or from thienyl,pyrazolyl,
imidazolyl, [ 1,2,4]triazolyl, thiazolyl, pyridinyl
and pyrimidinyl, or from thienyl, thiazolyl and
pyridinyl, or from thienyl and pyridinyl, or from
pyridinyl and pyrimidinyl, or from pyrazolyl,
imidazolyl, [ 1 ,2,4]triazolyl and pyridinyl, or from
pyrazolyl, imidazolyl and [ 1 ,2,4]triazolyl, or is
pyridinyl, or example, wherein all groups are
optionally substituted as indicated. In substituted
heteroaryl groups, the substituents can be present on
ring carbon atoms and ring nitrogen atoms in any
desired positions, for example in a thiophen-2- yl
group or a furan-2-yl group in the 3-position and/or
in the 4-position and/or in the 5- position, in a
thiophen-3-yl group or a furan-3-yl group in the
2-position and/or in the 4-position and/or in the
5-position, in a pyrazol-3-yl group in the 1-position
and/or the 2-position and/or the 4-position and/or the
5-position, in a pyrazol-4-yl group in the 1- position
and/or the 2-position and/or the 3-position and/or the
5-position, in an imidazol-2-yl group in the
1-position and/or the 3-position and/or the 4-position
and/or the 5-position, in an imidazol-4-yl group in
the 1-position and/or the 2-position and/or the
3-position and/or the 5-position, in an imidazol-5-yl
group in the 1-position and/or the 2-position and/or
the 3-position and/or the 4-position, in a [
1,2,4]triazol-3-yl group in the 1-position and/or the
2-position and/or the 4-position and/or the
5-position, in a [ 1 ,2,4]triazol-5-yl group in the
1-position and/or the 2-position and/or the 3-position
and/or the 4-position, in a pyridin-2-yl group in the
3-position and/or in the 4-position and/or in the
5-position and/or in the 6-position, in a pyridin-3-yl
group in the 2- position and/or in the 4-position
and/or in the 5-position and/or in the 6-position, in
a pyridin-4-yl group in the 2-position and/or in the
3-position and/or in the 5-position and/or in the
6-position, in a benzoimidazol-2-yl group in the
1-position and/or the 3- position and/or the
4-position and/or the 5-position and/or the 6-position
and/or the 7- position, for example. In one embodiment
of the invention, the number of substituents in an
optionally substituted heteroaryl group, i.e. a
heteroaryl group which is unsubstituted or substituted
as indicated, is independently of the number of
substituents in any other heteroaryl group 1, 2 or 3,
in another embodiment 1 or 2 , in another embodiment
1, wherein the substituents can be identical or
different. If a ring nitrogen atom in a heteroaryl
group which can carry a hydrogen atom or a
substituent, for example a nitrogen atom in a pyrrolyl
group, pyrazolyl group,imidazolyl group, triazolyl
group, indolyl group, benzoimidazolyl group or
imidazopyridinyl group, is substituted, in one
embodiment of the invention the substituent on a ring
nitrogen atom is selected from (Ci-C 5)-alkyl,
(C3-C8)-cycloalkyl- CvH2V-, (C3-C8)-cycloalkyl-CwH2w-,
(C3-C8)-cycloalkyl-S(O) r , (CrCsJ-alkyl-SfOV, (C1-
C5)-alkyl-S(O)m- , (C1-C5)-alkyl-S(O) n- , Ar3 and
Ar5, depending on the definition of the respective
group, in another embodiment from the series
consisting of (Ci-C 5)-alkyl,
(C3-C8)-cycloalkyl-CvH2v- , (C3-C8)-cycloalkyl-C wH2w-
, Ar3 and Ar5, depending on the definition of the
respective group, in another embodiment from the
series consisting of (Cr C5)-alkyl and
(C3-C8)-cycloalkyl-C vH2v- and (C3-C8)-cycloalkyl-C
wH2w- , depending on the definition of the respective
group, and in another embodiment it is selected from
any of such groups as methyl, n-propyl, isopropyl,
isobutyl and cyclopropylmethyl, for example, wherein
all alkyl groups and cycloalkyl groups are optionally
substituted by one or more fluorine substituents and
all cycloalkyl groups are optionally substituted by
one or more identical or different (Ci-C 4)-alkyl
substituents. Generally, suitable ring nitrogen atoms
in an aromatic ring of a heteroaryl group, for example
the nitrogen atom in a pyridinyl group, quinolinyl
group or isoquinolinyl group or a nitrogen atom in a
[1 ,2,5]oxadiazolyl group, can also carry an oxido
substituent -O and be present as an N-oxide. The ring
of the group Het can be 4-membered, 5-membered,
6-membered or 7- membered. In one embodiment of the
invention, Het is 4-membered, 5-membered or
6-membered, in another embodiment 4-membered or
5-membered, in another embodiment 4-membered. In one
embodiment of the invention, the ring heteroatoms in
the group Het are selected from the series consisting
of nitrogen and oxygen, in another embodiment from the
series consisting of oxygen and sulfur, in another
embodiment the ring heteroatoms are oxygen atoms. The
ring heteroatoms in the group Het can be present in
any combination and can be present in any suitable
position, provided that the resulting group and the
molecule as a whole are stable and suitable as a
pharmaceutical active compound. In one embodiment of
the invention, two oxygen atoms cannot be present as
ring heteroatoms in adjacent ring positions, in
another embodiment two ring heteroatoms from the
series consisting ofoxygen and sulfur cannot be
present in adjacent ring positions. Examples of ring
systems from which a residue Het can be derived, are
azetidine, oxetane, thietane, pyrrolidine,
tetrahydrofuran, tetrahydrothiophene, imidazolidine,
pyrazolidine, [ 1 ,3]dioxolane, oxazolidine (= [
1,3]oxazolidine), isoxazolidine (= [1 ,2]oxazolidine),
thiazolidine (= [ 1 ,3]thiazolidine), isothiazolidine
(= [ 1,2]thiazolidine), piperidine, tetrahyd ropyran,
tetrahydrothiopyran, [1 ,4]dioxane,
hexahydropyrimidine, piperazine, morpholine,
thiomorpholine, azepane, oxepane. The group Het can be
bonded via any suitable ring carbon atom. An
azetidinyl group, for example, can be azetidin-2-yl or
azetidin-3-yl, oxetanyl can be oxetan-2-yl or
oxetan-3-yl, thietanyl can be thietan- 2-yl or
thietan-3-yl, pyrrolidinyl can be pyrrolidin-2-yl or
pyrrolidin-3-yl, tetrahydrofuranyl can be
tetrahydrofuran-2-yl or tetrahydrofuran-3-yl,
tetrahydrothiophenyl can be tetrahydrothiophen-2-yl or
tetrahydrothiophen-3-yl, thiazolidinyl can be
thiazolidin-2-yl, thiazolidin-4-yl or
thiazolidin-5-yl, piperidinyl can be piperidin-2-yl,
piperidin-3-yl or piperidin-4-yl, tetrahyd ropyranyl
can be tetrahydropyran-2-yl, tetrahydropyran-3-yl or
tetrahydropyran-4-yl, [ 1,4]dioxanyl can be [1
,4]dioxan-2-yl, morpholinyl can be morpholin-2-yl or
morpholin-3-yl. In one embodiment of the invention,
the group Het is bonded via a carbon atom which is not
adjacent to a ring heteroatom. In one embodiment of
the invention, Het contains 1 ring heteroatom. In
another embodiment, Het is chosen from the series
consisting of oxetanyl, thietanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, tetrahydropyranyl,
tetrahydrothiopyranyl and [1 ,4]dioxanyl, or from any
subgroup thereof, for example from oxetanyl,
tetrahydrofuranyl, tetrahydropyranyl and [
1,4]dioxanyl, or from oxetanyl, tetrahydrofuranyl and
tetrahydropyranyl, or from oxetanyl and
tetrahydrofuranyl, or from oxetanyl, thietanyl,
tetrahydrofuranyl, tetrahydrothiophenyl and
tetrahydropyranyl, or from oxetanyl and thietanyl, or
from oxetanyl, thietanyl, tetrahydrofuranyl and
tetrahydrothiophenyl, or is oxetanyl, for example,
wherein all groups are optionally substituted as
indicated. In substituted groups Het, the substituents
can be present on ring carbon atoms and/or ring
nitrogen atoms in any desired positions, for example
in an azetidinyl group in the 1-position and/or in the
2-position and/or in the 3-position and/or in the
4-position, in an oxetanyl group or a thietanyl group
in the 2-position and/or in the 3-position and/or in
the 4-position, in a pyrrolidinyl group in the
1-position and/or in the 2-position and/or in the
3-position and/or in the 4-position and/or in the
5-position, in a tetrahydrofuranyl group or a
tetrahydrothiophenyl group in the 2-position and/or in
the 3-position and/or in the 4-position and/or in the
5-position, in a piperidinyl group in the 1-position
and/or in the 2-position and/or in the 3-position
and/or in the 4-position and/or in the 5-position and
or in the 6-position, in a tetrahydropyranyl group or
a tetrahydrothiopyranyl group in the 2-position and/or
in the 3-position and/or in the 4- position and/or in
the 5-position and or in the 6-position. Ring nitrogen
atoms in a group Het which do not carry a substituent
from the series consisting of phenyl and (Ci-C
5)-alkyl, carry a hydrogen atom. In one embodiment of
the invention, the number of phenyl and (Ci-C 5)-alkyl
substituents in an optionally substituted group Het ,
i.e. a group Het which is unsubstituted or substituted
as indicated, is 1, 2 or 3, in another embodiment 1 or
2, in another embodiment 1, wherein the substituents
can be identical or different. If a group Het is
substituted by phenyl groups, in one embodiment of the
invention it carries not more than two such phenyl
substituents, 



and in another embodiment it carries not more than one
such phenyl substituent, wherein the phenyl
substituents are optionally substituted as indicated.
If a group Het is substituted by fluorine, in one
embodiment of the invention the number of fluorine
substituents which are optionally present in the group
Het is 1, 2 , 3, 4 or 5, in another embodiment the
number of such fluorine substituents is 1, 2, 3 or 4 ,
in another embodiment it is 1, 2 or 3, in another
embodiment it is 1 or 2 , in another embodiment it is
1, and in another embodiment the group Het is not
substituted by fluorine substituents, it being
possible for alkyl and phenyl substituents on the
group Het to be optionally substituted by fluorine
substituents as indicated independently of the
substitution of Het itself by fluorine substituents.
The present invention comprises all stereoisomeric
forms of the compounds of the formula I , for example
all possible enantiomers and diastereomers including
cis/trans isomers. The invention likewise comprises
mixtures of two or more stereoisomeric forms, for
example mixtures of enantiomers and/or diastereomers
including cis/trans isomers, in all ratios. Asymmetric
centers contained in the compounds of the formula I,
for example in unsubstituted or substituted alkyl
groups, can all independently ofone another have the S
configuration or the R configuration. The invention
relates to enantiomers, both the levorotatory and the
dextrorotatory antipode, in enantiomerically pure form
and essentially enantiomerically pure form and in the
form of racemates and in the form of mixtures of the
two enantiomers in all ratios. The invention likewise
relates to diastereomers including, for example, meso
compounds, in the form of pure and essentially pure
diastereomers and in the form of mixtures of two or
more diastereomers in all ratios. The invention also
comprises all possible cis/trans isomers and E/Z
isomers in pure form and essentially pure form and in
the form of mixtures of the cis isomer and the trans
isomer or of the E isomer and the Z isomer in all
ratios. Cis/trans isomerism or E/Z isomerism can occur
in substituted rings and on double bonds, for example
in the cyclohexane ring shown in the formula I in
which two groups such as Ar1 and Ar2, for example, can
be present in the cis position or in the trans
position with respect to each other, or in a
substituted cycloalkyl group or in an alkenyl group.
In one embodiment of the present invention, the 1,1
,4,4-tetrasubstituted cyclohexane ring shown in the
formula I is cis-configured, and in another embodiment
of the present invention it is trans-configured, the
assignment of cis or trans configuration being
dependent on the relative positions of the groups Ar1,
Ar2, -CO-R1 and R2-O- and their order of priority.
When considering two specific groups on the
cyclohexane ring, for example the groups Ar1 and Ar2,
in one embodiment of the present invention these
groups are in the cis position with respect to each
other, and in another embodiment of the invention
these groups are in trans position with respect to
each other. The preparation of individual
stereoisomers, if desired, can be carried out by
resolution of a mixture according to customary
methods, for example by chromatography or
crystallization, or by use of stereochemically uniform
starting substances in the synthesis or by
stereoselective reactions. Optionally, before a
separation of stereoisomers a derivatization can be
carried out. The separation of a mixture of
stereoisomers can be carried out at the stage of the
compound of the formula I or at the stage of an
intermediate in the course of the synthesis. The
invention also comprises all tautomeric forms of the
compounds of the formula I.Physiologically acceptable
salts of the compounds of the formula I are in
particular salts with a nontoxic salt component and
include pharmaceutically utilizable salts. They can
contain inorganic or organic salt components. Such
salts can, for example, be formed from compounds of
the formula I which contain an acidic group, for
example compounds of the formula I in which R1 is a
hydroxy group, and nontoxic inorganic or organic
bases. Examples of such bases are suitable alkali
metal compounds or alkaline earth metal compounds,
such as sodium hydroxide, potassium hydroxide, sodium
carbonate or sodium hydrogencarbonate, or ammonia or
organic amino compounds or quaternary ammonium
hydroxides. Reactions of compounds of the formula I
with bases for the preparation of the salts are in
general carried out according to customary procedures
in a solvent or diluent. On account of the
physiological and chemical stability, advantageous
salts of acidic groups are in many cases sodium,
potassium, magnesium or calcium salts or ammonium
salts, which can also carry one or more organic groups
on the nitrogen atom. Compounds of the formula I which
contain a basic, i.e. protonatable, group, for example
an amino group or a basic heterocycle, can be present
in the form of their acid addition salts with
physiologically acceptable acids, for example as salts
with hydrogen chloride, hydrogen bromide, phosphoric
acid, sulfuric acid, acetic acid, benzoic acid,
methanesulfonic acid, p-toluenesulfonic acid, which
salts can in general be prepared from the compounds of
the formula I by reaction with an acid in a solvent or
diluent according to customary procedures. If the
compounds of the formula I simultaneously contain an
acidic group and a basic group in the molecule, the
invention also includes, in addition to the salt forms
mentioned, internal salts (= betaines = zwitterions).
The present invention also comprises all salts of the
compounds of the formula I which, because of low
physiological tolerability, are not directly suitable
for use in pharmaceuticals, but are suitable, for
example, as intermediates for chemical reactions or
for the preparation of physiologically acceptable
salts, for example by anion exchange or cation
exchange. The present invention furthermore comprises
all solvates of compounds of the formula I, for
example hydrates or adducts with alcohols such as (CrC
4)-alkanols, and derivatives of the compounds of the
formula I and prodrugs and active metabolites of
compounds of the formula I.In one embodiment of the
invention, the groups Ar1 and Ar2 are, independently
of one another, phenyl or heteroaryl, in another
embodiment phenyl or monocyclic heteroaryl, in another
embodiment phenyl, which are all optionally
substituted as indicated. In one embodiment of the
invention, Ar1 is phenyl or heteroaryl, in another
embodiment phenyl or monocyclic heteroaryl, in another
embodiment phenyl or pyridinyl, in another embodiment
phenyl, in another embodiment heteroaryl, in another
embodiment monocyclic heteroaryl, in another
embodiment pyridinyl, in a another embodiment
heteroaryl which is not pyridinyl, in another
embodiment monocyclic heteroaryl which is not
pyridinyl, wherein all groups are optionally
substituted as indicated. In one embodiment of the
invention, Ar2 is phenyl or naphthyl, in another
embodiment phenyl, in another embodiment phenyl or
heteroaryl, in another embodiment phenyl or monocyclic
heteroaryl, in another embodiment heteroaryl, in
another embodiment monocyclic heteroaryl, wherein all
groups are optionally substituted as indicated. In
further embodiments of the invention, one or both of
the groups Ar1 and Ar2 are any specific group, or
chosen from any two or more specific groups, which are
mentioned in the definitions of Ar1 and Ar2, such as
phenyl, or which are mentioned as examples of generic
meanings mentioned in the definitions of Ar1 and Ar2.
For example, in one embodiment of the invention one or
both of the groups Ar1 and Ar2 are independently of
one another chosen from the series consisting of
phenyl, thienyl, imidazolyl, pyrazolyl, [ 1
,2,4]triazolyl, thiazolyl, pyridinyl, indolyl,
benzoimidazolyl, imidazo[4,5-b]pyridinyl, quinolinyl
and isoquinolinyl, in another embodiment from the
series consisting of phenyl, thienyl, imidazolyl,
pyrazolyl, [ 1 ,2,4]triazolyl, thiazolyl, pyridinyl,
quinolinyl and isoquinolinyl, in another embodiment
from the series consisting of phenyl, thienyl,
imidazolyl, pyrazolyl, [ 1 ,2,4]triazolyl, thiazolyl,
pyridinyl, indolyl, benzoimidazolyl and
imidazo[4,5-b]pyridinyl, in another embodiment from
the series consisting of phenyl, thienyl, imidazolyl,
pyrazolyl, [ 1 ,2,4]triazolyl, thiazolyl, pyridinyl
and benzoimidazolyl, in another embodiment from the
series consisting of phenyl, thienyl, imidazolyl,
pyrazolyl, [ 1 ,2,4]triazolyl, thiazolyl and
pyridinyl, which are all optionally substituted as
indicated. In one embodiment of the invention, phenyl
groups representing Ar1 or Ar2 are unsubstituted. In
another embodiment of the invention, phenyl groups
representing Ar1 or Ar2 are substituted.In one
embodiment of the invention, substituted phenyl
groups, naphthyl groups and heteroaryl groups
representing Ar1 or Ar2 are substituted by 1, 2 or 3,
in another embodiment by 1 or 2, identical or
different substituents. In one embodiment of the
invention, substituents in substituted groups Ar1 and
Ar2 are independently of one another selected from the
series consisting of halogen, cyano, (Ci-C 5)-alkyl,
(C3-C6)- cycloalkyl-CvH2v- , Ar3, (CrC 5)-alkyl-O-,
-0-(C 1-C3)^IKyI-O-, (C3-C6)-cycloalkyl-S(O) r and
(Ci-C 5)-alkyl-S(O) k- , in another embodiment from
the series consisting of halogen, (d-C 5)-alkyl,
(C3-C6)-cycloalkyl-CvH2v-, Ar3, (Ci-C 5)-alkyl-O-,
-0-(C 1-C3)- alkyl-O-, (C3-C6)-cycloalkyl-S(O) f- and
(Cr C5)-alkyl-S(O) k- , in another embodiment from the
series consisting of halogen, cyano, (C-i-C5)-alkyl,
(C3-C6)-cycloalkyl-C vH2V- , Ar3, (CrCsJ-alkyl-O-,
-O-(d-C 3)-alkyl-O- and (Ci-C 5)-alkyl-S(O) k- , in
another embodiment from the series consisting of
halogen, (d-CsJ-alkyl, (C3-C6)-cycloalkyl- CvH2V-,
Ar3, (C1-C5)-alkyl-O-, -O-(C C3)-alkyl-O- and (Ci-C
5)-alkyl-S(O) k- , in another embodiment from the
series consisting of halogen, cyano, (Ci-C 5)-alkyl,
(C3-C6)- cycloalkyl-CvH2v-, Ar3, (Ci-C 5)-alkyl-O-,
(C3-C6)-cycloalkyl-S(O)f- and (C1-C5)- alkyl-S(O)k-,
in another embodiment from the series consisting of
halogen, (C1-C5)- alkyl, (C3-C6)-cycloalkyl-C vH2v-,
Ar3, (CrC-O-alkyl-O-, (C3-C6)-cycloalkyl-S(O) f- and
(d-CsJ-alkyl-S^ k- , in another embodiment from the
series consisting of halogen, cyano, (Ci-C 5)-alkyl,
(C3-C6)-cycloalkyl-C vH2v-, Ar3, (d-CjO-alkyl-O- and
(C1-C5)- alkyl-S(O)k- , in another embodiment from the
series consisting of halogen, (C1-C5)- alkyl,
(C3-C6)-cycloalkyl-C vH2v- , Ar3, (Ci-C 5)-alkyl-O-
and (C1-C5)-alkyl-S(O) k- , wherein in all cases all
alkyl groups and cycloalkyl groups are optionally
substituted by one or more fluorine substituents and
all cycloalkyl groups are optionally substituted by
one or more identical or different (d-C^-alkyl
substituents. In one embodiment of the invention, the
substituents in substituted groups Ar1 and Ar2 are
independently of one another selected from the series
consisting of halogen, (Ci-C 5)- alkyl,
(C3-C6)-cycloalkyl-C vH2v- and Ar3, in another
embodiment from the series consisting of halogen,
(Ci-C 5)-alkyl-O-, -O-(Cr C3)-alkyl-O-,
(C3-C6)-cycloalkyl-S(O)r and (C1-C5)-alkyl-S(O) k- ,
in another embodiment from the series consisting of
halogen, cyano, (CrC 5)-alkyl-O-, -O-(Ci-C 3)-alkyl-O-
and (CrC 5)-alkyl-S(O) k- , in another embodiment from
the series consisting of halogen, (Ci-C 5)-alkyl-O-,
-0-(C 1-C3)-alkyl-O- and (Ci-C 5)-alkyl-S(O)k-, in
another embodiment from the series consisting of
halogen, cyano, (Ci-C 5)-alkyl-O-,
(C3-C6)-cycloalkyl-S(O)r and (Ci-C 5)- alkyl-S(O)k- ,
in another embodiment from the series consisting of
halogen, (C1-C5)- 



alkyl-O-, (C3-C6)-cycloalkyl-S(O)r and (CrC
5)-alkyl-S(O)k- , in another embodiment from the
series consisting of halogen, cyano, (Ci-C 5)-alkyl-O-
and (Ci-C 5)- alkyl-S(O)k- , in another embodiment
from the series consisting of halogen, (Ci-C 5)-
alkyl-O- and (Ci-C 5)-alkyl-S(O) k- , wherein in all
cases all alkyl groups and cycloalkyl groups are
optionally substituted by one or more fluorine
substituents and all cycloalkyl groups are optionally
substituted by one or more identical or different (Ci-
C4)-alkyl substituents. In further embodiments of the
invention, one or more substituents in the general
series of substituents in Ar1 and Ar2 or in any
specified embodiment can have one or more specific
meanings which are mentioned as examples of the
generic meanings of substituents. For example, all
series of substituents which comprise
fluoro-substituted alkyl groups or alkyl-O- groups,
can as specific substituents contain the groups
trifluoromethyl or trifluoromethoxy, respectively,
which are mentioned as examples of fluoro-substituted
alkyl groups and alkyl-O- groups. In one embodiment of
the invention, the groups Ar3 and Ar5 are,
independently of one another, phenyl or one or more
specific monocyclic heteroaryl groups which are
mentioned as examples of the generic meaning
heteroaryl, for example are phenyl, thienyl or
pyridinyl, or are phenyl or pyridinyl, or are phenyl,
which are all optionally substituted as indicated. In
one embodiment of the invention, substituted phenyl
groups and heteroaryl groups representing Ar3 or Ar5
are substituted by 1 or 2 identical or different
substituents, in another embodiment by 1 substituent.
In one embodiment of the invention, substituents in
substituted groups Ar3 and Ar5 are, independently of
one another, selected from the series consisting of
halogen, (Cr C5)-alkyl, (Ci-C 5)-alkyl-O-, -O-(Ci-C
3)-alkyl-O- and (Cr C5)-alkyl-S(O) m- , in another
embodiment from the series consisting of halogen,
(Ci-C 5)-alkyl, (Ci-C 5)-alkyl-O- and -O-(Ci-C
3)-alkyl-O-, in another embodiment from the series
consisting of halogen, (Cr C5)-alkyl, (Ci-C
5)-alkyl-O- and (Cr C5)-alkyl-S(O)m- , in another
embodiment from the series consisting of halogen,
(Ci-C 5)-alkyl and (Ci-C 5)-alkyl-O-, in
anotherembodiment from the series consisting of
halogen and (Ci-CsJ-alkyl, wherein in all cases all
alkyl groups are optionally substituted by one or more
fluorine substituents. In further embodiments of the
invention, one or more substituents in the general
series of substituents in Ar3 and Ar5 or in any
specified embodiment can have one or more specific
meanings which are mentioned as examples of the
generic meanings. For example, all series of
substituents which comprise fluoro-substituted alkyl
groups or alkyl-O- groups, can as specific
substituents contain the groups trifluoromethyl or
trifluoromethoxy, respectively, which are mentioned as
examples of fluoro-substituted alkyl groups and
alkyl-O- groups. In one embodiment of the invention,
the group Ar4 is phenyl or monocyclic heteroaryl which
are all optionally substituted as indicated. In one
embodiment of the invention, Ar4 is phenyl, in another
embodiment Ar4 is heteroaryl, another embodiment
monocyclic heteroaryl, wherein all groups are
optionally substituted as indicated. In further
embodiments of the invention, Ar4 is any specific
group, or chosen from any two or more specific groups,
which are mentioned in the definitions of Ar4 or which
are mentioned as examples of generic meanings
mentioned in the definitions. For example, in one
embodiment of the invention the group Ar4 is any one
or more groups from the series consisting of phenyl,
thienyl, pyridinyl and pyrimidinyl, in another
embodiment from the series consisting of phenyl,
pyridinyl and pyrimidinyl, in another embodiment from
phenyl and pyridinyl, which are all optionally
substituted as indicated. In one embodiment of the
invention, substituted phenyl groups and heteroaryl
groups representing Ar4 are substituted by 1, 2 or 3,
in another embodiment by 1 or 2, in another embodiment
by 1, identical or different substituents. In one
embodiment of the invention, substituents in
substituted groups Ar4 are selected from the series
consisting of halogen, cyano, (CrCsJ-alkyl, Ar5, (Cr
C5)-alkyl-O-, HO-(Ci-C 5)-alkyl-O-, -O-(Cr
C3)-alkyl-O- and (Ci-C 5)-alkyl-S(O) n- , in another
embodiment from the series consisting of halogen,
cyano, (CrC 5)-alkyl, Ar5, (CrC 5)-alkyl-O-, HO-(CrC
5)-alkyl-O- and (CrC 5)-alkyl-S(O) n- , in another
embodiment from the series consisting of halogen,
cyano, (CrC 5)-alkyl, Ar5, (C1-C5)- alkyl-O- and (CrC
5)-alkyl-S(O) n- , in another embodiment from the
series consisting of halogen, (CrC 5)-alkyl, (CrC
5)-alkyl-O- and (CrC 5)-alkyl-S(O) n- , in
anotherembodiment from the series consisting of
halogen, (d-C 5)-alkyl and (Ci-C 5)-alkyl-O-, in
another embodiment from the series consisting of
halogen, (Ci-C 5)-alkyl and (Cr C5)-alkyl-S(O) n- , in
another embodiment from the series consisting of
halogen and (Ci-CsJ-alkyl, wherein in all cases all
alkyl groups are optionally substituted by one or more
fluorine substituents. In further embodiments of the
invention, one or more substituents in the general
series of substituents in Ar4 or in any specified
embodiment can have one or more specific meanings
which are mentioned as examples of the generic
meanings. For example, all series of substituents
which comprise fluoro-substituted alkyl groups or
alkyl-O- groups can as specific substituents contain
the groups trifluoromethyl or trifluoromethoxy,
respectively, which are mentioned as examples of
fluoro-substituted alkyl groups and alkyl-Ogroups. In
one embodiment of the invention, the group Ar4 is
unsubstituted. In another embodiment of the invention,
the group Ar4 is substituted. In one embodiment of the
invention, R1 is R3- , in another embodiment R1 is
R4-O- or R5R6N-, in another embodiment R1 is R4-O-. In
one embodiment of the invention, R2 is hydrogen, (CrC
8)-alkyl, (C2-C8)-alkenyl, (C3-C8)-alkynyl, Ar4,
R17-O-(Ci-C 8)-alkyl-, R18R19N-(Ci-C 8)-alkyl-, Het-C
uH2u- or (C3- C8)-cycloalkyl-C uH2u-, in another
embodiment hydrogen, (Ci-C 8)-alkyl, (C2-C8)- alkenyl,
Ar4, R17-O-(Ci-C 8)-alkyl-, R18R19N-(C C8)-alkyl-,
Het-C uH2u- Or (C3-C8)- cycloalkyl-C uH2u- , in
another embodiment hydrogen, (Ci-C 8)-alkyl,
(C2-C8)-alkenyl, Ar4, R17-O-(Ci-C 8)-alkyl-,
R18R19N-(Ci-C 8)-alkyl- or (C3-C8)-cycloalkyl-C uH2u-
, in another embodiment hydrogen, (Ci-C b)-alkyl, Ar4,
R17-O-(Ci-C b)-alkyl-, R18R19N-(Ci- C8)-alkyl-, Het-C
uH2u- or (C3-C8)-cycloalkyl-C uH2u-, in another
embodiment hydrogen, (Ci-C b)-alkyl, Ar4, R17-O-(Ci-C
8)-alkyl-, Het-C uH2u- or (C3-C8)-cycloalkyl-C uH2u- ,
in another embodiment hydrogen, (Ci-C 8)-alkyl, Ar4,
R17-O-(Ci-C 8)-alkyl-, R18R19N-(C 1- C8)-alkyl- or
(C3-C8)-cycloalkyl-C uH2u- , in another embodiment
hydrogen, (Ci-C 8)- alkyl, Ar4, Het-C uH2u- or
(C3-C8)-cycloalkyl-C uH2u- , in another embodiment
hydrogen, (Ci-C 8)-alkyl, Ar4 or
(C3-C8)-cycloalkyl-CuH2u-, wherein in all cases all
alkyl groups, alkenyl groups and cycloalkyl groups in
R2 are optionally substituted by one or more fluorine
substituents and all cycloalkyl groups are optionally
substituted by one ormore identical or different
(Ci-C-O-alkyl substituents. In another embodiment of
the invention, R2 is not hydrogen, and in this
embodiment R2 thus is (Ci-C 8)-alkyl, (C2-
C8)-alkenyl, (C3-C8)-alkynyl, phenyl-(C
2-C8)-alkenyl-, Ar4, R17-O-(Ci-C 8)-alkyl-,
R18R19N-(Ci-C 8)-alkyl-, Het-CuH2u- or
(C3-C8)-cycloalkyl-C uH2u- , wherein the phenyl group
in phenyl-(C 2-C8)-alkenyl- is optionally substituted
by 1, 2 or 3 identical or different substituents from
the series consisting of halogen, cyano, (Ci-C
5)-alkyl, (C1- C5)-alkyl-O- and and wherein all alkyl
groups, alkenyl groups, alkynyl groups and cycloalkyl
groups in R2 are optionally substituted by one or more
fluorine substituents and all cycloalkyl groups are
optionally substituted by one or more identical or
different (CrC-O-alkyl substituents. In another
embodiment of the invention, R2 is (Ci-C 8)-alkyl,
(C2-C8)-alkenyl, Ar4, R17-O-(Ci-C 8)-alkyl-,
R18R19N-(C1- C8)-alkyl-, Het-CuH2u- or
(C3-C8)-cycloalkyl-C uH2u- , in another embodiment
(C1-C8)- alkyl, (C2-C8)-alkenyl, Ar4, R -O- C -alkyl-,
R18R19N-(Cr C8)-alkyl- or (C3-C8)- cycloalkyl-C uH2u-
, in another embodiment (CrC 8)-alkyl, Ar4, R17-O-(C r
C8)-alkyl-, Het-CuH2u- or (C3-C8)-cycloalkyl-C uH2u- ,
in another embodiment (CrCsJ-alkyl, Ar4,
R^-O^CrCsJ-alkyl-, Het-CuH2u- or (C3-C8)-cycloalkyl- C
11 H2U- , in another embodiment (CrC^-alkyl, Ar4,
R^-O^CrCeJ-alkyl-, R18R19N-(C1- C8)-alkyl- or
(C3-C8)-cycloalkyl-C uH2u- , in another embodiment
(C^CsJ-alkyl, Ar4, Het- CuH2u- or (C3-C8)-cycloalkyl-C
uH2u- , in another embodiment (C-i-CsJ-alkyl, Ar4 or
(C3- C8)-cycloalkyl-C uH2u- , in another embodiment
(C-i-C8)-alkyl, Het-CuH2u- or (C3-C8)- cycloalkyl-C
uH2u- , in another embodiment (CrC 8)-alkyl or
(C3-C8)-cycloalkyl-C uH2u- , in another embodiment
(C-i-C8)-alkyl, in another embodiment
(C3-C8)-cycloalkyl- CuH2u- , in another embodiment
Het-CuH2u- , in another embodiment Ar4, wherein in all
cases all alkyl groups, alkenyl groups and cycloalkyl
groups in R2 are optionally substituted by one or more
fluorine substituents and all cycloalkyl groups are
optionally substituted by one or more identical or
different (CrC 4)-alkyl substituents. In one
embodiment of the invention, unsubstituted and
substituted alkyl groups, alkenyl groups and alkynyl
groups in R2, independently of one another, contain up
to 6 carbon atoms, in another embodiment up to 5
carbon atoms. In one embodiment of the invention, an
alkenyl group representing R2 contains at least 3
carbon atoms. In another embodiment, an alkenyl group
representing R2 is bonded via a carbon atom which is
not part of the double bond. In one embodiment of the
invention a cycloalkylgroup contained in R2 is a
(C3-C7)-cycloalkyl group, in another embodiment a
(C3-C6)- cycloalkyl group, in another embodiment any
one or more groups selected from the series consisting
of cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl, for example from the series consisting of
cyclopropyl and cyclobutyl, in another embodiment is a
cyclopropyl group, which are all optionally
substituted by one or more fluorine substituents
and/or one or more identical or different (Ci-C
4)-alkyl substituents. In one embodiment of the
invention, the (Ci-Cs)-alkyl group in the groups
R17-O-(Ci- C8)-alkyl- and R18R19N-(C1-C8)-alkyl-
representing R2 contains at least 2 carbon atoms. In
another embodiment, a chain of at least 2 carbon atoms
is present between the group R17-O- or the group
R18R19N- and the oxygen atom which carries the group
R2. In one embodiment of the invention, the number of
substituents which are optionally present in the
phenyl group in the group
phenyl-(C2-C8)-alkenylrepresenting R2, is 1 or 2, in
another embodiment 1, and in another embodiment this
phenyl group is unsubstituted. In one embodiment of
the invention, the substituents which are optionally
present in the phenyl group in the group
phenyl-(C2-Cs)-alkenylrepresenting R2, are selected
from the series consisting of halogen, (Ci-C 5)-alkyl,
(Ci-C 5)-alkyl-O- and (Ci-C 5)-alkyl-S(O) g- , in
another embodiment from halogen, (Ci- C5)-alkyl and
(Ci-C 5)-alkyl-O-, in another embodiment from halogen
and (Ci-C 5)- alkyl, wherein all alkyl groups are
optionally substituted by one or more fluorine 



substituents. In one embodiment of the invention,
alkyl groups in R3, R4, R5, R6, R11 , R12 , R13 , R14
, R15 , R16 , R17 , R18 and R19 are independently of
one another (d-C 5)-alkyl groups, in another
embodiment (Ci-C 4)-alkyl groups, in another
embodiment groups selected from the series consisting
of methyl, ethyl, isopropyl and isobutyl. In one
embodiment of the invention cycloalkyl groups in R3,
R4, R5, R6, R1 1 , R12 , R13 , R14 , R15, R16 , R17,
R18 and R19 are independently of one another
(C3-C7)-cycloalkyl groups, in another embodiment
(C3-C6)-cycloalkyl groups, in another embodiment
groups selected from the series consisting of
cyclopropyl, cyclopentyl and cyclohexyl. In all cases
all alkyl groups and cycloalkyl groups in R3, R4, R5,
R6, R1 1 , R12 , R13 , R14 , R15, R16 , R17 , R18 and
R19 are optionally substituted by one or more fluorine
substituents and allcycloalkyl groups are optionally
substituted by one or more identical or different (Cr
C4)-alkyl substituents. In one embodiment of the
invention, R3 is hydrogen, i.e. the group -CO-R1, or
the group -CO-R3, respectively, is the aldehyde group
-CO-H (= -CHO). In another embodiment, R3 is an alkyl
group or a cycloalkyl-C pH2p- group, in another
embodiment an alkyl group, i.e. the group -CO-R1, or
the group -CO-R3, respectively, in the compounds of
the formula I is a ketone group, wherein all alkyl and
cycloalkyl groups are optionally substituted by one or
more fluorine substituents and cycloalkyl groups are
optionally substituted by one or more identical or
different (Ci-C 4)-alkyl substituents. In one
embodiment of the invention, R4 is hydrogen, i.e. the
group -CO-R1, or the group -CO-OR4, respectively, is
the carboxylic acid group -CO-OH (= -COOH = -C(=O)-OH
= hydroxycarbonyl group). In another embodiment of the
invention, R4 is a (Ci-Cs)-alkyl group or a
(C3-C8)-cycloalkyl-C pH2P- group, in another
embodiment a (Ci-C )-alkyl group, i.e. the group
-CO-R1, or the group -CO-OR4, respectively, is an
ester group, wherein all alkyl and cycloalkyl groups
are optionally substituted by one or more fluorine
substituents and cycloalkyl groups are optionally
substituted by one or more identical or different
(Ci-C-O-alkyl substituents. In another embodiment of
the invention, R4 is hydrogen or (d-CsJ-alkyl, in
another embodiment hydrogen or (Ci-C 4)-alkyl, wherein
the alkyl groups are optionally substituted by one or
more fluorine substituents. In one embodiment of the
invention, an alkyl group or cycloalkyl group in R4 is
not substituted by fluorine. In one embodiment of the
invention, R5 and R6 are both hydrogen, i.e. the group
-CO-R1, or the group -CO-NR5R6, respectively, is an
unsubstituted amide group. In another embodiment of
the invention, one of the groups R5 and R6 is hydrogen
and the other of the groups R5 and R6 is an alkyl
group or a cycloalkyl-C pH2p- group, i.e. the group
-CO-R 1, or the group -CO-NR5R6, respectively, is a
monosubstituted amide group, and in another embodiment
both groups R5 and R6 are identical or different alkyl
groups or cycloalkyl-C pH2p- groups, wherein all alkyl
and cycloalkyl groups are optionally substituted by
one or more fluorine substituents and cycloalkyl
groups are optionally substituted by one or more
identical or different (Ci-C )-alkyl substituents.In
one embodiment of the invention, R1 1 and R12 are both
hydrogen, in another embodiment one of the groups R11
and R12 is hydrogen and the other of the groups R1 1
and R12 is an alkyl group or a cycloalkyl-CqH2q-
group, and in another embodiment both groups R1 1 and
R12 are identical or different alkyl groups or
cycloalkyl-CqH2q- groups, wherein all alkyl and
cycloalkyl groups are optionally substituted by one or
more fluorine substituents and cycloalkyl groups are
optionally substituted by one or more identical or
different (Ci-C 4)-alkyl substituents. In one
embodiment of the invention, R13 and R14 are both
hydrogen, in another embodiment one of the groups R13
and R14 is hydrogen and the other of the groups R13
and R14 is an alkyl group or a cycloalkyl-CqH2q-
group, and in another embodiment both groups R13 and
R14 are identical or different alkyl groups or
cycloalkyl-CqH2q- groups, wherein all alkyl and
cycloalkyl groups are optionally substituted by one or
more fluorine substituents and cycloalkyl groups are
optionally substituted by one or more identical or
different (Ci-C 4)-alkyl substituents. In one
embodiment of the invention, R15 and R16 are both
hydrogen, in another embodiment one of the groups R15
and R16 is hydrogen and the other of the groups R15
and R16 is an alkyl group or a cycloalkyl-CqH2q-
group, and in another embodiment both groups R15 and
R16 are identical or different alkyl groups or
cycloalkyl-CqH2q- groups, wherein all alkyl and
cycloalkyl groups are optionally substituted by one or
more fluorine substituents and cycloalkyl groups are
optionally substituted by one or more identical or
different (Ci-C 4)-alkyl substituents. In one
embodiment of the invention, R17 is hydrogen,
(C-i-C5)-alkyl or (C3-C6)- cycloalkyl-CqH2q- , in
another embodiment hydrogen or (Ci-C 5)-alkyl, in
another embodiment hydrogen, in another embodiment
(Ci-C 5)-alkyl or (C3-C6)-cycloalkyl- CqH2q- , in
another embodiment (Ci-C 5)-alkyl, wherein all alkyl
and cycloalkyl groups in R17 are optionally
substituted by one or more fluorine substituents and
cycloalkyl groups are optionally substituted by one or
more identical or different (Ci-C 4)-alkyl
substituents.In one embodiment of the invention, R18
and R19 are both hydrogen, in another embodiment one
of the groups R18 and R19 is hydrogen and the other of
the groups R18 and R19 is an alkyl group or a
cycloalkyl-C qH2q- group, and in another embodiment
both groups R18 and R19 are identical or different
alkyl groups or cycloalkyl-C qH2q- groups, wherein all
alkyl and cycloalkyl groups are optionally substituted
by one or more fluorine substituents and cycloalkyl
groups are optionally substituted by one or more
identical or different (CrC 4)-alkyl substituents. In
one embodiment of the invention, the group Het is a
residue of a monocyclic Amembered to 6-membered
saturated ring, in another embodiment a residue of a
Amembered or 5-membered saturated ring, in another
embodiment a residue of a Amembered saturated ring. In
one embodiment of the invention, the ring heteroatoms
in the group Het are selected from the series
consisting of nitrogen and oxygen, in another
embodiment from the series consisting of oxygen and
sulfur, in another embodiment the ring heteroatoms are
oxygen atoms. In one embodiment of the invention, Het
contains 1 ring heteroatom. In one embodiment of the
invention, a phenyl group which is optionally present
as a substituent in Het, is optionally substituted by
1 or 2 identical or different substituents from the
series consisting of halogen, cyano, (d-C 5)-alkyl,
(Ci-C 5)-alkyl-O- and (CrC 5)-alkyl-S(O) h- , in
another embodiment from the series consisting of
halogen, (Ci-Cs)-alkyl and (Ci-C 5)-alkyl-O-, in
another embodiment from the series consisting of
halogen and (CrC 5)-alkyl, and in another embodiment
is optionally substituted by 1 substituent from any of
these series. In one embodiment of the invention,
heteroaryl is a residue of a monocyclic 5- membered or
6-membered or of a bicyclic 9-membered or 10-membered
aromatic ring system which contains 1, 2 or 3
identical or different ring heteroatoms from the
series consisting of nitrogen, oxygen and sulfur, in
another embodiment a residue of a monocyclic
5-membered or 6-membered aromatic ring system which
contains 1, 2 or 3 identical or different ring
heteroatoms from the series consisting of nitrogen,
oxygen and sulfur. In one embodiment of the invention,
a bicyclic ring system is 9- membered, in another
embodiment it is 10-membered. If a group in the
compoundsof the formula I can have the meaning
heteroaryl, it applies to this meaning, as it applies
generally to all generic meanings in all definitions
of groups, that the group can also have any one or
more of the specific meanings which are mentioned as
examples in the explanations of the generic meaning.
In one embodiment of the invention, the numbers f , g,
k, m and n, which are all independent of one another
and can be identical or different, are 0 or 2. In one
embodiment of the invention, the numbers p and q,
which are all independent of one another and can be
identical or different, are 0, 1 or 2 , in another
embodiment 0 or 1. In one embodiment of the invention,
the number u is 0 , 1, 2 or 3, in another embodiment 0
, 1 or 2, in another embodiment 0 or 1. In one
embodiment of the invention u is 0. In another
embodiment u has a meaning other than 0 and is 1, 2,
3, 4, 5 or 6, in another embodiment 1, 2 and 3, in
another embodiment 1 and 2, in another embodiment 1.
In one embodiment of the invention, the number v is 0,
1 or 2 , in another embodiment 0 or 1. In one
embodiment of the invention, the number v is 0 , in
another embodiment v has a meaning other than 0 and is
1, 2, 3 or 4 , in another embodiment 1, 2 and 3, in
another embodiment 1 and 2, in another embodiment 1.
In one embodiment of the invention, the number w is 0
, 1 or 2, in another embodiment 0 or 1. In one
embodiment of the invention, the number w is 0 , in
another embodiment w has a meaning other than 0 and is
1, 2 , 3 or 4 , in another embodiment 1, 2 and 3, in
another embodiment 1 and 2, in another embodiment 1. A
subject of the invention are all compounds of the
formula I wherein any one or more structural elements
such as groups, substituents and numbers in the
general definition of the compounds of the invention
are defined as in any of the specified embodiments of
the invention or in definitions of the structural
elements andexplanations thereon or have one or more
of the more specific meanings which are mentioned
herein as examples of structural elements, wherein all
combinations of one or more specified embodiments
and/or definitions and/or specific meanings of the
structural elements are a subject of the present
invention. Also with respect to all such compounds of
the formula I, all their stereoisomeric forms and
mixtures of stereoisomeric forms in any ratios, and
their physiologically acceptable salts, are a subject
of the present invention. Likewise, also with respect
to all specific compounds described herein, such as
the example compounds which represent embodiments of
the invention wherein the various groups and numbers
in the general definition of the compounds of the
formula I have the specific meanings present in the
respective specific compound, it applies that they are
a subject of the invention in any of their
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, as well in the form of a
physiologically acceptable thereof. All specific
compounds described herein, irrespective thereof
whether they are described as a free compound and/or
as a specific salt, are a subject of the invention
both in the form of the free compound and in the form
of all its physiologically acceptable salts, and if a
specific salt is described, additionally in the form
of this specific salt. For example, in the case of the
compound
4-(4-fluorophenyl)-4-methoxy-1-phenylcyclohexanecarbox
ylic acid which 



is described in the form of the free compound, a
subject of the invention is 4-(4-
fluorophenyl)-4-methoxy-1-phenylcyclohexanecarboxylic
acid, in any of its stereoisomeric forms or a mixture
of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof. In the case
of the compound 4-
cyclopropylmethoxy-4-(4-fluorophenyl)-1-phenylcyclohex
anecarboxylic acid which is described in the form of
the free compound and in form of its sodium salt,
subjects of the invention are
4-cyclopropylmethoxy-4-(4-fluorophenyl)-1-
phenylcyclohexanecarboxylic acid, in any of its
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, or a physiologically acceptable
salt thereof, as well as
4-cyclopropylmethoxy-4-(4-fluorophenyl)-1
-phenylcyclohexanecarboxylic acid sodium salt. In one
embodiment of the invention, which is an example of
compounds which with respect to structural elements
are defined as in specified embodiments of
theinvention or definitions and explanations of such
elements, a subject of the invention is a compound of
the formula I in which Ar1 and Ar2, which are
independent of one another and can be identical or
different, are phenyl, naphthyl or heteroaryl, which
are all optionally substituted by 1, 2 or 3 identical
or different substituents from the series consisting
of halogen, cyano, (C1- C5)-alkyl, (C2-C5)-alkenyl,
(C3-C7)-cycloalkyl-C vH2v- , Ar3, (d-CsJ-alkyl-O-,
HO-(C1- C5)-alkyl-O-, -O-(Cr C3)-alkyl-O-,
(C3-C7)-cycloalkyl-S(O) f- , (C1-C5)-alkyl-S(O)k- and
R1 1R12N-S(O) - , wherein all alkyl groups, alkenyl
groups and cycloalkyl groups in Ar1 and Ar2 are
optionally substituted by one or more fluorine
substituents; Ar3 and Ar5, which are independent of
one another and can be identical or different, are
phenyl or monocyclic heteroaryl, which are all
optionally substituted by 1 or 2 identical or
different substituents from the series consisting of
halogen, (CrC 5)-alkyl, (CrC 5)-alkyl-O- and
-(c)-(d-C^-alkyl-O-, wherein all alkyl groups in Ar3
and Ar5 are optionally substituted by one or more
fluorine substituents; Ar4 is phenyl or monocyclic
heteroaryl, which are all optionally substituted by 1,
2 or 3 identical or different substituents from the
series consisting of halogen, cyano, (C1- C5)-alkyl,
(C2-C5)-alkenyl, (C3-C7)-cycloalkyl-CwH2w-, Ar5,
(d-CsJ-alkyl-O-, HO-(C1- C5)-alkyl-O-, -O-(Cr
C3)-alkyl-O-, (d-C 5)-alkyl-S(O) n- and R15R16N-S(O)2-
, wherein all alkyl groups, alkenyl groups and
cycloalkyl groups in Ar4 are optionally substituted by
one or more fluorine substituents; R1 is R4-O- or
R5R6N-; R2 is hydrogen, (d-C 6)-alkyl,
(C3-C5)-alkenyl, (C3-C5)-alkynyl, Ar4, R1 O-(C1-C6)-
alkyl-, R18R19N-(C1-C6)-alkyl- Het-CuH2u- or
(C3-C7)-cycloalkyl-C uH2u- , wherein all alkyl groups,
alkenyl groups, alkynyl groups and cycloalkyl groups
in R2 are optionally substituted by one or more
fluorine substituents; R4, R5 and R6, which are all
independent of one another and can be identical or
different, are hydrogen, (CrC 5)-alkyl or
(C3-C7)-cycloalkyl-CpH2p- , wherein all alkylgroups
and cycloalkyl groups in R4, R5 and R6 are optionally
substituted by one or more fluorine substituents; R11
, R12 , R15 , R16 , R17 , R18 and R19, which are all
independent of one another and can be identical or
different, are hydrogen, (d-C 5)-alkyl or
(C3-C7)-cycloalkyl-CqH2q-, wherein all alkyl groups
and cycloalkyl groups in R11 , R12 , R15 , R16 , R17 ,
R18 and R19 are optionally substituted by one or more
fluorine substituents; Het is a residue of a
monocyclic 4-membered to 7-membered saturated ring
which contains 1 or 2 identical or different ring
heteroatoms from the series consisting of nitrogen,
oxygen and sulfur, which is bonded via a ring carbon
atom and which is optionally substituted by 1, 2 or 3
identical or different substituents from the series
consisting of phenyl and (Ci-C 5)-alkyl, wherein
phenyl groups in Het are optionally substituted by 1
or 2 identical or different substituents from the
series consisting of halogen, cyano, (Ci-C 5)-alkyl,
(Ci-C 5)-alkyl-O- and (Ci-C 5)-alkyl-S(O) h- , and
wherein Het and all alkyl groups in Het are optionally
substituted by one or more fluorine substituents;
heteroaryl is a residue of a monocyclic 5-membered or
6-membered or of a bicyclic 8-membered, 9-membered or
10-membered aromatic ring system which contains 1, 2
or 3 identical or different ring heteroatoms from the
series consisting of nitrogen, oxygen and sulfur; f ,
h, k and n, which are all independent of one another
and can be identical or different, are 0 , 1 or 2; p,
q, v and w, which are all independent of one another
and can be identical or different, are 0, 1 or 2 ; u
is 0, 1, 2 or 3;wherein all cycloalkyl groups,
independently of any other substituents, are
optionally substituted by one or more identical or
different (Ci-C 4)-alkyl substituents; in any of its
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, or a physiologically acceptable
salt thereof; provided that Ar1 and Ar2 cannot both be
unsubstituted phenyl if simultaneously R1 is hydroxy
and R2 is hydrogen. In another such embodiment of the
invention, a subject of the invention is a compound of
the formula I in which Ar1 and Ar2, which are
independent of one another and can be identical or
different, are phenyl, naphthyl or heteroaryl, which
are all optionally substituted by 1, 2 or 3 identical
or different substituents from the series consisting
of halogen, cyano, (Cr C5)-alkyl,
(C3-C6)-cycloalkyl-CvH2v-, Ar3, (Cr C5)-alkyl-O-,
-O-(CrC 3)-alkyl-O-, (C3-C6)- cycloalkyl-S(O)f- and
(CrC 5)-alkyl-S(O)k- , wherein all alkyl groups and
cycloalkyl groups in Ar1 and Ar2 are optionally
substituted by one or more fluorine substituents; Ar3
and Ar5, which are independent of one another and can
be identical or different, are phenyl or monocyclic
heteroaryl, which are all optionally substituted by 1
or 2 identical or different substituents from the
series consisting of halogen, (d-C 5)-alkyl and (CrC
5)-alkyl-O-, wherein all alkyl groups in Ar3 and Ar5
are optionally substituted by one or more fluorine
substituents; Ar4 is phenyl or monocyclic heteroaryl,
which are all optionally substituted by 1, 2 or 3
identical or different substituents from the series
consisting of halogen, cyano, (Cr C5)-alkyl, Ar5, (CrC
5)-alkyl-O-, HO-(CrC 5)-alkyl-O-, -O-(CrC 3)-alkyl-O-
and (C1-C5)- alkyl-S(O)n- , wherein all alkyl groups
in Ar4 are optionally substituted by one or more
fluorine substituents; R1 is R4-O- or R5R6N-;R2 is
hydrogen, (Cr C6)-alkyl, Ar4, R17-O-(d-C 6)-alkyl-, R
R N- d -Ce -alkyl-, Het- CuH2u- or
(C3-C7)-cycloalkyl-C uH2u-. wherein all alkyl groups
and cycloalkyl groups in R2 are optionally substituted
by one or more fluorine substituents; R4, R5 and R6,
which are all independent of one another and can be
identical or different, are hydrogen, (CrC 5)-alkyl or
(C3-C7)-cycloalkyl-CpH 2p-, wherein all alkyl groups
and cycloalkyl groups in R4, R5 and R6 are optionally
substituted by one or more fluorine substituents; R17
, R18 and R19 , which are all independent of one
another and can be identical or different, are
hydrogen, (Ci-C 5)-alkyl or (C3-C7)-cycloalkyl-C qH2q-
, wherein all alkyl groups and cycloalkyl groups in
R17 , R18 and R19 are optionally substituted by one or
more fluorine substituents; Het is a residue of a
monocyclic 4-membered to 7-membered saturated ring
which contains 1 ring heteroatom from the series
consisting of nitrogen, oxygen and sulfur, which is
bonded via a ring carbon atom and which is optionally
substituted by 1, 2 or 3 identical or different
substituents from the series consisting of phenyl and
(Ci-C 5)- alkyl, wherein phenyl groups in Het are
optionally substituted by 1 or 2 identical or
different substituents from the series consisting of
halogen, (Ci-C 5)-alkyl and (Ci-C 5)- alkyl-O-, and
wherein Het and all alkyl groups in Het are optionally
substituted by one or more fluorine substituents;
heteroaryl is a residue of a monocyclic 5-membered or
6-membered or of a bicyclic 9-membered or 10-membered
aromatic ring system which contains 1, 2 or 3
identical or different ring heteroatoms from the
series consisting of nitrogen, oxygen and sulfur; f ,
k and n, which are all independent of one another and
can be identical or different, are 0, 1 or 2;p, q and
v, which are all independent of one another and can be
identical or different, are O, 1 or 2 ; u is 0, 1, 2
or 3; wherein all cycloalkyl groups, independently of
any other substituents, are optionally substituted by
one or more identical or different (Ci-C 4)-alkyl
substituents; in any of its stereoisomeric forms or a
mixture of stereoisomeric forms in any ratio, or a
physiologically acceptable salt thereof; provided that
Ar1 and Ar2 cannot both be unsubstituted phenyl if
simultaneously R1 is hydroxy and R2 is hydrogen. In
another embodiment of the invention, a subject of the
invention is a compound of the formula I in which Ar1
and Ar2, which are independent of one another and can
be identical or different, are phenyl, naphthyl or
heteroaryl, which can all be unsubstituted or
substituted by 1, 2, 3 or 4 identical or different
substituents from the series consisting of halogen,
cyano, (d-C 5)-alkyl, (C2-C5)-alkenyl,
(C3-C8)-cycloalkyl-CvH2v- , Ar3, (Ci-C 5)-alkyl-O-,
HO-(Ci-C 5)-alkyl-O-, -O-(C1-C3)-alkyl-O-,
(d-CsJ-alkyl-SfO),*- and R1 1R12N-SO2- , where all
alkyl groups, alkenyl groups and cycloalkyl groups in
Ar1 and Ar2 can be mono- or polysubstituted by
fluorine; Ar3 and Ar5, which are independent of one
another and can be identical or different, are phenyl
or monocyclic heteroaryl, which can all be
unsubstituted or substituted by 1, 2 or 3 identical or
different substituents from the series consisting of
halogen, cyano, (d-C 5)-alkyl, (d-Cs)-alkyl-O-,
-O-(d-C 3)-alkyl-O-, (C1-C5)-alkyl-S(O)m- and
R13R14N-SO2- , where all alkyl groups in Ar3 and Ar5
can be mono- or polysubstituted by fluorine;Ar4 is
phenyl or heteroaryl, which can all be unsubstituted
or substituted by 1, 2 , 3 or 4 identical or different
substituents from the series consisting of halogen,
cyano, (C1- C5)-alkyl, (C2-C5)-alkenyl,
(C3-C8)-cycloalkyl-C wH2w- , Ar5, (CrC 5)-alkyl-O-,
HO-(C1- C5)-alkyl-O-, -O-(C 1-C3)-alkyl-O-, (Ci-C
5)-alkyl-S(O) n- and R15R16N-SO2- , where all alkyl
groups, alkenyl groups and cycloalkyl groups in Ar4
can be mono- or polysubstituted by fluorine; 



R1 is R3- , R4-O- or R5R6N-; R2 is hydrogen,
(d-C^-alkyl, (C2-C8)-alkenyl, (C3-C8)-alkynyl, Ar4, R1
O-(C1-C8)- alkyl-, R18R19N-(C1-C8)-alkyl- or
(C3-C8)-cycloalkyl-C uH2u- , where all alkyl groups,
alkenyl groups, alkynyl groups and cycloalkyl groups
in R2 can be mono- or polysubstituted by fluorine; R3,
R4, R5 and R6, which are all independent of one
another and can be identical or different, are
hydrogen, (CrC bJ-alkyI or (C3-C8)-cycloalkyl-C pH2p-
, where all alkyl groups and cycloalkyl groups in R3,
R4, R5 and R6 can be mono- or polysubstituted by
fluorine; R1 1 , R12 , R13, R14 , R15 , R16 , R17 ,
R18 and R19 , which are all independent of one another
and can be identical or different, are hydrogen, (CrC
bJ-alkyl or (C3-C8)- cycloalkyl-C qH2q- , where all
alkyl groups and cycloalkyl groups in R1 1 , R12 ,
R13, R14 , R15 , R16 , R17, R18 and R19 can be mono-
or polysubstituted by fluorine; heteroaryl is a
residue of a monocyclic 5-membered or 6-membered or of
a bicyclic 8-membered, 9-membered or 10-membered
aromatic ring system, which contains 1, 2 or 3
identical or different ring heteroatoms from the
series consisting of nitrogen, oxygen and sulfur; k, m
and n, which are all independent of one another and
can be identical or different, are 0, 1 or 2;p, q, v
and w, which are all independent of one another and
can be identical or different, are 0, 1, 2, 3 or 4; u
is 0, 1, 2, 3, 4, 5 or 6; in all their stereoisomeric
forms and mixtures of stereoisomeric forms in all
ratios, and their physiologically acceptable salts;
where Ar1 and Ar2 cannot both be unsubstituted phenyl
if simultaneously R1 is hydroxy and R2 is hydrogen. In
one embodiment of the invention, from the compounds
which are a subject of the invention, such compounds
are excluded in which simultaneously one of the groups
Ar1 and Ar2 is an optionally substituted group from
the series consisting of pyrazolyl, imidazolyl,
triazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl and thiadiazolyl, the other of the groups
Ar1 and Ar2 is substituted phenyl, and R2 is hydrogen
or (Ci-C 4)- alkyl which is optionally substituted by
one to three fluorine substituents, wherein in these
compounds the substituted phenyl group representing
one of the groups Ar1 and Ar2 carries in its
3-position a substituent from the series consisting of
(C1-C5)- alkyl-O- and HO-(Ci-C 5)-alkyl-O-, which are
both optionally substituted by one or more fluorine
substituents, and carries in its 4-position a
substituent from the series consisting of (d-C
2)-alkyl-O-, (d-C 2)-alkyl-S-, (Ci-C 2)-alkyl-S(O)-,
(Ci-C 2)- alkyl-S(O)2- , which are all optionally
substituted by one or more fluorine substituents, and
halogen, and optionally carries an additional
substituent from the series consisting of (Ci-C
2)-alkyl-O-, (Ci-C 2)-alkyl-S-, (Cr C2)-alkyl-S(O)-,
(Ci-C 2)- alkyl-S(O)2- , which are all optionally
substituted by one or more fluorine substituents, and
halogen. In another embodiment of the invention, from
the compounds which are a subject of the invention,
such compounds are excluded in which simultaneously
one of the groups Ar1 and Ar2 is optionally
substituted heteroaryl and the other of the groups Ar1
and Ar2 is substituted phenyl which carries in its
positions 2 and 3 a substituent-O-(Ci-C 3)-alkyl-O-,
in which the alkyl group is optionally substituted by
one or more fluorine substituents, and carries in its
4-position a substituent from the series consisting of
(Ci-C 5)-alkyl-O- and HO-(Ci-C 5)-alkyl-O-, which are
both optionally substituted by one or more fluorine
substituents, and is unsubstituted in its 5-position,
and is optionally substituted by halogen in its
6-position, but wherein those compounds are not
excluded in which the substituted phenyl group carries
in its positions 2 and 3 the group -0-CF 2-O-. The
phenyl group substituted in its positions 2 and 3 by
-O-(Ci-C 3)-alkyl-O- in the compounds which are
excluded in this embodiment, can also be regarded as a
heteroaryl group and designated as benzo[1
,3]dioxol-4-yl group (= [ 1,3]benzodioxol-4-yl group),
which carries in its 7- position a substituent from
the series consisting of (CrC 5)-alkyl-O- and HO-(Ci-C
5)- alkyl-O- which are both optionally substituted by
one or more fluorine substituents, which is
unsubstituted in its 6-position, which is optionally
substituted by halogen in its 5-position, and which is
optionally substituted in its 2-position by one or two
alkyl groups which are optionally substituted by one
or more fluorine substituents, or as benzo[1
,4]dioxan-5-yl group (= [ 1 ,4]benzodioxan-5-yl
group), respectively, which carries in its 8-position
a substituent from the series consisting of (Ci-C
5)-alkyl-Oand HO-(Ci-C 5)-alkyl-O-, which are both
optionally substituted by one or more fluorine
substituents, which is unsubstituted in its
7-position, which is optionally substituted by halogen
in its 6-position, and which is optionally substituted
in its 2- position or its 3-position by methyl which
is optionally substituted by one or more fluorine
substituents. A subject of the present invention also
are processes for the preparation of the compounds of
the formula I which are illustrated below and by which
the compounds according to the invention are
obtainable. The preparation of the compounds of the
formula I can be carried out by first reacting, in a
manner known per se, a (hetero)arylacetonitrile of the
formula Il with an acrylic acid ester of the formula
III in a Michael addition and cyclizing the resulting
4-cyano-4-(hetero)arylpimelic acid ester of the
formula IV in a Dieckmann condensation to give the
3-cyano-3- (hetero)arylcyclohexanecarboxylic acid
ester of the formula V, which is thenconverted by
hydrolysis of the ester group and decarboxylation into
the 4-oxo-1- (hetero)arylcyclohexanecarbonitrile of
the formula Vl. The group R20 in the compounds of the
formulae III, IV and V is, for example, (Ci-C 4)-
alkyl, in particular methyl or ethyl. The group Ar1 in
the compounds of the formulae II, IV, V and Vl is as
defined in the compounds of the formula I , and
additionally functional groups can be present in Ar1
in protected form or in the form of precursors which
are later converted into the desired groups. The
compounds of the formulae Il and III are commercially
obtainable or can be prepared by or analogously to
processes which are described in the literature.
Likewise, the reactions in the preparation of the
compounds of the formula Vl can be carried out by or
analogously to processes which are described in the
literature and are familiar to the person skilled in
the art. The Michael addition of the compound of the
formula Il to the compound of the formula III is in
general carried out in an organic solvent in the
presence of a base. As a base, for example, alkali
metal alcoholates (alkali metal alkoxides), for
example sodium and potassium salts of (d-C 4)-alkanols
such as sodium methylate, potassium methylate, sodium
ethylate, potassium ethylate, sodium tert-butylate or
potassium tert-butylate, alkali metal hydroxides such
as sodium hydroxide or potassium hydroxide, alkali
metal hydrides such as sodium hydride, or
quaternaryammonium hydroxides such as
benzyltrimethylammonium hydroxide can be used.
Examples of solvents which can be used, are alcohols,
for example (CrC 4)-alkanols such as methanol, ethanol
or tert-butanol, or ethers such as tetrahydrofuran
(THF), dioxane, ethylene glycol dimethyl ether (DME).
Depending on the circumstances of the individual case
such as the reactivity of the compounds and the manner
of carrying out the reaction, the Michael addition can
be carried out, for example, at temperatures of about
100C to about 800C, for example at about room
temperature or at elevated temperature. Also the
subsequent cyclization of the Michael adduct of the
formula IV to the compound of the formula V is in
general carried out in an organic solvent, in
particular in an aprotic solvent, in the presence of a
base. The bases and solvents mentioned, in particular
ethers such as tetrahydrofuran, but also other aprotic
solvents, for example amides such as dimethylformamide
(DMF) or hydrocarbons such as benzene or toluene, can
also be used in the cyclization, which can likewise be
carried out, depending on the circumstances of the
individual case, for example at about room temperature
or at elevated temperature for example, at
temperatures of about 100C to about 110C. Frequently,
the Michael addition and the cyclization can also be
carried out in an advantageous manner in a one-pot
reaction, without isolation of the compound of the
formula IV, for example in tetrahydrofuran at reflux
temperature in the presence of an alkali metal
alcoholate such as sodium methylate. The hydrolysis of
the ester group in the compound of the formula V and
the decarboxylation to give the compound of the
formula Vl can be carried out, for example, by heating
the compound of the formula V in a solvent, for
example water or a water-containing organic solvent,
for example acetic acid, in the presence of an acid,
for example hydrochloric acid or sulfuric acid, for
example at temperatures of about 800C to about 1300C.
The hydrolysis of the ester group in the compound of
the formula V can, however, also be carried out under
basic conditions, for example in the presence of
lithium hydroxide, and then after acidification of the
reaction mixture the decarboxylation can be carried
out. The conversion of a compound of the formula V
into the compound of the formula Vl can also be
carried out, for example, by heating with sodium
chloride in dimethyl sulfoxide in the presence of
water, forexample at temperatures of about 1500C to
about 1800C. Further details of the preparation of
compounds of the formula Vl from compounds of the
formula Il are described, for example, in Lednicer et
al., J. Med. Chem. 18, 593 - 599 (1975). The
intermediates of the formula Vl can be converted by
reaction of the keto function with a
(hetero)aryl-organometallic compound of the formula
VII into the intermediates of the formula VIII. The
groups Ar1 and Ar2 in the compounds of the formulae
VII and VIII are as defined in the compounds of the
formula I, and functional groups in Ar1 and Ar2 can
additionally be present in protected form or in the
form of precursors which are later converted into the
desired groups. The group M in the compounds of the
formula VII is a suitable metal, in particular a
suitable alkali metal or alkaline earth metal. In
particular, the compounds of the formula VII can, for
example, be organolithium compounds and M can be
lithium, or Grignard compounds and M can be a
magnesium halide group MgHaI1, in which Hal1 can be
chlorine, bromine or iodine. The compounds of the
formula VII are commercially obtainable or can be
prepared by or analogously to processes which are
described in the literature. Likewise, the reaction of
the compounds of the formulae Vl and VII can be
carried out by or 



analogously to processes which are described in the
literature and are familiar to the person skilled in
the art. The preparation of compounds of the formula
VII can, for example, be carried out from
halo(hetero)aromatics of the formula Ai^-HaI 1, in
which Ar2 and Hal1 is as defined in the compounds of
the formula VII, by reaction with a metal, for example
lithium or magnesium, or reaction with another
organometallic compound, for example an alkyllithium
compound such as methyllithium, n-butyllithium or
tertbutyllithium, under standard conditions. The
metalation of compounds of the formulaAi^-HaI1, in
which Hal1 can in particular be bromine, with
n-butyllithium, which is employed in the form of a
solution in a hydrocarbon such as hexane or an ether
such as tetrahydrofuran, is particularly advantageous.
The metalation is in general carried out at low
temperatures, for example at temperatures from about
-1000C to about 00C, in particular from about -800C to
about -500C. The preparation of Grignard compounds by
reaction of compounds of the formula Ai^-HaI1with
metallic magnesium, which can optionally be activated,
can in many cases be carried out, for example, at room
temperature. As a solvent for such preparations of the
compounds of the formula VII, which in general are
generated in situ and directly reacted further, and
for their reaction with compounds of the formula Vl,
especially ethers and hydrocarbons, for example
dialkyl ether such as diethyl ether or dibutyl ether,
cyclic ethers such as tetrahydrofuran or dioxane,
ethylene glycol dimethyl ether, pentane, hexane,
heptane or benzene and mixtures thereof, are suitable.
The temperature in the reaction of the compounds of
the formulae Vl and VII depends on the circumstances
of the individual case, for example the reactivity of
the compound of the formula VII, and can lie in the
range of lower temperatures, for example in the range
from about -800C to about 300C, and/or in the range of
higher temperatures, for example in the range from
about 00C to about 800C. For example, the compounds of
the formulae Vl and VII can first be reacted at lower
temperature and the reaction mixture subsequently be
heated to a higher temperature for completion of the
reaction. In the compounds of the formula VIII, the
hydroxy group can be etherified with compounds of the
formula IX by standard processes to give compounds of
the formula X. In the compounds of the forms IX and X,
Ar1, Ar2 and R2 are defined as in the compounds of the
formula I, and functional groups in Ar1, Ar2 and R2
can additionally be present in protected form or in
the form of precursors which are later converted into
the desired groups, provided that R2 is not hydrogen.
A subject of the present invention also are the novel
compounds of the formulae VIII and X in any of their
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, or a salt thereof, including a
physiologically acceptable salt thereof, in which Ar1,
Ar2 and R2 are defined as in the compounds of the
formula I i.e. R2 can also be hydrogen,
andadditionally functional groups in Ar1, Ar2 and R2
can be present in protected form or in the form of
precursors which are later converted into the desired
groups, and all other novel intermediates for the
preparation of the compounds of the formula I
described herein, and the use of these compounds as
intermediates. All above statements relating to the
compounds of the formula I, for example explanations
on the contained groups, examples of the groups and
specified embodiments of the invention, apply
accordingly to the nitriles of the formulae VIII and X
which, for example, are valuable intermediates for the
preparation of compounds of the formula I, and all
other intermediates. The group X in the compounds of
the formula IX can be a nucleophilically substitutable
leaving group, for example fluorine, chlorine,
bromine, iodine or an arylsulfonyloxy group or
alkylsulfonyloxy group such as benzenesulfonyloxy,
toluenesulfonyloxy, nitrobenzenesulfonyloxy,
methanesulfonyloxy or thfluoromethanesulfonyloxy, for
example in the case of compounds of the formula IX in
which R2 is an optionally substituted alkyl, alkenyl
or alkynyl group, for example a (C3-C8)-cycloalkyl-C
uH2U- group or a group Het-CUH2U- , or in which R2 is
an aromatic group Ar4 which is susceptible to a
nucleophilic substitution reaction or a reaction of
another mechanistic type, including transition
metal-catalyzed reactions, which results in the
replacement of such a nucleophilically substitutable
group by the hydroxy group present in the compound of
the formula VIII or the formula Ib, including a phenyl
or heteroaryl group which is substituted with a
suitable electronaccepting group or a suitable
electron-deficient heteroaryl group such as pyridinyl
or pyrimidinyl. The group X in the compounds of the
formula IX can also be an organometallic residue which
is capable of transferring the group R2 onto the
hydroxy group in the compound of the formula VIII or
the formula Ib, in particular in the case of compounds
in which R2 is an aromatic group Ar4 such as
optionally substituted phenyl or heteroaryl, i.e. in
the case of an 0-arylation or O-heteroarylation of the
alcohol function. An example of such organometallic
compounds are organobismuth(V) compounds, for example
triarylbismuth(V) derivatives such as triarylbismuth
diacetates (= bis(acetato)tris(aryl)bismuth) and
triarylbismuth bis(trifluoroacetates) or
tetraarylbismuth(V) derivatives such as
tetraarylbismuth trifluoroacetates and
tetraarylbismuthonium tetrafluoroborates, which can be
regarded as compounds of the formula IX in which the
group X is a bis(acetato)bis(aryl)bismuth residue or a
positively charged tris(aryl)bismuth residue having a
tetrafluoroborate anion as counterion, for example.
The group X in the compounds of the formula IX can
also be a hydroxy group and the reaction of the
compound of the formula VIII or the formula Ib with
the compound of the formula IX can be carried out, for
example, under the conditions of the Mitsunobu
reaction. The etherification of a compound of the
formula VIII with a compound of the formula IX, in
which the group X is a nucleophilically substitutable
leaving group, is in general carried out in a protic
or aprotic organic solvent with addition of a base.
For example, first the base can act on the compound of
the formula VIII and then the compound of the formula
IX added. As a base, for example, alkali metal
alcoholates, for example sodium and potassium salts of
(Ci-C 4)-alkanols such as sodium methylate, potassium
methylate, sodium ethylate, potassium ethylate, sodium
tert-butylate or potassium tert-butylate, alkali metal
hydroxides such as sodium hydroxide or potassium
hydroxide, alkali metal carbonates such as sodium
carbonate, potassium carbonate or cesium carbonate,
alkali metal hydrides such as lithium hydride or
sodium hydride, organometallic compounds such as
n-butyllithium, or amides such as sodium amide or
lithium diisopropylamide can be used. As a solvent,
for example, alcohols, for example (Ci-C 4)-alkanols
such as methanol, ethanol or tert-butanol, ethers such
as tetrahydrofuran, dioxane or ethylene glycol
dimethyl ether, amidessuch as dimethylformamide,
N-methylpyrrolidone (NMP) or hexamethylphosphoric acid
triamide (HMPA), hydrocarbons such as benzene or
toluene, ketones such as acetone or methyl ethyl
ketone, acetonitrile or dimethyl sulfoxide (DMSO) can
be used. Mixtures of bases and/or mixtures of solvents
can also be used. Depending on the circumstances of
the individual case such as the reactivity of the
compounds and the manner of carrying out the reaction,
the etherification can be carried out at temperatures
from about 00C to about 1000C, for example at about
room temperature. O-arylations and O-heteroarylations
by means of the above-mentioned organobismuth(V)
compounds are favorably carried out in the presence of
a copper compound, such as copper(ll) acetate or
another copper(ll) salt, in a solvent, for example a
hydrocarbon such as toluene, chlorobenzene, benzene or
dichloromethane, an ether such as tetrahydrofuran or
dioxane, a ketone such as methyl ethyl ketone, or
acetonitrile, or a mixture of solvents, at
temperatures from about 200C to about 1200C. Details
of such O-arylations of alcohols and the preparation
of suitable bismuth(V) compounds are described in
Barton et al., Pure Appl. Chem. 59, 937 - 946 (1987);
Sakurai et al., Arkivoc, 254 - 264 (2007); or Combes
et al., Synth. Commun. 26, 4569 - 4575 (1996), for
example. In the case of an etherification under
Mitsunobu conditions, a hydroxy group is activated by
reaction with an azodicarboxylic acid ester such as
diethyl azodicarboxylate or diisopropyl
azodicarboxylate and a phosphane such as
tributylphosphane or triphenylphosphane and then
replaced in a nucleophilic substitution by a hydroxy
group in the reaction partner. Details on the
Mitsunobu reaction can be found, for example, in
Mitsunobu, Synthesis, 1 - 28 (1981). In the compounds
of the formulae VIII and X, the nitrile group can be
hydrolyzed to the carboxylic acid group by standard
processes. In the resulting carboxylic acids of the
formulae Ia and Ib, which are compounds of the formula
I in which R1 is R4-Oand R4 is hydrogen, Ar1, Ar2 and
R2 are as defined in the compounds of the formula I ,
and functional groups in Ar1, Ar2 and R2 can
additionally be present in protected form or in the
form of precursors which for the preparation of the
final compounds of the formula I are later converted
into the desired groups. Advantageously, the
hydrolysis of the nitrile group takes place under
basic conditions in a solvent at elevatedtemperature,
for example, at temperatures of about 800C to about
2000C, in particular at temperatures of about 160C to
about 2000C. As a solvent, for example, water,
alcohols, ethers or mixtures of solvents can be used,
in particular high-boiling solvents such as ethylene
glycols or ethers of ethylene glycols, for example
ethylene glycol. As bases, in particular alkali metal
hydroxides such as potassium hydroxide, sodium
hydroxide or lithium hydroxide can be used. The
hydrolysis of the nitrile group in the compounds of
the formulae VIII and X can also be performed
stepwise, for example by hydrolysis of the nitrile to
the carboxamide, i.e. the respective compound of the
formula I in which R1 is R5R6N- and R5 and R6 are both
hydrogen, in the first step and hydrolysis of the said
carboxamide to the carboxylic acid of the formula Ia
or Ib in the second step. For example, the hydrolysis
of the nitrile to the carboxamide can advantageously
be performed by treatment with hydrogen peroxide in
the presence of an alkali metal hydroxide such as
sodium hydroxide or potassium hydroxide at
temperatures of about 4O0C to about 700C. The
hydrolysis of the said carboxamide to the carboxylic
acid can be performed under basic or acidic conditions
under standard conditions or, for example, in an
advantageous manner by treatment with a diazotizing
agent, for example a nitrite such as sodium nitrite or
a nitrosyl compound such as nitrosylsulfuric acid or
nitrosonium tetrafluoroborate, at temperatures of
about O0C to about 200C. The workup of the reaction
mixture and the purification of the product of the
hydrolysis of the nitrile takes place, just as in all
other steps of the synthesis of the compounds of the
formula I , according to 



customary methods which, for example, comprise the
adjustment of a certain pH, precipitation, extraction,
drying, concentration, crystallization, distillation
and chromatography. Like the hydroxy group in a
nitrile of the formula VIII, the hydroxy group in a
carboxylic acid of the formula Ib can also be
etherified by reaction with a compound of the formula
IX with formation of a compound of the formula Ia, in
which Ar1, Ar2 and R2 are as defined above for the
compounds of the formula X. In the reaction of the
compounds of the formulae Ib and IX, on account of the
different reactivities of the hydroxy group and of the
carboxylic acid group and/or by the choice of the
reaction conditions, a reaction can be carried out
selectively on the hydroxy groupwith formation of the
compound of the formula Ia, or both the hydroxy group
can be etherified and the carboxylic acid group
esterified. The compound obtained in the latter case
can be a compound of the formula I according to the
invention, in which R1 is R4-O- and R4 is an alkyl
group or a group cycloalkyl-C pH2p-, or the compound
obtained can be converted by hydrolysis of the ester
group under standard conditions into the carboxylic
acid of the formula Ia. As is outlined below, in a
compound of the formula Ib the carboxylic acid group
can also be esterified selectively with formation of a
compound of the formula I in which R2 is hydrogen, R1
is R4-O- and R4 is an alkyl group or a group
cycloalkyl-Cphbp-. In another synthesis route,
compounds of the formula I, in particular compounds of
the formula I in which R1 is R4-O- or R5R6N-, and
especially is R4-O-, for example compounds in which
the group R4 therein is hydrogen, can also be prepared
by initially reacting not a (hetero)arylacetonitrile
of the formula II, but a (hetero)arylacetic acid ester
of the formula Xl with an acrylic acid ester of the
formula III in a Michael addition. The reactions steps
carried out in this route largely correspond to those
in the route illustrated above.The groups Ar1, Ar2 and
R2 in the compounds of the formulae Xl, XII, XIII,
XIV, XV and XVI are as defined in the compounds of the
formula I, and functional groups in Ar1, Ar2 and R2
can additionally be present in protected form or in
the form of precursors which are later converted into
the desired groups. The group R20 in the compounds of
the formulae III, XII and XIII is as defined above for
the formula III. The group R2 1 in the compounds of
the formulae Xl, XII and XIII is, for example, (Ci-C
)- alkyl, in particular methyl or ethyl or a bulky
alkyl group such as tert-butyl, or is benzyl, for
example. The Michael addition of a compound of the
formula Xl to an acrylic ester of the formula III
yields a triester of the formula XII, which is
cyclized in a Dieckmanncondensation to the
cyclohexanedicarboxylic acid diester of the formula
XIII. Depending on the reactivity of the two ester
groups COOR20 and COOR2 1 and the reaction conditions
used, the subsequent hydrolysis and decarboxylation of
the compound of the formula XIII yields a compound of
the formula XIV in which R22 is hydrogen, i.e. a
carboxylic acid, or a compound of the formula XIV in
which R22 has the same meaning as in the compound of
the formula XIII employed and is a (Ci-C 6)- alkyl
group or benzyl, for example. The reaction of the
compound of the formula XIV, in which R22 is hydrogen
or a suitable alkyl group or benzyl, with an
organolithium compound or Grignard compound of the
formula VII, in which Ar2 and M are as defined above,
then yields a compound of the formula XV in which R22
is hydrogen or a (Ci-C 6)-alkyl group or benzyl, as in
the compound of the formula XIV. In the reaction with
a compound of the formula XIV in which R22 is
hydrogen, an additional equivalent of the compound of
the formula VII is employed or the compound of the
formula XIV is employed in the form of a salt of the
carboxylic acid. In the compounds of the formula XV,
the hydroxy group can subsequently be etherified with
a compound of the formula IX, in which R2 and X are as
defined above, to give a compound of the formula XVI.
For all reaction steps mentioned in this route, all
the above explanations apply correspondingly. Further
explanations regarding this route are also found in
Rubin et al., J. Am. Chem. Soc. 68, 828 - 832 (1946).
Compounds of the formulae XV and XVI in which R22 is
hydrogen or alkyl and Ar1, Ar2 and R2 are as defined
in the compounds of the formula I , are compounds
according to the invention. Compounds of the formulae
XV and XVI in which R22 is not hydrogen, can be
converted by hydrolysis of the ester group COOR22 into
the carboxylic acids of the formulae Ia and Ib. The
hydrolysis can be carried out under standard
conditions, for example in the presence of an acid
such as hydrochloric acid or of a base such as lithium
hydroxide, sodium hydroxide or potassium hydroxide,
for example at temperatures of about 2O0C to about
10O0C, or in the case of a tert-butyl ester by
treatment with trifluoroacetic acid, or in the case of
a benzyl ester by catalytic hydrogenation in the
presence of a noble metal catalyst, for example
palladium on carbon. Optionally, for the preparation
of the final compounds of the formula I , any
protected groups and/or precursor groups in the
compounds of the formulae XV, XVI, Ib and Ia are
converted into the desired groups.Compounds of the
formula I in which R1 is R4-O- and R4 is an alkyl
group or a group cycloalkyl-C pH2p-, or R1 is R5R6N-,
can be obtained from the corresponding compounds of
the formula I in which R1 is R4-O- and R4 is hydrogen,
including the compounds of the formulae Ia and Ib by
conversion of the carboxylic acid group into an ester
group or carboxamide group by standard processes.
Advantageously, for this the carboxylic acid is
converted into a reactive derivative, which can be
isolated or prepared in situ, for example into the
acid chloride by treatment with thionyl chloride or
oxalyl chloride or into a mixed anhydride by treatment
with a chloroformic acid ester such as ethyl
chloroformate or isobutyl chloroformate, or the acid
is activated, for example with a customary coupling
reagent such as propanephosphonic anhydride,
N.N'-carbonyldiimidazole (CDI), a carbodiimide such as
N.N'-diisopropylcarbodiimide,
N.N'-dicyclohexylcarbodiimide (DCC) or N-ethyl-N1-
(3-dimethylaminopropyl)carbodiimide hydrochloride, O-
(cyano(ethoxycarbonyl)methyleneamino)-N,N,N',N'-tetram
ethyluronium tetrafluoroborate (TOTU) or ethyl
1,2-dihydro-2-ethoxy-quinoline-1-carboxylate, and then
reacted with an alcohol of the formula R4-OH or an
amine of the formula R5R6NH in which R4, R5 and R6 are
as defined for the compounds of the formula I , but R4
is not hydrogen. The esterification and amidation of
the carboxylic acid customarily takes place in the
presence of a suitable base, for example a tertiary
amine such as triethylamine, ethyldiisopropylamine or
pyridine, or a basic alkali metal compound, for
example sodium hydroxide or an alkali metal carbonate
such as sodium carbonate, in a solvent, for example an
ether such as tetrahydrofuran, dioxane or ethylene
glycol dimethyl ether, a hydrocarbon such as toluene,
an amide such as dimethylformamide or
N-methylpyrrolidone, at temperatures of about 00C to
about 600C. Compounds of the formula I in which R1 is
R5R6N- and R5 and R6 are both hydrogen, i.e.
unsubstituted carboxylic acid amides, can also be
obtained from the corresponding nitriles of the
formulae VIII and X by partial hydrolysis of the
nitrile group under standard conditions, for example
with hydrogen peroxide in the presence of an alkali
metal hydroxide such as sodium hydroxide or potassium
hydroxide at temperatures of about 400C to about
700C.Compounds of the formula I in which R1 is R3 and
R3 is hydrogen, i.e. compounds in which the group
-CO-R1 is the aldehyde group -CHO, can be prepared,
for example, by reduction of the nitrile group in the
compounds of the formulae VIII and X. Advantageous
reductants for the conversion of a nitrile group into
an aldehyde group are in particular metal hydrides and
complex metal hydrides of suitable reactivity, for
example aluminum hydrides such as diisobutylaluminum
hydride or complex aluminum hydrides such as lithium
tri(tert-butoxy)aluminum hydride, under suitable
reaction conditions. The reduction to the aldehyde is
in general carried out in an ether or hydrocarbon, for
example diethyl ether, tetrahydrofuran, dioxane,
ethylene glycol dimethyl ether, diethylene glycol
dimethyl ether or toluene, or a mixture of solvents,
at lower temperatures, for example at temperatures
from about -800C to about 00C. Compounds of the
formula I in which R1 is R3 and R3 is an alkyl group
or a group cycloalkyl-CpH2p- , i.e. compounds in which
the group -CO-R1 is an acyl group and the compound of
the formula I is a ketone, can be prepared, for
example, by reaction of compounds of the formulae VIII
and X with Grignard compounds of the formula R3MgHaI1,
in which R3 is as defined for the compounds of the
formula I , but is not hydrogen, and Hal1 is chlorine,
bromine or iodine. The Grignard compounds can be
prepared in situ from the corresponding halides of the
formula R3-Hal1 under standard conditions. The
conversion of nitriles which do not contain more
reactive groups in the molecule, for example no
carbonyl groups, with Grignard compounds into ketones
is in general carried out in an ether, for example a
dialkyl ether such as diethyl ether or a cyclic ether
such as tetrahydrofuran, at temperatures of about 00C
to about 800C. If a nitrile of the formula VIII is
employed, an additional equivalent of the Grignard
compound is needed for the deprotonation of the
hydroxy group. The imines primarily resulting in the
reduction of the nitriles and in the reaction with a
Grignard compound can be converted under standard
conditions, for example by acidic hydrolysis, into the
aldehydes and ketones. Compounds of the formula I in
which the group -CO-R1 is the aldehyde group -CHO can
also be prepared by converting compounds of the
formula I in which the group -CO-R1 is a carboxylic
acid group or a carboxylic acid ester group, by
reduction, for example with a complex metal hydride
such as lithium aluminum hydride, in an ether such as,
for example, diethyl ether, dibutyl ether or
tetrahydrofuran, into the corresponding compoundswhich
instead of the group -CO-R1 contain the alcohol group
-CH2-OH, and converting the group -CH2-OH in the
obtained compound by standard processes for the
selective oxidation of alcohols to aldehydes, for
example with sodium hypochlorite in the presence of
4-acetamido-2,2,6,6-tetramethylpiperidin-1-oxyl (4-
acetamido-TEMPO), into the aldehyde group -CHO. For
the preparation of compounds of the formula I in which
the group -CO-R1 is -CO-R3 and R3 has a meaning other
than hydrogen, also compounds of the formula I in
which the group -CO-R1 is the aldehyde group -CHO can
be reacted with Grignard compounds of the formula
R3MgHaI1 in which R3 and Hal1 are as defined above,
and the compounds obtained, which instead of the group
-CO-R 1 contain the group -CH(OH)-R 3, then oxidized
to the ketones. Compounds of the formula I according
to the invention, which have been prepared by the
processes described above, can be converted by
functionalization or by modification of functional
groups into further compounds of the formula I. This
also 



applies correspondingly to the intermediates in the
synthesis of the compounds of the formula I. In
addition to the possibilities already described above,
for example for modifying the groups R2-O- and -CO-R1,
the groups Ar1 and Ar2 can also be modified. For
example, compounds in which Ar1 or Ar2 carries a
halogen substituent such as, for example, bromine, can
be converted in a Suzuki-Miyaura coupling reaction
with (hetero)arylboronic acids or cycloalkylboronic
acids into compounds in which Ar1 or Ar2 carries a
substituent Ar3 or cycloalkyl. The Suzuki-Miyaura
reaction can be carried out, for example, in the
presence of a palladium catalyst, for example a
palladium complex such as
tetrakis(triphenylphosphine)palladium or a palladium
salt such as palladium acetate, and a base, for
example an alkali metal carbonate such as sodium
carbonate, in a solvent, for example an ether such as
ethylene glycol dimethyl ether or tetrahydrofuran or a
hydrocarbon such as toluene, or a mixture of solvents.
Further details with respect to such reactions are
found, for example, in Kotha et al., Tetrahedron 58,
9633 - 9695 (2002). Furthermore, for example, reactive
halogen substituents in the groups Ar1 or Ar2 can be
converted in a nucleophilic substitution under
standard conditions into another substituent, for
example by reaction with an alcohol into an alkoxy
substituent or a hydroxyalkoxy substituent oran
alkylsulfanyl substituent. Another example of
modifications of groups, which can be performed in
compounds of the formula I and in synthesis
intermediates, is the oxidation of alkylsulfanyl
groups (= alkylthio groups) to alkanesulfinyl groups
and alkanesulfonyl groups, which can be carried out
with hydrogen peroxide or another peroxy compound, for
example with a peracid acid such as m-chloroperbenzoic
acid or monoperoxyphthalic acid, in a solvent, for
example a chlorinated hydrocarbon such as
dichloromethane or an ester such as ethyl acetate, or
a mixture of solvents, for example a mixture of an
organic solvent with water, at temperatures of about
00C to about 300C, for example. All reactions carried
out in the preparation of the compounds of the formula
I are known per se and can be carried out in manner
familiar to the person skilled in the art by or
analogously to procedures which are described in the
standard literature, for example in Houben-Weyl,
Methoden der Organischen Chemie [Methods of Organic
Chemistry], Thieme-Verlag, Stuttgart, or Organic
Reactions, John Wiley & Sons, New York, or Larock,
Comprehensive Organic Transformations: A Guide to
Functional Group Preparations, VCH Publishers, New
York, Weinheim, and the references cited therein. As
already mentioned, it can be advantageous or necessary
in all reactions which are carried out in the course
of the preparation of the compounds of the formula I
to temporarily protect functional groups or have them
initially present in the form of precursor groups, and
later deprotect them or convert them into the desired
groups. Appropriate synthesis strategies and
protective groups and precursor groups which are
suitable for the respective case, are known to the
person skilled in the art. Examples of protective
groups which may be mentioned, are benzyl protective
groups, for example benzyl ethers of hydroxy compounds
and benzyl esters of carboxylic acids, from which the
benzyl group can be removed by catalytic hydrogenation
in the presence of a palladium catalyst, tert-butyl
protective groups, for example tert-butyl esters of
carboxylic acids, from which the tert-butyl group can
be removed by treatment with trifluoroacetic acid,
acyl protective groups, for example ester and amides
of hydroxy compounds and amino compounds, which can be
cleaved again by acidic or basic hydrolysis, or
alkoxycarbonyl protective groups, for example
tert-butoxycarbonyl derivatives of amino compounds,
which can be cleavedagain by treatment with
trifluoroacetic acid. Examples of precursors which may
be mentioned are halogen atoms which, as already
mentioned, can be replaced by many other groups, or
nitro groups which can be converted, for example by
catalytic hydrogenation, into amino groups which can
be diazotized and converted into a large number of
groups. The compounds of the formula I inhibit
ATP-sensitive potassium channels and influence the
action potential of cells, in particular of heart
muscle cells. They have, in particular, a normalizing
action on a disturbed action potential, as is present,
for example, in ischemias, and are suitable, for
example, for the treatment of disorders of the
cardiovascular system or of heart diseases. In
particular, the compounds of the formula I are
suitable, for example, for the treatment of
arrhythmias and their sequelae, for example
ventricular fibrillation or sudden cardiac death,
especially sudden cardiac death as a result of a
ventricular arrhythmia, and for the treatment of a
decreased contractility of the heart, such as can
occur as a result of coronary heart disease, cardiac
insufficiency or cardiomyopathy. The compounds of the
formula I are also suitable for the treatment of
cardiovascular disorders which can occur as
concomitant symptoms of other syndromes, for example
in different forms of states of shock. The treatment
of diseases is to be understood as meaning both the
therapy of existing pathological changes or
malfunctions of the organism or of existing symptoms
with the aims of relief, alleviation or cure, and the
prophylaxis or prevention of pathological changes or
malfunctions of the organism or of symptoms in humans
or animals which are susceptible thereto and are in
need of such a prophylaxis or prevention, with the aim
of a prevention or suppression of their occurrence or
of an attenuation in the case of their occurrence. For
example, in patients who on account of their disease
history are susceptible to myocardial reinfarctions or
to arrhythmical Iy caused sudden cardiac death, by
means of the prophylactic or preventive medicinal
treatment sudden cardiac death or a fresh myocardial
infarction can be prevented, or if a myocardial
infarction occurs, its extent and sequelae can be
decreased. The treatment of diseases can occur both in
acute cases and in chronic cases.The efficacy of the
compounds of the formula I can be demonstrated, for
example, in the pharmacological models described
below, in which the rubidium efflux via the
SUR2A/Kir6.2 potassium channel is determined in
transfected cells, or the action potential duration is
determined in the papillary muscle of the guinea pig.
The selectivity of the compounds can be demonstrated
in the pharmacological models described below, in
which the rubidium efflux or the action on the
membrane potential and the hypoglycemic or
vasoconstrictory action connected therewith is
determined in cells which are transfected with the
components of the SUR1/Kir6.2 potassium channel or the
SUR2B/Kir6.2 potassium channel, or the action on the
coronary flow is determined in the guinea pig heart.
Preferred compounds of the formula I selectively
inhibit the cardiac ATP-sensitive potassium channel
(isoform SUR2A/Kir6.2). On account of only a slight
action on the pancreatic and the vascular
ATP-sensitive potassium channel (isoforms SUR1/Kir6.2
and SUR2B/Kir6.2), such substances do not lead to a
significant lowering of the blood sugar level, as is
in general not desired in non-diabetic patients, and
do not lead to a constriction of blood vessels, in
particular coronary vessels, which constriction would
lead to an insufficient blood supply which is in
general undesirable. In diabetic patients, on the
other hand, for the treatment of cardiac arrhythmias
or of a decreased contractility of the heart in
coronary heart disease, for example, or for the
prevention of sudden cardiac death, an action on the
pancreatic ATP-sensitive potassium channel and the
lowering of the blood sugar level associated therewith
can be advantageous, and a corresponding property
profile of the compound of the formula I be desirable.
Furthermore, the compounds of the formula I can also
exert an action on the peripheral and/or the central
autonomous nervous system and in particular influence
ATP-sensitive potassium channels of the vagal or
parasympathetic nervous system. They can thereby have
a stimulating action on the vagal nervous system, in
particular a stimulating action on the vagal nervous
system of the heart by inhibition of ATP-sensitive
potassium channels in the cardiac nerve, and be
suitable for the treatment of a vagal dysfunction or a
sympathovagal imbalance, in particular a vagal
dysfunction of the heart. A dysfunction of the vagal
nervous system of the heart can, for example,
temporarily occur in case of an oxygendeficiency of
the heart, which can lead to a lower release of vagal
neurotransmitters, for example of acetylcholine. The
compounds of the formula I and their physiologically
acceptable salts can therefore be used in animals, in
particular in mammals including humans, as a
pharmaceutical or medicament on their own, in mixtures
with one another or in the form of pharmaceutical
compositions. Besides humans, mammals in which the
compounds of the formula I and their physiologically
acceptable salts can be used or tested include, for
example, monkeys, dogs, mice, rats, rabbits, guinea
pigs, cats and larger farm animals such as, for
example, horses, cattle and pigs. A subject of the
present invention also are the compounds of the
formula I and their physiologically acceptable salts
for use as a pharmaceutical and pharmaceutical
compositions, or pharmaceutical preparations, and
medicaments which contain an efficacious dose of at
least one compound of the formula I and/or of a
physiologically acceptable salt thereof as an active
constituent, and a pharmaceutically acceptable
carrier, i.e. one or more pharmaceutically innocuous
vehicles and/or excipients. A subject of the present
invention furthermore are the compounds of the formula
I , in all their stereoisomeric forms and mixtures of
stereoisomeric forms in all ratios, and their
physiologically acceptable salts, for use in the
treatment of the diseases mentioned above and below,
for example of disorders of the cardiovascular system,
heart diseases, arrhythmias, ventricular fibrillation,
sudden cardiac death, a decreased contractility of the
heart, ischemias of the heart, coronary heart disease,
angina pectoris, cardiac insufficiency,
cardiomyopathy, cardiac hypertrophy or of a vagal
dysfunction of the heart, wherein the treatment of
diseases, as mentioned, comprises their therapy and
prophylaxis, the use of the compounds of the formula I
in all their stereoisomeric forms and mixtures of
stereoisomeric forms in all ratios, and their
physiologically acceptable salts for the manufacture
of a medicament for the treatment of the diseases
mentioned above or below, as well as their use for the
manufacture of a medicament for the inhibition of
ATP-sensitive potassium channels, in particular
ATP-sensitive potassium channels in the heart,
especially in the heart muscle. A subject of the
invention also are methods for the treatment of the
diseases mentioned above and below, which comprise
administering an efficacious amount ofat least one
compound according to the invention, in any of its
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, to a human or an animal which is
in need thereof. The compounds of the formula I and
pharmaceutical compositions and 



medicaments comprising them can be administered, for
example, by enteral, for example oral or rectal,
administration, by parenteral administration, for
example by intravenous, intramuscular or subcutaneous
injection or infusion, or by another type of
administration, for example topical, percutaneous or
transcutaneous administration. A subject of the
invention also is the use of the compound of the
formula I already described as such, in which
simultaneously Ar1 and Ar2 are unsubstituted phenyl,
R1 is hydroxy and R2 is hydrogen, in any of its
stereoisomeric forms or a mixture of stereoisomeric
forms in any ratio, or a physiologically acceptable
salt thereof, as a pharmaceutical, the use of this
compound for the manufacture of a medicament for the
treatment of the diseases mentioned above and below or
for the inhibition of ATP-sensitive potassium
channels, and a pharmaceutical composition which
contains an efficacious dose of this compound, in any
of its stereoisomeric forms or a mixture of
stereoisomeric forms in any ratio, and/or a
physiologically acceptable salt thereof, as an active
constituent, and a pharmaceutically acceptable
carrier. All explanations above and below with respect
to the use of the compounds of the formula I according
to the invention and to pharmaceutical compositions
comprising a compound of the formula I correspondingly
apply to this part of the invention. The
pharmaceutical compositions and medicaments according
to the invention normally contain about 0.5 to about
90 percent by weight of compounds of the formula I
and/or their physiologically acceptable salts. The
amount of active ingredient of the formula I and/or
its physiologically acceptable salts in the
pharmaceutical compositions and medicaments is in
general about 0.2 mg to about 1000 mg, in particular
about 0.2 mg to about 500 mg, for example about 1 mg
to about 300 mg, per unit dose. The production of the
pharmaceutical compositions and medicaments can be
carried out in a manner known per se. For this, the
compounds of the formula I and/or their
physiologically acceptable salts are mixed together
withone or more solid or liquid vehicles and/or
excipients, if desired also in combination with other
active ingredients, for example cardiovascular-active
agents such as, for example, calcium antagonists, ACE
inhibitors or b-blockers, and brought into a suitable
form for dosage and administration, which can then be
used in human medicine or veterinary medicine. As
vehicles and excipients, suitable organic and
inorganic substances can be used which do not react in
an undesired manner with the compounds of the formula
I. As examples of types of excipients, or additives,
which can be contained in the pharmaceutical
compositions and medicaments, lubricants,
preservatives, thickeners, stabilizers, disintegrants,
wetting agents, agents for achieving a depot effect,
emulsifiers, salts, for example for influencing the
osmotic pressure, buffer substances, colorants,
flavorings and aromatic substances may be mentioned.
Examples of vehicles and excipients are water,
vegetable oils, waxes, alcohols such as ethanol,
isopropanol, 1,2-propanediol, benzyl alcohols or
glycerol, polyols, polyethylene glycols, polypropylene
glycols, glycerol triacetate, polyvinylpyrrolidone,
gelatin, carbohydrates such as lactose or starch like
corn starch, cellulose, stearic acid and its salts
such as magnesium stearate, talc, lanolin, petroleum
jelly, or mixtures thereof, for example mixtures of
water with one or more organic solvents such as
mixtures of water with alcohols. For oral and rectal
use, in particular pharmaceutical forms such as, for
example, tablets, film-coated tablets, sugar-coated
tablets, granules, hard and soft gelatin capsules,
suppositories, solutions, including oily, alcoholic or
aqueous solutions, syrups, juices or drops,
furthermore suspensions or emulsions, can be used. For
parenteral use, for example by injection or infusion,
in particular pharmaceutical forms such as solutions,
for example aqueous solutions, can be used. For
topical use, in particular pharmaceutical forms such
as ointments, creams, pastes, lotions, gels, sprays,
foams, aerosols, solutions or powders can be used.
Further suitable pharmaceutical forms are, for
example, implants and patches. The compounds of the
formula I and their physiologically acceptable salts
can also be lyophilized and the obtained lyophilizates
used, for example, for the production of injectable
compositions. In particular for topical application,
also liposomal compositions are suitable. If desired,
the pharmaceutical compositions andmedicaments can
also contain one or more further active ingredients
and/or, for example, one or more vitamins. The
compounds of the formula I and the pharmaceutical
compositions and medicaments comprising them are in
particular used as antiarrhythmics for the treatment
of cardiac arrhythmias having a wide range of origins,
and especially for the prevention of arrhythmically
caused sudden cardiac death. Examples of arrhythmic
disorders of the heart are supraventricular
arrhythmias such as, for example, atrial tachycardia,
atrial flutters or paroxysomal supraventricular
arrhythmias, or ventricular arrhythmias such as
ventricular extrasystoles, and in particular
life-threatening ventricular tachycardia or the
particularly hazardous fatal ventricular fibrillation.
They are suitable in particular for those cases in
which arrhythmias are a result of a constriction of a
coronary vessel, such as occur, for example, in angina
pectoris or during acute cardiac infarction or as a
chronic sequela of a cardiac infarction. They are
therefore suitable in particular in postinfarction
patients for the prevention of sudden cardiac death.
Further syndromes in which such arrhythmias and/or
sudden, arrhythmically caused cardiac death play a
role are, for example, cardiac insufficiency or
cardiac hypertrophy as a result of chronically raised
blood pressure. Moreover, the compounds of the formula
I and the pharmaceutical compositions and medicaments
comprising them are able to positively influence
decreased contractility of the heart and weakened
heart power. This can be a chronic disease-related
decline in cardiac contractility such as, for example,
in cardiac insufficiency, and also an acute case such
as heart failure under the action of shock, for
example in septic shock, hemorrhagic shock or cardiac
shock. In particular, the compounds according to the
invention are suitable for the treatment of the
pathological blood pressure changes occurring in
septic shock. Generally, the compounds according to
the invention and their physiologically acceptable
salts are suitable for improving the cardiac function.
Especially, in a heart transplantation the heart can
resume its functionality more rapidly and more
reliably after operation has taken place under the
influence of the compounds of the formula I. The same
applies to operations on theheart which necessitate a
temporary stoppage of cardiac activity by means of
cardioplegic solutions. Furthermore, the compounds of
the formula I and pharmaceutical compositions and
medicaments comprising them can in general be employed
in the treatment of diseases which are associated with
a dysfunction of the autonomous nervous system or of a
subfunction or dysfunction of the vagal nervous
system, in particular in the heart, or which are
caused by such a dysfunction or subfunction, or in
whose treatment an increase or normalization of the
activity of the vagal nervous system is desired, for
example a vagal dysfunction of the heart which occurs
as a result of a metabolic disorder such as, for
example, diabetes mellitus. The compounds of the
formula I and pharmaceutical compositions and
medicaments comprising them can generally be employed
also in diseases which are characterized by oxygen
deficiency states, and in cerebral vascular disorders.
The dosage of the compounds of the formula I or their
physiologically acceptable salts depends, as usual, on
the circumstances of the respective individual case
and is adjusted by the person skilled in the art
according to the customary rules and procedures. It
depends, for example, on the compound of the formula I
administered, its potency and duration of action, on
the nature and severity of the individual syndrome, on
the sex, age, weight and the individual responsiveness
of the human or animal to be treated, on whether the
treatment is acute or chronic or prophylactic or on
whether further pharmaceutical active compounds are
administered in addition to compounds of the formula
I. Normally, in the case of administration to an adult
weighing about 75 kg, it is possible to manage with a
dose which is about 0.1 mg to about 100 mg per kg per
day, in particular about 1 mg to about 10 mg per kg
per day (in each case in mg per kg of body weight).
The daily dose can be administered, for example, in
the form of a single dose, for example a single oral
or parenteral dose, or divided into a number of
individual doses, for example two, three or four
individual doses. The administration can also be
carried out continuously. In particular in the
treatment of acute cases of cardiac arrhythmias, for
example in an intensive care unit, parenteral
administration, for example by injection or by
intravenous continuousinfusion, can be advantageous.
In particular in critical situations, the dose can
then be in a range from about 1 mg to about 100 mg per
kg of body weight per day. Depending on the individual
behavior in a specific case, it may be necessary to
deviate upward or downward from the indicated dosages.
Besides as a pharmaceutical active compound in human
medicine and veterinary medicine, the compounds of the
formula I can also be employed, for example, as an aid
in biochemical investigations or as a scientific tool
if a respective influencing of ion channels is
intended, and for the isolation or characterization of
potassium channels. Furthermore, they can be used for
diagnostic purposes, for example in in vitro diagnoses
of cell samples or tissue samples. In addition, the
compounds of the formula I and their salts can be used
as intermediates for the preparation of further
pharmaceutical active substances. The following
examples illustrate the invention. Abbreviations DCI
desorption chemical ionization DCM dichloromethane DIP
diisopropyl ether DMF dimethylformamide EA ethyl
acetate El electron impact ESI electrospray ionization
HEP n-heptane MP melting point MOH methanol 



MTB methyl tert-butyl ether TFA trifluoroacetic acid
THF tetrahydrofuranWhen compounds containing a basic
group were purified by preparative high pressure
liquid chromatography (HPLC) on reversed phase (RP)
column material and, as customary, the eluent was a
gradient mixture of water and acetonitrile containing
trifluoroacetic acid, they were in part obtained in
the form of their acid addition salts with
trifluoroacetic acid, depending on the workup such as
freezedrying conditions. In the structural formulae
and names of the respective example compounds, any
such contained trifluoroacetic acid is not specified.
Characterization of the compounds The prepared
compounds were in general characterized by
spectroscopic data from mass spectra (MS) and/or NMR
spectra and/or by chromatographic data from high
pressure liquid chromatograms (HPLC), gas
chromatograms (GC) and/or thin layer chromatograms
(TLC). In many cases, combined HPLC/MS or GC/MS
characterizations were carried out. If not stated
otherwise, in the MS characterization in general the
mass number (m/e, m/z) of the peak of the observed
molecular ion (M) or of a related ion such as the
protonated molecular ion (M+H = M+1) or deprotonated
molecular ion (M-H = M-1), which was formed depending
on the ionization method used, and the ionization
method (DCI, El+, ESI+, ESI-) is indicated. In the NMR
characterization, the chemical shift d (in ppm) of the
signals, their multiplicity (s: singlet, d: doublet, t
: triplet, m: multiplet, b: broad signal) and the
number of hydrogen atoms (H) is indicated. In the HPLC
characterization, the HPLC method used and the
retention time Rt (in min) is indicated. The detection
in the HPLC characterization was carried out by means
of the UV absorption at 220 nm and 254 nm. In the TLC
characterization, which was carried out on silica gel
plates, the mobile phase used and the Rf value is
indicated. HPLC methods Method LC1 Column: YMC JSphere
33x2 mm, 4 mmEluent: eluent A: water + 0.05 % TFA,
eluent B: acetonitrile + 0.05 % TFA; gradient: from 95
% A + 5 % B to 5 % A + 95 % B in 2.5 min, then 5 % A +
95 % B for 1.0 min; flow: 1 ml/min Method LC2 Column:
YMC JSphere 33c2 mm, 4 mm Eluent: eluent A: water +
0.05 % TFA, eluent B: acetonitrile + 0.05 % TFA;
gradient: from 95 % A + 5 % B to 5 % A + 95 % B in 3.7
min; flow: 1 ml/min Method LC3 Column: lnterchrom 33x2
mm Eluent: eluent A: water + 0.08 % TFA, eluent B:
acetonitrile + 0.1 % TFA; gradient: from 95 % A + 5 %
B to 5 % A + 95 % B in 2.5 min; flow: 1 ml/min Method
LC4 Column: Uptisphere ODB 33x2 mm, 4 mm Eluent:
eluent A: water + 0.05 % TFA, eluent B: acetonitrile +
0.05 % TFA; gradient: from 95 % A + 5 % B to 5 % A +
95 % B in 2.5 min; flow: 1 ml/min Method LC5 Column:
Uptisphere ODB 33x2 mm, 4 mm Eluent: eluent A: water +
0.1 % TFA, eluent B: acetonitrile + 0.08 % TFA;
gradient: from 95 % A + 5 % B to 5 % A + 95 % B in 2.5
min, then to 95 % A + 5 % B in 0.5 min; flow: 1 ml/min
Method LC6 Column: YMC JSphere 33x2 mm, 4 mm Eluent:
eluent A: water + 0.1 % formic acid, eluent B:
acetonitrile + 0.08 % formic acid; gradient: from 95 %
A + 5 % B to 5 % A + 95 % B in 2.5 min; flow: 1 ml/min
Method LC7Column: Merck Purospher 55x2 mm Eluent:
eluent A: water + 0.1 % TFA, eluent B: acetonitrile +
0.08 % TFA; gradient: from 95 % A + 5 % B to 5 % A +
95 % B in 5.0 min, then 5 % A + 95 % B for 2.0 min;
flow: 1 ml/min Method LC8 Column: YMC JSphere 33x2 mm,
4 mm Eluent: eluent A: water + 0.1 % TFA, eluent B:
acetonitrile + 0.08 % TFA; gradient: from 95 % A + 5 %
B to 5 % A + 95 % B in 2.5 min; then 5 % A + 95 % B
for 0.5 min; flow: 1 ml/min Method LC9 Column: YMC
JSphere 33x2.1 mm Eluent: eluent A: water + 0.1 % TFA,
eluent B: acetonitrile + 0.08 % TFA; gradient: from 95
%A + 5 % B to 5 % A + 95 % B in 2.5 min, then 5 % A +
95 % B for 0.5 min; flow: 1 ml/min Method LC10 Column:
YMC JSphere 33x2 mm, 4 mm Eluent: eluent A: water +
0.05 % TFA, eluent B: acetonitrile + 0.05 % TFA;
gradient: from 95 % A + 5 % B to 5 % A + 95 % B in 2.5
min, then 5 % A + 95 % B for 0.5 min; flow: 1 ml/min
Method LC11 Column: Merck Purospher 55x2 mm Eluent:
eluent A: water + 0.1 % TFA, eluent B: acetonitrile +
0.08 % TFA; gradient: from 95 % A + 5 % B to 5 % A +
95 % B in 7.0 min; flow: 1 ml/min Method LC12 Column:
YMC JSphere 33x2 mm, 4 mmEluent: eluent A: water + 0.1
% TFA, eluent B: acetonitrile + 0.1 % TFA; gradient:
from 95 % A + 5 % B to 5 % A + 95 % B in 2.5 min; then
5 % A + 95 % B for 0.5 min; flow: 1 ml/min Method LC13
Column: YMC JSphere 33x2 mm, 4 mm Eluent: eluent A:
water + 0.05 % TFA eluent B: acetonitrile + 0.05 %
TFA; gradient: from 95 % A + 5 % B to 5 % A + 95 % B
in 2.5 min; then 5 % A + 95 % B for 1.9 min; flow: 1
ml/min Method LC14 Column: YMC JSphere 33x2 mm, 4 mm
Eluent: eluent A: water + 0.1 % TFA, eluent B:
acetonitrile + 0.08 % TFA; gradient: from 95 % A + 5 %
B to 5 % A + 95 % B in 2.0 min; then 5 % A + 95 % B
for 1.0 min; flow: 1 ml/min Method LC15 Column: YMC
JSphere 33x2 mm, 4 mm Eluent: eluent A: water + 0.05 %
TFA, eluent B: acetonitrile + 0.05 % TFA; gradient:
from 95 % A + 5 % B to 5 % A + 95 % B in 3.4 min; then
5 % A + 95 % B for 1.0 min; flow: 1 ml/min Method LC16
Column: YMC JSphere ODS H80 20x2 mm, 4 mm Eluent:
eluent A: water + 0.05 % TFA, eluent B: acetonitrile;
gradient: from 96 % A + 4 % B to 5 % A + 95 % B in 2.0
min; then 5 % A + 95 % B for 0.4 min; flow: 1 ml/min;
temperature: 3O0C Method LC17 Column: YMC JSphere
33x2.1 mm, 4 mmEluent: eluent A: water + 0.05 % TFA,
eluent B: acetonitrile + 0.05 % TFA; gradient: from 95
% A + 5 % B to 5 % A + 95 % B in 2.5 min, then 5 % A +
95 % B for 1.0 min; flow: 1 ml/min Method LC18 Column:
XBridge MSC18 30x4.6 mm, 3.5 mm Eluent: eluent A:
water + 0.1 % formic acid, eluent B: acetonitrile +
0.1 % formic acid; gradient: 95 % A + 5 % B for 1 min,
then from to 95 % A + 5 % B to 100 % B in 8 min, then
100 % B for 3 min; flow: 1 ml/min Method LC19 Column:
Kromasil C18 50x2.1 mm, 3.5 mm Eluent: eluent A: water
+ 0.1 % TFA, eluent B: acetonitrile + 0.1 % TFA;
gradient: 95 % A + 5 % B for 1 min, then from 95 % A +
5 % B to 100 % B in 19 min, then 100 % B for 3 min;
flow: 1 ml/min Method LC20 Column: Acquity BEH C18
50x2.1 mm, 1.7 mm Eluent: eluent A: water + 0.1 % TFA,
eluent B: acetonitrile + 0.1 % TFA; gradient: from 95
% A + 5 % B to 100 % B in 3 min; flow: 1 ml/min Method
LC21 Column: Kromasil C18 50x2.1 mm, 3.5 mm Eluent:
eluent A: water + ammonium acetate (5 mM) + 3 %
acetonitrile, eluent B: acetonitrile ; gradient: 100 %
A for 5.5 min, then from 100 % A to 100 % B in 1.5
min, then 100 % B for 3 min; flow 0.8 ml/min;
temperature: 400C Example 1
4-(4-Fluorophenyl)-4-hydroxy-1-phenylcyclohexanecarbon
itrile8.8 g of 1-bromo-4-fluorobenzene were dissolved
in 50 ml of dry THF in a dried twonecked flask under
an argon atmosphere, cooled to -700C, and 32.2 ml of
nbutyllithium solution ( 1 .55 M in n-hexane) were
slowly added dropwise so that the internal temperature
did not exceed -65C. The reaction mixture was stirred
for 1 h at -700C. Subsequently, 10.0 g of
4-oxo-i-phenylcyclohexanecarbonitrile in the form of a
suspension in 50 ml of THF were slowly added dropwise
so that the internal temperature did not exceed -65C.
The reaction solution was stirred further for 1 h at
-700C and subsequently warmed to room temperature. It
was stirred for 3 h at room temperature, the reaction
mixture was added to ice water, cautiously acidified
with 1 N hydrochloric acid and extracted three times
with EA. The combined organic phases were dried over
magnesium sulfate and the solvent was removed in
vacuo. The crude product, a brown oil, was
crystallized from toluene. 13.8 g of the title
compound were obtained as a white solid. MS (ESI+):
296 HPLC (Method LC1): Rt 2.21 min 



Example 2
4-(3-Fluoro-4-methoxyphenyl)-4-hydroxy-1-phenylcyclohe
xanecarbonitrileUnder an argon atmosphere, 15 ml of
3-fluoro-4-methoxyphenylmagnesium bromide solution
(0.5 M in THF) were dissolved in 15 ml of dry THF in a
dried two-necked flask equipped with a reflux
condenser, and subsequently 1.5 g of 4-oxo-1-
phenylcyclohexanecarbonitrile in the form of a
suspension in 10 ml of THF were slowly added dropwise
at room temperature. A precipitate was formed in the
course of this. The reaction solution was heated under
reflux for 2 h, subsequently added to ice water,
treated with saturated ammonium chloride solution and
extracted three times with EA. The combined organic
phases were dried over magnesium sulfate and the
solvent was removed in vacuo. The residue was purified
chromatographically (HEP/EA 2:1) on silica gel. 950 mg
of the title compound were obtained as a white solid.
MS (ESI+): 326 HPLC (Method LC1): Rt 2.13 min
According to the preparation processes described in
Examples 1 and 2, the 4-
(heteroJaryM-hydroxy-i-phenylcyclohexanecarbonitriles
of the formula Villa listed in Table 1 were prepared
by reaction of the corresponding
bromo(hetero)aromatics with n-butyllithium and
4-oxo-1-phenylcyclohexanecarbonitrile or by reaction
of the corresponding (hetero)arylmagnesium halide with
4-oxo-1- phenylcyclohexanecarbonitrile. Villa Table 1.
Example compounds of the formula VillaPYRAZOLE
CARBOXYLIC ACID AMIDES USEFUL AS MICROBIOCIDES The
present invention relates to novel microbiocidally
active, in particular fungicidally active, ethyl
amides. It further relates to intermediates used in
the preparation of these compounds, to compositions
which comprise these compounds and to their use in
agriculture or horticulture for controlling or
preventing infestation of plants by phytopathogenic
microorganisms, preferably fungi.
N-[2-(phenyl)ethyl]-carboxamide derivatives and their
use as fungicides are described in EP- 1787981 A 1 and
WO 2007/060164. Pyrazole-4-carboxylic acid amide
derivatives and their use as pest-controlling agents
are described in JP-2001-342179. Similar compounds are
also known in other fields of technology, for example,
the use of pyrazole-amides and sulfonamides as pain
therapeutics is described in WO 03/037274. It has been
found that novel ethyl amides have microbiocidal
activity. The present invention thus provides
compounds of the formula I wherein R1 is
halogenmethyl; R2 is Ci-C 4alkyl, C1-C4halogenalkyl,
C1-C4alkoxy-C1-C4alkyl or d-C^halogenalkoxy-C -
C4alkyl; and R3 is hydrogen, halogen or cyano; R4,
R5and R6 independently of each other stand for
hydrogen, halogen, nitro, Ci-C 6alkyl, which is
unsubstituted or substituted by one or more
substituents R8, C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R8, C2-C6alkenyl, which is unsubstituted
or substituted by one or more substituents R8,
C2-C6alkynyl, which is unsubstituted or substituted by
one or more substituents R8;or R4 and R5 together are
a C2-C5alkylene group, which is unsubstituted or
substituted by one or more Cr C6alkyl groups; X is
oxygen, sulfur, -N(R 10)- Or -N(Rn)-O-; Rio and R11
independently of each other stands for hydrogen or d-C
alkyl; R7 stands for Ci-C 6alkyl, which is
unsubstituted or substituted by one or more
substituents R9, C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R9, C2- C6alkenyl, which is unsubstituted
or substituted by one or more substituents R9,
C2-C6alkynyl, which is unsubstituted or substituted by
one or more substituents R9; R12 stands for halogen,
CrCehaloalkoxy, C^Cshaloalkylthio, cyano, nitro, -C(R
a)=N(ORb) , d-C 6alkyl, which is unsubstituted or
substituted by one or more substituents R15, C3-
C6cycloalkyl, which is unsubstituted or substituted by
one or more substituents R15, C6- C14bicycloalkyl,
which is unsubstituted or substituted by one or more
substituents R15, C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents Ri 5, C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R15, phenyl, which is unsubstituted or
substituted by one or more substituents R15, phenoxy,
which is unsubstituted or substituted by one or more
substituents R15 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents R15; R13 stands for hydrogen, halogen,
CrCehaloalkoxy, C^Cehaloalkylthio, cyano, nitro, -
C(Rc)=N(ORd) , CrC 6alkyl, which is unsubstituted or
substituted by one or more substituents R16, C3-
C6cycloalkyl, which is unsubstituted or substituted by
one or more substituents R16 , C6- C14bicycloalkyl,
which is unsubstituted or substituted by one or more
substituents R16 , C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R16 , C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R16 , phenyl, which is unsubstituted or
substituted by one or more substituents R16 , phenoxy,
which is unsubstituted or substituted by one or more
substituents R16 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents Ri 6; R14 stands for hydrogen, halogen,
C^Cehaloalkoxy, CrC bhaloalkylthio, cyano, nitro, -
C(Re)=N(ORf) , Ct C6alkyl, which is unsubstituted or
substituted by one or more substituents R17 , C3-
C6cycloalkyl, which is unsubstituted or substituted by
one or more substituents Ri7, C6-Ci 4bicycloalkyl,
which is unsubstituted or substituted by one or more
substituents R17 , C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R17 , C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R17 , phenyl, which is unsubstituted or
substituted by one or more substituents R17 , phenoxy,
which is unsubstituted or substituted by one or more
substituents R17 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents R17 ;each R8, R9, Ri5, Ri6 and Ri7 is
independently of each other halogen, nitro, d-C
6alkoxy, C1- C6halogenalkoxy, Ci.C 6alkylthio, Ci-C
6halogenalkylthio, C3-C6alkenyloxy, C3-C6alkynyloxy or
-C(R 9)=N(OR h) ; each Ra, Rc Re and R9 is
independently of each other hydrogen or CrC 6alkyl;
each Rb, Rd Rf and Rh is independently of each other
Ci-C 6alkyl; Ri 8 is hydrogen or C3-C7cycloalkyl; and
tautomers/isomers/enantiomers of these compounds. The
alkyl groups occurring in the definitions of the
substituents can be straight-chain or branched and
are, for example, methyl, ethyl, n-propyl, /7-butyl,
n-pentyl, n-hexyl, /so-propyl, n-butyl, sec-butyl,
/so-butyl or tert-butyl. Alkoxy, alkenyl and alkynyl
radicals are derived from the alkyl radicals
mentioned. The alkenyl and alkynyl groups can be mono-
or di-unsaturated. The cycloalkyl groups occuring in
the definitions of the substituents are, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cycloheptyl. The bicycloalkyl groups occuring in the
definitions of the substituents are, depending on the
ring size, bicyclo[2.1.1]hexane,
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane,
bicyclo[3.2.1]octane, bicyclo[3.2.2]nonane,
bicyclo[4.2.2]decane, bicyclo[4.3.2]undecane,
adamantane and the like. Halogen is generally
fluorine, chlorine, bromine or iodine, preferably
fluorine, bromine or chlorine. This also applies,
correspondingly, to halogen in combination with other
meanings, such as halogenalkyl or halogenalkoxy.
Halogenalkyl groups preferably have a chain length of
from 1 to 4 carbon atoms. Halogenalkyl is, for
example, fluoromethyl, difluoromethyl,
trifluoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, 2,2,2-trifluoroethyl, 2-fluoroethyl,
2-chloroethyl, pentafluoroethyl,
1,1-difluoro-2,2,2-trichloroethyl,
2,2,3,3-tetrafluoroethyl and 2,2,2- trichloroethyl;
preferably trichloromethyl, difluorochloromethyl,
difluoromethyl, trifluoromethyl and
dichlorofluoromethyl. Suitable halogenalkenyl groups
are alkenyl groups which are mono- or polysubstituted
by halogen, halogen being fluorine, chlorine, bromine
and iodine and in particular fluorine and chlorine,
for example 2,2-difluoro-1-methylvinyl,
3-fluoropropenyl, 3-chloropropenyl,3-bromopropenyl,
2,3,3-trifluoropropenyl, 2,3,3-trichloropropenyl and
4,4,4-trifluorobut-2-en- 1-yl. Suitable halogenalkynyl
groups are, for example, alkynyl groups which are
mono- or polysubstituted by halogen, halogen being
bromine, iodine and in particular fluorine and
chlorine, for example 3-fluoropropynyl,
3-chloropropynyl, 3-bromopropynyl,
3,3,3-trifluoropropynyl and
4,4,4-trifluorobut-2-yn-1-yl. Alkoxy is, for example,
methoxy, ethoxy, propoxy, i-propoxy, n-butoxy,
isobutoxy, sec-butoxy and tert-butoxy; preferably
methoxy and ethoxy. Halogenalkoxy is, for example,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
2,2,2-trifluoroethoxy, 1,1,2,2- tetrafluoroethoxy,
2-fluoroethoxy, 2-chloroethoxy, 2,2-difluoroethoxy and
2,2,2- trichloroethoxy; preferably difluoromethoxy,
2-chloroethoxy and trifluoromethoxy. Alkylthio is, for
example, methylthio, ethylthio, propylthio,
isopropylthio, n-butylthio, isobutylthio, secbutylthio
or tert-butylthio, preferably methylthio and
ethylthio. Alkoxyalkyl is, for example, methoxymethyl,
methoxyethyl, ethoxymethyl, ethoxyethyl,
npropoxymethyl, n-propoxyethyl, isopropoxymethyl or
isopropoxyethyl. In the context of the present
invention "substituted by one or more substituents" in
the definition of substituents R4, R5, R6, R7, Ri2,
R13and R14 , means typically, depending on the
chemical structure of substituents R4, R5, R6, R7, R12
, Ri3 and R14 , monosubstituted to ninetimes
substituted, preferably monosubstituted to five-times
substituted, more preferably mono-, double- or
triple-substituted. The compounds of the formula I ,
wherein R18 is hydrogen, may occur in different
tautomeric forms. For example, compounds of formula I
exist in the tautomeric forms l | and I :  I. The
invention covers all those tautomeric forms and
mixtures thereof. Preferably Ri8 is hydrogen. In
further preferred compounds of formula I , R1 is CF3,
CF2H or CFH2, preferably CF2H or CF3, more preferably
CF2H; R2 is CrC 4alkyl, preferably methyl; and R3 is
hydrogen or halogen, preferably hydrogen. In one
embodiment of the invention, R1 is CF2H; R2 is methyl
and R3 is hydrogen. In preferred compounds of formula
I R4 is selected from hydrogen, halogen, nitro, d-C
6alkyl, which is unsubstituted or substituted by one
or more substituents R8, C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R8, C2-C6alkenyl, which is unsubstituted
or substituted by one or more substituents R8,
C2-C6alkynyl, which is unsubstituted or substituted by
one or more substituents R8. In further preferred
compounds of formula I, R4 is hydrogen or Ci-C 6alkyl,
which is 



unsubstituted or substituted by one or more
substituents R8. In further preferred compounds of
formula I R4 is hydrogen, CrC 6alkyl or CrC haloalkyl.
In further preferred compounds of formula I, R4 is
hydrogen or Ci-C 6alkyl. In further preferred
compounds of formula I R4 is hydrogen or methyl. In
further preferred compounds of formula I, R4 is
hydrogen. In further preferred compounds of formula I,
R4 is methyl. In further preferred compounds of
formula I R4 is selected from halogen, nitro, Ci-C
6alkyl, which is unsubstituted or substituted by one
or more substituents R8, C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R8, C2-C6alkenyl, which is unsubstituted
or substituted by one or more substituents R8,
C2-C6alkynyl, which is unsubstituted or substituted by
one or more substituents R8. In further preferred
compounds of formula I R4 is Cr C6alkyl, which is
unsubstituted or substituted by one or more
substituents R8.In further preferred compounds of
formula I R4 is d-C 6alkyl or CrC 6haloalkyl. In
further preferred compounds of formula I, R4 is Ci-C
6alkyl. In further preferred compounds of formula I ,
R4 is Ci-C 6haloalkyl, preferably CF3, CF2H or CH2F.
In preferred compounds of formula I , R5 and R6
independently of each other stand for hydrogen,
halogen, nitro, d-C 6alkyl, which is unsubstituted or
substituted by one or more substituents R8, C3-
C6cycloalkyl, which is unsubstituted or substituted by
one or more substituents R8, C2-C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R8, C2-C6alkynyl, which is unsubstituted
or substituted by one or more substituents R8. In
further preferred compounds of formula I R5 and R6
independently of each other stand for hydrogen or Ci-C
6alkyl. In further preferred compounds of formula I R5
and R6 are both hydrogen. In preferred compounds of
formula I R8 stands for halogen, d-C 6alkoxy, C1-
C6halogenalkoxy, CrC 6alkylthio or d-C
6halogenalkylthio. In further preferred compounds of
formula I, R8 stands for halogen or d-C 6alkoxy. In
preferred compounds of formula I , X is oxygen. In
further preferred compounds of formula I X is sulfur.
In further preferred compounds of formula I X is -N(R
10)-. In further preferred compounds of formula I1X is
-N(Rn)-O-. In preferred compounds R10 is hydrogen or
methyl. In preferred compounds R11 is hydrogen or
methyl. In one embodiment of the invention R1 1 is
hydrogen. In preferred compounds of formula I , R7
stands for Ci-C 6alkyl, which is unsubstituted or
substituted by one or more substituents R9,
C2-C6alkenyl, which is unsubstituted or substituted by
one or more substituents R9 or C2-C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R9. In further preferred compounds of
formula I R7 stands for d-C 6alkyl, C2-C6alkenyl or
C2- C6alkynyl. In further preferred compounds of
formula I , R7 stands for d-C 6alkyl, preferably
methyl.In preferred compounds of formula I , R9 stands
for halogen, CrC 6alkoxy, C1- C6halogenalkoxy,
d-Cealkylthio or d-C 6halogenalkylthio. In further
preferred compounds of formula I, R9 stands for
halogen or d-C 6alkoxy. In preferred compounds R12
stands for halogen, Cr C6haloalkoxy, d-C
6haloalkylthio, cyano, nitro, -C(R a)=N(ORb) , Cr
C6alkyl, which is unsubstituted or substituted by one
or more substituents Ri 5, C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R15 , C6- C14bicycloalkyl, which is
unsubstituted or substituted by one or more
substituents R15, C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R15 , C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R15, phenyl, which is unsubstituted or
substituted by one or more substituents R15, phenoxy,
which is unsubstituted or substituted by one or more
substituents R15 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents R15 ; R13 stands for halogen, d-C
6haloalkoxy, Cr C6haloalkylthio, cyano, nitro, -C(R
c)=N(ORd) , d-C 6alkyl, which is unsubstituted or
substituted by one or more substituents R16 , C3-
C6cycloalkyl, which is unsubstituted or substituted by
one or more substituents R16 , C6- C14bicycloalkyl,
which is unsubstituted or substituted by one or more
substituents R16 , C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R16 , C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R16 , phenyl, which is unsubstituted or
substituted by one or more substituents R16 , phenoxy,
which is unsubstituted or substituted by one or more
substituents R16 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents R16 ; and R14 stands for hydrogen,
halogen, d-C 6haloalkoxy, d-Cehaloalkylthio, cyano,
nitro, - C(Re)=N(ORf) , d-C 6alkyl, which is
unsubstituted or substituted by one or more
substituents R17 , C3- C6cycloalkyl, which is
unsubstituted or substituted by one or more
substituents R17 , C6- C14bicycloalkyl, which is
unsubstituted or substituted by one or more
substituents R17 , C2- C6alkenyl, which is
unsubstituted or substituted by one or more
substituents R17 , C2- C6alkynyl, which is
unsubstituted or substituted by one or more
substituents R17, phenyl, which is unsubstituted or
substituted by one or more substituents R17 , phenoxy,
which is unsubstituted or substituted by one or more
substituents R17 or pyridinyloxy, which is
unsubstituted or substituted by one or more
substituents R17. In preferred compoundsRi2 and R13
independently of one another are halogen, cyano, d-C
6alkyl, C2-C6alkynyl, C1- C6alkoxy, d-C 6halogenalkyl,
d-C 6halogenalkoxy, -C(H)=N(O-C 1-C6alkyl) or phenyl,
which is unsubstituted or substituted by one or more
halogens; and R14 is hydrogen, halogen, cyano, d-C
6alkyl, C2-C6alkynyl, d-C 6alkoxy, d-C halogenalkyl,
CrC 6halogenalkoxy, - C(H)=N(O-C r C6alkyl) or phenyl,
which is unsubstituted or substituted by one or more
halogens. In further preferred compounds R12 and R13
independently of one another are halogen, cyano,
C2-C6alkynyl, C1- C6halogenalkyl, d-C 6halogenalkoxy,
-C(H)=N(O-C 1-C6alkyl) or phenyl, which is substituted
halogen; and R14 is hydrogen, halogen, cyano,
C2-C6alkynyl, d-C 6halogenalkyl, C1- C6halogenalkoxy,
-C(H)=N(O-C 1-C6alkyl) or phenyl, which is substituted
halogen. In further preferred compounds R12 and R13
independently of one another are halogen,
C2-C6alkynyl, d-Cehalogenalkyl or - C(H)=N(O-C r
C6alkyl); and R14 is hydrogen, halogen, C2-C6alkynyl,
d-C 6halogenalkyl or - C(H)=N(O-d-C 6alkyl). In
further preferred compounds R12 and R13 independently
of one another are halogen or d-C 6halogenalkyl; and
R14 is hydrogen, halogen or d-C halogenalkyl. In
further preferred compounds R12 and R13 independently
of one another are halogen or d-C 6halogenalkyl,
preferably halogen; and R14 is hydrogen. In further
preferred compounds R12 , R13 and R14 independently of
one another are halogen or d-C halogenalkyl,
preferably halogen. Compounds of formula I may be
prepared by reacting a compound of formula Ilin which
R4, R5, R6, R7, X, Ri2, R13and R14 are as defined
under formula I ; with a compound of formula III in
which R1, R2 and R3 are as defined under formula I ,
and R* is halogen, hydroxy or C1- 6 alkoxy, preferably
chloro, in the presence of a base, such as
triethylamine, Hunig base, sodium bicarbonate, sodium
carbonate, potassium carbonate, pyridine or quinoline,
but preferably triethylamine, and in a solvent, such
as diethylether, TBME, THF, dichloromethane,
chloroform, DMF or NMP, for between 10 minutes and 48
hours, preferably 12 to 24 hours, and between O0C and
reflux, preferably 20 to 25 0C. When R* is hydroxy, a
coupling agent, such as
benzotriazol-i-yloxytris(dimethylamino)
phosphoniumhexafluorophosphate,
bis-(2-oxo-3-oxazolidinyl)-phosphinic acid chloride
(BOPCl), N.N'-dicyclohexylcarbodiimide (DCC) or
1,1'-carbonyl-diimidazole (CDI), may be used. The
intermediates of the formula Il in which R4, R5, R6,
R7, X, R12 , R1 1Ri and R18 are as defined under
formula I, preferably wherein R18 is hydrogen; are
novel and were developed specifically for the
preparation of the compounds of the formula I .
Accordingly, these intermediates of the formula Il
also form part of the subject-matter of the present
invention.Intermediates of formula MA wherein R4, X,
R7, R12 , R13 and R14 are as defined under formula I
may be prepared as described in reaction scheme 1.
Scheme 1: (VII) (VIII) (V) R7-X-M (VI) (HA) (IV)
Intermediates of formula HB wherein R4, X, R7, R12 , R
and R14 are as defined under formula Il and R18 is C3-
C7cycloalkyl, may be prepared as described in reaction
scheme 2: Scheme 2:(IV) a-alkoxyketones IX, in which
R4, R7, R12 , R13 and R14 are as defined under formula
I , can be prepared by the Nef reaction of a
nitroalkoxyalkanes IV, in which R4, R7, R12 , R13 and
R14 are as defined under formula I under either acidic
or basic conditions. See for example: W.E Noland,
Chem. Rev. 55, 137 (1955); G.A. Olah, Synthesis, 44
(1980); K. Stelion, M.A Poupart, J. Org. Chem., 50,
4971(1985); G.W. Kabalka, Synthesis, 654 (1985); P.S.
Vankar, R. Rathore, Synth. Commun.17, 195 (1987) and
references cited. Another methode for the oxidative
cleavage of the nitronate anion under mild conditions
via trialkylsilyl nitronates upon treatment with MCPA
is described by J.M. Aizpurua, M. Oiarbide and C.
Palomo in THL, Vol.28,No.44,5361-5364 (1987). Amines
of formula MB wherein R4, X, R7, R12, R13 , R14 are as
defined under formula Il and R18 is C3-C7cycloalkyl
may be prepared according to a process which comprises
the reaction of a compound of general formula IX with
an cycloalkylamine of formula X to provide an imine
derivative of general formula Xl. A second step
comprises the reduction of the imine derivative of
general formula Xl by hydrogenation or by an hydride
donor, in the same or a different pot to provide an
amine of general formula HB or one of its salt.
Preferably, the 



hydride donor is chosen as being metal or metal
hydride such as LiAIH4, NaBH4, NaBH3CN, NaBH(OAc) 3,
KBH4, B2H6. Nitroalkenes of formula V, in which R4,
R12 , R13 and R14 are as defined under formula I, can
be prepared by the reaction of a carbonyl compound of
formula VII, in which R12 , R13 and R14 are as defined
under formula I with a nitroalkane of formula VIII in
which R4 is as definedunder formula I , in the
presence of acetic acid and ammonium acetate at
temperatures between ambient temperature and reflux
temperature. Michael addition of a compound of formula
Vl, in which R7 and X are as defined under formula I
and M is Li, Na, K or hydrogen, to the nitroalkenes of
formula V may be accomplished using earth alkali
alcoholates preferred sodium, potassium and lithium
salts in the corresponding alcohol, toluene or an
ether solvent such as diethyl ether, ethylene glycol
dimethyl ether, diethylene glycol dimethyl ether,
tetrahydrofuran or dioxane to form the
nitroalkoxyalkanes Vl, in which R4, R7, R12 , R13 and
Ri4 are as defined under formula I . Reduction of the
nitroalkoxyalkanes of the formula IV to form the
intermediates of formula HA may be accomplished using
zinc in an alcohol solvent such as methanol, ethanol
or isopropanol and an aqueous acid such as
hydrochloric acid sulphuric acid, or more preferred
(see example P2c2) by catalytic reduction over Raney
nickel or a noble metal catalyst. The reduction is
carried out at temperatures of between 20 - 8O0C. The
other intermediates of the formula Il may be prepared
according to reaction scheme 1 or 2 or in analogy to
this reaction scheme. For preparing all further
compounds of the formula I functionalized according to
the definitions of R1, R2, R3, R4, R5, R6, R7, R12,
R13, R , R18 and X there are a large number of
suitable known standard methods, such as alkylation,
halogenation, acylation, amidation, oximation,
oxidation and reduction. The choice of the preparation
methods which are suitable are depending on the
properties (reactivity) of the substituents in the
intermediates. The compounds of the formula III are
known and some of them are commercially available.
They can be prepared analogously as described, for
example, in WO 00/09482 ,WO 02/38542, WO 04/018438,
EP-0-589-301, WO 93/1 1117 and Arch. Pharm. Res. 2000,
23(4), 315-323. The compounds of formula Vl, VII and
VIII are known and are commercially available or can
be prepared according to the above-mentioned
references or according to methods known in the art.
The reactions leading to compounds of the formula I
are advantageously carried out in aprotic inert
organic solvents. Such solvents are hydrocarbons such
as benzene, toluene,xylene or cyclohexane, chlorinated
hydrocarbons such as dichloromethane,
trichloromethane, tetrachloromethane or chlorobenzene,
ethers such as diethyl ether, ethylene glycol dimethyl
ether, diethylene glycol dimethyl ether,
tetrahydrofuran or dioxane, nitriles such as
acetonitrile or propionitrile, amides such as
N,N-dimethylformamide, diethylformamide or
N-methylpyrrolidinone. The reaction temperatures are
advantageously between -200C and +1200C. In general,
the reactions are slightly exothermic and, as a rule,
they can be carried out at ambient temperature. To
shorten the reaction time, or else to start the
reaction, the mixture may be heated briefly to the
boiling point of the reaction mixture. The reaction
times can also be shortened by adding a few drops of
base as reaction catalyst. Suitable bases are, in
particular, tertiary amines such as trimethylamine,
triethylamine, quinuclidine,
1,4-diazabicyclo[2.2.2]octane,
1,5-diazabicyclo[4.3.0]non-5-ene or
1,5-diazabicyclo[5.4.0]undec-7-ene. However, inorganic
bases such as hydrides, e.g. sodium hydride or calcium
hydride, hydroxides, e.g. sodium hydroxide or
potassium hydroxide, carbonates such as sodium
carbonate and potassium carbonate, or hydrogen
carbonates such as potassium hydrogen carbonate and
sodium hydrogen carbonate may also be used as bases.
The bases can be used as such or else with catalytic
amounts of a phase-transfer catalyst, for example a
crown ether, in particular 18-crown-6, or a
tetraalkylammonium salt. The compounds of formula I
can be isolated in the customary manner by
concentrating and/or by evaporating the solvent and
purified by recrystallization or trituration of the
solid residue in solvents in which they are not
readily soluble, such as ethers, aromatic hydrocarbons
or chlorinated hydrocarbons. The compounds of formula
I and, where appropriate, the tautomers thereof, can
be present in the form of one of the isomers which are
possible or as a mixture of these, for example in the
form of pure isomers, such as antipodes and/or
diastereomers, or as isomer mixtures, such as
enantiomer mixtures, for example racemates,
diastereomer mixtures or racemate mixtures, depending
on the number, absolute and relative configuration of
asymmetric carbon atoms which occur in the molecule
and/or depending on the configuration of nonaromatic
double bonds which occur in the molecule; the
invention relates to the pure isomers and also to all
isomer mixtures which are possible and is to be
understood in each case in this sense hereinabove and
hereinbelow, even when stereochemical details are not
mentioned specifically in each case.The compounds of
formula I and, where appropriate, the tautomers
thereof, can, if appropriate, also be obtained in the
form of hydrates and/or include other solvents, for
example those which may have been used for the
crystallization of compounds which are present in
solid form. It has now been found that the compounds
of formula I according to the invention have, for
practical purposes, a very advantageous spectrum of
activities for protecting useful plants against
diseases that are caused by phytopathogenic
microorganisms, such as fungi, bacteria or viruses.
The invention relates to a method of controlling or
preventing infestation of useful plants by
phytopathogenic microorganisms, wherein a compound of
formula I is applied as acitve ingredient to the
plants, to parts thereof or the locus thereof. The
compounds of formula I according to the invention are
distinguished by excellent activity at low rates of
application, by being well tolerated by plants and by
being environmentally safe. They have very useful
curative, preventive and systemic properties and are
used for protecting numerous useful plants. The
compounds of formula I can be used to inhibit or
destroy the diseases that occur on plants or parts of
plants (fruit, blossoms, leaves, stems, tubers, roots)
of different crops of useful plants, while at the same
time protecting also those parts of the plants that
grow later e.g. from phytopathogenic microorganisms.
It is also possible to use compounds of formula I as
dressing agents for the treatment of plant propagation
material, in particular of seeds (fruit, tubers,
grains) and plant cuttings (e.g. rice), for the
protection against fungal infections as well as
against phytopathogenic fungi occurring in the soil.
Furthermore the compounds of formula I according to
the invention may be used for controlling fungi in
related areas, for example in the protection of
technical materials, including wood and wood related
technical products, in food storage or in hygiene
management. The compounds of formula I are, for
example, effective against the phytopathogenic fungi
of the following classes: Fungi imperfecti (e.g.
Botrytis, Pyricularia, Helminthosporium, Fusarium,
Septoria, Cercospora and Alternaria) and
Basidiomycetes (e.g. Rhizoctonia, Hemileia, Puccinia).
Additionally, they are also effective against the
Ascomycetes classes(e.g. Venturia and Erysiphe,
Podosphaera, Monilinia, Uncinula) and of the Oomycetes
classes (e.g. Phytophthora, Pythium, Plasmopara).
Outstanding activity has been observed against powdery
mildew diseases (e.g. Uncinula necator). Furthermore,
the novel compounds of formula I are effective against
phytopathogenic bacteria and viruses (e.g. against
Xanthomonas spp, Pseudomonas spp, Erwinia amylovora as
well as against the tobacco mosaic virus). Good
activity has been observed against Asian soybean rust
(Phakopsora pachyrhizi). Within the scope of the
invention, useful plants to be protected typically
comprise the following species of plants: cereal
(wheat, barley, rye, oat, rice, maize, sorghum and
related species); beet (sugar beet and fodder beet);
pomes, drupes and soft fruit (apples, pears, plums,
peaches, almonds, cherries, strawberries, raspberries
and blackberries); leguminous plants (beans, lentils,
peas, soybeans); oil plants (rape, mustard, poppy,
olives, sunflowers, coconut, castor oil plants, cocoa
beans, groundnuts); cucumber plants (pumpkins, cucum
bers, melons); fibre plants (cotton, flax, hemp,
jute); citrus fruit (oranges, lemons, grapefruit,
mandarins); vegetables (spinach, lettuce, asparagus,
cabbages, carrots, onions, tomatoes, potatoes,
paprika); lauraceae (avocado, cinnamomum, camphor) or
plants such as tobacco, nuts, coffee, eggplants, sugar
cane, tea, pepper, vines, hops, bananas and natural
rubber plants, as well as ornamentals. The term
"useful plants" is to be understood as including also
useful plants that have been rendered tolerant to
herbicides like bromoxynil or classes of herbicides
(such as, for example, HPPD inhibitors, ALS
inhibitors, for example primisulfuron, prosulfuron and
trifloxysulfuron, EPSPS
(5-enol-pyrovyl-shikimate-3-phosphate-synthase)
inhibitors, GS (glutamine synthetase) inhibitors or
PPO (protoporphyrinogen-oxidase) inhibitors) as a
result of conventional methods of breeding or genetic
engineering. An example of a crop that has been
rendered tolerant to imidazolinones, e.g. imazamox, by
conventional methods of breeding (mutagenesis) is
Clearfield(r) summer rape (Canola). Examples of crops
that have been rendered tolerant to herbicides or
classes of herbicides by genetic engineering methods
include glyphosate- and glufosinate-resistant maize
varieties commercially available under the trade names
RoundupReady(r), Herculex I(r) and LibertyLink(r). The
term "useful plants" is to be understood as including
also useful plants which have been so transformed by
the use of recombinant DNA techniques that they are
capable ofsynthesising one or more selectively acting
toxins, such as are known, for example, from
toxin-producing bacteria, especially those of the
genus Bacillus. Examples of such plants are:
YieldGard(r) (maize variety that expresses a CrylA(b)
toxin); YieldGard Rootworm(r) (maize variety that
expresses a CrylllB(bi) toxin); YieldGard Plus(r)
(maize variety that expresses a CrylA(b) and a
CrylllB(bi) toxin); Starlink(r) (maize variety that
expresses a Cry9(c) toxin); Herculex I(r) (maize
variety that expresses a CrylF(a2) toxin and the
enzyme phosphinothricine N-acetyltransferase (PAT) to
achieve tolerance to the herbicide glufosinate
ammonium); NuCOTN 33B(r) (cotton variety that
expresses a CrylA(c) toxin); Bollgard I(r) (cotton
variety that expresses a CrylA(c) toxin); Bollgard
II(r) (cotton variety that expresses a CrylA(c) and a
CryllA(b) toxin); VIPCOT(r) (cotton variety that
expresses a VIP toxin); NewLeaf(r) (potato variety
that expresses a CrylllA toxin); NatureGard(r)
Agrisure(r) GT Advantage (GA21 glyphosate-tolerant
trait), Agrisure(r) CB Advantage (Bt1 1 corn borer
(CB) trait), Agrisure(r) RW (corn rootworm trait) and
Protecta(r). The term "useful plants" is to be
understood as including also useful plants which have
been so transformed by the use of recombinant DNA
techniques that they are capable of synthesising
antipathogenic substances having a selective action,
such as, for example, the so-called
"pathogenesis-related proteins" (PRPs, see e.g. EP-A-O
392 225). Examples of 



such antipathogenic substances and transgenic plants
capable of synthesising such antipathogenic substances
are known, for example, from EP-A-O 392 225, WO
95/33818, and EP-A-O 353 191. The methods of producing
such transgenic plants are generally known to the
person skilled in the art and are described, for
example, in the publications mentioned above. The term
"locus" of a useful plant as used herein is intended
to embrace the place on which the useful plants are
growing, where the plant propagation materials of the
useful plants are sown or where the plant propagation
materials of the useful plants will be placed into the
soil. An example for such a locus is a field, on which
crop plants are growing. The term "plant propagation
material" is understood to denote generative parts of
the plant, such as seeds, which can be used for the
multiplication of the latter, and vegetative material,
such as cuttings or tubers, for example potatoes.
There may be mentioned for example seeds (in the
strict sense), roots, fruits, tubers, bulbs, rhizomes
and parts of plants. Germinated plants and young
plants which are to be transplanted after germination
or afteremergence from the soil, may also be
mentioned. These young plants may be protected before
transplantation by a total or partial treatment by
immersion. Preferably "plant propagation material" is
understood to denote seeds. The compounds of formula I
can be used in unmodified form or, preferably,
together with carriers and adjuvants conventionally
employed in the art of formulation. Therefore the
invention also relates to compositions for controlling
and protecting against phytopathogenic microorganisms,
comprising a compound of formula I and an inert
carrier, and to a method of controlling or preventing
infestation of useful plants by phytopathogenic
microorganisms, wherein a composition, comprising a
compound of formula I as acitve ingredient and an
inert carrier, is applied to the plants, to parts
thereof or the locus thereof. To this end compounds of
formula I and inert carriers are conveniently
formulated in known manner to emulsifiable
concentrates, coatable pastes, directly sprayable or
dilutable solutions, dilute emulsions, wettable
powders, soluble powders, dusts, granulates, and also
encapsulations e.g. in polymeric substances. As with
the type of the compositions, the methods of
application, such as spraying, atomising, dusting,
scattering, coating or pouring, are chosen in
accordance with the intended objectives and the
prevailing circumstances. The compositions may also
contain further adjuvants such as stabilizers,
antifoams, viscosity regulators, binders or tackifiers
as well as fertilizers, micronutrient donors or other
formulations for obtaining special effects. Suitable
carriers and adjuvants can be solid or liquid and are
substances useful in formula tion technology, e.g.
natural or regenerated mineral substances, solvents,
dispersants, wetting agents, tackifiers, thickeners,
binders or fertilizers. Such carriers are for example
described in WO 97/33890. The compounds of formula I
or compositions, comprising a compound of formula I as
active ingredient and an inert carrier, can be applied
to the locus of the plant or plant to be treated,
simultaneously or in succession with further
compounds. These further compounds can be e.g.
fertilizers or micronutrient donors or other
preparations which influence the growth of plants.
They can also be selective herbicides as well as
insecticides, fungicides, bactericides, nematicides,
molluscicides or mixtures of several of these
preparations, if desired togetherwith further
carriers, surfactants or application promoting
adjuvants customarily employed in the art of
formulation. A preferred method of applying a compound
of formula I , or a composition, comprising a compound
of formula I as acitve ingredient and an inert
carrier, is foliar application. The frequency of
application and the rate of application will depend on
the risk of infestation by the corresponding pathogen.
However, the compounds of formula I can also penetrate
the plant through the roots via the soil (systemic
action) by drenching the locus of the plant with a
liquid formulation, or by applying the compounds in
solid form to the soil, e.g. in granular form (soil
application). In crops of water rice such granulates
can be applied to the flooded rice field. The
compounds of formula I may also be applied to seeds
(coating) by impregnating the seeds or tubers either
with a liquid formulation of the fungicide or coating
them with a solid formulation. A formulation, i.e. a
composition comprising the compound of formula I and,
if desired, a solid or liquid adjuvant, is prepared in
a known manner, typically by intimately mixing and/or
grinding the compound with extenders, for example
solvents, solid carriers and, optionally,
surface-active compounds (surfactants). The
agrochemical formulations will usually contain from
0.1 to 99% by weight, preferably from 0.1 to 95% by
weight, of the compound of formula I , 99.9 to 1% by
weight, preferably 99.8 to 5% by weight, of a solid or
liquid adjuvant, and from 0 to 25% by weight,
preferably from 0.1 to 25% by weight, of a surfactant.
Whereas it is preferred to formulate commercial
products as concentrates, the end user will normally
use dilute formulations. Advantageous rates of
application are normally from 5g to 2kg of active
ingredient (a.i.) per hectare (ha), preferably from
1Og to 1kg a.i./ha, most preferably from 2Og to 60Og
a.i./ha. When used as seed drenching agent, convenient
rates of application are from 10mg to 1g of active
substance per kg of seeds. The rate of application for
the desired action can be determined by experiments.
It depends for example on the type of action, the
developmental stage of the useful plant, and on the
the application (location, timing, application method)
and can, owing to these parameters, vary within wide
limits.Surprisingly, it has now been found that the
compounds of formula I can also be used in methods of
protecting crops of useful plants against attack by
phytopathogenic organisms as well as the treatment of
crops of useful plants infested by phytopathogenic
organisms comprising administering a combination of
glyphosate and at least one compound of formula I to
the plant or locus thereof, wherein the plant is
resistant or sensitive to glyphosate. Said methods may
provide unexpectedly improved control of diseases
compared to using the compounds of formula I in the
absence of glyphosate. Said methods may be effective
at enhancing the control of disease by compounds of
formula I. While the mixture of glyphosate and at
least one compound of formula I may increase the
disease spectrum controlled, at least in part, by the
compound of formula I an increase in the activity of
the compound of formula I on disease species already
known to be controlled to some degree by the compound
of formula I can also be the effect observed. Said
methods are particularly effective against the
phytopathogenic organisms of the kingdom Fungi, phylum
Basidiomycot, class Uredinomycetes, subclass
Urediniomycetidae and the order Uredinales (commonly
referred to as rusts). Species of rusts having a
particularly large impact on agriculture include those
of the family Phakopsoraceae, particularly those of
the genus Phakopsora, for example Phakopsora
pachyrhizi, which is also referred to as Asian soybean
rust, and those of the family Pucciniaceae,
particularly those of the genus Puccinia such as
Puccinia graminis, also known as stem rust or black
rust, which is a problem disease in cereal crops and
Puccinia recondita, also known as brown rust. An
embodiment of said method is a method of protecting
crops of useful plants against attack by a
phytopathogenic organism and/or the treatment of crops
of useful plants infested by a phytopathogenic
organism, said method comprising simultaneously
applying glyphosate, including salts or esters
thereof, and at least one compound of formula I which
has activity against the phytopathogenic organism to
at least one member selected from the group consisting
of the plant, a part of the plant and the locus of the
plant. Surprisingly, it has now been found that the
compounds of formula I or a pharmaceutical salt
thereof, described above have also an advantageous
spectrum of activity for the treatment and/or
prevention of microbial infection in an
animal."Animal" can be any animal, for example,
insect, mammal, reptile, fish, amphibian, preferably
mammal, most preferably human. "Treatment" means the
use on an animal which has microbial infection in
order to reduce or slow or stop the increase or spread
of the infection, or to reduce the infection or to
cure the infection. "Prevention" means the use on an
animal which has no apparent signs of microbial
infection in order to prevent any future infection, or
to reduce or slow the increase or spread of any future
infection. According to the present invention there is
provided the use of a compound of formula I in the
manufacture of a medicament for use in the treatment
and/or prevention of microbial infection in an animal.
There is also provided the use of a compound of
formula I as a pharmaceutical agent. There is also
provided the use of a compound of formula I as an
antimicrobial agent in the treatment of an animal.
According to the present invention there is also
provided a pharmaceutical composition comprising as an
active ingredient a compound of formula I , or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier. This
composition can be used for the treatment and/or
prevention of antimicrobial infection in an animal.
This pharmaceutical composition can be in a form
suitable for oral administration, such as tablet,
lozenges, hard capsules, aqueous suspensions, oily
suspensions, emulsions dispersible powders,
dispersible granules, syrups and elixirs.
Alternatively this pharmaceutical composition can be
in a form suitable for topical application, such as a
spray, a cream or lotion. Alternatively this
pharmaceutical composition can be in a form suitable
for parenteral administration, for example injection.
Alternatively this pharmaceutical composition can be
in inhalable form, such as an aerosol spray. The
compounds of formula I are effective against various
microbial species able to cause a microbial infection
in an animal. Examples of such microbial species are
those causing Aspergillosis such as Aspergillus
fumigatus, A. flavus, A. terrus, A. nidulans and A.
niger, those causing Blastomycosis such as Blastomyces
dermatitidis; those causing Candidiasis such as
Candida albicans, C. glabrata, C. tropicalis, C.
parapsilosis, C. krusei and C. lusitaniae; those
causing Coccidioidomycosis such as Coccidioides
immitis; those causing Cryptococcosis such as
Cryptococcus neoformans; those causing Histoplasmosis
such as Histoplasma capsulatum and those causing
Zygomycosis such as Absidia corymbifera, Rhizomucor
pusillus and Rhizopus arrhizus. Further examples are
Fusarium Spp such as Fusarium oxysporum and Fusarium
solani and Scedosporium Spp such as Scedosporium
apiospermum and Scedosporium prolificans. Still
further examples are Microsporum Spp,Trichophyton Spp,
Epidermophyton Spp, Mucor Spp, Sporothorix Spp,
Phialophora Spp, Cladosporium Spp, Petriellidium spp,
Paracoccidioides Spp and Histoplasma Spp. The
following non-limiting Examples illustrate the
above-described invention in greater detail without
limiting it. Preparation examples: Example P1:
Preparation of
S-difluoromethyl-i-methyl-IH-pyrazole^-carboxylic acid
r2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethvn-amide
(compound no. 1.14): a) Preparation of
S-difluoromethyl-i-methyl-IH-pyrazole^-carboxylic acid
\2-(2Adichlorophenyl)- 2-methoxy-1-methyl-ethvn-amide 



A solution of
3-difluoromethyl-1-methyl-1H-pyrazole-4-carbonyl
chloride (195mg, 1.0 mmol) in dichloromethane (2ml)
was added dropwise to a stirred solution of (234mg,
1.0 mmol) 2-
(2,4-dichloro-phenyl)-2-methoxy-1-methyl-ethylamine,
which was prepared as described in example P2, and
triethylamine (202mg, 2.0mmol) in dichloromethane
(6ml) at 0C. The reaction mixture was stirred for 1hr
at ambient temperature then allowed to stand for 4h.
After removal of the solvent the residue was purified
by flash chromatography over silica gel (eluant:
hexane/ethyl acetate 1:1). 170mg (43% of theory) of
3-difluoromethyl-1-methyl-1Hpyrazole- 4-carboxylic
acid
[2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethyl]-amid
e was obtained in the form of a resin as a mixture of
diastereomeres. 1H NMR (400MHz, CDCI3) : d 1.01+1
.36(2d, 3H CH3) , 3.31 (s,3H,NCH ) , 3.88+3.92(2s, 3H
CH3) , 4.41-4.46+4.51-4.56(2m,1 H CH), 4.60+4.69(2d,1
H CH), 6.63+6.83(2m broad , 1H NH), 6.70-7.00(2t,1 H
CHF2) , 7.17-7.41 (m, 3H Ar-H),
7.80+7.93(2s,1H,pyrazole-H). MS [M+H]+ 392/394/396.
Example P2: Preparation of
2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethylamine:
a) Preparation of 2
4-dichloro-1-((E)-2-nitro-propenyl)-benzeneIn a
sulfonation flask 2,4-dichloro-benzaldehyde (77g,
0.44mol), nitroethane (216ml, 3.04mol) and ammonium
acetate (81 .4g, 1.06mol) were added to glacial acetic
acid (600ml). The resulting solution was heated to
900C for three hours. After removal of the solvent
icewater (400ml) was added. The solid product was
collected by filtration, washed with water and
recrystallized from ethanol. 55.9 g (55% of theory) of
2,4-dichloro-1-((E)-2-nitropropenyl)- benzene was
obtained in the form of a yellow solid (m.p. 79-81
0C). 1H NMR (400MHz, CDCI3) : d 8.1 1(s,1 H),
7.51(d,1H), 7.34(dd,1 H), 7.27(d,1H), 2.33(s,3H,CH 3)
. b) Preparation of
2,4-dichloro-1-(1-methoxy-2-nitro-propyl)-benzene To a
stirred yellow solution of the
2,4-dichloro-1-((E)-2-nitro-propenyl)-benzene (4 mmol,
0.93 g), in dry toluene (20ml) under N2 was added at
00C dropwise during 2' a mixture of 5.4M CH3ONa in
methanol (16.2mmol, 3ml) and methanol (2ml). After
stirring for 1.5h glacial acid (3ml) was added,
followed by water (20ml). The aqueous solution was
extracted with dichloromethane (2x30ml), the organic
layers were combined, dried (MgSO4) , filtered, and
evaporated under reduced pressure to give 0.78g crude
1-aryl-1-methoxy-2-nitropropanea yellow oil. This raw
material is purified by column chromatography
(silicagel, hexane/ethylacetate 8:2) to afford 0.45g
(43% of theory) of
2,4-dichloro-1-(1-methoxy-2-nitropropyl)- benzene in
the form of liquid, as a mixture of diastereomeres. 1H
NMR (400MHz, CDCI3) : d 1.35-1 .37+1 .39-1 .40(2d,3H,
CH3) , 3.18+3.21(2s,3H, CH3) , 3.88+3.92(2s, 3H CH3) ,
4.69-4.75(m, 1H CH), 5.16-5.18+5.39-5.40(2d,1 H CH),
7.15- 7.47(m, 3H Ar-H). MS [M+H]+ 264/266/268. c)
Preparation of
2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethylamine2,
4-dichloro-1-(1-methoxy-2-nitro-propyl)-benzene
(0.35g, 1.32mmol), was dissolved with i- PrOH (27ml)
and treated with 1N HCI ( 13.2ml, 13.2mmol). Zinc dust
( 1 .73g, 26.4mmol) was then added in small portions
over 15 minutes and the solution allowed to stir for
two hours at ambient temperature. The suspension was
quenched by addition of saturated NaHCO3 (45ml),
stirred for 15 minutes and filtered through a small
plug of Celite, washing with ethylacetate (40ml). The
organic extract was dried over anhydrous MgSO4,
filtered and the solvent was removed under reduced
pressure. 240mg (77.6% of theory) of 2-(2,4-
dichlorophenyl)-2-methoxy-1-methyl-ethylamine
(compound Z 1.14) was obtained in the form of a
colourless oil as a mixture of diastereomeres. 1H NMR
(400MHz, CDCI3) : d 1.01+1.19(2(.,3H CH3) , 2.20(s
broad,2H,NH 2) 3.19+3.25(2s,3H,CH 3) , 4.06+4. 12(2q,1
H CH), 4.38-4.53(2d,1 H CH), 7.29-7.38(m,3H,Ar-H). MS
[M+H] + 234/236/238. The
2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethylamine
was used in example P 1 without further purification.
c2) Preparation of
2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethylamine
2,4-dichloro-1-(1-methoxy-2-nitro-propyl)-benzene
(132.2g, 0.500mol), was dissolved in THF (3.6I). The
solution was deaerated, RaNi-EtOH (133g) catalyst was
added, and the mixture was hydrogenated at 50 bar at
ambient temperature for 23 hours. The catalyst was
removed by filtration and the solvent was removed
under reduced pressure. 117.1 g (100% of theory) of
2-(2,4-dichlorophenyl)-2-methoxy-1-methyl-ethylamine
(compound Z 1.14) was obtained in the form of a
colourless oil as a mixture of diastereomeres. 1H NMR
(400MHz, CDCI3) : d 1.01+1 .19(2d,3H, CH3) , 2.20(s
brOad,2H,NH2) 3.19+3.25(2s,3H,CH 3) , 4.06+4.12(2q, 1H
CH) 4.38-4.53(2d,1 H CH) 7.29-7.38(m,3H,Ar-H). MS
[M+H]+ 234/236/238.Example P3: Preparation of
S-difluoromethyl-i-methyl-I H-pyrazole^-carboxylic
acid
r2-(2,4-dichlorophenyl)-2-methoxyamino-1-methyl-ethvn-
amide (compound no. 1.76) : a) Preparation of
3-difluoromethyl-1 -methyl- 1H-pyrazole-4-carboxylic
acid F2-(2,4-
dichlorophenyl)-2-methoxyamino-1-methyl-ethvn-amide A
solution of
S-difluoromethyl-i-methyl-IH-pyrazole^-carbonyl
chloride (86mg, 0.44 mmol) in dichloromethane (1ml)
was added dropwise to a stirred solution of ( 110mg,
0.44 mmol) 2-
(2,4-dichloro-phenyl)-2-methoxyamino-1-methyl-ethylami
ne, which was prepared as described in example P4, and
triethylamine (50mg, 0.50mmol) in dichloromethane
(3ml) at O0C. The reaction mixture was stirred for 1hr
at ambient temperature then allowed to stand for 1h.
After removal of the solvent the residue was purified
by flash chromatography over silica gel (eluant:
hexane/ethyl acetate 3:7). 115mg (64.1% of theory) of
3-difluoromethyl-1- methyl-1 H-pyrazole-4-carboxylic
acid [2-(2,4-dichlorophenyl)-2-methoxyamino-1
-methylethyl]- amide was obtained in the form of a
resin as a mixture of diastereomeres. 1H NMR (400MHz,
CDCI3) : d 1. 17+1 .20(2d, 3H CH3) ,
3.34+3.50(2s,3H,NCH 3) , 3.90+3.91(2s, 3H OCH3) ,
4.41-4.46+4.61-4.65(2m,1 H CH), 4.59+4.69(2d,1 H CH),
6.60+6.73(2m broad ,1H NH), 6.66-6.93+6.74-7.02(2t,1 H
CHF2) , 7.23-7.28(m,1 H1Ar-H), 7.38- 7.40(m, 1H1Ar-H)
7.48+7.50(2d, 1H Ar-H), 7.89+7.91 (2s, 1H,pyrazole-H).
MS [M+H]+ 405/407. Example P4: Preparation of
2-(2,4-dichloro-phenyl)-2-methoxyamino-1-methylethylam
ine; b) Preparation of
N-[1-(2,4-dichloro-phenyl)-2-nitro-propyn-0-methyl-hvd
roxylamineTo a stirred yellow solution of the 2,4-d
ichloro-1-((E)-2-n itro-propenyl)-benzene ( 1 0 mmol,
0 232g), in methanol (3ml) under N2 was added at 00C
O-methylhydroxylamine hydrochloride (2 Ommol, 0 167g)
and tpethylamine (3 Ommol, 0 3Og) After stirring for 0
5h at 5O0C, the colourless liquid cooled to ambient
temperature and water (20ml) was added The aqueous
solution was extracted with dichloromethane (20ml),
the organic layers were combined, dried (MgSO 4) ,
filtered, and evaporated under reduced pressure to
afford 0 23g (82 4% of theory) of N-[1-(2,4-d
ichloro-phenyl)-2-n itro-propyl]-O-methyl-hydroxylam
ine in the form of liquid, as a mixture of
diastereomeres 1H NMR (400MHz, CDCI3) d 1 39+1 35(2d,
3H CH3) , 3 45+3 52(2s,3H, CH3) , 4 96- 5
07(m,2H,2xCH), 0 63 (mbroad ,1H NH), 7 26-7
46(m,3H,Ar-H) MS [M+H]+ 279/281 c) Preparation of
N-f2-Am ino-1-(2,4-d ichloro-phenyl)-propy
p-O-methyl-hvdroxylam ine N-[1-(2,4-d
ichloro-phenyl)-2-n itro-propyl]-O-methyl-hydroxylam
ine (0 123g, 0 44mmol), was dissolved with /-PrOH
(9ml) and treated with 1N HCI (4 4ml, 4 4mmol) Zinc
dust (0 58g, 8 dmmol) was then added in small portions
over 15 minutes and the solution allowed to stir for
two hours at ambient temperature The suspension was
quenched by addition of saturated NaHCO3 (15ml),
stirred for 15 minutes and filtered through a small
plug of Celite, washing with ethylacetate (40ml) The
organic extract was separated, dried over anhydrous
MgSO4 an filtered and the solvent was removed under
reduced pressure 110mg (100% of theory) of N-[2-Am
ino-1-(2,4-d
ichloro-phenyl)-propyl]-O-methyl-hydroxylam ine
(compound Z 1 14) was obtained in the form of a
colourless oil as a mixture of diastereomeres 1H NMR
(400MHz, CDCI3) d 0 97+0 99(2d, 3H CH3) , 2
00(sbroad,2H,NH 2) 3 06-3 13+3 33- 3 40(2m, 1H CH), 3
38+3 48(2s,3H,CH 3) , 4 25+4 43(2d, 1H CH), ~6
1(sbroad ,1H NH), 7 24- 7 58(m, 3H Ar-H) MS [M+H] +
249/251 The N-[2-Am ino-1-(2,4-d
ichloro-phenyl)-propyl]-O-methyl-hydroxylam ine was
used in example P3 without further purificationTables
1 and 2: Compounds of formula IA The invention is
further illustrated by the preferred individual
compounds of formula (IA) listed below in Tables 1 and
2 . Characterising data is given in Table 4. Each of
Table 1 and 2 , which follow Table Y below, comprises
98 compounds of the formula (IA) in which R4, X, R7,
R12 , R13 and R14 have the values given in Table Y and
A has the value given in the relevant Table 1 and 2 .
Thus Table 1 corresponds to Table Y when Y is 1 and A
has the value given under the Table 1 heading and
Table 2 corresponds to Table Y when Y is 2 and A has
the value given under the Table 2 heading. Table
Y:Method for preparing a beverage or liquid food and
system using brewing centrifugal force The present
invention relates to a method for preparing a beverage
or liquid food from a food substance which is brewed
or extracted by using centrifuge forces exerted on a
receptacle which contains the substance. The invention
also relates to a system for carrying out the method.
It is known to prepare beverages wherein a mixture
consisting of brewed coffee and coffee powder is
separated with centrifugal forces. Such a mixture is
obtained by bringing hot water and coffee powder
together for a defined time. The water is then forced
through a screen, on which screen powder material is
present. Existing systems consist of placing the
coffee powder in a receptacle which is usually a
non-removable part of a machine such as in EP 0367
600Bl. Such devices have many disadvantages. Firstly,
the coffee powder must be properly dosed manually in
the receptacle. Secondly, the spinned coffee waste
becomes dry and it must be removed by scraping the
surface of the receptacle. As a result, the coffee
preparation requires a lot of manual handling and is
so very time consuming. Usually coffee freshness can
also vary a lot and this can impact on the cup quality
because coffee comes generally from bulk package or
coffee is ground from beans in the receptacle itself.
Also, depending on the manual dosage of coffee and the
brewing conditions (e.g., centrifugal speed,
receptacle size) the cup quality can vary a lot.
Therefore, these systems have never reached an
important commercial success. In DE 102005007852, the
machine comprises a removable holder into which an
open cup-shaped part of the receptacle is placed; the
other part or lid being attached to a driving axis of
the machine. The advantage is to be able to
conveniently remove and clean the receptacle. However,
a disadvantage is the intensive manual handling. 



Another disadvantage is the difficulty to control
quality of the coffee due to a lack of control for the
dosing of the powder and a lack of control of the
freshness of the coffee powder. Other devices for
brewing coffee by centrifuge forces are described in
WO 2006/112691; FR2624364; EP0367600; GB2253336;
FR2686007; EP0749713;DE4240429; EP0651963; FR2726988;
DE4439252; EP0367600; FR2132310; FR2513106; FR2487661;
DE3529053. The effect of centrifugal forces to brew
coffee or other food substances presents many
advantages compared to normal "espresso" type brewing
methods using high pressure pumps. In "espresso" types
brewing methods, it is very difficult to master all
the parameters which influence the quality of
extraction of coffee. These parameters are typically
the pressure, the flow rate which decreases with the
pressure, the compaction of the coffee powder which
also influences the flow characteristics and which
depends on the coffee ground particle size, the
temperature, the water flow distribution and so on.
Therefore, there is a need for proposing a new
extraction process and a capsule adapted therefore for
which the extraction parameters can be better and more
independently controlled and therefore can be better
mastered for controlling quality of the final brewed
liquid. There is also a need for providing a system
capable of brewing different kinds of beverages, in
particular, coffee beverages, for example, espresso,
filter coffee or cafe latte, while adjusting the
brewing characteristics of each beverage so that the
optimum beverage can be obtained. In particular, there
is a need for a versatile system which provides an
easy, simple way of controlling the brewing
parameters, in particular, the brewing pressure range
on the bed of substance. At the same time, there is a
need for a method which is more convenient compared to
the prior art centrifugal devices and which provides a
better in-cup quality with a higher control of
important quality parameters such as freshness and
dosage in the receptacle. The invention relates, in
the more general sense, to a method for preparing a
beverage or liquid from a food substance contained in
a filtering receptacle by passing water through the
substance using brewing centrifugal forces comprising:
feeding water in the receptacle, driving the
receptacle in centrifugal rotation to force water to
flow through the substance in a centrifugal flow path
to outlet means of the receptacle, wherein the
receptacle is formed by a sealed capsule before its
use which is opened for water to beintroduced in the
capsule; said capsule containing a predetermined dose
of food substance and being discarded after use. The
capsule can be sealed in a gastight manner to preserve
freshness of the substance contained in its enclosure.
The capsule can be opened in the device itself, e.g.,
by piercing of the capsule, or alternatively before
the capsule is inserted in the device, e.g., by
piercing of the capsule or removing a sealing foil of
the capsule. The capsule can be opened for water to be
introduced in the capsule, after insertion of the
capsule in the beverage preparation device, by
piercing of the capsule. The capsule can also be
opened for water to be introduced in the capsule,
before insertion of the capsule in the beverage
preparation device by providing at least one passage,
by piercing or removing a sealing foil of the capsule.
The method more particularly relates to the
preparation of a liquid food or beverage, in a
beverage preparation device, from a food substance
contained in a filtering receptacle by passing water
through the substance using brewing centrifugal forces
comprising: feeding water in the receptacle, driving
the receptacle in centrifugal rotation to force water
to flow through the substance in a centrifugal flow
path to outlet means of the receptacle, wherein the
receptacle is formed by a capsule which is sealed
before use; wherein the capsule contains a dose of
food substance; wherein the capsule is placed in the
beverage preparation device, wherein the capsule is
opened for water to be introduced in the capsule;
wherein the capsule is removed from the beverage
preparation device for being discarded after the
liquid has been brewed from the capsule by
centrifugation of the capsule in the beverage
preparation device. The term "sealed" capsule means
that the capsule is made of materials having gas
barrier properties and is sealed in a fluid tight
manner so that ingress of air in the capsule is
prevented. Furthermore, the capsule preferably
contains an inert gas that improves the freshness of
substance in the capsule. The capsule can also be
wrapped with an outer protective membrane which is
removed before the capsule is placed in the device.
Preferably, the capsule contains a dose of substance
for preparing one or two servings (e.g., cups) of
beverage. Cups of beverage are usually sized between
about 25 to 220 mL.The dose of substance for a single
cup of coffee may be, for instance, between 4 to 8
grams of roast and ground coffee. It must be noted
that surprising improved brewing results are obtained
by this method which can lead to amounts of coffee
solids in the cup which are higher than pressure using
methods (e.g. "espresso" type methods using brewing
water pressurized by a pump). Without being bound by
theory, it is supposed that water flow is more
uniformly distributed by centrifuge effect and it
creates less or no preferential flow paths in the
coffee bed as compared to traditional methods using a
positive pressure obtained by a pressure pump. The
food substance in the capsule can be ground coffee
powder, soluble coffee, tea, chocolate, whitener,
flavours and combinations thereof The capsule is
preferably driven in rotation at a centrifugal speed
of at least 5000 rpm, more preferably between 5000 and
16000 rpm. Surprisingly, at such high rotational
speeds, improved coffee crema is obtained with a
capsule containing ground coffee. Crema has a more
creamy consistency like a real emulsion of oil and
water compared to usual crema obtained by traditional
methods which is more watery with larger bubble size.
Of course, the speed also depends on the nature of the
food ingredient. For leaf tea, the centrifugal speed
is preferably low to provide infusion rather than a
pressure extraction. In particular, for leaf tea, the
centrifugal speed is comprised between 10 and 1000
rpm, more preferably between 50 and 500 rpm. The
capsule can comprise a sealing lid. The sealing lid
can comprise a flexible membrane. The membrane can
comprise gas barrier and support layers made of
polymers, aluminium and/or aluminium alloys. The
capsule can also comprise a cup-shaped body onto which
the sealing lid is sealed. The cup-shaped body also
comprises gas barrier materials. It can be in metal
such as thin aluminium and/or plastic. In another
embodiment, the capsule is made of two sealed flexible
foils. The foils can be symmetrically arranged forming
two identical sides and welded at a peripheral seam.
In another mode, the capsule comprises a plastic lid
attached to a cup-shaped body. The plastic lid and
body can be attached through a clipping member
comprising a deflectable sealing lip. The deflectable
lip is designed so that it opens under the effect of
the centrifugal forces transferred to the brewed
liquid exiting the capsule. Ina variant of this mode,
the capsule comprises a plastic lid welded on a
cup-shaped body whereas a series of premade peripheral
outlets are provided in the lid and/or body for the
brewed liquid to leave the capsule under the effect of
the centrifugal forces. The premade peripheral outlets
may be a series of small slits of small size to also
filter the brewed liquid and maintain solid particles
of the substance in the capsule. The lid and body can
thus be welded by ultrasounds or any suitable
connection method. The method of the invention
comprises an operation wherein hot water is introduced
into the capsule at substantially no pressure. Water
can be brought by a hot water feed mechanism using a
principle of aspiration or vaporisation.
Alternatively, for a higher flow consistency, hot
water can be introduced using a low pressure pump such
as a peristaltic pump or a diaphragm pump and the
like. The method also encompasses an operation during
which at least one peripheral liquid outlet is made
before or when water is introduced in the sealed
capsule. The outlets can be pierced on a lid of the
capsule. Outlets can also be pierced on a sidewall of
the capsule. In one mode, a plurality of outlets is
formed by piercing at a peripheral area of the
capsule. This method has the advantage to require a
simpler capsule. The number of outlets can be chosen
to control the flow rate of the brewed liquid. Since
the outlets are radially oriented in series, a high
pressure layer or jets of the brewed liquid is formed
that is expelled out of the capsule. Preferably, in
the method of the invention, the brewed liquid is also
collected to form a homogeneous flow of the liquid
food or beverage which can be directed to the cup. In
a mode, at least one peripheral outlet is formed in
the capsule by an opening occurring under the effect
of the pressure of liquid carried out by the
centrifugal forces. The invention also concerns a
system for preparing a beverage or liquid food from a
food substance contained in a filtering receptacle by
passing water through the substance using centrifugal
forces comprising: a device comprising: - water feed
means for introducing water in the receptacle, -
driving means for driving the receptacle in
centrifugal rotation,wherein the receptacle is formed
by a capsule which contains the food substance and is
insertable in the device for brewing of the liquid
food and then removable from the device after brewing
of the liquid food, wherein the system further
comprises referencing means for positioning and
referencing the capsule in a removable manner in the
device and in operational 



relationship with the water feed means and along an
axis of rotation along the driving means. Preferably,
the capsule is a gastight sealed receptacle before
being inserted in the device. In one aspect of the
system of the invention, the capsule comprises
trunconical sidewalls which promote the drainage of
the brewed liquid across the substance to the
outlet(s) of the capsule. In another possible aspect,
the capsule has a rigid lid resiliably attached to a
cup-shaped body. The lid can be plastic. The lid and
body can be attached via a radial deflectable sealing
means which opens by effect of the centrifugal effect
to let the brewed liquid pass. For example, the
deflectable sealing means can comprise at least one
peripheral plastic lip of the lid engaging in a seat
of the cup-shaped body or vice versa. The invention
also relates to a device for preparing a beverage or
liquid food from a food substance contained in a
capsule by passing water through the substance in the
capsule comprising: - water feed means for introducing
water in the capsule, wherein it further comprises
referencing means for positioning and referencing the
capsule along an axis of rotation in the device and
driving means for driving the capsule in centrifugal
rotation. The referencing means are designed for
receiving the capsule in a removable manner. They are
designed for receiving the capsule in the device in
operational relationship with the water feed means and
the driving means. The referencing means comprise a
capsule holder comprising a cavity which is drivable
in rotation. The capsule holder can be driven in
rotation at a speed of more than 7500 rpm. The capsule
holder is, for instance, connected to a motor via a
drive shaft arranged for driving the capsule holder
about a central rotational axis. The referencing means
comprise a water injection lid closing on the
injection surface of the capsule. The lidand capsule
can co-act in closure about the capsule while leaving
a collecting chamber. The driving means comprise a
motor and a shaft associated in rotational arrangement
with the capsule holder and/or lid. The capsule holder
and lid can swivel along bearings. The collecting
chamber preferably comprises surfaces that surround
the capsule radially. The collecting chamber can be
associated to a duct for directing the flow of brewed
liquid to a recipient (e.g., a cup). The device may
optionally comprise a by-pass conduit arranged to add
a part of water in the collector without this part of
water passing in the capsule. The additional part of
water enables to prepare beverages of larger volumes
with a part of brewed liquid and a part of water. For
large coffee, for instance Americano-type, since the
total volume of the coffee beverage is not passed
through the capsule, an overextraction of the ground
coffee can be avoided and bitterness can be reduced.
This results in a large coffee beverage having an
improved taste. According to another aspect of the
invention, the device comprises a control unit adapted
to vary the speed of the driving means for driving the
capsule in centrifugal rotation therefore providing
different centrifugal pressures in the capsule. As a
result, the brewing pressure conditions in the capsule
can be easily tailored to the type of beverages to be
brewed. More preferably, the control unit is
programmed to provide at least two different
centrifugal speeds. In an example, a first rotational
speed is comprised within a value range of 500 to
15000 rpm and a second rotational speed is comprised
within a value range of 5000 and 20000 rpm. For
example, low speed values can be set by the control
unit to brew coffee with less or no foam such as
American coffee. The higher speed values can be set by
the control unit to brew coffee with a higher amount
of foam such as espresso or lungo coffee. The foam
(e.g., coffee crema) is obtained by shearing the
liquid through the passages in the capsule and also by
the brewed liquid which impacts on the surfaces of the
collector at a higher energy therefore creating an
emulsion with entrapment of gas. Therefore, the
kinetic energy of the liquid impacting on a surface is
decisive for the improvement of the foam. In the usual
espresso-type methods generating a "water piston",
this phenomenon does not take place since there is no
sufficient speed of the liquid leaving the capsule.
Additional features of the invention will appear in
the detailed description of the figures which follows.
Figure 1 is a schematic representation of system of
the invention;Figure 2 is a schematic representation
of a brewing module in open position of the system of
the invention into which is inserted a capsule; Figure
3 is a schematic representation of a brewing module in
closed position of the system of the invention which
encloses a capsule; Figure 4 is a detailed cross
sectional view of the system of the invention in a
first embodiment; Figure 5 is an exploded view of
another embodiment of the device of the invention;
Figure 6 shows a sealed capsule which can be used in
the device of the invention according to figures 4 or
5; Figure 7 shows a capsule after its use in the
system of the invention; Figure 8 is a detailed cross
sectional view of the system of the invention in a
second embodiment; Figure 9 shows a detail of the
system of figure 8; Figure 10 shows a cross sectional
view of the cup-shaped body of the capsule in the
system of figures 8 and 9; Figure 11 shows a detail
view of the clipping edge of the cup-shaped body;
Figure 12 shows a cross sectional view of a detail,
i.e., of the engaging connection, of the cup-shaped
body of figure 10; Figure 13 shows a plane view of the
detail of figure 12; Figure 14 shows a cross sectional
view of the lid of the capsule in the system of
figures 8 and 9; Figure 15 shows a detailed view of
the deflectable sealing means of the lid of figure 14;
Figure 16 shows a cross sectional view of the
cup-shaped body of the capsule according to another
embodiment; Figure 17 shows a cross sectional view of
a detail of the body of figure 16; Figure 18 shows a
cross sectional view of the lid of the capsule that
connects to the capsule's body of the embodiment of
figures 16 and 17; Figure 19 shows a detail of the lid
of figure 18; Figure 20 shows a sealed capsule and an
operational mode for removing the seal of the capsule;
Figure 2 1 shows a schematic view of the system of the
invention according to another possible embodiment;
Figure 22 shows a schematic view of the system
according to still another embodiment; Figure 23 shows
a schematic view of the system according to still
another embodiment; Figure 24 shows a view of a
capsule according to another mode of the invention;
Figure 25 shows a schematic representation of a
brewing module in closed position of the system of the
invention according to yet another embodiment of the
invention. The system 1 of the invention is
illustrated in figure 1 in the more general sense. The
system comprises a device 2 and a capsule 3. The
device has a brewing module 4 into which the capsule
can be inserted for being brewed and is removed after
use for being discarded (e.g., for waste or
recycling). The module is in fluid communication with
a water reservoir 5 containing fresh or, alternatively
heated water. A fluid transport means such as a low
pressure pump 6 can be provided in the water circuit
to transport water from the reservoir to the module. A
water heater 7 is further provided to heat water to
the desired temperature. It can be noted that water
could be heated in the reservoir itself and water
could be transported from the reservoir by effect of
vaporisation. Water can be fed into the module 4 at
low or substantially no pressure. For example, a
pressure between 0 and 2 bars above atmospheric
pressure can be envisaged at the inlet 8 of the
module. The brewing module 4 can comprise referencing
means 40, 4 1 for retaining the capsule in a
predetermined position in the module. The capsule can
be maintained in a slightly inclined position to
promote the exit flow of the brewed liquid to a brewed
liquid outlet 9. For instance, an angle of inclination
relative to vertical can be between 2 and 65 degrees.
The referencing means can comprise a capsule holder
410 and an injection lid 400. Both holder 410 and lid
400 are mounted to rotate along an axis of rotation I
. The capsule holder comprises a cavity having the
shape of the capsule to be received. The lid is
designed to assemble against the capsule holder in a
removable manner. A liquid passage 42 can be created
in the module to enable liquid to be drained and
collected from the capsule to the fixed outlet 9.
Driving means 10 are provided for driving the lid 400
and capsule holder 410 together in rotation and, by
way of consequence, the capsule too. For this, the
driving means includes an electrical motor 11 having a
shaft connected to the capsule holderto force the
capsule holder 4 1 in rotation. Since the lid 40 is
attached to the capsule holder 41, the lid is also
driven in rotation at the same speed as the capsule
holder. The surfaces of the collecting means of the
device can be regulated in temperature so that the
brewed liquid exiting the capsule is maintained at a
proper temperature and does not cool down before
reaching the cup. For this the lid assembly 40 and /or
capsule holder assembly 4 1 can be associated to
heating elements 46 for maintaining the capsule holder
at a heated regulated temperature, such as with
heating wires or thick films and the like. Figures 2
and 3 show a detailed view of the principle of
centrifugation of the capsule. The device comprises a
capsule holder assembly 4 1 with a holder 410 having a
trunconical housing 44 in which the capsule 3 is
inserted. The holder is mounted along an axis of
rotation I by a bearing 43. The injection lid assembly
40 is provided 



with an internal lid 400 which can be mounted on a
fixed support part 401 of the lid assembly 40 in a
pivotable manner along the axis I when the device is
closed (Figure 3). The lid assembly and capsule holder
assembly are associated along a transversal axis A
between an open position as illustrated in figure 2
and a closed position of figure 3. At the inside
surface of the injection lid 40 is placed a piercing
structure 450 which has the function of piercing the
injection side 30 of the capsule. A water injector or
lance 50 is provided which traverses the injection
side 30 and which comprises an injection conduit for
carrying water from the water circuit into the
capsule. The water injector 50 is preferably located
in the centre of the capsule. Water can thus be
injected in the capsule at a location placed between
the capsule lid 30 and the capsule bottom 31. The
outlet of the water injector is placed closer to the
bottom 31 than to the lid so that water can first wet
the substance in the bottom area of the capsule. The
lid further comprises outlet piercing elements 51
which are placed on the inside of the lid at a
peripheral position. Preferably, a series of piercing
elements 5 1 are placed uniformly along the periphery
of the lid. Further the capsule comprises an inclined
sidewall 32 which widens from the bottom 31 to the top
30 in direction of the peripheral openings or outlets
pierced by the piercing elements 51. The lid is
further provided with a collecting assembly 52
comprising an inside chamber 53 surrounding the
capsule's peripheral openings and a nozzle 530 forming
a tube for directing the beverage of liquid food to
the recipient or cup. It can be noted that there is no
need fora hermetical arrangement between the upper and
lower parts 40, 4 1 of the device. Since water is
pushed by the effect of gravity, water flows radially
and uniformly to the sidewall 32 of the capsule to
traverse the substance toward the periphery of the
capsule and upwards to the peripheral opening along
the sidewall 32. The brewed liquid so impacts the
outward surface of the collecting assembly 52 and is
so collected and pushed still by effect of gravity to
the collecting nozzle 530. The advantage of the system
is that there is a low axial pressure therefore there
is less need for high mechanical closure forces. The
technology is relatively simple since a motor working
at low current is sufficient to provide the necessary
momentum to carry out the brewing process.
Furthermore, several types of heaters can be used such
as thermos or gas. Figure 4 shows a more sophisticated
system of the invention. The system comprises a
capsule holder 4 1 which is associated to a central
rotating rod 45 mounted along a lower bearing 43,
which is supported on a support 46. On the lower end
of the rod 45 is associated an electric rotary motor
11. At the opposite side, a lid 40 is associated to an
upper bearing 47, along a hollow rotating rod 48 for
the entry of water in the capsule through a conduit 49
traversing the rotating rod 48. The rotating rod 45 is
mounted on an upper frame 60 of the system. A series
of needles 5 1 is also positioned on the side of the
lid 40 to form small perforations at the periphery of
the upper side of the capsule. The number of needles
can be set between 5 and 50, preferably between 10 and
30. The higher the number of needles, the more uniform
the distribution of liquid can be. When the needles 51
are engaged in the capsule, the lid is driven in
rotation by the capsule itself which is also driven by
the rotor 45. The rotational speed can be set between
about 5000 and 20000 rpm. For this a control unit C
(figure 1) is provided in the device for adjusting the
rotational speed as a function of the beverage to be
brewed. The higher the rotational speed, the more
centrifugal pressure is exerted in the capsule by the
liquid and the more the substance is compacted on the
sidewall of the capsule. Also, the higher the speed,
the lower the residence time of the liquid in the
capsule. For example, for tea, the rotational speed
can be minimal to enable a slow transfer of water
through the mass of tea leaves and to provide an
infusion of the tea. For ground coffee, the speed
should be high, i.e., higher than 5000 rpm, preferably
within a range of about 8000-16000 rpm, in order to
perform optimal extraction conditions in term of
coffee solid contents in the cup and quality of
thecrema. It has been surprisingly found that crema
obtained is much creamier than by using the standard
espresso brewing methods. Therefore, depending on the
types of beverage to be brewed, the control unit can
be programmed to adjust the optimal centrifugal
conditions. For instance, the control unit may be
associated to a capsule recognition system enabling to
recognize the types of capsules, i.e., espresso,
lungo, cappuccino, latte, tea, etc, and to adjust the
speed and/or other brewing parameters (e.g., water
temperature) according the capsule which is inserted
in the device. The brewed liquid is collected in a
collecting chamber 52 of the support 46 and drained
through a collecting tube 9. Figure 5 illustrates
another embodiment in which the injection lid 40 is
connected to the capsule holder 4 1 by a bayonet type
connection 55 or any equivalent connection means. In
this embodiment, only one lower bearing (not shown) is
necessary. The capsule holder 4 1 and the lid 40 are
thus connected together and both turn along a lower
rotational axle 45. The capsule holder comprises a
cavity 550 for receiving the capsule. The injection
lid is then connected to the capsule holder along an
helicoidal tightening momentum by the bayonet means
55. For example, the bayonet means can comprise a
series of radially extending protrusions on the lid
which fits into a series of hooks carried on the edge
of the capsule holder. Tightening may be performed by
a gripping portion 6 1 placed on the upper side of the
lid. However, the assembly must let liquid pass
between the lid and the holder. A sealing joint
between the lid and holder is therefore not desirable.
A predefined clearance may also be ensured for
controlling the exit flow of the brewed liquid by
foreseeing slots or grooves of predetermined
dimensions at the interface between the lid and
holder. A collecting assembly 46 having the shape of a
cup larger than the capsule holder is also placed
about the brewing enclosure 40, 4 1 for collecting the
brewed liquid. The collecting assembly takes support
on a base 62 of the device onto which is connected the
motor 11. A liquid duct 9 is provided on a side of the
cup which is slightly inclined downwards for the
liquid to flow in the direction of a receptacle (e.g.,
a beverage cup). Figures 6 and 7 illustrate a capsule
that can suit the device according to the different
embodiments of figures 2 to 5. In figure 6, the
capsule 7 comprises a cupshaped body 70 with upwardly
oriented sidewall 76 and a bottom wall 77. The
sidewall forms a portion of cone which promotes the
collection of the brewed liquidinternally. The body
terminates by an upper edge 72 raising outwards onto
which is sealed a lid 71. The lid may be a flexible
pierceable membrane of several microns in aluminium
and/or plastic. The lid can be welded on the upper
edges 72 of the body. It can be pointed out that the
membrane and body preferably comprise gas barrier
layers such as aluminium and/or EVOH. The capsule
contains a substance chosen among the list consisting
of ground coffee, soluble coffee, tea, a whitener such
as dairy or non-dairy ingredient(s), herbal tea,
nutritional substance, culinary ingredients and a
mixture thereof. Figure 7 illustrates the capsule
after brewing of the substance in the device. A
central water inlet 73 is pierced through the lid for
passage of the water injector 50. On the side of the
lid are pierced outlets 74 communicating with the
inside cavity for the brewed liquid to exit the
capsule. Another embodiment of the present invention
is illustrated in relation to figures 8 and 9. In this
embodiment, a capsule 8 comprising its own inflow and
outflow means. More specifically, the capsule
comprises a cup-shaped body 80 made of plastic onto
which is secured a plastic lid 81. The lid can be
tightly clipped onto the body along its edge by
sealing means 82 illustrated in more details in
figures 9, 14 and 15. The sealing means act as a
valve. More particularly, the edge of the body
comprises a peripheral groove 83 formed of two small
parallel and circular portions of wall rising
upwardly. For this, the lid has a peripheral portion
of wall forming a lip 84 that inserts itself in the
groove 83. The lip 84 can end by a thicker rounded
shape 85 to create a closing pressure on the surface
of the groove 83 in the housing, which pressure must
be overcome to let the liquid pass through the cavity
or annular groove 83. The sealing lip 84 is designed
in such a way that it can open a radial passage in the
groove for the brewed liquid under the effect of
liquid opening them when the liquid is centrifuged. At
the periphery of the lid is provided a secondary
closure lip 86 that fits on the outer edge 87 of the
body. This second lip 86 is designed to provide
locking of the lid on the body of the capsule. For
this, the lip 86 comprises an enlarged section 860
which presses on the outer surface 87 of the edge of
the body. The secondary lip 86 creates a clipping
function for connection of the lid onto the body and
eventually it also forms a second hurdle to be
overcome for the brewed liquid to pass. This tortuous
path as formed by the series of lips 84, 86 and the
groove 83 generates high shear forces on the brewed
liquid. The secondary lip can also betraversed by
radial slits for promoting the flow of the brewed
liquid (not shown). For coffee, this may result in
generating a thicker and more stable crema. It can be
noted that this lip could be omitted in the context of
a simpler structure of the capsule. In the centre of
the capsule's lid is provided a water flow
distribution member formed of a tubular portion 88
extending from the lid. This tubular portion 88 has a
water inlet 89 which can be fitted to the water
injection conduit 49 of the injection lid 40 of the
system. The tubular portion 88 ends by flow
distributing means 880 formed of several slots
directed outwards in the cavity of the capsule.
Several slots are distributed at the free end of the
tubular portion 88. The tubular support may abut
against the bottom surface of the body for demarcating
the slots and for directing water in many radial
directions. For instance, the number of slots may be
comprised between 2 and 10. Therefore, water coming
from the top will traverse the tube 88 and will exit
the tube at the slots in the radial direction of the
arrow B identified on figure 9. It can be noticed that
water is so injected preferably close to the bottom of
the capsule; therefore ensuring a proper wetting of
the substance, e.g., coffee powder, and in the
direction from the bottom to the top (i.e., between
the lid and body) where the brewed liquid leaves the
capsule. The capsule 8 of figures 8 to 15 according to
this embodiment can further 



include means 840 for gripping the bottom of the
capsule and so enabling the capsule to be properly
driven in rotational motion by the device. For this,
the means 840 comprises a small tubular portion
protruding in the bottom of the capsule and into which
can be inserted a complementary tubular portion 450 of
the rotational driving means of the device. The
driving means of the device further comprise a drive
shaft 45 associated to a support 451 for holding the
bottom of the capsule. Of course, the shape of the
gripping means can take many other variations without
departing from the scope of the present invention.
Figures 12 and 13 show a gripping structure 840 having
a central recess 841 and four arched recesses 842,
843, 844, 845 extending from the central recess 841.
This gripping structure forms a lock into which is
fitted a complementary engaging structure 450, i.e., a
key, of the capsule holder 451. The complementary
shapes of the capsule and capsule holder enable to
fulfil both the gearing function for driving the
capsule at high speeds in rotation and a safety
function for ensuring that only capsules adapted to
the system can be used and brewed successfully.In this
embodiment for figures 8 and 9, the device itself
comprises, as in the preceding modes, upper and lower
bearings 43, 47 for enabling the injection lid and
support of capsule 451 to rotate in conjunction with
the capsule 3. Surrounding the capsule is a collecting
assembly 52 with a cup 520 formed of a side and bottom
walls 521 and an upper closing cover 522. The cover
also serves for receiving the upper bearing 43 while
the lower cup 520 has a central recess for receiving
the lower bearing 47. The cup 520 and the cover 522
can be assembled in fluid tight manner to avoid
uncontrolled projection of brewed liquid. Therefore
connection means 523 can be provided and a fluid tight
sealing element, such as an O-ring 524, can also serve
to ensure tightness between the two parts. Also a
beverage outlet tube (not shown) can be provided to
drain the beverage outside of the collecting assembly.
As also apparent in figure 8, the driving means of the
device comprise a lower electrical motor 11 which is
coupled to a driving shaft or drive connector 45 which
is itself connected to the capsule holder 451. Note
that the capsule holder may be a simple plate support
or disc 451 or a support shaped as a cup, for example,
if the capsule has no sufficiently rigid sidewalls.
The brewing operation of the system of figures 8 and 9
can be shortly explained as follows: A capsule 3 as
described contains a dose of substance is provided.
The capsule can be filled with roast and ground
coffee. The capsule is inserted in the cup 520 when
the cover is removed and placed on the capsule holder
451 with the engaging structure of the engaging
structure 450 fitting the recess portion 840 of bottom
of the capsule. By the approach and connection of the
cover 522 to the cup 520, The injection lid 40 is then
connected or associated to the capsule's lid 8 1 with
the water conduit 89 coming in communication with the
water injection tube 88 of the capsule. When the
device is in the closed position of figure 8, water
can be injected at low pressure or just poured into
the conduit through the tubular portion 88.
Preferably, some water is poured to start wetting the
substance in the capsule before the capsule is driven
in rotation by the rotational driving means of the
device. Then, the control unit starts the motor and
the capsule is so driven in rotation at high speed to
perform the centrifugal brewing operation. Under the
effect of centrifugal forces, the powder substance
tends to compact itself radially whereas water is
forced to flow through the substance. This results in
the substance being both compacted and intimately
wetted by water. Due to high speed rotational
movement, the centrifugal forces exertthemselves
uniformly on the mass of substance. Consequently, the
water distribution is also more uniform compared to
usual methods using a pressure pump to exert pressure
on and through the bed of substance. As a result,
there is less risk of preferential flow path through
the substance which could lead to areas which are not
properly wetted and so not properly extracted. With
ground coffee powder, the liquid that reaches the
internal sidewall of the capsule is so a liquid coffee
extract. This liquid extract is then forced to flow
upwards along the side of the capsule up to the
sealing means 82. The sealing means 82 are thus
submitted to an opening force by the liquid under the
centrifuge effect. This results in the lip that tends
to bend outwardly to create a passage between the
surface 85 and the inner surface of the groove.
Similarly, the second lip is also forced to bend or
alternatively may allow a certain leakage, for
example, with premade slits for letting the liquid
escape the capsule. The liquid can thus flow through
the small peripheral groove 83 and can exit out of the
capsule. The brewed liquid can be so collected by the
collector 52 and be guided outside of the device into
the recipient. Figures 16 to 19 illustrate another
embodiment of the capsule according to the invention.
This capsule has a cup-shaped body 80 comprising the
same gripping means 840 at its outer surface for
enabling the capsule to be driven in rotation in the
device. The capsule also comprises a lid 8 1 shown in
figures 18 and 19. Contrary to the capsule of the
preceding mode, the lid 80 and body 8 1 are attached
by permanent connecting means such as ultrasonic
welding. The brewed liquid that is centrifuged is
allowed to pass through a series of slits 810 provided
on the upwardly protruding edge 880 of the body. The
slits are sized so to act as a filter for retaining
the solid particles such as the ground coffee
particles but let the liquid leave the capsule. The
lid is connected with the edge 880 fitting into a
radial groove 840 of the lid 8 1 (Figure 19). Figure
17 also shows small indents 830 serving as energy
directors that can melt during the ultrasonic welding.
In the present mode, the capsule does not comprise a
deflecting sealing lip but it simply has slits 810 for
enabling the brewed liquid to traverse the capsule.
The capsule of this mode can be used in a device as
illustrated in figures 8 and 9. In figure 20, a sealed
capsule of the invention is shown. The capsule is
formed, as described in the preceding modes, of a
cup-shaped body 80 onto which is assembled a lid 81.
The water inlet 89 of the lid is covered by a sealing
membrane 890. The radial outlet area placed between
the lid and body is also covered by asealing membrane
891. Note that the same sealing membrane could cover
both the water inlet 89 and the outlet area for the
brewed liquid. The sealing membrane 891 can be a
tamper evidence element such as a ribbon of an
adhesive membrane sealed along the line between the
lid and body. The ribbon can be cut by a cutting tool
910 in the machine, such as a blade or an equivalent
means. As the capsule is driven in rotation (as shown
by arrow C), the cutting tool is approached in contact
with the ribbon which is thus automatically cut. The
capsule is so no longer impervious and liquid can
escape the capsule through the radial edge of the
capsule as previously explained. One can note that the
sealing membrane(s) can also be made of a peelable
adhesive material so that the user himself can remove
it (them). According to figure 21, the system may also
foresee an injection of water by aspiration under the
effect of the rotational momentum. For this, a capsule
is housed in the referencing means 40, 4 1. An
injection tube 8 connects a water reservoir to the
inside of the capsule. The device is so oriented that
the reservoir is below the capsule and water is
transported by the vacuum that is produced in the
centre of the capsule. The injection tube also engages
into the capsule up to a region preferably closer to
the more narrow side or bottom so that water can wet
the whole mass of substance, e.g., ground coffee
powder. One can note that the capsule can be
positioned with its sidewall widening downwardly. In
figure 22, the system is similar but the orientation
of the capsule is simply inverted and it widens
upwardly. In the two embodiments of figures 2 1 and
22, water is preferably injected near the more narrow
side of the capsule, i.e., opposite the widening side,
in order for the liquid to flow through the substance
in the direction of the wider side of the capsule and
to then exit the capsule. Figure 23 illustrates
another capsule of the invention. The capsule
comprises means for connecting it to the external
rotational driving means of the device. For this,
capsule has a toothed structure 75 on at least one of
its outer surface. The capsule has a body 70
comprising an upper edge 72 which can be closed by an
upper membrane 71. The toothed structure comprises a
series of teeth which is positioned below the edge or
rim 72 of the body of the capsule. The teeth are
placed along the whole periphery of the body of the
capsule. The body of the capsule can be made of
plastic and/or aluminium or aluminium alloy. For
example, it can be moulded by injection of plastic or
deep drawn in aluminium. For example, the shape of the
teeth could beslightly triangular, oval, rectangular
or pyramidal. It should be noticed that the teeth
could be replaced by other equivalent structures such
as series of elements in relief and/or hollow. For
example, slits, pins or small needles can be
envisaged. The device itself that receives the capsule
of figure 23 comprises a toothed surface of
complementary shape. Figure 24 shows a capsule holder
44 adapted to receive the capsule of figure 23. The
capsule holder has a cavity into which are provided
hollow teeth 440. The hollow teeth are arranged to fit
the teeth 750 on the outer surface of the capsule. It
should be noted that the connecting or engaging
structure of figure 23 can replace the structure of
the capsule of figure 8 and 9 or reciprocally. In
figure 25, is illustrated another embodiment of the
brewing system of the invention. The difference is
here that a water by-pass conduit 500 is provided in
addition to the main water conduit 50 for adding a
volume of water in the collecting assembly 52. A
volume of water may be added before, during or after
the centrifugal brewing operation in the capsule. The
by-pass conduit ends on the upper surface of the
rotating lid 400. The upper surface of the lid 400 may
comprise a water distribution structure such as radial
grooves or recesses to promote the flow of water
toward the surface of the collecting assembly. The
control unit may control the delivery of the added
volume of water so that the volume is added at the
same time as the coffee extract is delivered by
centrifugation so that the foam that is created on the
top of the beverage is not destroyed. The system and
method of the invention provide remarkable brewing
results with solid contents which are higher than
usual methods and devices. The results are very
reproducible from capsule to capsule. Surprisingly,
crema is also remarkably 



improved with a creamier, more stable and thicker
texture. Of course, the invention may encompass many
variants which are included in the scope of the patent
claims that follow.CLAIMS: 1. Method for preparing, in
a beverage preparation device, a beverage or liquid
from a food substance contained in a filtering
receptacle by passing water through the substance
using brewing centrifugal forces comprising: feeding
water in the receptacle, driving the receptacle in
centrifugal rotation in the beverage preparation
device to force water to flow through the substance in
a centrifugal flow path to outlet means of the
receptacle, wherein the receptacle is formed by a
sealed capsule before its use which is opened for
water to be introduced in the capsule; said capsule
containing a predetermined dose of food substance and
being discarded after use. 2. Method according to
claim 1, wherein the capsule is opened for water to be
introduced in the capsule, after insertion of the
capsule in the beverage preparation device, by
piercing of the capsule. 3. Method according to claim
1, wherein the capsule is opened for water to be
introduced in the capsule, before insertion of the
capsule in the beverage preparation device by
providing at least one passage, by piercing or
removing a sealing foil of the capsule. 4. Method
according to any of claims 1 to 3, wherein the capsule
contains a dose of substance for preparing one or two
servings of beverage. 5. Method according to any of
claims 1 to 4, wherein the capsule contains ground
coffee powder, soluble coffee, tea, chocolate,
whitener, flavours and combinations thereof. 6. Method
according to any of claims 1 to 5, wherein the capsule
is sealed in a gas tight manner.7. Method according to
any of the preceding claims, wherein the capsule is
driven in rotation at a centrifugal speed of at least
500 rpm. 8. Method according to any of the preceding
claims, wherein water is introduced in the capsule at
substantially no pressure. 9. Method according to any
one of claims 1 to 8, wherein at least one peripheral
beverage outlet is made before or when water is
introduced in the capsule. 10. Method according to
claim 9, wherein the peripheral outlets are pierced on
a lid of the capsule. 11. Method according to claims
9, wherein peripheral outlets are pierced on a
sidewall of the capsule. 12. Method according to any
of claims 1 to 9, wherein at least one peripheral
outlet is formed by an opening occurring under the
effect of the pressure of liquid carried out by the
centrifugal forces. 13. Method according to claim 12,
wherein the at least one peripheral outlet is obtained
by the centrifugal forces which exert a flexure on at
least one deflectable portion of the capsule. 14.
Method according to any one of the preceding claims,
wherein the capsule is referenced with its axis of
rotation being vertical or inclined relative to
vertical of an angle lower than 90 degrees. 15. System
for preparing a beverage or liquid food from a food
substance contained in a filtering receptacle by
passing water through the substance using centrifugal
forces comprising: a device comprising: - water feed
means for introducing water in the receptacle, -
driving means for driving the receptacle in
centrifugal rotation,wherein the receptacle is formed
by a capsule which contains the food substance and is
insertable in the device for brewing of the liquid
food and then removable from the device after brewing
of the liquid food, wherein the system further
comprises referencing means for positioning and
referencing the capsule in a removable manner in the
device and in operational relationship with the water
feed means and along an axis of rotation along the
driving means. 16. System according to claim 15,
wherein the referencing means comprises a capsule
holder associated to the driving means for allowing
the capsule to be rotated around its central axis. 17.
System according to claims 15 or 16, wherein the
capsule is impermeable to gas and, preferably,
comprises a sealing lid. 18. System according to claim
17, wherein the lid comprises a flexible membrane. 19.
System according to any one of claims 15 to 18,
wherein the capsule comprises a cup-shaped body. 20.
System according to claim 19, wherein the capsule
comprises trunconical sidewalls. 21. System according
to claims 19 or 20, wherein the capsule has a rigid
plastic lid resiliably attached to the cup-shaped
body. 22. System according to claim 21, wherein the
lid and body are attached via a peripheral deflectable
sealing means which opens by effect of the centrifugal
effect to let the food liquid pass. 23. System
according to claim 22, wherein the deflectable sealing
means comprises at least one peripheral plastic lip
engaged in a seat.24. System according to any of the
preceding claims 15 to 21, wherein the capsule
comprises a pierceable membrane and the device
comprises inlet piercing means for piercing the
membrane and for enabling the water feed means to
introduce water in the capsule. 25. System according
to claim 24, wherein the inlet piercing means is
arranged to pierce at least one water inlet near or at
the axis of rotation of the capsule device. 26. System
according to claim 25, wherein the inlet piercing
means is a single needle. 27. System according to any
one of claims 15 to 26, wherein the device comprises
outlet piercing means for enabling liquid to exit the
capsule wherein the outlet piercing means are radially
positioned with respect to the axis of rotation of the
capsule in the device. 28. System according to claim
27, wherein the outlet piercing means comprises a
series of needles positioned in a circular pattern and
arranged in relation to the capsule to pierce radial
holes in the capsule. 29. Device for preparing a
beverage or liquid food from a food substance
contained in a capsule by passing water through the
substance in the capsule comprising: - water feed
means for introducing water in the capsule, wherein it
further comprises referencing means for positioning
and referencing the capsule along an axis of rotation
in the device and driving means for driving the
capsule in centrifugal rotation. 30. Device according
to claim 29, wherein the driving means comprises a
drive shaft and an electrical motor connected to the
referencing means for driving the capsule in rotation.
31. Device according to any one of claims 29 or 30,
wherein the referencing means are designed for
receiving the capsule in a removable manner and for
receiving the capsule in the device in operational
relationship with the water feed means and the driving
means.32. Device according to claim 31, wherein the
referencing means comprise a capsule holder comprising
a cavity which is drivable in rotation. 33. Device
according to claim 32, wherein the capsule holder is
connected to a motor via a drive shaft arranged for
driving the capsule holder about a central rotational
axis. 34. Device according to any one of claim 3 1 or
32, wherein the referencing means comprise a water
injection lid closing on the capsule. 35. Device
according to claim 34, wherein the water injection lid
is traversed by a water conduit. 36. Device according
to claim 35, wherein the water injection lid comprises
means for puncturing at least one water inlet in the
capsule. 37. Device according to any one of claims 29
to 36, wherein it comprises means for piercing
peripheral outlets enabling the brewed liquid to leave
the capsule. 38. Device according to claim 37, wherein
the piercing means are formed by a series of needles
on the injection lid. 39. Device according to any one
of claims 29 to 38, wherein it comprises a collector
for collecting the brewed liquid. 40. Device according
to claims 29 to 39, wherein it comprises a by-pass
conduit arranged to add a volume of water in the
collector without water passing in the capsule. 41.
Device according to any one of claims 29 to 40,
wherein it comprises a control unit adapted to vary
the speed of the driving means for driving the capsule
in centrifugal rotation therefore providing different
centrifugal pressure in the capsule. 42. Device
according to claim 41, wherein the control unit is
programmed to provide at least two different
centrifugal speeds.43. Device according to any of
claims 29 to 42, wherein the water feed means
comprises a pump. 44. Device according to any of
claims 29 to 43, wherein the water feed means
comprises an injection tube connected to a water
reservoir for injection of water in the capsule under
the effect of the rotational momentum. 


