
CYCLOHEXYL SULFONAMIDE DERIVATIVES HAVING H3 RECEPTOR
ACTIVITY The present invention is concerned with novel
cyclohexyl sulfonamide derivatives, their manufacture,
pharmaceutical compositions containing them and their
use as medicaments. The active compounds of the
present invention are useful in treating obesity and
other disorders. In particular, the present invention
relates to compounds of the general formula wherein R1
is selected from the group consisting of lower alkyl,
cycloalkyl, lower cycloalkylalkyl and
tetrahydropyranyl; R2 is selected from the group
consisting of hydrogen, lower alkyl, cycloalkyl, lower
cycloalkylalkyl, lower halogenalkyl, lower alkoxyalkyl
and lower cyanoalkyl; R3 is selected from the group
consisting of lower alkyl, -(CH 2)m-aryl, wherein m is
0, 1 or 2 and wherein the aryl ring is unsubstituted
or substituted with one, two or three groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower cyanoalkyl, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy,
lower hydroxyalkyl, lower alkanoylamino and lower
alkylsulfonyl, -(CH 2)n-heteroaryl, wherein n is 0, 1
or 2 and wherein the heteroaryl ring is unsubstituted
or substituted with one, two or three groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower cyanoalkyl, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy,
lower hydroxyalkyl, lower alkanoylamino and lower
alkylsulfonyl, and-NR4R5; R4 is selected from the
group consisting of hydrogen, lower alkyl, lower
halogenalkyl, lower alkoxyalkyl and lower cyanoalkyl;
R5 is selected from the group consisting of lower
alkyl, lower halogenalkyl, lower alkoxyalkyl, lower
cyanoalkyl, phenyl unsubstituted or substituted with
one, two or three groups independently selected from
lower alkyl, halogen, lower halogenalkyl, cyano, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy
and lower hydroxyalkyl, and lower phenylalkyl wherein
the phenyl ring may be unsubstituted or substituted
with one or two groups independently selected from
lower alkyl, halogen, lower halogenalkyl, cyano, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy
and lower hydroxyalkyl; or R4 and R5 together with the
nitrogen atom to which they are attached form a 4-,
5-, 6- or 7-membered heterocyclic ring optionally
containing a further heteroatom selected from
nitrogen, oxygen or sulfur, a sulfinyl group or a
sulfonyl group, said heterocyclic ring being
unsubstituted or substituted by one, two or three
groups independently selected from lower alkyl,
halogen, halogenalkyl, cyano, hydroxy, lower
hydroxyalkyl, lower alkoxy, oxo, phenyl, benzyl,
pyridyl and carbamoyl, or being condensed with a
phenyl ring, said phenyl ring being unsubstituted or
substituted by one, two or three groups independently
selected from lower alkyl, lower alkoxy and halogen;
and pharmaceutically acceptable salts thereof. The
compounds of formula I are antagonists and/or inverse
agonists at the histamine 3 receptor (H3 receptor).
Histamine (2-(4-imidazolyl) ethylamine) is one of the
aminergic neurotransmitters which is widely
distributed throughout the body, e . g. the
gastrointestinal tract (Burks 1994 in Johnson LR. ed.,
Physiology of the Gastrointestinal Tract, Raven Press,
NY, pp. 2 11 - 242) . Histamine regulates a variety of
digestive pathophysiological events like gastric acid
secretion, intestinal motility (Leurs et al., Br J .
Pharmacol. 1991, 102, pp 179- 185), vasomotor
responses, intestinal inflammatory responses and
allergic reactions (Raithel et al., Int. Arch. Allergy
Immunol. 1995, 108, 127-133). In the mammalian brain,
histamine is synthesized in histaminergic cell bodies
which are found centrally in thetuberomammillary
nucleus of the posterior basal hypothalamus. From
there, the histaminergic cell bodies project to
various brain regions (Panula et al., Proc. Natl.
Acad. Sci. USA 1984, 81, 2572-2576; Inagaki et al., J
. Comp. Neurol 1988, 273, 283 - 300). According to
current knowledge, histamine mediates all its actions
in both the CNS and the periphery through four
distinct histamine receptors, the histamine Hl, H2 H3
and H4 receptors. H3 receptors are predominantly
localized in the central nervous system (CNS). As an
autoreceptor H3 receptors constitutively inhibit the
synthesis and secretion of histamine from
histaminergic neurons (Arrang et al., Nature 1983,
302, 832-837; Arrang et al., Neuroscience 1987, 23,
149-157). As heteroreceptors, H3 receptors also
modulate the release of other neurotransmitters such
as acetylcholine, dopamine, serotonin and
norepinephrine among others in both the central
nervous system and in peripheral organs, such as
lungs, cardiovascular system and gastrointestinal
tract (Clapham & Kilpatrik, Br. J . Pharmacol. 1982,
107, 919- 923; Blandina et al. in The Histamine H3
Receptor (Leurs RL and Timmermann H eds, 1998, pp
27-40, Elsevier, Amsterdam, The Netherlands). H3
receptors are constitutively active, meaning that even
without exogenous histamine, the receptor is tonically
activated. In the case of an inhibitory receptor such
as the H3 receptor, this inherent activity causes
tonic inhibition of neurotransmitter release.
Therefore it may be important that a H3R antagonist
would also have inverse agonist activity to both block
exogenous histamine effects and to shift the receptor
from its constitutively active (inhibitory) form to a
neutral state. The wide distribution of H3 receptors
in the mammalian CNS indicates the physiological role
of this receptor. Therefore the therapeutic potential
as a novel drug development target in various
indications has been proposed. The administration of
H3R ligands - as antagonists, inverse agonists,
agonists or partial agonists - may influence the
histamine levels or the secretion of neurotransmitters
in the brain and the periphery and thus may be useful
in the treatment of several disorders. Such disorders
include obesity, (Masaki et al; Endocrinol. 2003, 144,
2741- 2748; Hancock et al., European J . of Pharmacol.
2004, 487, 183-197), cardiovascular disorders such as
acute myocardial infarction, dementia and cognitive
disorders such as attention deficit hyperactivity
disorder (ADHD) and Alzheimer's disease, neurological
disorders such as schizophrenia, depression, epilepsy,
Parkinson's disease, and seizures or convulsions,
sleep disorders, narcolepsy, pain, gastrointestinal
disorders, vestibular dysfunction such as Morbus
Meniere, drug abuse and motion sickness (Timmermann, J
. Med. Chem. 1990, 33, 4- 11) .It is therefore an
object of the present invention to provide selective,
directly acting H3 receptor antagonists respectively
inverse agonists. Such antagonists / inverse agonists
are useful as therapeutically active substances,
particularly in the treatment and/or prevention of
diseases which are associated with the modulation of
H3 receptors. In the present description the term
"alkyl", alone or in combination with other groups,
refers to a branched or straight-chain monovalent
saturated aliphatic hydrocarbon radical of one to
twenty carbon atoms, preferably one to sixteen carbon
atoms, more preferably one to ten carbon atoms. The
term "lower alkyl" or "Ci -Cs- alkyl", alone or in
combination, signifies a straight-chain or
branched-chain alkyl group with 1 to 8 carbon atoms,
preferably a 



straight or branched-chain alkyl group with 1 to 6
carbon atoms and particularly preferred a straight or
branched-chain alkyl group with 1 to 4 carbon atoms.
Examples of straight-chain and branched Ci-Cs alkyl
groups are methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert. -butyl, the isomeric pentyls, the
isomeric hexyls, the isomeric heptyls and the isomeric
octyls, preferably methyl and ethyl and most preferred
methyl. The term "cycloalkyl" or "Cs-C -cycloalkyl"
denotes a saturated carbocyclic group containing from
3 to 7 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl. Especially
preferred is cyclopentyl. The term "lower
cycloalkylalkyl" or "Cs-C -cycloalkyl-Ci-Cg-alkyl"
refers to a lower alkyl group as defined above wherein
at least one of the hydrogen atoms of the lower alkyl
group is replaced by a cycloalkyl group, preferably
cyclopropyl. Among the preferred lower cycloalkylalkyl
groups is cyclopropylmethyl. The term "alkoxy" refers
to the group R'-O-, wherein R' is lower alkyl and the
term "lower alkyl" has the previously given
significance. Examples of lower alkoxy groups are e.g.
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec. butoxy and tert.- butoxy, preferably
methoxy and ethoxy and most preferred methoxy. The
term "lower alkoxyalkyl" or "Ci_8-alkoxy-Ci_8-alkyl"
refers to lower alkyl groups as defined above wherein
at least one of the hydrogen atoms of the lower alkyl
groups is replaced by an alkoxy group, preferably
methoxy or ethoxy. Among the preferred lower
alkoxyalkyl groups are 2-methoxyethyl or
3-methoxypropyl. The term "halogen" refers to
fluorine, chlorine, bromine and iodine, with fluorine,
chlorine and bromine being preferred.The term "lower
halogenalkyl" or "halogen-Ci-Cs- alkyl" refers to
lower alkyl groups as defined above wherein at least
one of the hydrogen atoms of the lower alkyl group is
replaced by a halogen atom, preferably fluoro or
chloro, most preferably fluoro. Among the preferred
halogenated lower alkyl groups are trifluoromethyl,
difluoromethyl, trifluoroethyl, fluoromethyl and
chloromethyl, with trifluoromethyl being especially
preferred. The term "lower halogenalkoxy" or
"halogen-Ci-Cs-alkoxy" refers to lower alkoxy groups
as defined above wherein at least one of the hydrogen
atoms of the lower alkoxy group is replaced by a
halogen atom, preferably fluoro or chloro, most
preferably fluoro. Among the preferred halogenated
lower alkyl groups are trifluoromethoxy,
difluoromethoxy, fluormethoxy and chloromethoxy, with
trifluoromethoxy being especially preferred. The term
"lower hydroxyalkyl" or "hydroxy-Ci-Cs-alkyl" refers
to lower alkyl groups as defined above wherein at
least one of the hydrogen atoms of the lower alkyl
group is replaced by a hydroxy group. Examples of
lower hydroxyalkyl groups are hydroxymethyl or
hydroxyethyl. The term "lower cyanoalkyl" or
"cyano-Ci-Cs- alkyl" refers to lower alkyl groups as
defined above wherein at least one of the hydrogen
atoms of the lower alkyl group is replaced by a cyano
group. Examples of lower hydroxyalkyl groups are
cyanomethyl or cyanoethyl. The term "lower alkanoyl"
refers to the group -CO-R', wherein R' is lower alkyl
and the term "lower alkyl" has the previously given
significance. Preferred is a group - CO-R', wherein R'
is methyl, meaning an acetyl group. The term "benzoyl"
refers to the group -CO-phenyl, wherein the phenyl
ring may be optionally substituted by one, two or
three groups independently selected from the group
consisting of lower alkyl, lower alkoxy, halogen,
lower halogenalkyl, lower halogenalkoxy and cyano. The
term "lower alkanoylamino" or "Ci-Cs-alkanoylamino"
refers to the group -NH-CO-R', wherein R' is lower
alkyl and the term "lower alkyl" has the previously
given significance. Preferred is a group -NH-CO-R',
wherein R' is methyl, meaning acetylamino.The term
"alkylsulfonyl" or "lower alkylsulfonyl" refers to the
group R'-S(O) 2-, wherein R' is lower alkyl and the
term "lower alkyl" has the previously given
significance. Examples of alkylsulfonyl groups are
e.g. methylsulfonyl or ethylsulfonyl. The term "aryl"
refers to a monovalent aromatic carbocyclic radical
consisting of one individual ring, or one or more
fused rings in which at least one ring is aromatic in
nature. Preferred "aryl" groups are the phenyl or
naphthyl group, more preferably "aryl" refers to the
phenyl group. The term "heteroaryl" refers to an
aromatic 5- or 6-membered ring which can comprise one,
two or three atoms selected from nitrogen, oxygen
and/or sulphur. Examples of heteroaryl groups are e.g.
furyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
thienyl, isoxazolyl, thiazolyl, isothiazolyl,
oxazolyl, imidazolyl, or pyrrolyl. Especially
preferred are pyridyl, thienyl, imidazolyl,
isoxazolyl, thiazolyl and pyrazolyl.. The term
"heterocyclyl" refers to a saturated or partly
unsaturated 5- or 6- membered ring which can comprise
one, two or three atoms selected from nitrogen, oxygen
and/or sulphur. Examples of heterocyclyl rings include
piperidinyl, piperazinyl, azepinyl, pyrrolidinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl,
oxazolidinyl, isoxazolidinyl, morpholinyl,
thiazolidinyl, isothiazolidinyl, thiadiazolylidinyl,
dihydrofuryl, tetrahydrofuryl, dihydropyranyl,
tetrahydropyranyl, and thiomorpholinyl. Apreferred
heterocyclyl group is piperidinyl or
tetrahydropyranyl. The term "form a 4-, 5-, 6- or
7-membered heterocyclic ring optionally containing a
further heteroatom selected from nitrogen, oxygen or
sulfur" refers to a N-heterocyclic ring, which may
optionally contain a further nitrogen, oxygen or
sulfur atom, such as azetidinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, oxazolidinyl,
isoxazolidinyl, thiazolidinyl, isothiazolidinyl,
piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, or azepanyl. A "4-, 5-, 6- or
7-membered heterocyclic ring containing a sulfinyl
group or a sulfonyl group" means a N-heterocyclic ring
that contains a -S(O)- group or a -SO2- group, for
example 1-oxothiomorpholinyl or
1,1-dioxothiomorpholinyl. The heterocyclic ring may be
unsubstituted or substituted by one, two or three
groups independently selected from lower alkyl,
halogen, halogenalkyl, cyano, hydroxy, lower
hydroxyalkyl, lower alkoxy, oxo, phenyl, benzyl,
pyridyl and carbamoyl. The heterocyclic ring may also
be condensed with a phenyl ring, said phenyl ring
being unsubstituted or substituted by one, two or
three groups independently selected from lower alkyl,
lower alkoxy and halogen. Examples for such condensed
heterocyclic rings are 3,4-dihydro-lHisoquinoline or
1,3-dihydroisoindole.The term "oxo" means that a
C-atom of the heterocyclic ring maybe substituted by
=0, thus meaning that the heterocyclic ring may
contain one or more carbonyl (-CO-) groups. The term
"pharmaceutically acceptable salts" refers to those
salts which retain the biological effectiveness and
properties of the free bases or free acids, which are
not biologically or otherwise undesirable. The salts
are formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, preferably hydrochloric
acid, and organic acids such as acetic acid, propionic
acid, glycolic acid, pyruvic acid, oxylic acid, maleic
acid, malonic acid, salicylic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, benzoic
acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid, Nacetylcystein and the like. In
addition these salts may be prepared form addition of
an inorganic base or an organic base to the free acid.
Salts derived from an inorganic base include, but are
not limited to, the sodium, potassium, lithium,
ammonium, calcium, magnesium salts and the like. Salts
derived from organic bases include, but are not
limited to salts of primary, secondary, and tertiary
amines, substituted amines including 



naturally occurring substituted amines, cyclic amines
and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, triethylamine,
tripropylamine, ethanolamine, lysine, arginine,
N-ethylpiperidine, piperidine, polymine resins and the
like. The compound of formula I can also be present in
the form of zwitterions. Particularly preferred
pharmaceutically acceptable salts of compounds of
formula I are the hydrochloride salts. The compounds
of formula I can also be solvated, e.g. hydrated. The
solvation can be effected in the course of the
manufacturing process or can take place e.g. as a
consequence of hygroscopic properties of an initially
anhydrous compound of formula I (hydration). The term
pharmaceutically acceptable salts also includes
physiologically acceptable solvates. "Isomers" are
compounds that have identical molecular formulae but
that differ in the nature or the sequence of bonding
of their atoms or in the arrangement of their atoms in
space. Isomers that differ in the arrangement of their
atoms in space are termed "stereoisomers".
Stereoisomers that are not mirror images of one
another are termed "diastereoisomers", and
stereoisomers that are non-superimposable mirror
images are termed "enantiomers", or sometimes optical
isomers. A carbon atom bonded to four nonidentical
substituents is termed a "chiral center".In more
detail, the present invention relates to compounds of
the general formula wherein R1 is selected from the
group consisting of lower alkyl, cycloalkyl, lower
cycloalkylalkyl and tetrahydropyranyl; R2 is selected
from the group consisting of hydrogen, lower alkyl,
cycloalkyl, lower cycloalkylalkyl, lower halogenalkyl,
lower alkoxyalkyl and lower cyanoalkyl; R3 is selected
from the group consisting of lower alkyl, -(CH
2)m-aryl, wherein m is 0, 1 or 2 and wherein the aryl
ring is unsubstituted or substituted with one, two or
three groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy, lower hydroxyalkyl, lower alkanoylamino
and lower alkylsulfonyl, -(CH 2)n-heteroaryl, wherein
n is 0, 1 or 2 and wherein the heteroaryl ring is
unsubstituted or substituted with one, two or three
groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy, lower hydroxyalkyl, lower alkanoylamino
and lower alkylsulfonyl, and -NR4R5; R4 is selected
from the group consisting of hydrogen, lower alkyl,
lower halogenalkyl, lower alkoxyalkyl and lower
cyanoalkyl; R5 is selected from the group consisting
of lower alkyl, lower halogenalkyl, lower alkoxyalkyl,
lower cyanoalkyl,phenyl unsubstituted or substituted
with one, two or three groups independently selected
from lower alkyl, halogen, lower halogenalkyl, cyano,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy and lower hydroxyalkyl, and lower
phenylalkyl wherein the phenyl ring may be
unsubstituted or substituted with one or two groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower alkoxy, lower
alkanoyl, benzoyl, lower halogenalkoxy and lower
hydroxyalkyl; or R4 and R5 together with the nitrogen
atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocyclic ring optionally containing a
further heteroatom selected from nitrogen, oxygen or
sulfur, a sulfinyl group or a sulfonyl group, said
heterocyclic ring being unsubstituted or substituted
by one, two or three groups independently selected
from lower alkyl, halogen, halogenalkyl, cyano,
hydroxy, lower hydroxyalkyl, lower alkoxy, oxo,
phenyl, benzyl, pyridyl and carbamoyl, or being
condensed with a phenyl ring, said phenyl ring being
unsubstituted or substituted by one, two or three
groups independently selected from lower alkyl, lower
alkoxy and halogen; and pharmaceutically acceptable
salts thereof. Preferred compounds of formula I of the
present invention are compounds of formula I, wherein
R3 is lower alkyl. More preferred are those compounds
of formula I, wherein R3 is C3-C8-alkyl, with those
compounds of formula I, wherein R3 is propyl or
isopropyl, being especially preferred. Also preferred
are compounds of formula I, wherein R3 is selected
from the group consisting of -(CH 2)m-aryl, wherein m
is 0, 1 or 2 and wherein the aryl ring is
unsubstituted or substituted with one, two or three
groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy, lower hydroxyalkyl, lower alkanoylamino
and lower alkylsulfonyl, and -(CH 2)n-heteroaryl,
wherein n is 0, 1 or 2 and wherein the heteroaryl ring
is unsubstituted or substituted with one, two or three
groups independently selectedfrom lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy, lower hydroxyalkyl, lower alkanoylamino
and lower alkylsulfonyl. Within this group, those
compounds are preferred, wherein R3 is -(CH 2)m-aryl,
wherein m is 0, 1 or 2 and wherein the aryl ring is
phenyl unsubstituted or substituted with one, two or
three groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl, lower
halogenalkoxy, lower hydroxyalkyl, lower alkanoylamino
and lower alkylsulfonyl. Especially preferred are
those compounds of formula I, wherein R3 is phenyl
substituted with one, two or three groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower cyanoalkyl, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy,
lower hydroxyalkyl, lower alkanoylamino and lower
alkylsulfonyl. Most preferably, R3 is selected from
the group consisting of 2-methylphenyl, 2,4,6-
trimethylphenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 4-fluoro-2- methylphenyl,
5-fluoro-2-methylphenyl, 2,4-difluorophenyl,
3,4-difluorophenyl, 3,4,5- trifluorophenyl,
3-chloro-4-fluorophenyl, 4-chloro-2-fluorophenyl,
2-chlorophenyl, 4- chlorophenyl, 2,4-dichlorophenyl,
3,4-dichlorophenyl, 2-cyanophenyl, 4-cyanophenyl, 3-
cyano-4-fluorophenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2,4-dimethoxyphenyl, 3,4-
dimethoxyphenyl, 2,5-dimethoxyphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl,
4-trifluoromethoxyphenyl, 4-acetylphenyl,
4-acetylaminophenyl and 4-methanesulfonylphenyl. A
further group of preferred compounds of the present
invention are the compounds of formula I, wherein R3
is -(CH 2)n-heteroaryl, wherein n is 0, 1 or 2 and
wherein the heteroaryl ring is unsubstituted or
substituted with one, two or three groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower cyanoalkyl, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy,
lower hydroxyalkyl, lower alkanoylamino and lower
alkylsulfonyl. More preferably, R3 is -(CH
2)n-heteroaryl, wherein n is 0, 1 or 2 and wherein 



heteroaryl is selected from the group consisting of
pyridyl, thienyl, imidazolyl, isoxazolyl, thiazolyl
and pyrazolyl, said heteroaryl ring being
unsubstituted or substituted with one, two or three
groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower cyanoalkyl,
lower alkoxy, lower alkanoyl, benzoyl,
lowerhalogenalkoxy, lower hydroxyalkyl, lower
alkanoylamino and lower alkylsulfonyl. Even more
preferably, n is 0. Especially preferred are compounds
of formula I, wherein R3 is heteroaryl selected from
the group consisting of pyridyl, thienyl, imidazolyl,
isoxazolyl, thiazolyl and pyrazolyl, said heteroaryl
ring being unsubstituted or substituted with one, two
or three groups independently selected from lower
alkyl and halogen. Examples of such heteroaryl groups
include 6-chloropyridin-3-yl, thienyl,
3,5-dimethylisoxazol-4-yl, 2,4- dimethylthiazol-5-yl,
5-chloro-thien-2-yl, l,3-dimethyl-lH-pyrazol-4-yl,
5-bromo-6- chloro-pyridin-3-yl,
3-bromo-5-chloro-thien-2-yl,
4-bromo-5-chloro-thien-2-yl, 5- bromo-pyridin-3-yl,
2,3-dimethyl-3H-imidazol-4-yl and 5-chloro-
1,3-dimethyl- IHpyrazol- 4-yl. Especially preferred
are compounds of formula I, wherein R3 is pyridyl
unsubstituted or substituted with halogen, preferably
chloro. Further preferred compounds are those
compounds of formula I of the present invention,
wherein R3 is -NR4R5 and wherein R4 is selected from
the group consisting of hydrogen, lower alkyl, lower
halogenalkyl, lower alkoxyalkyl and lower cyanoalkyl;
and R5 is selected from the group consisting of lower
alkyl, lower halogenalkyl, lower alkoxyalkyl, lower
cyanoalkyl, phenyl unsubstituted or substituted with
one, two or three groups independently selected from
lower alkyl, halogen, lower halogenalkyl, cyano, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy
and lower hydroxyalkyl, and lower phenylalkyl wherein
the phenyl ring may be unsubstituted or substituted
with one or two groups independently selected from
lower alkyl, halogen, lower halogenalkyl, cyano, lower
alkoxy, lower alkanoyl, benzoyl, lower halogenalkoxy
and lower hydroxyalkyl. Especially preferred compounds
are those, wherein R3 is -NR4R5 and R4 and R5 are
lower alkyl. Most preferably, R4 and R5 are methyl.
Furthermore compounds of formula I according to the
present invention are preferred, wherein R1 is lower
alkyl or cycloalkyl. More preferred compounds of
formula I according to the invention are those,
wherein R1 is lower alkyl, with those compounds
wherein R1 is isopropyl or tert-butyl, being
especially preferred.Also preferred are compounds o f
formula I , wherein R 1 is cycloalkyl, with those
compounds wherein R 1 is cyclopentyl or cyclobutyl
being especially preferred. Further preferred are
compounds o f formula I , wherein R 1 is lower
cycloalkylalkyl or tetrahydropyranyl. Preferably,
lower cycloalkylalkyl is cyclopropylmethyl. Preferred
are further compounds o f formula I according t o the
invention, wherein R2 is selected from the group
consisting o f hydrogen, lower alkyl and lower
cycloalkylalkyl. One group o f preferred compounds o f
formula I are those, wherein R is hydrogen. Also
preferred are compounds o f formula I , wherein R2 is
lower alkyl, with those compounds, wherein R is methyl
or isopropyl being especially preferred. Most
preferred R2 is isopropyl. A further group o f
preferred compounds o f formula I according t o the
invention are thloossee,, wwhheerreeiinn R2 iiss
lloowweerr ccyyccllooaallkkyyllaallkkyyll.. Especially
preferred are those compounds o f formula I , wherein
R is cyclopropylmethyl. Preferred compounds o f
formula I o f the present invention are the following:
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}propane-l-sulfonamide, N-{trans-4- [(4-
isopropylpiperazin-l-yOcarbonyrjcyclohexylJpropane- 2
- sulfonamide,
'-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cycloh
exyl}- , -dimethylsulfamide, N-{trans-4- [(4-
isopropylpiperazin-l-yl)carbonyl]cyclohexyl}-2-methylb
enzenesulfonamide, 2-fluoro-iV- {trans-4- [(4-
isopropylpiperazin-l-yOcarbonyrjcyclohexylJbenzenesulf
onamide, 4-fluoro-iV- {trans-4- [(4-
isopropylpiperazin-l-yOcarbonyrjcyclohexylJbenzenesulf
onamide, 4-cyano-iV- {trans-4- [(4-
isopropylpiperazin-l-yOcarbonyrjcyclohexylJbenzenesulf
onamide, N-{trans-4- [(4-
isopropylpiperazin-l-yl)carbonyl]cyclohexyl}-4-methoxy
benzenesulfonamide, N-{trans-4- [(4-
isopropylpiperazin-l-y^carbonylJcyclohexylJ-S-methoxyb
enzenesulfonamide,4-fluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2-methylbenzenesulfonamide, l-(3-fluorophenyl)-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}- methanesulfonamide, 2,4-difluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2,4,6-trimethylbenzenesulfonamide,
3-chloro-4-fluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2,4-dimethoxybenzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2,5-dimethoxybenzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-3,4-dimethoxybenzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-4- (trifluoromethyl)benzene- sulfonamide,
2,4-dichloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 3,4-dichloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, N-{cis-4-
[(4-isopropylpiperazin-l-y^carbony^cyclohexyljpropane-
2-sulfonamide,
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}-2,4,6-trimethylbenzenesulfonamide,
3-chloro-4-fluoro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide, 2,4-dichloro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide, 3,4-dichloro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide, 3,4,5-trifluoro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide, 5-fluoro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}-2-methylbenzenesulfonamide, 4-chloro-2-fluoro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide,2-chloro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide, 3,4-difluoro-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}benzenesulfonamide,
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}-l-[3-(trifluoromethyl)- phenyl] methanesulfonamide,
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}-l-[4-(trifluoromethyl)- phenyl] methanesulfonamide,
l-(3,4-dichlorophenyl)-
-{cis-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohexy
l}- methanesulfonamide, 2-cyano-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-4-(trifluoromethoxy)- benzenesulfonamide,
3,4,5-trifluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 5-fluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2-methylbenzenesulfonamide, 4-chloro-2-fluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 4-chloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 2-chloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 4-acetyl-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 3,4-difluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-l-[3-(trifluoromethyl)- phenyl]
methanesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-l-[4-(trifluoromethyl)- phenyl]
methanesulfonamide, 



l-(3,4-dichlorophenyl)-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}- methanesulfonamide, 3-cyano-4-fluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- benzenesulfonamide,
N-{trans-4-[4-(4-isopropyl-piperazine-l-carbonyl)-cycl
ohexylsulfamoyl] -phenyl }-
acetamide,-[trans-4-(4-isopropyl-piperazine-l-carbonyl
)-cyclohexyl]-4-methanesulfonylbenzenesulfonamide,
-chloro-pyridine-S-sulfonic acid
[trans-4-(4-isopropyl-piperazine- 1-carbonyl)-
cyclohexyl] -amide,
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-2, -dimethylbenzenesulfonamide, 2,4-difluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methylbenzenesulfonamide,
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-2,4,6, -tetramethylbenzenesulfonamide,
3-chloro-4-fluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- - methyl-benzenesulfonamide,
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methyl-4- trifluoromethyl-benzenesulfonamide,
3,4-dichloro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methylbenzenesulfonamide, 2-cyano-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methylbenzenesulfonamide,
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methyl-4- trifluoromethoxy-benzenesulfonamide,
4-cyano-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- -methylbenzenesulfonamide, 3-cyano-4-fluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- - methyl-benzenesulfonamide, -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-2-methylbenzenesulfonamide, -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4-methoxybenzenesulfonamide, 2,4-difluoro-
-isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]- benzenesulfonamide, -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl] -2,4,6- trimethyl-benzenesulfonamide,
3-chloro-4-fluoro- -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4-
trifluoromethyl-benzenesulfonamide,2-cyano-LMsopropyl-
Lf-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cycloh
exyl]- benzenesulfonamide, -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- trifluoromethoxy-benzenesulfonamide,
3-cyano-4-fluoro- -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide,
-(4-{isopropyl-[trans-4-(4-isopropyl-piperazine-l-carb
onyl)-cyclohexyl]-sulfamoyl}- phenyl) -acetamide,
-chloro-pyridine-S-sulfonic acid
isopropyl-[trans-4-(4-isopropyl-piperazine- 1-
carbonyl)-cyclohexyl] -amide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-2- methyl-benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- methoxy-benzenesulfonamide,
-cyclopropylmethyl-2,4-difluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl] -2,4,6- trimethyl-benzenesulfonamide, 3-chloro-
-cyclopropylmethyl-4-fluoro-
-[trans-4-(4-isopropyl-piperazine-lcarbonyl)
-cyclohexyl] -benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- trifluoromethyl-benzenesulfonamide,
3,4-dichloro- -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, 2-cyano-
-cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- trifluoromethoxy-benzenesulfonamide, 4-acetyl-
-cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, 4-cyano-
-cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide 3-cyano-
-cyclopropylmethyl-4-fluoro-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4-
methanesulfonyl-benzenesulfonamide,6-chloro-pyridine-3
-sulfonic acid
cyclopropylmethyl-[trans-4-(4-isopropyl-piperazine- 1-
carbonyl)-cyclohexyl] -amide,
trans-Lf-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cycl
ohexyl]-2-methylbenzenesulfonamide,
trans-Lf-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cycl
ohexyl]-2,4-difluorobenzenesulfonamide,
trans-3-chloro-
-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cyclohexyl]-
4-fluorobenzenesulfonamide, trans-
-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cyclohexyl]-
4-trifluoro-methylbenzenesulfonamide, trans-
-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cyclohexyl]-
4-trifluoromethoxybenzenesulfonamide,
trans-4-acetyl-Lf-[4-(4-cyclopentyl-piperazine-l-carbo
nyl)-cyclohexyl]- benzenesulfonamide,
trans-4-cyano-Lf-[4-(4-cyclopentyl-piperazine-l-carbon
yl)-cyclohexyl]- benzenesulfonamide,
trans-3-cyano-Lf-[4-(4-cyclopentyl-piperazine-l-carbon
yl)-cyclohexyl]-4-fluorobenzenesulfonamide, trans-
-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cyclohexyl]-
4-methanesulfonylbenzenesulfonamide, trans-
-chloro-pyridine-S-sulfonic acid
[4-(4-cyclopentyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-2
-methylbenzenesulfonamide, trans-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-2
,4-difluorobenzenesulfonamide, trans-3-chloro-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-4
-fluorobenzenesulfonamide, trans-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-4
-trifluoromethylbenzenesulfonamide,
trans-2-cyano-Lf-[4-(4-cyclobutyl-piperazine-l-carbony
l)-cyclohexyl]- benzenesulfonamide, trans-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-4
-trifluoromethoxybenzenesulfonamide, trans-4-acetyl-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-
benzenesulfonamide,trans-4-cyano-
Lf-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]
- benzenesulfonamide, trans-3-cyano-
Lf-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]
-4-fluorobenzenesulfonamide, trans-iV-{4-
[4-(4-cyclo-butyl-piperazine-l-carbonyl)-cyclohexyl-su
lfamoyl] -phenyl }- acetamide, trans-
-[4-(4-cyclobutyl-piperazine-l-carbonyl)-cyclohexyl]-4
-methane-sulfonylbenzenesulfon- amide,
trans-6-chloro-pyridine-3-sulfonic acid
[4-(4-cyclobutyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-
-[4-(4-?e/t-butyl-piperazine-l-carbonyl)-cyclohexyl]-2
-methylbenzenesulfonamide, trans-
-[4-(4-?e/t-butyl-piperazine-l-carbonyl)-cyclohexyl]-3
-chloro-4-fluorobenzenesulfonamide, 



trans-
-[4-(4-?e/t-butyl-piperazine-l-carbonyl)-cyclohexyl]-4
-trifluoromethoxybenzenesulfonamide, trans-
-[4-(4-?e/t-butyl-piperazine-l-carbonyl)-cyclohexyl]-4
-cyanobenzenesulfonamide, trans- thiophene-2-sulfonic
acid [4-(4-isopropyl-piperazine-
l-carbonyl)-cyclohexyl] - amide,
trans-3,5-dimethyl-isoxazole-4- sulfonic acid
[4-(4-isopropyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-2,4-dimethyl-thiazole-5-sulfonic acid
[4-(4-isopropyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-S-chloro-thiophene-l-sulfonic acid
[4-(4-isopropyl-piperazine-l-carbonyl)- cyclohexyl]
-amide, trans-5-chloro- 1,3-dimethyl- lH-pyrazole-4-
sulfonic acid [4-(4-isopropyl-piperazine- 1- carbonyl)
-cyclohexyl] -amide,
trans-5-bromo-6-chloro-pyridine-3-sulfonic acid
[4-(4-isopropyl-piperazine- 1- carbonyl) -cyclohexyl]
-amide, trans-3-bromo-5-chloro-thiophene-2-sulfonic
acid [4-(4-isopropyl-piperazine- 1- carbonyl)
-cyclohexyl] -amide,
trans-4-bromo-5-chloro-thiophene-2-sulfonic acid
[4-(4-isopropyl-piperazine- 1- carbonyl) -cyclohexyl]
-amide, trans-5-bromo-pyridine-3-sulfonic acid
[4-(4-isopropyl-piperazine-l-carbonyl)- cyclohexyl]
-amide,trans-thiophene-2-sulfonic acid
[4-(4-cyclopentyl-piperazine- l-carbonyl)-cyclohexyl]
- amide, trans-3,5-dimethyl-isoxazole-4- sulfonic acid
[4-(4-cyclopentyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-S-chloro-thiophene^-sulfonic acid
[4-(4-cyclopentyl-piperazine-l-carbonyl)- cyclohexyl]
-amide, trans-5-chloro- 1,3-dimethyl- lH-pyrazole-4-
sulfonic acid [4-(4-cyclopentyl-piperazine- 1-
carbonyl)-cyclohexyl] -amide,
trans-4-bromo-5-chloro-thiophene-2-sulfonic acid
[4-(4-cyclopentyl-piperazine- 1- carbonyl)-cyclohexyl]
-amide, trans- thiophene-2-sulfonic acid
[4-(4-cyclobutyl-piperazine- l-carbonyl)-cyclohexyl] -
amide, trans-2,3-dimethyl- 3H-imidazole-4- sulfonic
acid [4-(4-cyclobutyl-piperazine- 1-
carbonyl)-cyclohexyl] -amide,
trans-3,5-dimethyl-isoxazole-4-sulfonic acid
[4-(4-cyclobutyl-piperazine-l-carbonyl)- cyclohexyl]
-amide, trans-2,4-dimethyl-thiazole-5-sulfonic acid
[4-(4-cyclobutyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-5-chloro-thiophene-2-sulfonic acid
[4-(4-cyclobutyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-5-chloro- 1,3-dimethyl- lH-pyrazole-4-
sulfonic acid [4-(4-cyclobutyl-piperazine- 1-
carbonyl) -cyclohexyl] -amide,
trans-5-bromo-6-chloro-pyridine-3-sulfonic acid
[4-(4-cyclobutyl-piperazine- 1- carbonyl) -cyclohexyl]
-amide, trans-3-bromo-5-chloro-thiophene-2-sulfonic
acid [4-(4-cyclobutyl-piperazine-lcarbonyl)
-cyclohexyl] -amide,
trans-4-bromo-5-chloro-thiophene-2-sulfonic acid
[4-(4-cyclobutyl-piperazine- 1- carbonyl) -cyclohexyl]
-amide, trans- thiophene-2-sulfonic acid
[4-(4-tt-butyl-piperazine- l-carbonyl)-cyclohexyl] -
amide, trans-3,5-dimethyl-isoxazole-4- sulfonic acid
[4-(4-?e/t-butyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-5-chloro-thiophene-2-sulfonic acid
[4-(4-?e/t-butyl-piperazine- 1-carbonyl)- cyclohexyl]
-amide, trans-3-bromo-5-chloro-thiophene-2-sulfonic
acid [4-(4-?e/t-butyl-piperazine-lcarbonyl)
-cyclohexyl] -amide,trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-2-
methyl- -(2,2,2- trifluoro-ethyl)-benzenesulfonamide,
trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-4-
methoxy- -(2,2,2- trifluoro-ethyl)-benzenesulfonamide,
trans-2,4-difluoro-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2- trifluoro-ethyl)-benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]
-2,4,6-trimeth yl-iV-(2,2,2-
trifluoro-ethyl)-benzenesulfonamide,
trans-3-chloro-4-fluoro-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2- trifluoro-ethyl)-benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2-trifluoro-ethyl)-4-
trifluoromethyl-benzenesulfonamide,
trans-3,4-dichloro-
Lf-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
Lf-(2,2,2- trifluoro-ethyl)-benzenesulfonamide,
trans-2-cyano-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2-trifluoroethyl) -benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2-trifluoro-ethyl)-4-
trifluoromethoxy-benzenesulfonamide, trans-4-acetyl-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2-trifluoroethyl) -benzenesulfonamide,
trans-4-cyano-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2-trifluoroethyl) -benzenesulfonamide,
trans-3-cyano-4-fluoro-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2,2,2- trifluoro-ethyl)-benzenesulfonamide, trans-
-{4-[[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl
]-(2,2,2-trifluoro-ethyl)- sulfamoyl] -phenyl
}-acetamide, trans-6-chloro-pyridine-3-sulfonic acid
[4-(4-isopropyl-piperazine- 1-carbonyl)- cyclohexyl]
-(2,2,2-trifluoro-ethyl)-amide, trans)-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxy-ethyl)-2- methyl-benzenesulfonamide,
trans-2,4-difluoro-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxyethyl) -benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxy-ethyl)-2,4,6-
trimethyl-benzenesulfonamide, trans-3-chloro-4-fluoro-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2- methoxy-ethyl)-benzenesulfonamide,trans-
-[4-(4-Isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxy-ethyl)-4-
trifluoromethyl-benzenesulfonamide,
trans-3,4-dichloro-
Lf-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
iV-(2- methoxy-ethyl)-benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxy-ethyl)-4-
trifluoromethoxy-benzenesulfonamide,
trans-4-acetyl-Lf-[4-(4-isopropyl-piperazine-l-carbony
l)-cyclohexyl]- Lf-(2-methoxyethyl)
-benzenesulfonamide, trans-4-cyano-
Lf-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
Lf-(2-methoxyethyl) -benzenesulfonamide, trans-
-{4-[[4-(4-Isopropyl-piperazine-l-carbonyl)-cyclohexyl
]-(2-methoxy-ethyl)- 



sulfamoyl] -phenyl }-acetamide,
trans-6-chloro-pyridine-3-sulfonic acid
[4-(4-isopropyl-piperazine- 1-carbonyl)-
cyclohexyl]-(2-methoxy-ethyl)-amide, trans-4-cyano-
Lf-[4-(4-cyclopropylmethyl-piperazine-l-carbonyl)-cycl
ohexyl]- benzenesulfonamide, trans-4-cyano-
Lf-{4-[4-(tetrahydro-pyran-4-yl)-piperazine-l-carbonyl
]-cyclohexyl}- benzenesulfonamide, and
pharmaceutically acceptable salts thereof. Especially
preferred are the following compounds:
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2-methylbenzenesulfonamide, 4-cyano-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 4-fluoro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2-methylbenzenesulfonamide, l-(3-fluorophenyl)-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}- methanesulfonamide,
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}-2,4,6-trimethylbenzenesulfonamide, 2,4-dichloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 2-chloro-
-{trans-4-[(4-isopropylpiperazin-l-yl)carbonyl]cyclohe
xyl}benzenesulfonamide, 3-chloro-4-fluoro- -isopropyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl] -benzenesulfonamide,-cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-2- methyl-benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- methoxy-benzenesulfonamide, -cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl] -2,4,6- trimethyl-benzenesulfonamide,
-cyclopropylmethyl-
-[trans-4-(4-isopropyl-piperazine-l-carbonyl)-cyclohex
yl]-4- trifluoromethoxy-benzenesulfonamide,
trans-Lf-[4-(4-cyclopentyl-piperazine-l-carbonyl)-cycl
ohexyl]-2-methylbenzenesulfonamide,
trans-4-cyano-Lf-[4-(4-cyclopentyl-piperazine-l-carbon
yl)-cyclohexyl]- benzenesulfonamide,
trans-4-cyano-Lf-[4-(4-cyclobutyl-piperazine-l-carbony
l)-cyclohexyl]- benzenesulfonamide,
trans-3-bromo-5-chloro-thiophene-2-sulfonic acid
[4-(4-isopropyl-piperazine-lcarbonyl)- cyclohexyl]
-amide, trans-3-bromo-5-chloro-thiophene-2-sulfonic
acid [4-(4-cyclobutyl-piperazine- 1-
carbonyl)-cyclohexyl] -amide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]
-2,4,6-trimethyl-iV-(2,2,2- trifluoro-ethyl)
-benzenesulfonamide, trans-
-[4-(4-isopropyl-piperazine-l-carbonyl)-cyclohexyl]-
-(2-methoxy-ethyl)-2,4,6-
trimethyl-benzenesulfonamide, and pharmaceutically
acceptable salts thereof. In a further embodiment, the
present invention relates to compounds of the general
formula wherein R1 is lower alkyl or cycloalkyl;R is
selected from the group consisting of hydrogen, lower
alkyl, cycloalkyl, lower cycloalkylalkyl, lower
halogenalkyl, lower alkoxyalkyl and lower cyanoalkyl;
R3 is selected from the group consisting of lower
alkyl, -(CH 2)m-aryl, wherein m is 0, 1 or 2 and
wherein the aryl ring is unsubstituted or substituted
with one, two or three groups independently selected
from lower alkyl, halogen, lower halogenalkyl, cyano,
lower cyanoalkyl, lower alkoxy, lower alkanoyl,
benzoyl, lower halogenalkoxy, lower hydroxyalkyl,
lower alkanoylamino and lower alkylsulfonyl, -(CH
2)n-heteroaryl, wherein n is 0, 1 or 2 and wherein the
heteroaryl ring is unsubstituted or substituted with
one or two groups independently selected from lower
alkyl, halogen, lower halogenalkyl, cyano, lower
cyanoalkyl, lower alkoxy, lower alkanoyl, benzoyl,
lower halogenalkoxy, lower hydroxyalkyl, lower
alkanoylamino and lower alkylsulfonyl, and -NR4R5; R4
is selected from the group consisting of hydrogen,
lower alkyl, lower halogenalkyl, lower alkoxyalkyl and
lower cyanoalkyl; R5 is selected from the group
consisting of lower alkyl, lower halogenalkyl, lower
alkoxyalkyl, lower cyanoalkyl, phenyl unsubstituted or
substituted with one, two or three groups
independently selected from lower alkyl, halogen,
lower halogenalkyl, cyano, lower alkoxy, lower
alkanoyl, benzoyl, lower halogenalkoxy and lower
hydroxyalkyl, and lower phenylalkyl wherein the phenyl
ring may be unsubstituted or substituted with one or
two groups independently selected from lower alkyl,
halogen, lower halogenalkyl, cyano, lower alkoxy,
lower alkanoyl, benzoyl, lower halogenalkoxy and lower
hydroxyalkyl; or R4 and R5 together with the nitrogen
atom to which they are attached form a 4-, 5-, 6- or
7-membered heterocyclic ring optionally containing a
further heteroatom selected from nitrogen, oxygen or
sulfur, a sulfinyl group or a sulfonyl group, said
heterocyclic ring being unsubstituted or substituted
by one, two or three groups independently selected
from lower alkyl, halogen, halogenalkyl, cyano,
hydroxy, lower hydroxyalkyl, lower alkoxy, oxo,
phenyl, benzyl, pyridyl andcarbamoyl, or being
condensed with a phenyl ring, said phenyl ring being
unsubstituted or substituted by one, two or three
groups independently selected from lower alkyl, lower
alkoxy and halogen; and pharmaceutically acceptable
salts thereof. Furthermore, the pharmaceutically
acceptable salts of the compounds of formula I and the
pharmaceutically acceptable esters of the compounds of
formula I individually constitute preferred
embodiments of the present invention. Compounds of
formula I may form acid addition salts with acids,
such as conventional pharmaceutically acceptable
acids, for example hydrochloride, hydrobromide,
phosphate, acetate, fumarate, maleate, salicylate,
sulphate, pyruvate, citrate, lactate, mandelate,
tartarate, and methanesulphonate. Preferred are the
hydrochloride salts. Also solvates and hydrates of
compounds of formula I and their salts form part of
the present invention. Compounds of formula I can have
one or more asymmetric carbon atoms and can exist in
the form of optically pure enantiomers, mixtures of
enantiomers such as, for example, racemates, optically
pure diastereoisomers, mixtures of diastereoisomers,
diastereoisomeric racemates or mixtures of
diastereoisomeric racemates. The optically active
forms can be obtained for example by resolution of the
racemates, by asymmetric synthesis or asymmetric
chromatography (chromatography with a chiral adsorbens
or eluant). The invention embraces all of these forms.
It will be appreciated, that the compounds of general
formula I in this invention may be derivatised at
functional groups to provide derivatives which are
capable of conversion back to the parent compound in
vivo. Physiologically acceptable and 



metabolically labile derivatives, which are capable of
producing the parent compounds of general formula I in
vivo are also within the scope of this invention. A
further aspect of the present invention is the process
for the manufacture of compounds of formula I as
defined above, which process comprises reacting a
compound of formula IIwherein R1 is as defined herein
before, with an sulfonyl chloride of the formula III
wherein R3 is as defined herein before, in the
presence of a base to obtain a compound of the formula
IA wherein R is hydrogen, and optionally alkylating
the compound of formula IAto obtain a compound of the
formula IB wherein R is a group as defined herein
before other than hydrogen, and if desired, converting
the compound obtained into a pharmaceutically
acceptable acid addition salt. "Alkylating" in this
context means for example reacting the compound of
formula IAwith a suitable alcohol in the presence of a
coupling reagent, preferably a phosphorane such as
cyanomethylenetri- -butylphosphorane.The preparation
of compounds of formula I of the present invention
maybe carried out in sequential or convergent
synthetic routes. Syntheses of the invention are shown
in the following scheme. The skills required for
carrying out the reaction and purification of the
resulting products are known to those skilled in the
art. The substituents and indices used in the
following description of the processes have the
significance given herein before unless indicated to
the contrary. In more detail, the compounds of formula
I can be manufactured by the methods given below, by
the methods given in the examples or by analogous
methods. Appropriate reaction conditions for the
individual reaction steps are known to a person
skilled in the art. Starting materials are either
commercially available or can be prepared by methods
analogous to the methods given below, by methods
described in references cited in the description or in
the examples, or by methods known in the art.
Compounds of formula I of the present invention can be
prepared following the procedure as depicted in scheme
1. a) 4-tert-Butoxycarbonylamino-cyclohexanecarboxylic
acid IV (cis or trans) is commercially available and
can subsequently be modified at the acid functionality
according to methods described in literature and the
procedures are known to those in the art (For reaction
conditions described in literature affecting such
reactions see for example: Comprehensive Organic
Transformations: A Guide to Functional Group
Preparations, 2nd Edition, Richard C. Larock. John
Wiley & Sons, New York, NY. 1999) . However, it is
convenient to transform the acid functionality in IV
through amide coupling with substituted piperazines V
(either commercially available or accessible by
methods described in references or by methods known in
the art; as appropriate) employing a coupling reagent.
The reaction may be carried out in the presence or
absence of a solvent and a base. There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
dissolve the reagents, at least to some extent.
Examples for suitable solvents include:
dimethylformamide (DMF), tetrahydrofuran (THF),
dioxane, and the like. There is no particular
restriction on the nature of the base used in this
stage, and any base commonly used in this type of
reaction may equally be employed here. Examples of
such bases include NEt or diisopropylethylamine
(DIPEA), and the like. There is no particular
restriction on the nature of the coupling reagent used
in this stage, and any coupling reagent commonly used
in this type of reaction may equally be employed here.
Examples of such coupling reagents include
N,N-carbonyldiimidazole (CDI),
l-[bis(dimethylamino)methylene]-lH-l,2,3-triazolo[4,5-
b]pyridinium-3-oxidehexafluorophosphate (HATU),
1-hydroxy- 1,2,3-benzotriazoIe (HOBT),
O-benzotriazoll- yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), and the like. The reaction
can take place over a wide range of temperatures, and
the precise reaction temperature is not critical to
the invention. It is convenient to carry out the
reaction with heating from ambient temperature to
reflux. The time required for the reaction may also
vary widely, depending on many factors, notably the
reaction temperature and the nature of the reagents.
However, a period of from 0.5 h to several days will
usually suffice to yield compounds VI. Scheme 1 cis or
trans IBb) Removal of the protecting group in VI can
be affected under various conditions according to
methods described in literature and the procedures are
known to those in the art (For reaction conditions
described in literature affecting such reactions see
for example: Comprehensive Organic Transformations: A
Guide to Functional Group Preparations, 2nd Edition,
Richard C. Larock. John Wiley & Sons, New York, NY.
1999) . However, it is convenient to cleave the
Boc-protecting group under acidic conditions in the
presence or the absence of a solvent to access the
intermediate amine II. There is no particular
restriction on the nature of the solvent to be
employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
dissolve the reagents, at least to some extent.
Examples for suitable solvents include: dioxane, THF,
water and the like. There is no particular restriction
on the nature of the acid used in this stage, and any
acid commonly used in this type of reaction may
equally be employed here. Examples of such acids
include HCl, acetid acid, and the like. The reaction
can take place over a wide range of temperatures, and
the precise reaction temperature is not critical to
the invention. It is convenient to carry out the
reaction with heating from ambient temperature to
reflux. The time required for the reaction may also
vary widely, depending on many factors, notably the
reaction temperature and the nature of the reagents.
However, a period of from 0.5 h to several days will
usually suffice to yield the intermediate amine II.
The coupling of the intermediate amines II with
sulfonyl chlorides III is widely described in
literature and the procedures are known to those in
the art (For reaction conditions described in
literature affecting such reactions see for example:
Comprehensive Organic Transformations: A Guide to
Functional Group Preparations, 2nd Edition, Richard C.
Larock. John Wiley & Sons, New York, NY 1999). The
respective amines can conveniently be transformed to
the respective sulfonamides through coupling with a
sulfonyl chloride (either commercially available or
accessible by methods described in references or by
methods known in the art; as appropriate). It is
convenient to carry out the reaction in a solvent like
dichloromethane (DCM) and in the presence of a base.
There is no particular restriction on the nature of
the solvent to be employed, provided that it has no
adverse effect on the reaction or the reagents
involved and that it can dissolve the reagents, at
least to some extent. Examples for suitable solvents
include: dichloromethane (DCM), dioxane, THF, and the
like. There is no particular restriction on the nature
of the base used in this stage, and any base commonly
used in this type of reaction may equally be employed
here. Examples of such bases include triethylamine and
diisopropylethylamine (DIPEA), and the like. The
reaction can take place over a wide range of
temperatures, and the precise reaction temperature is
not critical to the invention. We find it convenient
to carry out the reaction with heating fromambient
temperature to reflux. The time required for the
reaction may also vary widely, depending on many
factors, notably the reaction temperature and the
nature of the reagents. However, a period of from 0.5
h to several days will usually suffice to yield
sulfonamide derivatives IA (R =H). The resulting
compound of formula IA (R2 = H) is a compound of the
present 



invention and may be the desired product.
Alternatively, it may be subjected to consecutive
reactions like alkylation of the sulphonamide under
suitable conditions. There are various reaction
conditions known in literature to affect such
transformations. However, it is convenient to convert
sulfonamides IA (R2 = H) to sulfonamides IB (R2= a
group selected from lower alkyl, cycloalkyl, lower
cycloalkylalkyl, lower halogenalkyl, lower alkoxyalkyl
and lower cyanoalkyl) by reaction of IA (R2 = H) with
suitable alcohols in the presence of a coupling
reagent like a phosphorane (adapted from: THL 2002,
43, 2187-2190). The reaction can be carried out in the
presence or absence of a solvent. There is no
particular restriction on the nature of the solvent to
be employed, provided that it has no adverse effect on
the reaction or the reagents involved and that it can
dissolve the reagents, at least to some extent.
Examples for suitable solvents include toluene and the
like. There is no particular restriction on the nature
of the phosporane used in this stage provided it
affects the reaction. The reaction can take place over
a wide range of temperatures, and the precise reaction
temperature is not critical to the invention. We find
it convenient to carry out the reaction with heating
from ambient temperature to reflux. The time required
for the reaction may also vary widely, depending on
many factors, notably the reaction temperature and the
nature of the reagents. However, a period of from 0.5
h to several days will usually suffice to yield
sulfonamides IB (R2= a group selected from lower
alkyl, cycloalkyl, lower cycloalkylalkyl, lower
halogenalkyl, lower alkoxyalkyl and lower cyanoalkyl).
As described above, the compounds of formula I of the
present invention can be used as medicaments for the
treatment and/or prevention of diseases which are
associated with the modulation of H3 receptors. In
this context, the expression 'diseases associated with
the modulation of H3 receptors' means diseases which
can be treated and/or prevented by modulation of H3
receptors. Such diseases encompass, but are not
limited to, obesity, metabolic syndrome (syndrome X),
neurological diseases including Alzheimer's disease,
dementia, age-related memory dysfunction, mild
cognitive impairment, cognitive deficit, attention
deficit hyperactivity disorder, epilepsy, neuropathic
pain, inflammatory pain, migraine,Parkinson's disease,
multiple sclerosis, stroke, dizziness, schizophrenia,
depression, addiction, motion sickness and sleep
disorders including narcolepsy, and other diseases
including asthma, allergy, allergy-induced airway
responses, congestion, chronic obstructive pulmonary
disease and gastro-intestinal disorders. In a
preferable aspect, the expression 'diseases associated
with modulation of H3 receptors' relates to obesity,
metabolic syndrome (syndrome X), and other eating
disorders, with obesity being especially preferred.
The invention therefore also relates to pharmaceutical
compositions comprising a compound as defined above
and a pharmaceutically acceptable carrier and/or
adjuvant. Further, the invention relates to compounds
as defined above for use as therapeutically active
substances, particularly as therapeutic active
substances for the treatment and/or prevention of
diseases which are associated with the modulation of
H3 receptors. In another embodiment, the invention
relates to a method for the treatment and/or
prevention of diseases which are associated with the
modulation of H3 receptors, which method comprises
administering a therapeutically active amount of a
compound of formula I to a human being or animal.
Amethod for the treatment and/or prevention of obesity
is preferred. The invention further relates to the use
of compounds of formula I as defined above for the
treatment and/or prevention of diseases which are
associated with the modulation of H3 receptors. In
addition, the invention relates to the use of
compounds of formula I as defined above for the
preparation of medicaments for the treatment and/or
prevention of diseases which are associated with the
modulation of H3 receptors. The use of compounds of
formula I as defined above for the preparation of
medicaments for the treatment and/or prevention of
obesity is preferred. Furthermore, the present
invention relates to the use of a compound of formula
I for the manufacture of a medicament for the
treatment and prevention of obesity in a patient who
is also receiving treatment with a lipase inhibitor
and particularly, wherein the lipase inhibitor is
orlistat. It is a further preferred object of the
present invention to provide a method for the
treatment or prevention of obesity and obesity related
disorders which comprisesadministration of a
therapeutically effective amount of a compound
according to formula I in combination or association
with a therapeutically effective amount of other drugs
for the treatment of obesity or eating disorders so
that together they give effective relief. Suitable
other drugs include, but are not limited to, anorectic
agents, lipase inhibitors, selective serotonin
reuptake inhibitors (SSRI) and agents that stimulate
metabolism of body fat. Combinations or associations
of the above agents maybe encompassing separate,
sequential or simultaneous administration. The term
"lipase inhibitor" refers to compounds which are
capable of inhibiting the action of lipases, for
example gastric and pancreatic lipases. For example
orlistat and lipstatin as described in U.S. Patent No.
4,598,089 are potent inhibitor of lipases. Iipstatin
is a natural product of microbial origin, and orlistat
is the result of a hydrogenation of lipstatin. Other
lipase inhibitors include a class of compound commonly
referred to as panclicins. Panclicins are analogues of
orlistat (Mutoh et al, 1994). The term "lipase
inhibitor" refers also to polymer bound lipase
inhibitors for example described in International
Patent Application WO 99/34786 (Geltex Pharmaceuticals
Inc.). These polymers are characterized in that they
have been substituted with one or more groups that
inhibit lipases. The term "lipase inhibitor" also
comprises pharmaceutically acceptable salts of these
compounds. The term "lipase inhibitor" preferably
refers to tetrahydrolipstatin. Administration of a
therapeutically effective amount of a compound
according to formula I in combination or association
with a therapeutically effective amount of
tetrahydrolipstatin is especially preferred.
Tetrahydrolipstatin (orlistat) is a known compound
useful for the control or prevention of obesity and
hyperlipidemia. See, U.S. Patent No. 4,598,089, issued
July 1, 1986, which also discloses processes for
making orlistat and U.S. Patent No. 6,004,996, which
discloses appropriate pharmaceutical compositions.
Further suitable pharmaceutical compositions are
described for example in International Patent
Applications WO 00/09122 and WO 00/09123. Additional
processes for the preparation of orlistat are
disclosed in European Patent Applications Publication
Nos. 0 185 359, 0 189 577, 0 443 449, and 0 524 495.
Suitable anorectic agents of use in combination with a
compound of the present invention include, but are not
limited to, APD356, aminorex, amphechloral,
amphetamine, axokine, benzphetamine, bupropion,
chlorphentermine, clobenzorex, cloforex, clominorex,
clortermine, CP945598, cyclexedrine, CYT009-GhrQb,
dexfenfluramine, dextroamphetamine, diethylpropion,
diphemethoxidine, Nethylamphetamine, fenbutrazate,
fenfluramine, fenisorex, fenproporex,
fludorex,fluminorex, furfurylmethylamphetamine,
levamfetamine, levophacetoperane, mazindol, mefenorex,
metamfepramone, methamphetamine, metreleptin,
norpseudoephedrine, pentorex, phendimetrazine,
phenmetrazine, phentermine, phenylpropanolamine,
picilorex, rimonabant, sibutramine, SLV319, SNAP 7941,
SR147778 (Surinabant), steroidal plant extract (e.g.
P57) and TM30338 and pharmaceutically acceptable salts
thereof. Most preferable anorectic agents are
sibutramine, rimonabant and phentermine. 



Suitable selective serotonin reuptake inhibitors of
use in combination with a compound of the present
invention include: fluoxetine, fluvoxamine, paroxetine
and sertraline, and pharmaceutically acceptable salts
thereof. Suitable agents that stimulate metabolism of
body fat include, but are not limited to, growth
hormone agonist (e.g. AOD-9604). The use of a compound
of formula I in the manufacture of a medicament for
the treatment and prevention of obesity in a patient
who is also receiving treatment with a compound
selected from the group consisting of a lipase
inhibitor, an anorectic agent, a selective serotonin
reuptake inhibitor, and an agent that stimulates
metabolism of body fat, is also an object of the
present invention. The use of a compound of formula I
in the manufacture of a medicament for the treatment
and prevention of obesity in a patient who is also
receiving treatment with a a lipase inhibitor,
preferably with tetrahydrolipstatin, is also an object
of the present invention. It is a further preferred
object to provide a method of treatment or prevention
of Type II diabetes (non-insulin dependent diabetes
mellitus (NIDDM)) in a human which comprises
administration of a therapeutically effective amount
of a compound according to formula I in combination or
association with a therapeutically effective amount of
a lipase inhibitor, particularly, wherein the lipase
inhibitor is tetrahydrolipstatin. Also an object of
the invention is the method as described above for the
simultaneous, separate or sequential administration of
a compound according to formula I and a lipase
inhibitor, particularly tetrahydrolipstatin . It is a
further preferred object to provide a method of
treatment or prevention of Type II diabetes
(non-insulin dependent diabetes mellitus (NIDDM)) in a
human which comprises administration of a
therapeutically effective amount of a compound
accordingto formula I in combination or association
with a therapeutically effective amount of an
anti-diabetic agent. The term "anti- diabetic agent"
refers to compounds selected from the group consisting
of 1) PPARg agonists such as pioglitazone (actos) or
rosiglitazone (avandia), and the like; 2) biguanides
such as metformin (glucophage), and the like; 3)
sulfonylureas such as glibenclamide, glimepiride
(amaryl), glipizide (glucotrol), glyburide (DiaBeta),
and the like; 4) nonsulfonylureas such as nateglinide
(starlix), repaglimide (prandin), and the like; 5)
PPARa/g agonists such as GW-2331, and the like 6)
DPP-IVinhibitors such as LAF-237 (vildagliptin),
MK-0431, BMS-477118 (saxagliptin) or GSK23A and the
like; 7) Glucokinase activators such as the compounds
disclosed in e.g. WO 00/58293 Al, and the like; 8)
a-Glucosidase inhibitors such as acarbose (precose) or
miglitol (glyset), and the like. Also an object of the
invention is the method as described above for the
simultaneous, separate or sequential administration of
a compound according to formula I and a
therapeutically effective amount of an anti-diabetic
agent. The use of a compound of formula I in the
manufacture of a medicament for the treatment and
prevention of Type II diabetes in a patient who is
also receiving treatment with an anti- diabetic agent
is also an object of the present invention. It is a
further preferred object to provide a method of
treatment or prevention of dyslipidemias in a human
which comprises administration of a therapeutically
effective amount of a compound according to formula I
in combination or association with a therapeutically
effective amount of a lipid lowering agent. The term
"lipid lowering agent" refers to compounds selected
from the group consisting of 1) bile acid sequestrants
such as cholestyramine (questran), colestipol
(colestid), and the like; 2) HMG-CoA reductase
inhibitors such as atorvastatin (lipitor),
cerivastatin (baycol), fluvastatin (lescol),
pravastatin (pravachol), simvastatin (zocor) and the
like; 3) cholesterol absorption inhibitors such as
ezetimibe, and the like; 4) CETP inhibitors such as
torcetrapib, JTT 705, and the like; 5) PPARa- agonists
such as beclofibrate, gemfibrozil (lopid), fenofibrate
(lipidil), bezafibrate (bezalip), and the like; 6)
lipoprotein synthesis inhibitors such as niacin, and
the like; and 7) niacin receptor agonists such as
nicotinic acid, and the like.Also an object of the
invention is the method as described above for the
simultaneous, separate or sequential administration of
a compound according to formula I and a
therapeutically effective amount of a lipid lowering
agent. The use of a compound of formula I in the
manufacture of a medicament for the treatment and
prevention of dyslipidemias in a patient who is also
receiving treatment with a lipid lowering agent, is
also an object of the present invention. It is a
further preferred object to provide a method of
treatment or prevention of hypertension in a human
which comprises administration of a therapeutically
effective amount of a compound according to formula I
in combination or association with a therapeutically
effective amount of an anti-hypertensive agent. The
term "anti-hypertensive agent" or "blood-pressure
lowering agent" refers to compounds selected from the
group consisting of 1) Angiotensin-converting Enzyme
(ACE) Inhibitors including benazepril (lotensin),
captopril (capoten), enalapril (Vasotec), fosinopril
(monopril), lisinopril (prinivil, zestril), moexipril
(univasc), perindopril (coversum), quinapril
(accupril), ramipril (altace), trandolapril (mavik),
and the like; 2) Angiotensin II Receptor Antagonists
including candesartan (atacand), eprosartan (teveten),
irbesartan (avapro), losartan (cozaar), telmisartan
(micadisc), valsartan (diovan), and the like; 3)
Adrenergic Blockers (peripheral or central) such as
the betaadrenergic blockers including acebutolol
(sectrol), atenolol (tenormin), betaxolol (kerlone),
bisoprolol (zebeta), carteolol (cartrol), metoprolol
(lopressor; toprol-XL), nadolol (corgard), penbutolol
(levatol), pindolol (visken), propranolol (inderal),
timolol (blockadren) and the like; alpha/beta
adrenergic blockers including carvedilol (coreg),
labetalol (normodyne), and the like; alpha- 1
adrenergic blockers including prazosin (minipress),
doxazosin (cardura), terazosin (hytrin),
phenoxybenzamine (dibenzyline), and the like;
peripheral adrenergic-neuronal blockers including
guanadrel (hylorel), guanethidine (ismelin), reserpine
(serpasil), and the like; alpha-2 adrenergic blockers
including a-methyldopa (aldomet), clonidine
(catapres), guanabenz (wytensin), guanfacine (tenex),
and the like; 4) Blood Vessel Dilators (Vasodilators)
including hydralazine (apresoline), minoxidil
(lonitren), clonidine (catapres), and the like; 5)
Calcium Channel Blockers including amlodipine
(norvasc), felodipine (plendil), isradipine
(dynacirc), nicardipine (cardine sr), nifedipine
(procardia, adalat), nisoldipine (sular), diltiazem
(cardizem), verapamil (isoptil), and the like; 6)
Diuretics such as thiazides and thiazides-like agents,
including hydrochlorothiazide (hydrodiuril,
microzide), chlorothiazide (diuril), chlorthalidone
(hygroton), indapamide (lozol), metolazone (mykrox),
and the like; loop diuretics, such as bumetanide
(bumex) andfurosemide (lasix), ethacrynic acid
(edecrin), torsemide (demadex), and the like;
potassium-sparing diuretics including amiloride
(midamor), triamterene (dyrenium), spironolactone
(aldactone), and the tiamenidine (symcor) and the
like; 7) Tyrosine Hydroxylase Inhibitors, including
metyrosine (demser), and the like; 8) Neutral
Endopeptidase Inhibitors, including BMS- 186716
(omapatrilat), UK-79300 (candoxatril), ecadotril
(sinorphan), BP- 1137 (fasidotril), UK-79300
(sampatrilat) and the like; and 9) Endothelin
Antagonists including tezosentan (RO0610612), A308165,
and the like. Also an object of the invention is the
method as described above for the simultaneous,
separate or sequential administration of a compound
according to formula I and a therapeutically effective
amount of a anti-hypertensive agent. The use of a
compound of formula I in the manufacture of a
medicament for the treatment and prevention of
hypertension in a patient who is also receiving
treatment 



with an anti-hypertensive agent, is also an object of
the present invention. As described above, the
compounds of formula I and their pharmaceutically
acceptable salts possess valuable pharmacological
properties. Specifically, it has been found that the
compounds of the present invention are good histamine
3 receptor (H3R) antagonists and/or inverse agonists.
The following test was carried out in order to
determine the activity of the compounds of formula
(I). Binding assay with 3H-(R)oc-methylhistamine
Saturation binding experiments were performed using
HR3-CHO membranes prepared as described in Takahashi,
K, Tokita, S., Kotani, H. (2003) J . Pharmacol. Exp.
Therapeutics 307, 213-218. An appropriate amount of
membrane (60 to 80 mg protein/well) was incubated with
increasing concentrations of 3H(R) a-Methylhistamine
di-hydrochloride (0.10 to 10 nM). Non specific binding
was determined using a 200 fold excess of cold (R)a-
Methylhistamine dihydrobromide (500 nM final
concentration). The incubation was carried out at room
temperature (in deep-well plates shaking for three
hours). The final volume in each well was 250 ml . The
incubation was followed by rapid filtration on GF/B
filters (pre-soaked with 100 ml of 0.5% PEI in Tris 50
mM shaking at 200 rpm for two hours). The filtration
was made using a cell-harvester and the filter plates
were then washed five times with ice cold washing
buffer containing 0.5 M NaCl. After harvesting,the
plates were dried at 55 0C for 60 min, then we added
scintillation fluid (Microscint 40, 40 microl in each
well) and the amount of radioactivity on the filter
was determined in Packard top-counter after shaking
the plates for two hours at 200 rpm at room
temperature. Binding Buffer: 50 mM Tris-HCl pH 7.4 and
5 mM MgCl2X6H2O pH 7.4. Washing Buffer: 50 mM Tris-HCl
pH 7.4 and 5 mM MgCl2x6H2O and 0.5 M NaCl pH 7.4.
Indirect measurement of affinity of H3R inverse
agonists: twelve increasing concentrations (ranging
from 10 mM to 0.3 nM) of the selected compounds were
always tested in competition binding experiments using
membrane of the human HR3-CHO cell line. An
appropriate amount of protein, e.g. approximately
500cpm binding of RAMH at Kd, were incubated for 1hour
at room temperature in 250 ml final volume in 96-well
plates in presence of 3H(R) a-Methylhistamine ( 1 nM
final concentration = Kd). Non specific binding was
determined using a 200 fold excess of cold (R)a
-Methylhistamine dihydrobromide. All compoundswere
tested at a single concentration in duplicates.
Compounds that showed an inhibition of [3H]-RAMH by
more than 50% were tested again to determine IC50 in a
serial dilution experiment. Ki's were calculated from
IC50 based on Cheng- Prusoff equation ( Cheng, Y,
Prusoff, WH (1973) Biochem Pharmacol 22, 3099-3108).
The compounds of the present invention exhibit K
values within the range of about 1 nM to about 1000
nM, preferably of about 1 nM to about 100 nM, and more
preferably of about 1 nM to about 30 nM. The following
table shows measured values for some selected
compounds of the present invention. Demonstration of
additional biological activities of the compounds of
the present invention may be accomplished through in
vitro, ex vivo, and in vivo assays that are well known
in the art. For example, to demonstrate the efficacy
of a pharmaceutical agent forthe treatment of
obesity-related disorders such as diabetes, Syndrome
X, or atherosclerotic disease and related disorders
such as hypertriglyceridemia and hypercholesteremia,
the following assays may be used. Method for Measurin
g Blood Glucose Levels db/db mice (obtained from
Jackson Laboratories, Bar Harbor, ME) are bled (by
either eye or tail vein) and grouped according to
equivalent mean blood glucose levels. They are dosed
orally (by gavage in a pharmaceutically acceptable
vehicle) with the test compound once daily for 7 to 14
days. At this point, the animals are bled again by eye
or tail vein and blood glucose levels are determined.
Method for Measuring Triglyceride Levels hApoAl mice
(obtained from Jackson Laboratories, Bar Harbor, ME)
are bled (by either eye or tail vein) and grouped
according to equivalent mean serum triglyceride
levels. They are dosed orally (by gavage in a
pharmaceutically acceptable vehicle) with the test
compound once daily for 7 to 14 days. The animals are
then bled again by eye or tail vein, and serum
triglyceride levels are determined. Method for
Measurin g HDL-Cholesterol Levels To determine plasma
HDL-cholesterol levels, hApoAl mice are bled and
grouped with equivalent mean plasma HDL-cholesterol
levels. The mice are orally dosed once daily with
vehicle or test compound for 7 to 14 days, and then
bled on the following day. Plasma is analyzed for
HDL-cholesterol. The compounds of formula (I) and
their pharmaceutically acceptable salts and esters can
be used as medicaments, e.g. in the form of
pharmaceutical preparations for enteral, parenteral or
topical administration. They can be administered, for
example, perorally, e.g. in the form of tablets,
coated tablets, dragees, hard and soft gelatine
capsules, solutions, emulsions or suspensions,
rectally, e.g. in the form of suppositories,
parenterally, e.g. in the form of injection solutions
or infusion solutions, or topically, e.g. in the form
of ointments, creams or oils. The production of the
pharmaceutical preparations can be effected in a
manner which will be familiar to any person skilled in
the art by bringing the described compounds of formula
(I) and their pharmaceutically acceptable, into a
galenical administration form together with suitable,
non-toxic, inert, therapeutically compatiblesolid or
liquid carrier materials and, if desired, usual
pharmaceutical adjuvants. Suitable carrier materials
are not only inorganic carrier materials, but also
organic carrier materials. Thus, for example, lactose,
corn starch or derivatives thereof, talc, stearic acid
or its salts can be used as carrier materials for
tablets, coated tablets, dragees and hard gelatine
capsules. Suitable carrier materials for soft gelatine
capsules are, for example, vegetable oils, waxes, fats
and semi-solid and liquid polyols (depending on the
nature of the active ingredient no carriers are,
however, required in the case of soft gelatine
capsules). Suitable carrier materials for the
production of solutions and syrups are, for example,
water, polyols, sucrose, invert sugar and the like.
Suitable carrier materials for injection solutions
are, for example, water, alcohols, polyols, glycerol
and vegetable oils. Suitable carrier materials for
suppositories are, for example, natural or hardened
oils, waxes, fats and semi-liquid or liquid polyols.
Suitable carrier materials for topical preparations
are glycerides, semi-synthetic and synthetic
glycerides, hydrogenated oils, liquid waxes, liquid
paraffins, liquid fatty alcohols, sterols,
polyethylene glycols and cellulose derivatives. Usual
stabilizers, preservatives, wetting and emulsifying
agents, consistencyimproving agents, flavour-improving
agents, salts for varying the osmotic pressure, buffer
substances, solubilizers, colorants and masking agents
and antioxidants come into consideration as
pharmaceutical adjuvants. The dosage of the compounds
of formula (I) can vary within wide limits depending
on the disease to be controlled, the age and the
individual condition of the patient and the mode of
administration, and will, of course, be fitted to the
individual requirements in each particular case. For
adult patients a daily dosage of about 1mg to about
1000 mg, especially about 1mg to about 100 mg, comes
into consideration. Depending on the dosage it is
convenient to administer the daily dosage in several
dosage units. The pharmaceutical preparations
conveniently contain about 0.1-500 mg, preferably
0.5-100 mg, of a compound of formula (I). 



The following examples serve to illustrate the present
invention in more detail. They are, however, not
intended to limit its scope in any manner.Examples
Example 1 A^-ltrans-
rf^isopropylpiperazin-l-vDcarbonyllcvclohexyllpropane-
l-sulfonamide a) Step 1:
rtrans-4-(4-Isopropyl-piperazine-l-carbonyl)-
cyclohexyll-carbamic acid tertbutyl ester A mixture of
3 g ( 12 mmol)
4-tert-butoxycarbonylamino-trans-cyclohexane
carboxylic acid (commercially available), 1.74 g (14
mmol) l-(2-propyl)-piperazine (commercially
available), 4.75 g (15 mmol) TBTU and 3.64 g (36 mmol)
NEt in 10 ml DMF was stirred for 3 h at room
temperature. After evaporation the residue was washed
with IN NaHCO solution, extracted with DCM and the
combined organic layers dried with MgSO and evaporated
to dryness to yield 4.56 g (94 %) of the title
compound. MS(m/e): 354.3 (MH+) . b) Step 2:
trans-(4-amino-cvclohexyl)-(4-isopropyl-piperazin-
l-vD-methanone, dihvdrochloride (intermediate 1) A
mixture of 4.56 g (12 mmol)
[trans-4-(4-isopropyl-piperazine-l-carbonyl)-
cyclohexyl]-carbamic acid tert-butyl ester and 29 mL4N
HCl in dioxane was stirred for 6 h at 50 0C evaporated
to dryness and used without further purification in
the subsequent step. MS(m/e): 254.1 (MH+) . c) Step 3:
N-{trans-4-r(4-isopropylpiperazin-l-yl)carbonyllcvcloh
exyl|propane-lsulfonamide A mixture of 32.6 mg (0.1
mmol)
trans-(4-amino-cyclohexyl)-(4-isopropylpiperazin-
l-yl)-methanone, dihydrochloride, 28 mg (0.2 mmol)
propane- 1-sulfonyl chloride and 101 mg ( 1 mmol) NEt3
in 2 ml DCM was stirred for 16 h at 40 0C. After
evaporation methanol and DMF were added and the
mixture was subjected to preparative HPLC purification
on reversed phase eluting with a gradient of
acetonitrile /water (0.1 % NEt3) . The combined
product fractions were evaporated to dryness to yield
13.9 mg (39 %) of the title compound. MS(m/e): 360.4
(MH+) . Intermediate 2
cis-(4-Amino-cvclohexyl)-(4-isopropyl-piperazin-l-yl)-
methanone, dihvdrochloride a) Step 1:
rcis-4-(4-Isopropyl-piperazine-l-carbonyl)-
cvclohexyil-carbamic acid tertbutyl ester According to
the procedure described for the synthesis of
[trans-4-(4-isopropylpiperazine-
l-carbonyl)-cyclohexyl]-carbamic acid tert-butyl ester
the title compound was synthesised from
4-terZ-butoxycarbonylamino-cis-cyclohexanecarboxylic
acid (commercially available) and
l-(2-propyl)-piperazine (commercially available).
MS(m/e): 354.3 (MH+) . b) Step 2:
cis-(4-Amino-cvclohexyl)-(4-isopropyl-piperazin-
1-vD-methanone, dihvdrochloride According to the
procedure described for the synthesis of
trans-(4-aminocyclohexyl)-(
4-isopropyl-piperazin-l-yl)-methanone, dihydrochloride
the title compound was synthesised from
[cis-4-(4-Isopropyl-piperazine-l-carbonyl)-
cyclohexyl]-carbamic acid tert-butyl ester. MS(m/e):
254.4 (MH+) . Intermediate 3
trans-(4-Amino-cvclohexyl)-(4-cvclopentyl-piperazin-l-
yl)-methanone, dihvdrochloride In analogy to the
procedure described for the synthesis of
trans-(4-aminocyclohexyl)-(
4-isopropyl-piperazin-l-yl)-methanone, dihydrochloride
(intermediate 1)the title compound was prepared from
4-tert-butoxycarbonylamino-trans-cyclohexane
carboxylic acid (commercially available) and
cyclopentyl-piperazine (commercially available)
followed by acidic cleavage of the
tert-butylcarbonyloxy protecting group. MS(m/e): 280.1
(MH+) . Intermediate 4
trans-(4-Amino-cvclohexyl)-(4-cvclobutyl-piperazin-l-y
l)-methanone; dihvdrochloride In analogy to the
procedure described for the synthesis of
trans-(4-aminocyclohexyl)-(
4-isopropyl-piperazin-l-yl)-methanone, dihydrochloride
(intermediate 1) the title compound was prepared from
4-tert-butoxycarbonylamino-trans-cyclohexane
carboxylic acid (commercially available) and
1-cyclobutyl-piperazine (commercially available)
followed by acidic cleavage of the
tert-butylcarbonyloxy protecting group. MS(m/e): 266.1
(MH+) . Intermediate 5
trans-(4-Amino-cvclohexyl)-(4-?g/t-butyl-piperazin-l-y
l)-methanone; dihvdrochloride In analogy to the
procedure described for the synthesis of
trans-(4-aminocyclohexyl)-(
4-isopropyl-piperazin-l-yl)-methanone, dihydrochloride
(intermediate 1) the title compound was prepared from
4-tert-butoxycarbonylamino-trans-cyclohexane
carboxylic acid (commercially available) and
1-tert-butyl-piperazine (commercially available)
followed by acidic cleavage of the
tert-butylcarbonyloxy protecting group. MS(m/e): 268.1
(MH+) . According to the procedure described for
example 1 further piperazinyl-carbonylcyclohexyl
sulfonamide derivatives have been synthesized from
their respective starting materials mentioned in table
1. Table 1 comprises example 2 to example 49.Table
1SELECTIVE ENZYMATIC HYDROLYSIS OF C-TERMINAL
tert-BXJTYL ESTERS OF PEPTIDES The invention relates
to a process for selective enzymatic hydrolysis of
C-terminal tert-butyl esters of peptide substrates in
the synthesis of peptides. In the synthesis of
peptides the proper selection of protecting groups is
very important. In the chemical synthesis of peptides,
elongation of the growing peptide usually occurs in
N-terminal direction to avoid racemization of the
constituting amino acids. To allow the stepwise
elongation of the growing peptide in N-terminal
direction, the protecting group for the N-terminal
amino function is of a temporary nature. This group is
selectively cleaved from the peptide in each cycle of
a peptide synthesis without affecting the
semi-permanent protecting groups on the functional
side chains and the C-terminal. Functional groups on
the side chains of the constituting amino acids are
usually protected in order to avoid side reactions. In
the chemical synthesis of peptides, either a
completely linear approach or a convergent approach
may be followed, i.e. an approach in which the final
peptide is assembled from protected peptide fragments.
The latter approach is generally preferred for longer
peptides, since overall yields are intrinsically
higher and fragments may be prepared in parallel
resulting in a shorter overall synthesis time. In a
convergent synthesis, all fragments but the C-terminal
fragment must be protected at their C-terminal with a
protecting function that can be selectively cleaved.
In case of peptide synthesis on a solid support, this
function is usually provided by a handle on the
support itself. For peptide synthesis on a
manufacturing scale, solution-phase synthesis is,
however, preferred over solid-phase synthesis.
Particularly preferred is a synthesis according to
DioRaSSP(r), a solution-phase method which combines
the advantages of the solidphase and the classical
solution-phase process (EP-A- 1,29 1,356; US
6,864,357; Eggen I . et al., Org. Process Res. Dev.
2005, 9, 98-101; Eggen I . et al., J Pept. ScL 2005,
11, 633-641). The C-terminal ester in a convergent
synthesis should be stable under the conditions of the
assembly of the peptide and most notably under the
conditions of the deprotection of the temporary
N-terminal protecting group, which is repeated in each
cycle of a peptide synthesis. On the other hand, the
N-terminal protecting group and protecting groups of
the side chainsneed to remain unaffected when the
ester at the C-terminal is removed prior to the actual
fragment coupling. Although a range of esters is known
which may be used for protection of the C-terminal of
the peptide fragments and several options are
available for chemical deprotection, none of the
available methods is generally applicable. Most of
these esters are of a primary nature, e.g. methyl
esters, and thus give rise to diketopiperazine
formation at the stage of the deprotected dipeptide.
Moreover, introduction of the ester function often
requires a relatively strong activation of the
carboxylic function resulting in loss of the
enantiomeric integrity of the 



esterified amino acid. Finally, the ester function is
often deblocked under acidic or basic conditions that
lead to modifications in the actual peptide. On the
basis of its high stability, its ease of introduction
and its wide commercial availability, ester is
preferred if selective deprotection in the presence of
side-chain protecting groups can be achieved. However,
chemical deprotection is generally not applicable for
this purpose. Enzymatic methods have gained interest
in peptide synthesis during the past couple of years.
Enzymes often show high chemo-, regio- and
stereoselectivity. Furthermore, enzymes usually
operate under very mild conditions, at neutral pH
values and at temperatures of 20-500C. Thus, under
such conditions, acid or base-catalysed side reactions
can be circumvented. It is known in the art that some
protecting groups are cleavable by enzymes, which can
be used in the deblocking of peptides. In particular
esters may be applied, which can be hydrolysed by
lipases, esterases, and proteases. Lipases and
esterases are usually considered as more generally
applicable to protecting group chemistry in peptide
synthesis, since a drawback of proteases is that they
may also hydrolyse peptide bonds (endopeptidase
activity). Recently, it was found that certain lipases
and esterases bearing the amino acid motif GGG(A)X
(wherein G denotes glycine and X any amino acid; in a
few enzymes one glycine is replaced by alanine, A)
show mild and selective removal of tert-hvXy\ ester
protecting groups in amino acid derivatives and
related compounds. It was concluded that in particular
two enzymes, BsubpNBE (recombinant p - nitrobenzyl
esterase from Bacillus subtilis produced in E.coli)
and CAL-A (lipase A from Candida antarctica
(Novozymes)) can be used in synthetic organic
chemistry to cleave tert-bvXy\ esters from various
substrates (Schmidt M. et al, J Org. Chem. 2005, 70,
3737-3740). The activities of those enzymes have,
however, not been tested on C-terminal tert-butyl
esters of peptides, with the exception of one
dipeptide which did not show any activity. The
solubility ofprotected peptides will probably pose a
problem in the solvent systems which have been applied
for testing the enzyme activities, using in particular
toluene, n-hexane and diethyl ether as cosolvents. In
general, however, protected peptides and especially
long protected peptides require polar organic solvents
to dissolve (e.g., DMF, NMP, dichloromethane, methanol
or acetonitrile). In spite of the fact that proteases
are less preferred the use of a protease named
thermitase reportedly has resulted in the effective
hydrolysis of peptide esters (Schultz M. et al,
Synlett. 1992, 1, 37-38). However, thermitase has not
found wide use in peptide synthesis from the time when
this was reported. This might, amongst other reasons,
be due to its limited commercial availability (family
code EC 3.4.21.66), which severely hampers upscaling
to industrial scale. Thus, there is still a need for
generally applicable enzymatic processes for removal
of C-terminal esters, in particular tert-butyl esters,
in peptide chemistry, especially for industrial-scale
processes. Moreover, as an alternative to chemical
synthesis of peptides, there is a growing interest in
the enzymatic synthesis of peptides, in which both
coupling and deprotection steps may be mediated by
specific enzymes. Since coupling steps mediated by
enzymes evoke no racemization as opposed to the
chemical alternative, elongation of the growing
peptide in enzymatic synthesis of peptides may occur
in C-terminal direction. Such a synthesis is in effect
a convergent synthesis in which the C-terminal
fragment is replaced by an amino acid derivative; it
would therefore likewise profit from the availability
of generally applicable enzymatic processes for
removal of Cterminal esters, in particular tert-butyl
esters. Finally, the availability of generally
applicable processes for removal of C-terminal esters,
in particular tert-butyl esters, would be very
profitable in peptide syntheses comprising peptide
cyclizations which involve the C-terminal of the
linear precursor (i.e., head-to-tail and tail-toside
chain cyclizations). Such cyclizations may take place
in solution, but also on a solid support when the
linear precursor is anchored via its N-terminal or a
side chain.A new process has now been found for the
selective enzymatic hydrolysis of C-terminal tertbutyl
esters of peptide substrates in the synthesis of
peptides, comprising hydrolysing one or more peptide
substrates comprising C-terminal tert-hvXy\ esters
using the protease subtilisin in any suitable form.
Surprisingly, it has been found that high, up to
quantitative, yields of the hydrolysed product can be
obtained using the protease subtilisin, while
endopeptidase activity is substantially suppressed.
The new process of this invention may conveniently be
used in the production of protected or unprotected
peptides. The process is in particular favourable in
convergent syntheses of peptides. Preferably, the
C-terminal tert-hvXy\ ester of the peptide substrates
comprises a C-terminal acyl residue which is an
a-amino acyl residue from natural or synthetic origin.
The C-terminal a- amino acyl residue may be protected
or unprotected at the side chain. In particular
preferred are C-terminal a-amino acyl residues
selected from Ala, protected Cys, protected Asp,
protected GIu, Phe, GIy, His, (protected) Lys, Leu,
Met, Asn, GIn, (protected) Arg, (protected) Ser, Thr,
VaI, (protected) Trp and (protected) Tyr, wherein the
brackets around the word "protected" mean that the
residue can be present in both side-chain protected
and unprotected form. The three-letter code for amino
acids is used here according to IUPAC nomenclature
(IUPAC-IUB Commission (1985) J Biol. Chem. 260,
14-42). Preferably, protected or unprotected peptide
substrates used in the process of this invention are
prepared by solution-phase synthesis. In a further
preferred embodiment, protected or unprotected peptide
substrates used in the process of this invention are
prepared according to DioRaSSP(r). Thus, a peptide
substrate comprising a C-terminal ester is preferably
prepared according to this process for rapid solution
synthesis of a peptide in an organic solvent or a
mixture of organic solvents, the process comprising
repetitive cycles of steps (a)-(d): (a) a coupling
step, using an excess of an activated carboxylic
component to acylate an amino component, (b) a
quenching step in which a scavenger is used to remove
residual activated carboxylic functions, wherein the
scavenger may also be used for deprotection of the
growing peptide,(c) one or more aqueous extractions
and optionally, (d) a separate deprotection step,
followed by one or more aqueous extractions, whereby
in at least one cycle in process step b an amine
comprising a free anion or a latent anion is used as a
scavenger of residual activated carboxylic functions.
The amine is preferably benzyl b-alaninate or a salt
thereof. The hydrolysis of the process of the present
invention may be performed in an aqueous buffer.
However, for solubility purposes and/or for
suppressing endopeptidase activity, the hydrolysis of
the process of the invention is preferably performed
in a mixture of an aqueous buffer and one or more
organic solvents. Suitable buffers may be selected
from buffers which are generally used for
transformations using proteolytic enzymes. In
particular, the aqueous buffer is a phosphate, borate
or TRIS buffer. Polar organic solvents are preferred,
and in particular the organic solvent is selected from
L,L/-dimethylformamide (DMF), 7V-methyl-2-pyrrolidone
(NMP), dioxane, N,Ndimethylacetamide (DMA),
dichloromethane (DCM), tetrahydrofuran (THF),
acetonitrile, and tert-butanol Particularly preferred
is DMF. Accordingly, the percentage of the organic
solvent in the mixture may range from 0 to 60% (v/v),
preferably from 30 to 60% (v/v). It is especially
useful when the percentage of the organic solvent in
the mixture is about 50-60% (v/v). The pH at which the
reaction is performed may be selected from the range
of 6.5-10, in particular 6.5-8, and preferably the pH
is 7. Reaction temperatures for the hydrolysis may
suitably be selected in the range of 20-600C.
Preferred is a reaction temperature of 4O0C. The
amount of enzyme may suitably be selected in the range
of 1 to 50 wt.% of enzyme related to the peptide
substrate. In a further embodiment of the invention,
the hydrolysis is performed by stepwise adding
portions of the protease subtilisin (in any suitable
form) to the reaction mixture comprising one or more
peptide substrates comprising C-terminal tert-butyl
esters. The peptide substrates of which the C-terminal
tert-butyl esters are hydrolysed in the process of 



the invention, may carry protecting groups in other
parts of their peptide sequence. The hydrolysis can be
carried out with one peptide substrate as well as a
mixture thereof. It has been established that the
performance of the hydrolysis of a mixture of peptide
substratescomprising C-terminal tert-butyl esters is
not significantly reduced by the presence of more than
one peptide substrate. A suitable process according to
the present invention is as follows. To a stirred
solution of a tert-butyl ester of a peptide in a
mixture of a suitable organic solvent (or mixture of
organic solvents) and a buffer, subtilisin is added
[for instance: to 0.1 mmol of a tert-butyl ester of a
peptide in a mixture of 2.5 ml DMF and 2.5 ml sodium
phosphate buffer (0. 1 M, pH 7.0, 40 0C), 5 mg of
subtilisin is added]. When substrate conversion has
reached a desired level, e.g. higher than 95 % (as
determined by HPLC), an amount of ethyl acetate is
added. After separation of the aqueous phase, the
organic phase is extracted twice with sodium chloride
solution and concentrated in vacuo. The C-terminally
deprotected peptide or peptide fragment is isolated by
precipitation with a non-solvent like diethyl ether,
methyl tert-butyl ether or heptane. In case of an
immobilized enzyme, the enzyme is removed by
filtration prior to the described work-up procedure.
The protease subtilisin (EC 3.4.21.62) may be used in
the process of the invention in any form, thus it may
be used in soluble and/or crystallized form, but also
in immobilized form or other insoluble form, e.g. in
the form of cross-linked enzyme aggregates (CLEA) or
cross-linked enzyme crystals (CLEC). The term
'substrate' herein means an entity which is converted
to a product by the protease subtilisin in any form.
This product may be a final peptide product whereby if
present only the protected side groups have still to
be deprotected. Alternatively, this product may also
be a peptide fragment which subsequently is reacted
with other peptide fragments in a convergent synthesis
to obtain a longer peptide with the required final
number of amino acids. A person skilled in the art can
easily identify suitable substrates, for instance by
performing a simple test hydrolysis of a selected
peptide comprising a C-terminal tert-butyl ester
functionality under suitable conditions as described
herein before and following conversion e.g. by HPLC
techniques. It has been found by hydrolysis of model
dipeptides of the general structure Z-VaIX- OBu' in
the presence of Alcalase CLEA and 50% v/v of DMF (see
for details Example 3) thatthe reactivity for these
model substrates comprising a C-terminal tert-butyl
ester functionality can be divided into four
categories: If the reactivity is indicated to be
"unresponsive", also after optimization, the selected
peptide is not a substrate according to the invention.
Based on the structure of these model peptide
substrates the results are considered indicative of
the reactivity of the selected amino acid derivative X
towards protease subtilisin in any suitable form. This
is corroborated by Example 5 in which it has been
tested which amino acid combinations are susceptible
to endopeptidase activity of the protease subtilisin.
More particularly, model tetrapeptide substrates of
the general structure Z-Val-Val-X-Leu-OBu' were
hydrolysed in the presence of Alcalase CLEA and 50%
v/v of DMF (see for details Example 5). Moreover,
Example 5 demonstrates that esterase activity in
relation to amino acid derivative X is indicative for
endopeptidase activity in relation to that amino acid
derivative X. However, it is emphasized that under
optimized conditions of the process of the present
invention endopeptidase activity is significantly
lower than esterase activity. It is established that
the process is very suitable to prepare short
peptides, such as dipeptides, tripeptides, and
tetrapeptides. Furthermore, based on the
above-mentioned arguments on the basis of Examples 3
and 5 a skilled man is also able to prepare longer
peptides comprising amino acid derivatives which are
expected to have bad or mediocre reactivity in any but
the C-terminal position of the peptide. In this sense,
D-amino acid derivatives can be considered as
unresponsive amino acid derivatives and thus peptides
may be prepared as well with D-amino acids in any but
the C-terminal position.The term 'protected' means
that the functional groups (within the peptide) are
protected with suitable protecting groups. A person
skilled in the art will know which type of protection
to select for which type of functional group. For
example, amine functions present in the compounds may
be protected during the synthetic procedure by an
N-protecting group, which means a group commonly used
in peptide chemistry for the protection of an a-amino
group, like the tt-butyloxycarbonyl (Boc) group, the
benzyloxycarbonyl (Z) group, or the 9-
fluorenylmethyloxycarbonyl (Fmoc) group. Overviews of
amino protecting groups and methods for their removal
is given in Geiger R. and Konig W. (1981) in Peptides:
Analysis, Synthesis. Biology. VoI 3, Gross E. and
Meienhofer, J., eds, Academic Press, New York, pp.
1-99, and Peptides: Chemistry and Biology. Sewald N.
and Jakubke H.-D., eds, Wiley-VCH, Weinheim, 2002, pp.
143 - 154. Functions of the tert-butyl type or
functions of similar lability are preferred for the
protection of other functional groups on the side
chains; these include - but are not limited to -
tert-butyl (Bu') for the protection of the Asp, GIu,
Ser, Thr and Tyr side chains, tertbutoxycarbonyl (Boc)
for the protection of the Lys and Trp side chains,
trityl (Trt) for the protection of the Asn, GIn and
His side chains and 2,2,5,7,
8-pentamethylchromane-6-sulfonyl (Pmc) or
2,2,4,6,7-pentamethyldihydrobenzofurane-5-sulfonyl
(Pbf) for the protection of the Arg side chain
[Barany, G. and Merrifield, R.B. (1980) in: 'The
Peptides', vol. 2 (Gross, E. and Meienhofer, J., eds.)
Academic Press, New York, pp. 1-284; for Trp(Boc):
Franzen, H. et al. (1984) J. Chem. Soc, Chem. Commun.,
1699-1700; for Asn(Trt) and Gln(Trt): Sieber, P. and
Riniker, B. (1991) Tetrahedron Lett. 32, 739-742; for
His(Trt): Sieber, P. and Riniker, B. (1987)
Tetrahedron Lett. 28, 6031-6034; for Pmc: Ramage, R.
and Green, J . (1987) Tetrahedron Lett. 28, 2287-2290;
for Pbf: Carpino, L.A. et al. (1993) Tetrahedron Lett.
34, 7829-7832]. The invention is further illustrated
by the following examples, which is not to be
interpreted as a limitation of this invention.EXAMPLES
The tetrapeptide of Example 2 and the tetrapeptide of
Example 5 wherein X=Met have been prepared according
to DioRaSSP(r) (EP-A- 1,29 1,356; US 6,864,357; Org.
Process Res. Dev. 2005, 9, 98-101; Eggen I . et al, J
Pept. ScL 2005, 11, 633-641), whereas the dipeptides,
tripeptides, and the tetrapeptide of Example 5 wherein
X=Arg have been produced according to conventional
solution phase methods for peptide synthesis. The
other tetrapeptides of Example 5 are prepared
according to conventional solution phase methods
applying a split and mix protocol. Split and mix
protocol has been applied in order to reduce the
amount of preparative work. The free enzyme subtilisin
A (S. Carlsberg) used in Example 1 was purchased from
Sigma Aldrich. The free enzyme subtilisin A used in
the other Examples was purchased from Novozymes.
Alcalase CLEA was obtained from CLEA Technologies
B.V., Delft, The Netherlands. Example 1 Free
subtilisin General procedure Subtilisin A: 0.1 mmol of
each of the peptides was dissolved in a thermostated
mixture of 2.5 ml DMF and 2.5 ml phosphate buffer 0.1
M pH 7. 5 mg of enzyme were added to the peptide
solution. The reaction mixture was incubated at 400C
for a total of two hours. The reaction mixtures were
analysed after 2 hours using HPLC. (Some selected
results of good subtilisin substrates are shown.)Table
1 Example 2 0.05 mmol of Boc-Gly-Phe-Phe-Leu-OBu' was
dissolved in a thermostated mixture of 2.5 ml NMP and
2.5 ml phosphate buffer 0.1M pH 8. To this solution 5
mg of Alcalase CLEA were added. The reaction mixture
was incubated at 400C for a total of 17 hours.
Substrate conversion is determined by HPLC. The
reaction resulted after 17 h in >95 % yield of
Boc-Gly-Phe-Phe- Leu-OH. Example 3 



Deprotection of model dipeptides by Alcalase CLEA and
subtilisin A Generalprocedure Subtilisin A: 0.1 mmol
of each of the peptides was dissolved in 2.5 ml DMF. 5
mg of enzyme were dissolved in 2.5 ml phosphate buffer
0.1 M pH 7 and were added to the peptide solution. The
reaction mixture was incubated at 400C for a total of
six hours. The reaction mixtures were analysed after 6
hours using HPLC and LC/MS. Generalprocedure Alcalase
CLEA: 0.1 mmol of each of the peptides was dissolved
in 2.5 ml DMF. To this solution 5 mg of enzyme were
added along with 2.5 ml phosphate buffer 0.1M pH 7.
The reaction mixture was incubated at 400C for a total
of six hours. The reaction mixtures were analysed
after 6 hours using HPLC and LC/MS.Table 2Example 4
Optimization of the amount of enzyme for a good and a
mediocre peptide substrate General procedure 0.1 mmol
of each of the peptides was dissolved in 2.5 ml DMF.
Subtilisin A was dissolved in 2.5 ml phosphate buffer
0.1 M pH 7 and added to the peptide solution. The
reaction mixture was incubated at 400C. The reaction
mixtures were sampled at the indicated reaction times
and analysed by HPLC. When needed extra portions of
enzyme were added at 2-hour intervals.Table 3 Example
5 Identification of peptide substrates susceptible to
endopeptidic cleavage. Generalprocedure Alcalase CLEA:
0.1 mmol of each of the tetrapeptides (or tetrapeptide
mixtures) were dissolved in 2.5 ml DMF. To this
solution 5 mg of enzyme were added along with 2.5 ml
phosphate buffer 0.1 M pH 7 and were added to the
previous solution. The reaction mixture was incubated
at 400C. Reaction mixtures were analysed after 2 hours
and 6 hours by HPLC. In case the reaction had not
reached completion additional portions of enzyme [5 mg
each] were added at the end of six hours and overnight
(approx. 24 hours of reaction). The last aliquot was
analysed by LC/MS to verify thepresence of the desired
compound and of any impurities being Z-VaI-VaI-X-OH
and/or H-XLeu- OH. Table 4DIPHENYLUREA DERIVATIVES AND
THEIR USE AS CHLORIDE CHANNEL BLOCKERS OR BKCa CHANNEL
MODULATORS TECHNICAL FIELD The present invention
relates to novel diphenylurea derivatives useful as
chloride channel blockers or BKCa channel modulators.
In other aspects the invention relates to the use of
these compounds in a method for therapy, and to
pharmaceutical compositions comprising the compounds
of the invention. BACKGROUND ART Chloride channels
serve a wide variety of specific cellular functions
and contribute to the normal function of i.a. skeletal
and smooth muscle cells. Chloride channels are
probably found in every cell, from bacteria to
mammals. Their physiological tasks range from cell
volume regulation to stabilization of the membrane
potential, transepithelial or transcellular transport
and acidification of intracellular organelles.
Likewise, The Ca2+-activated BK channels are present
in many cells including most central and peripheral
nerve cells, striated muscle cells, cardiac cells,
smooth muscle cells of the airways, the vasculature,
the gastrointestinal tract and bladder, in endo- and
exocrine glands including pancreatic b-cells and in
kidney tubules. There is a continued strong need to
provide compounds active as chloride channel blockers
or BKCa channel modulators and with an optimized
pharmacological profile. Furthermore, there is a
strong need to find effective compounds without
unwanted side effects associated with older compounds.
WO 2005/023237 and WO 2005/023238 (Poseidon
Pharmaceuticals A/S) describe the use of ERG channel
openers for the treatment of hyperexcitability-related
neuronal diseases and cardiac arrhythmias. Among the
compounds disclosed is 1-(3-
thfluoromethyl-phenyl)-3-[2-(5-oxo-4,5-dihydro-[1
,2,4]oxadiazol-3-yl)-4-(4'- L/,/Vdimethyl-
carbamoyl)-biphenyl]-urea. SUMMARY OF THE INVENTION It
is an object of the invention to provide novel
compounds which act as chloride channel blockers or
BKCa channel modulators. A further object of the
invention is the provision of compounds with a better
selectivity. A still further object is the provision
of compounds with a better potency.A further object of
the invention is the provision of compounds that act
on cell or tissue specific chloride channels or BKCa
channels. A still further object is the provision of
compounds that act on specific groups or subtypes of
chloride channels. A still further object is the
provision of compound with more optimal
pharmacodynamic properties such as kinetic behaviour,
bioavailability, solubility and efficacy. In its first
aspect, the invention provides a compound of the
general formula I, any of its isomers or any mixture
of its isomers, or a pharmaceutically acceptable salt
thereof, wherein R0, Rm, Rp, R2, R3, R4, R5 and R6 are
as defined below. In its second aspect, the invention
provides a pharmaceutical composition, comprising a
therapeutically effective amount of a compound of the
invention, any of its isomers or any mixture of its
isomers, or a pharmaceutically acceptable salt
thereof, together with at least one pharmaceutically
acceptable carrier, excipient or diluent. In a further
aspect, the invention provides the use of a compound
of the invention, any of its isomers or any mixture of
its isomers, or a pharmaceutically acceptable salt
thereof, for the manufacture of a pharmaceutical
composition for the treatment, prevention or
alleviation of a disease or a disorder or a condition
of a mammal, including a human, which disease,
disorder or condition is responsive to the blockade of
chloride channels or modulation of BKCa channels - or
for the manufacture of a medicament useful for
increasing the blood-brain barrier permeability. In a
still further aspect, the invention relates to a
method for treatment, prevention or alleviation of a
disease or a disorder or a condition of a living
animal body, including a human, which disorder,
disease or condition is responsive to responsive to
blockade of chloride channels or modulation of BKCa
channels, which method comprises the step of
administering to such a living animal body in need
thereof a therapeutically effective amount of a
compound of the invention, any of its isomers or any
mixture of its isomers, or a pharmaceutically
acceptable salt thereof. Other objects of the
invention will be apparent to the person skilled in
the art from the following detailed description and
examples.DETAILED DISCLOSURE OF THE INVENTION
Diphenylurea derivatives In its first aspect, the
invention provides a chemical compound of formula I,
any of its isomers or any mixture of its isomers, or a
pharmaceutically acceptable salt thereof; wherein R0,
Rm, Rp, R2, R3, R4, R5 and R6 independently of each
other represent hydrogen, halo, trifluoromethyl,
trifluoromethoxy, alkyl or alkoxy. In one embodiment
of the compound of formula I, R0 represents hydrogen;
Rm represents hydrogen; and Rp represents halo,
trifluoromethyl, trifluoromethoxy, alkyl or alkoxy. In
a further embodiment, R0 represents hydrogen; Rm
represents hydrogen; and Rp represents halo or
trifluoromethyl. In a special embodiment, Rp
represents trifluoromethyl. In a still further
embodiment, R3, R4, R5 and R6 represent hydrogen; and
R2 



represents halo, trifluoromethyl, trifluoromethoxy,
alkyl or alkoxy. In a special embodiment, R2
represents halo, such as chloro. In a further
embodiment, R2, R4, R5 and R6 represent hydrogen; and
R3 represents halo, trifluoromethyl, trifluoromethoxy,
alkyl or alkoxy. In a special embodiment, R3
represents halo, such as bromo. In a still further
embodiment, R2, R5 and R6 represent hydrogen; and R3
and R4 independently of each other represent halo,
trifluoromethyl, trifluoromethoxy, alkyl or alkoxy. In
a further embodiment, R3 and R4 independently of each
other represent halo or trifluoromethyl. In a special
embodiment, one of R3 and R4 represents halo, such as
chloro, and the other of R3 and R4 represents
trifluoromethyl. In a further embodiment, R3
represents trifluoromethyl and R4 represents halo,
such as chloro. In a further embodiment, R2, R4 and R6
represent hydrogen; and R3 and R5 independently of
each other represent halo, trifluoromethyl,
trifluoromethoxy, alkyl oralkoxy. In a special
embodiment, R3 and R5 independently of each other
represent halo. In a further embodiment, R3 represents
fluoro and R5 represents fluoro. In a special
embodiment the compound of the invention is
L/-(3,5-Difluoro-phenyl)-Lf-[3-(5-oxo-4,5-dihydro-[1
,2,4]oxadiazol-3-yl)-4' - 5
thfluoromethyl-biphenyl-4-yl] urea;
L/-(4-Chloro-3-trifluoromethyl-phenyl)-L/'
-{3-(5-oxo-4,5-dihydro-[1 ,2,4]-oxadiazol-3-yl)- 4'
-thfluoromethyl-biphenyl-4-yl} urea;
L/-(3-Bromo-phenyl)-L/' -{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4' -thfluoromethylbiphen- 4-yl}
urea; o
L/-(2-Chloro-phenyl)-Lf-{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4' -thfluoromethylbiphenyl-
4-yl] urea; or a pharmaceutically acceptable salt
thereof. Definition of Substituents 5 In the context
of this invention halo represents fluoro, chloro,
bromo or iodo. Alkyl means a straight chain or
branched chain of one to six carbon atoms, including
but not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, t-butyl, pentyl, and hexyl; methyl,
ethyl, propyl and isopropyl are preferred groups.
Alkoxy is O-alkyl, wherein alkyl is as defined above.
0 Pharmaceutically Acceptable Salts The chemical
compound of the invention may be provided in any form
suitable for the intended administration. Suitable
forms include pharmaceutically (i.e. physiologically)
acceptable salts, and pre- or prodrug forms of the
chemical compound 5 of the invention. Examples of
pharmaceutically acceptable addition salts include,
without limitation, the non-toxic inorganic and
organic acid addition salts such as the hydro
chloride, the hydrobromide, the nitrate, the
perchlorate, the phosphate, the sulphate, the formate,
the acetate, the aconate, the ascorbate, the
benzenesulphonate, the 0 benzoate, the cinnamate, the
citrate, the embonate, the enantate, the fumarate, the
glutamate, the glycolate, the lactate, the maleate,
the malonate, the mandelate, the methanesulphonate,
the naphthalene-2-sulphonate, the phthalate, the
salicylate, the sorbate, the stearate, the succinate,
the tartrate, the toluene-p-sulphonate, and the like.
Such salts may be formed by procedures well known and
described in the art. 5 Other acids such as oxalic
acid, which may not be considered pharmaceutically
acceptable, may be useful in the preparation of salts
useful as intermediates in obtaining a chemical
compound of the invention and its pharmaceutically
acceptable acid addition salt.Examples of
pharmaceutically acceptable cationic salts of a
chemical compound of the invention include, without
limitation, the sodium, the potassium, the calcium,
the magnesium, the zinc, the aluminium, the lithium,
the choline, the lysinium, and the ammonium salt, and
the like, of a chemical compound of the invention
containing an anionic group. Such cationic salts may
be formed by procedures well known and described in
the art. In the context of this invention the "onium
salts" of N-containing compounds are also contemplated
as pharmaceutically acceptable salts. Preferred "onium
salts" include the alkyl-onium salts, the
cycloalkyl-onium salts, and the cycloalkylalkyl-onium
salts. Examples of pre- or prodrug forms of the
chemical compound of the invention include examples of
suitable prodrugs of the substances according to the
invention including compounds modified at one or more
reactive or derivatizable groups of the parent
compound. Of particular interest are compounds
modified at a carboxyl group, a hydroxyl group, or an
amino group. Examples of suitable derivatives are
esters or amides. The chemical compound of the
invention may be provided in dissoluble or
indissoluble forms together with a pharmaceutically
acceptable solvent such as water, ethanol, and the
like. Dissoluble forms may also include hydrated forms
such as the monohydrate, the dihydrate, the
hemihydrate, the trihydrate, the tetrahydrate, and the
like. In general, the dissoluble forms are considered
equivalent to indissoluble forms for the purposes of
this invention. Isomers It will be appreciated by
those skilled in the art that the compounds of the
present invention may exist in different
stereoisomeric forms - including enantiomers,
diastereomers and cis-trans-isomers. The invention
includes all such isomers and any mixtures thereof
including racemic mixtures. Methods for the
resolvation of optical isomers, known to those skilled
in the art may be used, and will be apparent to the
average worker skilled in the art. Such methods
include those discussed by J. Jaques, A. Collet, and
S. Wilen in "Enantiomers, Racemates, and Resolutions",
John Wiley and Sons, New York ( 1 981 ) . Optical
active compounds can also be prepared from optical
active starting materials or intermediates. Labelled
Compounds The compounds of the invention may be used
in their labelled or unlabelled form. In the context
of this invention the labelled compound has one or
more atomsreplaced by an atom having an atomic mass or
mass number different from the atomic mass or mass
number usually found in nature. The labelling will
allow easy quantitative detection of said compound.
The labelled compounds of the invention may be useful
as diagnostic tools, radio tracers, or monitoring
agents in various diagnostic methods, and for in vivo
receptor imaging. The labelled isomer of the invention
preferably contains at least one radio nuclide as a
label. Positron emitting radionuclides are all
candidates for usage. In the context of this invention
the radionuclide is preferably selected from 2H
(deuterium), 3H (tritium), 13C, 14C, 131 1, 125 1, 123
I, and 18F. The physical method for detecting the
labelled isomer of the present invention may be
selected from Position Emission Tomography (PET),
Single Photon Imaging Computed Tomography (SPECT),
Magnetic Resonance Spectroscopy (MRS), Magnetic
Resonance Imaging (MRI), and Computed Axial X-ray
Tomography (CAT), or combinations thereof. Methods of
Preparation 



The compounds of the invention may be prepared by
conventional methods for chemical synthesis, e.g.
those described in the working examples. The starting
materials for the processes described in the present
application are known or may readily be prepared by
conventional methods from commercially available
chemicals. Also one compound of the invention can be
converted to another compound of the invention using
conventional methods. The end products of the
reactions described herein may be isolated by
conventional techniques, e.g. by extraction,
crystallisation, distillation, chromatography, etc.
Biological Activity The compounds of the present
invention are useful as blockers of chloride channels
or modulators of BKCa channels. Preferred compounds of
the invention show a biological activity in the
submicromolar and micromolar range, i.e. of from below
1 to about 100 mM. Examples of types of chloride
channels are Volume regulated anion channels (VRAC) or
chloride channels of osteoclasts or erythrocytes. For
measuring the activity of the compounds, various
chloride channel blocking assays known in the art can
be used. Thus in a further aspect, the compounds of
the invention are considered useful for the treatment,
prevention or alleviation of a disease, disorder or
condition responsive to the blockade of chloride
channels.In a special embodiment, the compounds of the
invention are considered useful for the treatment,
prevention or alleviation of:  a bone metabolic
disease, such as an osteoclast related bone disease,
such as osteoporosis, postmenopausal osteoporosis,
secondary osteoporosis, osteolytic breast cancer bone
metastasis, osteolytic cancer invation, or Paget's
disease of bone;  diseases that are responsive to
inhibition of angiogenesis, such as diseases that
involve the proliferation of tumor cells, such as
cancer, metastatic cancer, prostate cancer, lung
cancer, breast cancer, bladder cancer, renal cancer,
colon cancer, gastric cancer, pancreatic cancer,
ovarian cancer, melanoma, hepatoma, sarcoma, lymphoma;
ophthalmic angiogenesis related diseases, such as
exudative macular degeneration, age-related macular
degeneration (AMD), retinopathy, diabetic retinopathy,
proliferative diabetic retinopathy, diabetic macular
edema (DME), ischemic retinopathy (e.g. retinal vain
or artery occlusion), retinopathy of prematurity,
neovascular glaucoma, and corneal neovascularization;
and  disease, disorder or condition that is responsive
to reduction of intraocular pressure, such as ocular
hypertension, open-angle glaucoma, chronic open-angle
glaucoma, angle-closure glaucoma and ciliary injection
caused by angle-closure glaucoma,  rheumatoid
arthritis, psoriasis and  sickle-cell anaemia. In a
further aspect, the compounds of the invention are
considered useful for the treatment, prevention or
alleviation of a disease, disorder or condition
responsive to the modulation of BKCa channels. In a
special embodiment, the compounds of the invention are
considered useful for the treatment, prevention or
alleviation of:  a cardiovascular disease, such as
atherosclerosis, ischemia, reperfusion injury,
hypertension, restenosis, arterial inflammation,
myocardial ischaemia or ischaemic heart disease;  an
obstructive or inflammatory airway disease, such as
airway hyperreactivity, pneumoconiosis, aluminosis,
anthracosis, asbestosis, chalicosis, ptilosis,
siderosis, silicosis, tabacosis, byssinosis,
sarcoidosis, berylliosis, pulmonary emphysema, acute
respiratory distress syndrome (ARDS), acute lung
injury (ALI), acute or chronic infectious pulmonary
disease, chronic obstructive pulmonary disease (COPD),
bronchitis, chronic bronchitis, wheezy bronchitis,
excerbation of airways hyperreactivity or cystic
fibrosis, or cough including chronic cough,
excerbation of airways hyperreactivity, pulmonary
fibrosis, pulmonary hypertension, inflammatory lung
diseases, or acute or chronic respiratory infectious
diseases, urinary incontinence, psychosis, epilepsy or
pain. Further, the compounds of the invention may also
be well suited for facilitating the transport of
therapeutic substances across the blood-brain barrier,
and in particular for facilitating the transvascular
delivery of chemotherapeutic agents and viral
particles to tumour cells and other abnormal brain
tissues. Therefore, in another aspect, the invention
relates to the use of a compound of the invention as a
facilitating agent, useful for increasing the
blood-brain barrier permeability, and thus capable of
facilitating transport of a therapeutic substance
across the blood-brain barrier, including the
blood-tumour barrier found in brain tumours. In one
embodiment of this aspect the compound of the
invention is used for facilitating agents to an
abnormal brain region of brain tissue physiologically
affected by injury, trauma, infection, stroke, or
ischemia. This abnormal brain region is a region of
benign or malignant tumor tissue or other neoplastic
diseases or conditions. The malignant tumor may in
particular be a glioma, glioblastoma,
oligodendroglioma, astrocytoma, ependymoma, primitive
neuroectodermal tumor, atypical meningioma, malignant
meningioma, neuroblastoma, sarcoma, melanoma,
lymphoma, or carcinoma. When used as a facilitating
agent, the compound of the invention may be co
administered with the therapeutic agent by any
appropriate route, in any convenient way. Preferably,
the facilitating agent is administered simultaneously
(i.e. contemporaneously or concurrently), or
substantially simultaneously (i.e. within about one
hour, preferably within 30 minutes, even more
preferred within 15 minutes) with the therapeutic
agent. The agents for use according to the invention,
i.e. both the facilitating agent and the therapeutic
agent, may be administered by any appropriate route,
by which the agent is delivered to the blood stream.
This is preferably done by intravenous, intramuscular
or intra-arterial injection or infusion. The
therapeutic agent for use according to the invention
may be any agent or drug. However, preferred
therapeutic agents or drugs for use according to the
invention are antineoplastic agents, chemotherapeutic
agents, cytotoxic agents, DNA expression vectors,
proteins, oligonucleotides, nucleotide analogs,
antimicrobial agents, interferons, cytokines, cytokine
agonists, cytokine antagonists, immunotoxins,
immunosuppressants, boron compounds, monoclonal
antibodies, adrenergic agents, anticonvulsants,
ischemia-protective agents, anti-trauma agents,
anticancer chemotherapeutic agents and diagnostic
agents. Preferred chemotherapeutic agents for use
according to the invention include:  alkylating agents
like the nitrogen mustards (e.g. mechlorethamine,
cyclophosphamide, ifosamide, melphalan and
chlorambucil), ethylenimines and methylmelamines (e.g.
hexamethylmelamine and thiotepa), alkyl
sulfonates(e.g. busulfan), nitrosoureas (e.g.
carmustine (BCNU), lomustine (CCNU), semustine
(methyl-CCNU) and streptozocin), thazenes (e.g.
dacarbazine (DTIC));  antimetabolites like folic acid
analogs (e.g. methotrexate), pyrimidine analogs 



(e.g. fluorouracil, floxuhdine and cytarabine), purine
analogs and related inhibitors (e.g. mercaptopuhne,
thioguanine and pentostatin); and  natural antimitotic
products like vinca alkaloids (e.g. vinblastine and
vincristine), epipodophyllotoxins (e.g. etoposide and
teniposide), antibiotics (e.g. dactinomycin,
daunorubicin, doxorubicin, bleomycin, plicamycin and
mitomycin), enzymes (e.g. L-asparaginase), a platinum
coordination complex (e.g. cisplatin and carboplatin)
and biological response modifiers like the interferons
(e.g. interferon- a) . In another preferred embodiment
the DNA expression vector is a viral vector,
preferably an adenovirus-derived vector or herpes
simplex virus-derived vector. In yet another preferred
embodiment the diagnostic agent for use according to
the invention may in particular be an imaging or
contrast agent, and it may in particular be a
radioactively labelled substance, a gallium-labelled
substance, or a contrast agent selected from the group
consisting of ferrous magnetic, fluorescent,
luminescent, and iodinated contrast agents. When used
as a facilitating agent, the compound of the invention
may preferably be co-administered with the therapeutic
agent for targeting regions of brain tissue
physiologically directly affected by a physical or
biochemical injury, for example Alzheimer's disease,
Parkinson's disease, Parkinsonism, trauma, infection,
stroke, brain ischemia, or regions of neoplastic
growth within the brain, such as benign or malignant
brain tumour tissues. Methods of Therapy In another
aspect the invention provides a method for the
treatment, prevention or alleviation of a disease or a
disorder or a condition of a living animal body,
including a human, which disease, disorder or
condition is responsive to responsive to the blockade
of chloride channels or modulation of BKCa channels,
and which method comprises administering to such a
living animal body, including a human, in need thereof
an effective amount of a chemical compound of the
invention. The preferred medical indications
contemplated according to the invention are those
stated above. It is at present contemplated that
suitable dosage ranges are 0.1 to 1000 milligrams
daily, 10-500 milligrams daily, and especially 30-1 00
milligrams daily, dependent as usual upon the exact
mode of administration, form in which administered,
the indication toward which the administration is
directed, the subjectinvolved and the body weight of
the subject involved, and further the preference and
experience of the physician or veterinarian in charge.
When administered in combination with compounds known
in the art for treatment of the diseases, the dosis
regimen may be reduced. Combined therapy Use of the
compounds of the invention may be combined with the
use of other compounds useful for the treatment,
prevention or alleviation of a disease, disorder or
condition responsive to the blockade of chloride
channels. As an example, the compounds may be used in
combination with one or more additional drugs useful
for the treatment, prevention or alleviation of a
disease responsive to inhibition of angiogenesis, such
as compounds useful for anti-metastatic treatment.
Such additional drugs include cytotoxic compounds,
antimitotic compounds, and antimetabolites. Examples
of cytotoxic compounds (including cytotoxic alkylating
agents) include carmustine (BCNU), fotemustin,
temozolomide (temodal), ifosfamide, and
cyclofosfamide. Examples of antimitotic compounds
include paclitaxel (taxol) and docetaxel. An example
of antimetabolites includes methotrexat. Furthermore,
the pharmaceutical composition for use according to
the invention may be used or administered in
combination with other treatments or therapies.
Examples of other treatments or therapies include
radiotherapy and surgery. Also, use of the compounds
of the invention may be combined with the use of other
bone metabolism controlling compounds for the
treatment of bone metabolic disease. Such known bone
metabolism controlling compounds include
bisphophonates such as etidronate, pamidronate, or
clodronate optionally combined with calcium;
oestrogen-receptor active compounds such as oestrogen
i.e. oestradiol and ethyloestradiol, calcitonin,
1,25-dihydroxyvitamine D and metabolites thereof,
fluoride, growth hormone, parathyroid hormone,
thiodo-thyrosine, collagen degrading enzymes such as
protease inhibitors, or cancer therapeutic agents.
Also, use of the compounds of the invention may be
combined with the use of one or more additional drugs
useful for the treatment, prevention or alleviation of
a disease, disorder or condition is responsive to
reduction of intraocular pressure. Such additional
drugs include beta-blockers, parasympathomimetic
miotics, sympathomimetics, and carbonic anhydrase
inhibitors. Furthermore, use of the compounds of the
invention may be combined with other treatments or
therapies. The treatment of the diseases and disorder
can be in chronical or a long term treatment as well
as a treatment of sudden crisis in the disease and
disorder.Pharmaceutical Compositions In another aspect
the invention provides novel pharmaceutical
compositions comprising a therapeutically effective
amount of the chemical compound of the invention.
While a chemical compound of the invention for use in
therapy may be administered in the form of the raw
chemical compound, it is preferred to introduce the
active ingredient, optionally in the form of a
physiologically acceptable salt, in a pharmaceutical
composition together with one or more adjuvants,
excipients, carriers, buffers, diluents, and/or other
customary pharmaceutical auxiliaries. In a preferred
embodiment, the invention provides pharmaceutical
compositions comprising the chemical compound of the
invention, or a pharmaceutically acceptable salt or
derivative thereof, together with one or more
pharmaceutically acceptable carriers, and, optionally,
other therapeutic and/or prophylactic ingredients,
known and used in the art. The carher(s) must be
"acceptable" in the sense of being compatible with the
other ingredients of the formulation and not harmful
to the recipient thereof. Pharmaceutical compositions
of the invention may be those suitable for oral,
rectal, bronchial, nasal, pulmonal, topical (including
buccal and sub-lingual), transdermal, vaginal or
parenteral (including cutaneous, subcutaneous,
intramuscular, intraperitoneal, intravenous,
intraarterial, intracerebral, intraocular injection or
infusion) administration, or those in a form suitable
for administration by inhalation or insufflation,
including powders and liquid aerosol administration,
or by sustained release systems. Suitable examples of
sustained release systems include semipermeable
matrices of solid hydrophobic polymers containing the
compound of the invention, which matrices may be in
form of shaped articles, e.g. films or microcapsules.
The chemical compound of the invention, together with
a conventional adjuvant, carrier, or diluent, may thus
be placed into the form of pharmaceutical compositions
and unit dosages thereof. Such forms include solids,
and in particular tablets, filled capsules, powder and
pellet forms, and liquids, in particular aqueous or
non-aqueous solutions, suspensions, emulsions,
elixirs, and capsules filled with the same, all for
oral 



use, suppositories for rectal administration, and
sterile injectable solutions for parenteral use. Such
pharmaceutical compositions and unit dosage forms
thereof may comprise conventional ingredients in
conventional proportions, with or without additional
active compounds or principles, and such unit dosage
forms may contain any suitable effective amount of the
active ingredient commensurate with the intended daily
dosage range to be employed. The chemical compound of
the present invention can be administered in a wide
variety of oral and parenteral dosage forms. It will
be obvious to those skilled in the artthat the
following dosage forms may comprise, as the active
component, either a chemical compound of the invention
or a pharmaceutically acceptable salt of a chemical
compound of the invention. For preparing
pharmaceutical compositions from a chemical compound
of the present invention, pharmaceutically acceptable
carriers can be either solid or liquid. Solid form
preparations include powders, tablets, pills,
capsules, cachets, suppositories, and dispersible
granules. A solid carrier can be one or more
substances which may also act as diluents, flavouring
agents, solubilizers, lubricants, suspending agents,
binders, preservatives, tablet disintegrating agents,
or an encapsulating material. In powders, the carrier
is a finely divided solid, which is in a mixture with
the finely divided active component. In tablets, the
active component is mixed with the carrier having the
necessary binding capacity in suitable proportions and
compacted in the shape and size desired. The powders
and tablets preferably contain from five or ten to
about seventy percent of the active compound. Suitable
carriers are magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch,
gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa
butter, and the like. The term "preparation" is
intended to include the formulation of the active
compound with encapsulating material as carrier
providing a capsule in which the active component,
with or without carriers, is surrounded by a carrier,
which is thus in association with it. Similarly,
cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as
solid forms suitable for oral administration. For
preparing suppositories, a low melting wax, such as a
mixture of fatty acid glycehde or cocoa butter, is
first melted and the active component is dispersed
homogeneously therein, as by stirring. The molten
homogenous mixture is then poured into convenient
sized moulds, allowed to cool, and thereby to
solidify. Compositions suitable for vaginal
administration may be presented as pessaries, tampons,
creams, gels, pastes, foams or sprays containing in
addition to the active ingredient such carriers as are
known in the art to be appropriate. Liquid
preparations include solutions, suspensions, and
emulsions, for example, water or water-propylene
glycol solutions. For example, parenteral injection
liquid preparations can be formulated as solutions in
aqueous polyethylene glycol solution. The chemical
compound according to the present invention may thus
be formulated for parenteral administration (e.g. by
injection, for example bolus injection or continuous
infusion) and may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusion
or in multi-dose containers with an added
preservative. The compositions may take such forms as
suspensions, solutions, or emulsions in oilyor aqueous
vehicles, and may contain formulation agents such as
suspending, stabilising and/or dispersing agents.
Alternatively, the active ingredient may be in powder
form, obtained by aseptic isolation of sterile solid
or by lyophilization from solution, for constitution
with a suitable vehicle, e.g. sterile, pyrogen-free
water, before use. Aqueous solutions suitable for oral
use can be prepared by dissolving the active component
in water and adding suitable colorants, flavours,
stabilising and thickening agents, as desired. Aqueous
suspensions suitable for oral use can be made by
dispersing the finely divided active component in
water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium
carboxymethylcellulose, or other well known suspending
agents. Also included are solid form preparations,
intended for conversion shortly before use to liquid
form preparations for oral administration. Such liquid
forms include solutions, suspensions, and emulsions.
In addition to the active component such preparations
may comprise colorants, flavours, stabilisers,
buffers, artificial and natural sweeteners,
dispersants, thickeners, solubilizing agents, and the
like. For topical administration to the epidermis the
chemical compound of the invention may be formulated
as ointments, creams or lotions, or as a transdermal
patch. Ointments and creams may, for example, be
formulated with an aqueous or oily base with the
addition of suitable thickening and/or gelling agents.
Lotions may be formulated with an aqueous or oily base
and will in general also contain one or more
emulsifying agents, stabilising agents, dispersing
agents, suspending agents, thickening agents, or
colouring agents. Compositions suitable for topical
administration in the mouth include lozenges
comprising the active agent in a flavoured base,
usually sucrose and acacia or tragacanth; pastilles
comprising the active ingredient in an inert base such
as gelatin and glycerine or sucrose and acacia; and
mouthwashes comprising the active ingredient in a
suitable liquid carrier. Solutions or suspensions are
applied directly to the nasal cavity by conventional
means, for example with a dropper, pipette or spray.
The compositions may be provided in single or
multi-dose form. Administration to the respiratory
tract may also be achieved by means of an aerosol
formulation in which the active ingredient is provided
in a pressurised pack with a suitable propellant such
as a chlorofluorocarbon (CFC) for example
dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, carbon dioxide, or other
suitable gas. The aerosol may conveniently also
contain a surfactant such as lecithin. The dose of
drug may be controlled by provision of a metered
valve.Alternatively the active ingredients may be
provided in the form of a dry powder, for example a
powder mix of the compound in a suitable powder base
such as lactose, starch, starch derivatives such as
hydroxypropylmethyl cellulose and polyvinylpyrrolidone
(PVP). Conveniently the powder carrier will form a gel
in the nasal cavity. The powder composition may be
presented in unit dose form for example in capsules or
cartridges of, e.g., gelatin, or blister packs from
which the powder may be administered by means of an
inhaler. In compositions intended for administration
to the respiratory tract, including intranasal
compositions, the compound will generally have a small
particle size for example of the order of 5 microns or
less. Such a particle size may be obtained by means
known in the art, for example by micronization. When
desired, compositions adapted to give sustained
release of the active ingredient may be employed. The
pharmaceutical preparations are preferably in unit
dosage forms. In such form, the preparation is
subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of preparation, such as
packaged tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a 



capsule, tablet, cachet, or lozenge itself, or it can
be the appropriate number of any of these in packaged
form. Tablets or capsules for oral administration and
liquids for intravenous administration and continuous
infusion are preferred compositions. Further details
on techniques for formulation and administration may
be found in the latest edition of Remington's
Pharmaceutical Sciences (Maack Publishing Co., Easton,
PA). A therapeutically effective dose refers to that
amount of active ingredient, which ameliorates the
symptoms or condition. Therapeutic efficacy and
toxicity, e.g. ED50 and LD50, may be determined by
standard pharmacological procedures in cell cultures
or experimental animals. The dose ratio between
therapeutic and toxic effects is the therapeutic index
and may be expressed by the ratio LD50ZED50 .
Pharmaceutical compositions exhibiting large
therapeutic indexes are preferred. The dose
administered must of course be carefully adjusted to
the age, weight and condition of the individual being
treated, as well as the route of administration,
dosage form and regimen, and the result desired, and
the exact dosage should of course be determined by the
practitioner. The actual dosage depends on the nature
and severity of the disease being treated, and is
within the discretion of the physician, and may be
varied by titration of the dosage to the particular
circumstances of this invention to produce the desired
therapeutic effect. However, it is presently
contemplated that pharmaceuticalcompositions
containing of from about 0.1 to about 500 mg of active
ingredient per individual dose, preferably of from
about 1 to about 100 mg, most preferred of from about
1 to about 10 mg, are suitable for therapeutic
treatments. The active ingredient may be administered
in one or several doses per day. A satisfactory result
can, in certain instances, be obtained at a dosage as
low as 0.1 mg/kg i.v. and 1 mg/kg p.o. The upper limit
of the dosage range is presently considered to be
about 10 mg/kg i.v. and 100 mg/kg p.o. Preferred
ranges are from about 0.1 mg/kg to about 10 mg/kg/day
i.v., and from about 1 mg/kg to about 100 mg/kg/day
p.o. EXAMPLES The invention is further illustrated
with reference to the following examples, which are
not intended to be in any way limiting to the scope of
the invention as claimed. Example 1 4-Amino-4
'-trifluoromethyl-biphenyl-3-carbonitrile In 250 ml of
water and 500 ml of 1,2-dimethoxyethane, was mixed
26.5 g of 4- (thfluoromethyl)benzeneboronic acid, 25 g
of 2-amino-5-bromo-benzonitrile and 57.9 g of
potassium carbonate. The mixture was bobbled through
with nitrogen for 10 minutes, then 1 g of
bis(thphenylphosphine)palladium(ll) choride was added
and the reaction mixture was heated at reflux
overnight. The reaction mixture was cooled to room
temperature, added 700 ml of water and extracted with
800 ml of ethyl acetate. The organic phase was washed
first with 300 ml of saturated sodium chloride, then
300 ml of 2 M calcium chloride and at last with 300 ml
of water. The organic phase was dried with magnesium
sulfate, evaporated to an oil and trituated with
ether. Yield 30.5 g (92 %).Example 2
4-Amino-L/-hydroxy-4
-trifluoromethyl-biphenyl-S-carboxamide 4-Amino-4 '
-trifluoromethyl-biphenyl-3-carbonitrile ( 10 g) was
dissolved in 250 ml of methanol and added 5.6 g of
hydroxylamine hydrochloride and 8.1 g of
triethylamine. The reaction mixture was stirred at 50
C overnight, added 100 ml of water and 100 ml of ethyl
acetate. The water phase was extracted with 100 ml of
ethyl acetate. The organic phases was washed with 100
ml water and after that with 100 ml saturated sodium
chloride. The organic phase was dried with magnesium
sulfate and evaporated to an oil. Yield 10.8 g (96 %).
Example 3 3-(4-Amino-4
'-trifluoromethyl-biphenyl-3-yl)-4W-[1
,2,4]-oxadiazol-5-one Sodium ( 1 .6 g) was stirred in
200 ml dry ethanol until it was dissolved, to the
solution was added 10.8 g of 4-amino- L/-hydroxy-4 '
-thfluoromethyl-biphenyl-3-carboxamide and 16 g of
diethyl carbonate, the reaction mixture was stirred
overnight at 85 C, evaporated to an oil, the residue
was dissolved in ethyl acetate, the organic phase was
extracted with 4 N aqueous NaOH. The aqueous phase was
made acidic with cone hydrochloric acid and extracted
with ethyl acetate. The organic phase was washed with
saturated aqueous sodium chloride, dried with
magnesium sulfate and evaporated to an oil. The
residue was dissolved in 150 ml of boiling ethanol.
The solution was cooled to room temperature the
product crystallized, was isolated by filtration and
dried. Yield 5.1 g (45%).Example 4
/V-(3,5-Difluoro-phenyl)-/V'-[3-(5-oxo-4,5-dihydro-[1,
2,4]oxadiazol-3-yl)-4 '-
trifluoromethyl-biphenyl-4-yl] urea In 100 ml of dry
toluene was 5 g of 3-(4-amino-4 '
-trifluoromethyl-biphenyl-3-yl)-4/-/- [ 1
,2,4]oxadiazol-5-one suspended and 2.5 g of
3,5-difluorophenyl isocyanate was added, the reaction
mixture was stirred at room temperature overnight, 1.3
g of 3,5- difluorophenyl isocyanate was added and
stirring was continued overnight. 3,5- Difluorophenyl
isocyanate ( 1 .3 g) and 100 ml of acetonithle was
added, the reaction mixture was stirred at room
temperature for 90 min. and evaporated to dryness. The
residue was dissolved in 100 ml of boiling acetone,
then cooled to 0C and filtrated. The precipitate was
recrystallized from 200 ml of ethanol, after
filtration while hot, the solution was added 400 ml of
water. The product was isolated by filtration. Yield 4
g (54%) mp.> 150C decomp. Analogously was made:
/V-(4-Chloro-3-trifluoromethyl-phenyl)-/V
'-{3-(5-oxo-4,5-dihydro-[1 ,2,4]-oxadiazol- 3-yl)-4
'-trifluoromethyl-biphenyl-4-yl} urea: Mp > 139C
decomp.
/V-(3-Bromo-phenyl)-/V'-{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4 - trifluoromethyl-biphen-4-yl}
urea. Mp > 200 C decomp.
/V-(2-Chloro-phenyl)-/V'-{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4 '-
trifluoromethyl-biphenyl-4-yl] urea. Mp 220-222 C.
Example 5 In vitro human erythrocyte chloride
conductance The chloride conductance was measured
according to the proceeding as described in the
"Biology" paragraph of the specification of WO
00/24707. The parameter calculated from these studies
is the IC5Ovalue - the concentration at which 50 % of
the chloride channels are blocked.The first compound
of Example 4, L/-(3,5-Difluoro-phenyl)-
Lf-[3-(5-oxo-4,5-dihydro- [ 1 ,2,4]oxadiazol-3-yl)-4 '
-trifluoromethyl-biphenyl-4-yl] urea, shows an IC5O
value of 0.28 mM. Example 6 Volume Regulated Anion
Channel (VRAC) effect The activity on the Volume
Regulated Anion Channel (VRAC) was tested by the whole
cell patch clamp technique using Human Embryonic
Kidney cells (HEK293) as described in Helix et al, J
Membr Biol. 2003 196(2):83-94, In short, VRAC was
activated by swelling of the cell in hypotonic (75 %
tonicity) extracellular salt solution and the anion
current elicited by voltage ramps was measured vs.
time. After stabilization of the current the compound
to be tested was added to the extracellular solution
and the time dependent block was followed for
calculation of the K value. The first compound of
Example 4, L/-(3,5-Difluoro-phenyl)-
Lf-[3-(5-oxo-4,5-dihydro- 



[ 1 ,2,4]oxadiazol-3-yl)-4 '
-thfluoromethyl-biphenyl-4-yl] urea, shows a K value
of 0.23 mM Example 7 Human BK channel screening The
influence of a compound on the membrane currents was
determined electrophysiological^ on Xenopus Oocytes
capable of expressing human BK channels, and the
current through the channels was recorded using the
classical two-electrode voltage clamp technique. The
first compound of Example 4, L/-(3,5-Difluoro-phenyl)-
Lf-[3-(5-oxo-4,5-dihydro- [ 1 ,2,4]oxadiazol-3-yl)-4 '
-trifluoromethyl-biphenyl-4-yl] urea, was subjected to
this determination at a concentrations of 0.3 mM of
test compound, and it caused an increase of BK current
relative to the basal current of more than 200
%.CLAIMS: 1. A chemical compound of Formula (I) any of
its isomers or any mixture of its isomers, or a
pharmaceutically acceptable salt thereof; wherein R0,
Rm, Rp, R2, R3, R4, R5 and R6 independently of each
other represent hydrogen, halo, trifluoromethyl,
trifluoromethoxy, alkyl or alkoxy. 2. The compound of
claim 1, wherein R0 represents hydrogen; Rm represents
hydrogen; and Rp represents halo, trifluoromethyl,
trifluoromethoxy, alkyl or alkoxy. 3. The compound of
claim 1, wherein R0 represents hydrogen; Rm represents
hydrogen; and Rp represents halo or trifluoromethyl. 4
. The compound of any one of claims 1-3, wherein R3,
R4, R5 and R6 represent hydrogen; and R2 represents
halo, trifluoromethyl, trifluoromethoxy, alkyl or
alkoxy. 5. The compound of any one of claims 1-3,
wherein R2, R4, R5 and R6 represent hydrogen; and R3
represents halo, trifluoromethyl, trifluoromethoxy,
alkyl or alkoxy. 6. The compound of any one of claims
1-3, wherein R2, R5 and R6 represent hydrogen; andR3
and R4 independently of each other represent halo,
trifluoromethyl, trifluoromethoxy, alkyl or alkoxy. 7.
The compound of any one of claims 1-3, wherein 5 R2,
R4 and R6 represent hydrogen; and R3 and R5
independently of each other represent halo,
trifluoromethyl, trifluoromethoxy, alkyl or alkoxy. 8.
The compound of claim 1, which is 10
L/-(3,5-Difluoro-phenyl)- Lf-[3-(5-oxo-4,5-dihydro-[1
,2,4]oxadiazol-3-yl)-4 ' -
trifluoromethyl-biphenyl-4-yl] urea;
L/-(4-Chloro-3-thfluoromethyl-phenyl)- L/'
-{3-(5-oxo-4,5-dihydro-[1 ,2,4]-oxadiazol- 3-yl)-4 '
-trifluoromethyl-biphenyl-4-yl} urea;
L/-(3-Bromo-phenyl)- Lf-{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4 ' - 15
trifluoromethyl-biphen-4-yl} urea;
L/-(2-Chloro-phenyl)- L/' -{3-(5-oxo-4,5-dihydro-[1
,2,4]-oxadiazol-3-yl)-4 ' -
trifluoromethyl-biphenyl-4-yl] urea; or a
pharmaceutically acceptable salt thereof. 20 9. A
pharmaceutical composition comprising a
therapeutically effective amount of a compound
according to any of claims 1-8, any of its isomers or
any mixture of its isomers, or a pharmaceutically
acceptable salt thereof, together with at least one
pharmaceutically acceptable carrier, excipient or
diluent. 25 11. The use of a compound according to any
one of claims 1-9, any of its isomers or any mixture
of its isomers, or a pharmaceutically acceptable salt
thereof, for the manufacture of a pharmaceutical
composition for the treatment, prevention or
alleviation of a disease or a disorder or a condition
of a mammal, including a human, which disease,
disorder or condition is responsive to the blockade of
30 chloride channels or modulation of BKCa channels.
12. The use according to claim 11, wherein the
disease, disorder or condition responsive to the
blockade of chloride channels or modulation of BKCa
channels is an osteoclast related bone disease,
osteoporosis, postmenopausal 35 osteoporosis,
secondary osteoporosis, osteolytic breast cancer bone
metastasis, osteolytic cancer invation, Paget's
disease of bone, cancer, metastatic cancer, prostate
cancer, lung cancer, breast cancer, bladder cancer,
renal cancer, colon cancer, gastric cancer, pancreatic
cancer, ovarian cancer, melanoma, hepatoma, sarcoma,
lymphoma, exudative macular degeneration, age-related
maculardegeneration (AMD), retinopathy, diabetic
retinopathy, proliferative diabetic retinopathy,
diabetic macular edema (DME), ischemic retinopathy,
retinal vain or artery occlusion, retinopathy of
prematurity, neovascular glaucoma, corneal
neovascularization, ocular hypertension, open-angle
glaucoma, chronic openangle glaucoma, angle-closure
glaucoma, ciliary injection caused by angleclosure
glaucoma, rheumatoid arthritis, psoriasis, sickle-cell
anaemia, atherosclerosis, ischemia, reperfusion
injury, hypertension, restenosis, arterial
inflammation, myocardial ischaemia, ischaemic heart
disease, airway hyperreactivity, pneumoconiosis,
aluminosis, anthracosis, asbestosis, chalicosis,
ptilosis, siderosis, silicosis, tabacosis, byssinosis,
sarcoidosis, berylliosis, pulmonary emphysema, acute
respiratory distress syndrome (ARDS), acute lung
injury (ALI), acute or chronic infectious pulmonary
disease, chronic obstructive pulmonary disease (COPD),
bronchitis, chronic bronchitis, wheezy bronchitis,
excerbation of airways hyperreactivity or cystic
fibrosis, cough including chronic cough, excerbation
of airways hyperreactivity, pulmonary fibrosis,
pulmonary hypertension, inflammatory lung diseases, or
acute or chronic respiratory infectious diseases,
urinary incontinence, psychosis, epilepsy or pain. 13.
The use of a compound according to any one of claims
1-9, any of its isomers or any mixture of its isomers,
or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament useful for increasing the
blood-brain barrier permeability. 14. A method for the
treatment, prevention or alleviation of a disease or a
disorder or a condition of a living animal body,
including a human, which disorder, disease or
condition is responsive to responsive to the blockade
of chloride channels or modulation of BKCa channels,
which method comprises the step of administering to
such a living animal body in need thereof a
therapeutically effective amount of a compound
according to any one of the claims 1-9, any of its
isomers or any mixture of its isomers, or a
pharmaceutically acceptable salt thereof. 


