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Description

Novel Compounds useful as Potassium Channel Openers

The present invention relates to novel compounds which are useful as potassium channel
openers, in particular as openers of the Kv7.4 potassium channel. The present invention also
relates to medicaments and pharmaceutical compositions comprising these compounds and to

their use in human medicine and veterinary medicine.

It is estimated that approximately 10% of the population of the industrialized nations is affected
by hardness of hearing. The vast majority of these cases can be attributed to a so-called
sensorineural hearing loss which is characterized initially by a high frequency hearing loss
affecting the ability to hear and understand speech. This sensorineural hearing loss or
sensorineural deafness results mainly from damage of cells in the inner ear known as “hair”
cells. These highly complex sensory cells detect the sound vibrations which are passed from
outside, via the ear drum and the bones of the middle ear, to the cochlea. These sensory hair

cells are located in the so-called organ of Corti.

Mammals are equipped with two quite different types of hair cells, namely the inner hair cells
(IHCs) and the outer hair cells (OHCs). IHCs are the actual receptor cells of hearing, connected
to the afferent nerves, while OHCs serve to mechanically pre-amplify the sound vibrations that
reach the inner ear. This process, the “cochlear amplification”, is crucial to the sensitivity and
the high frequency resolution of mammalian hearing. As a consequence, many cases of hearing

loss have their origin in a dysfunction or a loss of OHCs.

In this context, it is known that, as in other parts of the body of mammals, potassium channels
play an important role for the normal function of cells, here of OHCs. A major pathway for K*exit
from outer hair cells is represented by potassium channel Kv7.4. This channel is highly
expressed in sensory outer hair cells (OHCs) in the organ of Corti. This fact, together with other
research results, suggests that potassium channels, and in particular Kv7.4 is a promising

target for the prophylaxis and the treatment of hearing loss.

At the time being hearing loss normally has to be treated with hearing aids, which amplify sound
at preset frequencies to overcome a hearing loss in that range. In another approach, hearing

loss has to be treated with cochlear implants which stimulate cochlear nerves directly.
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As already mentioned above potassium channels are found in most cell types and control a
wide variety of cell functions. Therefore, compounds which are potassium channel openers can
be important for the prophylaxis or treatment of a wide variety of disorders. In this context,
potassium channel Kv7.4, as mentioned above, is considered to play a critical role in the

regulation of neuronal excitability.

Disorders associated with aberrant potassium channel activity are considered to be
neurodegenerative disorders of various origins, e.g. Alzheimer’s disease, Parkinson’s disease
and others. Further disorders are neurological conditions such as epilepsy or cognitive and

psychiatric disorders like depression, mania and schizophrenia.

Other important disorders are various kinds of pain, namely neuropathic pain, chronic pain,

acute pain, and headaches such as migraine and the like.

There are also indications that other disorders can be a target of compounds which have the
function of a potassium channel opener. E.g. it is speculated that an activation of potassium

channel Kv7.4 can be useful in cardioprotection.

Therefore, it is an object of the present invention to provide a novel group of compounds which
are capable to deal with disorders associated with aberrant potassium channel activity in
mammals, namely in prophylaxis or therapy. Preferably, but not necessarily, said disorder to be
treated is an inner ear hearing loss after damage or loss of sensory hair cells in an organ of

corti.

The present invention provides novel compounds represented by the general formula (I):

0
RL \%Tjﬁ\‘;/'ﬂ\ (1)

wherein
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- n=0or1,

- RL is a substituent selected from the group consisting of unsubstituted or substituted
cycloalkyl groups preferably bicycloalkyl groups, unsubstituted or substituted phenyl
groups, unsubstituted or substituted thienyl groups or cyclopentathienyl groups and
unsubstituted or substituted indanyl groups, which optionally contain heteroatoms, and

- RR is a substituent selected from the group consisting of unsubstituted or substituted
phenyl groups or unsubstituted or substituted benzyl groups, which optionally contain
heteroatoms,

- or a stereoisomer, a tautomer, a prodrug or a salt, preferably pharmaceutically acceptable

salt thereof.

Compounds of formula (1) wherein said hetero atom is sulfur (S) are preferred.

According to the invention RL preferably is selected from cycloalkyl groups or bicycloalkyl

groups comprising 5 to 10 C-atoms, in particular 6 to 8 C-atoms.

In other embodiments of the invention it is preferred that RL is selected from phenyl groups

which are preferably substituted with at least one F-atom or Cl-atom.

According to another preferred group of inventive compounds RL is a substituent selected from
thienyl groups or cyclopentathienyl groups which are preferably substituted with at least one F-

atom or Cl-atom.

In other preferred embodiments of the inventive compounds RL is selected from indanyl groups

which are preferably substituted with a least one F-atom or Cl-atom.

According to the invention RR is preferably a substituent selected from the group consisting of
substituted phenyl groups or substituted benzyl groups. These preferred substituents selected
as RR can also be substituted. As a consequence, in a first group of preferred embodiments,
these substituents are selected from a (first) group consisting of F, SFs, CF3, and OCF3, wherein
SFs is further preferred as said substituent. In a second group of preferred embodiments, these
substituents are selected from a (second) group consisting of dimethylamino-, pyrrolidino-, and

morpholino-.
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Considering now the groups and substituents which are preferred to be used as substituents RL
and RR, respectively, different groups of preferred compounds according to the invention can

be defined and mentioned. These groups are as follows:

- inventive compounds are preferred, if in these compounds substituent RL is selected from
a phenyl group or a cycloalkyl group or a cyclopentathienyl group or an indanyl group, and
if in these compounds substituent RR is substituted with a substituent from the above

mentioned first group of substituents.

- inventive compounds are preferred, if in these compounds substituent RL is a thienyl
group, and if in these compounds substituent RR is substituted with a substituent from the

above mentioned first group or from the above mentioned second group of substituents.

- inventive compounds are preferred, if in these compounds substituent RL is selected from
a cycloalkyl group or a bicycloalkyl group and if substituent RR is substituted with a

substituent from the above mentioned second group of substituents.

According to the invention the following compounds are preferred, namely

(1R,2R,4S)-rel-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(18,2S,4R)-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(1R,2R,4S)-rel-N-(3-(trifluormethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(1R,2R,4S)-rel-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(18,2S,4R)-N-(3-(trifluoromethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(1S,25,4R)-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(pyrrolidin-1-yI-

phenyl)acetamide
(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(pyrrolidin-1-yl-phenyl)acetamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide

(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide
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(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2,6-dimethyl-4-(pyrrolidin-1-yl-

phenyl)acetamide

(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(pyrrolidin-1-yI-

phenyl)acetamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide

(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide,

wherein the following compounds are further preferred:

- (1R,2R,4S)-rel-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

- (1S,25,4R)-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

- (1S,28,4R)-N-(3-(trifluoromethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

- (1S,25,4R)-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

- (1S8,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(pyrrolidin-1-yl-phenyl)acetamide

- (1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide

- (1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(pyrrolidin-1-yl-
phenyl)acetamide

- (1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide.
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According to the invention the following compounds are also preferred, namely

p-Chloro-N-(4-trifluoromethoxy)benzyl)benzamide
p-Chloro-N-(4-(pentafluorosulfanyl)benzyl)benzamide
p-Fluoro-N-(4-trifluoromethoxy)benzyl)benzamide
p-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)benzamide
p-Chloro-N-(4-(trifluoromethyl)benzyl)benzamide

p-Fluoro-N-(4-(trifluoromethyl)benzyl)benzamide,

wherein the following compounds are further preferred:

p-Chloro-N-(4-(pentafluorosulfanyl)benzyl)benzamide

p-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)benzamide.

According to the invention the following compounds are also preferred, namely

5-Chloro-N-(4-trifluoromethoxy)benzyl)thiophene-2-carboxamide

5-Fluoro-N-(4-trifluoromethoxy)benzyl)thiophene-2-carboxamide

5-Chloro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

5-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

5-Fluoro-N-(4-(trifluoromethyl)benzyl)thiophene-2-carboxamide

5-Chloro-N-(4-(trifluoromethyl)benzyl)thiophene-2-carboxamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide
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N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

5 N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

10 N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

(S)-3-(3,4-difluorophenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-yl)-1-

methylurea,

15 (S)-3-(3-pentafluorosulfanylphenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-
yl)-1-methylurea

wherein the following compounds are further preferred:

- 5-Chloro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

- 5-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

20 - N-(2,6-dimethyl-4-(pyrrolidin-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide
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- (S)-3-(3,4-difluorophenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-yl)-1-

methylurea

- (S)-3-(3-pentafluorosulfanylphenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-
yh)-1-methylurea

According to the invention the following compounds are also preferred, namely

(S)-3-(3,4-difluorophenyl)-1-(2,3-dihydro-1H-inden-1yl)-1-methylurea

(S)-3-(3,4-difluorophenyl)-1-(5-chloro-2,3-dihydro-1H-inden-1yl)-1-methylurea

(S)-3-(3,4-difluorophenyl)-1-(5-fluoro-2,3-dihydro-1H-inden-1yl)-1-methylurea,

(S)-1-(5-chloro-2,3-dihydro-1-H-inden-1-yl)-1-methyl-3-(3-pentafluorosulfanylphenyl)urea

wherein the following compounds are further preferred:

- (S)-3-(3,4-difluorophenyl)-1-(5-chloro-2,3-dihydro-1H-inden-1yl)-1-methylurea

- (S)-1-(5-chloro-2,3-dihydro-1-H-inden-1-yl)-1-methyl-3-(3-pentafluorosulfanylphenyl)urea.

The use of the inventive compounds for the therapy or prophylaxis of a disorder associated with

aberrant potassium channel activity in mammals is preferred. In particular, according to the

present invention, said disorder to be treated is an inner ear hearing loss after damage or loss

of sensory hair cells in an organ of Corti.

As a consequence, the invention further provides a pharmaceutical composition or medicament

comprising:

- at least one inventive compound as claimed and defined above, and

- a pharmaceutically acceptable carrier or diluent.

Finally, the invention provides a method for treating a disorder in a mammal in need of such

treatment, wherein
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- the disorder comprises a disorder associated with aberrant potassium channel activity, in
particular an inner ear hearing loss after damage or loss of sensory hair cells in an organ
of Corti, and

- the method comprises administering to said mammal a therapeutically effective amount of

the compound as claimed and as defined above.

In particular, the above-mentioned mammal is a human.

It is further preferred according to the invention, if the above-mentioned inventive composition or
medicament not only comprises at least one of the inventive compounds, but also at least one
additional active pharmaceutical ingredient. Such combination compositions or combination
medicaments can be used in the inventive method for treating at least one disorder
simultaneously or at least two disorders in parallel. Said additional active pharmaceutical
ingredients can be e.g. compounds used as a standard medication for a certain disorder.
Referring to disorders of the inner ear, in an inventive composition or medicament the inventive
compounds preferably can be combined with a standard drug for treating sudden deafness

(German: Horsturz), e.g. with Dexamethasone.

The terms used in the claims and in the overall description are defined as follows.

The term “straight chain” as used herein, means a chemical structure in the form of an
unbranched chain of atoms in a molecule with no attached side chains. Preferably said
(unbranched) chain is an open chain. In contrast to that a “branched” structure includes one or

more side chains attached to a chain of atoms in a molecule.

The term “substituted”, as used herein, means that anyone or more hydrogens in the corre-
sponding groups is replaced by another atom or group. E.g. “substituted cycloalkyl” refers to an
cycloalkyl group in which one or more hydrogens are substituted, e.g. by halogen, hydroxy, or

other atoms or groups. “Halogen” refers to fluorine, chlorine, bromine and iodine.

The term “alkyl” refers to (straight chain or branched chain) hydrocarbon groups of 1 to 20
carbon atoms, preferably 1 to 6 carbon atoms. In general, herein the terms C1, C2, C6, C20
and the like refer to the number of C-atoms (carbon atoms) present in the corresponding
groups. Example alkyl groups include, but are not limited to, methyl, ethyl, propyl (e.g., n-propyl
and isopropyl), butyl (e.g., n-butyl, isobutyl, t-butyl), and pentyl (e.g., n-pentyl, isopentyl,

neopentyl).
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The term “cycloalkyl” refers to a saturated cyclic hydrocarbon ring system. Exemplary groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl, ad-
amantyl and others.

The term “heteroatom” shall include oxygen, sulphur and nitrogen.

The definition of compounds according to the invention includes all possible “sterecisomers”
and their mixtures. In particular, the racemic forms and the isolated optical isomers having the
specified activity are included. The racemic forms can be resolved by physical methods, such
as, for example fractional crystallisation, separation or crystallisation of diastereomeric
derivatives or separation by chiral column chromatography. The individual optical isomers can
be obtained from the racemates from the conventional methods, such as, for example, salt

formation with an optically active acid followed by crystallisation.

The term “tautomers” refers to constitutional isomers of the inventive compounds that readily
interconvert by a chemical reaction called tautomerisation. This reaction commonly results in
the formal migration of a hydrogen atom or proton, accompanied by a switch of a single bond

and adjacent double bond.

The inventive compounds of formula (1) may also have “prodrug” forms. Since prodrugs are
known to enhance qualities of pharmaceuticals (e.g., solubility, manufacturing etc.) the com-
pounds of the present invention may be delivered in prodrug form. “Prodrugs” are intended to
include any covalently bonded carriers that release an active parent drug of the present
invention in vivo when such prodrug is administered to a mammalian subject. Prodrugs include
compounds of the present invention wherein e.g. a hydroxyl, amino or other group is bonded to
any group that, when the prodrug is administered, cleaves to form a free hydroxyl, free amino or
other, resp.. Examples of prodrugs include, but are not limited to, acetate, formate, and
benzoate derivates of alcohol and amine function groups in the compounds of the present
invention. Various forms of prodrugs are well-known in the art. In this context, according to the
invention, prodrug esters or prodrug peptides can be used as prodrug compounds. In certain
cases, by coupling cell penetration-enhancing molecules such as, for example, biotin or
maleimidopropionic acid, optionally via suitable spacer molecules, to the primary amino group,
or by acylation of this amino group, it is possible to improve the bioavailability and thus the

efficacy of the compounds according to the invention.

The phrase “pharmaceutically acceptable salts” refers to derivates of the disclosed compounds

wherein the parent compound is modified by making acid or base salts thereof. Examples
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include, but are not limited to, mineral or organic acid salts of basic groups such as amines; and
alkali and organic salts of acidic groups such as carboxylic acids. The pharmaceutically
acceptable salts include the conventional non-toxic salts or the quaternary ammonium salts
formed, for example, from non-toxic inorganic or organic acids. For example, such conventional
non-toxic salts include those derived from inorganic acids such as hydrochloric, hydrobromic,
sulphuric, phosphoric, and nitric; and the salts prepared from organic acids such as acetic,

propionic and others.

The phrase “pharmaceutically acceptable carrier” and the phrase “pharmaceutically acceptable
diluent” refer to media generally accepted in the art for the delivery of biologically active agents

to animals, in particular mammals. Such media are well-known in the art.

The phrase “therapeutically effective amount” is intended to include an amount of a compound
according to the present invention that is effective when administered alone or in combination.
This phrase is also intended to include an amount of a combination of the claimed compounds
that is effective to stimulate endogeneous regeneration of terminally differentiated cells in
mammals. Preferably, said combination of compounds is a synergistic combination. Such
synergy occurs when the effect of the compounds when administered in combination is greater

than the additive effect of the compounds when administered alone as a single agent.

The terms “treating” or “treatment”, as used herein, cover the treatment of a disorder-state in a

mammal, particularly in a human, and include

- Preventing the disorder-state from occurring in a mammal, e.g. said mammal is

predisposed to the disorder, but is not diagnosed to have that disorder,

- Inhibiting the disorder-state, i.e. stopping further development, and/or

- Relieving the disorder-state, i.e. improving the symptoms of the disorder.

According to the present invention, the claimed compounds and the claimed pharmaceutical
composition/medicament may be administered to a mammal in different dosage forms.
Preferred is a dosage form allowing direct administration of the compound to the damaged cells
or tissues, e.g. into the cochlea of the mammal. Therefore, according to one embodiment of the
invention non-oral dosage forms are preferred, in particular as injections. In these cases,
administration onto or into the inner ear takes place, for example, transtympanally by injection

into the middle ear, by application onto the round or oval window of the inner ear or by (direct)
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injection into the inner ear. In this context, e.g. pumps or similar devices may be employed. As a
preferred dosage form also gels or similar materials have to be mentioned. E.g. said gels can
be applied into the middle ear and release the active agent(s) over a longer period due to their

jelly-like consistency.

It is also possible to apply the compounds (pharmaceutical composition, medicament) systemi-
cally, e.g. in an oral dosage form. These dosage forms include granules, powders, tablets or

capsules, sirups, emulsions, suspensions etc..

All dosage forms can be manufactured by per se known techniques conventionally used in
pharmaceutical procedures, for example by mixing, granulation or layering methods. The phar-

maceutical compositions or medicaments may additionally be sterilized.

The exact dosage (therapeutically effective amount) of the compounds or the pharmaceutical
composition/medicament according to the invention can be selected appropriately according to
the recipient, its age and body weight, current clinical status, administration time, dosage form,
method of administration, the compound actually employed and, if appropriate, other pharma-

ceuticals used.

A dose range, preferably an oral dose range, for an adult recipient may be selected between
0,01 to 10 mg/kg body weight, preferably 0,05 to 10 mg/kg body weight, more preferably 0,05 to
5 mg/kg body weight. In the treatment of an inner ear hearing loss after damage or loss of
sensory hair cells in an organ of Corti the dosage can be related to the “number of inner ears
treated” and/or to the “number of administration”. The reason is, that a repeated administration
of the compound/pharmaceutical composition over a time period, e.g. between a number of
days and a number of weeks/months, preferably at intervals of some days (1 to 7 days), is
appropriate. In these cases, the amount of active compound employed, preferably directly to the
cochlea as described earlier, e.g. via infusion, should be in the range of from 0,5 pg to 1.0 mg

per inner ear and administration.
The inventive compounds of formula (l) can be prepared by methods according to the prior art.
As an example, the following general procedures are disclosed for providing inventive

compounds being an “... amide” and an “... urea”, respectively.

General procedure for the synthesis of amides (ureas)
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The corresponding carbocyclic acid (0.5 mmol) was dissolved in 3 ml of dry
dimethylformamide (DMF), and diisopropylethylamine (1.5 mmol) and coupling reagent
HATU [O—N,N,N",N’-tetramethyluronium-hexafluorophosphat] (0.55 mmol) were added.
The mixture was stirred for 15 min and the corresponding amine (0.55 mmol) was added.
The resulting reaction mixture was stirred for an additional time of 4-16 h, while the
completion of the reaction was controlled by TLC (Thin Layer Chromatography) or LC-MS
(Liquid Chromatography-Mass Spectrometry). The mixture was diluted with 25 ml ethyl
acetate (EtOAc), washed 1-time with 20 ml brine, washed 1-time with 20 ml saturated
NaHCOs3 solution, washed 3 times with 20 ml 5% citric acid solution and washed 1-time
with 20 ml saturated NaHCOs; solution again, dried over anhydrous Na;SOs4, and
concentrated in vacuo. The resulting residue was purified by flash chromatography
(typically with petroleum ether-EtOAc system) and/or crystallization and/or reverse phase

preparative HPLC, if necessary.

To a solution of the corresponding amine (0.5 mmol) in 2.5 ml dichloromethane, was
added a solution of the corresponding isocyanate (0.5 mmol) in 2.5 ml of dichloromethane
(dropwise with stirring). The mixture was stirred for 1 h (or longer, if necessary) and the
progress of reaction was controlled by TLC or LC-MS. Then, the reaction mixture was
diluted with 20 ml EtOAc, washed 1-time with 20 ml brine, washed 1-time with 20 ml
saturated NaHCO3 solution, washed 3 times with 20 ml 5% citric acid solution, washed 1-
time with 20 ml saturated NaHCO3 solution again, dried over anhydrous Na,SO., and
concentrated in vacuo. The resulting residue was purified by flash chromatography
(typically with petroleoum ether-EtOAc system) and/or crystallization and/or reverse phase

preparative HPLC, if necessary.

In the above procedure, commercially available isocyanates were used, or these

isocyanates were prepared according to one of the following methods:

- isocyanate synthesis 1

To a mixture of 5 ml dichloromethane and 5 ml water were sequentially added
(corresponding) substituted aniline (0.5 mmol), NaHCO3 (100 mg, 1.2 mmol) and 59
mg (0.2 mmol) of triphosgene. The resulting reaction mixture was vigorously stirred for
30 min, the dichloromethane layer was 2 times washed with 10 ml of brine, shortly
dried over MgSQO. and used as an isocyanate stock solution for the synthesis of the

corresponding ureas.
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- isocyanate synthesis 2

(Corresponding) substituted aniline (0.5 mmol) was dissolved in 2.5 ml of dimethyl
sulfoxide (DMSQO) and carbonyldiimidazole (100 mg, 0.6 mmol) was added. The
solution was stirred for 2h at room temperature and used directly for the synthesis of

corresponding ureas.

Pharmacological Results

Kv7.4 activation was measured by using a functional Kv7.4 cell line and a thallium-sensitive
fluorescent dye at FLIPRTetra (High-Throughput Cellular Sceening System of Molecular
Devices, LLC, USA). The assay principle is based on the permeability of potassium channels to
thallium. Thallium entry was measured in CHO cells (Chinese hamster ovary cells) stably
transfected with Kv7.4 encoding gene. The cells were loaded with the Thallos™ dye (TEFLABS,
cat.#0913), which at this stage is a pro-fluorescent dye. After channel activation, with an
extracellular solution containing thallium, thallium ions move down concentration gradient
through open potassium channels across cell membrane. When thallium ion binds to Thallos™
dye, it emits a bright fluorescent emission at 515 nm upon an excitation at 490 nm. Importantly,
the fluorogenic signal measured quantitatively reflects the activity of ion channels that are

permeant to thallium.

Experiments were performed in 384-well plates according to the following procedure:

1. Seed cells at 10.000 c/w in 384-well plates black walled clear bottom.

2. Twenty-four hours after seeding, discharge medium manually and add 20 yL/w of 0.5X

Thallos™ sensitive dye prepared according to manufacturer instructions.

3. Incubate cells 1h at room temperature.

4. Inject off-line 5 uL/well of test compounds 5X-concentrated in thallium free, chloride-free
Tyrode’s buffer (5 mM Potassium D-Gluconate, 130 mM Sodium D-Gluconate, 2 mM
Calcium D-Gluconate, 5 mM NaHCO3, 1 mM Magnesium D-Gluconate, 20 mM HEPES,
pH7.4) with 2.5% DMSO (final DMSO is 0.5%).

5.  After 10 minutes of incubation inject 25 pL/well of 2X-concentrated thallium EC20 (5 mM)

at FLIPRTetra and monitor the kinetic response for 120 seconds.
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The effect of the inventive test compounds was measured as percent activity vs the reference
opener ML213 at EC100 (100 uM) and EC50 values were calculated accordingly. Compounds
of the invention were active as Kv7.4 openers with an EC50 comprised between 10 nM and 5
M.

in vivo experiments

The inventive compounds were also tested in vivo. In this context, for repeated recording of the
Compound Action Potential (CAP) of the auditory nerve, guinea pigs were bilaterally implanted
with a permanent gold electrode at the round window niche. The round window is an opening
from the middle ear into the inner ear. The gold electrodes were connected to a miniature plug
on the skull. During the experiments, audiograms were determined between 0.5 and 45.6 kHz,

at a resolution of 8 steps per octave. An automated threshold search algorithm was applied.

After a baseline audiogram was measured, the animals were pretreated with an inventive
compound, as an ion channel activator, via local application to the middle ear. The
corresponding solution of the inventive compound was removed after an exposure time, e. g.
after 2 hours. Then, the middle ear was rinsed and dried out before CAP recordings were

performed to assess threshold shifts.

Then, deafness was induced with the Guinea pigs by local application to the middle ear of a
mixture of at least one ototoxic agent and at least one inventive compound. E. g. kanamycin,

furosemide or mixtures of these compounds can be used as ototoxic agents.

The resulting CAP response thresholds were compared to ears which were exposed to the

ototoxic agents alone.

With these experiments it could be shown that the exposure to the ototoxic agents alone, e. g.
exposure to kanamycin or to furosemide or to mixtures of these compounds, revealed severe
cochlear hearing loss. In contrast, if these ototoxic agents are applied together with at least one
of the inventive compounds, there is a significant reduction of hearing loss, compared to the

hearing loss with the ototoxic agents alone.

Further details of the in vivo experiments are as follows.

In this context the drawings show
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Figure 1: Schematic illustration of the experimental design to investigate otoprotective

compounds in an ototoxic drug-induced hearing loss model in vivo.

Figure 2: Quantitative analysis of CAP responses on day 0. (A) CAP-threshold loss after
pretreatment with ACOU001. (B) Otoprotection after local application of
ACOUO001 and kanamycin/furosemide in comparison to the treatment with the

ototoxic drug alone.

Figure 3: Quantitative analysis of CAP responses at different observation time point.
Otoprotection 7 days (A) and 21 days (B) after treatment with ACOU001 and
kanamycin/furosemide in comparison to the treatment with the ototoxic drug

alone.

The typical workflow of the in vivo experiments is shown in Figure 1. All animals received care in
accordance with the standards described by the German ‘Law on Protecting Animals’
(Tierschutzgesetz) and with the European Directive 2010/63/EU for the protection of animals
used for experimental purposes. Experiments were approved by the local authorities
(Application HNO3/15).

All procedures were performed under anesthesia using a mixture of Fentanyl, Midazolam and
Medetomidine. During surgery and measurements animals were kept on a 37°C heating pad.
For repeated recording of the Compound Action Potential (CAP) of the auditory nerve, guinea
pigs were bilaterally implanted with a permanent gold electrode at the round window (RW) niche
connected to a miniature plug on the skull. Audiograms were determined between 0.5 and 45.6
kHz, at a resolution of 8 steps per octave. An automated threshold search algorithm was

applied.

After a baseline audiogram was measured, animals were pretreated with an ion channel
activator, in this case with ACOUO001, via local application to the middle ear. ACOUQO01 (internal
designation of the applicant) is 5-Chloro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-

carboxamide.

The chemical structure of this compound ACOUQ01 is as follows:

o
IE

Sk
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The solution containing ACOUO01 was removed after 2 hours and the middle ear rinsed and
dried out before CAP recordings were performed to assess threshold shifts. Guinea pigs were
then deafened by local application to the middle ear using a mixture of 200 mg/ml kanamycin,
50 mg/ml furosemide and 100 yM ACOUO001. CAP response thresholds were compared to ears
which were exposed to the ototoxic agent alone. CAP recordings were performed 7, 14 and 21
days after this treatment. After the final measurement on day 21, animals were sacrificed,
cochleae fixed by perfusion with 4% paraformaldehyde and prepared for immunohistological

analysis to quantify hair cell (HC) protection.

The results obtained from this set of experiments are shown in Figure 2 and 3. Compared to the
baseline CAP-thresholds in untreated ears (Fig. 2A, (middle) broken line), pretreatment with the
compound ACOUO001 ((upper) solid line) lead to a small, most likely conductive, hearing loss
((lower) dotdashed line: difference between upper and middle line). This conductive hearings
loss might be explained by remaining fluid in the middle ear after local application. The

remaining fluid impairs middle ear transmission at low frequencies (Fig. 2A, black triangles).

Exposure to kanamycin and furosemide (Fig. 2B, (upper) broken line) revealed severe
pancochlear hearing loss. In contrast, application of ACOUQ01 together with the ototoxic drug
((middle) solid line) caused a significant reduction of hearing loss of ~ 25 dB SPL (SPL: Sound
Pressure Level) in mid to high frequencies (5 - 11 kHz) compared to the ototoxic drug alone

(lower dotdashed line).

Seven days after administration of kanamycin and furosemide, profound hearing loss was
recorded and remained permanent in the entire frequency range (PTS: Permanent Threshold
Shift) over a duration of 21 days (Fig. 3A/B, upper broken line). CAP curves after treatment with
kanamycin/furosemide plus ACOUOQ01 also shifted to higher threshold levels after seven days
but ameliorated after 21 days (Fig. 3A/B, middle solid line). In comparison to the one deafened
animal, a significant reduction of hearing loss (~ 25 - 40 dB SPL) at all frequencies was
recorded after 21 days of co-treatment with the aminoglycoside kanamycin plus ACOUO001 (Fig.

3B, lower dotdashed line).

Similar significant results (with hearing protections (reduction of hearing loss) of at least 20 — 30

dB SPL) are obtained during in vivo experiments with the compounds

- (1R,2R,4S)-rel-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
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Claims

A compound of formula |

0
RL \\I’.?Jﬂkﬁ/?& (1)

wherein
- n=0ort,

- RL is a substituent selected from the group consisting of unsubstituted or
substituted cycloalkyl groups, in particular bicycloalkyl groups, unsubstituted
or substituted phenyl groups, unsubstituted or substituted thienyl groups or
cyclopentathienyl groups, and unsubstituted or substituted indanyl groups,
which optionally contain heteroatoms, and

- RR is a substituent selected from the group consisting of unsubstituted or
substituted phenyl groups or unsubstituted or substituted benzyl groups, which
optionally contain heteroatoms,

- or a stereoisomer, a tautomer, a prodrug or a salt, preferably pharmaceutically

acceptable salt thereof.
The compound according to claim 1 wherein said heteroatom is S (Sulphur).

The compound according to claim 1 or claim 2, wherein said cycloalkyl groups or
bicycloalkyl groups selected as substituent RL comprise 5 to 10, in particular 6 to 8 C-

atoms.

The compound according to anyone of the preceding claims, wherein said phenyl groups

selected as substituent RL are substituted with at least one F-atom or Cl-atom.

The compound according to anyone of the preceding claims, wherein said thienyl groups
or said cyclopentathienyl groups selected as substituent RL are substituted with at least

one F-atom or Cl-atom.

The compound according to anyone of the preceding claims, wherein said indanyl

groups selected as substituent RL are substituted with at least one F-atom or Cl-atom.
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The compound according to anyone of the preceding claims, wherein RR is a substituent
selected from the group consisting of substituted phenyl groups or substituted benzyl

groups.

The compound according to anyone of the preceding claims, in particular according to
claim 7, wherein the groups selected as substituent RR comprise at least one
substituent selected from a first group consisting of F, SFs, CF3, and OCF3, wherein SFs

is preferred.

The compound according to anyone of the preceding claims, in particular according to
claim 7, wherein the groups selected as substituent RR comprise at least one
substituent selected from a second group consisting of dimethylamino-, pyrrolidino-, and

morpholino-.

The compound according to anyone of the preceding claims, wherein the group selected
as substituent RR is substituted with a substituent from the above mentioned first group,
if substituent RL is selected from a phenyl group or a cycloalkyl group or a

cyclopentathienyl group or an indanyl group.

The compound according to anyone of the preceding claims, wherein the group selected
as substituent RR is substituted with a substituent from the above mentioned first group

or from the above mentioned second group, if substituent RL is a thienyl group.

The compound according to anyone of the preceding claims, wherein the group selected
as substituent RR is substituted with a substituent from the above mentioned second

group if substituent RL is a cycloalkyl group or a bicycloalkyl group.

The compound according to anyone of the preceding claims selected from the following

group of compounds:

(1R,2R,4S)-rel-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(1S,28,4R)-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
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(1R,2R,4S)-rel-N-(3-(trifluormethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(1R,2R,4S)-rel-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(18,2S,4R)-N-(3-(trifluoromethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
(18,2S,4R)-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(pyrrolidin-1-yl-

phenyl)acetamide
(18,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(pyrrolidin-1-yl-phenyl)acetamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-y|-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide

(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2,6-dimethyl-4-(pyrrolidin-1-yl-

phenyl)acetamide

(18,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(pyrrolidin-1-yI-

phenyl)acetamide

(1S,2R,4R)-rel-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide

(1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide,

wherein the following compounds are preferred:

(1R,2R,4S)-rel-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(1S,25,4R)-N-(3-(pentafluorosulfanyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(18,2S,4R)-N-(3-(trifluoromethyl)benzyl)bicyclo[2.2.1]heptane-2-carboxamide

(18,2S,4R)-N-(3-(trifluoromethoxy)benzyl)bicyclo[2.2.1]heptane-2-carboxamide
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- (1S,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(pyrrolidin-1-yI-

phenyl)acetamide

- (18,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yl-N-(2,6-dimethyl-4-(dimethylamino-

phenyl)acetamide

- (18,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yI-N-(2,6-dimethyl-4-(pyrrolidin-1-yI-

phenyl)acetamide

- (18,2R,4R)-2-(bicyclo[2.2.1]heptane-2-yl-N-(2-methyl-4-(dimethylamino-

phenyl)acetamide

The compound according to anyone of the preceding claims selected from the following

group of compounds:

p-Chloro-N-(4-trifluoromethoxy)benzyl)benzamide

p-Chloro-N-(4-(pentafluorosulfanyl)benzyl)benzamide

p-Fluoro-N-(4-trifluoromethoxy)benzyl)benzamide

p-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)benzamide

p-Chloro-N-(4-(trifluoromethyl)benzyl)benzamide

p-Fluoro-N-(4-(trifluoromethyl)benzyl)benzamide,

wherein the following compounds are preferred:

- p-Chloro-N-(4-(pentafluorosulfanyl)benzyl)benzamide

- p-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)benzamide.

The compound according to anyone of the preceding claims selected from the following

group of compounds:

5-Chloro-N-(4-trifluoromethoxy)benzyl)thiophene-2-carboxamide
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5-Fluoro-N-(4-trifluoromethoxy)benzyl)thiophene-2-carboxamide

5-Chloro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

5-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

5-Fluoro-N-(4-(trifluoromethyl)benzyl)thiophene-2-carboxamide

5-Chloro-N-(4-(trifluoromethyl)benzyl)thiophene-2-carboxamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2-methyl-4-(pyrrolidin-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2-methyl-4-(dimethylamino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(thiophene-2-yl)acetamide

N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(5-fluoro-thiophene-2-yl)acetamide
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N-(2,6-dimethyl-4-(morpholino-1-yl)-phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

(S)-3-(3,4-difluorophenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-yl)-1-

methylurea,

(S)-3-(3-pentafluorosulfanylphenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-
yl)-1-methylurea

wherein the following compounds are preferred:

5-Chloro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

- 5-Fluoro-N-(4-(pentafluorosulfanyl)benzyl)thiophene-2-carboxamide

- N-(2,6-dimethyl-4-(pyrrolidin-1-yl)phenyl)-2-(5-chloro-thiophene-2-yl)acetamide

- (8)-3-(3,4-difluorophenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-6-yl)-1-

methylurea

- (8)-3-(3-pentafluorosulfanylphenyl)-1-(2-chloro-5,6-dihydro-4H-cyclopenta[b]thiophen-
6-yl)-1-methylurea.

The compound according to anyone of the preceding claims selected from the following

group of compounds:

(S)-3-(3,4-difluorophenyl)-1-(2,3-dihydro-1H-inden-1yl)-1-methylurea

(S)-3-(3,4-difluorophenyl)-1-(5-chloro-2,3-dihydro-1H-inden-1yl)-1-methylurea

(S)-3-(3,4-difluorophenyl)-1-(5-fluoro-2,3-dihydro-1H-inden-1yl)-1-methylurea,

(S)-1-(5-chloro-2,3-dihydro-1-H-inden-1-yl)-1-methyl-3-(3-pentafluorosulfanylphenyl)urea

wherein the following compounds are preferred:

- (8)-3-(3,4-difluorophenyl)-1-(5-chloro-2,3-dihydro-1H-inden-1yl)-1-methylurea
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- (8)-1-(5-chloro-2,3-dihydro-1-H-inden-1-yl)-1-methyl-3-(3-

pentafluorosulfanylphenyljurea.

17. A pharmaceutical composition or medicament, comprising:
- atleast one compound according to anyone of the preceding claims, and

5 - apharmaceutically acceptable carrier or diluent.

18. The compound according to anyone of claims 1 to 16 for use as a pharmaceutical
composition or a medicament, wherein preferably said use is for the prophylaxis or
therapy of a disorder associated with aberrant potassium channel activity in mammals,

10 wherein preferably the disorder to be treated is an inner ear hearing loss after damage

or loss of sensory hair cells in an organ of Corti.
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