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Technical field

This invention relates to novel compounds, pharmaceutical compositions containing them and

their use in therapy, in particular in the prophylaxis or treatment of hearing disorders, including

hearing loss and tinnitus, as well as schizophrenia, substance abuse disorders, pain and Fragile

X syndrome.

Background to the invention

The Kv3 voltage-gated potassium channel family includes four members, Kv3.1, Kv3.2, Kv3.3,

and Kv3.4. Kv3 channels are activated by depolarisation of the plasma membrane to voltages

more positive than -20mV; furthermore, the channels deactivate rapidly upon repolarisation of the

membrane. These biophysical properties ensure that the channels open towards the peak of the

depolarising phase of the neuronal action potential to initiate repolarisation. Rapid termination of

the action potential mediated by Kv3 channels allows the neuron to recover more quickly to reach

sub-threshold membrane potentials from which further action potentials can be triggered. As a

result, the presence of Kv3 channels in certain neurons contributes to their ability to fire at high

frequencies (Rudy et al., 2001). Kv3.1-3 subtypes are predominant in the CNS, whereas Kv3.4

channels are also found in skeletal muscle and sympathetic neurons (Weiser et al., 1994). Kv3.1-

3 channel subtypes are differentially expressed by sub-classes of interneurons in cortical and

hippocampal brain areas (e.g. Chow et al., 1999; Martina et al., 1998; McDonald et al., 2006;

Chang et al., 2007), in the thalamus (e.g. Kasten et a/., 2007), cerebellum (e.g. Sacco et al., 2006;

Puente et al., 2010), and auditory brain stem nuclei (Li et al., 2001).

Tetraethylammonium (TEA) has been shown to inhibit the channels at low millimolar

concentrations (Rudy et al., 2001), and blood-depressing substance (BDS) toxins from the sea

anemone, Anemonia sulcata (Diochot et al., 1998), have been shown to selectively inhibit Kv3

channels with high affinity (Yeung et al., 2005).

Kv3 channels are important determinants of the function of the cerebellum, a region of the brain

important for motor control (Joho et al., 2009). Characterisation of mice in which one or more of

the Kv3 subtypes has been deleted shows that the absence of Kv3.1 gives rise to increased

locomotor activity, altered electroencephalographic activity, and a fragmented sleep pattern (Joho

et al., 1999). The deletion of Kv3.2 leads to a reduction in seizure threshold and altered cortical

electroencephalographic activity (Lau et al., 2000). Deletion of Kv3.3 is associated with mild
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ataxia and motor deficits (McMahon et al., 2004). Double deletion of Kv3.1 and Kv3.3 gives rise

to a severe phenotype characterised by spontaneous seizures, ataxia, and an increased

sensitivity to the effects of ethanol (Espinosa et al., 2001; Espinosa et al., 2008). A spontaneous

mutation in the Kv3.1 gene (KCNC1) causes progressive myoclonic epilepsy (Muona et al., 2014).

Mutations of the Kv3.3 gene (KCNC3) in humans have been associated with forms of

spinocerebellar ataxia (SCA13) (Figueroa et al., 2010).

Bipolar disorder, schizophrenia, anxiety, and epilepsy are serious disorders of the central nervous

system that have been associated with reduced function of inhibitory interneurons and gamma-

amino butyric acid (GABA) transmission (Reynolds et al., 2004; Benes et al., 2008; Brambilla et

al., 2003; Aroniadou-Anderjaska et al., 2007; Ben-Ari, 2006). Parvalbumin positive basket cells

that express Kv3 channels in the cortex and hippocampus play a key role in generating feedback

inhibition within local circuits (Markram et al., 2004). Given the relative dominance of excitatory

synaptic input over inhibitory input to glutamatergic pyramidal neurons in these circuits, fast-firing

15 of interneurons supplying inhibitory input is essential to ensure balanced inhibition. Furthermore,

accurate timing of inhibitory input is necessary to sustain network synchronisation, for example,

in the generation of gamma frequency field potential oscillations that have been associated with

cognitive function (Fisahn et al., 2005; Engel et al., 2001). Notably, a reduction in gamma

oscillations has been observed in patients with schizophrenia (Spencer et al., 2004), and evidence

20 suggests reduced expression of Kv3.1, but not Kv3.2 in the dorsolateral prefrontal cortex of

patients with schizophrenia who had not been taking antipsychotic drugs for at least 2 months

before death (Yanagi et al., 2014). Consequently, positive modulators of Kv3 channels might be

expected to enhance the firing capabilities of specific groups of fast-firing neurons in the brain.

These effects may be beneficial in disorders associated with abnormal activity of these neuronal
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groups. In addition, Kv3.2 channels have been shown to be expressed by neurons of the

superchiasmatic nucleus (SCN) the main circadian pacemaker in the CNS (Schulz et al., 2009).

Voltage-gated ion channels of the Kv3 family are expressed at high levels in auditory brainstem

nuclei (Li et al., 2001) where they permit the fast firing of neurons that transmit auditory

information from the cochlear to higher brain regions. Phosphorylation of Kv3.1 and Kv3.3

channels in auditory brainstem neurons is suggested to contribute to the rapid physiological

adaptation to sound levels that may play a protective role during exposure to noise (Desai et al.,

2008; Song et al., 2005). Loss of Kv3.1 channel expression in central auditory neurons is

observed in hearing impaired mice (von Hehn et al., 2004); furthermore, a decline in Kv3.1

expression may be associated with loss of hearing in aged mice (Jung et al. 2005), and loss of

Kv3 channel function may also follow noise-trauma induced hearing loss (Pilati et al., 2012).



WO 2020/079422 PCT/GB2019/052937

5

10

3

Furthermore, pathological plasticity of auditory brainstem networks is likely to contribute to

symptoms that are experienced by many people suffering from hearing loss of different types.

Recent studies have shown that regulation of Kv3.1 channel function and expression has a major

role in controlling auditory neuron excitability (Kaczmarek et al., 2005; Anderson et a/., 2018; Glait

et al., 2018; Olsen et al., 2018, Chambers et al., 2017), suggesting that this mechanism could

account for some of the plastic changes that give rise to tinnitus. Tinnitus may follow noise-

induced hearing loss as a result of adaptive changes in central auditory pathways from brainstem

to auditory cortex (Roberts et al., 2010). Kv3.1 and/or Kv3.2 channels are expressed in many of

these circuits and contribute to the function of GABAergic inhibitory interneurons that may control

the function of these circuits.

15

It is known that Kv3.1 and/or Kv3.2 modulators have utility in the treatment of pain

(WO2017/098254). In the broadest sense, pain can be grouped in to acute pain and chronic pain.

Acute pain is defined as pain that is self-limited and generally requires treatment for no more than

up to a few weeks, for example postoperative or acute musculoskeletal pain, such as fractures

(US Food and Drug Administration, 2014). Chronic pain can be defined either as pain persisting

for longer than 1 month beyond resolution of the initial trauma, or pain persisting beyond three

months. There is often no clear cause of chronic pain, and a multitude of other health problems

such as fatigue, depression, insomnia, mood changes and reduction in movement, often

20 accompany chronic pain.
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Chronic pain can be sub-divided in to the following groups: neuropathic pain, chronic

musculoskeletal pain and miscellaneous chronic pain. Neuropathic pain usually accompanies

tissue injury and is initiated or caused by damage to the nervous system (peripheral nervous

system and/or central nervous system), such as amputation, stroke, diabetes, or multiple

sclerosis. Chronic musculoskeletal pain can be a symptom of diseases such as osteoarthritis and

chronic lower back pain and can occur following damage to muscle tissue as well as trauma to

an area for example, fractures, sprains and dislocation. Miscellaneous chronic pain

encompasses all other types of long term pain and includes non-neuropathic pain conditions such

as cancer pain and fibromyalgia as well as headaches and tendinitis.

Chronic pain is a highly heterogeneous condition that remains amongst the most troublesome

and difficult to manage of clinical indications (McCarberg et al., 2008; Woolf, 2010; Finnerup et

al., 2015). Despite years of research and drug development, there has been little progress in

identifying treatments that can match the opioids for efficacy without significant side effects and

risk of dependence. Voltage-gated ion channels have been important targets for the management



WO 2020/079422 PCT/GB2019/052937

5

4

of specific pain indications, in particular neuropathic pain states. Furthermore, genetic mutations

in specific ion channels have been linked to some chronic pain disorders (Bennett et al., 2014).

Examples of voltage-gated ion channels that are being explored as pharmaceutical targets

include: Sodium channels (in particular NaV1.7) - Sun et al., 2014; Dib-Hajj et al., 2013; N-type

calcium channels – Zamponi et al., 2015; Kv7 potassium channels - Devulder, 2010; Wickenden

et al., 2009; and SLACK - Lu et al., 2015.
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The hypothesis underlying these approaches is that chronic pain states are associated with

increased excitability and/or aberrant firing of peripheral sensory neurons, in particular neurons

involved in the transmission of painful sensory stimuli, such as the C-fibres of the dorsal root

ganglia and specific circuits within the spinal cord (Baranauskas et al., 1998; Cervero, 2009; Woolf

et al., 2011; Baron et al., 2013). Animal models of neuropathic and inflammatory chronic pain

provide the main support for this hypothesis, although demonstration of causality is still lacking

(Cervero, 2009).

Drugs targeting hyperexcitability, such as sodium channel blockers (e.g. CNV1014802,

lamotrigine, carbamazepine, and local anaesthetics), Kv7 positive modulators (e.g. flupertine and

retigabine), and N-type calcium channel modulators (e.g. gabapentin, which interacts with the a2o

subunit of the N-type calcium channel, and ziconitide, derived from a cone snail toxin) show

efficacy in models of inflammatory and/or neuropathic pain. However, amongst these drugs, there

is mixed evidence for clinical efficacy, for example, balancing efficacy and increased burden of

side effects on the central nervous system. The disparity between efficacy in animal models and

efficacy in humans is likely to be due to a range of factors, but in particular, drug concentration

achievable in humans (due to poor tolerability) and heterogeneity of human pain conditions are

likely to be the main culprits. For pain indications, there is also a need to identify targets through

which pain relief can be achieved with reduced tolerance or tachyphylaxis and reduced abuse

liability and/or risk of dependence.

Thus, improving the pharmacological management of pain is focused on mechanisms that can

deliver good efficacy with a reduced side-effect burden, reduced tolerance or tachyphylaxis, and

reduced abuse liability and/or risk of dependence.

Recently, Kv3.4 channels have become a target of interest for the treatment of chronic pain. Kv3.4

channels are expressed on neurons of the dorsal root ganglia (Ritter et al., 2012; Chien et al.,

2007), where they are predominantly expressed on sensory C-fibres (Chien et al., 2007). Kv3

channels are also expressed by specific subsets of neurons in the spinal cord. Specifically,
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Kv3.1b (Deuchars et al., 2001; Brooke et al., 2002), Kv3.3 (Brooke et al., 2006), and Kv3.4

subunits (Brooke et al., 2004) have been identified in rodent spinal cord, although not always in

association with circuits involved with sensory processing. It is likely that Kv3 channels shape

the firing properties of spinal cord neurons, including motoneurons.

In addition recent studies showed the Kv3.4 channels expressed in DRG nociceptors have a

significant impact on glutamatergic synaptic transmission (Muqeem et al., 2018). animal model

data suggest a down-regulation of Kv3.4 channel surface expression in DRG neurons following

spinal cord injury associated with hypersensitivity to painful stimuli (Ritter et al., 2015; Zemel et

al., 2017; Zemel et al., 2018). Similarly, it has been observed that there is a down-regulation of

Kv3.4 expression in DRGs of rodents following spinal cord ligation (Chien et al., 2007). This latter

study also showed that intrathecal administration to rats of an antisense oligonucleotide to

supress the expression of Kv3.4 led to hypersensitivity to mechanical stimuli. It has been shown

that Kv3.4 channel inactivation could be influenced by protein kinase C-dependent

15 phosphorylation of the channels, and that this physiological mechanism might allow DRG neurons

to alter their firing characteristics in response to painful stimuli (Ritter et al., 2012). These studies

suggest a causal relationship between the emergence of mechanical allodynia and reduced Kv3.4

channel expression or function. No evaluation of Kv3.1, Kv3.2, or Kv3.3 expression in SC or DRG

20

25

30

35

neurons was conducted in any of these studies, and expression of these two subtypes has not

been explicitly demonstrated on DRG neurons (although as mentioned above, they are abundant

within specific regions of the spinal cord). The in vivo studies reported above provide a rationale

for modulation of Kv3.4 as a novel approach to the treatment of certain neuropathic pain states.

Dementia with Lewy Bodies (DLB) and Parkinson's disease (PD) are serious neurodegenerative

disorders that are associated with the accumulation of the protein, alpha-synuclein in Lewy

bodies, which leads to loss of connectivity and neuronal cell death. Symptoms of DLB include

progressive cognitive deficits, in particular difficulties with planning and attention. Visual

hallucinations are also common, occurring in approximately 60% of patients. PD is associated

initially with motor deficits, primarily due to loss of dopamine neurons. While there are currently

no studies directly linking Kv3 channels to DLB or PD, the location and role of Kv3 channels, in

particular Kv3.1, in cortical and basal ganglia circuits suggests that modulators of these channels

could improve symptoms of DLB or PD, either alone, or in combination with current treatments,

such as acetyl-cholinesterase inhibitors for DLB or L-DOPA for PD.

Patent applications WO2011/069951, WO2012/076877, WO2012/168710, WO2013/175215,

WO2013/083994, WO2013/182850, WO2017/103604, WO2018/020263 and WO2018/109484
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disclose compounds which are modulators of Kv3.1 and Kv3.2. Further, the utility of such

compounds is demonstrated in animal models of seizure, hyperactivity, sleep disorders,

psychosis, hearing disorders and bipolar disorders.

Patent application WO2013/182851 discloses modulation of Kv3.3 channels by certain

compounds.

a

Patent application WO2013/175211 discloses that modulation of Kv3.1, Kv3.2 and/or Kv3.3

channels has been found to be beneficial in preventing or limiting the establishment of

permanent hearing loss resulting from acute noise exposure. The benefits of such prevention may

be observed even after administration of the Kv3.1, Kv3.2 and/or Kv3.3 modulator has ceased.

Patent application WO2017/098254 discloses that modulation of Kv3.1, Kv3.2 and/or Kv3.3

channels has been found to be beneficial in the prophylaxis or treatment of pain, in particular

neuropathic or inflammatory pain.

There remains a need for the identification of alternative modulators of Kv3.1, Kv3.2 and/or Kv3.3,

in particular modulators of Kv3.1 and/or Kv3.2. Such modulators may demonstrate high in vivo

potency, channel selectivity, an improved safety profile, or desirable pharmacokinetic parameters,

for example high brain availability, that reduces the dose required for therapeutic effect in vivo.

Alternative modulators may provide a benefit through having distinct metabolites from known

modulators. Compounds which have balanced Kv3.1, Kv3.2 and/or Kv3.3 modulatory properties

may be desirable e.g. compounds with modulate Kv3.1 and Kv3.2 to the same, or a similar extent.

For certain therapeutic indications, there is also a need to identify compounds with a different

modulatory effect on Kv3.1, Kv3.2 and/or Kv3.3 channels, for example, compounds that alter the

kinetics of channel gating or channel inactivation, and which may behave in vivo as negative

modulators of the channels.

30

Summary of the invention

The present invention provides a compound of formula (1):

R

-R2

Ο
R3

Ο

R4

HN

R

(1)
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wherein:

R₁ is H or methyl;

R2 and R3 are both methyl, or R2 and R3, together with the carbon atom to which they are

attached, are a spirocyclopropyl ring;

5 R4 is methyl or ethyl;

10

15

20

R5 is H or methyl;

or R4 and Rs, together with the carbon atom to which they are attached, form a C3-C4 spiro

carbocyclyl.

A compound of formula (I) may be provided in the form of a salt and/or solvate thereof. Suitably,

the compound of formula (1) may be provided in the form of a pharmaceutically acceptable salt

and/or solvate thereof and/or derivative thereof. In one embodiment of the invention a compound

of formula (I) is provided in the form of a pharmaceutically acceptable salt.

The compounds of formula (I) may be used as medicaments, in particular for use in the

prophylaxis or treatment of hearing disorders, including hearing loss and tinnitus, as well as

schizophrenia, substance abuse disorders, pain or Fragile X syndrome.

Further, there is provided a method for the prophylaxis or treatment of hearing disorders, including

hearing loss and tinnitus, as well as hearing disorders, including hearing loss and tinnitus, as well

as schizophrenia, substance abuse disorders, pain or Fragile X syndrome.

25

Compounds of formula (I) may be used in the manufacture of a medicament for the prophylaxis

or treatment of hearing disorders, including hearing loss and tinnitus, as well as schizophrenia,

substance abuse disorders, pain or Fragile X syndrome.

Also provided are pharmaceutical compositions containing a compound of formula (1) and

pharmaceutically acceptable carrier or excipient.

a

30 Also provided are processes for preparing compounds of formula (I) and novel intermediates of

use in the preparation of compounds of formula (I).

Additionally provided are prodrug derivatives of the compounds of formula (I).
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Detailed description of the invention

The present invention provides compounds of formula (1):

R

-R

NH

R3

Ο
R

R4 (1)

5 wherein:

R₁ is H or methyl;

R2 and R3 are both methyl, or R2 and R3, together with the carbon atom to which they are

attached, are a spirocyclopropyl ring;

R4 is methyl or ethyl;

10
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R5 is H or methyl;

or R4 and R5, together with the carbon atom to which they are attached, form a C3-C4 spiro

carbocyclyl;

or a pharmaceutically acceptable salt and/or solvate and/or derivative thereof.

Embodiments set out below relating to relative stereochemistry and the nature of groups,

including R1, R2, R3, R4, R5, are envisaged as being independently, fully combinable with one

another where appropriate to the circumstances (i.e. where chemically sensible) to form further

embodiments of the invention. Such embodiments apply equally to intermediates which may be

of use in the synthesis of a compound of formula (I) e.g. compounds of formulae (II), (IV), (VI),

(VII) and (XVI).

Compounds of formula (I) may optionally be provided in the form of a pharmaceutically acceptable

salt and/or solvate. In one embodiment of the invention a compound of formula (1) is provided in

the form of a pharmaceutically acceptable salt. In a second embodiment of the invention a

compound of formula (I) is provided in the form of a pharmaceutically acceptable solvate. In a

third embodiment of the invention a compound of formula (1) is not in the form of a salt or solvate.

In one embodiment, R1 is H. In a second embodiment R1 is methyl.

30 In one embodiment, R2 is methyl and R3 is methyl. In another embodiment, R2 and R3 are a spiro

cyclopropyl such that that the following moiety is formed:
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In one embodiment, R4 is methyl. In a second embodiment, R4 is ethyl.

5 In one embodiment, Rs is hydrogen. In a second embodiment, Rs is methyl.

In one embodiment R4 and R5 are the same (i.e. methyl).

In embodiments wherein R4 and R5 are different, they may have the following stereochemical

10 arrangement:

15

-NH

RA

R5

Ο

In this embodiment, for example, R4 is methyl and R5 is H, R4 is ethyl and R5 is H or R4 is ethyl

and Rs is methyl.

In embodiments wherein R4 and Rs are different, they may alternatively have the following

stereochemical arrangement:

NH

R5

R4

20

25

In this embodiment, for example, R4 is methyl and R5 is H, R4 is ethyl and Rs is Hor R4 is ethyl

and R5 is methyl.

In one embodiment R4 and Rs, together with the carbon atom to which they are attached, form a

spirocyclopropyl.

In another embodiment R4 and Rs, together with the carbon atom to which they are attached,

form a spirocyclobutyl.
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In one embodiment, the compound of formula (1) is selected from the group consisting of:

5,5-dimethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oхурyrazin-2-

yl]imidazolidine-2,4-dione;

5

3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5,5-dimethyl-imidazolidine-2,4-

dione;

(5R)-5-ethyl-5-methyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione;

5,5-dimethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione;

10 (5R)-5-ethyl-5-methyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-

yl)oxypyrazin-2-yl]imidazolidine-2,4-dione;

(5R)-3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5-ethyl-5-methyl-

imidazolidine-2,4-dione;

5,5-dimethyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]imidazolidine-2,4-

15 dione;

(5R)-5-ethyl-5-methyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-

yl]imidazolidine-2,4-dione;

20

(5R)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-

yl]imidazolidine-2,4-dione;

(5R)-5-ethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione;

(5R)-3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5-ethyl-imidazolidine-2,4-

dione;

25

(5R)-5-ethyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]imidazolidine-2,4-

dione;

30

7-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-yl]-5,7-

diazaspiro[3.4]octane-6,8-dione;

or a pharmaceutically acceptable salt and/or solvate thereof and/or derivative thereof.

In one embodiment, the compound of formula (I) is:

6-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-yl]-4,6-

diazaspiro[2.4]heptane-5,7-dione;

or a pharmaceutically acceptable salt and/or solvate thereof and/or derivative thereof.
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In one embodiment, the compound of formula (1) is:

(5S)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxуруrazin-2-

yl]imidazolidine-2,4-dione;

or a pharmaceutically acceptable salt and/or solvate thereof and/or derivative thereof.

When the compound contains a C1-3alkyl group, whether alone or forming part of a larger group,

the alkyl group may be straight chain, branched or cyclic. Examples of C1-3alkyl are methyl, ethyl,

n-propyl, isopropyl and cyclopropyl. Reference to "propyl" includes n-propyl, isopropyl and

cyclopropyl.

The term 'halo' or 'halogen' as used herein, refers to a fluorine, chlorine, bromine or iodine atom.

Particular examples of halo are fluorine, chlorine and bromine, such as chlorine or bromine.

The term 'C3-4 spiro carbocyclyl' as used herein means a cyclic ring system containing 3 or 4

carbon atoms, namely a cyclopropyl or cyclobutyl group, wherein the cyclic ring system is

attached to a secondary carbon via a spirocentre such that the secondary carbon is one of the 3

to 4 carbon atoms in the cyclic ring as follows:

3

2

C3 spiro carbocyclyl C4 spiro carbocyclyl

20
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It will be appreciated that for use in medicine the salts of the compounds of formula (I) should be

pharmaceutically acceptable. Suitable pharmaceutically acceptable salts will be apparent to

those skilled in the art. Pharmaceutically acceptable salts include those described by Berge,

Bighley and Monkhouse J.Pharm.Sci. (1977) 66, pp 1-19. Such pharmaceutically acceptable

salts include acid addition salts formed with inorganic acids e.g. hydrochloric, hydrobromic,

sulphuric, nitric or phosphoric acid and organic acids e.g. succinic, maleic, acetic, fumaric, citric,

tartaric, benzoic, p-toluenesulfonic, methanesulfonic or naphthalenesulfonic acid. Non-

pharmaceutically acceptable salts may be used, for example, in the isolation of compounds of

formula (1) and are included within the scope of this invention.

Certain of the compounds of formula (1) may form acid addition salts with one or more equivalents

of the acid. The present invention includes within its scope all possible stoichiometric and non-

stoichiometric forms.
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CLAIMS 

 

1. A compound of formula (I):  

 (I) 

wherein: 

R1 is H or methyl; 

R2 and R3 are both methyl, or R2 and R3, together with the carbon atom to which they are 

attached, are a spirocyclopropyl ring; 

R4 is methyl or ethyl; 

R5 is H or methyl; 

or R4 and R5, together with the carbon atom to which they are attached, form a C3-C4 

spiro carbocyclyl;  

or a salt and/or solvate thereof. 

 

2. The salt and/or solvate thereof according to claim 1, which is a pharmaceutically 

acceptable salt and/or solvate thereof.  

 

3. The pharmaceutically acceptable salt according to claim 2.  

 

4. The pharmaceutically acceptable solvate according to claim 2.  

 

5. The compound according to claim 1. 

 

6. The compound, pharmaceutically acceptable salt and/or solvate thereof according to 

claim 1 wherein R1 is H. 

 

7. The compound, pharmaceutically acceptable salt and/or solvate thereof according to 

claim 1 wherein R1 is methyl. 

 

8. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 7, wherein R2 and R3 are a spiro cyclopropyl.  
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9. The compound, pharmaceutically acceptable salt and/or solvate thereof  

according to any one of claims 2 to 7, wherein R2 is methyl and R3 is methyl. 

 

10. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 9, wherein R4 is methyl. 

 

11. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 9, wherein R4 is ethyl. 

 

12. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 11, wherein R5 is H. 

 

13. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 12 selected from the group consisting of: 

5,5-dimethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-

yl)oxypyrazin-2-yl]imidazolidine-2,4-dione; 

3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5,5-dimethyl-

imidazolidine-2,4-dione; 

(5R)-5-ethyl-5-methyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-

yloxypyrazin-2-yl)imidazolidine-2,4-dione; 

5,5-dimethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione; 

(5R)-5-ethyl-5-methyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-

yl)oxypyrazin-2-yl]imidazolidine-2,4-dione; 

(5R)-3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5-ethyl-5-methyl-

imidazolidine-2,4-dione; 

5,5-dimethyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-

yl]imidazolidine-2,4-dione; 

(5R)-5-ethyl-5-methyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-

yl]imidazolidine-2,4-dione; 

(5R)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-

yl)oxypyrazin-2-yl]imidazolidine-2,4-dione; 

(5R)-5-ethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione; 

(5R)-3-[5-[(3,3-dimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-yl]-5-ethyl-

imidazolidine-2,4-dione; 
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(5R)-5-ethyl-3-[5-[(3,3,7-trimethyl-2H-benzofuran-4-yl)oxy]pyrazin-2-

yl]imidazolidine-2,4-dione; 

7-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-yl]-5,7-

diazaspiro[3.4]octane-6,8-dione;  

6-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-yl]-4,6-

diazaspiro[2.4]heptane-5,7-dione; and  

(5S)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-

yl)oxypyrazin-2-yl]imidazolidine-2,4-dione, 

or a pharmaceutically acceptable salt and/or solvate thereof. 

 

14. The compound according to claim 1 which is: 

5,5-dimethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-

yl]imidazolidine-2,4-dione 

. 

 

15. The pharmaceutically acceptable salt according to claim 2 which is a pharmaceutically 

acceptable salt of: 

5,5-dimethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-

yl]imidazolidine-2,4-dione 

. 

 

16. The compound according to claim 1 which is: 

(5R)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1'-cyclopropane]-4-yl)oxypyrazin-2-

yl]imidazolidine-2,4-dione 
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. 

 

17.  The pharmaceutically acceptable salt according to claim 2 which is a pharmaceutically 

acceptable salt of: 

(5R)-5-ethyl-3-[5-(7-methylspiro[2H-benzofuran-3,1’-cyclopropane]-4-yl)oxypyrazin-2-

yl]imidazolidine-2,4-dione 

. 

 

18. The compound according to claim 1 which is: 

(5R)-5-ethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione 

. 

 

19. The pharmaceutically acceptable salt according to claim 2 which is a pharmaceutically 

acceptable salt of: 

(5R)-5-ethyl-3-(5-spiro[2H-benzofuran-3,1'-cyclopropane]-4-yloxypyrazin-2-

yl)imidazolidine-2,4-dione 

. 
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20. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 19 for use as a medicament. 

 

21. The compound, pharmaceutically acceptable salt and/or solvate thereof according to any 

one of claims 2 to 19 for use in the prophylaxis or treatment of a disease or disorder selected 

from the group consisting of hearing disorders, schizophrenia, depression and mood disorders, 

bipolar disorder, substance abuse disorders, anxiety disorders, sleep disorders, hyperacusis 

and disturbances of loudness perception, Ménière’s disease, disorders of balance, and 

disorders of the inner ear, impulse control disorder, personality disorders, attention-

deficit/hyperactivity disorder, autism spectrum disorders, eating disorders, cognition impairment, 

ataxia, pain such as neuropathic pain, inflammatory pain and miscellaneous pain, Lewy body 

dementia and Parkinson’s disease. 

 

22. Use of the compound, pharmaceutically acceptable salt and/or solvate thereof according 

to any one of claims 2 to 19 in the manufacture of a medicament for the prophylaxis or 

treatment of a disease or disorder selected from the group consisting of hearing disorders, 

schizophrenia, depression and mood disorders, bipolar disorder, substance abuse disorders, 

anxiety disorders, sleep disorders, hyperacusis and disturbances of loudness perception, 

Ménière's disease, disorders of balance, and disorders of the inner ear, impulse control 

disorder, personality disorders, attention-deficit/hyperactivity disorder, autism spectrum 

disorders, eating disorders, cognition impairment, ataxia, pain such as neuropathic pain, 

inflammatory pain and miscellaneous pain, Lewy body dementia and Parkinson’s disease. 

 

23. A pharmaceutical composition comprising a compound, pharmaceutically acceptable salt 

and/or solvate thereof according to any one of claims 2 to 19 and a pharmaceutically acceptable 

carrier or excipient. 

 

24. A compound of formula (II), 

(II), 

wherein R1, R2 and R3 are as defined in claim 1, X is halo, such as Br; or 

 

a compound of formula (XVI): 
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(XVI), 

wherein R1, R2 and R3 are as defined in claim 1, X is halo, such as Br; or 

 

 a compound of formula (IV): 

 (IV) 

wherein R4 and R5 are as defined in claim 1, Y is halo, such as Cl. 

 


