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DESCRIPTION
Title of Invention
LEWY  BODY  DISEASE  THERAPEUTIC  AGENT  CONTAINING
PYRAZOLOQUINOLINE DERIVATIVE
Technical Field
[0001] The present invention relates to a therapeutic agent for dementia with Lewy bodies
and Parkinson disease with dementia, comprising a pyrazoloquinoline derivative or a
pharmaceutically acceptable salf thereof, which has an phosphodiesterase 9 (PDES)
inhibitory action on , as an active ingredient.
Background Art ,
[0002] Dementia with Lewy bodies (DLB) and Parkinson disease (PD) are a progressive
neurodegenerative disease in which an abnormal inclusion body primarily composed of o-
synuclein (Lewy body) appears inside a neuron, leading to degeneration and loss of the
neuron, Distribution of many Lewy bodies in the cerebral cortex leads to development of,
for example, cognitive impairment, and distribution of many Lewy bodies in the brainstem
leads to development of parkinsonism. In addition to these, psychiatric symptoms such as
visual hallucinations, hallucinations, delusions, and depressive symptoms, sleep disorders,
and autonomic symptoms are seen.  When a person developed dementia before the onset of
parkinsonism or within one year of the onset thereof, the person is diagnosed as dementia
with Lewy bodies; and when parkinsonism was present for one or more years before the
onset of dementia, the person 1s diagnosed as Parkinson disease with dementia (PDD). In
this way, different diagnoses, which are dementia with Lewy bodies, Parkinson disease with
dementia, and Parkinson disease, are given depending on, for example, the temporal order of
appearance and difference in the extent of cognitive impairment and parkinsonism.
However, these diseases are pathologically considered as the same disease and are
collectively referred to as Lewy body disease (LBD). The characteristic of dementia with
Lewy bodies is that, in brain SPECT or FDG PET, reduced blood flow and abnormal glucose
metabolism, which are observed in the posterior cingulate gyrus and the parietotemporal
association area in Alzheimer discase, are also observed in the occipital lobe including a
visual area in addition to the posterior cingulate gyrus and the parietotemporal association.
When dopamine transporter (DAT) imaging that assesses the function of an intracerebral
dopamine nervous system is performed, reduced uptake of DAT in the striatum in a brain is
observed in not only Parkinson disease but also dementia with Lewy bodies before the onset
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of parkinsonism (see Non Patent Literature 1). It is also reported that, in dementia with
Lewy bodies and Parkinson disease, neurons of a basal nucleus of Meynert, which is a
nucleus of origin of an acetylcholinergic nerve, are degenerated or lost, and a severe disorder
of the acetylcholinergic nervous system is observed in the hippocampus, the cortex, and the
like (see Non Patent Literatures 2, 3, and 4).

[0003] Currently there is no curative therapy that modifies the progress process itself of 2
brain lesion in dementia with Lewy bodies and Parkinson disease, and symptomatic
treatment depending on symptoms has been administered. For a parkinsonian symptom,
dopamine replacement therapy for example by taking L-DOPA, surgical therapy, and the like
are used. For the cognitive impairment, only donepezil is approved for the indication of
dementia with Lewy bodies and only rivastigmine is approved for the indication of
Parkinson disease with dementia, and these are also effective against change of a cognitive
fimction and a psychiatric symptom (hallucinations, delusions, apathy, depressive symptoms,
or behavioral symptoms) (see Non Patent Literatures 5, 6, 7, and 8). However, there is a
report that an acetylcholinesterase inhibitor aggravates the parkinsonian symptom (see Non
Patent Literature 9), and currently there is no therapy that is available when the
acetylcholinesterase inhibitor cannot be used from the viewpoint of a side effect and
tolerability. Pimavanserin, which is a 5-HT4 inverse agonist, is approved as a therapeutic
drug for the psychiatric symptom such as hallucinations and delusions experienced by a
patient with Parkinson disease (see Non Patent Literature 10). However, as is the case with
an atypical antipsychotic agent such as olanzapine, quetiapine, and risperidone, a black box
warning indicates that mortality risk is increased when pimavanserin is used for treating the
psychiatric symptom of dementia of elderly people.  As described above, there is currently
no fully satisfactory therapy for the cognitive impairment and the psychiatric symptom of
dementia with Lewy bodies or Parkinson disease, and thus, development of an effective
medicament has been long awaited.

[0004] An animal to which scopolamine or 6-OHDA (6-hydroxydopamine) was
administered can be used as an animal model of cognitive impairment seen in Lewy body
disease. Scopolamine is a muscarinic receptor inhibitor and blocks transduction of the
acetylcholinergic nervous system. The acetylcholinergic nervous system is responsible for
memoty, attention, and the like, and a healthy subject or an animal to which scopolamine was
administered develops a dementia-like amnestic symptom, which is alleviated by an
medicament used for treating cognitive impairment of Lewy body disease (see Non Patent
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Literatures 11 and 12). 6-OHDA is a neurotoxin that selectively degenerates a
dopaminergic nerve and a noradrenergic nerve. It is possible to make 6-OHDA act
specifically on the dopaminergic nerve by using 6-OHDA with a selective noradrenaline
reuptake inhibitor (e.g., desipramine). An animal to which 6-OHDA was administered
develops cognitive impairment, which is alleviated by a medicament used for treating
cognitive impairment of Lewy body disease (see Non Patent Literature 13).

[0005] A compound represented by formula (I) (referred to as Compound (I) hereinafter)
or a pharmaceutically acceptable salt thereof exhibits a PDE9 inhibitory action and is
expected to be efficacious against Alzheimer-type dementia (Patent Literature 1).  Thereisa
report stating that a PDE9 inhibitor exhibited the effect of improving cognitive function in a
novel object recognition test using rats with scopolamine-induced cogpitive impairment (see
Non Patent Literature 14), but there is no known pyrazoloquinoline derivative that exhibited
the effect of improving cognitive fimction.
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Summary of Invention
Technical Problem
[0008] Itisan object of the present invention to provide a compound or a pharmaceutically
acceptable salt thereof that exhibits an anti-dementia action in an animal model and has
potential use as a therapeutic agent for Lewy body disease.
Solution to Problem
[0009] The present inventors conducted intensive research by using a rat model of
scopolamine-induced cognitive impairment for achieving the above-mentioned object and
consequently found that a pyrazoloquinoline derivative represented by formula (I) or a
pharmaceutically acceptable salt thereof had the effect of suppressing cognitive impairment
induced by scopolamine. The present inventors also found that the effect of improving
cognitive function in Lewy body disease could be confirmed by assessment using a 6-
OHDA model and completed the present invention.
[0010]  Specifically, the present invention relates to the following <1>to <4>.
<I> A therapeutic agent for dementia with Lewy bodies or Parkinson disease with dementia,
comprising (8)-7-(2-methoxy-3,5-dimethylpyridin-4-yl}-1-(tetrahydrofiran-3-y1)-1H-
pyrazolo[4,3-c]quinolin-4(5H)-one
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or a pharmaceutically acceptable salt thereof.

'<2> A method for treating dementia with Lewy bodies or Parkinson disease with dementia,

comprising administering (8)-7-(2-methoxy-3,5-dimethylpyridin-4-yl}-1-(tetrahydrofuran-3-
yl)-1H-pyrazolo[4,3-c]quinolin-4(5H)-one



or a pharmaceutically acceptable sait thereof to a patient in need thereof.
3> (S)-7<2-Methoxy-3,5-dimethylpyridin-4-yl)-1-(tetrahydrofuran-3-yl)-1H-pyrazolo[4,3-
clquinolin-4(5H)-one
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or a phamaceutically acceptable salt thereof for use in treating dementia with Lewy bodies
or Parkinson disease with dementia.
<4> Use of (8S)»-7-(2-methoxy-3,5-dimethylpyridin-4-yl)-1-(tetrahydrofuran-3-yl)-1H-
pyrazolo[4,3-c]quinolin-4(5H)-one
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or a pharmaceutically acceptable salt thereof for the manufacture of a therapeutic agent for

dementia with Lewy bodies or Parkinson disease with dementia.

Advantageous Effects of Invention

[0011] The pyrazologuinoline derivative or a pharmaceutically acceptable salt thereof of
15 the present invention exhibits the effect of suppressing cognitive impairment induced by

scopolamine in the tat model of scopolamine-induced cognitive impairment, which is an

animal model of Lewy body disease. Furthermore, the pyrazoloquinoline derivative or a

pharmaceutically acceptable salt thereof of the present invention is expected to exhibit the
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effect of suppressing cognitive impairment in the 6-OHDA model, which is an animal model
of Lewy body disease. Accordingly, the compound or a pharmaceutically acceptable salt
thereof of the present invention has potential use as a therapeutic agent for Lewy body
disease.

Description of Embodiments

[0012] Hereinafier, the content of the present invention is described in detail.

[0013] "Pharmaceutically acceptable salt" as used herein is not particularly limited as long
as the salt is a salt formed with the compound of the present invention and specific eﬁamples
thereof include an acid addition salt such as a salt of an inorganic acid, a salt of an organic
acid, and a salt of an acidic amino acid.

{0014] In the context of "pharmaceutically acceptable salt" as used herein, the number of
acid molecules per one molecule of the above described compound in a formed salt is not
particularly limited as long as the salt is formed at an appropriate ratio of the acid to the above
described compound, unless specifically stated otherwise. In one embodiment, the number
of acid molecules per one molecule of the above described compound 1s about 0.1 to about 5;
in another embodiment, the number of acid molecules per one molecule of the above
described compound is about 0.5 to about 2; and in still another embodiment, the number of
acid molecules per one molecule of the above described compound is about 0.5, about 1, or
about 2.

[0015] Specific examples of the salt of an inorganic acid include hydrochloride,
hydrobromide, sulfate, nitrate, and phosphate; specific examples of the salt of an organic acid
include acetate, succinate, fumarate, maleate, tartrate, citrate, lactate, stearate, benzoate,
methanesulfonate, p-toluenesulfonate, and benzenesulfonate.

[0016] Specific examples of the salt of an acidic amino acid include aspartate and
glutamate.

[0017] [Preparation]

The pharmaceutical composition of the present invention can be produced by
mixing a pharmaceutically acceptable additive with Compound () or a pharmaceutically
acceptable salt thereof. The pharmaceutical composition of the present invention can be
produced in accordance with an already known method such as a method described in
General Rules for Preparations of the Japanese Pharmacopoeia, 16th Edition.

The pharmaceutical composition of the present invention can be administered to a

patient in an appropriate manner depending on the dosage form thereof.
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[0018] The dosage of Compound (1) or a pharmaceutically acceptable salt thereof varies
depending on the severity of the symptormn, the age, the gender, the weight, the type of the
dosage form and the salt, the specific type of the disease, and the like; and usually, in adults,
about 30 pg to 10 g, in one embodiment 100 pg to 5 g, and in another embodiment 100 g to
1 g is administered orally per day, in a single dose or in several divided doses; and about 30
pg to 1 g, in one embodiment 100 pg to 500 mg, and in another embodiment 100 pg to 300
myg is administered by injection per day, in a single dose or in several divided doses.
Examples
[06019] Compound (I) can be prodﬁced for example by the method described in Patent
Literature 1. _
[0020] Pharmacological Test Examples

The present inventors performed or can perform the following tests to confirm the
effect of improving cognitive function in Lewy body disease.
[0021] [Test Example 1] Novel Object Recognition Test Using Rat with Scopolamine-
Induced Cognitive Impairment

A novel object recognition test using rats with scopolamine-induced cognitive
impairment was performed to confirm the effect of improving cognitive impairment induced
by an acetylcholine nerve disorder. The novel object recognition test is a test system for
assessing cognitive function based on the spontaneous behavioral characteristic of a rodent in
which the rodent spends more time exploring a novel object than a familiar object. The test
method described in Ennacer etc. Behavioural Brain Research, 31 (1988) pp. 47-51 was
partially modified and performed.
[0022] Materials and Methods

Six-week-old male Long Evans rats (the Institute for Animal Reproduction) were
subjected to the test. For two days before the test, a process for habituating the rat to the

experimental procedure was performed once daily In the habituation process,
administration of a vehicle to the rat was performed, and subsequently, the rat was placed in
an empty test apparatus (40 cm x 30 cm x H 45 ¢m) and allowed to explore for 3 mimtes,
was transferred into a waiting chamber (13 cm x 30 em x H 45 em) for about 1 minute, and
then was returned info the empty test apparatus again and allowed to stay for 5 minutes.

On the day of the test, an acquisition trial (T1) was performed. Compound (f)
was administered orally by using a solution of 0.5% methylcellulose in 0.01 M hydrochloric
acid as a vehicle 2 hours before T1.  Scopolamine (Wako Pure Chemical Industries, Ltd.)
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was administered subcutancously by using a saline as a vehicle at a dose of 0.7 mg/kg 30
minutes before T1.  In T1, the rat was habituated to the empty test apparatus for 3 minutes,
and then was transferred into the waiting chamber.  After two identical objects were placed
in the test apparatus, the rat was returned into the test apparatus again and allowed to explore
the two identical objects freely for 5 minutes. Then, the rat was returned into a home cage.
Two hours later, a retention trial (12) was performed. 'The rat was placed in the empty test
apparatus for 3 minutes for habituation and then was transferred into the waiting chamber.
After one of the objects used in T1 (a "familiar" object) and one object not used in T1 (a
"novel" object) were placed in the test apparatus, the rat was refurned into the test apparatus
again and allowed to explore these objects freely for 3 minutes. The objects were wiped
with a wet wipe impregnated with ethanol after each experiment so that a smell serving as a
clue did not stay. The behaviors of the rat during T1 and T2 were recorded by a digital
video camera and the total exploration time for each object was measured manually using a
stopwatch. Exploratory behavior was defined as the behavior of a rat in which the rat
brings its nose within 2 cm of an object and directs its nose toward the object.

In the novel object recognition test, a percentage of exploration of the novel object
during T2 is considered as an amnesia index that reflects discrimination between the familiar
object and the novel object. The percentage of exploration of the novel object was
calculated in accordance with the following equation.

The percentage of exploration of the novel object (%) =N/(N +F) x 100
F: time spent in exploring the familiar object
N: time spent in exploring the novel object

Rats whose total time spent in exploring the objects during T1 or T2 was 10
seconds or less or rats whose percentage of the time spent in exploring either of the objects
during T1 was not less than 70% or not more than 30% of the total exploration time were
exchuded from data analysis.

The results were expressed as mean = standard error.  The difference between a
normal control group untreated with scopolamine and a disease control group treated with
scopolamine was analyzed by an unpaired t-test (significantly different: *). The difference
between the disease control group and a group treated with a single medicament was
analyzed using Dunnett's multiple comparison test (significantly different: #). p <0.05 was
judged to be a statistically significant difference. Statistical analysis was performed by
using GraphPad Prism version 5.04 or 6.02.
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[0023]  Results

In T2, rats in the disease control group showed a significant decrease in the
percentage of exploration of the novel object compared with rats in the normal control group.
This means that memory impairment was induced in the rats by scopolamine. Compound
(1) exhibited a significant effect of improving the percentage of exploration of the novel
object at 3.3 mg/kg and 10 mg/ke.
[0024] [Table 1}

Scopolamine-administered group
Normal control group Disease control | Compound (1) Compound (I)
group 3.3 mg/kg 10 mg/kg
73.843.0 53.342.2* 68.542.0" 68.5+1.6'

[0025] [Test Example 2] Novel Object Recognition Test and Object Location Recognition
Test Using 6-OHDA Model

Examples of a preclinical disease model of Lewy body disease include a cell model
or an animal model produced by modifying a Eewy body disease-related gene or introducing
a Lewy body disease-related substance (for example, a-synuclein transgenic, overexpression
of a-synuclein by using an AAV vector, Parkin knockout, DJ-1 knockout, and a model
injected with an o-synuclein aggregate); an agent-administered model reflecting the disorder
of nervous system identified in a patient with Lewy body disease (for example, a model
admmistered with a neurotoxin such as 6-OHDA, MPTP, paraquat, rotenone, LPS, and a
saporin toxin, and a model administered with a neuroleptic drug such as scopolamine); a
neuron model derived from iPS cells of a patient. The effect of a medicament on Lewy
body disease can be confirmed by using these prechinical disease models.

Herein, it is shown that the therapeutic effect on Lewy body disease can be
confirmed by using the 6-OHDA model.

Male SD rats are used to produce the 6-OHDA model. The rat is secured in a
brain stereotaxic apparatus under anesthesia, and a cannula is inserted into the brain after
exposing the skull. 6-OHDA dissolved in a saline containing ascorbic acid is injected by a
microinjection pump over several minutes. Desipramine is administered before the
mjection of 6-OHDA to protect a noradrenergic nerve. A rat untreated with 6-OHDA is
produced by inserting a cannula into the same site in the brain. Several days after the
operation, a novel object recognition test or an object location recognition test is performed.

The novel object recognition test is performed by using the test method described in Ennacer
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etc. Behavioural Brain Research, 31 (1988) pp. 47-51, with some modifications.  The object
location recognition test is performed by using the test method described in Dix Behavioural
Brain Research 99 (1999) pp. 191-200, with some modifications. The object location
recognition test is a test system for assessing cognitive function based on the spontaneous
behavioral characteristic of a rodent in which exploratory behavior of the rodent increases
when the environment surrounding an object is changed even though the object is a familiar
object.

In both tests, a process for habituating the rodent to the experimental procedure is
performed before the test day.  In the habituating process, administration of a vehicle to the
rat is performed, and the rat is allowed to explore freely in an empty test apparatus (40 cm x
30 cm x H 45 c¢m) for a certain period of time (from several minutes to several tens of
minutes).

On the day of the test, Compound (1) is administered orally before an acquisition
trial (T1). In both tests, the rat is allowed to freely explore two identical objects placed in
the test apparatus for a certain period of time (for several minutes) during T1.  The rat is
returned into a home cage, and then a retention trial (T2) is performed. In T2 of the novel
object recognition test, one of the objects used in T1 (a "familiar" object) and one object not
used in T1 (a "novel" object) are placed in the test apparatus, and the rat is allowed to explore
these objects fieely for a certain period of time (for several minutes). In T2 of the object
location recognition test, one of the two identical objects presented in T1 is placed in the fest
apparatus at a novel location.  The rat is allowed to explore these objects freely for a certain
period of time (for several minutes). In both tests, the objects are wiped with a wet wipe
impregnated with ethanol after each experiment so that a smell serving as a clue do not stay.
The behaviors of the rat during T1 and T2 are recorded By a digital video camera and the
total exploration time for each object is measured manuaily using a stopwatch.  Exploratory
behavior is defined as the behavior of a rat in which the rat brings its nose within 2 em of an
object and directs its nose toward the object.

In the novel object recognition test, a percentage of exploration of the novel object
during T2 is considered as an amnesia index that reflects discrimination between the familiar
object and the novel object. In the object location recognition test, a percentage of
exploration of the novel location during T2 is considered as an amnesia index that reflects
discrimination between the familiar location and the novel location. The percentage of
exploration of the novel object and the percentage of exploration of the object at the novel

10
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location are calculated in accordance with the following equations.

The percentage of exploration of the novel object (%) = No/(No + Fg) x 100

Fo: time spent in exploring the familiar object

No: time spent in exploring the novel object

The percentage of exploration of the object at the novel location (%) = Ny/(INy + Fy) x 100

Fy: time spent in exploring the object at the familiar location

Nr: time spent in exploring the object at the novel location

The percentage of exploration of the novel object or the percentage of exploration of the

object at the novel location is compared between groups to confirm the effect of Compound

.
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CLAIMS
1. A therapeutic agent for dementia with Lewy bodies or Parkinson disease with
dementia, comprising (S)-7-(2-methoxy-3,5-dimethylpyridin-4-y1)-1-(tetrahydrofuran-3-y1)-
1H-pyrazolo|4,3-c]quinolin-4(5H)}-one represented by formula (I),

or a pharmaceutically acceptable salt thereof.

2. A method for treating dementia with Lewy bodies or Parkinson disease with
dementia, comprising administering  (S)-7-(2-methoxy-3,5-dimethylpyridin-4-yi)-1-
(tetrahydrofuran-3-yl)-1H-pyrazolo[4,3-c]quinolin-4(5H)-one represented by formula ()

or a pharmaceutically acceptable salt thereof to a patient in need thereof.
3. (S)-7-(2-Methoxy-3,5-dimethylpyridin-4-yl)-1-(tetrahydrofuran-3-yl)-1H-
pyrazolof4,3-c|quinolin-4(5H)-one represented by formula (T)
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or a pharmaceutically acceptable salt thereof for use in treating dementia with Lewy bodies
or Parkinson disease with dementia.
4, Use of (S)-7-(2-methoxy-3,5-dimethylpyridin-4-y1)-1-(tetrahydrofuran-3-y1)-1H-
pyrazolo[4,3-c]quinolin-4(5H)-one represented by formula ()
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or a pharmaceutically acceptable salt thereof for the manufacture of a therapeutic agent for

dementia with Lewy bodies or Parkinson disease with dementia.
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