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DESCRIPTION

THERAPEUTIC AGENT FOR GLAUCOMA

Technical Field
[0001]

The present invention relates to a therapeutic agent for glaucoma
including an sGC activator.
Background Art
[0002]

Glaucoma is a disease in which a disorder of the optic nerve which
transmits visual information to the brain causes atrophy of the optic
nexrve to narrow the visual field. As the type of disease, for example,
primary open-angle glaucoma (POAG), normal tension glaucoma, primary
angle-closure glaucoma, developmental glaucoma, and secondary glaucoma
are known. In addition, ocular hypertension, which is a state that the
visual field is normal, but the intraocular pressure is chronically
high, is one of the risk factors of glaucoma.

[0003]

The onset mechanism of primary open-angle glaucoma (POAG) is
considered to be that the trabecular meshwork which is an outlet of
the aqueous humor is gradually clogged, whereby intraocular pressure
(IOP) increases. The normal tension glaucoma is a disease in which
although the intraocular pressure is in a normal range (10 to 21 mmHg) ,
glaucoma is developed, and classified into primary open-angle glaucoma.
The primary angle-closure glaucoma is a disease in which a corner angle
becomes narrow tohinder the fiowof the agueous humor, thereby increasing
intraocular pressure.

[0004]
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In the treatment of glaucoma, the first priority is considered
to be decreasing intraocular pressure so that no further disturbance
of the visual field progresses, and in order to decrease intraocular
pressure, medication treatment, laser treatment, or surgical operation
is performed. However, not all patients are satisfied with these
existing treatments, and there is a need for a new therapeutic agent
for glaucoma which contains effective component exhibiting a new
mechanism of action or having a new structure unknown for the existing
therapeutic agents.

[0005]

Soluble guanylate cyclase (sGC} is an enzyme which produces cyclic
guanosine monophosphate (cGMP) from guanosine triphosphate (GTP), and
composed of a dimer of an o subunit and a p subunit. The B subunit is
bound to heme, and usually iron coordinated to heme and a histidine
residue which is the 105th amino acid interact with each other to take
an inactivated structure. Nitrogen monoxide (NO) which is known as a
main in vivo activation factor of sGC, interacts with heme iron present
in the B subunit of sGC, and dissociates the interaction of the heme
iron and the histidine residue of the B subunit, thereby performing
transition to an activated structure. ¢GMP produced by activated sGC
activates for example, the protein kinase or ion channel, and performs
various roles such as relaxation of vascular smooth muscle inhibition
of platelet activation, inhibition of cell growth, or clfactory
neurotransmission (Non Patent Literatures 1 and 2).

[0006]

SGC is also involved in the regulation of intraococular pressure,
and Non Patent Literature 3 suggests that the sGC activator reduces
a cell volume of the trabecular meshwork or the Schlemm’s canal, which

is the outlet of the agqueous humor, thereby promoting discharge of the
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aqueous humor, and representing intraocular pressure lowering. Thus,
the sGC activator is expected as a therapeutic agent for glaucoma.
Meanwhile, it isconsideredthat inglaucoma, oxidative stress isenhanced,
and also under the condition in which oxidative stress is enhanced,
oxidation of heme iron or decomposition of heme is enhanced, and thus,
as the therapeutic agent for glaucoma, heme-independent sGC activator
is preferred (Non Patent Literatures 4 and 5). In addition, degrees
of enhancement of oxidative stress are different for each patient, and
become a factor of variation in a medicinal effect or side effects,
and thus, variation of the activation effect due to the oxidation state
of heme iron is preferably small.

[0007]

Patent Literature 1 discloses that pyrazole carboxylic acid and
imidazole carboxylic acid derivatives have a high effect on a monkey
cocular hypertension model. However, though it is suggested that these
derivatives areheme-independent, thedegreeof achange intheactivation
effect depending on the oxidation state of heme iron is not reviewed.
In addition, Patent Literature 1 discloses that Cinaciguat which is
a representative heme-independent sGC activator, has a low intraocular
pressure lowering action.

Meanwhile, as a heme-independent sGC activator, Patent Literature

2 discloses a compound represented by General Formula A:

[0008]
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(for each symbol in the formula, see the publication), and Patent
Literature 3 discloses a compound represented by General Formula B:

[0010]
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[0011]

(for each symbol in the formula, see the publication). It is
disclosed that the activity of these compounds is less dependent on
the oxidation state of heme iron than that of Cinaciguat; however, the
activityof lowering intraocularpressure isnot evaluatedin the document

at all.
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Summary of Invention
Technical Problem
[(0014]
Anobject of the present invention is toprovide a novel therapeutic

agent for glaucoma exhibiting sGC activating effect.

Solution to Problem
[0015]

The present inventor searched the compounds exhibiting an
intraocular pressure lowering activity from the compounds exhibiting
sGC activating effect, and found that among the compounds described
in Patent Literatures 2 and 3, a compound having a certain chemical
structure and also a certain range of LogD value is heme-independent,
and exhibits an excellent intraocular pressure lowering activity, and
thus, is useful as a therapeutic agent for glaucoma, therxeby completing
the present invention.

[(0016]

Thus, the present invention relates to the following [1] to [5]:
[0017]

[1] A therapeutic agent for glaucoma or ocular hypotensive agent
comprising a compound represented by the following Formula (I-a) or
Formula {(I-b)} having a LogD value of more than 1.5 and lesgs than 2.5,
or apharmaceuticallyacceptablesalt thereof, asaneffective component.

[0018]
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wherein A is a C1-Cs; alkylene chain, in which one methylene group

is optionally substituted by an oxygen atom or a sulfur atom;

R2 is a group selected from the following formulae:

[0020]

S 2a R3a—L ~ R4
R = _
S
(<)Y2a N OJ/LL%
Z I ?13 I /_§

RSa
[0021]

R® is a group selected from the following formulae:

[0022]

E’L 2 3 S O@ﬁﬁ
1b R
® )I‘©/ vvbﬁ RSbM .

[0023]
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Rla, R2a,6 R3a,6 R42a,6 RSa,6 R1P R2b and R* are a hydrogen atom, a halogen
atom, an optionally substituted C1-Cs alkyl group, a Ci1-Cs alkoxy group,
a C3-C¢ cycloalkyl group, a Ci3-Cs cycloalkoxy group, a halo Ci-Cs alkyl
group, an optionally substituted ethynyl group, an aryl group which
is optionally substituted on an aromatic ring, an aryloxy group which
is optionally substituted on an aromatic ring, a benzyl group which
is optionally substituted on a benzene ring, a phenethyl group which
is optionally substituted on a benzene ring, a benzyloxy group which
is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring;

Ar® is an aryl group, or a heteroaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

X!la and X22 are independently from each other CH or a nitrogen atom;

Xb is a hydrogen atom or a halogen atom;

Y12 and Y22 are independently from each octher methylene, an oxygen
atom, or a sulfur atom, but both of Y2 and ¥22 are not a sulfur atom;

Yb is a hydrogen atom, a C1-Cs alkyl group, a halo C1-C4 alkyl group,
a cyano group, or a halcocgen atom;

Wb ig CH or a nitrogen atom;

1 is an integer of 1 to 3, and when 1 is 2 or more, R¥ may be
different from each other;

mis 1 or 2; and

n ls an integer of 3 to 5.
[0024]

[2] An ocular hypotensive agent comprising: a compound represented
by the above Formula (I-a) or Formula (I-b) having a LogD value of more
thanl.5and lessthan 2.5, orapharmaceuticallyacceptable salt thereof,

as an effective component.
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[3] Use of a compound represented by the above Formula (I-a) or
Formula (I-b) having a LogD value of more than 1.5 and less than 2.5,
or a pharmaceutically acceptable salt thereof, for preparing a
therapeutic agent for glaucoma or an ocular hypotensive agent.

[4] A compound represented by the above Formula (I-a) or Formula
(I-b) having a LogD value of more than 1.5 and less than 2.5, or a
pharmaceutically acceptable salt thereof, for treating glaucoma or
lowering intraocular pressure.

[5] Amethod of treatingglaucoma oxr lowering intraocular pressure,
comprising administrating an effective amount of a compound represented
by the above Formula (I-a) or Formula (I-b) having a LogD value of more

thanl.5andlessthan 2.5, or apharmaceuticallyacceptable salt thereof.

Advantageous Effects of Invention
[0025]

The compound represented by the above Formula (1l-a) or Formula
(1-b) having a logD value of more than 1.5 and less than 2.5 or a
pharmaceutically acceptable salt thereof which is used in the present
inventicn has an sGC activating effect which is less influenced by the
oxidation state of heme iron, and also has an excellent intraocular
pressure lowering action, and thus, lowers intraccular pressure in many
glaucoma patients, thereby being useful as a therapeutic agent for

glaucoma.

Description of Embodiments
[0026]

Hereinafter, the present invention will be described in detail.
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In the present specification, a “Ci1-C; ailkylene chain” refers to
a linear alkylene group having 1 to 3 carbon atoms. Specifically, for
example, -CHz-, -(CHz}2-, and -(CH:)a- are included.

[0027]

In the present specification, “one methylene group is optionally
substituted by an oxygen atom or a sulfur atom” in the “C:-Ci; alkylene
chain” refers to an optional methylene group in the C;-C;3; alkylene chain
beingsubstitutedbyOorS. Whenthe ‘C;-Ci;alkylenechain’ igsamethylene
group having one carbon atom, -O- or -S- is also included. S8pecifically,
for example, -CH20-, -CHaS-, -(CHz)25-, -(CHz}20-, and -CH:0CHz- may be
included.

[0028]

In the present specification, an example of a “halogen atom” may
include a £flucorine atom, a chlorine atom, a bromine atom, and an iodine
atom.

[0029]

In the present specification, a “Ci:-Cs alkyl group” refers to a
linear chain alkyl group having 1 to 6 carbon atoms or a branched chain
alkyl group having 3 to 6 carbon atoms. An example of the Ci-C¢ alkyl
group may include a methyl group, an ethyl group, an n-propyl group,
an n-butyl group, an isopropyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, and an n-hexyl group.
[0030]

In the present specification, a “Ci-Cs alkoxy group” refers to
a group in which one hydrogen atom of the “C:;-Cs alkyl group” is replaced
by an oxygen atom. Specifically, the C;-Cs alkoxy group is a linear
chain alkoxy group having 1 to 6 carbon atoms or a branched chain alkoxy
group having 3 to 6 carbon atoms, and an example thereof may include

a methoxy group, an ethoxy group, an n-propoxy group, an isopropoxy
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group, an n-butoxy group, an isobutoxy group, a tert-butoxy group, an
n-pentyloxy group, and an n-hexyvloxy group.
[0031]

In the present specification, a “Ci-C¢ cycloalkyl group” refers
to a cyeclic alkyl group having 3 to 6 carbon atoms. Specifically, for
example, a cyclopropyl group, a cyclobutyl group, a c¢yclopentyl group,
and a cyclohexyl group may be included.

[0032]

In the present specification, a “C3-Cs cycloalkoxy group” refers
to a group in which one hydrogen atom of the “C3-Cs cycloalkyl group”
isreplacedbyanoxygenatom. Specifically, forexample, acyclopropoxy
group, a cyclobutoxy group, a cyclopentyloxy group, and a cyclohexyloxy
group may be included.

[0033]

In the present specification, a “halo Ci1-Cs; alkyl group” refers
to a group in which one or more hydrogen atoms of a C;-Cy alkyl group
which is a linear chain alkyl group having 1 to 4 carbon atoms or a
branched chain alkyl group having 3 or 4 carbon atoms are replaced by
a halogen atom. An example of the halo Ci-C: alkyl group may include
a chloromethyl group, a dichloromethyl group, a trichloromethyl group,
a fluoromethyl group, a difluoromethyl group, a trifluoromethyl group,
a bromomethyl group, a dibromomethyl group, a tribromomethyl group,
a 2-chloroethyl group, a 2,2-dichloroethyl group, a
2,2,2-trichloroethyl group, a 2-fluoroethyl group, a 2,2-diflucrocethyl
group,512,2,2—trifluoroethylgroup,a:L]42,2—tetrafluoroethylgroup,
a pentafluoroethyl group, a 2-bromoethyl group, a 2,2,2-tribromoethyl
group, a 3,3,3-trichloropropyl group, a 3,3,3-trifluoropropyl group,
a 3,3,3-tribromopropyl group, a 4,4,4-trichlorobutyl group, and a

4,4,4-trifluorcbutyl group.
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[0034]

In the present specification, a “halo C1-Cs alkoxy group” refers
to a group in which one hydrogen atom of the “halo Cl-C4 alkyl group”
is replaced by an oxygen atom. An example of the halo C1-Cs alkoxy group
may include a chloromethoxy group, a dichloromethoxy group, a
trichloromethoxy group, a fluoromethoxy group, a difluoromethoxy group,
a trifluoromethoxy group, a 2-chlorocethoxy group, a 2, 2-dichloroethoxy
group, a 2,2,2-trichloroethoxy group, a 2-fluoroethoxy group, a
2,2-difluorcethoxy group, a 2,2,2-triflucroethoxy group, a
1,1,2,2-tetrafluorcethoxy group, al,1,2,2,2-pentafluoroethoxy group,
a 3,3,3-trichloropropoxy group, a 3,3,3-trifluoropropoxy group, a
4,4,4-trichlorobutoxy group, and a 4,4,4-trifluorcbutoxy group.
[0035]

Inthepresent specification, an“aryl group” refers toamonocyclic
or polycyclic aromatic hydrocarbon group having 6 to 10 carbon atoms.
An example of the aryl group may include a phenyl group and a naphthyl
group. More specifically, for example, a phenyl group, a l-naphthyl
group, and a 2-naphthyl group may be included.

[0036]

In the present specification, an “aryloxy group” refers to a group
in which one hydrogen atom of the “aryl group” is replaced by an oxygen
atom. An example of the aryloxy group may include a phenoxy group and
a naphthoxy group. More specifically, for example, a phenoxy group,
a l-naphthoxy group, and a 2-naphthoxy group may be included.
[0037]

In the present specification, a “heterocaryl group of 5- or
6-membered ring containing a nitrogen atom, an oxygen atom, or a sulfur
atom” refers to a monocyclic heteroaryl group having 4 or 5 carbon atoms

containing 1 or 2 nitrogen atoms, oxygen atoms or sulfur atoms.
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Specifically, for example, a furyl group, a thienyl group, a pyrazolyl
group, a thiazolyl group, a isothiazolyl group, an oxazolyl group, an
isoxazolyl group, an imidazolyl group, a pyrrolyl group, a pyridyl group,
a pyridazinyl group, a pyrimidyl group, and a pyrazinyl group.
[0038]

In the present sgspecification, “optionally substituted” refers
to being unsubstituted or having one or more, preferably one or two,
and more preferably one identical or different substituent at a
substitutable position. An example of the substituent may include a
halogen atom, a C1-Cs alkyl group, a C1-Cs alkoxy group, a Cz3-Cs cycloalkyl
group, a C3-Cs cycloalkoxy group, a halo C1-C4 alkyl group, and an aryl
group. Eachsubstituent isasdefinedabove, andthe groupsmaybe further
substituted. |
[0039]

Hereinafter, a preferred embodiment of the compound represented
by Formula (I-a) will be described.

Ahalogen atom represented by R12, R2a, R3a R43, and R52 ig preferably
a fluorine atom or a chlorine atom, and more preferably a fluorine atom.
[oo40]

In a case where an optionally substituted Ci-Cs alkyl group
represented by R12, R2a, R3a R42, and R52 has a substituent, the substituent
may be a C1-Cs alkoxy group, a Cz:-Cs cycloalkyl group, or a C3-Cs cycloalkoxy
group, and among them, the C3-Cs cycloalkyl group is preferred, and the
cyclohexyl groupis particularly preferred. Theoptionallysubstituted
C1-Cs alkyl group is preferably amethyl group, anethyl group, ann-propyl
group, an isopropyl group, an n-butyl group, a sec-butyl group, an
isobutyl group, a tert-butyl group, a 2-methoxyethyl group, a
2-cyclopropylethyl group, or a 2-cyclohexylethyl group, more preferably

a methyl group, an ethyl group, an n-propyl group, an isopropyl group,
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an n-butyl group, a sec-butyl group, an iscbutyl group, or a tert-butyl
group, and still more preferably a isopropyl group or a tert-butyl group.
f0041]

A (C;-Cs alkoxy group represented by R1a, R2a, R33, R43a, gnd R52 jis
preferably a methoxy group, an ethoxy group, an n-propoxy group, an
isopropoxy group, or a tert-butoxy group, and more preferably an
isopropoxy group or a tert-butoxy group.
fooaz]

A C3-Cs cycloalkyl group represented by R12, R2a, R3a  R4a, gng R52
is preferably a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, or a cyclohexyl group, and more preferably a cyclopropyl group
or a cyclobutyl group.

[0043]

A C3-Cs cycloalkoxy group represented by R12, R23, R332, R%a, and R52
may be for example, a cyclopropyloxy group, a c¢yclopentyloxy group,
or a cyclohexyloxy group, and more preferably a cyclopropyloxy group
or a cyclohexyloxy group.

[0044]

A halo C1-C4 alkyl group represented by R!'2, R22, R¥?2, R42, and Rsa
is preferably a Ci1-C4 alkyl group substituted by one or more fluorine
atoms, and more preferably a Ci1-Cs alkyl group substituted by 1 to 5
fluorine atoms. Specifically, a trifluoromethyl group, a
2,2,2-trifluoroethyl group, a 1,1,2,2-tetrafluoroethyl group, or a
pentafluorcethyl group may be included, and more preferably a
trifluoromethyl group may be included.

[0045]

Inacasewhereanoptionally substitutedethynyl group represented

by R1a, R2a, R32, R%3, andR5*has a substituent, the substituent ispreferably

a C1-Cs alkyl group, a C3-Cs cycloalkyl group or an aryl group, and the
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aryl group is preferably a phenyl group, and the aryl group may be further
substituted by for example, a halogen atom, a Ci1-C¢ alkyl group, or a
halo C1-C: alkyl group. The opticnally substituted ethynyl group is
preferably unsubstituted or preferably has one substituent, and may
be for example, a styryl group, anethynyl group, a 3-methyl-1-butyn-1-y1
group, a cyclopropylethynyl group, a cyclohexylethynyl group, or
phenylethynyl group, and preferably a 3-methyl-1-butyn-1-yl group, or
a cyclopropylethynyl group.

[0046]

An aromatic ring of an aryl group which is optionally substituted
on an aromatic ring, or an aryloxy group which is opticonally substituted
on an aromatic ring, both of which are represented by R'?, R22, R32, R%2,
and R%2, is preferably a benzene ring. In a case where the aromatic
ring is substituted, the substituent is preferably a halogen atom, a
C1-Cs alkyl group, a Ci1-Cs alkoxy group, or a halo C;-C4 alkyl group.
An optionally substituted aryl group or aryloxy group is preferably
unsubstituted or preferably has one or two substituents, and more
preferably has one substituent at a para position. The optionally
substituted aryl group or aryloxy group may be specifically, for example,
aphenyl group, a4- trifluoromethylphenyl group, a 4-chlorophenyl group,
a 4-tert-butylphenyl group, a 4-methoxyphenyl group, a phenoxy group,
a 4-trifluoromethylphenoxy group, a 4-chlorophenoxy group, a
4-tert-butylphenoxy ‘group, or a 4-methoxyphenoxy group, preferably a
phenyl group, a 4-trifluoromethylphenyl group, a 4-tert-butylphenyl
group, a phenoxy group, a 4-trifluoromethylphenoxy group, or a
4-tert-butylphenoxygroup, andmorepreferablyaphenyl group or a phenoxy
group.

[0047]
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It ispreferred that a benzyl group which is optionally substituted
on a benzene ring, a phenethyl group which is optionally substituted
on a benzene ring, a benzyloxy group which is optionally substituted
on a benzene ring, or a phenyloxymethyl group which is optionally
substituted on a benzene ring, all of which are represented by R2, R2a,
R332, R%a, and R52 (hereinafter, the groups from the benzyl group to the
phenyloxymethyl group being collectively referred to as for example,
the benzyl group and the like of Formula (I-a)) may be unsubstituted
or has one or two substituents on the benzene ring, and it is particularly
preferred that the benzyl group and the like of Formula (I-a) have one
substituent at a para position. The substituent is preferably a halogen
atom, a C1-Cs alkyl group, or a halo C3;-Cs4 alkyl group, more preferably
a halo C1-C4 alkyl group, and most preferably a triflucromethyl group.
The benzyl group and the like are preferably a phenethyl group and a
benzyloxy group, and particularly preferably a benzyloxy group. The
benzyl group and the like of Formula (I-a) which are opticnally
substituted on a benzene ring, are specifically, for example, a benzyl
group, a phenethyl group, a benzyloxy group, a phenyloxymethyl group,
a (4-fluoro)phenethyl group, a (4-fluoro)benzyloxy group, a
(4-trifluoromethyl)phenethyl group, a (4-trifluocromethyl)benzyloxy
group, a {4-tert-butyl)phenethyl group, or a (4-tert-butyl)benzyloxy
group, preferably, a phenethyl group, a benzyloxy group, or a
phenyloxymethyl group, and more preferably a benzyloxy group or a
phenyloxymethyl group.

[0048]

n is most preferably 4.

X2 and X228 are most preferably CH.

When a group represented by R2 is the following formula:

[0045]
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agt
yla
[0050]
wherein m is an integer of 1 or 2, and
Y2 and ¥?2 are independently from each other a methylene group,
O, or 8, but both of ¥!2 and Y22 are not S;
specifically the groups represented by the following formulae

may be included:

[0051]

> (I I CH

[0052]
Among them, the groups selected from the following formulae are
preferred:

[0053]

Ok O
G S OO0

[0054]
The group represented by R? is preferably the group selected fxrom
the following formulae:

[0055]

\\ %, Y2 s
Rw@/)ﬁ Rza’O/ (O\?‘a | /_§ QJ/E

[0056]

-
!



TOAQ0O015
17

and the group selected from the following formulae:

[0057]
Lsz’ : YZa
NS X S
[0058]

is particularly preferred.
[0059]

Rla ig preferably an optionally substituted Ci1-Cs alkyl group, a
C:-Cs cycloalkyl group, a Ci-Cs alkoxy group, a halo Ci1-C4 alkyl group,
anoptionallysubstitutedethynyl group, anarylgroupwhichisoptionally
substituted on an aromatic ring, an aryloxy group which is optionally
substituted on an aromatic ring, a benzyl group which is optionally
substituted on a benzene ring, a phenethyl group which is optionally
substituted on a benzene ring, a benzyloxy group which is optionally
substituted on a benzene ring, or a phenyloxymethyl group which is
optionally substituted on a benzene ring. More preferably, . R1? is an
optionally substituted C;-Cs alkyl group, an optionally substituted
ethynyl group, a benzyloxy group which is optionally substituted on
abenzene ring, or aphenyloxymethyl groupwhichisoptionallysubstituted
on a benzene ring. The substitution position of R1? is preferably a
meta position or a para position. Here, the substituent on the C1-Cs
alkyl group is preferably a C1-Cs alkoxy group, a Ci3-Ce cycloalkyl group,
or a C;-Cs cycloalkoxy group. The substituent on the vinyl group or
the ethynyl group is preferably a Ci1-Cs alkyl group, a C3-Cs cycloalkyl
group, aphenyl group, a halogenophenyl group, a C1-Cs alkylphenyl group,
or a halo C;-Cs alkylphenyl group. The aryl group is preferably a phenyl
group, the aryloxy group is preferably a phenoxy group, and the

substituent onthe aryl group or the aryloxy group is preferably a halogen
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atom, a Ci1-Cs alkyl group, a C1-Cs alkoxy group, or a halo C1-Ci alkyl
group. The substituent onthebenzene ring is preferably ahalogenatom,
a Ci1-Cs alkyl group, or a halo Ci1-C: alkyl group.

[0060]

R22 ispreferablyanoptionally substituted ethynyl group, abenzyl
group which is optionally substituted on a benzene ring, a phenethyl
group which is optionally substituted on a benzene ring, a benzyloxy
group which is opticnally substituted on a benzene ring, or a
phenyloxymethyl group which is optionally substitutedon a benzene ring,
and more preferably a phenethyl group which is optionally substituted
on a benzene ring, or a benzyloxy group which is optionally substituted
on a benzene ring. A phenethyl group which is optionally substituted
on abenzene ring is most preferred. Here, the substituent onthe ethynyl
group is preferably a C1-Ce¢ alkyl group, a C3-Cs cycloalkyl group, a phenyl
group, a halogenophenyl group, a Ci1-Cs alkylphenyl group, or a halo C1-Cy
alkylphenyl group. The substituent on the benzene ring is preferably
a2 halogen atom, a Ci1-Cs alkyl group, or a halo Ci1-Cs alkyl group.
[0061]

R32 ig preferably a hydrogen atom, an optionally substituted Ci-Ce
alkyl group, a C1-Cs alkoxy group, or a halo Ci1-Cs alkyl group. A hydrogen
atom is most preferred. The substitution position of R3 is most
preferably a para position. Here, the substituent on the C1-Cs alkyl
group is preferably a Ci1-Cs alkoxy group, a C3-Cs cycloalkyl group, or
a Ci-Cs cycloalkoxy group.

[0062] A

R%2 1g preferably a hydrogen atom, an optionally substituted C1-Cs
alkyl group, a C1-Cs alkoxy group, a halo C1-Cy alkyl group, an aryl group
which is optionally substituted on an aromatic ring, or an aryloxy group

which i1s optionally substituted on an aromatic ring. A hydrogen atom
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is most preferred. The substituticon position of R#*2 is preferably a
6-position. Here, the substituent onthe C;-Csalkyl group is preferably
a Ci-Ce alkoxy group, a Cs;-Cs cycloalkyl group, or a C3;-Cs cycloalkoxy
group. The aryl group is preferably a phenyl group, the aryloxy group
is preferably a phenoxy group, and the substituent on the aryl group
or the aryloxy group is preferably a halogen atom, a C1-Cs alkyl group,
a C1-Cs alkoxy group, or a halo C;-C; alkyl group.
[0063]

R5aispreferablyahydrogenatom, abenzyl groupwhich isoptionally
substituted on a benzene ring, a phenethyl group which is optionally
substituted on a benzene ring, a benzyloxy group which is optionally
substituted on a benzene ring, or a phenyloxymethyl group which is
optionally substituted on a benzene ring, and a hydrogen atom and a
phenethyl group is more preferxed. The substitution position of RS
is preferably 6-position. Here, the substituent on the benzene ring
is preferably a halogen atom, a C1-Cs alkyl group, or a halo Ci1-Cs alkyl
group.
[0064]

In General Formula (I-a), it is preferred that A is a methylene
group, -0-, -CH:CH:-, -CH20-, -OCH;-, ~CHaCH;CHz-, -CH20CH:-, -CH2S5CH>-,
or -CHzCH20-;

n is an integer of 3 to 5; and

R2 is:
[0065]

= %7’ $7?, Y22 S ‘2‘4,
1a_ll_
) E:;J// R%J:::j// (Qﬁa[ ;:_é <:::§—)//
[0066]

Here, Rla, R2a  Yla ¥2a, and m are as defined above.
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[0067]
In General Formula (I-a}, it ismore preferred that A is a methylene
group, -0-, -CH:CH:-, -CHz0-, -0OCHz-, -CHoCH:CH:z-, -CH20CH2-, -CH2SCH2-,

or -CH2CH20-;

n is 4;
R2 is:
[0068]
N YR s
Rw—:o/ (Om || &
o yla s \ /

[0069]

Here, Rla, R2a2, Yla, ¥?a, and m are as defined above.
[0070]

In the preferred embodiment, R!? is preferably an optionally
substituted C:-Ce¢ alkyl group, a C3-Cs cycloalkyl group, a Ci-Ce alkoxy
group, a halo C1-Cs alkyl group, an optionally substituted ethynyl group,
an aryl group which is optionally substituted on an aromatic ring, an
aryloxy group which is optionally substituted on an arcmatic ring, a
benzyl group which is optionally substituted on a benzene ring, a
phenethyl group which is optionally substituted on a benzene ring, a
benzyloxy group which is optionally substituted on a benzene ring, or
a phenyloxymethyl group which is optionally substituted on a benzene
ring. An opticnally substituted C:-Cs alkyl group, an optionally
substituted ethynyl group, a benzyloxy group which is optionally
substituted on a benzene ring, or a phenyloxymethyl group which is
optionally substituted on a benzene ring is more preferred. Here, the
substituent on the alkyl group, the ethynyl group, the aryl group, the
aryloxy group, and the benzene ring is preferably as defined above.

[0071]
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R22 igpreferablyan optidnally substituted ethynyl group, a benzyl
group which is optionally substituted on a benzene ring, a phenethyl
group which is optionally substituted on a benzene ring, a benzyloxy
group which is optionally substituted on a benzene ring, or a
phenyloxymethyl group which is optionally substituted on a benzene ring,
and a phenethyl group which is optionally substituted on a benzene ring,
or a benzyloxy group which is optionally substituted on a benzene ring
is more preferred. A phenethyl group which is optionally substituted
on a benzene ring is most preferred. Here, the substituent onthe ethynyl
group and the benzene ring is preferably as defined above.

[0072]
In the preferred embodiment, when R2 is:

[0073]

Y%
G H
Y1a

[0074]

Ra is preferably a group selected from the following:

[0075]

[0076]
and most preferably the following:

[0077]
3
4/—;

[0078]

[0079]
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Another preferred embodiment of the compound of Formula (I-a)
as the effective component of the medicament of the present invention
is shown below.

A compound represented by Formula {(1-c¢) is preferred:

[0080]
RCTO o)
OH
HOY\/\/N
O xXe (1—c)
[0081]

wherein X°¢ is a methylene group, a single bond or an oxygen atom,
and preferably a methylene group; and R¢ is a group represented by the
following formulae:

[oo82]

o & oot oo
3 o

[0083]

R1c

Preferably, R¢ is a group represented by the following formulae:

[0084]

N (O g

[0085]

R1C
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Rl¢ is a hydrogen atom, a halogen atom, an optionally substituted
C1-Cs alkyl group, a Ci-Cs alkoxy group, a C:-Cs cycloalkyl group, a Ci;-Cg
cycloalkoxy group, a halo C1-Cs alkyl group, an optionally substituted
ethynyl group, an aryl group which is optionally substituted on an
aromatic ring, an aryloxy group which is optionally substituted on an
aromatic ring, abenzyl group which is optionally substituted onabenzene
ring, a phenethyl group which is optionally substituted on a benzene
ring, a benzyloxy group which is optionally substituted on a benzene
ring, or a phenyloxymethyl group which is optionally substituted on
a benzene ring.

Rl¢ is preferably an optionally substituted C;-Cs alkyl group, an
optionally substituted ethynyl group, a phenethyl group which is
optionally substituted on a benzene ring, a benzyloxy group which is
opticnally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring. Amcong them, an
optionally substituted C:-Cs alkyl group, an optionally substituted
ethynyl group, a benzyloxy group which is opticnally substituted on
‘abenzenering, oraphenyloxymethyl groupwhichisoptionallysubstituted
on a benzene ring is preferred.

The halogen atom represented by R¢ is preferably a fluorine atom
or a chlorine atom, and a fluorine atom is more preferred.

The optionally substituted Ci-C¢ alkyl group represented by RI¢
is preferably an unsubstituted Ci:-Cs alkyl group, and more preferably
a methyl group, an ethyl group, an n-propyl group, an isopropyl group,
an n-butyl group, a sec-butyl group, an isobutyl group, or a tert-butyl
group, and among them, an isopropyl group, or a tert-butyl group is
particularly preferred.

The C:1-Cs alkoxy group represented by RI¢ is preferably a methoxy

group, an ethoxy group, an n-propoxy group, an isopropoxy group, or
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a tert-butoxy group, and more preferably an isopropoxy group and a
tert-butoxy group.

The C3-Cs cycloalkoxy group represented by R!¢ is preferably a
cyclopropyloxy group, a cyclopentyloxy group, or a cyclohexyloxy group,
and more preferably a cyclopropyloxy group.

The C3-C¢ cycloalkyl group represented by R is preferably a
cyclopropyl group, a cyclobutyl group, or a cyclopentyl group, and among
them, a cyclopropyl group is more preferred.

The halo C:1-Cs4 alkyl group represented by R!¢ is preferably a Ci1-Cq
alkyl group substituted by one or more fluorine atoms, and among them,
a C1-Cq alkyl group substitutedby 1 to 5 fluorine atoms is more preferred.
Specifically, for example, a trifluoromethyl group, a
2,2,2-trifluocroethyl group, a 1,1,2,2-tetrafluoroethyl group, or a
pentafluoroethyl groupmay be included, and among them, a trifluoromethyl
group is particularly preferred.

When the optionally substituted ethynyl group represented by R3¢
ig substituted, the substituent is preferably a Ci-Ce¢ alkyl group, a
C3-C¢ cycloalkyl group, or an aryl group, and the aryl group is preferably
a phenyl group, and the aryl group may be further substituted by for
example, a halogen atom, a Ci-Cs alkyl group or a halo C;-Cs alkyl group.
The optionally substituted ethynyl group is preferably unsubstituted
or preferably has one substituent, and may be for example, a styryl
group, an ethynyl group, a 3-methyl-l-butyn-1-yl group, a
cyclopropylethynyl group, a cyclohexylethynyl group, or a phenylethynyl
group, and a 3-methyl-1-butyn-1-yl group, or a cyclopropylethynyl group
is preferred.

The aromatic ring of the aryl group which is optionally substituted
on an aromatic ring, or the aryloxy group which is optionally substituted

on an arocmatic ring, both of which are represented by R1¢, is preferably



TOA0015
25

a benzene ring. When the aromatic ring is substituted, ‘the substituent
is preferably a halogen atom, a C1-Ce¢ alkyl group, a Ci-Cs alkoxy group,
or a halo Ci-C4 alkyl group. The optionally substituted aryl group or
arvlioxy group is preferably unsubstituted or preferably has one or two
substituents, andmore preferably has one substituent at a paraposition.
Theoptionallysubstitutedaryl grouporaryloxy groupmaybe specifically,
for example, a phenyl group, a 4-trifluoromethylphenyl group, a
4-chlorophenyl group, a 4-tert-butylphenyl group, a 4-methoxyphenyl
group, a phenoxy group, a 4-trifluocromethylphenoxy group, a
4-chlorophenoxy group, a 4-tert-butylphenoxy group, or a
4-methoxyphenoxy group, and preferably a phenyl group, a
4-trifluoromethylphenyl group, a 4-tert-butylphenyl group, a phenoxy
group, a4-trifluoromethylphenoxy group, or a 4-tert-butylphenoxy group,
and most preferably a phenyl group, or a phenoxy group.

The benzyl group which is optionally substituted on a benzene
ring, the phenethyl group which is optionally substituted on a benzene
ring, the benzyloxy group which is optionally substituted on a benzene
ring, or the phenyloxymethyl group which is optionally substituted on
a benzene ring, all of which are represented by R!¢ (hereinafter, the
groups from the benzyl group to the phenyloxymethyl group being
collectively referred to as the benzyl group and the like of Formula
(I-c)), is preferably unsubstituted or preferably has one or two
substituents on the benzene ring, and particularly preferably has one
substituent at a paraposition. The substituent is preferably a halogen
atom, a Ci1-Cs alkyl group, or a halo C1-C4 alkyl group, and more preferably
a halo Ci1-Cs4 alkyl group, and most preferably a trifluoromethyl group.
The benzyl group and the like are preferably a phenethyl group, or a
benzyloxy group, and particularly preferably a benzyloxy group. The

benzyl group which is optionally substituted on the benzene ring and
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the like of Formula (I-c), is specifically, for example, a benzyl group,
a phenethyl group, a benzyloxy group, a phenyloxymethyl group, a
(4-fluoro)phenethyl group, a (4-fluoro)benzyloxy group, a
(4-trifluoromethyl)phenethyl group, a (4-triflucromethyl)benzyloxy
group, {(4-tert-butyl)phenethyl group, or a (4-tert-butyl)benzyloxy
group, and preferably a phenethyl group, a benzyloxy group, oOr a
phenyloxymethyl group, and more preferably a benzyloxy group or a
phenyloxymethyl group.
[0086]

Next, apreferredembodiment of the compound represented by Formula
(I-b) will be described.
[0087]

The halogen atom represented by R, R?, and R is preferably
a fluorine atom or a chlorine atom.
[0088]

When the optionally substituted C1-Cgs alkyl group represented by
R, R2P, and R3 is substituted, the substituent may be a Ci-Cs alkoxy
group, a C3-Cg cycloalkyl group, or a C;-Cs cycloalkoxy group, and among
them, a C3-Cs cycloalkyl group is preferred, and a cyclopentyl group
or a cyclohexyl group is particularly preferred. The optionally
substituted Ci1-C¢ alkyl group 1s preferably a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl group, a
sec-butyl group, an isobutyl group, a tert-butyl group, a
3,3-dimethylbutyl group, a 2-cyclopentylethyl group, or a
2-cyclohexylethyl group, more preferably a methyl group, anethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl
group, an isobutyl group, or a tert-butyl group, still more preferably
isopropyl group or tert-butyl group, and particularly preferably a

tert-butyl group.
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[0089]

The C3-Cs cycloalkyl group represented by R, R2P, and R3® is
preferably a cyclopropyl group, a cycleobutyl group, a cyclopentyl group,
or a cyclcohexyl group, and among them, a cyclopropyl group is more
preferred.

The C3-Cs cycloalkoxy group represented by R, R?, and R?* may
be a cyclopropyloxy group, a cyclopentyloxy group, or a cyclohexyloxy
group, and more preferably a cycloprbpyloxy group.

[0090]

The halc Ci1-Cs alkyl group represented by RP, R2b, and R3® ig
preferably a Ci1-Cs alkyl group substituted by one or more fluorine atoms,
and among them, a Ci1-Cs alkyl group substituted by 1 to 5 fluorine atoms
aremorepreferred. Specifically, forexample, atrifluoromethyl group,
a 2,2,2-trifluoroethyl group, a 1,1,2,2-tetrafluoroethyl group, or a
pentafluoroethyl groupmay be included, and among them, a trifluoromethyl
group 1is particularly preferred.

[0091]

When the optionally substituted ethynyl group represented by R!P,
R2b, and R3® is substituted, the substituent is preferably a Ci1-Cs alkyl
group, a C;-Ce cycloalkyl group or an aryl group, and the aryl group
ispreferablyaphenyl group, and the aryl groupmay be further substituted
by for example, a halogen atom, a C1-Cs alkyl group or a halo C1-Cs4 alkyl
group. The opticnally substituted ethynyl group is preferably
unsubstituted or preferably has one substituent, and for example, may
be a styryl group, an ethynyl group, a 3-methyl-l-butyn-1-yl group,
a cyclopropylethynyl group, a cyclohexylethynyl group, or a
phenylethynyl group, and preferably a 3-methyl-1-butyn-1-yl group or
a cyclopropylethynyl group.

[0092]
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The aromatic ring of the aryl group which is optionally substituted
on anaromatic ring, or the aryloxy group which is opticnally substituted
on an aromatic ring, both of which are represented by R, R2P and R3®,
is preferably a benzene ring. When the aromatic ring is substituted,
the substituent is preferably a halogen atom, a Ci1-C¢ alkyl group, a
C1-C¢ alkoxy group, or a halo C;-Cs alkyl group. The optionally
substituted aryl group or aryloxy group is preferably unsubstituted
or preferably has one or two substituents, and more preferably has one
substituent at a para position. The optionally substituted aryl group
or aryloxy group may be specifically, for example, a phenyl group, a
4-trifluoromethylphenyl group, a 4-chlorophenyl group, a
4-tert-butylphenyl group, a 4-methoxyphenyl group, a phenoxy group,
a 4-trifluoromethylphenoxy group, a 4-chlor_ophenoxy group, a
4-tert-butylphenoxy group, or a 4-methoxyphenoxy group, preferably a
phenyl group, a 4-trifluoromethylphenyl group, a 4-tert-butylphenyl
group, a phenoxy group, a 4-trifluoromethylphenoxy group, a
4-chlorophenoxy group, or a 4-tert-butylphenoxy group, and more
preferably a phenyl group, a phenoxy group, or a 4-chlorophenoxy group.
[0093]

The benzyl group which is optionally substituted on a benzene
ring, the phenethyl group which is optionally substituted on a benzene
ring, the benzyloxy group which is optionally substituted on a benzene
ring, or the phenyloxymethyl group which is optionally substituted on
abenzenering, all of whichare representedby R, R??, andR?* (hereinafter,
the groups from the benzyl group to the phenyloxymethyl group being
collectively referred to as the benzyl group and the like of Formula
(I-b))} is preferably unsubstituted or preferably has one or two
substituents on a benzene ring, and among them, having one substituent

at a para position is particularly preferred. The substituent is



TOA0015
29

preferably a halogen atom, a Ci-Cs alkyl group, or a halo Ci1-Cs alkyl
group, and among them, a chlorine atom, or a trifluoromethyl group is
more preferred, and a chlorine atom is still more preferred. The benzyl
group and the like of Formula (I-b) are preferably a phenethyl group
or a benzyloxy group, and more preferably a phenethyl group. The benzyl
group and the like which are optionally substituted on a benzene ring
may be specifically, for example, a benzyl group, a phenethyl group,
abenzyloxygroup, a phenyloxymethyl group, a (4-fluoro)phenethyl group,
a (4-chloro)phenethyl group, a (4-fluoro)benzyloxy group, a
(4-trifluoromethyl)phenethyl group, a (4-trifluoromethyl)benzyloxy
group, a {(4-tert-butyl)phenethyl group, or a (4-tert-butyl)benzyloxy
group, preferablyaphenethyl group, abenzyloxy group, a phenyloxymethyl
group, ora (4-chloro}phenethyl group, more preferablyaphenethyl group,
a benzyloxy group, or a (4-chloro)phenethyl group, and still more
preferably a phenethyl group or a (4-chloro)phenethyl group.

[0094]

The Cg-C1p aryl group or heterocaryl group of 5- or 6-membered ring
containing a nitrogen atom, an oxygen atom, or a sulfur atom represented
by ArP may be specifically, for example, a phenyl group, a furyl group,
a thienyl group, a thiazolyl group, an oxazolyl group, an imidazolyl
group, a pyrrolyl group, a pyridyl group, or a pyrimidyl group, and
among them, a phenyl group or a thienyl group is preferred.

YP is a hydrogen atom, a C1-Cs alkyl group, a halo C;-C4 alkyl group,
a cyano group, or a halogen atom. -

[0095]

The C1-Cs alkyl group represented by YP may be specifically, for

example, a methyl group, an ethyl group, an n-propyl group, an n-butyl

group, an isocopropyl group, an iscbutyl group, a sec-butyl group, a
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tert-butyl group, or a 2,2-dimethylpropyl group. Among them, a methyl
group or an ethyl group is preferred, and amethyl group is most preferred.
[0096]

The halo Ci-Cs alkyl group represented by YP is preferably a
fluoromethyl group, a difluoromethyl group, a trifluoromethyl group,
or a pentafluoroethyl group.

[0097]

The halogen atomrepresentedby YPmay be specifically, for example,
a fluorine atom, a chlorine atom, a bromine atom, or an lcdine atom.
Among them, a chlorine atomor a fluorine atom is preferred, and a fluorine
atom is particularly preferred.

[0098]

Ye is particularly preferably a methyl group, a ¢yano group, Or
a fluorineatom. WhenArPisa6-memberedring, the substitutionposition
of Y to Ar® is preferably a meta position or a para position, and most
preferably a meta position. When Ar® is a heterocaryl group, the
substitution position of YP to ArP is preferably a carbon atom adjacent
to a hetero atom.

[0099]

XPpisahydrogenatomor ahalogenatom. Amongthem, XPispreferably
a hydrogen atom or a fluorine atom. The substitution position of XP
is preferably an ortho position tc a carboxyl group.

[0100]
When the group represented by RP is the following formula:

[0101]

€

[0102]



TOA0015
31

1 is particularly preferably 1 or 2.
The group represented by RP is the following formula:

[0103]

R2b S])l
Yol

[0104]

wherein WP is .CH or a nitrogen atom, and among them, preferably
CH.

The group represented by RP is preferably a group selected from

the following formulae:

[0105]

) %> 26 S S

MMl Tl talees
Wb R3b

[010€6]

and among them, the following formulae:

[0107]
E, 2b S S
(R1b)lg R ~ f; Q_B)‘L
Wb R3b
[0108]

are particularly preferred.
(0109]

R is preferably a halogen:atom, an optionally substituted Ci1-Cs
alkyl group, a halo C1-C4 alkyl group, an aryl group which is optionally
substituted on an arcmatic ring, an aryloxy group which is optionally
substituted on an aromatic ring, or the benzyl group and the like of
Formula (I-b) which are optionally substituted on a benzene ring. Among

them, an optionally substituted C:i-Ces alkyl group, a phenethyl group
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which is optionally substituted on a benzene ring or a benzyloxy group
is more preferred. The substitution position of R is preferably a
meta position or a paraposition. Inaddition, whennis 2, a combination
of an orthopositionandaparapositionor acombination of metapositions
ispreferred. Here, thesubstituentontheC;-Csalkylgroupispreferably
a C3-Cg cycloalkyl group. The aryl group is preferably a phenyl group,
the aryloxy group is preferably a phenoxy group, and the substituent
on the aryl group or the aryloxy group is preferably a halogen atom,
a C1-Cs alkyl group, a halo Ci-Cs alkyl group or a cyano group. The
substituent on the benzene ring is preferably a halogen atom or a halo
Ci-Cs alkyl group.

[0110]

R? ig preferably an optionally substituted Ci1-Cs alkyl group, an
aryl groupwhich isoptionally substitutedonanaromaticring, anaryloxy
group which is optionally substituted onanaromatic ring, or a phenethyl
group which is optionally substituted on a benzene ring. Among them,
a phenethyl group which is optionally substituted on a benzene ring
is most preferred. Here, the Ci-C¢ alkyl group is preferably
unsubstituted. The aryl group is preferably a phenyl group, and the
aryloxy group is preferably a phenoxy group, and it is preferred that
the aryl group or the phenethyl group is unsubstituted, and the aryloxy
group 1s substituted by a Ci-Cs alkyl group.

[0111]

R ig preferably a halogen atom, an optionally éubstituted C1-Ce
alkyl group, or a Cs-Cs cycloalkyl group. The substitution position
of R3 is most preferably a 6-position. Here, the Ci-Cs alkyl group or
the C3-Cs cycloalkyl group is preferably unsubstituted.

[0112]

n is most preferably 4.
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[0113]

In General Formula (I-b), it is preferred that ArP is a phenyl
group or a thienyl group;

Xk is a hydrogen atom or a halogen atom;

YP is a hydrogen atom, a Ci1-Cs alkyl group, a cyano group, oOr a
halogen atom;

n is an integer of 3 to 5; and

R* is the following Formulae:

[0114]
% s
R2b S
(Rmh—{E::r/ *«'}rj% /
Wb R3b ,
[0115]
wherein R, R2P, R2?P, Wb, and 1 are as defined above.
[0116]

In Genexal Formula (I-b), it is preferred that Ar® is a phenyl
group or a thienyl group;

Xk is a hydrogen atom or a halogen atom;

YP is a hydrogen atom, a Ci1-Cs alkyl group, a cyano group, oOr a
halcogen atom;

n is 4; and

RP is the following formulae:

[0117]
ll‘% 26 S S
(R1b)|4©/ R \« })l, Qﬁ@
we R3b
[0118]

wherein, R, R2b, R3P, WP, and 1 are as defined above.

[0119]
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In the preferred embodiment, R** is preferably a halogen atom,
an optionally substituted Ci-Cs alkyl group, a halo C1-Cs4 alkyl group,
an aryloxy group which is optionally substituted on an aromatic ring,
a phenethyl group which is optionally substituted on a benzene ring,
or a benzyloxy group which is optionally substituted on a benzene ring.
Among them, an optionally substituted Ci1-Cs alkyl group, a phenethyl
group which is optionally substituted on a benzene ring, or a benzyloxy
groupwhichisoptionally substitutedonabenzenering ismore preferred,
and a phenethyl group which is optionally substituted on a benzene ring
is still more preferred. Here, it is preferred that the substituent
on the alkyl group, the aryloxy group and the benzene ring is the same
as the above.

[0120]

R?r is preferably an optionally substituted Ci-Cs alkyl group, an
arylgroupwhichis optionallysubstitutedonanaromaticring, anaryloxy
group which is optionally substituted on an aromatic ring, or a phenethyl
group which is optionally substituted on a benzene ring. Among them,
a phenethyl group which is optionally substituted on a benzene ring
is most preferred. Here, it is preferred that the substituent on the
alkyl group, the aryl group, the aryloxy group and the benzene ring
is the same as the above.

[0121]

R3® ig preferably a halogen atom, an optionally substituted C;-Cs
alkyl group, or a C3;-Cs cycloalkyl group. Here, it is preferred that
the substituent of the alkyl group is the same as the above.

[0122]

Another preferred embodiment of the compound of Formula (I-b)

as an effective component of the medicament of the present invention

will be described below.
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[0123]
The compound represented by Formula (1-d) is preferred:

[0124]

HO

O (1-4) .

[0125]

In Formula (1-d), Ax'? is a group represented by the following

formulae:
fo12¢6]
R2d
R1d d P
, and
[0127]

preferably, a group represented by the following formulae:

[0128]

R‘Id

; and
[0129]
Ar2d ig a group represented by the following formulae:

[0130]

and
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[0131]
preferably, a group represented by the following formulae:

[0132]

[0133]

R'd and R2¢? are a hydrogen atom, a C;-Cs alkyl group, a halo Ci-Cs
alkyl group, a cyano group, or a halogen atom.

R and R2¢ are preferably a hydrogen atom, a Ci-Cs alkyl group,
a cyano group, or a halogen atom, more preferably a hydrogen atom, a
cyano group, or a halogen atom, and still more preferably a hydrogen
atom, or a halogen atom.

Here, the C1-Ce¢ alkyl group represented by Rid and R4 is preferably
amethyl group, an ethyl group, an n-propyl group, or an isopropyl group,
more preferablyamethyl group or anethyl group, andstill morepreferably
a methyl group.

The halo Ci-Cs alkyl group represented by R and R?9 is preferably
a C1-Cs alkyl group substituted by one or more fluorine atoms, and among
them, a C1-Cs alkyl group substituted by 1 to 5 fluorine atoms is more
preferred. Specifically, for example, a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, or a pentafluorocethyl
group may be included, and a trifluoromethyl group is preferred.

The halogen atom represented by R'? and R?9 may be a fluorine atom,
a chlorine atom, a bromine atom, or an iodine atom, preferably a fluorine
atom, a chlorine atom, or a bromine atom, more preferably a fluoxrine
atom or a chlorine atom, and still more preferably a fluorine atom.

R34 and R4d are a hydrogen atom, a halogen atom, an optionally

substituted Ci-Ce¢ alkyl group, a Ci1-Cs alkoxy group, a C:-Cs cycloalkyl
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group, a C:-Cs cycloalkoxy group, a halo C1-Cq4 alkyl group, an optionally
substituted ethynyl group, an aryl group which is optionally substituted
on an aromatic riné, an aryloxy group which is optionally substituted
on an aromatic ring, a benzyl group which is optionally substituted
on a benzene ring, a phenethyl group which is optionally substituted
on a benzene ring, a benzyloxy group which is optionally substituted
on a benzene ring, or a phenyloxymethyl group which is optionally
substituted on a benzene ring. However, when R4 or R24d ig a cyano group,
R3*d is not an aryloxy group which is optionally substituted on an aromatic
ring.

R34 and R4 ig preferably an optionally substituted C;-C¢ alkyl
group, an aryloxy group which is optionally substituted on an aromatic
ring, a phenethyl group which is opticnally substituted on a benzene
ring, a benzyloxy group which is optiocnally substituted on a benzene
ring, or a phenyloxymethyl group which is optionally substituted on
a benzene ring. Among them, anoptionally substituted Ci-Csalkyl group,
a phenethyl group which is optionally substituted on a benzene ring,
or an aryloxy group which is optionally substituted on an aromatic ring
is more preferred, and a phenethyl group which ié optionally substituted
on a benzene ring is still more preferred.

The halogen atom represented by R*? and R ig preferably a fluorine
atom or a chlorine atom, and more preferably a chlorine atom,

The optionally substituted Ci-Ce¢ alkyl group represented by R
and R*d is preferably an unsubstituted C:-Ce¢ alkyl group, and more
specifically, a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, ann-butyl group, a sec-butyl group, an isobutyl group,
or a tert-butyl group is preferred, and among them, an isopropyl group
or a tert-butyl group is more preferred, and a tert-butyl group is still

more preferred.
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The C3-Cs cycloalkoxy group represented by R and R*d may be a
cyclopropyloxy group, a cyclopentyloxy group, or a cyclohexyloxy group,
and more preferably a cyclopropyloxy group.

The C3-Cs cycloalkyl group represented by R*d and R4 is preferably
a cyclopropyl group, a cyclobutyl group, or a cyclopentyl group, and
among them, a cyclopropyl group is more preferred.

The halo C1-Cs alkyl group represented by R3¢ and R* is preferably
a C1-C4 alkyl group substituted by one or more fluorine atoms, and among
them, a Ci1-Cs alkyl group substituted by 1 to 5 fluorine atoms is more
preferred. Specifically, for example, a trifluoromethyl group, a
2,2,2-trifluoroethyl group, a 1,1,2,2-tetraflucrocethyl group, or a
pentaf-luoroethyl groupmay be included, and among them, a trifluoromethyl
group is particularly preferred.

When the optionally substituted ethynyl group represented by R3¢
and R4 is gsubstituted, the substituent is preferably a C1-Cs alkyl group,
a C3-C¢ cycloalkyl group or an aryl group, and the aryl group is preferably
a phenyl group, and the aryl group may be further substituted by a halocgen
atom, a Ci1-Ce¢ alkyl group or a halo C:-Cs alkyl group. The opticnally
substituted ethynyl group is preferably unsubstituted or preferably
has one substituent, and may include, for example, a styryl group, an
ethynyl group, a 3-methyl-1l-butyn-1-yl group, a cyclopropylethynyl
group, a cyclohexylethynyl group, or a phenylethynyl group, and a
3-methyl-1-butyn-1-yl group or a cyclopropylethynyl group is preferred.

The aromatic ring of the aryl group which is optionally substituted
on an aromatic ring, or the aryloxy group which is optionally substituted
on an aromatic ring, both of which are represented by R3*@ and R%*d, is
preferably a benzene ring. When the aromatic ring is substituted, the
substituent is preferably a halogen atom, a Ci1-Cs alkyl group, a Ci1-Cs

alkoxy group, or a halo C1-Cs alkyl group. The optionally substituted
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aryl group or aryloxy group is preferably unsubstituted or preferably
has one or two substituents, and more preferably has one substituent
at a para position. The optionally substituted aryl group or aryloxy
group is specifically, for example, a phenyl group, a
4-trifluoromethylphenyl group, a 4-chlorophenyl group, a
4-tert-butylphenyl group, a 4-methoxyphenyl group, a phenoxy group,
a 4-trifluoromethylphenoxy group, a 4-chlorophenoxy group, a
4-tert-butylphenoxy group, or a 4-methoxyphenoxy group, preferably a
phenyl group, a 4-trifluoromethylphenyl group, a 4-tert-butylphenyl
group, a phenoxy group, a 4-trifluoromethylphenoxy group, a
4-chlorophenoxy group, or a 4-tert-butylphenoxy group, and more
preferably a phenyl group, a phenoxy group, or a 4-chlorophenoxy group.
The benzyl group which is optionally substituted on a benzene
ring, the phenethyl group which is optionally substituted on a benzene
ring, the benzyloxy group which is optionally substituted on a benzene
ring, or the phenyloxymethyl group which is optionally substituted on
a benzene ring, all of which are represented by R3*d and R*d (hereinafter,
the groups from the benzyl group to the phenyloxymethyl group being
collectively referred to as the benzyl group and the like of Formula
(I-d)) is preferably unsubstituted or preferably has one or two
substituents on a benzene ring, and particularly preferably has one
substituent at a para position. The substituent is preferably a halogen
atom, a C1-Ce¢ alkyl group, or a halo C;1-Cs alkyl group, preferably a halogen
atom, and mqst preferably a chlorine atom. The benzyl group and the
like of Formula (I-d) are preferably a phenethyl group, or a benzyloxy
group, and particularly preferably a phenethyl group. The benzyl group
and the like of Formula (I-d} which are optionally substituted on a
benzene ring are specifically, for example, a benzyl group, a phenethyl

group, abenzyloxy group, a phenyloxymethyl group, a (4-fluocro) phenethyl
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group, a {(4-chloro}phenethyl group, a (4-fluoro)benzyloxy group, a
(4-trifluoromethyl)}phenethyl group, a (4-trifluoromethyl)benzyloxy
group, a (4-tert-butyl)phenethyl group, or a (4-tert-butyl)benzyloxy
group, preferably a phenethyl group, a (4-chloro)phenethyl group, a
benzyloxy group, or a phenyloxymethyl group, more preferably a phenethyl
group, & (4-chloro)phenethyl group, or a benzyloxy group, and still
more preferably a phenethyl group or a (4-chloro)phenethyl group.

kislor2. However, whenk is 2, R*may be different substituents
from each other, and also, when k ig 2, at least one of R* ig a hydrogen
atom or a halogen atom.

k is-preferably 1.

[0134]

The LogD of the compound represented by Formula (I-a), (I-b),
(I-c}, or (I-d) as aneffective component of the medicament of the present
invention is, in terms of representing an excellent intraocular pressure
lowering action, preferably more than 1.5 and less than 2.5, more
preferably 1.6 or more, and still more preferably 1.8 or more, and also,
more preferably 2.3 or less, still more preferably 2.2 or less, and
particularly preferably 2.1 or less. More specifically, the LogD is
morefpreferably 1.6 or more and 2.3 or less, still more preferably 1.8
or more and 2.2 or less, and particularly preferably 1.8 or more and
2.1 or less. Here, the LogD value in the present invention is a compound
partition coefficient between n-octancl and a second solution of a
disintegration test of the 16 revised Japanese Pharmacopoeia.
[0135]

h specific example of the compound represented by Formula (I-a)
or Formula (I-b), and also having a LogD more than 1.5 and less than
2.5 may include the following compounds:

[0136]
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(-)-4- ([N-(4-carboxybutyl) -N-[ (2R) -2- {3-cyanophenyl) -2~ [4-(2-
phenylethyl)benzyloxy]ethyl]laminolmethyl}benzoic acid (Compound No.
1),

(-)-4-([N-[2-(3-tert-butylbenzyloxy) - (2R) -2- (3-chlorophenyl)
ethyl] -N- (4-carboxybutyl)amino]lmethyl)benzoic acid (Compound No. 2},

(-)-4-([N-(4-carboxybutyl) -N- [ (2R} -2-[2-fluoro-4-(2-phenylet
hyl)benzyloxyl -2-phenylethyl] aminolmethyl)benzoic acid (Compound No.
3),

(-)-4-[(N- (4-carboxybutyl) -N- [ (2R) -2- [5- {2-phenylethyl) thiop
hene-2-ylmethoxyl] -2-phenylethyl] amino) methyl] benzoic acid (Compound
No. 4),

(-)-4-{[N- (4-carboxybutyl) -N- [ (2R) -2-[4- (4-chlorophenyloxy)b
enzyloxy] -2-phenylethyl] amino]lmethyl)benzoic acid (Compound No. 5},

{(-)-4-([N-(4-carboxybutyl) -N-[ (2R) -2-[4-[2- (4-chlorophenyl)e
thyl]lbenzyloxy] -2-phenylethyl] amino]methyl}benzoic acid (Compound No.
6) .

4-([N-(4-carboxybutyl) -N- [2-[4- (2-phenylethyl)benzyloxy] -2-(
2-thienyl)ethyl] amino]lmethyl)benzoic acid (Compound No. 7),

(+)-(58)-5-[N- (4-carboxybutyl)}-N-[2-[2-(5,6,7,8-tetrahydrona
phthalene-1-ylmethoxy)phenyl] ethyl]aminol] -5,6,7,8-tetrahydronaphth
alene-2-carboxylic acid (Compound No. 8},

(+)-(58)-5-[N-[2-[2-(3-tert-butylbenzyloxy)phenyl] ethyl]-N- (
4-carboxybutyl})amino] -5, 6,7, 8-tetrahydronaphthalene-2-carboxylic
acid (Compound No. 9}, '

{(+) - (58) - [N~ (4-carboxybutyl) -N- [2- [2- (4-isopropylbenzyloxy)p
henyl]ethyl]amine] -5,6, 7, 8-tetrahydronaphthalene-2-carboxylic acid
(Compound No. 10),

{-)-4-([N- (4-carboxybutyl) -N-[{(2R) -2- [3- (2-phenylethyl)benzy

loxyl] -2-phenylethyl] amino]methyl}benzoic acid (Compound No. 11),
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(-)-1-[N-{4-carboxybutyl) -N-[2-[2- [4- (2-phenylethyl) benzylox
yphenyl] ethyl] amino] indane-5-carboxylic acid (Compound No. 12),

4- ([N- (4-carboxybutyl)-N-[2- (4-fluorophenyl) -2-[4- (2-phenyle
thyl)benzyloxy] ethyl] amino]lmethyl)benzoic acid (Compound No. 13),

(-} -4-([N-(4-carboxybutyl) -N- [ (2R) -2- [4- (2-phenylethyl}benzy
loxy] -2-phenylethyl] amino] methyl)benzoic acid (Compound No. 14),

5- [N-[2-[2-(2-tert-butylbenzyloxy)phenyl] ethyl] -N- (4-carboxy
butyl}amino] -5,6, 7, 8-tetrahydronaphthalene-2-carboxylic acid
(Compound No. 15),

5- [N- (4-carboxybutyl) -N-[2-[2-((2R}-1,2,3,4-tetrahydronaphth
alene-2-ylmethoxy)phenyllethyl]lamino] -5, 6,7, 8-tetrahydronaphthalen
e-2-carboxylic acid (Compound No. 16},

[0137]

5- [N- (4-carboxybutyl) -N-[2-[2-({28)-1,2,3,4-tetrahydronaphth
alene-2-ylmethoxy)phenyl]ethyllamino] -5,6, 7, 8-tetrahydronaphthalen
e-2-carboxylic acid (Compound No. 17},

4- [N- (4-carboxybutyl}-N-[2-[2-(1,2,3,4-tetrahydronaphthalene
-6-ylmethoxy)phenyl]ethyl]amino] -chromane-7-carboxylic acild
{Compound No. 18},

5- [N- (4-carboxybutyl) -N-[2-[2-(4,5,6, 7-tetrahydrobenzo [b] thi
ophene-2-ylmethoxy)phenyl] ethyl] aminol -5,6,7, 8-tetrahydronaphthale
ne—2—carboxylic acid (Cbmpound No. 19),

5- [N- {4-carboxybutyl) -N-[2-[2- (1,2, 3,4-tetrahydronaphthalene
-6-ylmethoxy)phenyl] ethyl]lamino] -5,6, 7, 8-tetrahydronaphthalene-2-c
arboxylic acid (Compound No. 20},

5- [N- (4-carboxybutyl) -N-[2-[2- [4- (2-cyclopropylethynyl) benzy
loxylphenyl]ethyl]l amino] -5, 6,7, 8-tetrahydronaphthalene-2-carboxyli

¢ acid (Compound No. 21},
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5- [N- (4-carboxybutyl) -N- [2-[2- (4 -phenoxymethylbenzyloxy) phen
yllethyllamino] -5,6, 7, 8-tetrahydronaphthalene-2-carboxylic acid
(Compound No. 22},

{-7-4-([N-(4-carboxybutyl) -N-[{2R) -2- {3-chlorophenyl) -2-[4- (
phenyloxy)benzyloxy]ethyl] amino] methyl)benzoic acid (Compound No.
23),

4-[N-[2-[2-(4-benzyloxybenzyloxy)phenyl]ethyl] -N- {(4-carboxyb
utyl}amino] -chromane-7-carboxylic acid (Compound No. 24},

5- [N-[2-[2- (4-tert-butylbenzyloxy)phenyl] ethyl] -N- (4-carboxy
butyl)amino]—5,6,7,8—tetrahydroﬁaphthalene-z—carboxylic acid
{Compound No. 25), and

5-[N-[2-[2-(4-benzyloxybenzyloxy)phenyl] ethyl]amino-N- (4-car
boxybutyl)]-5,6,7,8-tetrahydronaphthalene-2-carboxylic acid
{Compound No. 26).

2Among the above compounds, the following compounds are more
preferred:

{(-)-4-([N-(4-carboxybutyl) -N-[(2R) -2- (3-cyanophenyl) -2-[4- (2
-phenylethyl) benzyloxy] ethyl] amino]lmethyl}benzoic acid,

(—)—4—([N—(4—carboxybutyl)—N;[(2R)—2—[2—fluoro—4—(2—phenylet
hyl)benzyloxy] -2-phenylethyl] aminc]lmethyl)benzoic acid,

(-)-4-([N-(4-carboxybutyl) -N- [ (2R} -2-[4-[2- (4-chlorophenyl)e
thyl]benzylox?]—2-phenylethyl]amino]methyl)benzoic acid,

(+)-(58) -5- [N- (4-carboxybutyl) -N- [2-[2- (5,6, 7, 8-tetrahydrona
phthalene-1-ylmethoxy)phenyl] ethyl]amino] -5,6,7, 8-tetrahydronaphth
alene-2-carboxylic acid,

(+)-(58)-5-[N-[2-[2-(3-tert-butylbenzyloxy)phenyllethyl] -N- (
4 -carboxybutyl)aminol -5,6, 7, 8-tetrahydronaphthalene-2-~carboxylic

acid,



TOA0015
44

(+) - (58) - [N- (4-carboxybutyl) -N-[2-[2- (4-isopropylbenzyloxy)p
henyl]ethyl]amino] -5,6, 7, 8-tetrahydronaphthalene-2-carboxylic acid,

(-)-4-([N- (4-carboxybutyl)-N-[(2R) -2- [3- (2-phenylethyl)benzy
loxy] -2-phenylethyl] amino]methyl)benzoic acid, and

(-)-4-([N-(4-carboxybutyl) -N-[(2R) -2~ [4- (2-phenylethyl}benzy
loxy] -2-phenylethyl] aminc] methyl)benzoic acid.

[0138]

Intermsof the intraocular pressure loweringaction, the following
compounds are still more preferred:
[01329]

(-)-4-([N- (4-carboxybutyl) -N- [ (2R) -2- [4- [2- (4-chlorophenyl) e
thyllbenzyloxy] -2-phenylethyl] aminolmethyl)benzoic acid,

(+)-(58)-5- [N- (4-carboxybutyl) -N- [2-[2-(5,6,7,8-tetrahydrona
phthalene-1-ylmethoxy)phenyl] ethyl]l amine] -5,6,7,8-tetrahydronaphth
alene-2-carboxylic acid, and

(-}-4- ([N- (4-carboxybutyl)-N-[({2R) -2- [4- (2-phenylethyl)benzy
loxyl] -2-phenylethyl] amino] methyl) benzoic acid.

Interms of the intraocular pressure loweringaction, the following
compounds are particularly preferred:

{(+) - (58) -5- [N~ (4-carboxybutyl) -N-[2-[2-(5,6,7,8-tetrahydrona
phthalene-1-ylmethoxy)phenyl]ethyl]amino] -5,6,7,8-tetrahydronaphth
alene-2-carboxylic acid, and

(-)-4-{[N- (4-carboxybutyl) -N- [ (2R) -2- [4- (2-phenylethyl)benzy
loxy] -2-phenylethyl] amino]l methyl)benzoic acid.

[0140]

The compound represented by Formula (I-a), (I-b}, (I-c), oxr (I-4},
and a pharmaceutically acceptable salt thereof can be prepared according
to the method described in Patent Literatures 2 and 3.

[0141]
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The compound represented by Formula (I-a), (I-b), (I-c}, or (I-4)
having the LogD more than 1.5 and less than 2.5, or a pharmaceutically
acceptable salt thereof has an sGC activating effect with excellent
heme independency, and as described in the Examples below, has an
excellent intraocular pressure lowering action. Therefore, the
compound is useful as an ocular hypotensive agent or a therapeutic agent
for glauvcoma in an animal including a human being.

[0142]

Themedicamentofthe;mesentinventioncanbeadministeredorally
or parenterally. A dosage of the compound of Formula (I-a) or (I-b)
is appropriately determined depending on each case, considering for
example, the age, body weight or sex of subject to whom the medicament
is to be administered. Usually, in the case of oral administration,
the dosage of the compound per day for an adult (a body weight of about
60 kg) is 1 to 1000 mg, preferably 3 to 300 mg, and more preferably
10 to 200 mg, which is administered in one dose, oxr in two to four divided
doses. Inaddition, inthe caseof intravenous administration, thedaily
dosage for an adult is 0.01 to 100 mg, preferably 0.01 to 50 mg, and
more preferably 0.01 to 20 mg, per 1 kg of a body weight, which is
administered in one dose, or in multiple divided doses per day. In
addition, in the case of administration by instillation, the
concentration of the effective component of 0.001 to 10w/v%, preferably
0.005 to 5w/v%, and more preferably 0.01 to 1w/v% is administered in
one dose or multiple divided doses per day for an adult.

[0143]

The pharmaceutical composition of the present invention can be
prepared by a common method, using one or more of the compound and a
pharmaceutically acceptable additive.

[0144]
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The pharmaceutical composition of the present invention for oral
administration may include, for example, a tablet, a pill, a capsule,
a granule, a powder, an emulsion, a solution, a suspension, a syrup,
or an elixir. These may be prepared as a pharmaceutical composition
in which one or more of the compound of the present invention, and a
pharmaceutically acceptable diluent, excipient, or carrier are mixed.
In addition, the composition may include an additive such as a binder,
a disintegrating agent, a lubricant, a swelling agent, a swelling aid,
a coating agent, a plasticizer, a stabilizer, an antisepsis, an
antioxidant, a coloring agent, a dissolution aid, a suspending agent,
an emulsifying agent, a sweetening agent, a preservative, a buffer,
and a wetting agent.

The pharmaceutical composition of the present invention for
parenteral administration may include for example, an injection, a
suppository, an eye drop, an inhalant, an ointment, a gel, a cream,
or a patch. Among them, particularly an eye drop is preferred. These
may be prepared into a pharmaceutical composition in which one or more
of. the compound of the present invention and an additive such as
pharmaceutically acceptable diluent, excipient, and carrier. 1In
addition, the composition may include an additive such as a stabilizer,
an antisepsis, a dissolution aid, a humectant, a preservative, an
antioxidant, a flavoring agent, a gelling agent, a neutralizing agent,
a buffer, an isotonicity agent, a surfactant, a coloring agent, a
buffering agent, a thickening agent, a wetting agent, a filler, an
absorption accelerator, a suspending agent, and a binder.

As the eye drop, any one of, for example, an agueous eye drop,
a non-agueous eye drop, a suspended eye drop, an emulsion eye drop or

an eye ointment may be used.
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For example, when the eye drop is prepared, in the compound
represented by Formula (I-a), (I-b), (I-c¢), or (I-d) having the LogD
more than 1.5 and less than 2.5 or a pharmaceutically acceptable salt
thereof, if necessary, for example, an isotonizing agent such as sodium
chloride andglycerin; a stabilizer suchas sodiumedetate; anantisepsis
such as benzalkonium chloride and parabens; or a pH adjusting agent
such as sodium hydrogen phosphate, sodium dihydrogen phosphate, boric
acid, sodium tetraborate (boréx), hydrochloric acid, and sodium

hydroxide is used to prepare the eye drop, by a common method.

Examples
[0145]

Hereinafter, the present invention is specifically described by
referring to the Examples, however, the present invention shall not
be limited to these embodiments.

[0146]

Example 1

(Determination of LogD value)

The LogD value was determined using a flask shaking method, where
a test compound partition coefficient between n-octanol and the second
solution for the disintegration test defined in the 16th revised Japanese
Pharmacopoeia was calculated. Specifically, in a microtube containing
2 mg of the test compound, n-octanol (0.25 mL) and the second solution
for the disintegration test (0.25 mL) were mixed. The tube was shaken
in a multi shaker at room temperature for 60 minutes, and allowed to
stand until the two phases were completely separated. In the microtube,
10 uL of an n-octanol phase was diluted with 190 uL of 85% methanol
and mixed, thereby obtaining an organic phase test solution. 100 pL

of the second solution phase for the disintegration test was diluted
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with 100 uL of 50% methanol, and mixed, thereby obtaining an agueous
phase test solution. The organic phase test solution and the agueous
phase test solution were filtered, respectively, and the concentration
of the test compound in these test solutions were measured, using high
performance liquid chromatography. Then, from the measured
concentration and dilution rate, the LogD was calculated.

That is, the LogD of the present specification is represented
by the following equation:

[0147]
[Equation 1]

LogD = Logie( [concentration of test compound in organic phase test
solution] / [concentration of test compound in agqueous phase test solutioni)
+ 1
[0148]

The second sclution for the disintegration test herein refers
to, as defined in the 16th revised Japanese Pharmacopoeia, a liquid
obtained by adding to250mL of a 0.2 mol/L potassiumdihydrogen phosphate
reagent, 118 mL of a 0.2 mol/L sodium hydroxide reagent, and water for
adjusting to 1000 mL volume.

[014¢9]

Example 2

(Measurement of sGC activating effect)

Chinese Hamster ovary cells (CHO-K1 cells) modified for stably
expressing human sGC o subunit and p subunit, andamouse cyclicnucleotide
gated channel (CNGA2) were used in the test.

[0150]

The CHO-K1 cells stably expressing human sGC and mouse CNGA2 were

cultured at 37°é in a F-12 medium supplemented with 10% (v/v) fetal

bovine serum (FBS), penicillin (100U/mL), streptomycin (100 rg/mL) ,
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G418 (250 pg/mi), and Zeocin (250 ug/mL). The cells were suspended in
a culturé medium, seeded in a 96 well plate, and cultured at 37°C for
24 hours. The cells were washed with an assay buffer 1 (140 mmol/L of
sodium chloride, 5 mmol/L of potassium chloride, 0.5 mmol/L of magnesium
chloride, 0.01 mmol/L of calcium chloride, 10 mmol/L of glucose, 0.4
mmol/L of magnesium sulfate, 10 mmol/L of

4- (2-hydroxyethyl)piperazine-1-yl ethanesulfonic acid, 125 umol/L of
sulfinpyrazone, pH7.4), and thenan indicator solution inwhich Fura2-aAM
as a fluorescent Ca2+ indicator is dissolved in assay buffer 1 at a
concentration of 5 uymol/L was added thereto, and cultured at 37°C for
60 minutes. The culture medium was removed, the cells were washed with
assaybuffer l, the test compound solutioﬁ.was added thereto, and cultured
at room temperature for 10 minutes. The plate was mounted on a
fluorescence microplate reader (FlexStation II, available from
Molecular Devices)with setting of excitation wavelengths of 340 and
380 nm and a detection wavelength of 510 nm, an intracellular calcium
concentration was measured as a fluorescent intensity ratio obtained
from each excitation wavelength.

[0151]

In this test, the solution of the test compound was prepared by
dissolving each test compound in DMSO at a concentration of 10 mmol/L,
and then diluting the solution with assay buffer 2 (140 mmol/L of sodium
chloride, Smmol/Lof potassiumchloride, 0.5mmol/Lof magnesiumchloride,
1mmol/Lof calciumchloride, 10mmol/Lof glucose, 0.4 mmol/Lof magnesium
sulfate, 10mmol/L of 4- (2-hydroxyethyl)piperazine-1-yl ethanesulfonic
acid, 125 umol/Lof sulfinpyrazone, 100 umol/L of isobutylmethylxanthine,
10 pmol/L of 1H-[1,2,4]-oxadiazole[4,3-alquinoxaline-1-on

(hereinafter, referred to as ODQ), pH 7.4}, in oxder to adjust the
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concentration of 10 pmol/L for testing. As a control solution, a DMSO
diluted solution was used, instead of the test compound solution.
[0152]

The activity of the test compound was calculated as an increase
rate (%) of the sGC activity in the test compound solution relative
to the sGC activity in the control solution, by dividing a fluorescent
intensity ratioc in adding the test compound by a fluorescent intensity
ratio of the control solution, and subtracting the sGC activity in the
control solution (100%) therefrom. An ECsy value was calculated from
the activity of the test compound at concentrations of 0.0001, 0.001,
0.003, 0.01, 0.03, 0.1, 1, and 10 umol/L, using a 4 parameter losgistic
model from Assay Explorer (available from Dssault Systémes BIOVIA).
[0153]

Hereinafter, the results of measuring LogD and ECsp are shown in

Tables 1 to 8.
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[0154]

[Table 1]
Compound EC50
No. Structural formula LogDh (M)
1 2.03 g.80
2 2.14 1.54

B GRS
m‘j o/\j oH
3 1.99 2.35
HO.
0

4 1.80 1.61
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[0155]
[Table 2]
Compound EC50
No. Structural formula LogD (M)
o
c
o/\ OH
HO
0
Q.
sasUen
6 O 2.02 3.14
C
HO.
0
7 o]
sasVet:
7 O 2.11 3.92
HO
0
o °
8 OH 1.87 8.62
HOW».,,_
0
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[0156]
[Table 3]
Compound EC50
No . Structural formula LogD (M)
>L©\ o
9 H 2.09 7.09
HO\[(\/\/NM"'
0
0
10 OH 1.88 9.63
HO\[.!/\/\/NH,,'_
0
9 ?
sasVen
11 1.94 1.99
HO.
0
12 O E 0 1.385 11.88
O HO\(\/\/N""--@/(OH
o
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[0157]
[Table 4]
Compound Structural formula LogD EC50
No. (nM)
F
0
H
(o]
o
9 °/l/©)‘
14 O 2.04 5.714
HO
o}
é\ 0
15 OH 1.85 13.44
HOY\/\/N
0
16 OH 1.99 7.50
HOY\/\/N
0
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[0158]
[Table 5]
Compound EC50
No. structural formula LogD (nM)
Soh i
17 o 2.00 10.98
HO\[K\/\/N
0
ccas v
18 H 2.14 2.90
HOY\/\/N
o] o}
a
\ |
19 OH 1.74 33.50
HO\H/\M
o
SR °
20 OH 1.87 3 .95
How
0
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[0159]
[Table 6]
Compound EC50
No. Structural formula LogD (M)
0 0
21 Z OH 2.06 15.93
Ho
o
yoh i
22 o oH 2.18 8.86
HDW{\/\/‘l
o}
O
¢ 0
/:ﬁ H
23 Q o O *\/Q/LO 2.35 2.47
HO
0
0
24 OH 2.40 8.73
o}
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[0160]
[Table 7}
Compound Structural formula LogD EC50
No. (M)
0
25 o 2.25 4.43
Ho\n/\/\/N
0
o i
26 o o 2.24 15.59
HOY\/\/N
0
Comparative Q 0
1.50 8.84
Compound 1 O \/©/GOZH
HOzc/\/\/N
Comparative O ’ 0
Compound 2 2.5% 19.45
H"j.(\/\/N oH
0
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[01l61]
{Table 8]
Compound Structural formula LogD EC50
No. g (nM)
N
Comparative
Compound 3 L.32 7.01
Comparative
Compound 4 2-78 0.46
o

[0162]

Example 3

Evaluation of influence on intraocular pressure in rabbits with
normal intraocular pressure

(Experimental animal)

Rabbits (strain: Std:NZW, sex: male) with normal intraocular
pressure were acclimated to breeding environment for more than three
weeks, and subjected to test (three rabbits per one group)}.

[0163]

(Sample preparation)

A test compound was weighed, and a required amount of a 10 mmol/L
or 20 mmol/L tris hydrochloric acid buffer solution was added thereto
with a micropipette and dissolved therein. If necessary, a 1 mol/L

hydrochloric acid or a 1 mol/L sodium hydroxide solution was used to
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prepare a physiological pH, to obtain the test compound sclution (0.1
w/v% solution).
[0164]

(Test method)

50 uL: of the test compound scolution was instilled into one eye,
and 50 puL of a saline solution was instilled into the other eye as a
negative control. Three hours after administration, intraocular
pressure was measured. In addition, the measurement of intraocular
pressure was repeated in the manner of right eye =2 left eye = right
eye 2 left eye 2 .., and continued until the changes of three consecutive
intraocular pressures of the right eye and the left eye were within
1 mmHg, respectively. The average of three intraocular pressures at
that time was recorded as the intraocular pressure at that time. In
addition, AIOP (mmHg) was calculated by subtracting the intraocular
pressure of the eye for instillation of the test compound solution from
the intraocular pressure of the eye for instillation of the saline
solution.
[0165]

(Test Result)

The test results are shown in Table 9. In addition, the data

represents an average of three tests per one group.
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[01686]
[Table 9]
Compound No. LogD ATOP {mmHg)
6 2.02 3.4
8 1.87 5.2
14 2.04 5.0
Comparative Compound 1 1.50 0.3
Comparative Compound 2 2.59 1.5
Comparative Compound 3 1.32 1.1
Comparative Compound 4 2.78 0.2

TOAO0015
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CLATMS

1. Atherapeutic agent for glaucoma comprising: a compound represented
by the following Formula (I-a) or Formula (I-b} having an LogD value
of more than 1.5 and less than 2.5, or a pharmaceutically acceptable

salt thereof, as an effective component:

Ra 0 0
2a
| X\j)kOH
/(QN . X1a
n
A
HO™ ~0O (I-a)
Yo

E 0

R N0 OH

HO™ ™0 (I-b)

wherein A is a C1-C3; alkylene chain, in which one methylene group
is optionally substituted by an oxygen atom or a sulfur atom;

R2 is a group selected from the following formulae:

g O @/ 308
R2a Rsa R4a
y2a m
n.

RP is a group selected from the following formulae:

X, s S
We R3b .

RSa

.
F
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Rla, R2&, R3a, R4a,6 RSa, R1P, R2b, gnd R3® are a hydrogen atom, a halogen
atom, an optionally substituted Ci-Cs alkyl group, a Ci-Cs alkoxy group,
a C3-Cs cycloalkyl group, a Ca-Cs cycloalkoxy group, a halo C;-Cs alkyl
group, an optionally substituted ethynyl group, an aryl group which
is optionally substituted on an aromatic ring, an aryloxy group which
is optionally substituted on an aromatic ring, a benzyl group which
is optionally substituted on a benzene ring, a phenethyl group which
is optionally substituted on a benzene ring, a benzyloxy group which
is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring;

ArP is an aryl group, or a hetercaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

Xla and X22 are independently from each other CH or a nitrogen atom;

X¢ is a hydrogen atom or a halogen atom;

Yla and Y22 are independently from each other methylene, an oxygen
atom, or a sulfur atom, but both of Y and Y22 are not a sulfur atom;

YP is a hydrogen atom, a C1-Cs alkyl group, a halo Ci1-Cs alkyl group,
a c¢yano group, or a halogen atom;

WP is CH or a nitrogen atom;

1 is an integer of 1 to 3, and when 1 is 2 or more, RIP may be
different from each other;

m is 1 or 2; and

n 1s an integer of 3 to 5.

2. The therapeutic agent for glaucoma according to claim 1, wherein
the compound represented by Formula (I-a) or Formula (I-b} has the LogD

value of 1.6 or more and 2.3 or less.
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3. The therapeutic agent for glaucoma according to claiml or 2, wherein
the compound represented by Formula (I-a) or Formula {(I-b) has the LogD

value of 1.8 or more and 2.2 or less.

4. The therapeutic agent for glaucoma according to any one of claims
1 to 3, wherein the compound represented by Formula (I-a) oxr Formula

(I-b) has the LogD value of 1.8 or more and 2.1 or less.

5. The therapeutic agent for glaucoma according to any one of claims
1 to 4, wherein the compound represented by Formula (I-a) or Formula
(I-b) is a compound represented by the following Formula (I-c¢) or Formula

(I-3):

RC"\’{

wherein X°¢ is a methylene group, a single bond or an oxygen atom;

{(1-c)

and R® is a group represented by the following Formulae:

Qo oo
S

R!¢ is a hydrogen atom, a halogen atom, an optionally substituted

R1c

C1-Cs alkyl group, a Ci1-Cs alkoxy group, a C3-Cs cycloalkyl group, a C3-Cs

cycloalkoxy group, a halo C;-Cs alkyl group, an optionally substituted
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ethynyl group, an aryl group which is optionally substituted on an
aromatic ring, an aryloxy group which is optionally substituted on an
aromatic ring, abenzyl group which isoptionally substituted onabenzene
ring, a phenethyl group which is optionally substituted on a benzene
ring, a benzyloxy group which is optionally substituted on a benzene
ring, or aphenyloxymethyl groupwhichisoptionally substitutedabenzene

ring;

HO

O (1-4d)

wherein Ar'd is a group represented by the following Formulae:

RZd '
1d
R S

Ar?d is a group represented by the following Formulae:

R1d and R?d are a hydrogen atom, a C1-Ce¢ alkyl group, a halo Ci-C4
alkyl group, a cyano group, or a halogen atom;

R34 and R* agre a hydrogen atom, a halogen atom, an optionally
substituted Ci-C¢ alkyl group, a Ci1-Cs alkoxy group, a C3-Cs cycloalkyl
group, a Ca-Cs cycloalkoxy group, a halo C1-Cs alkyl group, an optionally
substituted ethynyl group, an aryl group which is optionally substituted

an aromatic ring, an aryloxy group which is optionally substituted on
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an aromatic ring, a benzyl group which is optionally substituted on
a benzene ring, a phenethyl group which is opticnally substituted on
a benzene ring, a benzyloxy group which is optionally substituted on
abenzene ring, or aphenyloxymethyl groupwhichisoptionallysubstituted
on a benzene ring, but when R} or R is a cyano group, R3¢ is not an
aryloxy group which is optionally substituted on an aromatic ring; and

k is 1 or 2, but when k is 2, R3* may be different substituents
from each other, and when k is 2, at least one of R3* is a hydrogen atom

or a halogen atom.

6. An ocular hypotensive agent comprising: a compound represented by
Formula {(T-a) or Formula (I-b) having a LogD value of more than 1.5
and less than 2.5, or a pharmaceutically acceptable salt thereof, as

an effective component:

Ra O 0
2a
IX\ OH
/(QN /X‘Ia
n
HO™ ™0 (T -a)
G
O
eSen
N
HO™ ~0O (T -b)

wherein A is a C1-C; alkylene chain, in which one methylene group
is optionally substituted by an oxygen atom or a sulfur atom;

R2 is a group selected from the following formulae:



TOAO0015

66
o ‘©/%7= O/L‘s, Z
R2a RSa R4a

) S
Ya
A W
yla
RP is a group selected from the following formulae:

‘% s S
Sl v alle va
Wb R3b .

Rla, R2a, R3a, R%a RS2, R1b R2P znd R are a hydrogen atom, a halogen

R5a

i

atom, an optionally substituted Ci1-Cs alkyl group, a Ci-C¢ alkoxy group,
a C3-Cs cycloalkyl group, a Ciz-Cs cycleoalkoxy group, a halo C1-Cs alkyl
group, an optionally substituted ethynyl group, an aryl group which
is optiorially substituted on an aromatic ring, an aryloxy group which
is optionally substituted on an aromatic ring, a benzyl group which
is optionally substituted on a benzene ring, a phenethyl group which
is optionally substituted on a benzene ring, a benzyloxy group which
is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring;

ArP is an aryl group, or a heterocaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

X2 and X?2 are independently from each other CH or a nitrogen atom;

Xk is a hydrogen atom or a halogen atom;

Yla and Y22 are independently from each other methylene, an oxygen
atom, or a sulfur atom, but both of Y12 and Y22 are not a sulfur atom;

YP ig a hydrogen atom, a C1-Cs alkyl group, a halo C;-Cs alkyl group,

a cyano group, or a halogen atom;
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WP is CH or a nitrogen atom;

1l is an integer of 1 to 3, and when 1 is 2 or more, R may be
different from each other;

m is 1 or 2; and

n is an integer of 3 to 5.

7. The ocular hypotensive agent according to claim 6, wherein the
compound represented by Formula (I-a) or Formula (I-b) has the LogD

value of 1.6 or more and 2.3 or less.

8. The ocular hypotensive agent according to claim 6 or 7, wherein
the compound represented by Formula (I-a) or Formula (I-b) has the LogD

value of 1.8 or more and 2.2 or less.

9. The ocular hypotensive agent according to any one of claims 6 to
8, wherein the compound represented by Formula (I-a) or Formula (I-b)

has the LogD value of 1.8 ox more and 2.1 or less.

10. The ocular hypotensive agent according to any one of claims 6 to
9, wherein the compound represented by Formula (I-a) or Formula (I-b)

is a compound represented by Formula (I-c) or Formula (I-d):

RC0O o)
OH
HO\H/\/\/N
[+
O X (1-c)

wherein X¢ is a methylene group, a single bond or an oxygen atom;

and R¢ is a group represented by the following Formulae:
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S G O o

e

Rl¢ is a hydrogen atom, a halogen atom, an optiocnally substituted

R'lc

r

C1-Cs alkyl group, a C1-Cs alkoxy group, a C3-Cs cycloalkyl group, a Ci-Cs
cycloalkoxy group, a halo Ci1-Cs alkyl group, an optionally substituted
ethynyl group, an aryl group which i1g optionally substituted on an
arcomatic ring, an aryloxy group which is optionally substituted on an
aromaticring, abenzyl group whichisoptionally substituted onabenzene
ring, a phenethyl group which is optionally substituted on a benzene
ring, a benzyloxy group which is optionally substituted on a benzene
ring, or a phenyloxymethyl group which is optionally substituted on

a benzene ring;

HO
O (1-4d)

wherein Arld is a group represented by the following formulae:

RZd
1d I
R S?

Ar2d g group represented by the following formulae:
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R s
4d
I - R \ I

~,

(R¥),

R4 and R29 are a hydrogen atom, a Ci1-Ce¢ alkyl group, a halo Ci-Ca
alkyl group, a cyano group, or a halogen atom;

R3d and R* are a hydfogen atom, a halogen atom, an optionally
substituted C;-Cs alkyl group, a C:-Cs alkoxy group, a Ci;-Cg cycloalkyl
group, a C3-Cs cycloalkoxy group, a haleo C1-C4 alkyl group, an opticnally
substituted ethynyl group, an aryl group which is optionally substituted
on an aromatic ring, an aryloxy group which is optionally substituted
on an aromatic ring, a benzyl group which is optionally substituted
on a benzene ring, a phenethyl group which is optionally substituted
on a benzene ring, a benzyloxy group which is optionally substituted
on a benzene ring, or a phenyloxymethyl group which is optionally
substituted on a benzene ring, but when R9 or R?d is a cyano group, R34
is not an aryloxy group which is opticonally substituted on an aromatic
ring; and

k is 1 or 2, but when k is 2, R3¢ may be different substituents
from each other, and when k is 2, at least one of R3*? is a hydrogen atom

or a halogen atom.

11. Use of a compound represented by the fcollowing Formula (I-a) or
Formula (I-b) having a LogD value of more than 1.5 and less than 2.5,
or a pharmaceutically acceptable salt thereof, for preparing a

therapeutic agent for glaucoma or an ocular hypotensive agent:
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R&™ O 0
XZH
| ~ OH
/(QN _ X'la
n
A
HO™ ~0O (T -a)
O
Sen
N
HO™ 0O (I-Db)

wherein A is a C1-Cz alkylene chain, in which one methylene group

ig optionally substituted by an oxygen atom or a sulfur atom;

R?2 ig a group selected from the following formulae:

%, 5,
R1ag RzaO/ R33M R“aw
S O

R®a .
RP is a group selected from the following formulae:

%. S S
w R3b i

Ra, R2a R3a,6 Rta R5a, RIp R2b gnd R3® are a hydrogen atom, a halogen
atom, an optionally substituted Ci1-Cs alkyl group, a Ci-Cs alkoxy group,
a C3-Ce¢ cycloalkyl group, a Ci:-Cs cycloalkoxy group, a halo Ci-Cs alkyl

group, an optionally substituted ethynyl group, an aryl group which
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is optionally substituted on an aromatic ring, an aryloxy group which
is optionally substituted on an arcmatic ring, a bénzyl group which
is optionally'sﬁbstituted on a benzene ring, a phenethyl group which
is optionally substituted on a benzene ring, a benzyléxy group which
is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring;

Ar® is an aryl group, or a heteroaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

X1a gnd X2a are independently from each other CH or a nitrogen atom;

Xk is a hydrogen atom or a halogen atom;

Y2 and Y22 are independently from each other methylene, an oxygen
atom, or a sulfur atom, but both of ¥'2 and Y22 are not a sulfur atom;

YPk ig a hydrogen atom, a C1-Cs alkyl group, a halo C:-Cs alkyl group,
a cyano group, or a halogen atom;

Wr is CH or a nitrogen atom;

1l is an integer of 1 to 3, and when 1 is 2 or more, R may be
different from each other;

mis 1 or 2; and

n is an integer of 3 to 5.
12. A compound represented by the following Formula (I-a) or Formula
(I-b} having a LogD value of more than 1.5 and less than 2.5, or a
pharmaceutically acceptable salt thereof, for treating glaucoma or

lowering intraocular pressure:

RO o)

0 (I-a)
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G
O

N

HO™ ~0O

wherein A is a C:-Cs alkylene chain, in which one methylene group

(I -b)

is optionally substituted by an oxygen atom or a sulfur atom;

R? 1g a group selected from the following formulae:

%, %,
R1a‘©/ Rza’o/ R3a~©/ R4a‘©ij)
L dn O
RSa ;

RP is a group selected from the following formulae:

3 s S
WP R3b )

Rla, R22, R3a2, R%a, R5a, Rlb, R?P, and R3 are a hydrogen atom, a halogen
atom, an optionally substituted Ci1-Cs alkyl group, a C1-Cs alkoxy group,
a C3-Cs cycloalkyl group, a C3-Cs cycloalkoxy group, a halo Ci-Cs alkyl
group, an optionally substituted ethynyl group, an aryl group which
is optionally substituted on an aromatic ring, an aryloxy group which
is opticnally substituted on an aromatic ring, a benzyl group which
is optionally substituted on a benzene ring, a phenethyl group which

is optionally substituted on a benzene ring, a benzyloxy group which
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is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is opticnally substituted on a benzene ring;

Arb is an aryl group, or a heteroaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

X1a gnd X2 are independently from each other CH or a nitrogen atom;

XP ig a hydrogen atom or a halogen atom;

Y12 and Y22 are independently £rom each other methylene, an oxygen
atom, or a sulfur atom, but both of ¥12 and Y2 are not a sulfur atom;

Y® is a hydrogen atom, a C1-Cs alkyl group, a halo C1-Cs alkyl group,
a cyano group, or a halogen atom;

We is CH or a nitrogen atom;

1l is an integer of 1 to 3, and when 1 is 2 or more, R may be
different from each other;

mis 1 or 2; and

n is an integer of 3 to 5.

13. A method of treating glaucoma or lowering intraocular pressure,
comprising administrating an effective amount of a compound represented
by the fellowing Formula (I-a) or Formula (I-b) having a LogD value
of more than 1.5 and less than 2.5, or a pharmaceutically acceptable

salt thereof:

RO 0
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O
N
HO™ 0 (

wherein A is a C1-C3 alkylene chain, in which one methylene group

I-Db)

igs optionally substituted by an oxygen atom or a sulfur atom;

R® is a group selected from the following formulae:

£y O Q/ 0T
(O\:D—% W

RP is a group selected from the following formulae:

», s S
W R3b .

Rla, R2a, R3a, R4a, R5a Rib R2b and R3b are a hydrogen atom, a halogen

RSa

atom, an optionally substituted C1-Cs alkyl group, a Ci1-Ces alkoxy group,
a C3-Cs cycloalkyl group, a C3-Cs cycloalkoxy group, a halo Ci1-C4 alkyl
group, an optionally substituted ethynyl group, an aryl group which
is optionally substituted on an aromatic ring, an aryloxy group which
is optionally substituted on an aromatic ring, a benzyl group which
is optionally substituted on a benzene ring, a phenethyl group which

is optionally substituted on a benzene ring, a benzyloxy group which
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is optionally substituted on a benzene ring, or a phenyloxymethyl group
which is optionally substituted on a benzene ring;

Ar® is an aryl group, or a heteroaryl group of a 5- or 6-membered
ring containing a nitrogen atom, an oxygen atom, or a sulfur atom;

X1a and X22 are independently from each other CH ox a nitrogen atom;

Xk is a hydrogen atom or a halogen atom;

¥Yla and Y22 are independently from each other methylene, an oxygen
atom, or a sulfur atom, but both of ¥2 and Y22 are not a sulfur atom;

YP is a hydrogen atom, a C1-Cs alkyl group, a halo C3-Cs alkyl group,
a cyano group, or a halogen atom;

We is CH or a nitrogen atom;

1l is an integer of 1 to 3, and when 1 is 2 or more, R may be
different from each other;

mis 1 or 2; and

n 1s an integer of 3 to 5.



