[TITLE OF THE DOCUMENT] SPECIFICATION
[TITLE OF THE INVENTION] PYRIDINE DERIVATIVE
[TECHNICAL FIELD]

The present invention relates to a pyridine derivative useful as a
pharmaceutical. More particuiarly, it relates to a pyridine derivative having inhibitory
activity against URAT1 and useful in the treatment or prevention of a
URAT-associated disease, such as gout, hyperuricemia, hypertension, renal disease
such as interstitial nephritis, diabetes, arteriosclerosis, or Lesch-Nyhan syndrome, or a
prodrug thereof, or a pharmaceutically acceptable salt thereof, or a solvate thereof.
[BACKGROUND ART]

Uric acid is the final product of purine metaboli.sm in the liver. The main
route of uric acid excretion is the kidney. Approximately two-thirds of uric acid is
excreted in the urine and the remaining is excreted in feces. Although blood uric acid
is méintained in appropriate levels in healthy individuals, hyperuricemia is induced
when an excessive production of uric acid or a decreased excretion of uric acid occurs.

Hyperuricemia, in which blood uric acid levels become elevated, is a factor that
- causes gout and urinary calculus, and furthermore it is said to contribute to nephropathy
and arteriosclerosis. In addition, there have recently been an increasing number of
reports that the higher the blood uric acid level, the higher the incidence rates of
lifestyle—;'cla‘ted diseases such as metabolic syndrome and hypertension, chronic kidney
disease, and the like, and hyperuricemia is being recognized to be a risk factor for these
diseases. Thus, an improvement in hyperuricemia is expected to lead to improvements
in various diseases (Non-Patent Document 1).

Recently, the gene (SLC22A12) encoding a human renal urate transporter has
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been identified. The transporter (urate transporter 1, URAT1) encoded by this gene is
a 12-transmembrane type molecule belonging to the OAT family. TIts mRNA is
specifically expressed in the kidney, and further, its localization on apical side of the
proximal tubule has been observed in human kidney tissuel sections. URATI1-mediated
uric acid uptake has been shown by experiments using the Xenopus cocyte expression
system. Furthermore, it has been reported that probenecid or benzbromarone, which
inhibits URAT1, is useful agent for prevention or treatment of hyperuricemia, gout, and
the like (Non-Patent Document 2).
[RELATED ART DOCUMENTS]
[NON-PATENT DOCUMENTS]

| [Noﬁ—Patent Docuinent 1] The Guideline Revising Committee of Japanese
Society of Gout and Nucleic Acid Metabolism, ed., Guideline for the management of
hyperuricemia and gout, second edition, Medical Review (2010).

[Non-Patent Document 2] Eﬁomoto A. et al., Nature 417, 447-452 (2002).
[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

It is an object of the present invention to provide a novel compound having
URAT1-inhibitory activity.

Additionally, it is another object of the present invention to provide an agent
for treatment or prevention of a URAT1-associated disease, such as gout, hyperuricemia,
hypertension, renal disease such as interstitial nephritis, diabetes, arteriosclerosis, or
Lesch-Nyhan syndrome, containing the novel compound having URATI1-inhibitory
activity as an active ingredient

[MEANS OF SOLVING THE PROBLEMS]
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As a result of diligent studies with the above objects, the present inventors have
reached the following invention.
That is, the present invention is a pyridine derivative represented by the

following formula (I) or a pharmaceutically acceptable salt thereof, or a solvate thereof:

[Chemical Formula 1]
Ra

X4 I X5 /R'1

S ON_._
N \
X2 m— X1 . N
Z ¢))

wherein:

A represents a single bond, an oxygen atom, a sulful; atom, NH, or CHy;

R; represents a nitrogen atom or CH;

one of X; to Xs represents a nitrogen atom, and the remaining four represent CRy;

R, each independently represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms, an alkynyl group having 2 to 6
carbon atoms, a halogen atbm, a trifluoromethyl group, a difluoromethyl group, a cyano
group, an alkylcarbonyl group having 2 to 7 carbon atoms, an alkylsulfonyl group
having 1 to 6 carbon atoms, a nitro group, an amino group, a dialkylamino group having
1 to 6 carbon atoms which may optionally form a ring, a formyl group, a hydroxyl
group, an alkoxy group having 1 to 6 carbon atoms (which may optionally be

substituted with one or more of a hydroxyl group, a phenyl group, a cyclohexyl group,
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and a halogen atom), an alkylthio group having 1 to 6 carbon atoms, a phenyl group
{(which may optionally be substituted with one or more of an alkyl group having 1 to 6
carbon atoms, an Aalkoxy group having 1 to 6 carbon atoms, and a halogen atom), or a
phenoxy group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), with the proviso that when two CRy’s are adjacent, the two Ry's may optionally
be joined together to form a ring;

| Rj represents a hydrogen atom, an alkyl group having I to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, an amino group, a
dialkylamino group having 1 to 6 carbon atoms which may optionally form a ring, an
imidazole ring, a pyrazole ring, a pyrrolidine ring, a pipéridine ring, a morpholine ring,
and a piperazine ring (which may optionally be substituted with one or more of an alkyl
group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1 to 6 carbon
atoms)), an alkenyl group having 2 to 6 carbon atoms, an alkynyl group having 2 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms (which may optionally be
substituted with one or more of a hydroxyl group and a halogen atom), an alkylcarbonyl
group having 2 to 7 carbon atoms, an alkyithio group having 1 to 6 carbon atoms, an
alkylsulfinyl group having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl group,
a difluoromethyl group, a cyano group, a phenyl group {which may optionally be
substituted with one or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy
group having 1 to 6 carEon atoms, and a halogen atom), a pyridy! group (which may
' optionaﬂy be substituted with one or more of an aikyl group having 1 to 6 carbon atoms,
an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a phenoxy group

{which may optionally be substituted with one or more of an alkyl group having 1 to 6
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carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a
carboxyl group, or -CO;Rs;

R4 represents a carboxyl group, a tetrazolyl group, -CONHSO2R;, -CO2Rs, or any of the
fo.llowing substituents:

[Chemical Formula 2]

:‘g\/\cozH Aq ><cozH gzcozH

with the proviso that when Rg is an alkyl group having 1 to 6 carbon atoms substituted
with a hydroxyl group and when Ry is a carboxyl group, then Rz and R4 may optionally
be fusgd to form a lactone ring; |

Rs in Rj and R4 each independently represents an alkyl group having 1 to 6 carbon
atoms;

Z represents any of the following substituents, designated Z1 to Z7:

[Chemical Formula 3]

ﬁ Ris :

w5 N
? N 7 R 7 p ( —'R \:«-? =
// R & Ra ;?Nj@ R%‘J ? -

Z6 z7

wherein:

Rg and Ry each independently represent a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, a trifluoromethyl group, a trifluoromethoxy group, or
a cyano group, with the proviso that the case where Rg and R; are simultaneously
hydrogen atoms is excluded;

Ry represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon

atoms, or a trifluoromethyl group;



Ry represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Ry represents a hydrogen atom, a halogen atom, an alky! group having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Ry and Rj2 each independently represent a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, or a trifluoromethyl group;

Ris and Ry4 each independently represent a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, or a trifluoromethyl group;

R,s represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Y represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; and

W represents a sulfur atom, an oxygen atom, or NRys (where R¢ represents a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, or a benzyl group).

The present invention also provides a prodrug of the pyridine derivative
represented by the above formula (I) or a pharmaceutically acceptable salt thereof, or a
solvate thereof. In addition, the present invention provides: a pharmaceutical
composition containing a pyridine derivative represented by the above formula (I) or a
prodrug thereof, or a pharmaceutically acceptable salts thereof, or a solvate thereof, and
a pharmaceutically acceptable carrier; a URAT! inhibitor containing as an active
ingredient a pyridine derivative‘ represented by the above formula (I} or a prodrug
thereof, or a pharmaceuﬁcaﬂy acceptable salt thereof, or a solvate thereof; and an agent
for treatment or prevention of a URAT1-associated disease, such as gout, hyperuricemia,
hypertension, renal disease such as interstitial nephritis, diabetes, arteriosclerosis, or

Lesch-Nyhan syndrome, containing as an active ingredient a pyridine derivative
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represented by the above formula (I) or a prodrug thereof, or a pharmaceutically
acceptable salt thereof, or a solvate thereof.

Furthermore, the present invention provides compounds represented by the
following formula (II) and formula (III) useful in the synthesis of pyridine derivatives
represented by the above formula (I) or a pharmaceutically acceptable salt thereof, or a
solvate thereof.

[Chemical Formula 4]

/

z (D

Rig

wherein:

R; and R; are as defined in the formula (I);

Ry represents a chlorine atom, a bromine atorn, or an iodine atom;

R;g represents a formyl group or -COzRs;

Rs in Rsand Rig each independenﬂy represents an alkyl group having 1 to 6 carbon
atoms; and

Z represents any of the following substituents, designated Z1 to Z7:

[Chemical Formula 5]



. W R'l‘i A W L% RTS
= = > ' _7
I R \__._, %‘R / / ( T"R12 \: .
R‘g/ ' Z " W | A Rm/““-\ W R{4
Zl 72 Z3 Z4 75

4 6

wherein Rg to Rys, Y, and W are as defined in the formula (1), with the proviso that
2-chloro-1-(thiophen-2-ylmethyl)-1H-pyrrole-5-carbaldehyde, ethyl
2-bromo-1-(4-methyibenzyl)-1H-pyrrole-5-carboxylate, and dimethyl

2-bromo-1-(2-chlorobenzyl)-1 H-imidazole-4,5-dicarboxylate are excluded.

[Chemical Formula 6]
Rs

N
]

N

/ Rig
Za (1)

wherein:

R3 is as defined in the formula (I);
Ry represents -CO3Rs;
Rs in R3and Ry each independently represents an alkyl group having 1 to 6 carbon

atoms; and

o

Za represents a 2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group,
2,5-dimethylbenzyl group, a 2,5-bis(trifluoromethyl)benzyl group, a
2-chloro-5-methylbenzyl group, a naphthalen-1-yImethyl group, a
(2-methylnaphthalen-1-ylmethy! group, a (4-methylnaphthalen-1-yl)methyl group, a
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(8-methylnaphthalen-1-yl)methyl group, a (8-bromonaphthalen-1-ylymethyl group, a -

benzo[b}thiophen-3-ylmethyl group, a (4-methylbenzo[b}thiophen-3-yl)methyl group, a

(4-chlorobenzofb}thiophen-3-yDmethyl group, a
(4-bromobenzo[blthiophen-3-ylmethyl group, a
(4-(trifluoromethyl}benzo[b|thiophen-3-yl)methyl group, a
(5-methylbenzolb]thiophen-3-ylymethyl group, a
(5-chlorobenzo|b]thiophen-3-ymethyl group, a
tS -(triﬂﬁoromethyl)benzo [bithiophen-3-yl)methyl group, a

benzo[blthiophen-7-yimethyl group, a (5-flucrobenzo[b]thiophen-7-ylymethyl group, a
(2,5-dichlorothiophen-3-yhmethyl group, a (2;4*dichlor0tiﬁ0phen—5-yl)me’ﬁhyl group, or
a quinolin-8-~ylmethyl group.

[EFFECTS OF THE INVENTION]

According to the present invention, there is provided a novel pyridine
derivative or a prodrug thereof, or a pharmaceutically acceptable salt thereof, or a
Solva"ce thereof, useful as an agent for treatmentror prevention of a URAT1-associated
disease, such as gout, hyperuricemia, hypertension, renal disease such as interstitial
nephritis, diabetes, arteriosclerosis, or Lesch-Nyhan syndrome.

[MODE FOR CARRYING OUT THE INVENTION]

Definitions of the terms for the purpose of the present invention are as follows.

An alkyl group, for the purpose of the present invention, refers to a
straight-chain, branched, or cyclic satqrated aliphatic hydrocarbon group. Specific
examples of thek alkyl group having 1 to 6 carbon atoms can include, for example,
methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group,
tert-butyl group, pentyl group, isopenty! group, hexyl group, cyclopropyl group,
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cyclopropylmethyl group, cyclopenty! group, or cyclohexyl group.

An alkenyl group, for the purpose of the present invention, refers to a
straight-chain, branched, or cyclic unsaturated aliphatic hydrocarbon group containing
at least one carbon-carbon double bond. Specific examples of the alkenyl group
having 2 to 6 carbon atoms can include, for example, etheny! group, 1-propenyl group,
2-propenyl group, 2-methyl-1-propenyl group, 1-butenyl group, 2-butenyl group,
3-butenyl grbup, 3-methyl-2-butenyl group, I-pentenyl group, 2-pentenyl group,
3-penteny! group, 4-pentenyl group, 4-methyl-3-pentenyl group, l-hexenyl group,
3-hexenyl group, 5-hexenyl group, 1-cyclopenten-1-yl group, 3-cyclopenten-1-yl group,
2-cyclohexen-1-yl group, 3—cyclohexén~1»yi group, etc.

An alkynyl group, for the purpose of the present invention, refers to a
 straight-chain or branched unsaturated aliphatic hydrocarbon group containing at least
one carbon-carbon trijplé bond. Specific examples of the alkynyl group having 2 to 6
carbon atoms can include, for example, ethynyl group, 1-propynyl group, 2-propynyl
group, 1-butynyl group, Z2-butynyl group, 3-butynyl group, I-pentynyl group,
2-pentynyl group, 3-pentynyl group, 4-pentynyl group, I-hexynyl group, 2-hexynyl
group, 3-hexynyl group, 4-hexynyl group, 5-hexynyl group, etc.

An alkylcarbonyl group, for the purpose of the present invention, refers to an
aforesaid alkyl group attached through a carbonyl group. Specific examples of the
alkylcarbonyl group having 2 to 7 carbon atoms can include, for example, acetyl group,
propanoyl group, butanoyl group, isobutanoyl group, sec-butanoyl group, tert-butanoyl
group, pentanoyl group, isopentanoyl group, hexanoy! group, cyclopropylcarbonyl
group, cyclohexylcarbonyl group, etc.

An alkylsulfonyl group, for the purpose of the present invention, refers to an
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aforesaid alkyl group attached through a sulfonyl group. Specific examples of the
alkylsulfonyl group having 1 to 6 carbon atoms can include, for example,
methylsulfonyl  group, ethylsulfonyl group, isopropylsulfony! group, or
cyclopropylsulfonyl group.

An alkylsulfinyl éroup, for the purpose of the present invention, refers to an
aforesaid alkyl group attached _through a sulfinyl proup. = Specific examples of the
alkylsulfinyl group having 1 o 6 carbon atoms can include, for example, methylsulfinyl
group, ethylsulfinyl group, isopropylsulfinyl group, or cyclopropylsulfinyl group.

An alkoxy group, for the purpose of the present invention, refers to a
straight-chain, branched, or cyclic saturated aliphatic hydrocarbonoxy group. Specific
examples of the alkoxy group haﬁing 1 to 6 carbon atoms can include, for example,
methoiy group, ethéxy group, propoxy group, isopropoxy group, butoxy group,
isobutoxy group, pentyloxy group, isopentyloxy group, hexyloxy group, cyclopropoxy
group, cyclopropylmethoxy group, or cyclohexyloxy group.

An alkylthio group, for the purpose of the present invention, refers to a
straight-chain, branched, or cyclic saturated aliphatic hydrocarbonsulfide group.
Specific examples of the alkylthio group having 1 to 6 carbon atoms can include, for
example, methylthio group, ethylthio group, propylthio group, isopropylthio group,
butylthio group, isobut:ylthio group, pentylthio group, isopentyithio group, hexylthio
group, cyclopropylthio group, cyclopropylmethylithio group, or cyclohexylthio group. |

A dialkylamino group, for the purpose of the present invention, refers to an
amino group substituted with two identical or different aforesaid alkyl groups. A
dialkylamino group having 1 to 6 carbon atoms, for the purpose of the present invention,

refers to an amino group substituted with two identical or different alkyl groups each
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having ! to 6 carbon atoms. A dialkylamino group, for the purpose of the. present
invention, may opfionally form a ring with the alkyl groups. Specific examples of the
dialkylamino groups having | to 6 carbon atoms which may optionally form a ring can
include, for example, dimethylamino group, diethylamino group, pyrrolidin-1-yl group,
or piperidin-1-yl group.

A halogen atom, for the purpose of the present invention, refers to a fluorine
atom, a chlorine atom, a bromine atom, and an iodine atom.

For the purpose of the present invention, "when two CR,’s are adjacent, the two
Ry’s are joined together to form a ring" means that two Ry’s are joined together and
taken together with the carbon atoms to which they are attached on the pyridine ring to
form a nonaromatic or aromatic ring. The joining of two Ry’s to form a ring results in
the formation of a bicyclic ring in which the ring is fused to a pyridine ring. Such
nonaromatic or aromatic ring may be a hydrocarbon ring or a heterocycle having an
oxygen atom, a nitrogen atom, or a sulfur atom as a constituent atom.

For the iaurpose of the present invention, "substituted with an imidazole ring, a
pyrazole ring, a pyrrolidine ring, a pipéridine ring, a morpholine ring, or a piperazine
ring" refers to being substituted with any of the groups derived from each of these rings
by the removal of one hydrogen atom therefrom.

[Chemical Formula 7]

Xy —— Xs R *
- a
\x2 = X, \N
Z/ 0
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In the above formula (I), A represents a single bond, an oxygen atom, a sulfur
atom, NH, or CH,. Prefcrably, A is a single bond or an oxygen atom, a:qd more
preferably a single bond.

R, represents a rﬁtroéen atom or CH, and preferably a nitrogen atom.

One of X; to Xs represents a nitrogen atom, and the remaining four represent
CR,. Preferably, X; or X, is a nitrogen atom, and more preferably X; is a nitrogen
atom.

R; each independently represent a hydrogen atom, an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 2 to 6 carbon atoms, an alkynyl group having 2
to 6 carbon atoms, a halogen atom, a trifluoromethyl group, a diﬂuoromethyi group, a
cyano group, an alkylcarbonyl group having 2 to 7 carbon atoms, an alkylsulfonyl group
having 1 to 6 cérbon atoms, a nitro group, an amino group, a dialkylamino grouphaving
1 to 6 carbon atoms which may optionally form a ring, a formyl group, a hﬁfdroxyl
group, an alkoxy group having 1 to 6 carbon atoms (which may optionally be
substituted with one or more of a hydroxyl group, a phenyl group, a cyclohexyl group,
and a halogen atom), an alkylthio group having 1 to 6 carbon atoms, a.phenyl group
(which may optionally be substituted with one or more of an alkyl group having 1 to 6
cérbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), or a
phenoxy group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), with the proviso that when two CRys are adjacent, the two R;’s may optionally
be joined together to form a ring. The ring formed by two adjacent CR;’s is preferably
an aromatic,hydroéarbon ring, and more preferably a benzene ring. Preferably, R; is a

hydrogen atom, an alkyl group having 1 to 6 carbon atoms, a halogen atom, a
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trifluoromethyl group, a difluoromethyl group, a cyano group, a nitro group, a
dialkylamino group having 1 to 6 carbon atoms which may optionally form a ring, a
hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may optionally be
substituted with one or more of a hydroxyl group, a phenyl group, a cyclohexyl group,
and a haiogen atom), an alkylthio group having 1 to 6 carbon atoms, a phenyl group
(.which may optionally be substituted with one or more of an alkyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), or a
phenoxy group (which may optionally be substituted with one or more of an alkyl group
having 1 fo 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom). More preferably, R, is a hydrogen atom, a 'methyl group, an ethyl group, a
cyclopropyl group, a methoxy group, an ethoxy group, a methylthio group, a fluorine
atom, a chlorine atom, a bromine atom, a cyané group, a hydroxyl group, a
pyrrolidin-1-yl group, a trifluoromethyl group, a difluoromethyl group, a nitro group, a
phenyl group, or a phenoxy group. Even more preferably, R, is a hydrogen atom, a
methyl group, an ethyl group, a cyclopropyl group, a fluorine atom, a chlorine atom, a
bromine atom, a methoxy group, an ethoxy group, a methylthio group, a trifluoromethyl
group, a difluoromethyl group, a nitro group, or a phenyl group.

When three of the four CRy’s are CH, preferred positions of the remaining CR;
can include X4.  When three of the four CRy’s are CH, the combination of the positions
of a nitrogen atom and the remaining CR; is preferably the combination in which X, is a
nitrogen atom and X, is CR..

When two of the four CRy’s are CH, combinations of the positions of a
nitrogen atom and the remaining CR;’s can include, for example, the combination in

which X is a nitrogen atom and X; and X; are CR,, and the combination in which X, is
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a nitrogen atom and X3 and X4 are CR,.

Rz represents a hydrogen atom, an alkyl group having | to 6 carbon atoms
(which may optionalljf be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and a piperazine ring {which may optionailﬁ be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)), an alkenyl group having 2 to 6 carbon atoms, an alkynyl group
having 2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group and a halogen atom), an
alkylcarbonyl group having 2 to 7 carbon atoms, an alkylthic group having 1 to 6
carbon atoms, an alkylsulfinyl group having 1 to 6 carbon atoms, a halogen atom, a
‘triﬂuoromethyl group, a difluoromethyl group, a cyano group, a phenyl group (which
may ijtionaﬁy be substituted with one or more of an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a pyridyl
group (which may optionally be substituted with one or more of an alkyl group having 1.
to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a
phenoxy group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), a carboxyl group, or -CO;Rs. Pieferably, R; is a hydrogen atom, an alkyl group
having | to 6 carbon atoms (which may optionally be substituted with one or more of a
hydroxyl group, an amino group, a dialkylamino group having 1 to 6 carbon atoms
which may optionally form a ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring,
a piperidine ring, a morpholine ring, and a piperazine ting {which may optionally be
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substituted with one or more of an alkyl group having 1 to 6 carbon atoms and an
alkylsulfonyl group having 1 to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon
atoms, an alkylthio group having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl
group, a difluoromethyl group, a cyano group, a phenyl group (which may optionally be
substituted with one or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy
group having 1 to 6 ‘crarbon atoms, and a halogen atom), a carboxyl group, or -CO,Rs.
More preferably, R; 1s a hydrogen atom, a methyl group, an ethyl group, an isopropyl
group, a cyclopropyl group, a trifluoromethyl group, a difluoromethyl group, a chlorine
atom, a bromine atom, an iodine atom, a methoxy group, a methylthio group, an
ethylthio group, a cyano group, a phenyl group, a carboxyl group, -CO;Rs, a
ﬁydroxymethyi group, a 2-hydroxypropan-2-yl group, a 3-hydroxypentan-3-y! group, or
a morpholin-4-ylmethyl group.

Ry represents a carboxyl group, a tetrazolyl group, -CONHSO;Rs, or -CO4Rs,
or any of the following substituents: |

[Chemical Formula 8]}

s"y‘\f\cozH f{SXCOZH rFtisézcozﬂ

with the proviso that when Rj is an alkyl group having 1 to 6 carbon atoms substituted
with a hydroxyl group and when R4 is a carboxyl group, then R3 and R4 may optionally
be fused to form a lactone ring. Preferably, R4 is a carboxyl group (which, when Rj is
an alkyi group having 1 to 6 carbon atoms substituted with a hydroxyl group, may
optionally be fused with Rz to form a lactone ring), a tetrazolyl group, -CONHSO,CHa,
-CONHSO;-cyclopropyl, or -COzRs.

Rs in Ry and Ry each independently represents an alkyl group having 1 1o 6
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carbon atoms.
Further, Z in the above formula (I) represents any of the following substituents,

designated Z1 to Z7.

[Chemical Formula 9]
) W, Ryt W \.{R‘}Q N
= 2 25 j =
[+ p! %R %J v, e
Rﬁ/f 7 / Rg W l P 9 Rm/-‘\ w12 R{‘; <5
Z1 72 73 74 zs z6 z7

In Z1, R¢ and Ry each independently represent a hydrogen atom, a halogen
atom, an alkyl grodp having 1 to 6 carbon atoms, a trifluoromethyl group, a
trifluoromethoxy group, or a cyano group, with the proviso that the case where Rg and
Ry are simultaneously hydrogen atoms is excluded. Preferably, R and R, are each a
methyl group, a fluorine atom, a chlorine atom, a bromine atom, or a triflucromethyl
group. More preferably, Rg and R; are each a chlorine afom, a methyl group, or a
triﬂuoromethyf group. Preferred substitution positions for R¢ and R7 on the benzene
ring are 2 5-disubstitution and 3,5-disubstitution, and the more preferred is
2,5-disubstitution. A preferred combination of Rg and R; with their substitution
positions on the benzene ring is 2,5-dichloro substitution, 3,5-dichloro substitution,
2,5-dimethyl substitution, 2,5-bis(trifluoromethyl) substitution, or 2-chloro-5-methyl
substitution. |

Y represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms.
Preferably, Y is a hydrogen atom.

In 72, Rg represents a hydrogen atom, a halogen atom, an alkyl group having 1
to 6 carbon atoms, or a triﬂuorométhyi group. A preferred combination of Rg with its

substitution position on the naphthalene ring is a hydrogen atom, a 2-methyl group, a
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4-methyl group, an 8-methyl group, or an S—bromo group. |

In 73, R represents a hydrogen atom, a halogen atom, an alkyl group having 1
to 6 carbon atoms, or a trifluoromethyl group. W represents a sulfur atom, an oxygen
atom, or NRyg (whére Rjs represents a hydrogen atom, an alkyl group having 1 to 6
carbon atoms, or a benzyl group), and preferably a sulfur atom.

A preferred combination of Re with its substitution position on the
benzothiophene, benzofuran, or indole ring is a hydrogen atom, a 4-methyl group, a
4-chloro group, a 4-bromo group, a 4-trifluoromethyl group, a 5-methyl group, a
S-chloro group, or a S-trifluoromethyl group.

In Z4, Ryp represents a hydrogen atom, a halogen atom, an alkyl group having 1
to 6 carbon atoms, or é trifluorometh¥l group. W represents a sulfur atom, an oxygen
atom, or NRy4 (where Ry4 represents a hydrogen atom, an alkyl group having 1 to 6
carbon atoms, or a benzyl group), and preferably a sulfur atom. A preferred
combination of Ryg with its substitution position on the benzothiophene, benzofuran, or
indole ring is a hydrogen atom or a 5-fluoro group.

In Z5, Ry; and R;; each independently represent a hydrogen atom, a halogen
atom, an alkyl group having 1 to 6 carbon atoms, or a trifluoromethyl group. W
represents a sulfur atom, an oxygen atom, or NRig (where R4 represents a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, or a benzyl group), and preferably a
sulfur atom. A preferred combination of Ry and Ryp with their substitution positions
on the thiophene, furan, or pyrrole ring is 2,5-dichloro substitution.

In Z6, Ry3 and Ry4 each independently represent a hydrogen atom, a halogen
atom, an alkyl group having 1 to 6 carbon atoms, or a frifluoromethyl group. W

represents a sulfur atom, an oxygen atom, or NRys {where Rig represents a hydrogen
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atom, an alkyl group having 1 to 6 carbon atoms, or a benzyl group), and preferably a
sulfur atom. A preferred combination of Ry3 and Rys with their substitution positions
on the thiophene, furan, or pyrrole ring is 2,4-dichloro substitution.

In Z7, Rs represents a hydrogen atom, a halogen atom, an alky! group having 1
to 6 carbon atoms, or a trifluoromethyl group.  Preferably, Rs is a hydrogen atom.

Preferred among Z1 to Z7 are Z1 to Z6, and more preferred are Z1 to Z4.

Preferred Z is, in particuiar, for example, a 2,5-dichlorobenzyl group, a
3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a 2,5-bis(trifluoromethyl)benzyl
group, a 2-chloro-5-methylbenzyl group, a naphthalen-1-ylmethyl group, a
(2-methylnaphthalen-1-yDmethyl group, a (4-methylnaphthalen-1-yl)methyl group, a
(8-methylnaphthalen-1-yl)methyl group, a (8-bromonaphthalen-1-ylmethyl group, a

benzo[blthiophen-3-ylmethyl group, a (4-methylbenzo[blthiophen-3-yl)methyl group, a

(4-chlorobenzo[b]thiophen-3-y)methyl group, a
(4-bromobenzo[b]jthiophen-3-y)methyl group, a
(4-(trifluoromethylbenzo[blthiophen-3-yl)methyl group, a
(5~-methylbenzo{b]thiophen-3-yimethyl group, a
{5-chlorobenzo[b]thiophen-3-yl)methyl group, ©a
(5-(trifluoromethyl)benzofb]thiophen-3-yDmethyi group, a

benzofbjthiophen-7-yimethyl group, a (5-fluorobenzolbjthiophen-7-yi)methyl group, a
(2,5-dichlorothiophen-3-yl)methyl group, a (2,4-dichlorothiophen-5-yl)methyl group, or
a quinolin-8-ylmethyl group, and more preferred Z is, for example, a 2,5-dichlorobenzyl
group, a  2,5-dimethylbenzyl group, a naphthalen-1-ylmethyl group, a
(4—chlorobenzo{b]thiﬂophen—}yl)methyl group, or a benzo{b]tﬁiophen-%ylmethyl group.

Preferred combinations of the A, Xg—X5, R;-Ry, and Z present in the formula (I)
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according to the present invention can include the following combinations 1) to 11).

1) A is a single bond; Ry is a nitrogen atom; X, is a nitrogen atom; Xy is CR,,
and Xy, X3, and Xs are CH; R; 1s a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano group,
a nitro group, a dialkylamino group optionally forming a ring with the alkyl groups each
having 1 to 6 carbon atoms, a hydroxyl group, an alkc_;xy, group having 1 fo 6-carbon
atoms {which may optionally be substituted with one or more of a hydroxyl group, a
phenyl group, a cyclohexyl group, and a halogen atom), an alkylthio group having 1 to
6 carbon atoms, a phenyl group (which may optionally be substituted with one or more
of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, and a halogen atom), or a phenoxy group (which may optionally be substituted
with one or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having
1 to 6 carbon atoms, and a halogen atom); Rj is a hydrogen atom, an alkyl group having
1. to 6 carbon aiomis (which may optionally be substituted with one or more of a
hydroxyl group, an amino group, a dialkylamino group having 1 to 6 carbon atoms
which may optionally form a ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring,
a piperidine ring, a morpholine ring, and a piperazine ring (which may optionally be
substituted with one or more of an alkyl group having 1 to 6 carbon atoms and an
alkylsulfonyl group having 1 to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon
atoms, an alkylthio grouj: having 1 tb 6 carbon atoms, a halogen atom, a trifluoromethyl
group, a diflucromethyl group, a cyano group, a phenyl group (which may opticnally be
substituted with one or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy
group having 1 to 6 carbon atoms, and a halogen atom), a carboxyl group, or -CO;Rs;

Ry is a carboxyl group (which, when Rj is an alkyl group having 1 to 6 carbon atoms
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substituted with a hydroxyl group, may optionally be fused with R; 1o form a lactone
ring), a tetrazolyl group, -CONHSO,CH;, —CONHSOz—cyclopropyl, or -CO3Rs; and Z is
a 2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a
2,5-bis(frifluoromethyl)benzyl  group, a  2-chloro-5-methylbenzyl group, a

naphthalen-ﬂylmethyl group, a (2-methylnaphthalen-1-ylimethyl  group,

a
(4-methylnaphthalen-1-yDmethyl group, a (8-methylnaphthalen-1-yl)methyl group, a
(8-bromonaphthalen-1-yl)methyl group, a benzolbjthiophen-3-ylmethyl group, a
(4-methylbenzo{bjthiophen-3-yDmethyl group, a
(4-chlorobenzo[b]thiophen-3-ylymethyl | group, a
(4-bromobenzo[blthiophen-3-yhmethyl group, a
(4—(triﬂu0romethyl)benzo[b]thiop11ep~3—yl)methyl group, a
(5-methylbenzo{b]thiophen-3-ylmethyl group, a
(S—C-hl-orobenzo[b]thiophen—3—yl)methy1 group, a
(5-(triftuoromethylybenzo[bjthiophen-3-yl)methy! group, | a

benzo[b]thiophen-7-yimethyl group, a (5-fluorobenzo[blthiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-yl)methyl group, a (2,4-dichlorothiophen-5-yl)methyl group, or
a quinolin-8-ylmethyl group.

2) A is a single bond; Ry is a nitrogen atom; X is a nitrogen atom; X4 is CR;,
and X, X3, and Xs are CH; R, is a hydrogen atom, an alky! group having 1 to 6 carbon
atoms, a halogen atom, a triflucromethyl group, a difluoromethyl group, a cyano group,
a nitro group, a dialkylamino group having 1 to 6 carbon atoms which may opﬁonaily
form a ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a

cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,
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a phenyl group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); Rs is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
{which may optionally be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and a piperazine ring (which may optionally be substituted with one or
more of an alkyl group having 1 to 6'carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a halogen atom, étriﬁuoromethyi group, a diftuoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or.
more of an alkyl group having 1 to 6 carbpn atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or -CO,Rs; R4 is a carboxyl gfoup
(which, when Rj is an alkyl group having 1 to 6 carbon atoms substituted with a
hydroxyl group, may optionally be fused with Rs to form a lactone ring), a tetrazolyl
group, -CONHSO;CH;, | -CONHSO;-cyclopropyl, or -CO;Rs; and Z is a

2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a

2,5-bis(trifluoromethyl)oenzyl  group, a  2-chloro-5-methyibenzyl group, a
naphthalen-1-ylmethyl group, a (2-methy1naphthalen—«I‘—yi)methyl group, a
(4-methylnaphthaien-1-yDmethyl group, a (8-methylnaphthalen-1-ylymethyl group, a
(8-bromonaphthalen-1-y)methyl group, a benzo [b]thiophen&-ylmethyl group, a
(4-methylbenzo[blthiophen-3-yl)methyl group, a
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(4-chlorobenzo{b]thiophen-3-yl)methyl group, a

(4-bromobenzo[blthiophen-3-yDmethyl group, a
{(4-(trifluoromethyl)benzo {b}thiéphen& -yhmethyl | group, a
(5-methylbenzo[bthiophen-3-yhmethyl group, a
(5-chlorobenzo[b]thiophen-3-ylmethyl group, a
(5-(trifluoromethyl)benzo[bjthiophen-3-ylmethyl group, a

benzo{blthiophen-7-ylmethyl group, a (5-fluorobenzo{blthiophen-7-yD)methyl group, a
(2,5-dichlorothiophen-3-yl)methyl group, a (2,4-dichlorothiophen-5-yl)ymethyl group, or
a quinolin-8-ylmethyl group.

3) A is a single bond; Ry is CH; X; is a nitrogen atom; Xy is CRo, and X, X5,
and X5 are CH; R; is a hydrogen atom, an alkyl group having I to 6 carbon atoms, a
halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano group, a nitro
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms, |
a phenyl group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen -
atom), or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having I to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); Rs is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
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morpholine ring, and a piperazine ring (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a halogen atom, a triﬂuoromgthyl group,. a difluoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or ~-CO,Rs; Ry 1s a carboxyl group
(which, when Rs3 is an alkyl group having | to 6 carbon atoms substituted with a
hydroxyl group, may optionally be fused with R3 to form a lactone ring), a tetrazolyl.
group, -CONHSO;CH;, -CONHSOz-cyclopropyl, or -CO;Rs; and Z is a
2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethyibenzy1 group, a
2,5-bis(trifluoromethyl)benzyl  group, a  2-chloro-5-methylbenzyl  group, a
naphthalen-1-ylmethyl  group, a (2-methylnaphthalen-1-yl)methyl group, a

(4-methylnaphthalen-1-yl)methyl group, a (8-methylnaphthalen-1-yl)methyl grdup,

a
(8-bromonaphthalen-i-ylymethyl group, a benzo]b]thiophen-3-ylmethyl group, a
(4-methylbenzo[bjthiophen-3-yDmethyl ' group, a
{(4-chlorobenzo[blthiophen-3-ylymethyl group, a |
(4-bromobenzo[blthiophen-3-yhmethyl group, Ca
(4-(trifluoromethyl)benzo{b]thiophen-3-yl)methyl group, a
(S-methylbenzo[b]thiophen-3-ymethyl group, a
(5-chlorobenzo[blthiophen-3-yl)methyl group, a
(5-(trifluoromethyl)benzo[blthiophen-3-ylmethyl group, a

benzo[b]thiophen-7-ylmethyl group, a (5-flucrobenzo[b]thiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-ylymethyl group, a (2,4-dichlorothiophen-5-ylimethyl group, or
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- a quinolin-8-ylmethyl group.

4y A is a single bohd; Rj is CH; X is a nitrogen atom; X4 is CRy, and X, X3,
and Xs are CH; Ry is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, a
halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano group, a nitro
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,
a phenyl group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a haiorgen atom); Ry is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or mofe of a hydroxyl group, an amino
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, a‘pyrazoie ring, a pyrrolidine ring, a piperidine ring, a morpholme ring, %md a
piperazine ring (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms and an alkylsulfonyl group having 1 to 6 carbon atoms)), an
alkoxy group having 1 to 6 carbon atoms, an alkylthio group having 1 to 6 carbon atoms,
a halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano groﬁp, a
phenyl group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and 'a halogen
atom), a carboxyl group, or -CO:Rs; Ry is a carboxyl group (which, when Rj is an alkyl

group having 1 to 6 carbon atoms substituted with a hydroxyl group, may optionally be
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fused with R; to form a lactone ring), a tetrazolyl group, -CONHSO,CHs,
-CONHSOy-cyclopropyl, or -CO;Rs; and Z is a 2,5-dichlorobenzyl group, a
3.,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a 2,5-bis(trifluoromethyl)benzyl
group, a 2-chloro-5-methylbenzyl group, a naphthalen-1-ylmethyl .group, a
(2-methylnaphthalen:1-yDmethyl group, a (4-methylnaphthalen-1-ylmethyl group, a
(8-methylnaphthalen-1-yDmethyl group, a (8-bromonaphthalen-1-yDmethyl group, a

benzo{blthiophen-3-ylmethyl group, a (4-methylbenzo{b]jthiophen-3-yl)methyl group, a

(4-chlorobenzo {bjthiophen—f%-yl)methyl group, a
(4-bromobenzo|blthiophen-3-yh)methyl group, a
(4-(trifluoromethyl)benzofb]thiophen-3-ylimethyl group, a
{(5-methylbenzo[bjthiophen-3-yl)methyl group, a
(5-chlorobenzo{blthiophen-3-ylmethyl group, a
(5-(trifluoromethyl)benzo{blthiophen-3-ylmethyl - group, a

benzo{bjthiophen-7-ylmethyl group, a (5-fluorobenzo[blthiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-yl)methyl group, a (2,4-dichlorothiophen-5-ylymethyl group, or
a quinolin-8-ylmethyl group.

5) A is an oxygen atom; R; is a nitrogen atom; X is a nitrogen atom; X4 is CR,,
and X,, X3, and Xs are CH; R; is a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl group, é cyano group,
a nitro group, a dialkylamino group having 1 to 6 carbon atoms which may optionaily
form a ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,

a phenyl group (which may éptionally be substituted with one or more of an alky! group
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having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); R; is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having 1 fo 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and a piperazine ring (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms and an aikylsulfonyi group having 1
to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a lialogen atom, a ’;riﬂuoromethyl group, a diflnoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or -CO,R5; Ry is a carboxy! group
- (which, when Rs 1s an alkyl group having 1 to 6 carbon atoms substituted .with a
hydroxyl group, may optionally be fused with R; to form a lactone ring), a tetrazolyl
group, | -CONHSO;CH;, -CONHSO,-cyclopropyl, or CORs; and 7 is a
2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a
2,5-bis(triﬂuororﬁethyl)benzyl group, a 2-chloro-5-methylbenzyl  group, a
naphthalen-1-ylmethyl  group, a (2-methylnaphthalen-1-yl)methyl group, a
(4-methylnaphthalen-1-yl)methyl group, a (8-methylnaphthalen-1-yl)methyl group, a
* (8-bromenaphthalen-1-yl)methyl group, a benzo[bjthiophen-3-yimethyl group, a
{4-methylbenzo{blthiophen-3-yljmethyl émup, a
(4-chlorobenzo[bithiophen-3-ylimethyl group, a
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(4-bromobenzo[b]thiophen-3-yl)methyl group, a

(4-(trifluoromethyl)benzo[b]thiophen-3-ylymethyl group, a
(5-methylbenzo{b]thiophen-3-yl)methyl group, a
(5-chlorobenzo|bjthiophen-3-yl)methyl group, a
(5-(trifluoromethyl)benzo{blthiophen-3-ylmethyl group, a

beﬁzo[b]thi_ophem?—ylmethyi group, a (5-fluorobenzo[blthiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-yl)methyl group, a (2,4-dichlorothiophen-S-yl)methyl group, or
a quinoline-8-ylmethyl group.

6) A is an oxygen atom; R; is a nitrogen atom; X, isa nitrogen atom; X413 CRy,
and Xj, X3, and X5 are CH; Ry is a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano group,
a nitro group, a dialkylamino group haviﬁg 1 to 6 carbon atoms which ma3¢r optionally
form a ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted ,wi’fh one or more of a hydroxyl group, a pheny! group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,
a phenyl group (which may optionally be substituted with one or more of an alky! group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); Ry is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, an amino
~ group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and a piperazine ring (which may optionally be substituted with one or
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more of an alkyl group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)}, an alkoxy group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or -CO,R5; Ry is a carboxyl group
(which, when Rj is an alkyl group having 1 to 6 carbon atoms substituted with a
hydroxyl group, may optionally be fused with R3 to form a lactone ring), a tetrazolyl
~group, -CONHSO,CHj;, -CONHSOj-cyclopropyl, or -CO3;Rs; and Z is a
2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a

2,5-bis(trifluoromethyl)benzyl  group, a  2-chloro-5-methylbenzyl  group,

)

naphthalen-1-ylmethyl group, a (2-methylnaphthalen-1-yl)methyl group, a

(4-methylnaphthalen-1-yhmethyl group, a (8-methylnaphthalen-1-yDmethyl group, a
(8-bromonaphthalen-I-ymethyl group, a benzo[bJthiophen-3-ylmethyl group, a
(4-methylbenzo{blthiophen-3-yl)methyl group, a
(4—ch10r0benzo[b]thiophen&»yl)mﬁhyl group, a
(4-bromobenzo[b]thiophen-3-yl)methy! group, - a
(4-(trifluoromethyl)benzo[blthiophen-3-yl)methyl group, | a
(5-methylbenzo[blthiophen-3-yl)methyl group, a
(5 ~chlorqbenzo {b]thiophen-3-yl)methyl group, | a
(5-(trifluoromethyl}benzo[b]thiophen-3-yl)methyl | group, | a

benzo{blthiophen-7-ylmethyl group, a (5-fluorobenzo[bjthiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-yDmethyl group, a (2,4-dichlorothiophen-5-yl)methyl group, or
a quinolin-8-ylmethyl group.
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7) Ais an oxygen atom; R; is CH; X is a nitrogen atom; X4 is CR,, and X3, X5,
and Xs are CH; R; is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, a
halogen atom, a trifluoromethyl group, a difluoromethyl group, a cyano group, a nitro
group, a dialkylamino group having 1 to 6 carbon atoms whiéh may optionally form a
ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,
a phenyl group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to .6 carbon atoms, and a halogen
atom), or a phenoxy group (Which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); Rj is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having ‘1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and a piperaﬁine ring (which may optionally be sgbstituted with one or
more of an alkyl group having 1 to 6 carbon atoms and an alkylsulfony! group having 1
to 6 carbon atoms)), an alkoxy group having 1 fo 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or -CO;Rs; Ry is a carboxyl group
(which, when Rj 1s an alkyl group having 1 to 6 carbon atoms substituted with a

hydroxyl group, may optionally be fused with R3 to form a lactone ring), a tetrazolyl
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group, -CONHSO,CH;, -CONHSOg-cyclopropyl, or -CO;Rs5; and Z is a

2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a
2,5-bis(trifluoromethyl)benzyl  group, a  2-chloro-5-methyibenzyl group, a
naphthalen-1-ylmethyl group, a (2-methylnaphthalen-i-yl)methyl group, a
(4-methylnaphthalen-1-yDmethyl group, a (8-methylnaphthalen-1-ylDmethyl group, a
(8-bromonaphthalen-1-yl)methyl group, a benzo[b]thiophen-3-ylmethyl group, a
(4-methylbenzo[b]thiophen-3-yl)methyl group, a
(4-chlorobenzo[blthiophen-3-ymethyl group, a
(4-bromobenzo{blthiophen-3-yl)methyl : group, a
(4-(trifluoromethyl)benzofblthiophen-3-ylimethyl group, a
(5-methylbenzo[blthiophen-3-yhHmethyl group, a
(5-chlorobenzo[blthiophen-3-ymethyl group, a
(5-(trifluoromethyl)benzofb |thiophen-3-yl}methyl group, a

benzo{b]‘thiopheﬁ»?—ylmethyl group, a (5-fluorobenzo[b]thiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-ylmethyl group, a (2,4-dich10rothiophen—5~yi)methyl group, or
a quinolin-8-ylmethyl group.

8) A is an oxygen atom; R; is CH; X, is a nitrogen atom; X4 is CR,, and X, X,
and X5 are CH; R; is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, a
halogen atom, a frifluoromethyl group, a difluoromethyl group, a cyano group, a nitro
group, a dialkylamino group having 1 to 6 carbon atoms which may opt-ionaﬂy form a
ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, a phenyl group, a
cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6 carbon atoms,

a phenyl group (which may optionally be substituted with one or more of an alkyl group

31



having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atomj, or a phenoxy group (which may optionally be substituted with one or more of an
alkyl group having 1 to 6 carbon atomé, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom); Rz is a hydrogén atom, an alkyl group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, an amino
group, a dialkylamino group having 1 to 6 carbon atoms which may optionally form a
ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ring, and é piperazine ring (which may optionally be substituted with one or
more of an alkyl group having 1 fo 6 carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)), an alkoxy group having 1 to 6 carbon atoms, an alkylthio group
having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl group, a difluoromethyl
group, a cyano group, a phenyl group (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom), a carboxyl group, or -CO2Rs; Ry is a carboxyl group
(which, when Rj is an alkyl group having 1 to 6 carbon atoms substituted with a
hydroxyl group, may optionally be fused with R3 to form a lactone ring), a tetrazolyl
group, —CONﬁSO;CHg, -CONHSOy-cyclopropyl, or -CO;Rs; and Z is a
2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a
2,5-bis(trifluoromethyl)benzyl  group, a  2-chloro-5-methylbenzyl group, a
naphthalen-1-ylmethyl  group, a (2-methylnaphthalen-1-yl)methyl group, 4
(4-methylnaphthalen-1-yDmethyl group, a (8-methylnaphthalen-1-yDmethyl group, a
{8-bromonaphthalen-1-yDmethyl group, a benzo[b]thiophen-3-ylmethyl group, a
(4-methylbenzo[blthiophen-3-yl)methyl group, a
(4-chlorobenzo{b]thiophen-3-yljmethyl group, a
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(4-bromobenzo[bjthiophen-3-yhmethyl group, a

(4-(trifluoromethyl)benzo[b]thiophen-3-yl)methyl group, a
(5-methylbenzo[b]thiophen-3-y)methyl group, a
{(5-chlorobenzo{blthiophen-3-yDmethyl - groﬁp, a
(5-(trifluoromethyl}benzo[bjthiophen-3-ymethyl group, a

benzo[b]thiophen—”]-ylmethyl group, a (5-fluorobenzofbjthiophen-7-yl)methyl group, a
(2,5-dichlorothiophen-3-y1)methyl group, a (2,4-dichlorothiophen-5-yl)methyl group, or
a quinolin-8-ylmethyl gréup.

9) In 1) to 8) above, R; is a hydrogen atom, a methyl group, an ethyl group, a
cyclopropylr group, a fluorine atom, a chlorine atom, a bromine atom, a methoxy group,
an ethoxy group, a methylthio group, a triﬂﬁoromethyl group, a difluoromethyl group, a
nitro group, or a phenyl group.

10} In 1) to 9) above, Rj is a hydrogen atom, a methyl group, an ethyl group, an
isopropyl group,. a cyclopropyl group, a trifluoromethyl group, a difluoromethyl group,
a chlorine atom, a bromine atom, an iodine atom, a methoxy group, a methylthio group,
an ethylthio group, a cyano group, a phenyi group, a carboxyl group, -CO.Rs, a
hydroxymethyl group, a 2-hydroxypropan-2-yl group, a 3-hydroxypentan-3-yl group, or
a morpholin-4-ylmethyl group.

11) In 1) to 10) above, Z is a 2,5-dichlorobenzyl group, a 2,5-dimethylbenzyl
group, a naphthalen-1-ylmethyl group, a (4-chlorobenzo[b]thiophen-3-yhmethyl group,
or a benzo[b]thiophen-7-ylmethyl group.

Synthetic intermediates useful in the synthesis of a pyridine derivative represented by
the above formula (I) or a pharmaceutically acceptable salt thereof, or a solvate thereof,

can include compounds represented by the foltowing formula (I} and formula (I11).
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{Chemical Formula 10]

Ra
Ry
Rqz / l
N
/ Rig
z | ay

wherein:

R and R; are as defined in the formula (I);

R ;7 represents a chlorine atom, a bromine atom, or an iodine atom;

R,s represents a formyl group or -CO2R5;

Rs in R; and Rjz each independently represents an alkyl group having 1 to 6 carbon
atoms; and

Z represents any of the following substituents, designated Z1 to Z7:

- [Chemical Formula 11]
Y i ﬁ
W Ryqod Wi R N

= = P =
Ré/) 7 Re # | Re RS W ez Rl .

Z1 Z2 Z3 Z4 Z5 6 77
wherein Rg to Rys, Y, and W are as defined in the formula (I), with the proviso that
2-chloro-1-(thiophen-2-yimethyl)-1H-pyrrole-5-carbaldehyde, ethyl
2-bromo-1-(4-methylbenzyl)-1H-pyrrole-5-carboxylate, and dimethyl

2-bromo-1-(2-chlorobenzyl}-1H-imidazole-4,5-dicarboxylate are excluded.

Preferably R; is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
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(which may optionally be substituted with one or more hydroxyl groups), a halogen
atom, a trifluoromethyl group, or -CO;Rs. More preferably Rj is a hydrogen atom, a
methyl group, an ethyl group, an isopropyl group, a cyclopropyl group, a
trifluoromethyl group, a chlorine atom, a bromine atom, or -CO»Rs.

Preferred Ry; is a bromine atom or an iodine atom.

Preferred Ryg is a formyl group, -CO,CHj, or -CO,CoHs.

[Chemical Formula 12]
Rs

N
H _</ |

N

| / Rqg
Za : (111)

wherein:

R; is as defined in the formula (I);

Ryo represents -CO2Rs;

Rs in R; and Ryy each independently repreéents an alkyl group having 1 to 6 carbon
atoms; and

Za represents a 2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group,

IS

2,5-dimethylbenzyl  group, a  2,5-bis(trifluoromethyl)benzyl  group, a
2-chioro-S-methylbenzyl group, a naphthalen-1-ylmethyl group, a

(2-methylnaphthalen-1-y)methyl group, a (4-methylnaphthalen-1-yl)methyl group,

o

(8-methylnaphthalen-1-yhmethyl group, a (8-bromonaphthalen-1-ylimethyl group,

jsv]

benizo{b]thiophen-3-ylmethyl group, a (4-methytbenzo{bthiophen-3-ylmethy!t group, a
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(4-chlorobenzo[bjthiophen-3-yl)methyl group, a

(4-bromobenzo[blthiophen-3-y[)methyl group, a
(4-(triflucromethyl)benzo[b]thiophen-3-yl)methyl group, a
(5-methylbenzo[b]thiophen-3-yl)methyl group, a
(5-chlorobenzo[b]thiophen-3-yl)methyl group, a
(5 «»(friﬂuoromethyl)benzo [b]thiophen-3-yhmethyl | group, a

benzo[b]thiophen-7-ylmethyl group, a (5-fluorobenzo[b]thiophen-7-yDmethyl group, a
(2,5-dichlorothiophen-3-yhmethyl group, a (2,4—dich10ro‘{hiophen—S—yl)méthyl group, or
a quinolin-8-ylmethyl éroup.

Preferably Rs is a hydrogen atom, an alkyl group having 1 to 6 carbon atoms
{which may optionally be substi‘guted with one or more hydroxyl groups), a halogen
atom, a trifluoromethyl group, or -COsRs. More preferably R; is a hydrogen atom, a
methyl group, an ethyl group, an isopfopyl group, a cyclopropyl group, a
trifluoromethyl group, a chlorine atom, a ’bromine atom, or -COaR;5.

Preferred Ryq is -CO,CHj3 or -CO,CoH;s

Preferred Za is a 2,5-dichlorobenzyl group, a 2,5-dimethylbenzyl group, a
naphthalen-1-ylmethyl group, a (4—chlorobenzo[b}thiophen~3~yl_)methyi group, or
benzo[blthiophen-7-ylmethy! group.
Specific examples of the pyridine derivative represented by the formula (I) of the

present invention can inciude the following compounds.
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[Chemical Formula 13]
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[Chemical Formula 14]

Compeund Compound
No. Structure No. Structure
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[Chemical Formula 15]
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[Chemical Formula 16]

Compound Compound
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[Chemical Formula 17]

Compound Compound
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[Chemical Formula 18]
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[Chemical Formula 19]

Compound Compound
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[Chemical Formula 20]
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IChemtcal Formula 21]

Compound Compound
No. Structure Na. Structure
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[Chemical Formula 22]
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[Chemical Formula 23]
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[Chemical Formula 24
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[Chemical Formula 25]

Compound Compound
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[Chemical Formula 26}
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[Chemical Formula 27]
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[Chemical Formula 28]

Compound Compound
No. Structure No. Structure
HO '
= T@OH SN0 - ?i\/m
INE %b A187 o
5 S
Gl # . o
N B OH /k,o e ;Y o
A182 N s . |Al88 N\ b
Cl G
0 Q
N A
/X(OH © ?‘_\< G
A183 b | At89 @*N
CI cﬁij/
“o @\/
o N /Ni(o N Ti\(ou
A184 U 9 A190 w L
i@,ﬁl Ci
o HO
N oy \\ o . ’ﬁ\‘(
= / o
A185 NS T e g A9 9 (.
JO be s
/
Hc/\/oz{/)/ﬁ\é(or{ ;N
A186 | A / o o |A192 Q/{\ c;oH
J b o s

52




[Chemical Formula 29]
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[Chemical Formula 30]
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[Chemical Formula 31}
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[Chemical Formula 32|
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[Chemical Formula 33}
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[Chemical Formula 34]
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[Chemical Formula 35}
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[Chemical Formula 36]
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[Chemical Formula 37]
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 [Chemical Formula 38]
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[Chemical Formula 39]
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Of these, preferred compounds are those listed in the tables below.
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[Table 1]

Comszund Compound Name

Al 1-(2,5~-dimehylbenzyl}-4-methyl-2-(pyridin-3-yl)-1H-imidazole-5~
carboxylic acid

A2 4-methyl-1-(naphthalen-1 ylmethyl) 2 (pyndm—B -yb)-1H-imidazole-
5-carboxylic acid

A3 ethyl 4-methyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-
S-carboxylate

A6 4-methyl-2-(pyridin-3-y1)-1-((4-(trifluoromethyl)benzo[b]thiophen-3-yl)-
methyl)-1H-imidazole-5-carboxylic acid

A7 1-((4-chlorobenzo[b]thiophen-3-yl)methyl)-4-methyl-2-(pyridin-3-yl)-1H-
imidazole-S-carboxylic acid

A8 1-((4-bromobenzo[bjthiophen-3-yhmethyl)-4-methyl-2-(pyridin-3-y1)-1H-
imidazoie-5-carboxylic acid

A9 4-chloro-1-(naphthalen- I -ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

Al0 4-ethyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1 H-imidazole-5-
carboxylic acid”

All 4-cyclopropyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

Al3 1-(2,5-dichlorobenzyi)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

Al4d 1-(2,5-dichlorobenzyl)-4-ethyl-2-(pyridin-3-yi)-1H-imidazole-5-
carboxylic acid

AlSs 4-cyclopropyl-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-1H-imidazole-3-
carboxylic acid

Al7 4-methyl-1-((4-methylnaphthalen-1-yl)methyl)-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

Al8 4-cyclopropyl-1-((4-methylnaphthalen-1-ylymethyl)-2-(pyridin-3-yI)-1H-
imidazole-5-carboxylic acid

Al9 1+(2,5-dichlorobenzyl)-2-(pyridin-3-y1)-4-(trifluoromethyl)- 1 H-imidazole-
S-carboxylic acid |

A22 I-(benzo[b]thiophen-3-ylmethyl)-2- (pyr1d1n 3-yD)-4-(trifluoromethyl)-1H-
imidazole-S-carboxylic acid

A23 4-chloro-1-((4-methylnaphthalen- 1-ylymethyl)-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

A24 4-isopropyl-1-(naphthalen-1-yimethyl)-2-(pyridin-3-y})-1H-imidazole-5-
carboxylic acid

A25 4-isopropyl-1-((4-methylnaphthalen-1-ylymethyl)-2-(pyridin-3-y1)-1H-
imidazole-S-carboxylic acid

A26 1-(2,5-dichlorobenzyl)-4-isopropyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid

A27 1-((4-chlorobenzo[b]thiophen-3-yl)methyl)-2-(pyridin-3-yl)-4-

(trifluoromethyl)-1H-imidazole-5-carboxylic acid
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[Table 2]

Coxr}gaoc?und Compound Name

A3l 1-({4-bromobenzo{b]thiophen-3-yDmethyl)-2-(pyridin-3-yi)-4-
(trifluoromethyl)-1H-imidazole-5-carboxylic acid

A33 1-({(4-chlorobenzo[b]thiophen-3-ylimethyl)-4-cyclopropyl-2-(pyridin-3-yl)-
1H-imidazole-5-carboxylic acid

A34 1-((4-bromobenzo|b|thiophen-3-y[ymethyl}-4-cyclopropyl-2-(pyridin-3-yi)-
1H-imidazole-5-carboxylic acid

A35 4-cyclopropyl-2-(pyridin-3-yi)-1-((4-(trifluoromethyl)benzo[b]thiophen-3-
ylmethyl)-1H-imidazole-5-carboxylic acid

A36 1-(benzo{b]thiophen-3-ylmethyl)-4-cyclopropyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

A37 1-((4-chlorobenzo}b]thiophen-3-yl)methyl)-4-isopropyl-2-(pyridin-3-y1)-
1H-imidazole-5-carboxylic acid

A38 1-((4-bromobenzo[b]thiophen-3-yl)methyl)-4-isopropyl-2-(pyridin-3-yl)-
1H-imidazole-5-carboxylic acid

A39% 4-isopropyl-2-(pyridin-3-y[)-1-((4- (trlﬂuoromethyl)benzo[b]thmphen& -y1)
methyl)-1H-imidazole-5-carboxylic acid

A40 I-(benzo[b]thiophen-3-ylmethyl)-4-isopropyl-2-(pyridin-3-yl)-1H-
imidazole-S-carboxylic acid

A4l 1-(2-chloro-5-fluorobenzyl)-4-methyl-2-(pyridin-3-y1)- 1 H-imidazole-5-
carboxylic acid

A42 1-(5-chloro-2-fluorobenzyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

A43 1-(2-chloro-5-(trifluoromethyl}benzyl)-4-methyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

Ad4 1-(5-chloro-2-(trifluoromethyl)benzyl)-4-methyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

A4S : 1n(2,5-dichiorobenzyl)~2-(pyridin-3~yl)-1H-imidazole-i—carboxyﬁc acid

A4b 1-(2,5-bis(trifluoromethyl)benzyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-
S-carboxylic acid

AS4 1-(2-bromobenzyl)-4-methyl-2-(pyridin-3-yl1)- 1H—1m1daz01€—5»carboxyl1c
acid

AS5 1-(3-bromobenzyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-carboxylic
acid

A67 1-(2,5-dichlorobenzyl)-4-methyl-2-(quinolin-3-y1)-1H-imidazole-5-
carboxylic acid

A68 1-(3 4-dichlorobenzyl)-4-methyl-2-(pyridin-3-y1}-1H-imidazole-5-
carboxylic acid

AT0 1-(2,3-dichlorobenzyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-

carboxylic acid
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[Table 3]

ATl

1-(3,5-dichlorobenzyl)-4-methyl-2-(pyridin-3-yl)- 1 H-imidazole-5-
carboxylic acid

AT76 1-(3-chioro-5-fluorobenzyl)-4-methyl-2-(pyridin-3-y1)- 1H-imidazole-5-
carboxylic acid

AT7 1-(2,4-dichlorobenzyl)-4-methyl-2-(pyridin-3-y1)- 1 H-imidazole-5-
carboxylic acid

| A78 [-(2-chloro-5-methylbenzyl)-4-methyl-2-(pyridin-3-yl)-1 H-imidazole-5-

carboxylic acid

A79 1-((2,5-dichlorothiophen-3-ylmethyl)-4-methyl-2-(pyridin-3-yl)~1H-
imidazole-5-carboxylic acid

ABO 1-((2,4-dichlorothiophen-5-yl)methyl)-4-methyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

A8l 1-(benzo[b]thiophen-7-ylmethyl)-4-methyl-2-(pyridin-3-y1)-1 H-imidazole-
5-carboxylic acid '

A82 1-{benzo[blthiophen-7-ylmethyl)-4-cyclopropyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid

A83 -+ 1-(benzo {b]thiophen-?~y1methy1)u4~isdpxopyi-2—(pyridin—3—yl)— 1H-
imidazole-5-carboxylic acid

A84 1-(benzo|blthiophen-7-ylmethyl)-2-(pyridin-3-yl)-4-(trifluoromethyl)-1H-
imidazole-5-carboxylic acid

A85 1-((5-fluorobenzo|b]thiophen-7-yl)methyl)-4-methyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid '

A86 4-cyclopropyl-1-((5-fluorobenzo[b]thiophen-7-ymethyl)-2-(pyridin-3-y1)-
1H-imidazole-5-carboxylic acid

A88 4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yi)-1H-imidazole-5-
carboxylic acid

A89 4-bromo-1-(2,5-dichlorobenzyD)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

A90 1-(2,5-dichlorobenzyl)-4-iodo-2-(pyridin-3-y1)-1H-imidazole-5-carboxylic
acid .

A91 1-(2,5-dichlorobenzyl)-4-phenyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid

A92 1-(2,5-dichlorobenzyl)-4-(3-fluorophenyl)-2-(pyridin-3-yl)-1H-imidazole-
5-carboxylic acid

A93 1-(2,5-dichlorobenzyl)-4-(4-fluorophenyl)-2-(pyridin-3-y1)-1 H-imidazole-
S-carboxylic acid

A94 1-(2,5-dichlorobenzyl)-2,4-di(pyridin-3-yl)- 1 H-imidazole-5-carboxylic acid

AS6 1-(2,5-dichlorobenzyl)-4-methoxy-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid '

A98 1-(2,5-dichlorobenzyl)-2-(pyridin-3-y1)-4-(2,2 2-triflucroethoxy)-1H-

imidazole-S-carboxylic acid
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[Table 4]

Conllq?zund Compound Name

AS%9 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl}-4-(p-tolyloxy)-1 H-imidazole-5-
carboxylic acid

Al100 1-(2,5-dichlorobenzyl)-4-(4-fluorophenoxy)-2-(pyridin-3-yl)- 1H-
imidazole-5-carboxylic acid

Al101 4-cyano-1-(2,5-dichlorobenzyl)-2-(pyridin-3-y)- 1 H-imidazole-5-
carboxylic acid

A102 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-4-vinyl- 1 H-imidazole-5-
carboxylic acid

A103 4-(1-cyclopenten-1-yl)-1-(2,5-dichlorobenzyl)-2-(pyridin-3-y1)- 1H-
imidazole-5-carboxylic acid

Al104 1-(2,5-dichlorobenzyl)-4-(methylthio)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

Al105 1-(2,5-dichlorobenzyl)-4-(ethylthio)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid

A108 1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid '

A109 1-(2,5-dichlorobenzyl)-4-(3-hydroxypentan-3-y1)-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid |

Al110 3-(1-(2,5-dichlorobenzyl)-5-(1H-tetrazol-5-yl)-1H-imidazol-2-yl)pyridine

All7 1-(benzo[b]thiophen-7-ylmethyl)-4-cyclopropyl-N-(methylsulfonyl)-2-
{pyridin-3-yh)-1H-imidazole-5-carboxamide

All8 I-(benzo[b]thiophen-7-ylmethyl)-4-cyclopropyl-N-(cyclopropylsulfonyl)-
2-(pyridin-3-yl)-1H-imidazole-5-carboxamide

Al19 2-(5-fluoropyridin-3-yl)-4-methyl-1-(naphthalen- 1 -ylmethyD-1H-
imidazole-5-carboxylic acid

Al121 2-(5-chloropyridin-3-yl)-4-methyl-1-(naphthalen-1-ylmethyl)-1 H-
imidazole-5-carboxylic acid

Al130 4-methyl-1-(naphthalen-1-ylmethyl}-2-(5-phenoxypyridin-3-y1)-1H-
imidazole-5-carboxylic acid

Al132 I-(benzo[b]thiophen-3-ylmethyl)-2-(5-chloropyridin-3-yl)-4-methyl- 1 H-
imidazole-5-carboxylic acid

A133 1-(benzo{bjthiophen-3-ylmethyl)-2-(5-fluoropyridin-3-yl)-4-methyl- 1 H-
imidazole-5-carboxylic acid

Al34 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-4-methyl-1H-imidazole-5-
carboxylic acid

Al135 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzy!)-4-methyl-1 H-imidazole-5-c
arboxylic acid

Al36 1-(2,5-dichlorobenzyh)-2-(5-tfluoropyridin-3-yh-4-(trifluoromethyl)- 1 H-

imidazole-5-carboxylic acid
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[Tabfe 5]

Compound
No.

Compound Name

Al137

2-(5-chloropyridin-3-y1)-1-(2,5-dichiorobenzyl)-4-(triftuoromethyl)-1H-
imidazole-5-carboxylic acid

Al38 4-methyl-1-(naphthalen-1-ylmethyl)-2-(5-(trifluoromethyl)pyridin-3-yl)-
1H-imidazole-5-carboxylic acid
Al139 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-(trifluoromethylpyridin-3-y1)-1H-
imidazole-5-carboxylic acid
Al140 1-(2,5-dichlorobenzyl}-4-(trifluoromethyl)-2-(5-(trifluoromethyl)pyridin-
3-yI)-1H-imidazole-5-carboxylic acid
Al4l I-((4-chlorobenzo|bjthiophen-3-yDmethyl)-2-(5-fluoropyridin-3-yl)-4-
methyl—1H—imidazoie~5—cafboxyiic acid
Al42 1-((4-chlorobenzo[blthiophen-3-yl)methyl}-2-(5-chloropyridin-3 -y1)-4-
methyl-1H-imidazole-5-carboxylic acid
Al43 1-((4-chlorobenzo|b]thiophen-3-ylymethyl)-4-methyl-2-(5-(trifluoromethyl)
pyridin-3-yl)-1H-imidazole-5-carboxylic acid
Ald4 2-(5-chloropyridin-3-y1)-4-isopropyl-1-(naphthalen-1-ylmethyl)-1H-
imidazole-5-carboxylic acid
Al45 2-(5-chloropyridin-3-yh)-4-cyclopropyl-1-(naphthalen- 1 -ylmethy})- 1H-
imidazole-5-carboxylic acid
Al46 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-isopropyl-1 H-
imidazole-5-carboxylic acid
Al147 2-(5-chloropyridin-3-yl)-4-cyclopropyl-1-(2,5-dichlorobenzyl)-1H-
imidazole-5-carboxylic acid ,
Al48 d-ethyl-2-(5-fluoropyridin-3-y1)-1-(naphthalen-1-ylmethyl)-1H-
imidazole-5-carboxylic acid
Al49 2-(5-chloropyridin-3-y1)-4-ethyl-1-(naphthalen-1-ylmethyl)-1H-
imidazole-5-carboxylic acid |
Al150 1-(2,5-dichlorobenzyl)-4-ethyl-2-(5-fluoropyridin-3-yl)-1H-imidazole-5-
' carboxylic acid
Al51 2-(5-chloropyridin-3-yI)-1-(2,5-dichlorobenzyl}-4-ethyl-1H-imidazole-5-
carboxylic acid
AlS52 2-(5-fluoropyridin-3-yD)-4-isopropyl-1-(naphthalen-1-ylmethyi)-1H-
imidazole-5-carboxylic acid
Al53 4-cyclopropyl-2-(5-fluoropyridin-3-yl)-1-(naphthalen-1-yhmethyl)- IH-
imidazole-5-carboxylic acid
Als4 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl}-4-isopropyl-1H-
imidazole-5-carboxylic acid
AILSS 4-cyclopropyl-1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-y1)-1H-
imidazole-5-carboxylic acid
Al56 1-(2,5-dichlorobenzyl)-4-methyl-2-(5- methylpyrldm-B yi)-1H-

imidazole-S-carboxylic acid
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[Table 6]

C d
Qn;ic?un Compound Name
Al157 1-(2,5-dichlorobenzyl)-2-(5-methoxypyridin-3-yl)-4-methyl- 1 H-imidazole-

S-carboxylic acid

A158 2~(5-cyanepyndin-3-yl)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole-
S-carboxylic acid

A159 1-(2,5-dichlorobenzyl)-4-methyl-2-(6-methylpyridin-3-y1)-1H-imidazole-
S-carboxylic acid

A160 1-(2,5-dichlorobenzyl)-2-(2-fluoropyridin-3-yl)- 4-methy1—1H imidazole-
5-carboxylic acid

Alel 1-(2,5-dichlorobenzyi)-2-(6-methoxypyridin-3-yi)-4-methyl-1H-imidazole-
S-carboxylic acid

Al62 1-(2,5-dichlorobenzyl}-2-(2-methoxypyridin-3-yl)-4-methyl-1 H-imidazole-
5-carboxylic acid

Al64 2-(6-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl}-4-methyl- 1 H-imidazole-
5-carboxylic acid

Al66 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-(pyrrolidin-1-ypyridin-3-y1)-1H-
imidazole-5-carboxylic acid

Al67 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-nitropyridin-3-y1)-1H-imidazole-
5-carboxylic acid

Al6S8 2-(5-cyclopropylpyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

Al6% 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-1 H-imidazole-
5-carboxylic acid

Al170 1-(2,5- bis(triﬂuoromethyl)benzyl)-2—(5—ﬂuoropyridin~3~y1)-4-methyl—]‘H~

: imidazole-5-carboxylic acid

Al171 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-1 H-imidazole-
S-carboxylic acid

Al72 1-(2,5-dichlorobenzyl)-2-(5-hydroxypyridin-3-y1)-4-methyl-1H-imidazole-
S-carboxylic acid

Al173 1-(2,5-bis(trifluoromethyl)benzyl)-2-(5-chloropyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid

Al74 - 1-(2,5-dichlorobenzyl)-2-(5-ethoxypyridin-3-y1)-4-methyl-1H-imidazole-
5-carboxylic acid

Al175 1-(2,5-dichlorobenzyl}-2-(5-isopropoxypyridin-3-y1)-4-methyl-1H-
imidazole-5-carboxylic acid

Al76 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-phenylpyridin-3-yl)-1H-imidazole-

) 5-carboxylic acid

Al77 2-(5-bromopyridin-3-yi)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole-
5-carboxylic acid

Al178 1-(2,5-dimethylbenzyl)-2-(5-fluoropyridin-3-yl}-4-methyl-1H-imidazole-

S-carboxylic acid
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[Table 7]

Con;ajund Compound Name

Al79 2-(5-chloropyridin-3-y1)-1-(2,5-dimethylbenzyl)-4-methyl-1 H-imidazole-
S-carboxylic acid

Al180 I -(2,5~dimethylbenzyl)—4-methy1—2—(5—inethylpyridin—3-yl)~ [H-imidazole-
S-carboxylic acid '

Al81 1-(2,5-dichlorobenzyl)-2-(5-ethylpyridin-3-yl)-4-methyl-1H-imidazole-
5-carboxylic acid

Al82 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-(methylthio)pyridin-3-yh-1H-
imidazole-5-carboxylic acid

Al83 2-(5-acetylpyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-methyl- 1 H-imidazole-
5-carboxylic acid

Al85 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-propoxypyridin-3-yl)-1H-imidazole-
5-carboxylic acid :

AlB8 1-(2,5-dichlorobenzyl)-2-(5-isobutoxypyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid

AlB9 2-(5-(cyclohexylmethoxy)pyridin-3-yi)-1-(2,5-dichlorobenzyl)-4-methyl-
1H-imidazole-5-carboxylic acid

A190 2-(5-(benzyloxy)pyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

A191 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyl)-1H-
imidazole-5-carboxylic acid

Al192 2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-4-{{dimethylamino)
methyl)-1H-imidazole-5-carboxylic acid

Al193 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-((diethylaminoymethyl)-
1H-imidazole-5-carboxylic acid

Al94 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(pyrrolidin-1-ylmethyl)-

' 1H-imidazole-5-carboxylic acid

A195 2-(5-chloropyridin-3-yI}-1-(2,5-dichlorobenzyl)-4-(piperidin- 1 -ylmethyl)-
1H-imidazole-5-carboxylic acid

Al96 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(morpholinomethyl)-

‘ 1H-imidazole-5-carboxylic acid ‘

Al197 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-((4-methylpiperazine-
1-yDmethyD)-1H-imidazole-5-carboxylic acid

A199 4-((1H-imidazol-1-yDmethyl)-2-(5-chioropyridin-3-y1)-1-(2,5-
dichlorobenzyl)- 1 H-imidazole-5-carboxylic acid

A200 4-((1H-pyrazol-1-yDmethyl)-2-(5-chloropyridin-3-y1}-1-(2,5-
dichlorobenzyl)-1H-imidazole-5-carboxylic acid

A202 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-((4-propylpiperazin-

1-yDimethyh-1H-imidazole-5-carboxylic acid
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[Table 8}

Con;p;und Compound Name

A203 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-((4-(methylsulfonyl)
piperazin-1-ylymethyl)-1H-imidazole-5-carboxylic acid

A204 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-((4-(ethylsutfonyl)
piperazin-1-ylymethyl)-1H-imidazole-5-carboxylic acid

A205 2-(5-bromopyridin-3-yl}-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-
carboxylic acid

A206 1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-yl)- 1H-imidazole-5-
carboxylic acid

A207 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(difluoromethyl)-1H-
imidazole-5-carboxylic acid

A208 1-(2,5-dichlorobenzyl)-2-(5-(diftuoromethyl)pyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid

A209 2-(5-chloropyridin-3-yI)-1-(2,5-dichlorobenzyl)-4-ethynyl-1H-

) imidazole-5-carboxylic acid

A210 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-1 H-imidazole-4,5-
dicarboxylic acid

A211 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(1-hydroxyethyl)-1H-
imidazole-5-carboxylic acid _

A212 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-4-(2-hydroxypropan-2-yl)-
1H-imidazole-5-carboxylic acid

A213 2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-
1H-imidazole-5-carboxylic acid _

A214 1-(2,3-dichlorebenzyl)-4-(2-hydroxypropan-2-y1)-2-(5-methylpyridine-
3-y1)-1H-1midazole-5-carboxylic acid

A215 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-y1)-4-(3-hydroxypentan-3-yl)-

' IH-imidazole-5-carboxylic acid

A216 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(3-hydroxypentane-
3-yD)-1H-imidazole-5-carboxylic acid ‘

A217 1-(2,5-dichlorobenzyl)-4-(3-hydroxypentan-3-y1)-2-(5-methylpyridin-
3-yl)-1H-imidazole-5-carboxylic acid

A218 4-acetyl-2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-1H-imidazole-5-
carboxylic acid

A219 4-chloro-1 »(2,5~dichior0benzy1)-2»(Sémethylpyridin% -y1)-1H-imidazole-5-

carboxylic acid
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[Table 9]

A220 4-chloro-2-(5-chloropyridine-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-
S-carboxylic acid
A22] 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-furo[3,4-d]imidazole-
6(4H)-one
A223 2-(5-chloropyridin-3-yD)-1-(1-(2,5-dichlorophenyl)ethyl)-4-methyl-1H-
imidazole-5-carboxylic acid
A225 1-((2,5-dichlorothiophen-3-yDmethyi)-2-(5-fluoropyridin-3-yt)-4-methyl-
1H-imidazole-5-carboxylic acid
A226 2-(5-chloropyridin-3-yi)-1-((2,5-dichlorothiophen-3-yl)-4-methyl- 1 H-
imidazole-5-carboxylic acid
A227 1-((2,5-dichlorothiophen-3-yhmethyl)-4-methyl-2-(S-methylpyridin-3-yl)-
1H-imidazole-5-carboxylic acid
A228 1-((2,4-dichlorothiophen-5-yhmethyl)-2-(5-fluoropyridin-3-yl)-4-methyl-
1H-imidazole-5-carboxylic acid
A229 2-(5-chloropyridin-3-yl)-1-((2,4-dichlorothiophen-5-ylmethyl)-4-methyl-
1H-imidazole-5-carboxylic acid
A230 1-((2,4-dichlorothiophen-5-yl)methyl)-4-methyl-2-(5-methylpyridin-3-y1)-
1H-imidazole-5-carboxylic acid
A231 [-(2-chloro-5-methylbenzyl)-4-methyl-2-(5-methylpyridin-3-y1)-1H-
: imidazole-3-carboxylic acid
A232 1-(2-chloro-5-methylbenzyl)-2-(5-chloropyridin-3-y1)-4-methyl-1H-
imidazole-5-carboxylic acid
A233 1-(benzo [b]thiophen~7—ylmethyl)~2—(5 -chloropyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid
A234 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-fluoropyridin-3-y1)-4-methyl-1H-
imidazole-5-carboxylic acid
A235 1-(benzo[b]thiophen-7-yimethyl)-2-(5-chloropyridin-3-yl)-4-isopropyl-
tH-imidazole-5-carboxylic acid
A236 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-chloropyridin-3-y1)-4-cyclopropyl-
I H-imidazole-5-carboxylic acid
A237 3-chloro-5-(1-(2,5-dichlorobenzyl)-5-(1 H-tetrazol-5-y1)-1H-imidazol-
2-yDpyridine
A238 1-(2,5-dimethylbenzyl)-4-methyl-2-(pyridin-4-y1)-1H-imidazole-5-
_ carboxylic acid
A240 2-(6-methoxypyridin-2-yl)-4-methyl-1-(naphthalen- I -yimethyl)-1H-
imidazole-5-carboxylic acid
A244 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-4-yl)- 1 H-imidazole-5-
carboxylic acid
A245 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-2-yl)-1H-imidazole-5-
carboxvlic acid
A246 1-(2,5-dichlorobenzyl)-2-(6-methoxypyridin-2-y1)-4-methyl-1 H-
imidazole-5-carboxylic acid
A247 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-2-yloxy)-1H-imidazole-5-

carboxylic acid
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[Table 10]

A248 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-3-yloxy)- | H-imidazole-5-
carboxylic acid

A250 2-{(5-chloropyridin-3-yhoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

A251 2-((5-bramopyridin-3-yloxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

A252 1-(2,5-dichlorobenzyl)-4-methyl-2-((2-methylpyridin-3-yDoxy)-1H-
imidazole-5-carboxylic acid

A253 2~((2-chloropyridin-3-yhoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid _

A254 2-((2-bromopyridin-3-yl)oxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

A255 1-(2,5-dichlorobenzyl)-4-methyl-2-((5-methylpyridin-3-yloxy)-1H-
imidazole-5-carboxylic acid

A256 1-(2,5-dichlorobenzyl)-4-methyl-2-((4-methylpyridin-3-yljoxy)-1H-
imidazole-5-carboxylic acid ' '

A257 2-{{(4-chloropyridin-3-yhoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid

“A258 2-{((4-bromopyridin-3-yhoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-

imidazole-5-carboxylic acid

A262 2-((2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-1H-imidazol-5-y1)

- thio)-2-methylpropanoic acid

A263 1-((2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-1H-imidazol-5-y1)
thio)eyclobutanecarboxylic acid

A266 2-((5-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)- 1 H-imidazol-2-y1)
thio)-2-methylpropanoic acid

B1 I-(naphthalen-1-ylmethyl)-2-(pyridin-3-yl)-1H-pyrrole-5-carboxylic acid

B2 1-{(4-methylnaphthalen-1-yl)methyl)-2-(pyridin-3-y1)-1 H-pyrrole-5-
carboxylic acid A

B3 1-({(4-bromobenzo[blthiophen-3-yl)methyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxylic acid ' |

B4 1-((2-methylnaphthalen-1-yl)methyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxylic acid

B6 11 -((8-bromonaphthalen-1-yDmethyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxylic acid |

B7 1-((4-methylbenzo[b]thiophen-3-yl)methyl)-2-(pyridin-3-y1)-1H-pyrrole-
5-carboxylic acid '

b8 I-(benzo[blthiophen-3-yimethyl)-2-(pyridin-3-y1)- 1 H-pyrrole-5-
carboxylic acid

B9 2-(pyridin-3-yD-1-((4-(trifluoromethyl)benzo[b]thiophen-3-yDmethyl)-

1H-pyrrole-5-carboxylic acid
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[Table 11}

COmN}::?und Compound Name

BI10 1-((4-chlorobenzo[blthiophen-3-ylimethyl)-2-(pyridin-3-y1)-1 H-pyrrole-
S-carboxylic acid

B1l 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl}-1H-pyrrole-5-carboxylic acid

1 B12 1-(2,5-dimethylbenzyl)-2-(pyridin-3-yl)-1H-pyrrole-5-carboxylic acid

B13 1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-yl)- 1 H-pyrrole-5-carboxylic
acid

Bl4 1-(2,5-dichlorobenzyl}-2-(5-fluoropyridin-3-yl)-1H-pyrrole-5-carboxylic
acid

1 B15 I-((4-chlorobenzo[b]thiophen-3-yl)methyl})-2-(5-methylpyridin-3-y)-1H-

pyrrole-5-carboxylic acid |

B1é6 1-((4-chlorobenzo[bjthiophen-3-yl)methyl)-2-(5-fluoropyridin-3-y1)-1H-
pyrrole-5-carboxylic acid

B17 2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-1 H-pyrrole-5-carboxylic
acid

B18§ 1-((4-chlorobenzo[b]thiophen-3-y)methyh)-2-(5-chloropyridin-3-y1)-1H-
pyrrole-5-carboxylic acid

B19 2-(pyridin-3-y1)-1-(quinolin-8-ylmethyl)- 1 H-pyrrole-5-carboxylic acid

B20 1-(benzo[blthiophen-7-ylmethyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxylic acid

B21 1-(benzo[blthiophen-7-ylmethyl)-2-(5-methylpyridin-3-y1)- 1 H-pyrrole-3-
carboxylic acid

B22 t-(benzo[b]thiophen-7-ylmethyl)-2-(5-fluoropyridin-3-yl)- 1 H-pyrrole-5-
carboxylic acid '

B23 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-chloropyridin-3-yl)- 1H-pyrrole-5-
carboxylic acid

B24 N-(methylsulfonyl)-1-(naphthalen-1-ylmethyl)-2- (pyridin-3-y1)-1H-
pyrrole-5-carboxamide _

B25 N-(cyclopropylsulfonyl)-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-
pyrrole-5-carboxamide A

B26 1-(2,5-dichlorobenzyl)-2-(3-fluoropyridin-3-y1)-N-(methylsul fonyl)- 1 H-
pyrrole-5-carboxamide

B27 N-(cyclopropylsulfonyl)-1-(2,5-dichlorobenzy)-2-{5-flucropyridin-3-y1)-
1H-pyrrole-5-carboxamide

B28 1-(2,5-dichlorobenzyl)-N-(methylsulfonyl)-2-(pyridin-3-y1)- 1 H-pyrrole-5-
carboxamide

B29

2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-N-(methylsulfonyl)- 1 H-
pyrrole-5-carboxamide ' |
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Compound Compound Name
No.

B30 2-(5~chloropyridin-3-y1)-N-{cyclopropylsulfonyl)-1-(2,5-dichlorobenzyl)-
[H-pyrrole-5-carboxamide

B31 N-{cyclopropylsulfonyl)-1-(2,5-dichiorobenzyl)-2-{pyridin-3-yi)-1 H-
pyrrole-5-carboxamide

B32 N-(cyclopropylsulfonyl)-1-(2,5-dichlorobenzyl}-2-(5-methylpyridin-3-y1)-
1H-pyrrole-5-carboxamide '

B33 (E)-3-(1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)- 1 H-pyrrole-5-yI)
acrylic acid

B34 (E)-3-(1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-y1)-1H-pyrrol-5-y1)
acrylic acid '

B35 (E)-3-(1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)- 1 H-pyrrol-5-yI)
acrylic acid

More preferred are the compounds of Al, A2, A7, A13, Al4, Al5, AIS; Al9,
A25, A26, A37, A38, A39, A43, A45, AT1, AT8, A81, A8S5, AB6, A8S, A89, A90, A91,
A92, A93, A96, A98, A99, A100, A101, A104, A105, A108, A119, A121, A134, A135,
Al36, A137, A139, A140, A142, A143, Al44, A145, A146, A147, A149, A150, A1S1,
Al154, A155, A156, A157, A166, Al167, A168, A169, A171, A173, A174, A176, A177,
Al179, A180, A181, A182, A183, A185, A188, A191, A193, A194, A195, A196, A197,
AZ200, A202, A204, A205, A206, A207, A208, A209, A210, A211, A212, A213, A214,
A215, A216, A217, A218, A219, A220, A221, A225, A226, A227, A231, A232, A233,
A235, A236, A237, A245, A248, A250, A251, A252, A253, A254, A255, A256, A257,
A258, B1, B2, B3, B, B7, BS, B9, B10, B1l, B12, B13, Bi4, B15, Bl6, B17, B1S,
B20, B21, B22, B23, B24, B25, B26, B27, B28, B29, B30, B31, B32, B33, B34, and
B35. Even more preferred are Al, A2, A7, Al13, Al4, Al5, A19, A26, A81, Al119,
Al121, A134, A135, A137, A139, A147, A156, A169, A233, B1, and Blll.
| The pyridine dertvative represented by the above formula (I) can be converted
into its prodrugs by conventional means. A prodrug refers to a compound that is
converted into a pyridine derivative represented by the formula (I) in the body by
eni:ymes, gastric acids, ete. Prodrugs for the pyridine derivative represented by the

formula (1) include compounds in which the carboxyl group in the pyridine derivative
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has been esterified or amidated (such as those in which the carboxyl group has been Cy.4
alkyl esterified, phenyl esterified, carboxymethyl esterified, dimethylaminomethyl
esterified, pivaloyloxymethyl esterified, ethoxycarbonyloxyethyl esterified, phthalidyl
esterified, (5-methyl-2-ox0-1,3-dioxolen-4-yl)methyl estertfied,
cyclohexyloxycarbonylethyl eéteriﬁed, or methylamidated), compounds in which the
hydroxyl group in the pyridiﬂe derivative has been acylated, alkylated, phosphorylated,
or borated (such as these in which the Ahyd_roxyl group has been acetylated,
palmitoylated, propanoylated, pivaloylated, succinﬁf}ated, fumarylated, | alanylated,
dimethylaminomethylcarbonylated, or tetrahydropyranylated); or compounds in which
the ammo group in the pyridine derivative has been acylated, | alkylated, or
phosphorylated (such as those in which the amino group has been eicosanoylated,
alanylated, _ pentylaminocarbonylate&,
(5-methyl-2-0x0-1,3 -dioxo1en—4-y1)methoxycarbonyléted, tetrahydrofuranylated,
tetrahydropyranylated, pyrrolidylmethylated, pivaloyloxymethylated, or tert-butylated).
In addition, prodrugs for fhe pyridine derivative represented by the formula (I) may be
compounds which are converted into a pyridine derivative represented by the formula
() under physiological conditions, such as those described on pages 163 to 198 of
"Iyakuhin no Kaihatsu [Development of Pharmaceuticals],” volume 7, Bunshi Sekkei

[Molecular Design], published in 1990 by Hirokawa Shoten. Note that, among the
pyridine derivatives represented by the formula (I}, a compound in which R; and/or Ry
is -CO2Rs or a compound in which Ry and R4 are fused to form a lactone ring can also
be a prodrug which yields in the body a compound in which Rs and/or Ry is a carboxylic
acid or a compound in which Rj is an alkyl group substituted with a hydroxyl group and

- Ry 1s a carboxyl group. Such pyridine derivatives represented by the formula (I) that
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can also be a prodrug include A3, A221, A267, A268, A269, A270, A271, A272, A273,
A274,A275, A276, A277, A278, A279, A280, A281, and A282.

If necessary, the pyridine derivative represented by formula (), or a prodrug
thereof, of the present invention can be cofwerted into its pharmaceutically acceptable
salts. Such salts include, for example, salts with inorganic acids, such as hydrochloric
acid, hydrobromic acid, hydriodic acid, sulfuric acid, nitric acid, phosphoric acid, and
carbonic acid; salts with organic acids, such as formic acid, acetic acid, propionic acid,
trifluoroacetic acid, phthalic acid, oxalic acid, malonic acid, succinic acid, fumaric acid,
maleic acid, lactic acid, malic acid, tartaric é.cid, citric acid, benzoic acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, and p-toluenesulfonic
acid; salts with amino acids, such as lysine, arginine, ornithine, glutamic acid, and
aspartic acid; salts with alkali metals, such as sodium, potassium, and lithium; salts with
alkaline-earth metals, such as calcium and magnesium; salts with metals, such as
aluminium, zinc, and iron; salts with organic bases, such as methylamine, ethylamine,
diethylamine, trimethylamine, triethylamine, ethylenediamine, piperidine, piperazine,
pyridine, picoline, ethanolamine, diethanolamine, tricthanolamine, cyclohexylamine,
dicyclohexylamine, N-methyl glucamine, and N,N'-dibenzylethylenediamine;
amtnonium salts, and the like.

[f necessary, the pyridine derivative represented by the abqve formula (), or a
prodrug thereof, or a pharmaceutically acceptable salt thereof, can be converted into its
solvates. Such solvents can include water, methanol, ethanol, I-propanol, 2-propanol,
butanol, t-butanol, acetonit‘rile, acetone, methyl ethyl ketone, chIorofonn, ethyl acetate,
diethyl ether, t~buty1 methyl ether, benzene, toluene, DMF, DMSO, etc. Particularly,

water, methanol, ethanol, 1-propanol, 2-propanol, acetonitrile, acetone, methyl ethyl
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ketone, and ethyl acetate can be mentioned as being preferred.

Although synthesis of the pyridine derivatives represented by the above
formula (I) may be carried out by any method, the present derivatives can be
synthesized as shown in Scheme A below when A is a single bond; R, is a nitrogen
atorn; Ry is an alkyl group having 1 to 6 carbon atoms or a trifluoromethyl group; and
Ry is a carboxyl group, -CO;Rs, or -CONHSO:Rs. That is, after the imidazole
derivative (1V) is brominated to give the compound (V), N-alkylation is carried out by a
reaction using a base and a halide compound, or by a Mitsunobu reaction using an
alcohol, to give the compound (IHi-1). The compound (I-1) is obtained by a Suzuki
coupling reaction of the compound (II-1) and a boronate derivative. The compound
(I-2) can be obtained by hydrolyzing the ester group. Furthermore, if necessary, the
acylsulfonamide (I-3) can also be obtained by carrying out a condensation reaction with

an alkylsulfonamide.

[Chemical Formula 40}
Scheme A
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Suitable reagents for the bromination of the compound (IV) to (V) in Scheme A
can include bromine, N-bromosuccinimide (NBS), etc. Solvents in this reaction
include, but are not particularly limited to, for example, ethers such as tetrahydrofuran

(THF), 1,4-dioxane, 1,2-dimethoxyethane, or 1,2-diethoxyethane, halogenated solvents
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such as dichloromethane or carbon tetrachloride, acetonitrile, mixed solvents thereof, or
the like. This reaction proceeds at 0°C to 100°C, but it is preferably carried out at
room temperature to 50°C.

The N-alkylation of the compound (V) to the compound (If-1) proceeds in a
reaction using a base and a halide compound, or by a Mitsunobu reaction using an
alcohol. When a base and a halide compound are used, the base can include potassium
carbonate, cesium carbonate, tﬂethylainine, diisopropylethylamine, sodium hydride, etc.,
among which the preferred base is potassium carbonate, cesium carbonate,
tricthylamine, or diisopropylethylamine. The halide compound includes chloride,
bromide, or iodide, among which the preferred halide compound is a chloride or
bromide. The temperature for the reaction in the presence of a base and a halide
compound is preferably from room temperature to 150°C, and more preferably from
50°C to 120°C. Sc;)lvents in this reaction include, but are not particularly limited to, for
example, ethers such as tetrahydrofuran (THI), 1,4-dioxane, 1,2-dimethoxyethane, of
1,2-diethoxyethane, amides such as dimethylformamide or N-methylpyrrolidone,
dimethyl sulfoxide (DMSO), toluene, xylene, mixed solvents thereof, or the like. The
N-alkylation of the compound (V) to the compound (II-1) also proceeds by a Mitsunobu
reaction with an alcohol.  As for conditions for the Mitsunobu reaction, a phosphine
compoﬁnd, a condensation agent, an alcohol, and the compouﬁd (V) react in an inert
solvent to give the compound (II-1). The phosphine includes tributylphosphine,
triphenyiphosphine, tricyclohexyiphosphine, etc., but preferably triphenylphosphine.
A preferred condensation agent is diethyl azodicarboxylate (DEAD) or diisopropyl
azodicarboxylate (DIAD). The reaction temperature for this Mitsunobu reaction may

be anywhere from 0°C to 100°C, but the preferred reaction temperature is from room
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temperature to 80°C. The solvent in the Mitsunobu reaction includes, but is not
particularly limited to, for example, ethers such as tetrahydrofuran (THF), 1,4-dioxane,
1,2-dimethoxyethane, or 1,2-diethoxyethane, amides such as dimethylformamide or
N-methylpyrrolidone, halogenated solvents such asr dichloromethane, toluene, xylene,
mixed solvents thereof, or the like.

The Suzuki coupling reaction of the compound (II-1) to the compound (I-1)
proceeds by heating the compound (II-1), a boronate derivative, a palladium catalyst,
and a base in a reaction-inert solvent. Preferably, this reaction is carried out under an
inert gas atmosphere. Preferred examples of the boronate derivative can include
boronic acid and boronic acid pinacol ester.  As the palladium catalyst,
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (ID) (PAClL(dppt)),
tetrakis(triphenylphosphine)palladium (Pd(PPhsz)s), or the like is preferably used. As
the base, potassium carbonate, cesium carbonate, or potassium phosphate can be
mentioned as bemg preferred.  Although the solvent in this reaction is not particularly
limited, it is preferable to use, for example, ethers such as tetrahydrofuran (THEF),
1,4-dioxane, 1,2-dimethoxyethane, or 12-diethoxyethane, amides such as
dimethylformamide or N-methylpyrrolidone, alcohols such as ethanol, 2-propanol, or
butanol, toluene, xylene, water, or mixed solvents thereof. This reaction proceeds at
50°C to 150°C, but it is preferably carried out at 80°C to 120°C.

The hydrolysis reaction of fhe compound (I-1) to the compound (I-2) proceeds
by reacting the co_mpound (I-1) with an equivalent or a slight excess of a base in a
. mixed solvent of a reaction-inert solvent and water. Preferred bases can include
sodium hydroxide, potassium hydroxide, or lithium hydroxide. Although the solvent

is not particularly limited, it is preferable to use, for example, a mixed solvent of an
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organic solvent, such as tetrahydrofuran (THF) or alcohol (such as meth_anol or ethanol),
and water for the reaction. This reaction proceeds at 0°C to 100°C, but it is preferably
carried out at room temperature to 60°C.

The condensation reaction of the compound (I-2) to the compound (I-3)
proceeds by reacting the compound (I-2) with an alkylsulfonamide in the presence of a
base and- a condensation agent in an inert solvent. The solvent includes, for example,
ethers such as tetrahydrofuran (THF), [,4-dioxane, 1,2-dimethoxyethane, or
1,2-diethoxyethane, halogenated solvents such as dichloromethane or carbon
tetrachloride, acetonitrile, mixed solvents thereof, or the like. The preferred solvent 1s

tetrahydrofuran (THF), dimethylformamide, or dichloromethane. The base can include
potassium carbonate, cesium carbonate, triethylamine, diisopropylethylamine, sodium
hydride, etc., but the preferred base is triethylamine or diisopropylethylamine. The
condensatioﬁ agent includes dicyclohexylcarbodiimide (DCC), diphenylphosphoryl
azide (DPPA), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI or
WSC), O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexaﬁuorophosphate
(HATU), O-(7-azabenzoiriazol-1-y1)}-N,N,N'N'-tetramethyluronium tetrafluoroborate
(TATU), etc., but preferably WSC. The reaction temperature may be anywhere from
0°C to 100°C, but the preferred reaction temperature is from room temperature to 50°C.

Note that the compound of the formula (1) discussed above can be used as the
compound (I1-1) in Scheme A above.

’_I“he present derivatives can also be synthesized according to Scheme B below,
for example, when Aisa single bond, R, is a nitrogen atom, Rj is an alkyl group having
I to 6 carbon atoms, and Ry is a carboxyl group, -CO,Rs, or -CONHSO,R;5.  That is,

after the compound (VIII) is obtained by an imidazole ring-forming reaction using the
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compound (VI) and the compound (VII), N-alkylation is carried out by a reaction using
a base and a halide compound, or by a Mitsunobu reaction using an alcohol, fo give the
compound (I-1). As in Scheme A, the compound (I-2) can be obtained by hydrolyzing
the ester group. Furthermore, if necessary, the acylsulfonamide compound (I-3) can

also be obtained by carrying out condensation with an alkylsulfonamide.

{Chemical Formula 41]
Scheme B
Q Fns feyh Hydrol
s Formation N-alkylation ydrolysis
R2®—CHO * R3hgﬁ5 O_< :I\‘rORs O% L\’ORS ®'< j\'rOH
G 0
TV (Vi) Vit (-1} {i-2)

R = No 3
Condensation @..(/ L’/n
N
z

B X “80.Rs
(-3}

‘Here, the imidazole ring-forming reaction using the compound (VI) and the
compound (VII) proceeds, for example, by heating the compound (VI) and the
compound (VII) in a mixed solvent of toluene and water in the presence of 2 or more
equivalents, preferably 10 or more equivalents, of ammonium acetate. The reaction
temperature for this reaction is preferably from room temperature to 150°C, and mbre
preferably from 50°C to 120°C. Preferably, the N-alkylation reaction of the compound
(VIII) to the compound (I-1), the hydrolysis reaction of the compound (I-1) to the
compound (I-2), and the condensation reaction of the compound'(I-E) to the compound
(I-3) are carried out under the conditions described in Scheme A.

The present derivatives can be synthesized according to Scheme C below when
A is a single bond, R; is a nitrogen atorﬁ, R3 is a hydrogen atom or an alkyl group

having 1 to 6 carbon atoms, and Ry is a carboxyl group or -CO;R5.  That is, after the
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compound (1l1-1) is obtained by an N-alkylation reaction of the imidazole derivative
(IV), the compound (II-1) is obtained by bromination. As in Scheme A, Suzuki
coupling of the compound (II-1} and a boronate derivative is carried out to give the
compound (I-1}). Furthermore, the compound (I-2) can be obtained by hydrolyzing the
ester group. In addition, as an alternative route when Rj is a hydrogen atom, the
compound (I-1) can also be obtained by an N-alkylation reaction of the -easily
synthesizable compound (IX) to give the compound (X), followed by a bromination
reaction to give the compound (XI), and further followed by a CO-insertion reaction in

an alcohol using palladium.

[Chemical Formula 42]
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For the N—alkylation reaction of the compoﬁnd (IV) to the compound (III-1) in

Scheme C, the conditions described in Scheme A are preferred.  For the bromination of
the compound (III-1) to the compound (II-1), the conditions described in Scheme A are
preferred, and the conditions of further adding a catalytic amount of
2,2'-azobis(isobutyronitrile) (AIBN) are more preferred. Preferably, the Suzuki
“coupling reaction of the compound (II-1) to the compound (I-1) and the subsequent
hydrolysis reaction are carried out under the conditio(ns described in Scheme A. The
N-alkylation reaction of the compound (IX) to the compound (X) and the bromination

of the compound (X) to the compound (XI) are preferably carried out under the
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conditions described in Scheme A The CO-insertion reaction of the compound (XI) to
the compdund (I-1) proceeds by using a palladium catalyst, a base, and the compound
(XI) in an alcohol solvent under a CO atmosphere. As the alcohol solvent, methanol
of ethanol is preferred. As the palladium catalyst,
{1,1"-bis(diphenylphosphino)erroceneldichloropalladium (1) (PACl(dpph)),
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), etc. is preferred. The base is
preferably triethylamine or diisopropylethylamine. The reaction temperature for this
reaction is preferably from room temperature to 150°C, and more preferably from 50°C
to 90°C.

Note that the compound of the formula (II) discussed above can be used as the
compound (II-1) in Scheme C above, and the compound of the formula (IIl} discussed
above can be used as the compound (11I-1) in Scheme C above.

The present derivative can be synthesized according to Scheme D below when
A is a single bond, R; is a nitrogen atom, Rj is a chlorine atom, and Ry is a carboxyl
group. That is, the amidine hydrochloride (X1I) and dihydroxyacetone dimer are used
to form an imidazole ring to obtain the alcohol compound (XIII).  After the compound
(XIV) is obtained by chlorination, the aldehyde compound (XV) is obtained by
oxidation. The compound (I-4) can be obtained by N-alkylation to give the compound
(XVI), followed by, further oxidation. In addition, as an aliernative route, the
compound (I-4) can also be obtained by chlorination of the compound (I-5) which
corresponds to the compound (I-1) in Scheme C above wherein R; is a hydrdgen atom
to give the compound (I-6), followed by hydrolysis.

[Chemical Formula 43]
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The imidazole ring-forming reaction of the compound (XII) to the compound
(X111), is preferably carried out under the conditions where ammonium chloride and
diilyaroxyacetone dimer are used in aqueous amumonia.  This reaction proceeds at 50°C
to 100°C, but it is preferably carried out at 80 to 100°C. Chlorinating agénts for the
compound (XII} can include N-chlorosuccinimide (NCS), chlorine, etc., but preferably
N-chlorosuccinimide (NCS). This reaction proceeds at room temperature to 50°C, but
it is more preferable to perforxﬁ the reaction at room temperature in order to reduce side
reactions. The oxidation of the compound (XIV) to the compound (XV) is preferably
carried out using manganese dioxide, and the reaction solvent is preferably a
halogenated solvent such as dichloromethane. The N-alkylation of the compound
(XV) to the compound (XVT]) is preferably carried out under the conditions déscri‘ﬁed in
Scheme A. For the oxidation reaction of the compound (XVT) to the compound (I-4),
the Pinnick reaction is widely known, and the conditions of using sodium chlorite and
sodium dihydrogenphosphate in the presence of 2-methyl-2-butene are preferred. As
the reaction solvent, it is prefei'able. to use a mixed solvent of tetrahydrofuran (THF), or
an alcohol such as t-butanol or propanol, and water. The reaction temperature is
preferably from room temperature to 50°C. As for the chlorination of the compound
(I-5) to the compound (I-6), it is preferable to perform the reaction using

N-chlorosuccinimide (NCS) in acetonitrile. ~ This reaction proceeds at room
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temperature to 100°C, but it is preferably carried out at 50°C to 80°C. The hydrolysis
of the compound (I-6) to the c.ompound (I-4) is preferably carried out under the
conditions described in Scheme A.

The present derivatives can be synthesized according to Scheme E below when
A 18 a single bond, Ry is a nitrogen atom, Rj is an alkyl group having 1 to 6 carbon
~atoms (which may optionally be substituted with one or more of a hydroxyl group, an
- amino group, a dialkylamino group having 1 to 6 carbon atoms which may optionally
form a ring, an imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a
morpholine ting, and piperazine ring (which may optionally be substituted with one or
more of an alkyl group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1
to 6 carbon atoms)), an acetyl group, a difluoromethyl group, or an ethynyl group, and
Ry is a carboxyl group. That is, the diester compound (XVII) is converted into the
compound (XVIII) by a bromination reaction and then into the compound (II-2) by an
N-alkylation reaction. After the compound (I-7) is subsequently obtained by a Suzuki
coupling reaction, the hydroxymethyl compound (I-8), reduced only at the 4-position, is
obtained ﬁy a selective reduction reaction using diisobutylaluminum hydride
(DIBAL-H).  The compound (I-2) can be synthesized by converting the
hydroxymethyl moiety into various Rs moieties through various common conversion
reactions in organic synthesis, finally followed by a hydrdlysis reaction.

{Chemical Formula 44]
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Scheme E
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" In Scheme E, the bromination of the compound (XVII) to the compound
(XVHI), the N-alkylation reaction of the compound (XVIII) to the compound (II-2), and
the Suzuki coupling reaction of the compound (II-2) to the compound (I~7) are
préferably carried out under the conditions described in Scheme A. As for the
reduction reaction of the compound (I-7) to the compound (I-8), it is preferable to carry
out a reduction reaction in tetrahydrofuran (THF) solvent using diisobutylaluminum
hydride (DIBAL-H). This reaction proceeds at -50°C to 50°C, but it is preferably
carried out at -40°C to room temperature. As for the conversion of the hydroxymethyl
moiety of the compound (I-8), further conversion into various R; moieties is made
possible by converting the alcohol moiety into an aldehyde through oxidation with
‘manganese dioxide, or by converting the alcohol moiety into a bromo group using
tribroniophosphine, followed by further transformations of these aldehyde and bromo
group into Rz moieties. The hydrolysis is preferably carried out under the conditions
described in Scheme A.

Note that the compound of the formula (11} discussed above can be used as the
compouﬁd (1I-2} in Scheme E above.

The present derivatives can be synthesized according to Scheme F below when

87



A1s a single bond, Ry is a nitrogen atom, Rs is an iodine atorn, a phenyl group, a pyridyl
group, a phenoxy group, a cyano group, an alkoxy group having 1 t0 6 cérbon atoms, or
an alkenyl group having 2 to 6 carbon atoms, and Ry 1s a carboxyl group. That is, the
compound (X) obtained in Scheme (C) is iodinated to give the compound (XIX),
followed by selective formylation to give the compound (XX). After the compound
(XXT) is subsequently obtained by Suzuki coupling, cyanation, or etherification through
the introduction of alcohol, thiol, phenol, or the like, etc. under the conditions of using
palladium, the compound (I-2) can be obtained by carrying out the Pinnick oxidation.
When R; is an jodine atom, the compound (XX) is directly oxidated to give the
compound (I-2).

[Chemical Formula 45]
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Preferably, the iodination reaction of the compound (X)) to the compound (XIX)
in Scheme F is carried out in methanol using iodine and silver sulfate. This reaction
proceeds at 0°C to 100°C, but it is preferably carried out at room temperature to 50°C.
As for the selective formylation of the compound (XIX) to the compound (XX), it is
preferable to perform the reaction using a Grignard reagent such as FtMgBr, or a
lithium reagent such as nBuLi, in DMF, or in a mixed solvent of tetrahydrofuran {THE)

and DMF. This reaction proceeds at -50°C to 50°C, but it 1s preferably carried cut at
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0°C to room temperature. In the conversion of the compound (XX) to the compound
(XXD), the Suzuki coupling reaction is preferably carried out under the conditions
described in Scheme A.  The cyanation using palladium, is carried out preferably under
the conditions where a palladium catalyst, | such as
[1,1-bis(diphenylphosphineo)ferrocene]dichloropalladium (I (PdCly (dppf)) or
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), apd 7ZnCN, are heated in DMF.
This reaction proceeds at 50°C to 150°C, but it is preferably carried out at §0°C to
100°C. For the etherification through the introduction of alcohol, thiol, phenol, or the
like, the conditions of using Cul, 1,10-phenanthroline, and cesium carbonate in the
presence of the compound (XX) and any of the alcohol, thiol, phenol, or the like in
toluene solvent are preferred. The reaction temperature is preferably from 50°C to
100°C. The Pinnick oxidation reaction of the compound (XX} or the compound (XXI)
is preferably carried out under the conditions described in Scheme D.

The present derivatives can be syﬁihesized according to Scheme G below when
A is a single bond, R is a nitrogen atom, Rs is a hydrogen atom, R, is a tetrazolyl group,
acrylic acid, or thiomethylpropanoic acid. That is, for a tetrazole compound, the
compound (I-9) can be obtained by introducing a cyano group using palladium into the
compound (XI) obtained in Scheme C above to give the compound (XXII) and then
converting the cyano group into tetrazolyl group using sodium azide. For acrylic acid,
the compound (1-10) can be obtained by performing a Heck reaction on the compound
(XI) to give the compound (XXIHI), foilowed by a hydrolysis reaction. For
thioﬁlcthylpropanoic acid, the compound (I-11) can be obtained by the introduction of a
SH group using palladium to give the compound (XXIV), followed by S-alkylation to

give the compound (XXV), and finally followed by hydrolysis.
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[Chemical Formula 46]
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For the cyanation reaction of the compound (XI) to the compound (XXII), the
conditions of heating in DMF with a palladiom catalyst, such as
[1,1'-bis(diphenylphosphinoferroceneldichloropalladium  (II) (PdCl; (dppf)) or
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), and ZnCN; are preferred. This
reaction proceeds at 50°C to 150°C, but it is preferably carried out at 80°C to 100°C.
_The conversion of the compound (XXII) to the compound (I-9), is carried out preferably
by using triethylamine hydrochloride and sodium azide in DMF.  This reaction
proceeds at 100°C to 170°C, but it is preferably carried out at 120°C 1o 150°C. The
Heck reaction for converting the compound (XI) to the compound (XXIII) proceeds by
using a palladium catalyst such as
[1,1’«-bis(diphenylphosphino)ferrocene]dichloropaﬂadium Iy (PdChL  (dppf)) or
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), a base such as potassium carbonate,
potassium acetate, triethylamine, or diisopropylethylamine, the compound (XI), and an
acrylic acid ester in acetonitrile; or in an amide type solvent such as DMF or DMA,

under heated conditions. This reaction proceeds at room temperature to 150°C, but it
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is preferably carried out at 80°C to 140°C. The hydrolysis is preferably carried out
under the conditions described in Scheme A.  As for the introduction of a SH group
info the compound (XI) to give the compound (XXIV), an alkylthiol moiety is
introduced by heating the compound (XI), 2-ethylhexyl 3-mercaptopropionate,
Pdy(dba);, Xantphos, and diisopropylethylamine in 1,4-dioxane under a nitrogen
atmosphere, and then a ﬂ~¢1imination reaction is carried out under basic conditions to
give the compound (XXIV), with reference to the document: Org. Lett. 2004, 6,
4587-4590; or Org. Lett. 2007, 9, 3687-3689. For the P-elimination reaction, the
* conditions of using a slight excess of KOtBu in DMF at room temperature are preferred.
The S-alkylation of the compound (XXIV) to the compound (XXV) is preferably
carried out under conditions similar to those for the N~élky1ation in Scheme A, and
more preferably under the conditions of using a base.and a halide compound. The
hydrolysis is preferably carried out under the conditions described in Scheme A.

The present derivatives can be synthesized according to Scheme H below when
A is an oxygen atom, R, is a nitrogen atom, Rz is an alkyl group having 1 to 6 carbon
atoms, and Ry is a carboxyl group. That is, the compound (I-13) can be synthesized by
performing a substitution reaction using a phenol and a base on the compound (II-1)
obtained in Scheme A above to give the compound (I-12), and then performing a
hydrolysis reaction.

[Chemical Formula 47]
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The substitution reaction of the compound (II-1} to the compound (I-12)
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proceeds by reacting compound (II-1) with a phenol in DMF, in the presence of a base,
such as potassium carbonate or cesium carbonate. This reaction proceeds at 50°C to
150°C, but it is preferably carried out at 90°C to 130°C. The hydrolysis of the
compound (1-12) to the compound (I-13) 1s preferably carried out under the conditions
described in Scheme A.

Note that the compound of the formula (II) discussed above can be used as the
compound (1I-1) in Scheme H above.

Furthermore, the present derivatives can be synthesized according to Scheme I
below when A is a single bond, R; is CH, R; is a hydrogen atom, and Ry is a carboxyl
group or acrylic acid. That is, for a carboxylic acid, after the known pyrrole derivative
(XXVT) is N-alkylated to give the compound (II-3), the compound (XXVII) is obtained
by a Suzuki coupling reaction with a boronate derivative. The target compound (I-14)
can be obtained by a subsequent oxidation reaction. For an acrylic acid, the compound
(I-15) can be obtained by performing a Horner-Emmons reaction on the compound

(XXVII) to give the compound (XX VII), followed by hydrolysis.

[Chemical Formula 48]
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Preferably, the N-alkylation reaction of the compound (XXVI) to the

compound (II-3) in. Scheme 1 and the subsequent Suzuki coupling reaction of the
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compound (I}-3) are carried out under the conditions described in Scheme A.
Preferably, the oxidation reaction of the compound (XXVII} is carried out under the
conditions described in Scheme D. The Horer-Emmons reaction of the compound
(XXVI1I) to the compound (XXVIII) proceeds by reacting the compound (XXVII) with
ethyl diethylphosphonoacetate in THE, in the presence of a base, such as sodium
hydride or nBuLi. The reaction temperature is preferably from 0°C to room
temperature. The subsequent hydrolysis is preferably carried out under the conditions
described in Scheme A.

Note that the compound of the formula (II) discussed above can be used as the
compound (II-3) in Schéme I above.

An agent for treatment or prevention of gout, hyperuricemia, and the like,
containing a pyridine derivative or a prodrug thereof, or a pharmaceutically acceptable
salt thereof, or a solvate thereof, of the present invention as an active ingredient is
prepared with carriers, excipients, and other additives commonly used to formulate
pharmaceutical preparations. The carriers and excipients to formulate pharmaceutical
preparations may be either solid or liquid and include, for example, lactose, magnesium
stearate, starch, tale, gelatin, agar, pectin, Arabian gum, olive oil, sesame oil, cocoa
butter, ethylene glycol, etc., and others that are commonly used. Administration may
be in any form of oral administration such as via tablets, pills, capsules, granules,
powders, or liquid preparations, or of parenteral administration such as via injections,
such as intravenous injection and intramuscular injection, suppositories, or transdermal
administration.

For the purpose of thé present invention, "preventing" refers to obviating

contraction or development of a disease in an individual who has not yet contracted or
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developed it, and "reating" refers to curing, suppressing, or ameliorating a disease or
symptom in an individual who has already contracted or developed it.

The effective dose of the active ingredient in a URAT1-inhibitor or an agent for
treatment or prevention of the present invention may vary depending upon the route of
administration, the age and sex of the patient, the extent of the disease, and the like, but
it is generally about 0.1 to 100 mg/day. The dose frequency is generally 1 to 3
times/day or 1 to 7 times/week. It is preferred that pharmaceutical preparations be
prepared to meet these conditions.

[Examples]

Hereinafter, the present invention will be described in greater detail by way of
working examples, without being Iimite& thereto.  Abbreviations in the present
invention are as follows: |
DMEF = N,N-dimethylformamide
THF = tetrahydrofuran
NBS = N-bromosuccinimide
NCS = N-chlorosuccinimide
DEAD = diethyl azodicarboxylate
DIAD = diisopropy! azodicarboxylate
PACl; (dppf) = [1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(Il)

PdClL (dppf)-CHCl; = [1,1'-bis(diphenylphosphino)ferroceneldichloropalladium(Il)
dichloromethane complex

BSA = N,O-bis(trimethylsilyl)acetamide

AIBN = 2,2"-azobis(isobutyronitrile)

HATU = O~(7—azabenzotriazc}l-1—yl)-N;N,N',N'-tetramethyluronium
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hexafluorophosphate

WSC = 1-ethyl-3-(3 -dimethylaminopropyl)carbodiimide hydrochloride
DMAP = N N-dimethylamino-4-aminopyridine

DIBAL-H = diisobutylalummum hydride

DAST = diethylaminosulfur trifluoride

The structures of the isolated, novel compounds were conﬁnﬁed by '"H-NMR
and/or mass spectrometry using single quadrupole instrumentation equipped with an
electrospray source, and other appropriate analytical methods.

For the compounds whose "H-NMR spectra (400 Mﬁz, DMSQO-dg, CDCls, or
CD;0OD) were measured, their chemical shifts (5: ppm) and coupling constants (J: Hz)
are shown. For the mass spectroscopy results, the observed measurement is shown as
M™H, ie., the value of compound's molecular mass (E;/I) plus a proton (H+).
Abbreviations below refer respectively to the following.

s = singlet, d = doublet, t = triplet, g = qﬁal‘tet, brs = broad singlet, m = multiplet.

The compounds synthesized according to the methods of the following
Examples were also analyzed by high-performance liquid chromatography (HPLC)
analysis and by mass spectroscopy using a time-of-flight mass spectrometer (TOF-MS:
Time of F light-Mass Spectroscopy) equipped with an electrospray ion source.

The retention time (in minutes) of a compound in the HPLC analysis under the
following analytical conditions is shown as HPLC retention time.

HPLC measurement conditions
Instrument: Hewlett-Packard 1100HPLC
Column: Imtakt Cadenza CD-C18 100 mm % 4.6 mum 3 pm

UV: PDA detection (254 nm)
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Column temperature: 40 °C
Gradient conditions:
Soiventé: A: HyO/acetonitrile == 95/5
0.05% TFA (trifluoroacetic acid)
B: HgO/acetonitriié = 5/95
0.05% TFA (trifluoroacetic acid)
Flow rate: 1.0 mL/min
Gradients: 0 to 1 minute, Solvent B: 2%, Solvent A: 98%
1 to 14 minutes, Solvent B: 2%—100%, Solvent A: 98%—0%
14 to 17 minutes, Solvent B: 100%, Solvent A: 0%

17 to 19 minutes, Solvent B: 100%—2%, Solvent A: 0%—98%

For the mass Qpectroscopy results, the value of "M +H" observed using the
apparatus and analytical conditions listed below (Obs. Mass: i.e., the observed value of
compound's molecular mass (M) plus a proton (H')) and the calculated value of
"M+H" (Pred. Mass), as well as the compositional formula calculated from the
observed value of "M'+H," are shown.

TOF-MS measurement conditions

Mass spectrometer: Shimadzu Corporation LCMS-IT-TOF

LC: Prominence

Column: Phenomenex Synergi Hydro-RP 4.0 mm x 20 mm 2.5 pm
UV: PDA detection (254 nm)

Flow rate: 0.6 mL/min

Column temperature: 40 °C
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Detection voltage: 1.63 kV

Gradient conditions:

Solvents: A: HyO/acetonitrile = 95/5

0.1% HCO:H

B: H,O/acetonitrile = 5/95

0.1% HCOH

Flow rate; 0.5 mL/min

Gradients: 0 to 0.2 minutes, Solvent B: 2%, Solvent A: 98%

0.2 to 2.5 minutes, Solvent B: 2%—100%, Solvenf AL 98%—0%

2.5 to 3.8 minutes, Solvent B: 100%, Solvent A: 0%

3.8 to 4.0 minutes, Solvent B: 100%—2%, Solvent A: 0%—98%

4.0 to 5.0 minutes, Solvent B: 2%, Solvent A: 98%

{Example 1]

Production

of

4-methyl-1-(naphthalen-I-ylmethyl)-2-(pyridin-3-yD-1H-imidazole-5-carboxylic  acid

{Compound A2) (Scheme A)

[Chemical Formula 49]
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(1) Ethyl 4-methyl-1H-imidazole-5-carboxylate (7.5 g, 48,7 mmol} was dissolved in
acetonitrile (120 mL), N-bromosuccinimide (10.4 g, 58.4 mmol) was added thereto, and
then the mixture was stirred at room temperature for 3 hours. After the reaction,
saturated aqueous sodium hydrogen carbonate was added and the mixture was extracted
twice with ethyl acetate. After washing with saturated aqﬁeous sodium chlbride, the
organic layer was dried over anhydrous sodium sulfate. After concentrating the
organic layer, the residue was purified by column chromatography to obtain ethyl
2-bromo-4-methyl-1H- imidazole—ﬁ—carbpxylate (3.6 g):

'"H-NMR (CDCl3) 8: 4.35 (2H, q, 7= 7.1 Hz), 2.51 3H, 5), 1.37 (M, 1, T = 7.1 Hz);
ESI-MS m/z = 233 (M +H).

(2) Ethyl 2-bromo-4-methyl-1H-imidazole-5-carboxylate (5 g, 21.45 mmo.l) was
dissolved in DMF (40 mlL), potassium carbonate (5.93 g, 42.9 mmol) and
1-(chloromethyl)naphthalene (4.56 g, 25.8 mmol) were added thereto, and the mixture
was stiﬁed at 80°C for 2 hours. After the reaction, water was added and the mixture
was extracted twice with ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride and dried over anhydrous sodium sulfate.  After
concentrating tﬂe organic layer, the residue was purified by column chromatography té
obtain ethyl 2-bromo-4-methyl-1-(naphthalen-1-ylmethyl)-1H-imidazole-5-carboxylate
(3.25 g):

"H-NMR (CDCly) 8: 8.01 (1H, d, J = 8.3 Hz), 7.91 (1H, d, T =78 Hz), 777 (14, d, T =
8.3 Hz), 7.63-7.53 (2H, m), 7.33 (1H, t, J = 7.6 Hz}, 6.43 (1H, dd, J = 7.3, 1.0 Hz), 6.07
(2H, s),4.13 2H, q, }=7.1 Hz), 258 GH, 5), 1.11 (3H, t,J = 7.1 Hz);

ESI-MS m/z =373 (M" +H).
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(3) Ethyl 2-bromo-4-methyl-1-(naphthalen-1-yimethyl)-1H-imidazole-5-carboxylate
(1.5 g, 4.0 mmol), pyridin-3-ylboronic acid (0.74 g, 6.0 mmol), cesium carbonate (2.62
g, 8.0 mmol), and PdCl; (dppf) (0.3 g, 0.4 mmol) were dissolved in a mixed solvent of
dioxane (15 mL) and water (3 mL), and the solution was heated and stirred at 100°C for
6 hours under a nitrogen atmosphere. Afier cooling, the reaction ﬁixtme was
concentrated under reduced pressure, ethyl acet’ate was added to the residue, and the
solution was washed with water and saturated aqueous sodium chloride. The organic
layer was dried over anhydrous sodium sulfate and subsequently concentrated under
vacuum. The residue obtained was purified by column chromatography to obtain ethyl
4-methyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-yl)-1 H-imidazole-5-carboxylate
(Compound A3, 1.46 g); -

"H-NMR (CDCl) 8: 8.78 (1H, d, = 2.0 Hz), 8.58 (1H, dd, ] = 4.9, 1.5 Hz), 7.93-7.85
(2H, my), 7.82-7.77 (2H, m), 7.57-7.53 (2H, m), 7.38 (1H, t, J = 7.6 Hz), 7.24-7.20 (1H,
m), 6.73 (1H, d, J = 6.3 Hz), 6.03 (2H, s), 4.13 (2H, q, ] = 7.2 Hz), 2.67 (3H, s), 1.07
(3H,t,J=7.1 Hz);

ESI-MS m/z = 372. (M™ +H). -

@) | ' Ethyl
4-methyl-1-(naphthalen-1-ylmethyl}-2-(pyridin-3-yl- 1H-imidazole-5-carboxylate (1.46
g, 3.93 mmol) was dissolved in a mixed solvent of THF (10 mL) and methanol (10 mL),
and 2 M aqueous sodium hydroxide (4 mL, 8.0 mmol) was added to the solution, and
then the mixture was heated and stirred at 50°C for 1 hour. After éooling to room
temperature, 2 M hydrochloric acid (4 ml, 8.0 mmol) was added and the mixtu;e Was
concentrated under reduced pressure. The residue was purified according to the

conventional _ method to obtain
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4-methyl-1-{(naphthalen-1-ylmethyl)-2-(pyridin-3 -yi)—1H¥imidazoie~5«carboxy1ic acid |
{Compound A2, 0.88 g):

‘H-NMR (DMSO-D¢) 8: 8.69 (1H, d, J = 2.0 Hz), 8.60 (1H, dd, T = 4.9, 1.5 Hz),
8.05-8.01 (1H, m), 7.99-7.95 (1H, m), 7.93 (1H, dt,J = 8.0, 2.0 Hz), 7.84 (1H, d, ] =83
Hz), 7.60-7.57 (2H, m), 7.46-7.40 (2H, m), 6.59 (1H, d, J = 7.3 Hz), 6.09 (2H, s), 2.56
(3H, s);

HPLC retention time = 7.40 min;

Pred. Mass = 344.1394 (M" +H, C;1H1N:0»);

Obs. Mass = 344.1391 (M +H).

[Example 2}

Production ‘ of
1-((4-chlorobenzo{blthiophen-3-yl)methyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-
carbokyiic acid (Compound A7) (Scheme A)

[Chemical Formula 50}
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(1) Ethyl 2-bromo-4-methyi-1H-imidazole-5-carboxylate (1.52 g, 6.0 mmol),
(4-chlorobenzo[b]thiophen-3-ylymethanol (1.79 g, 9.0 mmol) obtained according to a
method described in a literature (for example, WO 2002/066457), and
triphenylphosphine (2.36 g, 9.0 mmol) were dissolved in THF (15 mL), a 1.9 M
solution of DIAD in toluene (4.73 mL, 9.0 mmol) was added dropwise thereto under
cooling at 0°C, and the mixture was stirred at 30°C for 10 hours. The solvent was

distilled away and the residue was purified by column chromatography to obtain ethyl
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2-bromo-1-((4-chlorobenzo[b]thiophen-3-ylymethyl)-4-methyl-1H-imidazole-5-
carboxylate (1.73 gk

TH-NMR (CDCL) 8: 7.72 (1H, d, J = 8.3 Hz), 7.41-7.24 (3H, m), 6.15 (2H, 5), 4.21 (21,
g, J=7.1Hz), 2.57 (3H, s), 1.20 (3H, t, ] = 7.1 Hz);

ESI-MS m/z = 413 (M" +H).

2

Ethyl 2-bromo-1-({(4-chlorobenzo[b]thiophen-3-y)methyl)-4-methyl-1H-imidazole-~5-
carboxylate (800 mg, 1.93 mmol), pyridin-3-ylboronic acid (366 mg, 3.0 mmol), cesium
carbonate (1.06 g, 3.0 mmol), PACly (dppf)=CILCl; (245 mg, 0.3 mmol) were
dissolved in a mixed solvent of dioxane (19 mL) and water (1 mL}, and the solution was
heated and stirred at 100°C for 5 ﬁours under a nitrogen atmosphere. After cooling,
ethyl acetate was added to extract the reaction mixture, the organic layer was washed
with saturated aqueous sodiumchloride, dried with anhydrous magnesium suifate, and
concentrated under reduced pressure. The residue obtained was purified by column
chromatography to _ obtain ethyl
1-((4-chlorobenzo[b]thiophen-3-yl)methyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylate (Compound A267, 0.63 g} |

ESI-MS m/z = 412 (M" +H).

3 Ethyl
i —((4—ch101‘0benzo [b]thiophen-3-ylmethyl)-4-methyl-2-(pyridin-3-y1)-1 H-imidazole-5-
carboxylate (0.63 g, 1.53 mmol) was dissolved in a mixed solvent of THF (6 mL),
methanol (6 mL), and water (3 mL), 1 M aqueous sodium hydroxide (3 mL, 3.0 mmol)
was added to the solution, and the mixture was stirred at 60°C for 3 hours.‘ After

cooling, the reaction mixture was neutralized by the addition of 1 M hydrochloric acid
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(3 mL, 3.0 mmol) and the organic solvent was distilled away. | The residue was
extracted with ethyl acetate and the organic layer was washed With saturated aqueous
sodium chloride. After being dried over anhydrous magnesium sulfate, the organic
layer was concentrated under reduced pressure. The residue was purified by a
conventional method to obtain
1-((4-chlorobenzo[b]thiophen-3-yDmethyl}-4-methyl-2-(pyridin-3-yl)-1H-imidazole-5 i
carboxylic acid (Compound A7, 0.26 g):

'H-NMR (DMSG-Dg) 8: 8.72 (1H, d, T = 2.0 Hz), 8.60 (1H, dd, J = 4.9, 2.0 Ifz),
7.99-7.93 (2H, m), 7.47-7.44 (2H, m), 7.37 (1H, t, } = 8.0 Hz), 6.87 (1H, s5), 6.05 (2H, s);
2.60 (3H, s);

HPLC retention time = 7.76 min:

Pred. Mass = 384.0568 (M" +H, C;oH4CIN;3058);

Obs. Mass = 384.0564 (M™ +H).

[Example 31

Production of
4-chloro-1-(napthalen-1-ylmethyl}-2-(pyridin-3-yl)- 1H-imidazole-5-carboxylic acid
(Compound A9) (Scheme D)

{Chemical Formula 51}
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(1) 3—Amidinopyridiﬁe hydrochloride (10 g, 63.5 mmoi), dihydroxyacetone dimer
(11.43 g, 63.6 mmol) and ammonium chloride (17 g, 317 mmol) were dissolved in 28%
agueous ammonia (100 ml), and the solution was stirred at 80°C for 2 hours. After
the reaction, saturated équeous sodium chloride (50 mL) was added and the aqueous
layer was extracted three times with a mixed solvent of ethyl acetate and THF. The
organic layer was dried over anhydrous sodium sulfate and concentrated to obfain a
crude product, which was subsequently washed with acetonitrile and hexane to obtain
(2-(pyridin-3-y])-1 H-imidazol-5-yl)methanol (3 g):

EST-MS m/z = 176 (M~ +H).

(2) In a mixed solvent of ethanol (30 mL) and 1,4-dioxane (30 mL) was dissolved
(2-(pyridin-3-y1)-1H-imidazol-5-yl)methanol (2.1 g, 12 mmol), N-chlorosuccinimide
(1.6 g, 12 mmol) was added thereto, and the mixture was stirred at room temperature for
48 hours. After the reaction, water (50 ml) and saturated aqueous sodium chloride
(50 mL) were added and the mixture was extracted twice with a mixed solvent of ethyl
acetate and THF. After being dried over anhydrous sodium sulfate, the organic layer
was concentrated and the residue was purified by column chromatography to obtain
(4-chloro-2-(pyridin-3-yh-1H-imidazol-5-yl)methanel (660 mg):

"H-NMR (DMSO-dg) 8: 13.16 (1H, 8), 9.09 (1, d, T = 2.0 Hz), 8.54 (1H, dd, ] = 4.9,
1.5 Hz), 8.24 (1H, dt, ] = 8.1, 2..0 Hz), 747 (1H,dd, J=7.8,4.9 Hz), 5.31 (1H, t, T = 5.1
Hz), 4.45 (2H, 4, 1 = 4.9 Hz);

ESI-MS m/z = 210 (M +H).

(3) In dichleromethane {7 ml.) was suspended
(4-chloro-2-(pyridin-3-yi)-1H-imidazol-5-ylmethanol (600 me, 2.86 mmol),
manganese dioxide (4 g, 46 mmol) was added thereto, and the mixture was stirred at

103



room temperature for 20 hours. After the reaction, the reaction mixture was filtered
using celite and subsequently the filirate was concentrated to obtain
4-chloro-2-(pyridin-3-yl)-1H-imidazole-5-carbaldehyde (460 mg). This material was
used as is for the next reaction without further purification:

'H-NMR (DMSO-dg) 6: 14.22 (1H, 5), 9.72 (1H, 5), 9.24 (1H, s), 8.66 (1H, d, J = .4.4
Hz), 8.42 (1H, d, I = 7.3 Hz), 7.54 (1H, dd, I = 7.8, 4.9 Hz);

ESI-MS m/z = 208 (M" +H).

{(4) In DMF (1 mkL) was dissolved
4-chloro-2-(pyridin-3-yl)-1H-imidazole-5-carbaldehyde {50 mg, 0.241 mmol),
potassium carbonate (66.6 mg, 0.482 mmol} and 1-(chloromethyl)naphthalene (51.0 mg,
(.289 mmol) were added to the solution, énd the mixture was heated and stirred at 806°C
for § hours.  After the reaction, water (5 mL) was added and the mixture was extracted
twice with ethyl acetate (5 ml.). Afier being washed with saturated aqueous sodium
chloride, the organic layer was dried over anhydrous sodium sulfate and subsequently
concentrated to obtain
4-chloro-1-(napthalen-1-ylmethyl}-2-(pyridin-3-yl)-1H-imidazole-5-carbaldehyde (100
mg). This material was used as is for the next reaction without further purification:
ESI-MS nv/z = 348 (M +H).

(5)  4-Chloro-1-(napthalen-1-ylmethyl)-2-(pyridin-3-yl)-1H-imidazol-5-carbaldehyde
(100 mg) and 2-methyl-2-butene (141 mg, 2 mmol) were dissolved in a mixed solvent
of THF (1 mlL) and t-butanol (1 mL), an agueous solution (2 mL) of sodium chiorite
(221 mg, 2.44 mmol) and sodium dihydrogen phosphate (292 mg, 1.87 mmol) was
added dropwise thereto, and the mixture was stirred at room temperature for 6 hours.

After the reaction, water (5 mL) was added and the mixture was extracted twice with
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ethyl acetate (5 mL). After being washed with saturated aqueous sodium chloride, the
organic layer was dried over sodium sulfate. After concentrating the organic layer, the
residue was purified by HPLC = to obtain
4-chloro-1-{napthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-5-carboxylic acid
(Compound A9, 2.53 mg):

HPI.C retention time = 8.52 min;

Pred. Mass = 364.0847 (M" +H, CyeH14CIN;O5);

Obs. Mass = 364.0847 (M™ +H).

[Example 4]

Production of
4-cyclopropyl-1-(napthaien-1-ylmethy!)-2-(pyridin-3-y1)-1 H-imidazole-5-carboxylic
acid (Compound A11) (Scheme B)

[Chemical Formula 52]
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(1) Ethyl 2-(triphenylphosphoranylidene)acetate (16.3 g, 47 mmol) was dissolved in
dichloromethane (160 mL), cyclopropanecarbonyl chloride (5.4 g, 51 mmol) and
N,O-bis(trimethylsilyl)acetamide (BSA) (11.9 g, 58 mmol) were édded thereto under ice
cooling, and the mixture was stirred at room temperature for 3 hours. After the

reaction, water (100 mL) was added and the aqueous layer was extracted twice with
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dichloromethane. After being washed with saturated aqueous sodium chloride, the
organic layer was dried over anhydrous magnesium sulfate and was concentrated to
obtain ethyl 3-cyclopropyl-3-oxo0-2-(triphenylphosphoranylidene)propanoate (19.0 g):
'H-NMR (CDCl) §: 7.67-7.40 (15H, m), 3.74 (2H, q, J = 7.2 Hz), 3.35-3.33 (1H, m),
0.85-0.81 (2H, m), 0.71-0.67 (CH, m), 0.65 (3H, t, ] = 7.3 Hz);

ESI-MS m/z = 417 (M +H).

(2) Ethyl 3~cyclopr0pyi-3~oxo-2-(triphenylphosphoranylidene)proPanoate (19.0 g, a7
mmol) was dissolved in a mixed solvent of tetrahydrofuran (300 rnL) and water (200
mL), oxone (34.7 g, 56 mmol) was added thereto under ice cooling, and the mixture was
stirred at room temperature for 4 hours. After the reaction, insoluble matter was
removed by filtration and the solid was washed with ethyl acetate. The filtrate was
concentrated and the solvent was distilled away. The aqueous layer was extracted
twice with ethyl acetate (100 mL). After being washed with saturated aqueoﬁs sodium
chloride, the or_ganic layer was dried over anhydrous magnesium sulfate. The residue
obtained by concentrating the organic layer was purified by column chromatography to
obtain ethyl 3-cyclopropyl-2,3-dioxopropanoate (7.47 g):

"H-NMR (CDCly) &: 4.34 (2H, q, T = 7.1 Hz), 2.16-2.11 (1H, m), 1.31 3H, t, } = 7.1
Hz), 1.25-1.22 (2H, m), 1.15-1.10 (2H, m).

(3) Ethyl 3-cyclopropyl-2,3-dioxopropanoate (500 mg, 2.9 mmol), nicotine aldehyde
(315 mg, 2.9 mmol), and ammonium acetate (2.26 g, 29 mmol} were dissolved in a
mixed solvent of toluene (4 mL) and water (2mL), and the mixture was heated and
stirred at 70°C for 3 hours. After the reaction, the residue obtained by distilling away
toluene was purified by a conventionai method  to  obtain  ethyl
d-cyclopropyl-2-(pyridin-3-yl}-1H-imidazole-5-carboxylate (416 mg):

106



"TH-NMR (DMSO-dg) 8: 13.07 (1H, brs), 9.16 (1H, brs), 8.56 (1H, d, ] = 4.9 Hz), 8.33
(1H, brs), 7.46 (1H, dd, J = 7.8, 4.9 Hz), 4.30 (2H, brs), 2.59 (1H, brs), 1.32 BH, t, I =
7.1 Hz), 0.97 (4H, brs);

ESI-MS m/z = 258 (M" +H).

{4) Ethyl 4-cyclopropyl-2-(pyridin-3-yl)-1H-imidazole-5-carboxylate (50 mg, 0.194
mrmol) was dissolved in DMF (1 mlL), potassium carbonate (53.7 mg, 0.389 mmol) and
I-(chloromethyDnaphthalene (41.2 mg, 0.233 mmol) were added to the solution, and the
mixture was stirred at 90°C for 3 howrs. After the reaction, water (5 mL) was added
and the mixture was extracted twice with ethyl acetate (5 mL). After being washed
with saturated aqueous sodium chloride, the organic layer was dried over anhydrous
sodium sulfate. After concentrating the organic layer, the residue was purified by
column chromatography to obtain ethyl
4-cyclopropyl-1-(napthalen-1 —ylmethyi)~2»(pyridin—3 -yD)-1H-imidazole-5-carboxylate
(Compound A268, 40 mg):

ESI-MS m/z = 398 (M" +H).

&) | Ethyl
4-cyclopropyl-1-(napthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazol-5-carboxylate

(40 mg) was dissolved in a mixed solvent of THF (1 mL)} and methanol (0.5 mL),and
2 M aqueous sodium hydroxide (0.2 mL, 0.4 mmol} was added thereto, and then the
mixture was stirred at 50°C for 3 hours. After the reaction, the reaction mixture was
neutralized by the addition of 2 M aqueous hydrochloric acid (0.2 ml, 0.4 mmo!) and
- was qoncentra’ted. The residue was purified by HPLC to obtain
4-cyclopropyl-1-(napthalen-1-ylmethyl)-2-(pyridin-3-yl}- 1 H-imidazole-5-carboxylic
acid (Compound Al1, 30 mg):
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"H-NMR (DMSO-dg) 8: 8.62 (1H, d, J = 2.0 Hz), 8.56 (1H, dd, T = 4.9, 1.5 Hz),
8.05-7.95 (2H, m), 7.89-7.82 (2H, m), 7.60-7.56 (2H, m), 7.45-7.38 2H, m), 6.55 (1H,
d, J= 6.8 Hz), 6.05 (2H, s), 2.78-2.71 (1H, m), 1.04-0.96 (4H, m);

HPLC retention time = 8.28 min;

Pred. Mass = 370.1550 (M +H, Co3Hi19N30,);

Obs. Mass = 370.1548 (M" +H).

[Example 5]
Production of
1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-4-methyi- | H-imidazole-5-carboxylic acid

(Compound A13) (Scheme A)

{Chemical Formula 53]

Br e OH
& .
N
G ermeNf PACh(dpp) @—(fw}( <}—<’ l(
-

NT N eogH

N NTC0,EL €500, N ooE 20 NaQOHa
Br-—¢ | KGOy -2 2 G
N T o 3
H COE DMF Cl Dioxane, H.C Ci MeQH, THF
Ci Gt a

(1) FEthyl 2-bromo-4-methyl-1H-imidazole-S-catboxylate (2.75 g, 11.81 mmol)
described in Example 1 (1) was dissolved in DMF (20 mL), potassium carbonate (3.26
g, 23.62 mmol) and 2,5-dichlorobenzy! bromide (3.4 g, 14.17 mmol) were added thereto,
and the mixture was stirred at 90°C for 3 hours. After the reaction, water (50 mL) was
added and the mixture was extracted twice with ethyl acetate (50 mL). The organic
layer was washed with saturated aqueous sodium chloride and subsequently dried over
sodium sulfate. After concentrating the organic layer, the residue was purified by
column | chromatography to obtain ethyl
2-brome-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-carboxylate (1.72 g):
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'H-NMR (CDCl) 8: 7.34 (1H, d, T = 8.8 Hz), 7.20 (1H, dd, T = 8.8, 2.4 Hz), 6.40 (1H, 4,
J=2.4Hz), 560 (2H, s), 425 (2H, q, ] = 7.2 Hz), 2.56 (3H, s5), 1.27 (3H, t, I = 7.1 Hz);
ESI-MS m/z = 391 (M" +H).

(2) Ethyl 2-bromo-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-carboxylate (1 g,
2.55 mmol), pyridin-3-ylboronic acid (627 mg, 5.1 mmol), PACI; (dppf) (467 mg, 0.64
mmol), and cesium carbonate (1.66 g, 5.1 mmol) were dissolved in a mixed solvent of
1.4-dioxane (7 mL) and water (1.5 mL), and the solution was stirred at 100°C for 3
hours under a nitrogen a‘rmosphere.r After the reaction, water (50 mL) was added and
the mixture was extracted twice with ethyl acetate (50 mL). The organic layer was
washed with saturated aqueous sodium chloride and subsequently dried over sodium
sulfate.  After concentrating the organic layer, the residue was purified by column
chromatography to obtain ethyl
1-(2,5-dichlorobemzyl)-4-methyi-2-(pyridin-3-yi)}-1H-imidazole-5-carboxylate
{Compound A269, 565 mg):

TH-NMR (CDCL) &: 8.69-8.66 (2H, m), 7.82-7.78 (1H, m), 7.37-7.33 (2H, m),
7.26-7.22 (1H, m), 6.66 (1H, d, J =2.4 Hz), 5.53 (2H, 5), 4.25 (2H, q, ] = 7.2 Hz), 2.65
(3H, s), 1.27 3H, t,J=7.1 Hz};

ESI-MS m/z = 391 (M™ +H).

(3) Ethyl 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-3-y1)-1H-imidazole-5-carboxylate
(859 mg, 2.2 mmol) was dissolved in a mixed solvent of THF (8 ml) and methanol (3
ml), 2 M aqueous sodium hydroxide (2.2 mL, 4.4 mmol) was added to the solution, and
the mixture was stirred at 50°C for 3 hours. After the reaction, the reaction mixture
was neutralized by the addition of a 2M hydrochloric acid (2.2 mIL, 4.4 mmol) and was

concentrated.  The residue was purified by a conventional method fo obtain
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1-(2,5-dichlorobenzyl}-4-methyl-2-(pyridine-3-yl}-1H-imidazole-5-carboxylic acid
(Compound A13, 393 mg):

‘H-NMR (DMSO-dg) 8: 13.01 (1H, s), 8.64-8.61 (2H, m), 7.84 (1H, d, ] = 7.8 Hz),
7.52-7.44 (2H, m), 7.37 (1H, dd, J = 8.5, 2.2 Hz), 6.54 (1H, d, J = 2.0 Hz), 5.55 (2H, s),
2.49 (3H, s);

HPLC retention time = 7.33 min;

Pred. Mass = 362.0458 (M" +H, Cy7H;3CLN;0,);

Obs. Mass = 362.0455 (M" +H).

[Example 6]

Production of
1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-4-(trifluoromethyl)-1 H-imidazole-5-carboxylic
acid (Compound A19) (Scheme A)

[Chemical Formula 54

f ol < o
! .
& Br__(/N ICF; K oM <}</N IC:“g {}(/N ICFx

CF;  nBbs CF, PASlhpp)
N 3 N 3 N N N
(’NI — g B E[: e B0 RTTROEL Cep00, COE o NaOHaq GOpH
BT OO mecn NThCom DwE o Dioxane, Hs0 o o MGOH'“"“"*"‘ e -
(o] C G

(1) Ethyl 4-trifluoromethyl-1H-imidazole-5-carboxylate (5.73 g, 27 mmol), which is
publicly known through publication (for example, Journal of Medicinal Chemistry, 2011,
54, 7621-7638), was dissolved in acetonitrile {100 mL), N-bromosuccinimide {5.88 g,
33 mmol) was added thereto, and the mixture was stirred at 50°C for 2 hours. After
the reaction, acetonitrile was distilled away, saturated agueous sodium bicarbonate (50
mL) was added, and mixture was extracted twice with ethyl acetate (50 mL). After
being washed with saturated aqueous magnesium chloride, the organic layer was dried

over sodium sulfate.  After concentrating the organic layer, the residue was purified by
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column chromatography to obtain ethyl
2-bromo-4-trifluoromethyi-1H-imidazole-5-carboxylate (5.71 g):

TH-NMR (CDCls) 8: 4.44 (2H, q, J = 7.2 Hz), 1.40 3H, t, T = 7.2 Hz);

ESI-MS m/z = 287 (M" +H).
(2) Ethyl 2-bromo-4-trifluoromethyl-1H-imidazole-5-carboxylate (1.57 g, 5.47 mmol)
was dissolved in DMF (11 mL), potassium carbonate (1.51 g, 10.9 mmol) and
2,5-dichlorobenzyl bromide (1.58 g, 6.56 mmol) were added thereto, and the mixture
was stirred at 90°C for 3 hours. After the regctién, water (50 ml) was added and the
mixture was extracted twice with ethyl acetate (50 mlL). After being washed with
saturated aqueous sodium chloride, the organic layer was dried over sodium sulfate.
After concentrating the organic layer, the residue was purified by column
chromatography to obtain ethyl 2-bromo-1-(2,5-dichlorobenzyi)-
4-trifluoromethyl-1 H-imidazole-5-carboxylate (2.07 g): |
'H-NMR (CDCl) 8: 7.38 (1H, d, J = 8.3 Hz), 7.26-7.23 (1H, m), 6.43 (1H, d, ] = 2.4
Hz), 5.66 (2H, s), 4.32 2H, q, ] =7.1 Hz), 1.32 3H, t, 1= 7.1 Hz);
ESI-MS m/z = 445 (M +H).
(3) Ethyl 2-bromo-1-(2,5-dichlorobenzyl)-
4-triftuoromethyl-1H-imidazole-5-carboxylate (2.05 g, 4.6 mmol), pyridin-3-ylboronic
acid (847 mg, 6.89 mmol), PdCl, (dppf) (673 mg, 0.92 mmol), and cesium carbonate
(2.99 g, 9.19 mmol) Wére dissolved in a mixed solvent of 1,4-dioxane (13 mL) and
water t3 ml.), and the solution was heated and stirred at 100°C for 3 hours under a
nitrogen atmosphere. After the reaction, water {50 mL) was added and the mixture
was exfracted twice with ethyl acetate (50 mL). After being washed with a saturated

aqueous sodium chloride solution, the organic layer was dried over sodium sulfate.
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After concentrating the organic layer, the residue was purified by column
~chromatography to obtain ethyl
1-(2,5-dichlorobenzyl)-2-(pyridin-3-y)-4-triflucromethyl-1 H-imidazole-5-carboxylate
(Compound A270, 1.42 g):

"H-NMR (CDCh) 8: 8.72 (1H, dd, T = 4.9, 1.5 Hz), 8.68 (11, d, J = 1.2 Hz), 7.85-7.81
(1H, m), 7.41-7.35 (2H, m), 7.28-7.25 (1H, m), 6.64 (1H, d, J = 2.0 Hz), 5.60 (2H, s),
433 (2H, q,J=7.1 Hz), 1.32 (3H, t, T= 7.1 Hz);

ESI-MS m/z = 444 (M" +H).

) _ Ethyl
1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-4-trifluoromethyl-1H-imidazole-5-carboxylate
(1.42 g, 3.2 mmol) ;Nas dissolved in a mixed solvent of THF (13 ml) and methanol (3
ml.), and 2 M aqueous sodium hydroxide (3.2 mL, 6.4 mmol) was added fo the solution,
and then the mixture was stirred at 50°C for 3 hours. Afier the reaction, the reaction
mixture was neutralized by the addition of 2 M hydrochloric acid (3.2 mL, 6.4 mmol)
and was concentrated. The residue was purified by a conventional method to obtain
1-(2,5-dichlorobenzyl)-2-(pyridyn-3-yh)-4-trifluoromethyi-1H-imidazole-5-carboxylic
acid (Compound A19, 683 mg):

"H-NMR (DMSO-dg) 8: 14.13 (1H, s), 8.70-8.66 (2H, m), 7.92 (1H, dt, J = 7.8, 2.0 Hz),
7.53-7.47 (2H, m), 7.39 (1H, dd, ] = 8.8, 2.4 Hz), 6.80 (1H, d,-J = 2.4 Hz), 5.60 (2H, s);
HPLC retention time = 9.32 min;

Pred. Mass = 416.0175 (M" +H, Cy7H;CLF;N305);

Obs. Mass = 416.0175 (M" +H).

[Example 7]

Production of 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yi}-1H-imidazole-5-carboxylic acid
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{Compound A45) (Scheme C)

[Chemical Formula 55]
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(1) Methyl 1H-imidazole-4-carboxylate (1 g, 7.93 mmol), (2,5-dichlorophenylymethanol
(1.68 g, 9.52 mmol), and triphenylphosphine (3.12 g, 11.89 mmol) were dissolved in
THF (15 mL), and a toluene solution of DIAD (2.4 g, 11.89 mmol} was dropwise added
thereto, and then the mixture was stirred at 50°C for 2 hours. After the reaction, water |
(50 mL) was added and the mixture was extracted twice. with ethyl acetate (50 mL).
After being washed with saturated aquebus sodium chloride, the organic layer was dried
over sodium sulfate.  After concentrating the organic layer, the residue was purified by
column chromatography to obtain methyl
[-(2,5-dichlorobenzyl)-1 H-imidazole-5-carboxylate (4 g):

'H-NMR (CDCls) 8: 7.83 (14, s), 7.67 (1H, 8), 7.36 (1H, d, J = 8.8 Hz), 7.24 (1H, dd, J
=8.3,2.4 Hé), 6.78 (1H, d, I} =2.4 Hz), 5.61 (2H, s), 3.83 (3H, s);

ESI-MS m/z = 285 (M" +H).

{2} Methyl 1-(2,5-dichlorobenzyl)-1H-imidazole-5-carboxylate (2.4 g),
2,2’ -azobis(isobutyronitrile} (AIBN) (69 mg, 0.421 mmol) was dissolved in carbon
tetrachloride (20 mL), and N-bromosuccinimide (3 g, 16.83 mumol) was added thereto,
and then mixture was stirred at 50°C for 20 hours. After the reaction, water (50 mL)

was added and the mixture was extracted twice with dichloromethane (50 mL). After
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being washed with aqueous sodium thiosulfate and saturated aqueous sodium chloride,
the organic layer was dried over sodium sulfate. After concentrating the organic layer,
the residue was puriﬁed- by column chromatography fo obtain methyl
2-bromo-1-(2,5-dichlorobenzyl)-1H-imidazole-5-carboxylate (890 mg):

"H-NMR (CDCly) 8: 7.83 (1H, s), 7.36 (1H, d, J = 8.3 Hz), 7.21 (1H, dd, T = 8.8, 2.4
Hz), 6.34 (1H, d, J = 2.4 Hz), 5.66 (2H, s), 3.82 (3H, s);

ESI-MS m/z = 363 (M™ +H).

(3) Under a nitrogen atmosphere, methyl
2-bromo-1-(2,5-dichlorobenzyl)-1H-imidazole-5-carboxylate (100 mg, 0.275 mmol),
pyridin-3-ylboronic acid (67.5 mg, 0.55 mmol), PdCI, (dppf) (40.2 mg, 0.055 mmol), -
and cesium carbonate (179 mg, 0.55 mmol) were dissolved in a mixed solvent of
1.4-dioxane (1 ml.) and water (0.2 mL), and the solution was stirred at 100°C for 20
hours. After the reaction, water (5 mL) was added and the mixture was extracted twice
with ethyl acetate (5 mL). After being washed with saturated aqueous sodium chioride,
the organic layer was dried over sodium sulfate.  After concentrating the organic layer,
the residue was purified by column chromatography to obtain methyl
I~(2,5~dichlorobenzyl)~2-(pyﬁdin—B—yl)—lH—imidazole-fi—carboxylate (Compound A271,
15 mg):

ESI-MS m/z = 362 (M" +H),

(4) Methyl 1-(2,5-dichiorobenzyl)-2-(pyridin-3-yl)-1H-imidazole-5-carboxylate (15 mg)
was dissolved in a mixed solvent of THF (1 mL) and methanol (0.5 mL), and 2 M
aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added thereto, and then the mixture

was stirred at 50°C for 3 hours. After the reaction, the reaction mixture was

neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4 mmol) and was
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concentrated. The  residue was purified by HPLC to  obtain
1-(2,5-dichlorobenzyl)-2-(pyridyn-3-y1)-1H-imidazole-5-carboxylic acid (Compound
A45, 9.43 mg):

'H-NMR (DMSO-dg) &: 8.71 (2H, s), 7.98 (1H, s), 7.94 (1H, d, ] = 8.3 Hz), 7.57-7.49
(2H, m), 7.39 (1H, dd, = 8.8, 2.4 Hz), 6.54 (1H, d, } = 2.4 Hz), 5.65 (2H, s);

HPLC retention time = 7.25 min;

Pred. Mass = 348.0301 (M" +H, C¢H;;ClaN3O0);

Obs. Mass = 348.0296 (M" +H).

[Example 8]
Production of
4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yli)-1H-imidazole-5-carboxylic acid

(Compound A88) (Scheme 1))

[Chemical Formula 56]
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(1) In DMF (70 ml) was dissolved 3-(1H-imidazol-2-yDpyridine (10 g, 68.9 mmol)
which is publicly known through publication, potassium carbonate (19 g, 138 mmol)
and 2,5-dichlorobenzyl bromide (19.83 g, 83 mmol) were added thereto, and the
mixture was stirred at room temperature for 7 hours. After the reaction, water was

~added and the mixture was extracted twice with ethyl acetate (100 mL). After being
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washed with saturated aqueous sodium chloride, the organic layer was dried over
anhydrous sodium sulfate. After concentrating the organic layer, the residue was
purified by column chromatography to obtain
3-(1-(2,5-dichlorobenzyl)-1 H-imidazol-2-yl}pyridine (12.49 g):

"H-NMR (DMSO-dg) 8: 8.71 (1H, d, J = 2.0 Hz), 8.58 (1H, dd, ] = 4.9, 1.5 Hz), 7.92
(1H, dt, J = 8.1, 2.0 Hz), 7.52-7.36 (4H, m), 7.15 (1H, d, J = 1.5 Hz), 6.81 (1H, d, J =
2.4 Hz), 5.41 (Zﬁ, s); |

ESI-MS m/z = 304 (M* +H).

(2) In dichloromethane (65 mi.) was dissolved
3-(1-(2,5-dichiorobenzyl)-1H-imidazol-2-yhpyridine (6.4 g, 211 mmo}},
N-bromosuccinimide (3.76 g, 21.1 mmol) was added thereto, and the mixture was
stirred at room temperature for 16 hours. After the reaction, water was added and the
mixture was extracted twice with dichloromethane (100 mL). After being washed with
saturated aqueous sodium chloride, the organic layer was dried over aﬁhydrous sodium
sulfate. After concentrating the organic layer, the residue was purified by column
chromatography to obtain
3-(5-bromo-1-(2,5-dichlorobenzyl)-1H-imidazol-2-yl)pyridine (3.5 g):

"H-NMR (CDCls) 8: 8.67-8.63 (2H, m), 7.80 (1H, dt, J = 7.8, 2.0 Hz), 7.40-7.33 (3H,
m), 7.30-7.26 (1H, m), 6.64 (1H, s}, 5.28 (2H, s);

ESI-MS m/z = 382 (M" +H).

3) Under a nitrogen atmosphere,
3-(5-bromo-1-(2,5-dichlorobenzyl)-1H-imidazol-2-yDpyridine (1.74 g, 4.54 mmol),
PACl, (dppf) (500 mg, 0.68 mmol), and triethylamine (5.4 mL, 39.1 mmol) were

dissolved in ethanol (10 mL) and, after replacing the atmosphere with CO gas, the
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solution was stirred at 70°C for 16 hours. After the reaction, the solvent was distilled
away, water (20 mL) was added to the residue, and the mixture was extracted twice with
ethyl acetate (30 mL). After being washed with saturated aqueous sodium chloride,
the organic layer was dried over anhydrous sodium sulfate. After concentrating the
organic layer, and the residue was purified by column chromatography to obtain ethyl
1~(2,5~dichlorobenzyl)—2—(pyridin—3-yl)—1H-imidazolé-S-carboxylate (Compound A272,
1.2 g

"H-NMR (CDCls) &: 8.72-8.67 (2H, m), 8.03 (1H, ), 7.82 (1H, td, J = 5.0, 2.8 Hz),
7.39-7.34 (2H, m), 7.24 (1H, dd, J = 8.8, 2.4 Hz), 6.59 (1H, 4, J = 2.4 Hz), 5.61 (2H, s),
428 2H, q,J=72Hz), 1.31 (3H,1, ] = 7.1 Hz);

ESI-MS m/z = 376 (M~ +H).

(4) Ethyl 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yi)- | H-imidazole-5-carboxylate (100 mg,
0.266 inmol) was dissolved in acetonitrile (0.5 mL), and N-chlorosuccinimide (71 mg,
©0.532 mmol) was added thereto, and then the mixture was stirred at 60°C for 2 hours.
After the reaction, water (5 mL) was added and the mixture was extracted twice with
ethyl acetate (5 mL). After being washed with saturated aqueous sodium chloride, the
organic léysr was dried over anhydrous sodium sulfate. After concentrating the
organic layer, the residue was purified by column chromatography to obtain ethyl
4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)- iH-imidazole-5-carboxylate
(Compound A273, 100 me):

"H-NMR (CDCls) &: 8.72-8.67 (2H, m), 7.83 (1H, dt, J = 8.1, 2.0 Hz), 7.40-7.35 (2H,
m), 7.26 (1H, dd, I = 8.8, 2.4 Hz), 6.70 (1H, d, ] = 2.0 Hz), 5.58 (2H, 5), 4.30 (2H, q, J =
7.2 Hz), 1.36 (3H, t, 1= 7.3 Hz);

ESI-MS m/z = 410 (M" +H).
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(5) Ethyl 4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-1H-imidazole-5-carboxylate
(100 mg) was dissolved in a mixed solvent of THF (1 mL) and methanol (0.5 mL), and
2 M aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added thereto, and then the
mixture was stirred at 50°C for 3 hours. After the reaction, the reaction mixture was
neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4 mmol) and was
concentrated, The  residue was purified by HPLC to obtain
4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl)-1H-imidazole-5-carboxylic acid
(Compound A88, 71 mg):

'H-NMR (DMSO-dg) 8: 13.57 (1H, s), 8.69-8.64 (2H, m), 7.88 (111, dt, ] = 8.1, 2.0 Hz),
7.53-7.48 (2H, m), 7.39 (1H, dd, ] = 8.5, 2.7 Hz), 6.79 (1H, d, J = 2.4 Hz), 5.57 (21, s);
HPLC retention time = 8.74 min;

Pred. Mass = 381.9911 (M" +H, C15H10C13N3OZ);

Obs. Mass = 381.9908 (M" +H),

[Example 9]
Production of
1-(2,5-dichlorobenzyl}-4-i0do-2-(pyridin-3-y1)-1 H-imidazole-S-carboxylic acid

(Compound A90) (Scheme F)
[Chemical Formula 57]
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(1) In methanol (250 mlL) was dissolved
3-(1-(2,5-dichlorobenzyl)-1H-imidazol-2-yDpyridine (16.1 g, 52.9 mmol) obtained in
Example 8, iodine (26.9 g, 106 mmol) and silver nitrate (16.5 g, 52.9 mmol) were added
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thereto, and the mixture was stirred at 50°C for | hour. Afier allowing the reaction
mixture to cool, iodine (13.4 g, 52.9 mmol) and silver nitrate (8.2 g, 26.4 mumol) were
added, and the mixture was further stirred at 50°C for 1 hour. After the reaction, the
reaction mixture was filtered by using methanol and the filtrate was concentrated. To
the residue were added agueous sodium thiosulfate and aqueous sodium hydrogen
carbonate, and the mixture was extracted twice with dichloromethane (100 mL).
After being washed with saturated agueous sodium chloride, the organic layer was dried
over anhydrous sodium sulfate. After concentrating the organic layer, the residue was
purified by column . chromatography to obtain
3-(1-(2,5-dichlorobenzyl)-4,5-diiodo-1H-imidazol-2-yl)pyridine (5.1 g):

‘H-NMR (CDCl) &: 8.67-8.62 (2H, m), 7.81 (1H, dt, J = 8.0, 2.0 Hz), 7.40-7.27 (3H,
m), 6.66 (1M, d, J=2.4 Hz), 5.32 2H, s);

ESI-MS m/z = 556 (M" +H).

(2) Under a nitrogen atmosphere, -
3-(1-(2,5-dichlorobenzyl)-4,5-diicdo-1H-imidazol-2-yl)pyridine (3.87 g, 6.96 mmol)
was dissolved in DMF (130 mL) and, at 0°C, a 1 M solution (13.9 mL, 13.9 mmol) of
EtMgBr in THF was added dropwise thereto over a period of 10 minutes. After being
stirred as is for further 10 minutes, the mixture was further stirred at room temperature
for 1 hour. Water was added to the reaction mixture and the mixture was extracted
twice with ethyl acetate. After being washed with saturated agqueous sodium chloride,
the organic layer was dried over anhydrous sodium sulfate. After concentrating the
organic layer, the residue was purified by column chromatography to obtain

1-(2,5-dichlorobenzyl)-4-i0do-2-(pyridin-3-y1)-1H-imidazole-5-carbaldehyde (2.5 g):
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"H-NMR (CDCl3) 8: 9.69 (1H, s), 8.74-8.68 (2H, m), 7.84 (1H, dt, J = 8.1, 1.7 Hz),

7.42-7.36 (2H, m), 7.27-7.25 (1H, m), 6.63 (1H, d, J = 2.0 Hz), 5.61 (2H, s);

ESI-MS m/z = 458 (M" +H). h

(3) 1-(2,5-Dichlorobenzyl)-4-iodo-2-(pyridin-3-yl)-1H-imidazole-5-carbaldehyde (50

mg, 0.109 mmol) and 2-methyl-2-butene (23 mg, 0.33 mmol) were dissolved in a mixed

solvent of THF (0.5 mL) and t-butanol (0.5 ml.), and an aqueous solution (0.25 mL) of

sodium chlorite (30 mg, 0.332 mmol) and sodium dihydrogen phosphate (51 mg, 0.327

mmol) was added dropwise thereto, and then the mixture was stirred at room

temperature for 16 hours. After the reaction, saturated équeous sodium chloride was

added and the mixture was extracted twice with ethyl acetate (Iml). The organic

layer was dried over anhydrous sodium sulfate. After concentrating the organic layer,

the residue was purified by HPLC to obtain

1-(2,5-dichiorobenzyl}-4-iodo-2-(pyridin-3-yl)-1H-imidazole-5-carboxylic acid

(Compound A90, 14.2 mg):

'H-NMR (DMSO-dg) 8: 8.69-8.64 (2H, m), 7.90 (1H, dt, T = 7.8, 2.0 Hz), 7.54-7.48 (2H,
m), 7.39 (1H, dd, ] = 8.8, 2.4 Hz), 6.69 (1H, d, J = 2.4 Hz), 5.57 (2H, s),

| HPLC retention time = 8.71 min;

Pred. Mass = 473.9268 (M" +H, C1sH;4CLIN;Oy);

Obs. Mass = 473.9277 (M” +H).

[Example 10]

Production of

1-(2,5-dichlorobenzyl)-4-phenyl-2-(pyridin-3-yl)~ 1 H-imidazole-5-carboxvlic acid

(Compound A91) (Scheme )

[Chemical Formula 58]
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1 Under a nitrogen atmosphere,

1-(2,5-dichlorobenzyl)-4-iodo-2-(pyridin-3-yl)-1H-imidazole-5-carbaldehyde (69 mg,

0.151 mmol), phenylboronic acid (22 mg, 0.180 mmol), PdCl (dppf) (11 mg, 0.015

mumo!), and cesium carbonate (100 mg, 0.31 mmol) were dissolved in a mixed solvent
of 1,4-dioxane (2 mL) and water (0.5 mL), and the solution was stirred at 100°C for 1

hour. After the reaction, water (5 mL) was added and the mixture was extracted twice

with ethyl acetate (5 mL). After being washed with saturated aqueous sodium chloride,
the organic layer was dried over sodium sulfate. After concentrating the organic layer,

the residue was  purified by column  chromatography to  obtain
1-(2,5-dichlorobenzyl)-4-phenyl-2-(pyridin-3-y1)- 1 H-imidazole-5-carbaldehyde  (48.3

mg):

ESI-MS m/z = 408 (M" +H).

(2) 1-(2,5-Dichlorobenzyl)-4-phenyl-2-(pyridin-3-y1)-1 H-imidazole-5-carbaldehyde
{(48.3 mg, 0.118 mmol) and 2-methyl-2-butene (25 mg, 0.36 mmol) were dissolved in a
mixed solvent of THF (0.5 mL) and t-butanol (0.5 mL), and an agueous solution (0.25
mL) of sodium chlorite (32 mg, 0.354 mmol) and sodium dihydrogen phosphate (55 mg,
0.352 mmol) was added dropwise thereto, and then the mixture was stirred at room
temperature for 16 hours. After the reaction, saturated aqueous sodium chloride was
added and the mixture was extracted twice with ethyl acetate (ImL). The organic
layer was dried over s.odium sulfate. Aftelr concentrating the organic layer, the residue

was purified by HPLC to obtain
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1-(2,5-dichlorobenzyi)-4-phenyl-2-(pyridin-3-yl)- 1H-imidazole-5-carboxylic acid
(Compound A91, 20 mg):

"H-NMR (DMSO-dg) 8: 8.73 (1H, s); 8.68 (1H,d,J=3.9 Hz), 7.95 (1H, d, ] = 8.0 Hz),
7.78-7.74 (2H, m), 7.54-7.50 (2H, m), 7.45-7.35 (4H, m), 6.73 (1H, d, I =2.0 Hz), 5.61
(2H, ) |

HPLC retention time = 9.08 min;

Pred. Mass = 424.0614 (M" +H, C3oH,5C1;N205);

Obs. Mass = 424.0602 (M" -+H).

[Example 11}

* Production of
1-(2,5 -dichlof'obenzyi)—éi-(2-hydroxypropan—2—y1)»2-(pyridin~3 -yD)~-1H-imidazole-5-

carboxylic acid (Compound A108) (Scheme A)

[Chemical Formula 59]
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(1) Dimethyl i1H-imidazole-4,5-dicarboxylate (9.6 g, 52 mmol} was dissolved in
acetonifrile (200 mL}, and N-bromosuccinimide (13.92 g, 78 mmol) was added thereto,

and then the mixture was stirred at 50°C for 4 hours. After the reaction, water was
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added and the mixture was extracted twice with ethyl acetate. After being washed
with saturated aqueous sodium thiosulfate and saturated aqueous sodium chloride, the
organic layer was dried over anhydrous sodium sulfate. The organic layer was
concentrated to obtain dimethyl 2-bromo-1H-imidazole-4,5-dicarboxylate (8.3 g).
This material was used as is in the next reaction without further purification:

'H-NMR (CDCl3) 8: 10.56 (1H, s), 3.96 (61, s);

ESI-MS m/z = 263 (M +H).

- (2) Under a nitrogen atmosphere, dimethyl 2-bromo-1H-imidazole-4,5-carboxylate (2 é,
7.6 mmol) was dissolved in THF (38 mL) and, at —10°C, a 1 M solution (30 mL) of
EtMgBr in THF was added dropwise thereto over a period of 10 minutes. After
allowing the mixture to react for further 30 minutes, the reaction was quenched by the
addition of aqueous ammonium chloride. Water was added and the mixture was
extracted twice with ethyl acetate. After being washed with saturated aqueous sodium
chloride, the organic layer was dried over anhydrous sodium sulfate.  After
concentrating the organic layer, the residue was‘puriﬁed by column chromatography to
obtain methyl 2-bromo-4-(2-hydroxypropan-2-yl)-1H-imidazole-5-dicarboxylate (830
mg):

'H-NMR (CDCls) 3:9.78 (1H, s), 3.93 (3H, 5), 1.68 (3H, 5), 1.61 (3H, s);

ESI-MS m/z = 263 (M +H).

(3) Methyl 2-bromo-4-(2-hydroxypropan-2-yl)-1H-imidazole-4,5-dicarboxylate (830
mg, 3.15 mmol) was dissolved in DMF (3 mL), and potassium carbonate (872 mg, 6.31
mmol) and 2,5-dichlorobenzyl bromide (908 mg, 3.79 mmol) were added thereto, and
then the mixture was stirred at 90°C for 1 hour. After the reaction, water was added

and the mixture was extracted twice with ethyl acetate. After being washed with
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saturated aqueous sodium chloride, the organic layer was dried over anhydrous sodium
sulfate. After concentrating the organic layer, the residue was purified by column
chromatography to obtain methyl
2-bromo-1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-1H-imidazole-5-carboxylate
(673 mg):

TH-NMR (CDCly) 6: 7.37 (1H, d, J = 8.8 Hz), 7.24 (1H, d, ] = 8.8 Hz), 6.46 (1H, s),
5.55(2H, s), 3.77 (3H, ), 1.65 (6, s);

ESI-MS my/z = 421 (M" +H).

) _ Methyl
2-bromo-1-(2,5-dichlorobenzyl}-4-(2-hydroxypropan-2-y1)-1 Hnimidazole-S ~carboxylate
(100 mg, 0.237 mmol), pyridin-3-ylboronic acid (582 mg, 0474 mmol), cesium
carbonate (154 mg, 0.474 mmol), and PdCl; (dppf) (34.7 mg, 0.047 mmol) were
dissolved in a mixed solvelnt of dibxane (! mL) and water (0.2 mL). Undera nitrogen.
atmosphere, the solution was heated and stirred at 100°C for 3 hours. After cooling,
the reaction mixture was cozléentrated under reduced pressure and ethyl acetate was
added to the residue. The organic layer was V\.rashed with water and saturated aqueous
sodium chloride, dried over anhydrous magnesium sulfate, and subseguently
concentrated under reduced pressure.  The residue was purified by column
chromatography to obtain methyl
1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yi)-2-(pyridin-3-y1)- 1 H-imidazole-5-
carboxylate (Compound A274, 71 mg):.

ESI-MS mv/z = 420 (M" +H).

(5) | - Methyl
1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-2-(pyridin-3-yh)-1H-imidazole-5-
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carboxylate (71 mg, 0.169 mmol) was dissolved in a mixed selvent of THF (1 mL) and

methanol (0.5 zﬁL), and 2 M agueous s_odium hydroxide (0.2 mL, 0.4 mmol) was added

thereto, and then the mixture was stirred at 50°C for 2 hours. After the reaction, the

reaction mixture was neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4

mmol) and was concenfrated. The residue was purified by HPLC to obtain

1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-2-(pyridin-3-yl}-1H-imidazole-5-

carboxylic acid (Compound A108, 61 mg):

'H-NMR (DMSO-ds) 8: 8.71-8.65 (2H, m), 7.91 (1H, d, J = 7.8 Hz), 7.56-7.48 (2H, m),

7.39(1H, dd, F=8.5,2.2 Hz), 6.56 (1H, d, J = 1.5 Hz), 5.59 (21, s), 1.62 (6H, s);
HPLC retention time = 8.16 mixn;

Pred. Mass = 406.0720 (M" +H, C1oH7CLN303);

Obs. Mass = 406.0725 (M" +H).

[Example 12]

Production of 3-(1-(2,5-dichlorobenzyl)-5-(1H-tetrazol-5-y1)-1H-imidazol-2-yl)pyridine

(Compound A110) (Scheme G)

[Chemical Formula 60]
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(1 Under a nitrogen atmosphere,

Ct

3-(5-bromo-1-(2,5-dichlorobenzyl)-1 H-imidazol-2-yl)pyridine (300 mg, 0.784 mmol)
obtained in Example 8, ZnCN, (138 mg, 1.174 mmol},
tetrakis(triphenylphosphine)paliadium (272 mg, 0.117 mmot) were dissolved in DMF (3

mL), and the mixture was stirred at 100°C for 16 hours.  After the reaction, water was

125



added and the mixture was extracted twice with ethyl acetate (10 mL). After being
washed with saturated aqueous sodium chloride, the organic layer was dried over
anhydrous sodium sulfate. After concentrating the organic layer, the residue was
purified by column chromatography to obtain
1-(2,5-dichlorobenzyl}-2-(pyridin-3-yl)-1H-imidazole-5-carbonitrile (83 mg):

"H-NMR (CDClL) 8: 8.74-8.71 (2H, m), 7.92 (14, s), 7.86 (1H, dt, ] = 8.3, 2.0 Hz),
7.43-7.38 (2H, m), 7.31 (1H, dd, = 8.3, 2.4 Hz), 6.67 (1H, d, T = 2.4 Hz), 541 (2H, s};
ESI-MS m/z = 329 (M" +H).

(2) In DMF (1 ml.) was dissolved
1-(2,5-dichlorobenzy!)-2-(pyridin-3-yl)-1H-imidazole-5-carbonitrile (83 mg, 0.252
mmol), and triethylamine hydrochloride (34.7 mg, 0.252 mmol) and sodium azide (82
mg, 1.26 mmol) were added thereto, and then the mixture was stirred at 140°C for 3
hours. After filtering the reaction solution, the filtrate was purified by HPLC to obtain
3-(1-(2,5-dichlorobenzyl)-5-(1H-tetrazol-5-yl)-1H-imidazol-2-yl)pyridine  {Compound
A110, 80 mg):

"H-NMR (DMSO-dg) 8: 8.75 (1H, d, ] = 2.0 Hz), 8.69-8.65 (1H, m), 8.00-7.96 (2H, m),
7.56-7.48 (2H, m), 7.35 (1H, dd, = 8.3, 2.4 Hz), 6.51 (1H, d, J = 2.4 Hz), 5.83 (2H, s);
HPLC retention time = 7.97 min;

Pred. Mass = 372.0526 (M" +H, C1sHuCLNy):;

Obs. Mass = 372,0527 (M" +H).

{Example 13]

Production ' of
1 —(2,5-dichlorobenzyl)_—ﬁ‘;~me‘{hy1-N~(methylsuifonyi)—2—(pyridin»3 -y1)-1H-imidazole-5-
carboxamide (Compound A111) (Scheme A)
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[Chemical Formula 61]
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(1) In dichloromethane (1 mi) were dissolved

1 —(2,5~dioh10robenzyl)~4»methyl-2-(pyridin—3—yl)—1H—inﬁidazole-5~carboxlic actd (30
mg, 0.083 mmol), methanesulforamide (15.76 mg, 0.166 mmol) and DMAP (20.24 mg,
O‘.166 mmol), 1~éthyi~3-(3-dimethyiaminopropyl)oarbodii_mide hydrochloride (WSC)
(31.8 mg, 0.166 mmol) was added thereto, and the mixture was stirred at room
temperature for 16 hours.  Purification by HPLC was performed to obtain
1-(2,5-dichlorobenzyl)-4-methyl-N-(methylsulfonyl)-2-(pyridin-3-yl)- 1H-imidazole-5-
carboxamide (Compound A111, 18 mg): *

"H-NMR (DMSO-dg) §: 8.74 (1H, 4, ] = 2.0 Hz), 8.69 (1H, dd, J = 4.9, 2.0 Hz), 7.99
(1H, dt, J = 8.0, 1.8 Hz), 7.58-7.53 (1H, m), 7.46 (1H, d, J = 8.3 Hz), 738 (1H, dd, J =
8.5,2.7Hz), 6.78 (1H, d, J= 2.4 Hz), 5.50 (2H, s), 3.13 (3H, 5), 2.45 (3H, s);

HPLC retention time = 7.76 min;

Pred. Mass = 439.0393 (M +H, C13H6C1N,039);

Obs. Mass = 439.0397 (M" +H).

[Example 14]

Production of
2-(5-fluoropyridin-3-yl)-4-methyl-1 -(naphthalen-I-ylmethyl)-1H-imidazole-5-
carboxylic acid (Compound A119) (Scheme A)

[Chemical Formula 621}
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(1) Ethyl 2-bromo-4-methyl-1-(naphthalen-1-ylmethyl)-1H-imidazole-5-carboxylate

(1.26 g, 3.39 mmol) described in Example 1 (2),
3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (800 mg, 3.59 mmol),
PACl, (dppf) (496 mg, 0.678 mmol), and cesium carbonate (2.2 g, 6.78 mmol) were
dissolved in a mixed solvent of 1,4-dioxane (9 mL) and water (2 mL), and the solution
was stirred at 100°C for 3 hours under a nitrogen atmosphere. After the reaction,
water (50 ml) was added and the mixture was extracted twice with ethyl acetate (50
mb). After being washed with saturated aqueous sodium chloride, the organié layer
was dried over anhydrous sodium sulfate. After concentrating the organic layer, the
residue wés purified by  column  chromatography to  obtain  ethyl
2-(5-fluoropyridin-3-y[)-4-methyl-1-(naphthalen- 1-ylmethyl)-1H-imidazole-5-
carboxylate (Compound A275, 1.2 g):

"H-NMR (CDCL) 8: 8.53 (1H, s), 8.44 (1H, d, J = 2.9 Hz), 7.94-7.85 (2H, m), 7.80 (1H,
d, J=8.3 Hz), 7.63-7.53 (3H, m), 7.38 (1H, t,J =7.8 Hz), 6.70 (1H, d, J = 6.8 Hz), 6.06
(2H, 5),4.14 (2H, q, I =7.2 Hz), 2.67 (3H, 5), 1.09 3H, t, = 7.2 Hz);

ESI-MS m/z = 390 (M™ +H).

(2) Ethyl 2-(5-fluoropyridin-3-yl}-4-methyl- i -(naphthalen- 1-yhmethyl)-1H-imidazole-5-
carboxylate (1.2 g, 3.08 mmol) was dissolved in a mixed solvent of THF (12 mL) and
methanel (3 mL), 2 M agueous sodium hydroxide (3 mL, 6 mmol) was added thereto,

and the mixture was stirred at 40°C for 3 hours. After the reaction, the reaction
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mixture was neutralized by the addition of 2 M hydrochlorié acid (3 mL, 6 mmol) and
was subsequently concentrated. The residue was purified by a conventional method to
obtain 2-(5-fluoropyridin-3-yl}-4-methyl-1-(naphthalen-1-ylmethyl)- 1 H-imidazole-5-
carboxyliq acid (Compound A119, 648 mg):

'H-NMR (DMSO-dg) 8: 12.95 (1H, s), 8.58 (1H, d, ] = 2.9 Hz), 8.48 (1H, ), 8.06-7.95
(2H, m), 7.85-7.80 (2H, m), 7.61-7.57 (2H, m), 740 (1H,t, I = 7.6 Hz), 6.52 (1H, d, } =
7.3 Hz), 6.12 (2H, s}, 2.53 (3H, sj;

HPLC retention time = 8.53 min;

Pred. Mass = 362.1299 (M™ +H, Cy H1sEN3O4);

Obs. Mass = 362.1300 (M" +H).

[Example 15] |

Production of
2~(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyl)-1 H-imidazole-5-
carboxylic acid (Compound A191) {(Scheme E)

[Chemical Formula 63]
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(1) Dimethyl 2-bromo-1H-imidazole-4,5-carboxylate (1.1 g, 4.18 mmol) obtained in
Example 11 was dissolved in DMF (4 mL), and potassium carbonate (1.15 g, 8.36

minol) and 2,5-dichlorcbenzyl bromide (1.3 g, 5.44 mmol) were added thereto, and then
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the mixture was stirred at 100°C for 2 hours.  After the reaction, water was added and
the mixture was extracted twice with ethyl acetate. After being washed with saturated
aqueous sodium chioride, the organic layer was dried over anhydrous sodium sulfate.
After concentrating the organic layer, the residue was purified by column
chromatography to | obtain
2-bromo-1-(2,5-dichlorobenzyl)-1H-imidazole-4,5-dicarboxylate (1.54 g):

TH-NMR (CDCly) 6: 7.36 (1H, d, T = 8.8 Hz), 7.24 (1H, dd, T = 8.8, 3.0 Hz), 6.52 (1H, d,
J=2.4Hz), 5.54 (2H, 5), 3.96 (3H, s), 3.85 (34, s);

ESI-MS m/z = 421 (M" +H).

(2) Dimethyl 2-bromo-1-(2,5-dichlorobenzyl)-1H-imidazole-4,5-dicarboxylate (300 mg,
0.711 mmol), (5-chloropyridyn-3-yl)boronic acid (244 mg, 1.422 mmol), cesium
carbonate (463 mg, 1.422 mmol) and PdCl, (dppf) (104 mg, 0.142 mmol) were
dissolved in a mixed solvent of dioxane (2 mlL) and water (0.5 mL). The solution was
heated and stirred at 100°C for 3 hours under a nitrogen atmosphere. After cooling,
the reaction mixture was concentrated under reduced pressure. To the residue was
added ethyl acetate and the organic layer was washed with water and saturated agueous
sodium chloride. After being dried over anhydrous magnesium sulfate, the organic
layer was concentrated under reduced pressure. The residue was purified by column
chromatography | to obtain dﬁmethyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzy!)-1 H-imidazole-4,5-dicarboxylate
(Compound A276, 168 mg):

"H-NMR (CDCl3) §: 8.66 (1H, d, T = 2.0 Hz), 8.50 (1H, d, J = 2.0 Hz), 7.91 (1H, t, J =
2.-0 Hz), 7.36 (1H, ¢, J = 8.3 Hz), 7.29-7.26 (1H, m), 6.72 (1H,d, I = 2.4 Hz), 5.51 (2H,

s), 3.99 (3H, s}, 3.86 (3H, s);
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ESI-MS mvz = 454 (M" +H).

(3) Dimethyl
2-(5-chloropyridin-3-yI)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-4,5-dicarboxylate (168
mg, 0.369 mmol) was dissolved in THF (3 mL), a 1 M solution of diisobutylaluminum
hydride (DIBAL-H) (0.739 mL, 0.739 mmol) was added dropwise thereto over a period
of 5 minutes at -40°C under a nitrogen atmosphere, and the mixture was stirred as is for
5 hours. After being allowed to warm to room temperature, the reaction was quenched
with agueous ammonium chloride, followed by the addition of water, and the mixture
was extracted twice with ethyl acetate. After being washed with saturated aqueous
sodium chloride, the organic layer was dried over anhydrous sodium sulfate. After
concentrating the organic layer, the residue was purified by column chromatography to
obtain ‘ methyl
2-(5-chloropyridin-3-yl)- I -(2,5-dichiorobenzyl}-4-(hydroxymethyl)-1H-imidazole-5-
carboxylate (Compounds AZ77, 57 mg):

"H-NMR (CDCls) 8: 8.65 (1H, d, ] = 2.4 Hz), 8.50 (1H, d, = 2.0 Hz), 7.91 (1H, 1, J =
2.2 Hz), 739 (1H, d, T = 8.8 Hz), 7.27 (1H, dd, } = 8.3, 2.4 Hz), 6.63 (1H, d, J = 2.4 Hz),
5.59 (2H, s), 4.99-4.96 (2H, m), 3.85 (3H, s), 3.21 (1H, t, I = 5.6 Hz);

ESI-MS m/z = 426 (M" +H).

{4) Methyl
2-(S-chloropyridin-3-y[)-1-(2,5-dichlorobenzyl)}-4-(hydroxymethyl})-1H-imidazole-5-
carboxylate (57 mg, 0.134 mmol} was dissolved in a mixed solvent of THF (1 mL) and
methanol (0.5 mL), and 2 M aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added
thereto, and then the mixture was stirred at 50°C for 2 hours. After the reaction, the

reaction mixture was neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4
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mmol) and was concenfrated. The resiciue was purified by HPLC to obtain
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyl)-1H-imidazole-5-
carboxylic acid (Compound A191, 35 mg):
"H-NMR (DMSO-dg) 8: 8.72 (1H, d, ] = 2.4 Hz), 8.56 (1H, d, ] = 2.0 Hz), 8.04 (1H, t,J
=2.0Hz), 7.51 (1H, d, J= 8.8 Hz), 739 (1H, dd, J = 8.3, 24 Hz), 6.60 (1H, d, J =24
Hz), 5.64 (2H, s), 4.71 (2H, s);
HPLC retention time = 8.81 min;
Pred. Mass = 412.0017 (M" +H, C;7H;,CLN305);

Obs. Mass = 412.0018 (M" +H).
| [Example 16}
Production of
2~(5~chloropyridin_~3~_yI)—1»(2,S—dichlorobenzyl)—4-((diethylamino)methyl)~1H~
imidazole-5-carboxylic acid (Compound A193) (Scheme E)

[Chemical Formula 64}
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(1 Methyl

2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyD)-1 H-imidazole-5-

carboxylate (500 mg, 1.17 mmol) was dissolved in dichloromethane (5 mL), and

ribromophosphine (317 mg, 1.17 mmol) was added thereto, and then the mixture was

stirred at room temperature for 2 hours. After the reaction, water was added and the

mixture was exfracted twice with ethyl acetate, After being washed with saturated
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aqueous sodium chloride, the organic layer was dried over anhydrous sodium sulfate.
The organic layer was concentrated to obtain methyl
4-(bromomethyl)-2-(5-chloropyridin-3-yI)-1-(2,5-dichlorobenzyl)-1H-imidazole-5-
carboxylate (500 mg). This material was used as is for the next reaction without
further purification.

(2) Methyl
4-(bromomethyl)-2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-
carboxylate (90 mg, O.Iéﬁ% mmol) was dissolved in DMF (1 mL), and potassium
carbonate (50 mg, 0.368 mmol) and diethylamine (26.9 mg, 0.368 mmol) were added
thereto, and then the mixture was stirred at 40°C for 3 hours. After the reaotidn, water
was added, the reaction mixture was extracted twice with ethyl acetate, and the organic
layer was dried over anhydrous sodium sulfate. The organic layer was cqncentrated to
obtain methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-({(diethylamino)methyl)- 1H-
imidazole-5-carboxylate (Compound A278, 100 mg). This material was used as is for
the next reaction without further purification: |

ESI-MS m/z = 481 (M" +H).

[214]

(3) Methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-((diethylamino)methyl)-1H-
imidazole-5-carboxylate (100 mg) was dissolved in a mixed solvent of THF (ImL) and
methanol (0.5 mL), and 2 M aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added
thereto, and then the mixture was stirred at 50°C for 2 hours. After the reaction, the

reaction mixture was neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4

133



mmol) and was concentrated. The residue was purified by HPLC to obtain
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl}-4-((diethylamino)methyl)- 1 H-
imidazole-5-carboxylic acid (Compound A193, 55 mg):

'H-NMR (DMSO-ds) 8: 9.58 (1H, s), 8.76 (1H, d, J = 2.4 Hz), 8.61 (1H, d, ] = 2.0 Hz),
8.10 (1H, t, I =22 Hz), 7.51 (1H, d, J = 8.8 Hz), 7.39 (1H, dd, J = 8.3, 2.4 Hz), 6.69
(1H, d, J = 2.4 Hz), 5.70 (2H, s), 4.60 (2H, d, ] = 4.4 Hz), 3.35-3.19 (4H, m), 1.27 (61, t,
} =73 Hzy,

HPLC retention time = 8.55 min;

Pred. Mass = 467.0803 (M™ +H, Cy;HyCN40,);

Obs. Mass = 467.0806 (M " +H).

[Example 17}

Production of
2-(5-bromopyridin-3-y1)-1-(2,5-dichlorobenzyl)- | H-imidazole-5-carboxylic acid
(Compound A205) (Scheme C)

[Chemical Formula 65]
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(1) Ethyl 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl}-1H-imidazole-5-carboxylate (50 mg,
0.133 mmol) was dissolved in DMF (1 mlL), and N-bromosuccinimide (48 mg, 0.266
mmol) was added thereto, and then the mixture was stirred at 100°C for 2 hours.  After
the reaction, water (5 mL) was added and the mixture was extracted twice with ethyl
acetate (5 mL). After being washed with saturated agueous sodium chloride, the

organic layer was dried over sodium sulfate.  After concentrating the organic layer, the
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residue  was purified by column  chromatography to  obtain  ethyi
2~(5-bromopyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-carboxylate
(Compound A279, 39 mg):

TH-NMR (CDCly) 8: 8.74 (1H, d, J = 2.0 Hz), 8.53 (1H, d, J = 1.5 Hz), 8.05-8.01 (2H,
m), 7.38 (1H, d, I = 8.8 Hz), 7.25 (1H, dd, J = 9.0, 2.2 Hz), 6.59 (1H, d, ] = 2.0 Hz),
5.63(2H, s),4.29 (2H, q, T=7.2 Hz), 1.32 (3H, t, J=7.3 Hz);

ESI-MS m/z = 454 (M +H).

(2) Ethyl 2—(5—bromop§ridin—3 -y1)-1-(2,5-dichlorobenzyl)-1H-imidazole-5-carboxylate
(39 mg) was dissolved in a mixed solvent of THF (1 mL) and methanol (0.5 mL), and 2
M aquéous sodium hydroxide (0.2 ml., 0.4 mmol) was added thereto, and then the
mixture was stirred at 50°C for 3 hours. After the reaction, the reaction mixture was
neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4 mmol) and was
_concentrated. The residue was purified by HPLC to obtain
2-(5-bromopyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-carboxylic acid
(Compound A205, 23 mg): |

"H-NMR (DMSO-dg) 8: 13.23 (1H, 5), 8.79 (1H, d, T = 2.0 Hz), 8.61 (1H, d, J = 2.0 Hz),
8.15(1H,t, ] =2.2 Hz), 7.93 (1H, s), 7.51 (1H, d, T = 8.8 Hz), 7.38 (1H, dd, J = 8.3, 2.4
Hz), 6.56 (1H, d, J=2.4 Hz), 5.70 (2H, s), |

HPLC retention time = 9,99 min;

Pred. Mass = 425.9406 (M~ +H, C15HgBrClaN05);

Obs. Mass = 425.9404 (M +H).

[219]

[Example 181

Production of
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2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-4-(difluoromethyl)-1 H-imidazole-5-

carboxylic acid (Compound A207) (Scheme E)

[Chemical Formula 66]
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(1) Methyl

2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyl)-1 H-imidazole-5-
carboxylate (620 mg, 1.45 mmol) was dissolved in dichloromethane (10 mL), and
manganese dioxide (1.426 g, 16.41 mmol) was added thereto, and then the mixture was
stirred at room temperature for 96 hours.  After the reaction, the reaction mixture was
filtered through celite and the residue was washed with dichloromethane. After
concentrating the solution, the residue was purified by column chromatography to
obtain methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-formyl-1H-imidazole-5-carboxylate
{413 mg):

'H-NMR (CDCl;) 8: 10.51 (1H, s), 8.68 (1H, d, J =2.4 Hz), 8.50 (1H, d, ] = 2.0 Hz),
798 (1H, t, J = 2.2 Hz), 7.40 (1H, d, J = 8.3 Hz), 7.29 (1H, dd, J = 8.8, 2.4 Hz), 6.59
(11, d, T =2.4 Hz), 5.66 (2H, 5), 3.97 (3H, s); |
ESL-MS m/z = 424 (M" +H).

[222]

(2) Under a nitrogen atmosphere, ' methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-formyl-1H-imidazole-5-carboxylate
(100 mg, 0.235 mmol) was dissolved in dichloromethane (1 mlL), and.
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diethylaminosulfur trifluoride (DAST) (49.3 mg, 0.306 mmol) was added thereto, and
then the mixture was stirred at room temperature for 6 hours. After the reaction, water
was added, followed by the addition of an aqueous sodium hydrogen carbonate solution,
and the mixture was extracted twice with ethyl acetate. After being washed with
saturated aqueous sodium chloride, the organic layer was dried over sodium sulfate.
After concentrating the organic layer, the residue was purified by column
chromatography to ' obtain methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-(difluoromethyl)- 1 H-imidazole-5-
carboxylate (Compound A286, 86 mg):

'H-NMR (CDCly) 8: 8.67 (1H, d, ] = 2.4 Hz), 8.49 (111, d, 7= 2.0 Hz), 7.95 (1H,1, T =
2.2 Hz), 7.39 (1H, d, J = 8.8 Hz), 7.28 (1H, dd, J = 8.8, 2.2 Hz), 7.21 (1H, t, J = 54.1
Hz), 6.60 (1H, d,J = 2.4 Hz), 5.63 (2H, s), 3.91 (3H, s);

ESI-MS m/z = 446 (M" +H).

€) Methyt
2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzy!}-4-(difluoromethyl)- 1 H-imidazole-5-
carboxylate (86 mg) was dissolved in a2 mixed solvent of THF (1 mL) and methanoi (0.5
mL), and 2 M aqueous sodium hydroxide (0.2 ml, 0.4 mmol) was added thereto, and
then the mixture was stirred at 50°C for 7 hours. After the reaction, the reaction
mixture was neutralized with 2 M hydrochloric acid (0.2 mL, 0.4 mmol) and was
concentrated. The residue was purified by HPLC to  cbtain
2-(5-chloropyridin-3-yl}-1-(2,5-dichiorobenzyl)-4-(difluoromethyl}- 1 H-imidazole-5-car
boxylic acid (Compound A207, 42 mg):

TH-NMR (DMSO-dg) 8: 14.16 (1H, s), 8.75 (1H, d, T = 2.4 Hz), 8.58 (1H, d, ] = 2.0 Hz),

8.07 (1H, t, T = 2.2 Hz), 7.53-7.20 (3H, m), 6.75 (11, d, T = 2.4 Hz), 5.66 (2H, s);
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HPLC retention time = 11.04 fnin;

Pred. Mass = 431.9879 (M™ +H, Ci7H1oClFaN3Oy);

Obs. Mass = 431.9878 (M~ +H).

[Example 19]

Production of
2~(5—chlordpyridin~3 -yD-1-(2,5-dichlorobenzyl)-4-ethynyl-1H-imidazole-5-carboxylic
acid (Compound A209) (Scheme E)

[Chemical Formula 67]
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(1) Methyl

R

2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl}-4-formyl-1 H-imidazole-5-carboxylate
(70 mg, 0.165 mmol} was dissolved in methanol (2 mL), and potassium carbonate (45.6
mg, 0.33 mmol) and dimethyl (1-diazo-2-oxopropyl)phosphonate (44.3 mg, 0.231
mmol) were added thereto, and then the mixture was stirred at room temperature for 16
hours. After the reaction, water was added and the mixture was extracted twice with
cthyl acetate.  After being washed with saturated aqueous sodium chloride, the organic
layer was dried over sodium sulfate. After concentrating the orgailic layer, the residue
was purified by column chromatography to obtain methyl
2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl}-4-ethynyi-1H-imidazole-5-carboxylate
(Compound A281, 51 mg):
EST-MS m/z = 420 (M" +H).
(2) Methyl
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2+(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl}-4-ethynyl-1H-imidazole-5-carboxylate
{51 mg) was dissolved in a mixed solvent of THF (1 mL) and methanol (0.5 mL), and 2
M aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added thereto, and then mixture
was stirred at 50°C for 3 hours. After the reaction, the reaction mixture was
neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4 mmol) and was
concentrated. The residue was purified by HPLC to  obtain
2-(5-chloropyridin-3-yI}-1-(2,5-dichlorobenzyl)-4-ethynyl-1H-imidazole-5-carboxylic
acid (Compound A209, 35 mg):

"H-NMR (DMSO-d) 8: 13.59 (1H, s), 8.73 (1H, d, J = 2.0 Hz), 8.57 (1H, d, J = 1.5 H),
8.06 (1H,t,J=22Hz), 748 (1H, 4,1 =8.3 Hx), 738 (1H, d, J = 8.8 Hz), 6.73 (IH, s),
5.62 (2H, ), 4.44 (1H, s);

HPL.C retention time = 10.67 min;

Pred. Mass = 405.9911 (M" +H, C13H;oCLN;O,);

Obs. Mass = 405.9922 (M" +H).

{Example 20]

Production of
2-(5-chloropyridin-3-yh-1-(2,5-dichlorobenzyl)-1H-furo[3,4-d]imidazol-6(4H)-one
(Compound A221) (Scheme E)

{Chemical Formula 68]
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2-(5-Chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(hydroxymethyl)-1H-imidazole-5-ca
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rboxylic acid (100 mg, 0.242 mmol) was dissolved in DMF (1 mL), and HATU (138 mg,
0.364 mmol) and triethylamine (49 mg, 0.485 mmol) were added thereto, and then the
mixture was stirred at room temperature for 1 hour.  The reaction mixture was purified
by HPLC to obtain
2~(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl})- 1 H-furo[3,4-d}imidazole-6{4H)-one
(Compound A221, 38 mg):I |

TI-NMR (DMSO-dg) 8: 8.79 (1H, d, J = 2.2 Hz), 8.75 (11, d, | =2.0 Hz), 823 (1l 1, J
=22 Hz), 7.47-7.37 (2H, m), 7.30 (14, d, J =2.0 Hz), 5.51 (2H, s), 5.34 (2H, s);

HPLC retention time = 11.16 min;

Pred. Mass = 393.9911 (M" +H, C;7H15CLN30,);

Obs. Mass = 393.9911 (M" +H).

[Example 21]

Production of
1-(2,5-dichlorobenzyl)-4-methyl-2-((2-methylpyridin-3-yloxy)-1H-imidazole-5-

carboxylic acid (Compound A252) (Scheme H)

[Chemical Formula 69]
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(1) Ethy!l 2-bromo-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-carboxylate (60
mg, 0.153 mmol) was dissolved in DMF {1 ml), and potassium carbonate (43 mg,
0.306 mmol) and 2-methyipyridin-3-ol (25 mg, 8.23 mmol) were addedr thereto, and
then the mixture was stirred at 120°C for 12 hours. After the reaction, water (5 mL)

was added and the mixture was extracted twice with ethyl acetate (5 mL). After being
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washed with saturated aqueous sodium chloride, the orgamic layer was dried over
sodium sulfate. After concentrating the organic layer, the residue was purified by
column chromatography fo obtain ethyl
1-(2,5-dichlorobenzyl)-4-methyl-2-((2-methylpyridin-3-yl)oxy-1 H-imidazole-5-
carboxylate (Compound A282, 44 mg).
ESI-MS m/z = 420 (M" +H).
(2) ~ Ethyl
1-(2,5-dichlorobenzyl)-4-methyl-2-((2-methylpyridin-3-yljoxy-1H-imidazole-5-
carboxylate (44 mg, 0.105 mmol) was dissolved in a mixed solvent of THEF (1 mL) and
methanol (0.5 mL), and 2 M aqueous sodium hydroxide (0.2 mL, 0.4 mmol) was added
thereto, and then tﬁe mixture was stirred at 50°C for 7 hours. After the reaction, the
reaction mixture was neutralized by the addition of 2 M hydrochloric acid (0.2 mL, 0.4
mmo}l) and was concentrated. The residue was purified ‘oyr HPLC to obtain
1-(2,5-dichlorpbenzyl)-4-methyl-2-((2-methylpyridin-3-yl)oxy)-1H-imidazole-5-
carboxylic acid (Compound A252, 30 mg): |
'"H-NMR (DMSO-dg) 8: 843 (1H, dd, T = 4.9, 1.0 Hz), 7.95 (1H, d, J = 8.3 Hz),
7.58-7.40 (3H, m), 6.77 (1H, d, J = 2.4 Hz), 5.55 (2H, s}, 2.33 (3H, s), 2.28 (3H, s);
HPLC retention time = 8.20 min;
Pred. Mass = 392.0563 (M™ +H, Ci3H5sCLN3O3);
Obs. Mass = 392.0570 (M" +1H0).

Compounds having compound numbers Al to A266 were synthesized in a

manner similar to any of Example 1 to Example 21.
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[Table 13]

Compound,

Example

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M +H)

Pred. Mass
(M" +H)

Formula(M)

"H-NMR

7.18

322.1552

322.1550

CroH1sN;0;

DMSO-d6) 5: 12.83 (1H, s), 8.63 (1H, dd,
=22, 0.7 Hz), 8.60 (1H, dd, F=4.9, 1.5
Hz), 7.85 (1H, dt, J = 7.8, 2.0 Hz), 7.44
1H, dd, J = 7.3, 4.9 Hz), 7.05 (14, d, T =
7.8 Hz), 6.93 (11, d, T =73 Hz), 6.16 (1H,
5), 5.50 (2H, 5), 2.49 (31, 5), 2.13 (3H, s),
212 (3H, 5).

23

G.55

372.1704

372.1707 CosHy N3 O,

CDCI3) &: 8.78 (1H, d, J = 2.0 Hz), 8.58
1H, dd, T = 4.9, 1.5 Hz), 7.93-7.85 (24,
m), 7.82-7.77 (2H, m), 7.57-7.53 (2H, m),
738 (1H, £, J = 7.6 Hz), 7.24-7.20 (1H, m),
6.73 (1H, d, J = 6.3 Hz), 6.03 (211, 5), 4.13
2H, g, J = 7.2 Hz), 2.67 (3H, 5), 1.07 GH,
L i=7.1Hz).

7.02

358.1548

358.1550

CZZH19N3 02

7.78

364.1119

364.1114

CooHpN;O,S

DMSO-d6) &: 8.77 (1H, dd, F=2.0, 1.5
Hz), 8.62 (1H, dd, T = 4.9, 1.5 Hz), 8.01
IH, dt, ] = 8.0,2.0 Hz), 7.73 (1K, 4, J =
8.3 Hz), 7.48 (1H, dd, T = 8.3, 4.0 Hz),
720 (1H, t, 1= 8.0 Hz), 7.10 (15, d, J =
6.8 Hz), 6.70 (1H, s), 6.00 (2H, s), 2.64
3H, 5), 2.49 (3H, 5).

8.23

416.0828

418.0832
S

C201'1}4F3N302

DMSO-d6) 5: 8.73 (1H, d, T = 2.0 Hz),
8.64 (111, dd, 7 = 4.9, 1.5 Hz), 8.40 (11, d,
T=283 Hz), 7.98 (1, dt, J = 8.3, 2.0 Hz),
7.88 (1H, d, T =7.5Hz), 758 (11, t, T =
7.5 Hz), 7.50 (1H, dd, T = 8.0, 4.9 Hz),
7.17 (1H, 5, 5.75 (2H, 5), 2.56 (3H, s).

7.88

428.0062

428.0063

C]gHmBI‘NgO
hS

DMSO0-d6) 8: 8.75 (11, d, J= 1.5 Hz),
8.65 (1H, dd, T = 4.9, 1.5 Hz), 8.04 (1H, d,
T=7.8 Hz), 7.99 (11, dt, ] = 7.8, 1.5 Hz),
7.65 (1M, d, T = 7.8 Hz), 7.51 (1H, dd, T =
7.8,4.9 Hz), 7.29 (1H, t, T = 7.8 Hz), 6.98
11, s), 6.11 (21, 5), 2.54 (3H, s).
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[Table 14]

Example

Cormpound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M +H)

Pred. Mass
(M" +H)

Formula(M)

*H-NMR

>
o~

7.76

358.1541

358.1550

CasHieN;0;

DMSO-d6) &: $.68 (1H, d, T = 2.0 Hz),
8.59 (1H, dd, ] = 4.9, 1.5 Hz), 8.04-7.91
(3H, m), 7.84 (1H, d, J = 8.3 Hz),
7.60-7.56 (2H, m), 7.45-7.40 (2H, m), 6.56
(1H, ¢, T = 7.3 Hz), 6.08 (26, s), 2.98 (2H,
g, J=75Hz) 1.28 GH, t, T = 7.6 Hz).

29

-
b

728

330.1234

330.1237

CaoHisN30,

30

>
o

7.79

376.0618

376.0614

Ci5H;sCLN3

2

DMSO-d6) 8: 12.99 (1H, brs), 8.63 (2H,
d,Y=3.4 Hz), 7.85 (1H, dt, 7= 8.0, 2.0
Hz), 7.51-7.45 (2H, m), 7.38 (1H, dd, J =
8.5,2.2 Hz), 6.49 (1H, s), 5.57 (2H, s),
.92 (2H, dd, T = 14.9, 7.4 Hz), 1.23 (3H, 1,
J = 7.6 Hz)

-
Ly

|

8.50

388.0607

388.0614

C1oH;5CLN;

2

(DMSO-d6) 8: 8.63 (1H, dd, J = 4.9, 1.5
Hz), 8.58 (11, d, T =2.0 Hz), 7.80 (1H, dt,
7=8.1,2.0 Hz), 7.51 (11, d, J = 8.8 Hz),
7.46 (15, dd, T = 7.8, 4.9 Hz), 7.39 (1H,
dd, 7=8.8,2.4 Hz), 6.55 (1, d, J=2.4
Hz), 5.53 (2H, 5), 2.74-2.68 (1H, m),
0.99-0.93 (41, m).

32

-
fo

|

7.26

350.0952

350.0958

C19H15N3OZS

(DMSO-d6) &: 8.76 (1H, d, I = 2.4 Hz),
8.66 (11, dd, J = 4.9, 1.5 Hz), 8.01 (1H, dt,
7= 8.0,2.0 Hz), 7.99-7.96 (1H, m),
7.72-7.69 (1H, m), 7.51 (1H, dd, J = 7.8,
4.9 Hz), 7.42-7.38 (2H, m), 7.04 (1H, s),
5.82 (21, 5), 2.53 3H, s).

>
~1

|

7.93

358.1539

358.1550

C22H]9N3 02

(DMSO-d6) 6: 8.70 (1H, d, T = 2.4 Hz),
8.62 (1H, dd, T = 4.9, 1.0 Tz), 8.07 (1H,
dd, T= 7.3, 2.0 Hz), 8.02 (1H, dd, I = 7.8,
1.5 Hz), 7.95 (1H, dt, T = 8.0, 1.7 Hz),
7.64-7.58 (2H, m), 7.46 (11, dd, F = 7.8,
4.9 Hz), 7.26 (1H, d, 7= 7.3 Hz), 6.50 (1H,
4,7 =8.0 Hz), 6.06 (2H, 5), 2.61 (3H, s),
0,57 3L, s).
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[Table 15]

\Example

Compound

Nao.

Scheme

HPLC
Retention

time

Obs. Mass
(M’ +H)

Pred. Mass
(M +H)

Formula(M)

'H-NMR

>
oo

|

8.79

384.176G0

384.1707

c24».[—121}{3()2

(DMSO-d6) 8: 8.64 (1H, 5), 8.58 (1H, d, J
= 4.9 Hz), 8.06 (1H, d, J = 8.3 Hz), 8.02
H,d,J=78Hz), 789 (1H, d,J=7.8
Hz), 7.64-7.57 CH, m), 7.43 (1H, dd, I =
7.8, 4.9 Hz), 7.27 (1H, d, } = 6.8 Hz), 6.45
(1H, d, J= 7.3 Hz), 6.02 (2H, 5), 2.78-2.71 |
1H, m), 2.60 (3H, s), 1.03-0.96 (4H, m).

A20

8.24

398.1104

398.1111

C21H}4F3N3O2

36

':D
-2

8.91

412.1274

412.1267

CaoHisF:N30y

A22

9.06

404.0679

404.0675
S

C1oHioF3N1O;

=
[\]
L3

9.11

378.1018

378.1004

ConHieCINGO

2

(DMSO-d6) 8: 8.67 (1H, s), 8.60 (1H, d, T
= 4.9 Hz), 8.12-7.97 (2H, m), 7.91 (1H, dt
J=17.8,1.5 Hz), 7.65-7.58 (2H, m), 7.43
(1H,dd, J=7.8,49Hz), 727 (1H,d,] =
7.3 Hz), 6.52 (1H, d, = 7.3 Hz), 6.06 (2H,
s), 2.61 (3H, s).

?

A24

8.19

372.1704

372.1707

C23H2 1N302

DMSO-d6) 8: 8.67 (1H, d, T = 2.4 Hz),
8.59 (1H, d, J = 4.4 Hz), 8.05-7.92 (3H,
m), 7.84 (1H, d, J = 8.3 Hz), 7.60-7.40
(4H, m), 6.56 (1H, d, J = 6.8 Hz), 6.07

2H, s),3.78-3.71 (1H, m), 1.31(6H, 4, I =
6.8 Hz).

40

>
&

|

8.64

386.1860

386.1863

C2aH23N; 0,

(DMSO-d6) 5: 8.68 (1H, d, J = 1.5 Hz),
8.60 (1H, dd, J = 4.9, 1.5 Hz), 8.08-8.00
(2H, m), 7.94 (1H, dt, F = 7.5, 2.0 Hz),
7.65-7.56 (2H, m), 7.46 (1H, dd, J = 8.0,
5.1 Hz), 727 (14, d, J = 7.8 Hz), 6.44 (1H,
d, T =73 Hz), 6.04 (2H, 5), 3.78-3.71 (1H,
m), 2.61 (3H, 5), 131 (6H, d, J = 7THz).

144




[Table 16]

HPLC
- Compound . {Obs. MassPred. Mass .
Example Scheme Retention| | . Formula(M) H-NMR
No. oy | ot
fime
(DMSO-d6) 5: 8.66-8.61 (2H, m), 7.85
(1H, dt, T=8.1, 2.0 Hz), 7.52-7.46 (2H,
41 | A26 | B | 834 [390.0770/390.0771/CisH;,CLN:O, Im), 7.38 (1H, dd, T = 8.5, 2.7 Hz), 6.45
(1H, d, T = 2.4 Hz), 5.56 (2H, 5), 3.72-3.65
(1H, m); 1.26 (6H, d, J = 7Hz).
(DMSO-d6) 8: 8.75 (1H, d, T = 2.0 Hz),
C1oH 1 CIFsN;08.66 (1H, dd, J = 4.9, 1.5 Hz), 8.01-7.98
42 1 A27 | A | 964 |438.0288/438.0285 T ( 2). 801
.S (2H, m), 7.51-7.46 (2H, m), 738 (1H, 1, J =
8.0 1z), 7.08 (1H, 5), 6.08 (2H, s).
C21H13BI'F3N30
43 | A28 | B | 885 [476.0213476.0216
2
44 1 A9 | A | 877 1412.1273]412.1267CasHieFaNO,
45 | A30 | A | 976 |412.1265[412.1267 CopHisFsN; O,
C1sHiBrFN;O
46 | A31 | B | 9.78 [481.9778|481.9780 S‘g T
]
47 L A32 1 B 11017 |472.05481472.0549 CoH ENSO,S
DMSO-d6) &: 8.72 (1H, d, J = 1.5 Hz),
8.64 (11, dd, T = 4.9, 1.5 Hz), 8.00-7.98
2H, m), 7.54-7.50 (14, m), 7.46 (1H, dd, J
48 1 A3 | B | 872 |410.07281410.0725 CoHCINOsS P T (1H, m), 7.46 (
=7.8,1.0 Hz), 7.37 (11, , ] = 7.8 Hy),
6.90 (1H, s), 6.04 (21, 5), 2.77-2.70 (1H,
m), 1.04-0.95 (4H, m).
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[ Table 17]

Compound

Example

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M +H)

Pred. Mass
(M +H)

Formula(M)

"H-NMR

49

NS
5
s

|

5.87

454.0212

454.0219
LS

CZIH]GBTNg.O

DMSO-d6) &: 8.79 (1H, d, I = 2.0 Hz),
8.71 (1H, dd, J =4.9, 1.5 Hz), 8.11 (11, dt,
7=8.1, 1.8 Hz), 8.04 (11, d,J = 7.8 Hz),
7.66-7.60 (2FL, m), 7.29 (1H, 1, J = 7.8 Hz),
7.00 (11 5), 6.10 (2H, 5), 2.78-2.71 (14,
m), 1.08-0.98 (4H, m).

9.25

444 0978

4440988
S

(DMSO-d6) 6: 8.62 (1H, d, J = 2.4 Hz),
8.56 (11, dd, J =4.9, 1.5 Hz), 8.38 (1H, d,

CoaHiFaN-OJ = 7.8 Hz), 7.88-7.84 (2H, m), 7.57 (1H, t,

J=7.6 Hz), 7.40 (1H, dd, ] = 8.3, 4.9 Hz),
7.02 (1H, s), 5.74 (2H, brs), 2.80-2.73 (1H,
m), 0.99-0.96 (4H, m).

8.14

376.1101

376.1114 Coi Hi/NsOa8

A37

8.53

412.0878

412.0881
o

C31Hi5CIN;O

DMSO-d6) 8: 8.77 (1H, d, J= 2.0 Hz),
8.67 (1H, dd, J = 5.1, 1.7 Hz), 8.04-7.98
(2H, m), 7.54 (1H, dd, T = 8.3, 4.9 Hz),
746 (1H,d, I =78 Hz), 737 (15, t, T =
7.8 Hz), 6.90 (14, s), 6.06 (2H, s),
3.78-3.71 (1H, m), 1.30 (6H, d, T = 7.3
Hz).

8.66

456.0360

456.0376
S

CQ]H; gBI‘N3O

(DMSO-d6) 5: 8.76 (1H, d, J=2.3 Hz),
8.67 (1H, dd, T =2.4, 1.2 Hz), 8.06-8.01
(2H, m), 7.65 (1H, d, I = 7.8 Hz), 7.55
(1H, dd, T=8.0, 5.1 Hz), 7.30 (1H, 1, ] =
7.8 Hz), 6.94 (1H, 5), 6.11 (2H, s),
3.79-3.72 (1H, m), 1.31 (6H, d, J=6.8
Hz).

>
(9
vat

9.01

446.1155

446.1145
S

ConHigFsN3 Oy

(DMSO-d6) 8: 8.70 (1H, d, T=2.0 Hz),
8.62 (1H, dd, =49, 1.5 Hz), 8.39 (1H, d,
=83 Hz), 7.96 (1H, dt, ] = 7.8, 2.0 Hz),
7.88 (1H, d,J = 7.3 Hz), 7.58 (1H, t, I =
7.8 Hz), 7.48 (1H, dd, T = 7.8, 4.9 Hz),
7.05 (1H, s), 5.74 (2H, brs), 3.80-3.69 (1H,
n), 1.31 (6H, d, J = 6.8 Hz).
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{Table 1

8]

Example

Compeund
No.

Scheme

HPLC
Retention

time

Obs, Mass
(M™ +H)

Pred. Mass
(M +H)

Formuia(M)

"H.NMR

8.02

378.1273

378.1271

C21H19N3OZS

(DMSO-d6) &: 8.76 (1H, d, J = 1.5 Hz), 8.66
(1H, dd, T= 4.9, 1.5 Hz), 8.04-7.96 (2H, m),
7.68 (1H, t, T=5.0 Hz), 7.51 (1H, dd, J =
13.4, 1.5 Hz), 7.41-7.37 (2H, m), 6.98 (1H,
5), 5.80 (2H, s), 3.75-3.68 (1H, m), 1.28
(6H, d, ] = 6.8 Hz).

6.85

1346.0748

346.0753
O

C17H5CIFN;

2

DMSO0-d6) &: 8.72-8.69 (2H, m), 7.95 (1H,
dt, 7= 7.5, 2.0 Hz), 7.58-7.50 (2H, m), 7.19
1H, td, ] = 8.5, 2.9 Hz), 6.48 (1H, dd, § =
9.3, 2.4 Hz), 5.56 (2, 5), 2.51 BH, ,J =
6.3 Hz).

6.90

346.0750

346.0753
O

Cr7HisCIEN;

2

DMSO-d6) 8: 8.77 (1H, ), 8.73 (1H, d, J =
4.9 Hz), 8.03 (1H, dt, J = 8.3, 1.8 Hz), 7.59
(1H, dd, J= 7.8, 4.9 Hz), 7.40-7.33 (1H, m),
7.21 (1H,t, 7 =9.5 Hz), 6.82 (1H, dd, I =
7.0, 1.8 Hz), 5.61 (2H, s), 2.49 (3H, s).

7.85

396.0718

396.0721

CisHsCIFN;

2

(DMSO0-d6) 5: 8.69 (2H, d, J = 2.4 Hz), 7.94
1H, dt, J = 8.0, 2.0 Hz), 7.70 (2H, q, = 8.0
Hz), 7.55 (1H, dd, T = 8.0, 5.1 Hz), 6.93
(1H, s), 5.68 (2H, 5), 2.52 (3H, d, I = 4.9
Tz).

Ad4

7.90

396.0726

396.0721

C1sH13CIFN;

2

(DMSO-d6) 5: 8.68-8.65 (2H, m), 7.88 (1H,
dt, J=17.8,2.0 Hz), 7.80 (1H, d, ] = 8.3 Hz),
7.59 (11, d, T = 8.8 Hz), 7.51 (1H, dd, J =
7.8,4.9 Hz), 6.67 (1H, 5), 5.70 (2H, 5), 2.54
GH, ).

3.42

430.0691

430.0985

C]9H13F6N302

(DMSO-d6) &: 8.63 (1H, dd, J=4.9, 1.7
Hz), 8.61 (1H, d, T =2.4 Hz), 8.01 (1H, d, J
= 8.3 Hz), 7.89 (1H, d, ] = 8.3 Hz), 7.85
1H, dt, ] =7.8, 1.7 Hz), 7.47 (1H, dd, J =
8.3,4.9 Hz), 6.84 (1H, s), 5.78 (2H, 5), 2.53
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[Table 19]

Example

Compoung

No.

Scheme

HPLC
Retention

time

Obs, Mass
(M"+H)

(M* +H)

Pred. Mass

Formula(M)

Y-NMR

9.12

404.1599

404.1605 CasHa N3Oy

6.09

312.1136

312.1143

C17H:4FN3 O,

(CD30D-d4) &: 8.71-8.68 (2H, m), 7.98
(1H, d, J="7.9 Hz), 7.58-7.54 (1H, m),
7.31-7.27 (1H, m), 7.12-7.01 (2H, m}), 6.83
(1H,t, J=7.5 Hz), 5.72 (2H, s), 2.60 (3H,
s).

6.23

312.1143

312.1143

CirHuFN; O,

(CD30D-d4) §: 8.73-8.69 (2H, m), 7.99
1H, d, ] = 7.9 Hz), 7.61-7.56 (1, m),
7.34-7.28 (1H, m), 6.99 (1H, t, T= 8.2 Hz),
6.75-6.71 (2H, m), 5.71 (2H, s), 2.62 (3H,

s).

64

6.26

312.1142

312.1143

ClT‘I"IMFNSOZ

DMSO-d6) &: 8.73-8.69 (2H, m), 7.97
(1H, d, J = 8.1 Hz), 7.56-7.52 (1H, m),
7.14-7.09 (2H, m),  6.95-6.90 (2H, m),
5.61 (21, s), 2.50 (3H, ).

63

>
2

6.65

328.0853

328.0847

C7H 1 CIN;O

2

(CD30D-d4) 6: 8.71-8.63 (2H, m), 7.93
(1H, d, J=28.1 Hz), 7.58-7.53 (1H, m),
7.43-7.39 (1H, m), 7.30-7.25 (2H, m),
6.75-6.71 (1H, m), 5.71 (2H, s), 2.64 (3H,
5).

>
b

6.83

328.0844

328.0847

Cy7HyCIN;O

2

(DMSO-d6) 8: 8.71-8.68 (2H, m), 7.95
(16, d, T = 8.0 Hz), 7.56-7.52 (1H, m),
7.34-7.30 (2H, m), 7.01 (11, 5), 6.80 (1H,
4, J= 6.4 Hz), 5.62 (2H, 5), 2.50 (3H, ).

-
)

|

6.95

328.0832

328.0847

C17H14CIN;O

2

(CD30D-d4) §: 8.85-8.78 (21, m), 8.11
(1H, d, T = 8.0 Fz), 7.72-7.68 (11, m),
7.33 QH, d,J = 8.3 Hz), 7.02 (21, d, I =
8.3 Hz), 5.76 (2H, s), 2.70 GH, 5).

68

6.82

372.0335

372.0342

C}';HmBrNgO

2

(CD30D-d4) &: 8.72-8.65 (2H, m), 7.94
1H, d, T = 8.0 Hz), 7.62-7.56 (2H, m),
732 (1H, t,I=74Hz), 722 (1H, ,1=7.2
Hz), 6.73 (1H, d, T = 7.6 Hz), 5.68 (21, s),
2.66 (3H, s). )
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[ Table 20]

Compound

Example

No.

Scheme

HPLC
Retention

tine

Obs. Mass
(M*+H)

™M+

IPred. Mass

Formula{M)

'H-NMR

7.00

372.0339

372.0342

C17H]4BI'N3O

24

CD30D-d4) 8: 8.61-8.57 (2H, m), 7.89
(1H, d, J = 8.0 Hz), 7.52-7.47 (1H, m),
733 (1, d,J=7.9Hz), 7.14 (15, , T =
7.8 Hz), 7.06 (1H, 5), 6.85 (1H, 4, 7= 7.5
Hz), 5.73 (2H, 5), 2.53 (3H, s).

-
ny
N

|

7.14

372.0330

372.0342

CwHMBI‘Ng,O

2

(DMSO0-d6) 5: 8.71-8.68 (211, m), 7.95
(1H, d, I = 7.8 Hz), 7.56-7.47 (3H, m),
6.86 (2H, d, J = 8.2 Hz), 5.58 (2H, 5), 2.50
(35, 5).

e
n
2

|

6.50

308.1386

308.1394\CisH9N3 O,

(CD30D-d4) 6: 8.72-8.67 (2H, m), 7.96-
(1H, d, ] = 8.0 Hz), 7.58-7.54 (1H, m),
7.19-7.12 BH, m), 6.55 (1H,d, J=7.4
Hz), 5.65 (2H, 5), 2.66 (3H, 5), 2.22 (3H,
s).

>
W,
oo

|

6.65

308.1383

308.1394 C]gH]7N3Og

CD30D-d4) 8: 8.71-8.65 (2H, m), 7.96
(1H, d, J = 7.9 Hz), 7.58-7.54 (1H, m),
7.16 (1H, t, J = 7.6 Hz), 7.06 (1H, d, J =
7.4 Hz), 6.75 (1H, $), 6.69 (1H, d, T = 7.4
Hz), 5.67 (2H, s), 2.61 (3H, s), 2.25 3H,
s).

7.13

322.1552

322.1550(CHisN; O,

(CD30D-d4) 8: 8.72-8.65 (2H, m), 7.94
(1H, d, T = 8.0 Hz), 7.57-7.54 (11, m),
723712 3H, m), 6.54 (1H, d, T =78
Hz), 5.72 (2H, s), 2.66 (3H, 5), 2.56 (2H, g,
T =7.6Hz), 1.14 3H, t, ] = 7.5 Hz).

74

s
<
po]

7.31

362.1114

362.1111

C13H1F5N; 0,

CD30D-d4) §: 8.57-8.49 (2H, m), 7.81
1H, d, T= 8.0 Hz), 7.66 (1, d, =77
Hz), 7.53 (1H, t, T = 7.2 Hz), 7.46-7.38
(2H, m), 6.73 (11, d, T = 7.9 Hz), 5.92 (2H,
s), 2.59 (3H, s).

o>

742

362.1106

362.1111

CigH P3N O,

(DMSO-d6) 8: 8.72-8.68 (2H, m), 7.97
(1H, d, 1= 7.8 Hz), 7.63-7.50 (3H, m),
732 (18, s), 7.13 (11, d, T = 7.7 Hz), 5.71
(211, 5), 2.50 (3H, 5).
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[Table 21]

Compound

Fxample

No,

Scheme

HPLC
Retention

fime

Obs. Mass
(M +H)

Pred. Mass

R Formula(M}
(M +H)

"H-NMR

A62

7.47

378.1070

378.10606 (CsH4F3N3Os

(CD30D-d4) 5: 8.72-8.64 (2H, m), 7.95
1H, d, 1= 7.4 Hz), 7.60-7.54 (1H, m),
7.41-7.36 (1H, m), 7.33-7.27 (2H, m), 6.83
IH, d, I= 6.8 Hz), 5.76 (2H, ), 2.64 (3H,
s).

A63

7.71

378.1061

378.10601C,sH14F3N505

DMSO-d6) &: 8.72-8.68 (2H, m), 7.96
(1H, d, T = 7.8 Hz), 7.56-7.50 (1H, m),
743 (1H,t, J=8.0 Hz), 723 (18, d,J =
8.4 Hz), 6.93-6.87 (2H, m), 5.67 (2H, s),
2.50 (3H, s).

Ab4

573

319.1198

319.1190 CisHi NG,

(DMSO-d6) &: 8.76-8.67 (2H, m), 8.00
(1H,d, J=79Hz), 7.83 (14,d, = 7.6
Fz), 7.62 (1H, t, J = 7.7 Hz), 7.56-7.52

1H, m), 7.44 (1H, t, ] = 7.7 Hz), 6.76 (1H,
d, J = 8.0 Hz), 5.75 (2H, s), 2.50 (3H, s).

571

319.1191

319.1190 C1gH14N: 0,

DMSO0-d6) 3: 8.61-8.56 (2H, m), 7.82
(1H, d, T =8.0 Hz), 7.66 (1H, d, I = 7.7
Hz), 7.49-7.40 (2H, m), 7.31 (1H, s), 7.15
1H, d, ] = 8.2 Hz), 5.84 (2H, s5), 2.44 (3H,
).

30

8.78

394.1543

394.1550/CysH;N;0;

8.96

412.0598

Ca1H,5ClN;

2

412.0614

7.64

362.0456

C 1 HCLN
362.04580” 182

2

(CD30D-d4) 5: 8.73-8.69 (2H, m), 7.99
(1H, d, J = 8.0 Hz), 7.62-7.58 (1H, m),
7.45 (1H, d, T= 8.3 Hz), 7.16 (1H, s), 6.86
(iH, d, =83 Hz), 5.66 (2H, 5), 2.61 (34,
s).

g
=
=)

|

6.88

362.0468

C]7H13C12N3

2

362.0458

(DMSO-d6) §: 8.68 (1H, s), 8.61 (1H, s),
7.94 (1H, d, T = 8.0 Hz), 7.46-7.26 (4H,
m), 5.57 (21, 5), 2.38 (3H, s).

7.52

362.0452

Ci7H3ChLN,

2

362.0458

(CD30D-d4) 5: 8.76-8.70 (2H, m), 8.00
(1H, d, T = 8.0 Hz), 7.64-7.60 (1H, m),
7.50 (11, d, T = 8.0 Hz), 727 (1H, t, J =
7.9 Hz), 6.74 (1H, d, T = 7.8 Hz), 5.74 (2H,
5), 2.66 (3, ).
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[ Table 22

|

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M"+H)

(M +H)

Pred. Mass

Formula(M})

‘H-NMR

ATL

7.72

362.0459

162.0458

Ci7H;aCloN3
Oy

(DMSO-d6) 8: 8.70-8.69 (21, m), 7.93
1H, d, T = 7.9 Hz), 7.56-7.50 (2H, m),
6.94 (2H, 5), 5.59 (2H, ), 2.50 (31, 5).

86

6.16

346.0756

346.0753
O

C7H1;CIFN;

2

(CD30D-d4) 3: 8.71-8.69 (2H, m), 8.00
(1H, d, T = 7.9 Hz), 7.58-7.54 (1H, m),
7.27-7.20 (1H, m), 7.12 (1H, d,J = 8.0
Hz), 6.92 (1H, t, I = 9.0 Hz), 5.98 (211, 5),
2.59 (34, 5).

6.93

346.0753

346.0753

Cy7H13CIFN;

2

(CD30D-d4) 5: 8.85-8.66 (2H, m), 8.02
1H, d, J = 7.9 Hz), 7.68-7.63 (1H, m),
7.27 (1H, dd, T = 8.5 Hz, 2.5 Hz), 7.06 (11,
td, J = 8.4 Hz, 2.4 Hz), 6.90-6.85 (11, m),
5.72 (21, 5), 2.67 (3H, 3).

38

7.00

346.0754

346.0753

CysH13CIFN;

2

DMSO0-d6) 5: 8.77-8.69 (21, m), 8.01
(1H, d, J = 8.0 Hz), 7.58-7.54 (1H, m),
748 (14,1, J= 7.4 Hz), 7.13 (14, £, T= 7.9
Hz), 6.67 (1H,t, 7= 7.1 Hz), 5.65 (211, 5),
2.50 (3H, 5).

AT3

7.11

346.0749

346.0753

0 1 7H1 3C1FN3

2

(DMSO-d6) 8: 8.74-8.69 (211, m), 7.97
(1H, d, J = 8.0 Hz), 7.59-7.54 (1H, m),
734 (18, t, J= 8.9 Hz), 7.20-7.17 (11, m),
6.88-6.84 (1H, m), 5.59 (2H, s), 2.50 (3H,
s).

7.15

346.0751

346.0753

Cy7HisCIFN,

2

(DMSO-d6) 8: 8.74-8.70 (2H, m), 7.98
(1H, d, ¥ = 8.0 Hz), 7.60-7.55 (1H, m),
7.33 (1H, d, T=8.7 Hz), 6.87 (1H, 5), 6.76
(1H, d, ] = 9.3 Hz), 5.61 (2H, s), 2.50 (3H,
s).

7.63

362.0452

362.0458

C]I’HlBClZN?.
O

(DMSO-d6) 3: 8.67-8.63 (2H, m), 7.87
(1H, d, T = 7.8 Hz), 7.65 (1H, 5), 7.53-7.48
(1H, m), 7.37 (15, d, ] = 8.3 Hz), 6.60 (1H,
d,J = 8.4 Hz), 5.55 (21, s), 2.54 (3H, s).
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[Table 23]

HPLC
Compound . [Obs. Mass[Pred. Mass .
Example Scheme|Retention . . Formula(M) H-NMR
No. ; M"+H) | (M7 +H)
ime

(DMSO-d6) 5: 8.67 (21, 5), 7.92 (1H, d, J
= 7.8 Hz), 7.54-7.51 (1H, m), 7.35-7.31

92 | A78 | A | 753 |342.1006]342.1004 CsgH;CINSO
Sl B 3 T, m), 7,10 (1H, d, J = 7.8 Hy), 6.42 (1H,
), 5.58 (2H, 5), 2.51 (3H, 5), 2.17 3H, ).
CsHCLNO
93 | A9 | A | 742 (368.0017/368.0022] ]
2
(DMSO-d6) 8: 8.80 (1H, s), 8.74 (1H, d, J
o1 | as0 | A | 740 |368.0006 368 000y C1THCHNO = 3.9 1z), 8.08-8.04 (1H, m), 7.60 (1H, dd,
= 85 a ' s T=83,4.9 Hz), 7.11 (1H, 5), 5.67 (2H, s),
D45 (3H, 5).

(DMSO-d6) 5: 8.70 (11, d, T = 2.0 Hz),
8.61 (11, dd, T=49, 1.5 Hz), 7.95 (1H, dt,
J=7.8,2.0 Hz), 7.81-7.75 (2H, m),
7.51-7.43 (2H, m), 7.31 (1H, t, T = 7.8 Hz),
6.65 (1H, d, ] = 7.3 Hz), 5.82 (2H, 5), 2.52
(3H, s).

O
A
-8
=
>

7.50 |350.0952/350.0958|Ci5H;sN;0,8

|

(DMSO-d6) 8: 8.64-8.62 (1H, m), 8.57
(1H, dd, T=4.9, 1.5 Hz), 7.87 (10, d, J =
7.6 Hz), 7.80-7.75 (2H, m), 7.50 (1H, d, J

96 A82 B 8.51 |376.1116376.1114|Cy H;7N3O,S = 5.4 Hz), 7.44-7.38 (1H, m), 7.32 (1H, 1,7
- 7.8 Hz),6.61 (1H, d, T=7.3 Hz), 5.77
(2H, s), 2.74-2.67 (1H, m), 1.01-0.93 (4H,
m).

97 AB3. B 8.24 1378.12711378.1271Co1 His N3 O,8

. ' C1oH N30,

98 Ad4 A 931 1404:0664,404.0675 .
(DMSO-d6) 5: 8.73 (1H, d, T = 2.0 Hz),
8.64 (1H, dd, J=4.9, 1.5 Hz), 7.98 (111, dt,
T=17.38,2.0 Hz), 7.87 (1H, d, J = 5.4 Hz),

93 AB5 A 7.73  1368.0886[368.0864(CH;FN;0,8

7.63 (1H, dd, J=9.3, 2.4 Hz), 7.52-7.45
(2H, m), 6.61 (1H, dd, T=9.8, 2.0 Hz),
5.81 (2H, 5), 2,52 (31, s).




[Tabie 24]

Example

Compound|

No.

Scheme

HPLC
Retention

time

Obs. Mass
{(M" +H)

Pred. Mass
(M" +H)

Formula(M)

"H-NMR

o
{wad
&

8.81

394.1018

394.1020

Coy1HjeFN2 O, 8

(DMSO0-d6) &: 12.96 (11, s), 8.63 (1H, d, J
= 2.4 Hz), 8.58 (11, dd, T= 4.9, 1.5 Hz),
7.88-7.84 (2H, m), 7.62 (1H, dd, = 9.3,
DA Hz), 747 (1H, d, T = 5.4 Hz), 7.43-7.38
(1H, m), 6.53 (1H, dd, J = 9.3, 2.4 Hz),
5.77 (2H, s), 2.73-2.67 (1H, m), 1.01-0.92
(4H, m).

6.90

376.0613

376.0614

CISHESCIZNSOZ

(DMSO-d6) &: 8.61 (1H, d, I = 4.9 Hz),
8.35 (1H, ), 7.65 (1H, d, T = 8.3 Hz),
7.40-7.32 (2H, m), 7.25 (1H, d, T = 8.3
Hz), 7.01 (1H, s), 6.34 (1H, g, ] = 6.8 Hz),
2.43 (3H, 5), 1.95 (3H, d, T = 6.8 Hz).

102

-
o0
Als]

|

8.75

425.9395

425.94006

C)GH} gBl’CigN},

2

(DMSO-d6) &: 13.58 (1H, s), 8.70-8.64
(211, m), 7.89 (11, d, J = 8.0 Hz),
7.53-7.48 (2H, m), 7.39 (1H, dd, J = 8.8,
2.4 Hz), 6.76 (1H, d, J = 2.4 Hz), 5.57 (2H,
s).

A92

9.66

442.0528

442.0520

CoaH1:CLEFN,

2

DMSO-d6) &: 8.74 (1H, d, T = 2.0 Hz),
8.69 (1H, d, T = 4.9 Hz), 7.97 (1H, d, T =
7.8 Hz), 7.66-7.38 (6H, m), 7.22 (1H, td, |
= 8.5, 2.3 Hz), 6.77 (1H, d, § = 2.4 Hz),
5.61 (2H, s). |

A3

9.51

442.0517

442.0520
O

CorHisChIFN;

2

(DMS0-d6) &: 8.73 (1H, d, T = 2.0 Hz),
8.68 (1H, d, J=5.0 He), 7.96 (1H, d, I =
8.0 Hz), 7.85-7.79 (2H, m), 7.56-7.50 (2H,
m), 7.40 (1H, dd, T = 8.8, 2.4 Hz), 7.25
(2H,t,J=8.8 Hz), 6.75 (11, d, T =2.4
Hz), 5.61 (2, s)

o
O
o

|

6.72

425.0559

425.0567

Co1H1CLN,O>

(DMSO-d6) 8: 9.24 (1H, s), 8.83-8.68 (4H,
m), 8.00-7.88 (21, m), 7.59-7.51 (2H, m),

7.41 (11, dd, J = 8.8, 2.4 Hz), 6.85 (1, 4,
T=2.4Hz), 5.66 (2H, s).
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[Table 25]

HeLC
Compound . |Obs, MassPred. Mass .
Exampie Scheme|Retention . + .. i Formuia(M) H-NMR

No. ) (M +H) | (M" +H)
ime

DMSO-d6) 8: 8.87 (21, d, T = 6.3 Hz),
8.75 (11, d, T =2.0 Hz), 8.71 (1H, dd, I =
CoHuCLN, 4.9, 1.5 Hz), 8.33 (2H, d, ] = 6.3 Hz),
106 | A95 | F | 650 [425.0553425.0567
o 7.99-7.95 (11, m), 7.58-7.50 (2H, m), 7.41
1H, dd, 7= 8.3, 2.4 Hz), 6.88 (1H, d, I =
2.4 Hz), 5.64 (2H, s).

(DMSO-d6) 5: 8.66 (2H, s), 7.88 (1H, d, J
C1HLCLN; = 8.0 Hz), 7.53-7.48 (2H, m), 7.39 (1H, dd,
107 | A9 | F | 807 |378.0410/378.0407] 7 2T 0 Hz), (2H, m), 7.39.(
0s T=8.5,2.2 Hz), 6.66 (1H, d, J = 2.4 Hz),
5.55 (2H, 5), 3.99 (3H, s).

CisH;sChN;
7.25 1408.0500 408.05120

2
g
]

4

C1sHiCLFN
303

10.06 1446.0271|446.0281

=
)
l?*
o
=]
o5

|

Co3H7CLNy

3

._A
—
<
=
o
=
g/

16,48 :454.0722:454.0720

|
|

Coa L 4CLF NG

3

111 AlG0 F 10.12 1458.04731458.0469

. (DMSO-d6) 8: 8.71 (1H, d, ] = 4.9 Hz),
C1H1CLN, 8.67 (1H, s), 7.91 (11, dd, J = 7.8, 1.5 Hz),

112 | AlOL | F | 865 1373.0243/373.0254
0, 7.56-7.47 (2H, m), 7.39 (1H, d, J = 8.8
Hz), 6.93 (1H, 5), 5.62 (2H, 5).
CisH3ClLN;
U3 | AL02 | F | 846 |374.0443374.0458|
2
CoHCLN
134 | A103 | F | 885 |414.0765/a14.0771 T
2
(DMSO-d6) 3 13.16 (11, 5), 8.67 (2H, s),
Ci7H:CLN;y 7.89 (1H, d, T = 7.8 Hz), 7.54-7.48 (2F
105 | Alo4 | F | 897 3040164304017 7 N 189 (1K, 4, 7, 7 8 (K,
. 0,8 m), 7.39 (111, dd, J = 8.5, 2.2 Hz), 6.64
| : 1H, 5), 5.55 (28, 5), 2.54 (3H, 5).
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[Table 26]

HPLC
Compound . 1Obs. Mass{Pred. Mass
Example Scheme|Retention . Formula(M) "H-NMR
No. . (M™+H) | (M" +H)
tumne
(DMSO-d6) 6: 13.15 (1H, s), 8.67 (2H, s),
7.88 (1H, d, J=7.8 Hz), 7.53-7.48 (2H,
CisHisChN;0;
116 A0S F 9.68 |408.0340]408.0335 S m), 7.39 (1H, dd, J = 8.8, 2.4 Hz), 6.62
(1H, s}, 555 (2H, s), 3.15(CH, q, = 7.3
Hz), 1.34 3H, t, T =7.3 Hz).
CyH1ChNO;
7 Al106 F 6.84 {410.0131;410.0127 S
C15HsCLN; Oy
118 AlQ7 F 7.29  1424.G2921424.0284 S
(DMSO-d6) 8: 8.68 (2H, 5), 7.94 (1H, dt, J
= 8.0, 1.8 Hz), 7.57-7.47 (2H, m}, 7.37
119 Al09 A 9.54 1434.10251434.1033/C Hy1CLbNsO5 (18, dd, 7= 8.8, 2.4 Hz), 6.35 (1H, d, T =
2.0 Hz), 5.63 (2H, s), 2.13-2.02 (ZH, m),
1.87-1.75 (2H, m}), 0.82 (6H, t, ] = 7.3 Hz).
(DMSO-d6) &: 8.71-8.66 (2H, m), 7.94
1H, dt, T=18.0, 1.8 Hz), 7.54-7.45 (21,
C20H18012N403( ., ) (
120 All2 A 8.62 [465.0559(465.0549 . m), 7.39 {1H, dd, = 8.8, 2.4 Hz), 6.73
(1H, d, T = 2.0 Hz), 5.49 (2H, 5), 2.90-2.83
(1H, m), 2.44 (3H, 5), 1.06-0.89 (4H, m).
(DMSO-d6) &: 8.77 (1H, d, ] = 2.4 Hz),
8.70 (1H, dd, T =4.9, 2.0 Hz), 8.02 (1H, dt,
J=28.0,2.0 Hz), 7.58-7.54 (1H, m}, 7.01
121 | A3 | A | 762 1399.14841399.1485 CaoHpN,O5S 2) (LH, m)
(1H,d,J=7.8 Hz), 6.94 (1H, d,J=7.8
Hz), 6.37 (1H, s), 5.41 (2H, 5), 2.97 (3H,
s), 2.44 (3H, 5), 2.15 (31, 5), 2.04 (3H, s).
122 Alld A 844 [425.16341425.16421CHnHaN.058
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[Table 27

]

Example

Compound)

No.

Scheme

HPLC
Retention

time

Obs. Mass
M +H)

Pred. Mass

. Formula(M)
(M +H)

"H-NMR

pa—
3]
1

|

B
—
et
L

7.42

11427.0881

427.0893 CooH sN405 S,

DMSO-d6) §: 8.83 (1H, d, J = 2.0 Hz),
8.67 (1FL, dd, T = 4.9, 1.5 Hz), 8.09 (11, dt,
T=17.8,2.0 Hz), 7.80 (1H, d, T = 7.8 Hz),
7.73 (1H, d, T = 5.4 Hz), 7.56-7.51 (1H,
m), 7.47 (1H, d, J = 5.4 Hz), 7.31 (15, 1, T
= 7.6 Hz), 6.82 (1H, d, 1 = 7.3 Hz), 5.71
2H, 8), 2.95 (311, 5), 2.42 (3H, s).

,_a
o
T

|
|

s
s
—
(=2

821

453.1048

453.1050 CpoHoN4 055

DMSO-d6) 3: 8.80 (1H, d, J = 2.0 Hz),
8.65 (11, dd, T = 4.9, 2.0 Hz), 8.05 (LH, dt,
T=8.0,1.8 Hz), 7.80 (1H, d, I = 7.8 Hz),
7.73 (1H, d, T = 5.4 Hz), 7.54-7.45 (2H,
m), 7.31 (1H, t, I = 7.8 Iz), 6.81 (1H, &, J
=73 Hz), 5.71 (2H, s), 2.78-2.70 (1H, m),
2.42 (3H, s), 0.97-0.77 (4H, m).

[—
(9]

o=
—
-
-3

8.38

453.1050

453.1050 1CyHogNJO5S,

DMSO-d6) &: 8.74 (1H, d, J = 1.5 Hz),
8.62 (1H, dd, J=4.9, 1.5 Hz), 7.98 {1H, dt,
T=38.0,2.0 Hz), 7.81-7.70 (2H, m),
7.49-7.43 (2H, m), 7.31 (1H,t, ] = 7.8 Hz),
6.80 (1H, d, J=7.3 Hz), 5.65 (2H, 5), 2.96
3H, s5), 2.25-2.15 (1H, m), 0.99-0.90 (4H,
m).

3>
it
—
oo

|

9.15

479.1203

4791206 [CoaHpuN. 0555

e
-
b
>

8.01

374.1497

374.1496 (CyoH 5N 04

e
o]
—t

|

9.09

378.1002

C21H}6C1N30

2

378.1004

(DMSO-d6) §: 12.94 (1H, s), 8.60 (1H, d, J
=2.4Tz), 8.55 (1H, d, T =2.0 Hz),
8.05-7.95 (3H, m), 7.83 (111, d, J = 8.3
Hz), 7.62-7.56 (2H, m), 7.40 (1H, t, T = 7.8
Hz), 6.54 (1H, d,] = 6.8 Hz), 6.12 2L, 5),
2.53 (3H, 5).

o
(3o}
B2

|

7.48

358.1550

358.1550 CyHyoN3 O,
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[Table 28]

HPLC
Compound . |Obs, MassPred. Mass )
Example Scheme|Retention . N Formula(M) H-NMR
No. . (M7 +H) | (M +H)
time

130 | Al23 A 8.34 1362.1308362.1299 Cy; H;6FN30,

131 | Al24 | A 7.69 1358.1552(358.1550 CaolioN;3 05

132 | AI25 A 8.30 |374.1501(374.1499 CpH N 04

133 | Al26 | A 9.81 [360.1343|360.1343 (CxH;:N;0;

134 | Al27 ! A 6.36 |359.14971359.1503 |Cy HysNLO,

135 | A28 @ A 7.78 |372.1342372.1343 [CopHy N304

136 | Al29 | A 7.58 {387.1813|387.1816 CosHoN,O;
(DMSO-d6) §: 8.45-8.41 (2H, m),
3.01-7.97 (2H, m), 7.80 (1H, d, I = 8.3
Hz), 7.62-7.58 (2H, m), 7.35-7.30 (2H, m),

137 | AI30 | A | 981 |436.1667/436.1656 Crtl N0y |2 (2H, m) (2H, m)
7.13 (2H, t, T =78 Hz), 702 (1H,t, = 7.1
Hz), 6.83 (2H, d, T= 8.3 Hz), 6.54 (1H, d, J
= 6.8 Hz), 6.06 (21, 5), 2.53 (3H, 5).
(DMS0-d6) §: 8.40 (1H, d, T =2.0 Hz),
8.36 (1H, d, J = 2.4 Hz), 8.02-7.95 (2H,
m), 7.81 (1H, 4, J= 8.3 Hz), 7.63-7.58
2H, m), 7.30 (1H, t, J = 7.6 Hz), 7.07-6.97

138 | Al3l A 9.59  |466.1769466.1761 Coetl3NOy m) (11 2,7
(2H, m), 6.87 (1H, dd, F=7.8, 1.5 Hz),
6.78 (1H, d, ] = 8.3 Hz), 6.71-6.65 (1H,
m), 6.48 (1H, d, I =7.3 Hz), 5.99 (2H, s),
3.49 (3H, s), 2.52 (3H, ).
(DMSO-d6) 8: 8.68 (1H, d, J = 2.0 Hz),
8.65 (1H,d,J=1.5Hz), 8.06 (1H, 1, J =

C1oH 1 CIN,O ( ) (
139 | A132 A 8.93 1384.0581(384.0568 o 2.0 Hz), 7.99-7.95 (1H, m), 7.73-7.68 (1H,
i m), 7.42-7.37 (2H, m), 7.02 (111, 5), 5.85

(2H, 5), 2.51 (3H, 5).
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[Table 297

HPLC
Compound b Obs. Mass Pred. Mass )
Fxample Scheme!Retention . . Formmla(M) H-NMR
No. i (M"+H) | (M +H)
Ime

(DMSO-d6) 5: 8.63 (1H, d, ] = 3.5 Hz),
8.57 (1H, 1, J = 1.5 Hz), 7.99-7.95 (1H, m),
140 | AI33 | A | 837 [368.0856|368.0864C1sH FN:O,S [7.92-7.86 (1H, m), 7.72-7.67 (1H, m),
7.42-7.37 (2H, m), 6.98 (11, 5), 5.85 (2H,
s), 2.50 (3.0H, s).

(DMSO-d6) 8: 13.11 (1H, 5), 8.67 (1H, d, J
w1 | A 675 |380.03601380 0363 CHRCHINs = 2.4 Hz), 8.48 (1H, 5), 7.89-7.84 (1H, m),
0, 7.50 (1H, d, T = 7.8 Hz), 7.39-7.35 (1H,
m), 6.57 (1H, s), 5.61 (2H, 5), 2.49 (3H, s).
(DMSO-d6) 8: 8.71 (1H, d, T = 2.4 1z),
8.56 (14, d, T =2.0 Hz), 8.02 (1K, , I =
9.44 1396.0076|396.00681C,,;H1,ClN;0,2.0 Hz), 7.50 (1H, d, J = 8.3 Hz), 7.38 (1H,
dd, T = 8.8, 2.4 Hz), 6.62 (11, d, T = 2.4
H2), 5.61 (2H, 5), 2.50 (3, s).
(DMSO-d6) &: 14.22 (1H, 5), 8.73 (1H, d, J
= 2.4 Hz), 8.54 (11, t, T = 1.5 Hz),
C 1, CLEN,
11.07 14340085 434.0081 7.98-7.93 (1H, m), 747 (1H, d, T = 8.8
Hz), 7.38 (1H, dd, ] = 8.8, 2.4 Hz), 6.85
(1H, d, T=2.4 Hz), 5.65 (211, 5).

=
"
=
s

M
S
[y
e
)
o
o-s

|
|

M
B
)
b=
—
[
f=a)
P

(DMSO-d6) 8: 8.76 (1H, d, T = 2.0 11z),
8.61 (1H, d, ] =2.0 Hz), 8.10 (IIL , T =

C17HoCLF;N; .

144 Al37 A 11.75 1449.9786 449 9785 o, 2.2 Hz), 747 (1H, d, =83 Hz), 738 (1H,
dd, F=8.8,2.4Hz), 6.87(1H,d,J=24

Hz), 5.65 (2H, ).

(DMSO-6) 5: 8.94 (1H, 5), 8.89 (1H, 5),

8.15 (1H, 5), 8.03-7.95 (2H, m), 7.84 (1H,

9.85 1412.12711412.1267 CuH16FiNsOy [d, J = 8.3 Hz), 7.61-7.56 (2H, m),

7.43-7.38 (1H, m), 6.62 (1H, d, T=73

Hz), 6.14 (2H, 5), 2.56 (3H, 5).

,__a
N
n
R
—
"
o
e

(DMSO-D6) &: 13.18 (1H, 5), 9.65 (1H, 5),
3.91 (1H, d, ¥= 1.5 Hz), 8.18 (1H, s), 7.50

CiH12ClFsN; ( ) ( :

10.23 |430.0328430.0331 5 (iH, d, T=8.8 Hz), 7.38 (1H, dd, ] = 8.8,

: 2.4 Hz), 6.66 (1H, d, J=2.4 Hz), 5.63 (2H,

s), 2.51 (3H, s).

=N
=
o
o
>
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[Table 30]

HPLC

Compound . |Obs. Mass |Pred. Mass .

Fxample Scheme|Retention N . Formula(M) H-NMR
No. i (M"+H) | (M +H)

ime

(DMSO-D6) 8: 9.11 (1H, ), 8.97 (1H, d,J
CosHoCLEN: = 2.0 Hz), 8.29 (15, 5), 7.46 (1H, d, J = 8.3
0, Hz), 7.37 (1H, dd, T = 8.8, 2.4 Hz), 6.92
(IH, d, J =2.4 H2), 5.66 (21, 5).
(DMSO-d6) &: 8.66 (11, d, T = 2.4 Hz),
859 (1H, t, J=1.7Hz), 798 (1H, dd, I =
C1oH 12 CIFN;
9.01 1402.04601402.0474 0,8 7.8, 1.0 Hz), 7.95-7.91 (1H, m), 7.47 (1H,
dd, J=78, 1.0 Hz), 737(1H, ,J=78
Hz), 6.91 (1H, 5), 6.10 (2H, s), 2.52 (3, s).
DMSO-D6) 5: 8.67 (2H, dd, 1 =12.9, 2.2
Hz), 8.10 (1H, t,  =2.2 Hz), 7.98 (1H, d, J
C19H;3CIN3
Aldz A 0.60 [418.0180 418..0173 0,5 =7.8Hz), 747 (1H, d, T=7.8 Hz), 7.37
‘ (1H, t, 1= 8.0 Hz), 6.93 (1H, 5), 6.10 (ZH,
5), 2.52 (3H, 5).
(DMSO-D6) - 13.05 (1H, 5), 9.00 (21, 5),
CopHsClEN518.27 (1H, 5), 7.98 (1H, d, J = 7.8 Hz), 7.47
0,5 (1H, d, J="7.8 Hz), 7.37 (1H, ¢, T = 7.8 Hz),
6.96 (1H, 5), 6.1 (2H, 5), 2.53 3H, ).
(DMSO-D6) 8: 8.61 (1H, d, I = 2.4 Hz),
8.54 (1H, d, J = 2.0 Hz), 8.04-7.96 (3H, m),
Co3HooCIN;O [7.83 (1H, d, T = 8.3 Hz), 7.62-7.56 (2H, m),
b 742 (0H,t,1=76Hz), 653 (1H,d,J= 7.3
Hz), 6.10 (2H, s), 3.76-3.67 (1H, m), 1.30
(6H, d, T =7 H).
(DMSO-D6) 5: 12.96 (1H, 5), 8.60 (1, d. J
— 2.4 Hz), 8.50 (1H, d, T =2.0 Hz),
CosHisCINGO [8.04-7.95 (3H, m), 7.83 (1H, d, ] = 8.3 Hz),
; 7.61-7.56 (2H, m), 7.42 (1H, 1, T = 7.8 Hz),
6.55 (1H, d, ] =73 Hz), 6.09 (2H, s),
b.77-2.71 (1H, m), 1.04-0.96 (4H, m).

5
=
Tu
=)
=

12.09 |484.0049|484.0049

)_.
iy
00
=
et
I
et
>

|
|
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.
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)
=
i
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i
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10,31 |452.04461452.0442

|
|

o
[EEEY
s
fa—
o
T
vy

16.20 1406.1318[406.1317

|
|

o
[
-
£
th
0y,

|

10.97 1404.1157;404.1160
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[ Table 317

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M" +H)

(M +H)

Pred. Mass

Formula(M)

TH-NMR

[y
L)

10.76

424.1367

424.0381

C1oHiCLN;O

2

(DMSO-D6) 8: 8.72 (1H, t, J = 2.0 Hz),
8.56 (11, t, T = 1.7 Hz), 8.04-8.01 (1H, m),
7.50 (1H, dd, T = 8.5, 1.7 Hz), 7.38 (11, dt,
T=823, 1.7 Hz), 6.55 (111, 5), 5.61 (211, 5),
3.71-3.64 (1H, m), 1.26 (6H, d, 7= 6.8
Hz).

LA
o

|

11.47

422.0221

422.0224

CioH1,CN;O

/]

DMSO-d6) 8 13.14 (1H, 5), 8.70 (1H, d, J
- 2.4 Hz), $.51 (1H, d, T = 2.0 Hz), 7.97
(1H, 1, J=2.0 Hz), 7.50 (1H, d, ] = 8.8
Hz), 7.38 (1H, dd, J = 8.3, 2.4 Hz), 6.61
(14, d, T = 2.4 Hz), 5.57 (2H, 5), 2.73-2.66
1H, m), 0.99-0.93 (4H, m).

—
Lh

9.01

376.1453

376.1456

C22H1 SFN302

DMSO-D6) 8: 8.60 (1L d, ] = 2.9 Hz),
8.50 (LH, 5), 8.05-7.82 (4H, m), 7.62-7.55
(7H, m), 7.41 (1H, t, T = 7.8 Hz), 6.53 (1H,
d,7=6.8Hz),6.12 (21, s), 2.97 (2H, q, } =
7.5 Hz), 1.27 3H, t, T = 7.6 Hz).

—
Lh
<N

|

9.61

392,1156

392.1160

CyHy3CINSO,

(DMSO-D6) 8: 8.62 (1H, d, J = 1.5 Hz),
8.56 (111, s), 8.05-7.95 (3H, m), 7.83 (1H,
d, T = 8.3 Hz), 7.62-7.56 (2H, m), 7.41
(1H,t, =78 Hz), 6.55 (11, d, T = 7.3
Hz), 6.12 (2H, 5), 2.97 (21, q, T = 7.5 [z),
127 3H, t, 1 = 7.3 Hz).

[y
~J

834

394.0528

394.0520

e 1 31{1 4C12FN3
Oz

(DMS0-D6) 8: 8.69 (1H, d, J =2.7 Hz),
8.50 (1H,t,J=1.8Hz), 7.89 (1H, dt, I =
0.4, 1.8 Hz), 7.50 (1H, d, I = 8.3 Hz), 7.37
(1H, dd, J=8.8,2.7 Hz), 6.56 (14, d, ] =
1.7 Hz), 5.62 (2H, 5), 2.92 (2H, g, ] = 7.5
Hz), 1.23 (3H, t, T = 7.6 Hz).

10.04

410.0229

410.0224

CigH 1 ClN;O

2

(DMSO-d6) 8: 8.73 (1H, d, T = 2.4 Hz),
8.57 (1M, d, T = 2.0 Hz), 8.05 (11, t, I =
2.2 Hz), 7.50 (11, d, T = 8.8 Hz), 7.38 (14,
dd,1=8.8,2.4 Hz), 6.61 (1H, d,J=2.4
Hz), 5.62 (2H, s), 2.93 (2H, q, T = 7.5 Hz),
1.23 (3H,1, T = 7.3 Ho).
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[Table 32]

Example

Commpound

Ne,

Scheme

HPLC

Retention

Obs. Mass
M" +H)

Pred. Mass

. Formula{M)
(M)

time

*H-NMR

O

9.57 1390.1601(390.16121Co3HaFNL O,

(DMSO-d6) 8: 8.59 (1H, d, J = 2.4 Hz),
8.49 (11, 1, J = 1.7 Hz), 8.05-7.95 (2H, m),
7.86-7.80 (2H, m), 7.63-7.56 (2H, m), 7.41
(1H,t, 1= 7.6 Hz), 6.52 (11, d, T =73
Hz), 6.11 (2H, s), 3.76-3.69 (1H, m), 1.30
(6H, d, T = 6.8 Hz).

|

10.23 |388.1446:388.1456 CyaHisFN;O,

DMSO-d6) 8: 12.97 (1H, s), 8.57 (11, d, J
=29 Hz), 8.44 (11,1, ] = 1.7 Hz),
8.06-7.94 (2H, m), 7.85-7.76 (2H, m),
7.62-7.56 (21, m), 7.42 (1H, t, T = 7.8 Hz),
6.53 (1H, d, T = 6.8 Hz), 6.09 (211, s),
2.77-2.71 (1H, m), 1.05-0.95 (4H, m).

—

Al54

CoH6CLEN;

2

10.01 1408.06751408.0676

(DMSO-d6) &: 13.18 (1H, s), 8.68 (1H, d, J
=2 4 Hz), 8.48 (111, 5), 7.86 (1H, dt, J =
9.6,2.1 Hz), 7.50 (14, d, T = 8.8 Hz), 7.37
(11, dd, T = 8.8, 2.4 Hz), 6.49 (11, d, T =
2.4 Hz), 5.60 (21, s), 3.72-3.63 (1H, m),
1.26 (6H, d, J = 6.8 Hz).

162

C1oH14CLEN;

2

10.65 i406.0509|406.0520

(DMSO-d6) §&: 8.67 (1H, d, I = 2.9 Hz),
8.44 (1H,t, T =2.1 Hz), 7.82 (1H, dt, J =
9.4,2.1 Hz), 7.50 (1H, d, T = 8.8 Hz), 7.38
(1H, dd, J = 8.8,2.4 Hz), 6.58 (1, d, T =
0.4 Hz), 5.58 (21, 5), 2.73-2.66 (1H, m),
0.99-0.94 (4H, m).

LS

C13H15C32N30

2

7.67 1376.0598376.0614

(DMSO-d6) 6: 8.48 (1H, d,J =2.4 Hz),

- B37(1H,d,T=24Hz), 770 (1H,t,J =
2.4 Hzy, 7.51 (1H, d, J = 83 Hz), 7.39 (1H,
dd,J=83,24Hz),6.55(IH,d, J=24
Hz), 5.57 (2H, 5), 2.49 (31, 5), 2.28 (3H,
S).

C1sH3sCLN;O

£]

8.03 1392.0556/392.0563

(DMSO-d6) 8: 8.35 (1H, d, T = 2.9 Hz),
8.17 (1H,d,J= 1.5 Hz), 7.51 (1H, 4, T =
8.8 Hz), 7.39-7.37 (2H, m), 6.55 (1H, d, J

=24 Hz),5.57 (24, 5), 3.75 (3H, 5), 2.49

(3H, s).
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[Table 33]

Example

Compound

Na.

Scheme

HPLC
Retention

time

Obs. Mass
(M* +H)

(M +H)

[Pred. Mass

Formula(M)

'H-NMR

h

>
o0

8.95

387.0414

387.0410

CisH;,CENLO

R

(DMSO-d6) §: 8.37 (1H, d, J = 4.9 Hz),
8.08 (1H, t,J = 8.5 Hz), 747 (1H, t, ] = 6.1
Hz), 7.43 (1H, d, T = 8.8 Hz), 7.34 (1H, dd
J=8.3,2.4 Hz), 6.54 (1K, d, T = 2.4 Hz),
5.48 (28, 5), 2.49 3H, 5).

>

—

|
|

-
v

7.40

376.0605

376.0614

CisHisCLN;O

R

(DMSO-d6) 5: 8.39 (11, d, J = 2.0 Hz),
7.65 (1H, dd, J = 8.0, 2.2 Hz), 7.47 (1H, d,
J=8.8 Hz), 7.34 (1H, dd, J = 8.3, 2.4 Hz),
727 (1H, d,T=8.3 Hz), 642 (11, d, I =
2.4 Hz), 5.74 2H, 5), 2.48 3H, 5), 2.45
(3H, 5).

-1

o

10.21

380.0368

380.0363

CiHCLEN;

2

(DMSO-d6) §: 9.09 (1H, d, T = 2.0 Hz),
8.89 (1H, d, ] =2.0 Hz), 8.44 (11, t, T =
D.0H7), 748 (1H, d, T = 8.3 Hz), 7.36 (1,
dd,J=8.8,2.4 Hz), 6.61 (1H, d, T =24
Hz), 5.62 (20, s), 2.49 (314, 5).

—
o

=

8.60

392.0558

392.0563

CisHisCLNO

3

(DMSO0-d6) 8: 8.16 (1H, d, J = 2.0 Hz),
774 (1H, dd, 7= 8.3, 2.4 Hz), 7.50 (1H, d,
J=38.3 Hz), 7.36 (11, dd, I = 8.8, 2.4 Hz),
6.87 (1H, d,T= 8.8 Hz), 6.47 (14, d, I =
2.4 Hz), 5.62 (2H, 5), 3.85 (3H, 5), 2.47
(3H, ).

—
=23
O

:
|

o

8.32

392.0558

352.0563

C1sH;sCLNZO

3

(DMSO-d6) 5: 8.27 (1H, dd, T = 4.9, 2.0
H2), 7.74 (1H, dd, T= 7.3, 2.0 Hz), 7.41
(1H, d, J = 8.3 Hz), 7.32 (1H, dd, J = 8.5,
b7 Hz), 7.07 (LH, dd, J= 7.3, 4.9 Hz),
5.54 (1H, d, J = 2.4 Hz), 5.35 (2H, 5), 3.63
(3, 5), 2.46 (3H, 5).

=

|

7.50

405.0881

4(5.0880

C1sH;sCLNLO

2

o
.
o
I

9.34

396.0061

396.0068

Ci7HRCLN;O

2

172

s
iy
o
Ln

440.0247

440.0233

CiH5CLNSO
S
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[Table 34

]

Compound

Example

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M" +H)

Pred. Mass
(M™ +H)

Formuia{M)

TH-NMR

(8]

8.04

431.1020

431.1036

CaiHCLN,O

H

(DMSO-d6) 8: 7.96 (1H, d, J = 2.4 Hz),
7.82 (1H,d, J=2.0Hz), 7.53 (11, d, I =
8.3 Hz), 7.40 (1H, dd, ] = 8.8, 2.4 Hz),
6.74 (1H,t, =22 Hz), 6.53 (1H,d, T =
2.0 Hz), 5.57 (2H, s), 3.16-3.09 (4, m),
2.49 (3H, s), 1.91-1.89 (4H, m).

Ju—
£

9.62

407.0306

407.0308

C17H12CLNLO

i

's).

(DMSO-d6) &: 13.17 (14, 5), 9.41 (1H, d, J
=24 Hz), 9.04 (1H, d, I = 2.0 Hz), 8.54
(1H,t,]=2.2Hz), 753 (IH, d, T = 8.8
Hz), 7.40 (1H, dd, T = 8.8, 2.4 Hz), 6.66
(11, d, T = 2.4 Hz), 5.63 21, 5), 2.52 (3H,

h

|

3.44

402.0777

402.0771

CaoHi7ClLN;O

2

(DMSO-d6) 8: 13.05 (1H, s), 8.49 (1H, s),
8.39 (1H, s), 7.53 (1H, d, I = 8.3 Hz), 7.40
(1H, dd, J= 8.3, 2.4 Hz), 7.30 (1H, ), 6.37
(1H, d, J = 2.0 Hz), 5.51 (2H, s), 2.49 (3H,
s), 1.98-1.91 (1H, m), 0.99-0.93 (2H, m),
0.57-0.52 (2H, m).-

9.75

381.9908

381.9911

C16EhoCLEN;O

2

DMSO-d6) 6: 13.20 (1H, brs), 8.71 (1H,
d, J=2.4Hz), 8.58 (1H, d, J = 2.0 Hz),
8.04 (1H,t, 1 =2.2 Hz), 7.92 (1H, 5), 7.50
(1H, d, J=8.3 Hz), 737 (1H, dd, T = 8.3,
2.4 Hz), 6.55 (1H, d, I = 2.4 Hz), 5.70 (2H,
<).

b
~J3

9.92

448.0892

448.0891

Ci1oH12F7N30;

(DMSO-d6) 8: 8.65 (1H, d, I = 2.4 Hz),
8.42 (1H, s), 8.00 (1H, d, T = 8.3 Hz),
7.91-7.84 (2H, m), 6.83 (1H, s), 5.83 (2H,
s), 2.52 (3H, s).

.
jo=)

9.03

366.0205

366.0207

CreH10CLEN;

2

(DMSO-d6) 5: 8.68 (1H, d, J = 2.9 Hz),
8.51 (1H, d, T = 2.5 Hz), 7.92-7.88 (2H,
m), 7.50 (1H, d, T = 8.3 Hz), 7.37 (1H, dd,
I=8.8,2.4 Hz), 6.52 (1H, 8), 5.71 (2H, s).
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[Table 35]

Exampie

Compound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M" +H)

Pred. Mass
(M" +H)

Formula(M)

H-NMR

6.93

378.0404

378.0407

CrH1CEN;O;

(DMSO-d6) 8: 10.51 (11, s), 8.24 (11, d, J
=2.4Hz), 8.12 (1H, d, J = 1.5 Hz), 7.53
(1H, d, T = 8.8 Hz), 7.40 (1H, dd, J = 8.5,
2.2 Hz), 7.27 (1H, t, T=2.0 Hz), 6.63 (1 H,
d, T =2.0 Hz), 5.54 (2H, 5), 2.51 (3H, s).

s
=
fm]

|

10.55

464.0596

464.0595

C1oH12CIFgN;

2

(DMSO-d6) 3: 8.69 (1H, d, ] = 2.4 Hz),
8.49 (114, d, J = 1.5 11z), 8.03-7.99 (2H,
m), 7.89 (11, d, 7= 8.3 Hz), 6.84 (1H, s),
5.83 (2H, 5, 2.52 (3H, 5).

an—y
—

8§63

406.0728

406.0720

C1oH;7CLN3 O

(DMSO-d6) 8: 8.36 (1H, d, J = 2.4 ITz),
8.20 (1H, s), 7.51 (1H, d, ] = 8.8 Hz),
7.43-7.37 (2H, m), 6.62 (1H, d, J = 2.0
Hz), 5.58 (2H, 5), 4.02 (2H, q, T = 7.0 Hz),
251 (31, 5), 128 (31L t, J = 6.8 Hz).

,_.
b

9.09

420.0891

420.0876

CooHsCLN;Os

(DMSO-d6) 8: 8.34 (1H, d, ] = 2.4 Hz),
822 (1H,d,J=1.5Hz), 7.51 (14, d, =
8.8 Hz), 7.41-7.38 (21, m), 6.67 (1H, d,
= 2.0 Hz), 5.58 (2H, 5), 4.55-4.49 (1H, m),
0.52 (3H, s), 1.20 (65 d, T = 6.3 Hz).

ot
=]
(V]

9.67

438.0773

438.0771

Ca3Hp2CENL O,

(DMSO-d6) 8: 9.00 (1H, d, J = 2.4 Hz),
8.65 (1H, d, 7 = 1.5 Hz), 8.07 (1, t, T =
2.2 Hz), 7.62 (2H, d, T = 7.3 Hz), 7.53-7.38
(5H, m), 6.72 (1H, d, J = 2.4 Hz), 5.64 (2H,
s), 2.54 (3H, s).

;_
Y

6.61

439.9573

4308.9563

CUleBI"CizNg,

2

(DMSO0-d6) 8: 8.78 (11, d, J = 2.4 Hz),
8.58 (1H, d, T =2.0 Hz), 8.13-8.10 (14,
m), 7.50 (1H, d, J = 8.3 Hz), 7.38 (1H, dd,
T=28.8,2.4 Hz), 6.61 (1H, d, J = 2.0 Hz),
5.60 (2H, s), 2.49 (3H, 3).

—
L

8.26

340.1457

340.1456

C1oH1sFN; O,

(DMSO-d6) 8: 8.66 (1H, d, J = 2.4 Hz),
8.52 (1H, s), 7.82 (11, d, J = 9.8 Hz), 7.05
(1H, d, T =73 Hz), 6.93 (14, d, T= 7.3
Hz), 6.18 (1H, 5), 5.55 (2H, s), 2.50 (3H,
s), 2.14 (3H, 5), 2.12 (3H, ).
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[Table 36]

Compound

Example

No.

Scheme

HPLC
Retention

fime

Obs. Mass
(M +H)

Pred. Mass
(M* +H)

Formula(M)

"H-NMR

=S
.
3
O

8.86

356.1165

356.1160

C1o15CIN;O,

(DMSO-d6) 5: 8.68 (11, d, T = 2.4 Hz),
8.57 (1H, d, T =1.5 Hz), 7.97 (14, ¢, T =
2.2 Hz), 7.05 (11, d, T = 7.8 Hz), 6.93 (1H,
4,J=7.8 Hz), 6.19 (1H, 5), 5.5 (2H, 5),
2.50 (3H, s), 2.13 (31, 5), 2.12 (311, 5).

—
&0
~3

|
|

o
l
[ar o]
P

7.48

336.1699

336.1707

C20H21N302

(DMS0-d6) &: 8.54 (1H, s), 8.48 (1H, 5),
7.82 (14, s), 7.05 (1H, d, T = 7.3 Hz), 6.94
(1H, d, T = 7.3 Hz), 6.23 (1H, 5), 5.53 (2H,
5), 2.52 (3H, 8), 2.29 (3H, 5), 2.13 (6H, s).

[
o

8.22

390.0770

390.0771

CioHi7ChN;O,

(DMSO-d6) 8: 8.58 (1H, d, ] = 2.0 Hz),
8.51 (1H,d, ] =2.0 Hz), 7.76 (1H, 1, J =

2.0 Hz), 7.52 (1H, d, T = 8.3 Hz), 7.40 (1H,

9d, 7=8.8,2.4 Hz), 6.67 (1H, d, T =24
Hz), 5.58 (25, 5, 2.63. (21, q, J = 7.5 Hz),
2.52 (3H; 8), 1.10 BIL t, J = 7.6 Hz).

o0
Al

8.75

408.0345

408.0335
S

C1sH;sCLNO,

(DMSO-d6) &: 8.54 (1H, d, J = 2.4 Hz),
8.37(1H, d,J=2.0 Hz), 7.64 (1H, t, I =
2.0 Hz), 7.52 (1H, d, T = 8.8 Hz), 7.40 (1H,
dd, J=38.8,2.4 Hz), 6.64 (1H,d, T=24
Hz), 5.56 (25, s), 2.51 (3H, 5), 2.39 (3H,
s).

—
D
fan]

|

8.16

404.0567

404.6563

C1oHisCLN;O;5

(DMSO-d6) &: 13.11 (1H, s), 9.15 (1H, d, J
= 2.0 Hz), 8.86 (18, d, J = 2.0 Hz), 8.22
1H,t,J=2.0 Hz), 7.52 (1H, d, J = 8.3
Hz), 7.40 (1H, dd, T = 8.3, 2.4 Hz), 6.63

1H, d, T = 2.4 Hz), 5.59 (2H, s), 2.56 (3H,
s), 2.51 3H, s).

9.92

502.0747

502.0731

CosHisClLEN;

4

(DMSO0-d6) 8: 13.08 (15, s), 8.54 (1H, d, J
=24 Hz), 8.45 (1H, d, J = 1.5 Hz), 7.48
(1H, d, T = 8.8 Hz), 7.36 (11, dd, T = 8.3,
2.4 Hz), 7.26-7.19 (1H, m), 6.92-6.83 (3H,
m), 6.45 (1H, d, J = 2.4 Hz), 5.40 (2H, ),

3.69 (3H, 5), 247 (3H, 5).
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[Table 37]

HPLC
Compound . 10bs. Mass[Pred. Mass . .
Example Scheme;Retention . . Formula(M) H-NMR
No. ) (M +H) | (M" +H)
time

DMSO-d6) 8: 13.20 (1H, s), 8.37 (1H, d. J
=20 Hz),8.21 (1H, s), 7.52 (1H, d, T = 8.3
192 | AISS | A | 933 1420.0890|420.0876 Xt TN 2. 7:42-7.37 (2H, m), 6.63 (1M, d, =
L= | Al0 05 D4 Hz), 5.58 (2HL, s), 3.89 (CH, £ T = 6.6
H2),2.51 GH, s), 1.72-1.62 (2H, m), 0.92
3H,t,J=7.3 Hz).
(DMS0-d6) 8: 8.41 (11, d, 1 = 2.4 Hz),
822 (1H, ), 7.54-7.48 (2H, m), 7.39 (11,
CioH1,CLN; B
193 | AIS6 | A | 677 4220655422069, dd, § =83, 2.0 Hz), 6.66 (1H, s), 5.59 (211,
) 5), 4.00 (2H, t, T = 4.6 Hz), 3.68 (2H, ¢, ] =
4.6 Hz), 2.52 3H, 5).
(DMSO-d6) 5: 8.40 (1H, ), 8.22 (11, d, J
= 1.5 Hz), 7.53-7.47 (2H, m), 7.42.736
CogHi5Cl N3 B
715 436.0820 436.0825] " (111, m), 6.69 (1H, d, J = 2.4 Hz), 5.59 (21
), 4.03 (2H, £, J = 6.3 Hz), 3.51 (2L, t, J =
6.3 Hz), 2.52 (3H, 5), 1.86-1.78 (211, m).
(DMSO-d6) 5: 13.06 (1H, s), 8.34 (1H, 5),
8.19 (1H, s), 7.52 (1H, d, T = 8.3 Hz), 7.40
CoHnCLN; (1H, d, T = 8.3 Hz), 7.31 (1H, s), 6.50 (1H,
A188 9.97 |434.1023]434.1033 ~
122 0; 5), 5.56 (2H, 5), 3.66 (2H, d, I = 6.3 Hz),
249 (3H, 5), 1.99-1.90 (1H, m), 0.91 (61,
d,7=63 )
DMSO-06) : 8.35 (1H, s), 821 (1H, 5),
7.52 (1H, d, 7= 8.3 Hz), 7.40 (14, dd, ] =
CoHLCLN, 8.8, 2.4 Hz), 7.33 (1H, s), 6.64 (11, d, J =
o, 2.0 Hz), 5.56 (2H, s), 3.69 (2H. d, T = 6.3
Hz), 2.51 (3H, 5), 1.75-1.60 (6H, m),
1.26-1.11 (3H, m), 1.02-0.90 (2H, m).

|
|

=
>
)
|
>

Ch
N
oo
0
o=

11.35 1474.13511474.1346

=
N
>
et
o0
O
>

(DMSO0-d6) &: 13.12 (1H, 5), 8.50 (1H, s),
8.30 (1H, s), 7.50 (21, d, T = 8.8 Hz),

CaaH5CIN; i
197 |+ Al190 A 9.98 |468.0860{468.0876 o 7.40-7.31 (6H, m), 6.57 (1H, d, I =2.4
} Hz), 5.55 (2H, s), 5.11 (2H, ), 2.49 (3H,
s).
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[Table 38]

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M +IT)

Pred. Mass
(M™ +H)

Formula(M)

H-NMR

|

(=a)

8.01

439.0492

439.0490

CrsH;7CIN,

2

—_
A=l
D

|

Al%4

8§38

465.0640

465.0646

Ca HisClaNy

2

(DMSO-d6) 5: 10.13 (1H, s), 8.76 (1H, d, J
=2.4Hz),8.62 (1H, d, J = 1.5 Hz), 8.10
1M, t,J=22Hz), 751 (14, d, ] = 8.3
Hz), 7.40 (1T, dd, T = 8.8, 2.4 Hz), 6.70

(1H, d,J=2.4 Hz), 5.70 (2H, 5), 4.69 (2H,

4,7 =5.4Hz),3.62 (21, 5), 3.23 (2H, 5),
2.10-1.85 (4H, m).

8.60

479.0782

479.0803

CoaHa ClNyg

2

(DMSO-d6) &: 9.81 (1H, s), 8.77 (11, d, T
= 2.4 Hz), 8.62 (11, d, T = 1.5 Hz), 8.10
(1H, t,7=22T), 7.51 (1H, d, ] = 8.8
Hz), 7.39 (1M, dd, T = 8.3, 2.4 Hz), 6.72
1H, d, I =2.4 Hz), 5.69 (2H, 5), 4.58 (2H,
d,1=3.9Hz),3.52 QH, d,J = 11.7 Hz),
3.12-3.00 (2, m), 1.89-1.64 (5H, m),
1.47-1.35 (1H, m).

Fa
<
—_

|

38.16

481.0583

481.0596

Ca1HyoCEN;

3

DMSO-d6) 8: 8.76 (1H, d, J = 2.0 Hz),
8.61 (1H,d,] =2.0 Hz),8.08 (1H,t, I =
2.0 Hz), 7.51 (1H, d, J = 8.3 Hz), 7.39 (1H,
dd, J=8.8,2.4 Hz), 6.73 (1H, d, T =2.4
Hz), 5.70 (2H, s), 4.62 (2H, s), 3.85 (4H,
5), 3.35 (4H, 5).

Al97

7.52

494.0897

494.0912
O

CoHaoCLNs

2

DMSO-d6) 8: 8.75 (1H, d, ] = 2.4 Hz),
3.60 (1H, d, J = 1.5 Hz), 8.05 (1H, 8), 7.50
(1H,d, =83 Hz), 7.39 (1H, dd, T = 8.8,
2.4 Hz), 6.64 (1H,d,7=2.0 Hz), 5.67 (2H,
s), 4.20 (ZH, s), 3.60-2.85 (8, m), 2.79
(3H, s).

fye]
]
2

|

7.90

495.0749

495.0752

ConHy CliNy.
O3

(DMSO-d6) 8: 8.76 (1H, d, J = 2.4 Hz),
8.61 (1H, d,J=1.5 Hz), 8.08 (1H, 5), 7.51
(1H, d, J=8.3 Hz), 7.39 (1H, dd, I = 8.8,
2.4 Hz), 6.70 (1H, d, T = 2.4 Hz), 5.70 (2H,
5), 4.60-4.52 (2H, m), 3.96-3.91 (1H, m),
3.70-3.62 (1H, m), 3.55-3.25 (3H, m),
3.16-3.05 (1H, m), 2.00-1.50 (3H, m).
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[Table 39]

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs, Mass
(M" +H)

Pred. Mass
M HH)

Formula(M)

'H-NMR

8.14

462.0289

462.0286

CaoHy CLNSO,

DMSO0-d6) 8: 9.20 (1H, s), 8.73 (1H, 4, J
=24 Hz), 8.53 (1H, d, J = 2.0 Hz), 7.99
(1H,t, 1=22Hz), 7.78 (IH, t, I = 1.7 Hz),
7.68 (1H,t, J=1.7Hz), 7.51 (1H,d, I =
3.3 Hz), 7.39 (1H, dd, J = 8.5, 2.7 Hz),
6.73 (1H,d,J =2.4 Hz), 5.73 (2H, s), 5.67
2H, s).

[\
Lh

A200

10.37

462.0289

462.0286

CEOHMCIENSOQ

(DMSO-d6) 3: 13.67 (1H, s), 8.71 (1H, d, J
2.4 Hz), 8.54 (1H, d, ] = 2.0 Hz), 8.01
(1H, t, 7= 2.0 Hz), 7.74 (1H, d, ] = 2.0
Hz), 7.50 (1H, d, J = 8.8 Hz), 7.42-7.36
(2H, m), 6.63 (1H, d, T = 2.0 Hz), 6.23 (1H,
t, T =2.0 Hz), 5.65 (2H, s), 5.61 (2H, s).

A201

7.75

411.0171

411.0177

Ci7H1:CIN,O,

(DMSO-d6) &: 8.76 (1H, d, T = 2.4 Hz),
8.56 (1H,d, J=1.5 Hz), 832 (311, s), 8.03
(1H,t, J=22Hz),7.53 (1H,d,T= 8.8
Hz), 7.40 (1H, dd, J = 8.3, 2.4 Hz), 6.64
(1H, d,T=2.4 Hz), 5.73 (2H, 5), 4.33 (21,
).

A202

7.83

522.1228

522.1225

CoqHosCINO,

(DMSO-d6) 5: 8.74 (1H, d, T = 2.0 Hz),
8.60 (1, d, T = 1.5 Hz), 8.05 (1H, 5), 7.51
(1H, d, T = 8.3 Hz), 7.39 (1H, dd, T = 8.5,
2.2 Hz), 6.64 (1H, d, ] = 2.0 Hz), 5.67 (2H,
s), 4.19 (2H, s), 3.56-2.75 (10H, m),
1.67-1.56 (2H, m), 0.92-0.86 (3H, m).

848

558.0535

558.0531
S

C22H22CE3N504

(DMSO-d6) §: 8.75 (1H, d, J = 2.0 Hz),
8.60 (1H, d, T = 1.5 Hz), 8.06 (1l t, J =
1.7 Hz), 7.50 (1H, d, ] = 8.8 Hz), 7.39 (14,
dd, J = 8.8, 2.4 Hz), 6.70 (11, d, J = 2.0
Hz), 5.71 (2H, s), 4.54 (2H, 5), 3.45-3.30
(8H, m), 3.00 (3H, s).
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[ Table 40]

Compound

Example

No,

Scheme

HPLC
Retention

time

Obs. Mass
M +H)

Pred. Mass
(M" +H)

Formula{M)

"H-NMR

[ye]
=]
D

|
|

o
1
L)
=

8.72

572.0678

572.0687
S

CESH24(:I3N504

DMSO-d6) 8: 8.75 (11, d, T = 2.4 Hz),
8.60 (1H, d, J =2.0 Hz), 8.07 (11,1, T =
2.0 Hz), 7.51 (1H, d, T = 8.8 Hz), 7.39 (1H,
dd, J=8.5,2.7Hz), 6.71 ({1H, d, T=2.4
Hz), 5.71 (210, 5), 4.59 (2H, 5), 3.55-3.30
8L, m), 3.18 2H, q, T = 7.3 Hz), 1.22 (3H,
¢ J=173 Hz).

]
=

|

AZ06

7.49

362.0458

362.0458

CH1:CLN; O,

DMSO-d6) &: 8.56 (111, s), 8.49 (1H, 5),
7.97 (1H, 5), 7.84 (1H, s), 7.51 (1H, d, T =
8.3 Hz), 7.39 (1H, d, T = 8.3 Hz), 6.55 (1H,
5), 5.66 (2H, s), 2.32 (3H, 5).

]
ey
[

|

A208

8.96

412.0430

432.0426

CisH13CLEFN;

2

DMSO-d6) 8: 13.13 (1H, 5), 8.84 (1H, d, J
- 1.0 Hz), 8.77 (11, 4, J = 1.0 Hz), 8.04
1H, 5), 7.51 (1H, d, J = 8.8 Hz), 7.39 (1H,
dd, J=8.5,2.7 Hz), 7.15 (11, £, T = 55.1
Hz), 6.62 (1H, d, J = 2.4 Hz), 5.60 (2H, 5),
2.50 (3H, s). |

S
ot
|\

- A210

8.43

4259818

425.9810

C17H0CIN304

DMSO-d6) 8: 8.78 (11, d, ] = 2.4 [z),
8.58 (1M, d, T= 1.5 Hz), .09 (1H, 1, J =
0.2 Hz), 7.47 (1H, d, ] = 8.8 Hz), 7.37 (11,
dd, T =8.8, 2.4 Hz), 6.86 (11, d, J = 2.4
Hz), 5.74 (2H, s).

3
—
L

A2ll

9.37

426.0167

426.0174

CISH14CI3N303

(DMS0-d6) 6: 8.73 (1H, d, T = 2.4 Hz),
8.56 (1H,d,J=2.0Hz), 8.03 (1H,t, =
2.0 Hz), 7.51 (1H, d, T= 8.3 Hz), 7.39 (i1,
dd, T=83,2.4 Hz), 6.61 (1H,d, F =24
Hz), 5.62 (2H, dd, T =259, 17.6 Hz), 5.33
1H,q,J=65Hz), 1.43(3H,d,1=6.8
Hz).

| o
et
+

10.27

424.0621

4240626

CroH16CLFN;

3

DMSO0-d6) 8: 8.70 (1H, 4, I = 2.4 1Iz),
8.49 (1, s), 7.91-7.86 (1H, m), 7.50 (1H,
d,7=8.8Hz), 7.38 (1H,dd, J=8.8,2.4
Hz), 6.58 (18, 4, T = 2.4 Hz), 5.63 (2H, s),
1.62 (6H, s).
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[Table 41]

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs. Mass
(M™ +H)

(M"+H)

Pred. Mass

Formula(M)

'H-NMR

]
—
e

|

11.11

440.0325

440.0330

C;gHmClgNgO

£

ADMSO-d6) 5: 8.74 (111, 5), 8.56 (1H, 5),

8.04 (1H, s), 7.50 (11, d, T = 8.8 Hz), 7.38
1H, dd, I = 8.5, 2.2 Hz), 6.60 (1H, 3), 5.63
2H, 5), 1.62 (611, 5).

b2
-~
N

8.32

420.0872

420.0876

CaoHsCLN;O

B

{DMSO-d6) &: 8.56 (1H, s), 8.45 (1H, s),
7.81 (1H, 5), 7.51 (1H, d, ] = 8.8 Hz), 7.39
1H,dd, J=8.5,2.7Hz), 6.57 (1H, d, ] =
2.4 Hz), 5.60 (2H, s), 2.32 (31, s), 1.62
6H, s).

1]
ot
~

|

11.73

452.0927

452.0939

Ca1HagCLEN;
O

2
o]

A2l

12.59

468.0641

468.0643

Czli‘Iz()Cl:gNgO

B

DMSO-d6) 5: 8.74 (1H, d, J = 2.4 Hz),
8.58 (1H, d, T =2.0 Hz), 8.07 (1, t,J =
2.0 Hz), 749 (1H, d, T = 8.8 Hz), 7.36 (1H,
dd, J=8.3,2.4 Hz), 638 (1H, d, T=2.0
Hz), 5.67 (2H, 5), 2.11-2.01 (2H, m),
1.86-1.76 (2H, m), 0.81 (611, t, J = 7.3 Hz).

]
—
D

|

A217

9.60

448.1202

448.1189

CooH33CENLO

B3

DMSO-d6) &: 8.57 (1H, s), 8.50 (11, s),
7.85 (1H, 5), 7.49 (1H, d, J = 8.8 Hz), 7.37
1H, dd, I = 8.3, 2.4 Hz), 6.37 (11, d, J =
0.0 Hz), 5.64 (2H, s, 2.33 3H, s),
2.12-2.01 (2H, m), 1.86-1.75 (211, m), 0.81
(61, t, ¥ = 7.1 Hz).

o
[y
L)

|

A218

14.74

424.0015

424.0017

C1eHChLNO

B

DMSO-d6) §: 14.34 (1H, s), 8.76 (1H, d, J
= 2.4 Hz), 8.60 (1H, s), 8.10 (1H, s), 7.47
1H,d, T =83 Hz), 739 (1H, dd, J= 8.8,
2.4 Hz), 6.87 (1H, d, T = 2.0 Hz), 5.60 (2H,
5), 2.64 (3H, s).

[\
-

A219

§.82

396.0059

396.0068

C17H1,ClN;O

2

DMSO-d6) §: 13.61 (1H, s, 8.53 (1H, d, J
= 1.5 Hz), 8.42 (1H, d, J = 2.0 Hz), 7.77
11, 5), 7.51 (15, d, T = 8.8 Hz), 7.39 (1H,
dd, J=38.8,2.4 Hz), 6.78 (14, d, ] = 2.4
Fz), 5.58 (21, 5). 2.30 (311, 5).
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[Table 42]

HPLC
Compound _jObs. MassPred. Mass .
Example Scheme|Retention . . Formula{M) H-NMR
No. ' (M'+H) | (M7 +H)
time
DMSO-d6) 8: 13.67 (11, s), 8.75 (11, d, J
=2.4 Hz), 8.59 (11, d, T = 1.5 Hz), 8.07
222 1 A220 | D | 1128 [415.9532|415.9522 CielbCLNO, (11 ¢, T =22 Hz), 7.49 (1H,d,J = 8.3
Hz), 7.39 (1H, dd, ] = 8.8, 2.4 Hz), 6.85
1H, d, ¥ = 2.4 Hz), 5.62 2H, s).
DMSO-d6) 8: 8.61 (1H, d, J =2.9 Hz),
821 (1H, s), 7.47 (1H, dt, T= 8.9, 2.2 11z),
C 1ot CLFNO 736 (1H, d, T = 8.8 Hz), 7.27 (1H, dd, J =
223 | A222 | A | 8.02 1394.0528{394.0520 ' THT ( 2), 1:27¢
A 8.3, 2.4 Hz), 7.02 (1H, d, T = 2.4 Hz), 6.36
1H, q, T = 6.8 Hz), 2.40 (3H, s, 1.93 (3H,
4, = 6.8 Hz).
DMSO-d6) 8: 8.63 (1H, d, T = 2.0 Hz),
8.32 (1H, s), 7.50 (1H, 5), 7.37 (1H, d, J =
8.3 Hz), 7.28 (1H, dd, J = 8.5, 2.2 1Tz),
224 1 A223 | A | 8.60 1410.0216]410.0224 CisH;CLENO, ,
6.96 (11, d, T =2.4 Hz), 639 (14, q, T =
6.8 Hz), 2.40 (3H, 5), 1.90 (3H,d, I = 6.8
Hz).
DMSO-d6) 8: 8.44 (1H, 5), 8.22 (1H, s),
7.35 (1H, d, J = 8.3 Hz), 7.29-7.22 (2H,
205 | A224 | A | 725 1390.07741390.0771(C1sH;;,CLNO; m), 6.94 (1H, 5), 6.39 (1H, q, T = 6.8 Hz),
241 (3H, s), 2.22 (3H, 5), 1.92 (34, d, T =
5.8 Hz). '
(C1sH o CLFN;O
206 | A225 | A | 891 385.9922(385.9928|
2
C15H;0CLN3O,
27 | A226 | A | 9.66 |4019637]4019632]
CisHisCENA O,
28 | A221 A | 775 3820170382.0178]
DMSO-d6) 8: 8.74 (1H, d, T = 2.4 Hz),
C15H10612FN30( ) ( }IZ) .
20 | A28 | A | 899 |3859929)3859928) 8.63 (1H, s), 8.05-8.00 (1H, m), 7.10 (1H,
i 5). 5.69 (21, 5), 2.43 (3H, s).
(DMSO-dG) §: 8.78 (1H, d, J = 2.4 Hz),
CisH1oClN; 05 8.70 (1H, d, J = 1.5 Hz), 8.18 (1K, t, T =
30 | A9 | A | 974 4019641401963 19 0CEN02 B0 (L, 2) (
=== S 2.2 Hz), 7.11 (1H, 5), 5.68 (21, s), 2.43
(3H, s).
_ (DMSO-d6) §: 8.62 (1H, s), 8.61 (1H, s),
CiesCEN:O, | ‘ (1H, ), 861 (1K, 5)
21| AB0 | A | 769 3820169382017 7.91 (1H, 5), 7.12 (1H, 5), 5.67 (2H, ),
0.44 (3H, 8), 2.37 (3H, 5).
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[Table 43]

HPLC
Compound) . {Obs. MassPred. Mass .
Example Scheme|Retention . R Formula(M) 1| H-NMR
No. g (M"+H) | (M" +Hj) :
ime

DMSO-d6) 8: 8.54 (1H, 8), 8.46 (1H, d, J
= 2.0 Hz), 7.82 (1H, 5), 7.33 (1H, d, ] = 8.3
232 0 A231 | A | 784 |356.1152|356.1160 C1oH;sCIN;O; Hz), 7.10 (11, d, T = 8.3 Hz), 6.44 (14, 5),
5.58 (21, 5), 2.52 (3H, 5), 2.30 3H, s),
2.18 (34, s).

DMSO-d6) 5: 8.68 (1H, d, T = 2.0 Hz),
8.54 (1H, d,7=2.0 Hz), 7.99 (1€, ¢, T =

: C1sH;5CLN; O ( 2) (

233 0 A232 | A | 930 |376.0619/376.0614 2.0 Hz), 7.31 (1H, d, J = 8.3 Hz), 7.08 (11,

’ d,J =83 Hz), 6.39 (1H, 5), 5.60 (21, ),

2.49 (3H, 5), 2.16 (3H, s).

DMSO-d6) §: 13.02 (1H, s), 8.62 (1H, d, J
= 2.4 Hz), 8.57 (1H, d, T = 1.5 Hz), 8.00
CioH.CINGO, (1H, t, J = 2.2 Hz), 7.80-7.74 (2H, m), 7.49
234 | A233 | A | 934 |384.0579384.0568

S 1H,d, T=5.4Hz), 730 (IH, t, J= 7.6
Hz), 6.65 (11, d, T = 7.3 Hz), 5.85 (2H, 5),
2.50 (3H, s).

DMSO-d6) 8: 8.60 (11, d, J= 2.4 I1z),
8.52 (1H, s), 7.87 (1H, dt, J = 9.8, 2.2 Hz),
235 | A234 | A | 873 |368.0855|368.0864C1oH;FN,0,807.80-7.74 (2H, m), 7.49 (1H, d, J = 5.4
Hz), 7.30 (15, t, J = 7.6 Hz), 6.65 (1H, d, J
=73 Hz), 5.86 (2H, 5), 2.51 (3H, s).

CoH;sCIN5O;
236 A235 B 10.50 (412.0871({412.0881 S

Cy HicCINO
236 | B | 1118 |410.0717 410.072552‘ e

.
(e
<3
s

|
|

(DMSO0-d6) 5: 8.72 (1H, d, ] = 2.4 Hz),

| 8.64 (1, d, J = 2.0 Hz), 8.11 (11, ¢, J =
237 | G | 10.16 |406.0147]406.0136 C1sH;(CLN, [2.2 Hz), 7.97 (1H, 5), 7.49 (1H, d, 7= 8.8
Hz), 7.34 (1H, dd, T= 8.3, 2.4 Hz), 6.57
(1H, d, T=2.4 Hz), 5.88 (211, 5).

[
L
oo
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|
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L]
val
o
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AWe ]
oo
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6.96 1322.1555:322.1550 CyoHisN:O,
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7.18 1344.1396:344.13941C,;Hy;N;0,

|
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>
>

939 |374.1500{374.1499 C,H;sN;0;




[Table 44}

HPILC
Compound . |Obs. Mass Pred. Mass \
Example Scheme|Retention . . Formula(M} H-NMR
No. . (M +H) (M +H)
time :
242 A241 A 8.03 [358.15561358.1550CoaH N2 O,
243 A242 A 9.59 1378.10141378.10041C5; Hy4CINL O,
244 A243 A 8.71 1344.13841344.1394 Cy H 9Ns Oy
(DMSQ-d6) 6: 8.68 (2H, d, J = 5.9 Hz),
7.55-7.49 (3H, m), 7.40 (1H, dd, T = 8.5,
245 A244 A 7.14  1362.0457|362.0458/C7HsCLENSO, (H, m) (
2.7 Hz), 6.55 (14, d, = 2.4 Hz), 5.61 (2H,
s), 2.50 (3H, s).
(DMSO-d6) 8: 153.03 (1H, ), 8.46 (1H,d, |
= 5.0 Hz), 8,16 (1H, d, 7= 7.8 Hz), 7.91
1H,td, J=7.8,2.0Hz), 751 (1H,d, I =
246 | A245 | A | 911 |362.0454|362.0458/C1HCLNO5 2, 71
8.3 Hz), 7.40-7.36 (1H, m), 7.31 (1H, dd, J
=8.8,2.4 Hz), 6.35(1H, d,J=2.4 Hz),
6.24 (2H, s), 2.50 (3H, s).
247 A246 A 9.77 1392.05631392.0563 CizsHsClN. Oy
248 A247 H 10.27 1378.04071378.0407 |C17HsCLN;O4
249 A248 H 9.01 [378.0401|378.0407 C7H,3CLN,04
250 A249 H 7.27 |378.0403,378.04.7 [C17H3CLNO5
251 AZ50 H 11.96 |412.0024]432.0017|Cs7HCLN;O4
. Cl'y]?{]gnglgNg
252 A251 H 12.17 1455.94921455.9512
3
L
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[Table 45]

Examnle

Compound

No.

Scheme

HPLC
Retention

ime

Obs. Mass
(M™ +H)

Pred. Mass
(M™+H)

Formula(M)

'H-NMR

A253

H

11.33

412.0021

412.00171Ci7H1.CLN;O4

(DMSO-d6) 5: 12.93 (1H, s), 8.34 (1H, dd,
V= 4.6,1.7 Hz), 8.04 (1H, dd, = 8.0, 1.7
Hz), 7.57-7.53 (2H, m), 7.41 (1H, dd, J =
8.5,2.7Hz), 6.78 (1H, d, J = 2.4 Hz), 5.54
(2H, 5), 2.32 3H, ).

A254

H

11.49

455.9496

4559512

C]?H12BTC12N3

3

(DMSO-d6) 8: 12.93 (1H, ), 8.32 (1H, dd,
J=4.6,1.7 Hz), 8.01 (1H, dd, J = 8.0, 1.7
Hz), 7.58-7.53 (21, m), 7.41 (1H, dd, T =
8.8, 2.4 Hz), 6.80 (11, d, J = 2.4 Hz), 5.55
(2H, ), 2.32 (3H, s).

2
LN
Lh

A255

8.98

392.0564

392.0563 (CisHysCLNR O

(DMSO-d6) 8: 12.86 (1H, 5), 8.32 (1H, d, J
=24 Hz), 8.29 (1H, s), 7.58-7.52 (2H, m),
7.40 (1H, dd, T = 8.5, 2.7 Hz), 6.75 (1H, d,
T=2.4 Hz), 5.50 (2H, ), 2.34 (3H, s), 2.30
(3H, 5).

)
L%,
a2

A256

8.35

392.0560

392.0563|C151HsCLN:O5

(DMSO-d6) 8: 8.53 (1H, s), 8.38 (1H, d, J
= 4.9 Hz), 7.56 (1H, d, J = 8.3 H),
7.46-7.40 (2H, m), 6.76 (11, d, =24
Hz), 5.56 (21, 5), 2.31 (3H, 5), 2.09 (3H,
5}

™2
h
~3

A257

10.95

412.6022

412.0017/C7HpClLN. O,

(DMSO-d6) 8: 12.88 (11, s), 8.73 (1H, 5),
8.47 (1H, d, T =49 Hz), 7.72 (11, d, I =
5.4 Hz), 7.55 (1H, d, T = 8.8 12), 7.42 (1H,
dd, T =183,2.4 Hz), 6.78 (1H,d, T = 2.4
Hz), 5.55 (21, s), 2.31 GH, s).

A258

11.10

455.9502

455.9512

C17H128f€12N3

3

(DMSO-d6) & 12.90 (1H, s), 8.69 (1H, 5),
8.36 (1FL, d,J=5.4 Hz), 7.85 (14, d, T =
5.4 Hz), 7.55 (1H, d, T = 8.8 Hz), 7.42 (1H,
dd, T =8.3,2.0 Hz), 6.81 (1H, d, 7 =2.0
Hz), 5.55 (2H, 5), 2.31 (3H, s).
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[Table 46]

THPLC
Conmmpound . |Obs. MassPred. Mass )
Example Scheme|Retention . . Formuia(M) H-NMR
No. , M) | (M +H)
time
(DMSO-d6) 5: 8.68 (1H, d, J = 2.4 Hz),
8.61 (1H, dd, J =4.9, 1.5 Hz), 8.19 (1H, s),
8.12-8.08 (1H, m), 8.04-8.00 (1H, m),
259 | A259 | G | 728 |356.1388356.1394CppHi;N0,  [7.94-7.89 (2H, m), 7.66-7.62 (2H, m),
7.50-7.42 (2H, m), 7.26 (14, 4, = 16.1
Hz), 6.68 (1H, d,J = 7.3 Hz), 6.47 (1H, d, J
= 16.1 Hz), 6.00 (21, s).
(DMSO-d6) &: 8.72-8.67 (2H, m), 8.08
(1H, s), 7.94 (1H, dt, T = 8.0, 2.0 Hz),
7.58-7.54 (2H, m), 7.44 (1H, dd, J = 8.3,
260 | A260 | G | 7.15 |374.0454/374.0458 CipHsCLN,O, N
2.4 Hz), 734 (1H, d, I = 15.6 Hz), 6.72
(iH,d, =24 Hz), 6.46 (10, d, T = 16.1
Hz), 5.53 (2H, s).
C1sH,7CLN;O,
261 | A26L | G 890 |422.04911422.0491]
CI9H16CE3N302
262 | A262 | G | 1090 |456.0097\456.0102|
CooH1C
263 | A263 | G | 11.08 |468.0098|468.0102 S”H NSO,
(DMS0-d6) §: 8.61-8.56 (2H, m), 7.84
(1H, dt, = 8.0, 2.0 Hz), 7.59 (1H, s),
C1oH5CLN0,17.54-7 .4 44 (1H, d,T=8.
264 | A264 | A | 834 [422.0484.422.0401 1T 7 (1, m), 744 (1H, d, 1= 8.3
S Hz), 7.34 (11, dd, J = 8.8, 2.4 Hz), 6.43
(1H, d, J=2.4 Hz), 5.47 (21, s), 1.52 (6H,
). '
(DMSO-d6) 5: 8.54 (1H, d, ] =2.9 Hz),
8.36-8.34 (1H, m), 7.79-7.75 (1H, m), 7.53
CroH16CLFN;
265 | A265 | A | 9.87 1440.0397 440.0397| (1H, s), 744 (1H, d, ] = 8.8 Hz), 7.33 (14,
: dd, 7 =83, 2.4 Hz), 6.41 (1H, d, T=2.9
Hz), 5.50 (2H, 5), 1.51 (61, 5).
CigHi6CliN O,
266 + A266 | A | 1041 |456.0103 456.0102|
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[Example 267]

Production of 1-(naphthalen-1-ylmethy)-2-(pyridin-3-y1}-1H-pyrrole-5-carboxylic acid
{Compound B1) (Scheme I)

[Chemical Formulia 70}

. = M
& o »
Ef—(/l PACl(dppf)-CHaCl aad MCOH
4

Br—(;l KyTO, NTSCHO G500, N= N CHD  NaCk, NatPOy,
H

CHO B~ ) B . "+ Ny
omE O Dioxane, Ha0 O THF, 1-PIOM, H,0 D

(1) 2-Bromo-1H-pyrrole-5-carbaldehyde (0.53 g, 3.05 mmol) described in literature (for
example, Canadian Journal of Chemistry, 1995, 73, 675-684) ‘and
1-chloromethyl-naphthalene (0.6 mL, 4.0 mmol) were dissoived in DMF (5 mL), and
potassium carbonate (0.69 g, 5 mmol) was added thereto, and then the mixture was
heated and stirred at 80°C for 1 hour. After cooling, ethy! acetate was added and the
mixture was washed with saturated aqueous sodium chloride. The organic layer was
dried over anhydrous magnesium sulfate and was concentrated under reduced pressure.
The residue obtained was purified by column chromatography to obtain
2-bromo-1 -(naphthalen-1-ylmethyl)-1H-pyrrole-5-carbaldehyde (0.90 g):

"H-NMR (CDCls) 8: 9.41 (1H, s), 8.04 (1H, d; I=83Hz), 789 (1H, d, J = 7.8 Hz),
7.74(1H,4d,J =83 HZ),‘ 7.63-7.59 (1H, m), 7.57-7.52 (1H, m), 7.29 (1H, t, J = 7.8 Hz),
7.08 (1H,d, J=4.4 Hz), 6.50 (1H, d, J = 3.9 Hz), 6.29 (1H, d, ] = 7.3 Hz), 6.20 (2H, s);
ESI-MS m/z =314 (M" +H).

(2) To 2-bromo-1-(naphthalen-1-ylmethyl)-1H-pyrrole-5-carbaldehyde (0.98 g, 3.12
mmol), pyridin-3-ylboronic acid {0.77 g, 6.24 mmol), cesium carbonate (3.05 g, 9.36

mmol), and PdCl, {dppf) (346 mg, 0.47 mmol) were added dioxane (24 mL) and water
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(2 mL), and the mixture was heated and stirred at 95°C for 12 hours under a nitrogen
atmosphere. After cooling, the reaction mixfure was concentrated under reduced
pressure. To the residue was added ethyl acetate and the organic layer was washed
with saturated aqueous sodium chloride.  Afler being dried over anhydrous magnesium
sulfate, the organic layer was concentrated under reduced pressure. The residue
obtained was purified by column chromatography to obtain
1-(naphthalen-1-yimethyl)-2-(pyridin-3-yl)-1H-pyrrole-5-carbaldehyde (0.89 g):
ESLMS m/z= 313 (M ). '

(3) 1-(Naphthalen-1-ylmethyl)-2-(pyridin-3-yl)-1H-pyirole-5-carbaldehyde (0.6 g, 1.92
mmol) ';md 2-methyl-2-butene (2ml., 6mmol) were dissolved in a mixed solvent of THF
{12 mL) and 1-propanol (24 mL), and the solution was cooled to 0°C. An aqueous
solution (12 mL) of a mixture of sodium chlonite (0.9 g, 10 mmol) and sodium
dihydrogen phosphate dihydrate (1.56 g, 10 mmol) was added dropwise thereto, and the
mixture was stirred at room temperature for 17 hours. Additionally, sodium chlorite
(0.18 g, 2 mmol), sodium dihydrogen phosphate dihydrate (0.36 g, 2.3 mmol),
2-methyl-2-butene (5 mL, 15 mmol), and 1-propanol (12 mlL) were added and the
mixture was heated and stirred at 40°C for 29 hours. After cooling, the mixture was
extracted with ethyl acetate and the organic layer was washed with saturated aqueous
sodium chloride. After being dried over anhydrous magnesium sulfate, the organic
layer was concentrated under reduced pressure. The residue obtained was purified by
a conventional method to obtain
1-(naphthalen-1-ylmethyl}-2-(pyridin-3-y1)-1H-pyrrole-5-carboxylic acid (0.27 g):
"TI-NMR (DMSO-dg) 8: 12.30 (1H, 5), 8.52 (1H, d, J = 2.4 Hz), 8.44 (1H, dd, J = 4.9,
1.5 Hz), 8.05-7.92 (2H, m), 7.78 (1H, d, ] =83 Hz), 7.71 (1H, dt, J = 7.8, 2.0 Hz),
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7.58-7.53 (2H, m), 7.37 (1H, t, I = 7.6 Hz), 731 (1H, dd, T = 8.3, 49 Hz), 7.15 (1H, d, ]
=3 9 Hz), 6.54 (1H, d, T=3.9 Hz), 6.31 (1H, d, J = 7.3 Hz), 6.10 (2H, s};

HPLC retention time = 8.04 min;

Pred, Mass = 329.1285 (I\/fr +H, Co1HigN204);

Obs. Mass = 329.1288 (M* +H).

Compounds from Compound B2 to Compound B35 were synthesized in a

manner similar to Exampie 267.
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[Table 47]

Compound HPLC Obs. Mass [Pred. Mass
Example Scheme|Retention| . . Formula(M) "-NMR
No. ot | (T
timne
268 B2 I 8.58 |343.1446/343.1441 |CoH 5N, 0,
DMSO0-D6) 8: 8.60 (1€, d, T = 1.8 Hz),
8.53 (1H, dd, J=4.9, 1.5 Hz), 8.02-7.99
(1H, m), 7.83 (1H, dt, T= 8.0, 1.8 Hz), 7.62
C1sH;3BIN,O .
269 B3 I 8.61 1412.9968/412.9954 (1H, dd, T=7.8, 1.0 Hz), 7.43 (14, dd, I =
S 8.3,4.9 Hz), 726 (1H, t, J = 7.8 Hz), 7.13
(11, d, T =3.9 Hz), 6.53 (2H, d, ] = 4.4
Hz), 6.14 (2H, s). .
(DMSO-D6) 3: 8.24 (111, d, T=2.0 Hz),
8.19 (1H, dd, T=4.9, 1.5 Hz), 7.70-7.65
270 B4 I 7.62  |343.1434|343.1441 CH;sN, O, (28, m), 7.52 (1H, d, I = 8.3 Hz), 7.48 (18,
= == dt, 1 =7.6, 1.5 Hz), 7.36-7.32 (21, m),
7.07-7.01 (3H, m), 6.30 (2H, ), 6.19 (1H,
d,J = 4.4 Hz), 2.02 GH, s).
271 BS I 821 1343.1428(343.1441 CpyH N, 0,
272 | B6 1| 867 |407.0378407.0300 2T
12
273 B7 I 8.41 |349.1001|349.1005 CyHigN,0S
(DMSO-d6) 8: 8.65 (1H, d, J = 2.0 Hz),
8.57 (1H, dd, T = 4.9, 1.5 Hz), 7.96-7.92
2H, m), 7.67-7.62 (15, m), 7.51 (11, dd, J
274 BS§ I 7.90 |335.0848|335.0849 C;H . N,0,S.
= 8.0, 5.1 Hz), 7.39-7.33 (2H, m), 7.11
1H, d,J = 3.9 Hz), 6.68 (1H, 5), 6.51 (1H,
d,J=3.9 Hz), 5.86 (2H, ). ah




[Table 48]

Example

Compound

No.

Scheme

HPLC
Retention

time

Obs, Mass
(M +H)

(M +H)

Pred. Mass

Formula(M}

"H-NMR

!I\J
]
o

8.90

403.0725

403.0723
S

C20H13F3N202

(DMSO-d6) &: 12.33 (1H, 5), 8.58-8.55
(14, m), 8.50 (1H, d, J = 3.4 Hz), 8.35 (1H,
4, 7=7.8 Hz), 7.86-7.78 (2H, m), 7.54
(1H, t,J=7.8 Hz), 7.38 (11 dd, T = 7.8,
4.9 Hz), 7.14 (1H, d, T = 4.4 Hz), 6.67 (1H,
s), 6.53 (1H, d, J=3.9 Hz), 5.81 (2H, ).

~J
|
N

=
=

8.47

369.0451

369.0459
S

C1oH1:CINGO;

DMSO0-d6) 6: 8.61 (1H, d, J = 2.4 Hz),
8.53 (1H, dd,1=4.9,1.5Hz), 7.95 (1H, d,
J=8.0Hz), 7.84 (IH, dt, = 7.8, 2.0 Hz),
7.45-7.40 (2H, m), 7.34 (1H, ¢, F = 7.8 Hz),
7.13 (1H, d, J = 3.9 Hz), 6.54-6.49 (2H,
m), 6.09 (2H, s).

=

|

8.25

347.0346

347.06349

Ci7H12CLN,O

2

(DMSO-d6) §: 8.61-8.56 (2H, m), 7.82
1H, d, I = 7.8 Hz), 7.53-7.44 (2H, m),
7.33 (1H, dd, T=8.5,2.2 Hz), 7.14 (1H, 4,
J=3.9Hz), 6.54 (1H, d, J=3.9 Hz), 6.18
(1H, d, T = 1.5 Hz), 5.63 (2H, s). '

[S8]
o2

o
2

|

7.85

307.1437

307.1441

Ci9H1zN20,

(DMSO-d6) 5: 8.58-8.54 (21, m),
7.82-7.77 (11, m), 7.49-7.45 (1H, m), 7.09
(1H, dd, =39, 1.0 Hz), 6.99 (11, d, T =
7.3 Hz), 6.88 (11, d, I = 7.8 Hz), 6.49 (1H,
d,7=3.9 Hz), 5.96 (1H, s), 5.54 (2H, 5),
2.09 (6H, s).

s
7%

8.33

361.6520

361.0503

CisHiCLN,O

2

(DMSO-d6) 5: 8.47 (1H, d, I = 1.5 Hz),
838 (111, d,J = 1.5 Hz), 7.73 (1H, s), 7.46
(1H, d, T = 8.8 Hz), 7.33 (1H, dd, J = 8.8,
2.4 Hz), 7.13 (1H, d, T = 4.0 Hz), 6.53 (1H,
d,J=4.0 Hz), 6.20 (11, d, J = 2.4 Hz),
5.64 (2H, s), 2.30 (3H, 9).

o
!
=N

|

11.45

365.0254

365.0254

C17Hy CLEN,
0

DMSO-d6) 5: 8.57 (1H, d, J = 2.4 Hz),
8.36 (1H, s), 7.78 (1H, dt, J = 9.8, 2.2 Hz),
7.45 (1H, d, T= 8.8 Hz), 7.33 (1H, dd, ] =
8.8, 2.4 Hz), 7.13 (1H, d, J = 3.9 Hz), 6.58
(1H, d,T =3.9 Hz), 6.19 (11, d, T=2.4
Hz), 5.68 (2H, s).
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[Table 49]

Compound

Examplie

No.

Scheme

HPLC
Retention

time

(Obs. Mass
(M +H)

Pred. Mass
(M +H)

Formula{M)

'H-NMR

[
ot

ot
wh

8.53

383.0614

383.0616
S

CaotsCIN; O

(DMSO0-d6) 8: 8.45 (1H, d, J = 1.5 Hz),
8.43 (1H, s), 795 (1H, d, I = 7.8 Hz), 7.80
(1H, s), 744 (1H, d, T = 7.8 Hz), 7.35 (1H,
dd, J=8.0,4.0Hz), 7.13 (1H,d, J =44
Hz), 6.52-6.51 (2ZH, m}, 6.11 (2H, s), 2.24
(3H, s).
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11.79

387.0364

387.0365

LS

(DMSO-d6) &: 12.45 (1H, 5), 8.53 (11, d, J
= 2.4 Hz), 847 (1H, 5), 7.95 (11, d, T = 7.8

CoH,,CIFN,O Hz), 7.83 (1H, dt, I = 9.1, 2.4 Hz), 7.44

(1H,d,J=7.1 Hz), 735 (1, £, = 8.0
Hz), 7.12 (11, d, T = 7.1 Hz), 6.59 (111, d, J
= 4.0 Hz), 6.51 (1H, s), 6.14 (21, 5).
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12.28

380.9955

380.9959

Cy7HpCENL O,

(DMSO-d6) 3: 8.60 (1H, d, ] = 2.4 Hz),
8.44 (1H, d, J=2.0 Hz), 791 (1H, ¢, T =
2.2 Hz), 7.46 (1H, d, T = 8.8 Hz), 7.33 (1H,
dd,7=8.8,2.7Hz), 7.13 (1, d, T =39
117), 6.58 (11, d, J=3.9 Hz), 6.22 (1H, d, ]|
= 2.4 Hz), 5.67 (2H, s).

e
oo

12.61

403.0069

403.0069
S

CioHi2ChN:O;

(DMSO-d6) 8: 12.44 (1H, s), 8.56 (11, d, J
= 2.4 Hz), 8.55 (1H, d, ] = 2.4 Hz),
7.98-7.95 (2H, m), 7.44 (1H, dd, J = 4.0,
2.2 Hz), 7.35 (111, t, T = 8.0 Hz), 7.12 (1H,
d,J=4.0 Hz), 6.59 (11, d, T = 4.0 Hz),
6.53 (1H, ), 6.13 (2H, s).
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6.84

330.1236

330.1237

C20H1 5N302

(DMSO-d6) &: 8.88 (1H, dd, J=4.1, 1.7
Hz), 8.60 (1H, d, J = 1.5 Hz), 8.50 (1H, dd,
J =49, 1.5 Hz), 8.39-8.35 (1H, m),
7.92-7.82 (2H, m), 7.60-7.55 (1H, m),
7.51-7.41 (2H, m), 7.15 (1H, d, ] = 4.0
Hz), 6.62-6.54 (2H, m), 6.24 (2H, s).
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[Table 50]

HPLC
Compound _|Obs. Mass [Pred. Mass .
Exampie Scheme|Retention . . Formula(M) H-NMR
No. . (M"+H) | (M" +H)
time
DMSO-d6) 6: 8.57 (1H, &, T =2.0 Hz),
3.52 (IH,dd,1=5.1, 1.2 Hz), 7.84 (1H, 4,
J =78 Hz), 7.76-7.72 (2H, m), 7.48-7.41
286 B2G 1 8.25 1335.0839|335.0849\Ci5H1:N,0,5
- K2H, m), 7.26 (1H, t, J= 7.8 Hz), 7.12 {1H,
4, T=39H),652(1H, d, T=3.9 Hz),
6.40 (1H, d, F = 7.3 Hz), 5.85 (2H, s).
DMSO-d6) 3: 8.39 (2H, 5), 7.75 (Z2H, 4, §
=59 Hz)y, 770 (1H, 5), 747 (1H, 4,1 =54
iHz), 7.26 (1M, t, F=7.6 Hz), 7.11 (1H, d,J
287 B21 i 8.29 1349.09901349.1005 CaeH1sN: 008
= 3.9 Hz), 6.51 (1H, d, =3.9 Hz), 6.42
1H, d, }=06.8 Hz), 5.86 {2H, 5), 2.18 (3H, |-
s). .
DMSO-d6) &: 12,47 {(1H, s), 8.47 (1H, d, J
= 2.9 Hz), 835 (1H, s), 7.76-7.68 (3H, m),
7.47 (31, d,J =54 Hz), 725 (1H,t, T =
288 B22 1 11.21 |353.0761|353.07551CsH13FN, 0,58
. 7.6 Hz), 712 (1H, d, = 3.9 Hz), 6.55 (1H,
d, J=39 Hz), 6,41 (1H,d, ]=7.3 Hz),
5.90 (2H, s).
DMSO~_d6) 8:8.50 (1H, d,T=2.0 Hz),
8.42 (1H,s), 7.83 (1H, d,J= 1.5 Hz),
7.76-7.72 (2H, m), 747 (IH, d,7=54
289 B23 { 11.96 1369.04641369.0459 C1oH;:CIN,O,8
Hzy, 7.26 (1H, t, J=7.6 Hz), 7.11 (1H, d,J
= 4.4 Hz), 6.55 (1H, d, T = 4.4 Hz), 6.43
(1H, d, J=7.3 Hz), 5.89 (2H, s).
250 B24 I 3.99 1406.12281406.1220/C5pH1sN;058
291 B25 I 9.39 |432.13871432.13761CoyHy N50sS
C13H14C12FN3O
292 B26 I 11.42 1442.01931442.0190 S
3
CaoHysCLENSO
293 B27 I 12.02 |468.0346|468.0346 S
3O .
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[Table 51}

Compound HPL(.: Obs. Mass Pred. Mass .
Example Scheme; Retention . . Formula(M) H-NMR
No. . (M*+H) | (M +H)
, time
294 | B28 T | 888 [424.0303{424.0284 ?SH”CIMQ
295 | B29 I | 12.10 [457.9887457.9894 SIBH”%N&‘
296 | B30 I | 12.68 |484.0060|484.0051 §2°H15013N303
297 | B3l I 9.52  |450.0450/450.0440 ;:ZGH”G"'N}%
298 | . B32 i 9.50 1464.0601[464.0597 EE‘H”%N&
(DMSO-d6) 8: 8.53 (1H, d, J = 2.0 Hz),
8.49 (1H, dd, J = 4.9, 1.5 Hz), 8.14-8.09
(1H, m), 8.02-7.98 (1H, m), 7.87 (1H, d, |
= 8.3 Hz), 7.78 (1H, d, ] = 7.8 Hz),
299 | B33 I 8.14 [355.1439]355.1441 CpaHiaNoO,  [7.64-7.59 (2H, m), 7.45-7.41 (2H, m), 7.28
(13, d,7=15.6 Hz), 7.15 (1H, d, = 3.9
Hz), 6.68 (1H, d, J = 3.9 Hz), 6.51 (1H, d,
- 6.8 H2), 6.27 (1K, d, T = 15.6 Hz), 5.84
2H, s).
(DMSO-d6) 8: 8.36 (1H, s), 8.25 (1H, s),
7.54-7.50 (2H, m), 7.40-7.34 (2H, m), 7.09
300 | B34 1 | 832 [387.0658]387.0662/CoHeCLN,O (1, d, J=13.9 Hz), 6.55 (1H, d, T = 4.4
Hz), 6.31-6.26 (2H, m), 5.38 (2H, 5), 2.26
| 38, 5). _
(DMSO-d6) 3: 8.53 (1H, d,J = 2.9 Hz),
8.35 (1H, d,T=1.5Hz), 7.71 (1, dt, T =
s | p3s | 113 130104071301 gapy CHRCEFN: 99,22 Hz), 7.52 (IH, d, T = 83 Ha),
\ 7.39-7.35 (2H, m), 7.11 (16, d, J = 3.9 Hz),
6.65 (1H, d, J = 3.9 Hz), 6.34-6.27 (2H,
m), 5.44 (2H, s).
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[Example 302}
Test for inhibition of uric acid transport using human URATi-expressing cells
(1) Preparation of the test compound

The test compound was dissolved in DMSO (produced by Sigma) to a
concentration of 20 mM and was subsequently used by diluting te desired
conc-entraﬁons.

{2) Test for inhibition of uric acid transport using human URAT I -expressing cells

Full-length ¢cDNA of human URATI (hURATi) {produced by OriGene
Technologies, Inc., NCBI Reference Sequence: NM 144585) was subcloned into an
expression vector, pCMV6-Kan/Neo (produced by OriGene Technologies, Inc.), and
hURAT1 gene was transfected into human embryonic kidney-derived cells (HEK 293
cells) by liposome method using Lipofectamine 2000 (produced by Invitrogen
Corporation), whereupon HEK 293 cells expressing human URAT] gene were screened
by its Geneticin resistance. By a method similar to the following method, functional
expression of human URAT1 gene was confirmed by using transport of **C -labeled uric
acid into the cells as an index.

The HEK 293 cells expressing human URAT1 were seeded in a 24-well cell
culture dish to a density of 3x10° cells/mL/weﬂland were cuitured in Dulbecco’s
modified Eagle’s medium (D-MEM medium) containing 10% fetal bovine serum at
37°C for 2 days. Thereafter, the following test for inhibition of uric acid transp'olrt was
performed.

After the medium was removed by aspiration from each well, the medium was
repiaced with a solution obtained by substituting NaCl in Hank’s Balanced Salt Solution

(HBSS) with Na gluconate (hereinafter, HBSS/Na-gluconate) and the cells were
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preincubated at 37°C for about 10 minutes. HBSS/Na-gluconate was removed by
aspiration and a '*C-uric acid solution that was warmed at 37°C in advance containing
various concentrations of the Example compound described in (1) and a radioactive
ligand (*C-labeled uric acid; final concentration 25 pM) was added and an uptake
reaction was carried out by incubating at 37°C for 5 min. After the incubation,
"C-labeled uric acid solution was removed by aspiration and the cells were washed
three times with ice-cold HBSS. The HEK 293 cells expressing human URAT1 were
lysed 1n 0.2 mol/L aqueous NaOH (hereafter, the cell sample) and the cell samples were
collected. The cell sample and a liquid scintillation liquid, ULTIMA GOLD (produced
by PerkinElmer, Inc.) were mixed and the radioactivity was measured by a liquid
scintillation counter (Beckman Coulter, Inc. ).

The uric acid transport rate of the Example compound at each concentration (%
of control uptake) was calculated relative to the radioactivity (radioactivity in human
URATT expressing HEK 293 cells without addition of the Example compound (BMSO
addition)) showing URAT I-specific uric acid transport as 100%, and the concentration
(ICsp) of the Example compound at which the uric acid transport rate is inhibited by
50% was detennined. The results are shown in the following table. In addition, the
symbels (¥, **, and ***) in the table represent the following inhibitory activity values:
1Csp< 0.2 pM; ¥¥*

0.2 uM <ICsq < 2uM: **

2 pM <ICy < 20pM: *
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[Table 52]

Compound | Inhibitory | Compound I'nhi%)itmy Compound | Inhibitory | Compound | Inhibitory

No, Activity | No. Activity | No. Avtivity No. Activity
Al * 3k A23 * A Ad4 * %k AS4 "*
AZ * sk A24 * & A4E * % ok ABS *
A * * AZ5 k ok ok AdG * % ABS #
Al * AZB * & %k A47 * ABT ¥ ok
Ab ¥ AZ7 * % A48 ¥ Ag8 * K
A8 ® % A28 * A4S * AT0Q *
AT * ok A30 & ABO * ATl * % %
Al * %k A31 * K A5T | * ATZ *
AS % % A32 * AB2 * AT3 *
Al10 * % A33 * ¥ A53 * A4 *
Al * ¥ A34 ¥ ok AG4 * % AT5 ¥
Al2 * A3G * ok ASS Kk ATB * &
Al13 * ok ok A3B * %k A58 * AT7 % %
Atd # % & A37 % ok %k AB7 * A78 * ok ok
AtD & ok ok A8 * % ok ABB * AT9 * K
A16 * A39 * % A59 * A8D % %
Al7 * % A40 | * K ABO * A8t * %
A8 % ok ok Ad * & AB1 * AB2 * ok
AlS * ok ok A42 * % AB2 * AB3 * ok
A22 * % A43 d & AB3 * AB4 #* ok
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[Table 53]

Compound | Inhibitory | Compound | Inhibitory | Compound | Inhibitory | Compound | Inhibitory

No. Activity | No. Activity | No. Activity | No. Activity
A85 * % K AT105 & k% A133 * k A153 * %
ABS ¥ ok ok A108 * A134 & ok % Al54 * k&
ABT * A107 * A135 ¥ & ok A1ba * &
A88 ok ok A108 % ok % A136 * % %k A156 * ok %
AB8 # ¥ & A108 ® K A137 * % k A157 * % %
“AB0 * % ok AT110 * % A138 % % Al58 * %
AG1 * k K A1t * A139 * ok & A15Y * %
AS2 ER Al12 * A140 * % % A160 % %k
A83 * ok ok Al15 % AT41 * & AT61 * %
A%4 * ¥ A116 % Al42 * & ok Al62 F %k
AZ5 * Al17 * K A143 * ok ok Al183 *
ASB * ¥ % A118 * % Alds * k% Al164 ¥ ok
A97 * A118 * % A145 * % & Al85 #
A98 * % ok A120 * AMGI * ok ok A166 * & %
AB9 * % ok Al21 * ok AT4T * % ok Al87 ® ok K
A100 * kK Al24 * Al48 * ¥ Al68 * ok ok
A101 * Kk A125 * A149 % ok % A169 * & %k
A102 * ok A130 * % A150 * % % A170 % *
A103 # % A131 ¥ A5 * ok ok AT * g &
A104 ¥ ok %k A132 * % Al52 ¥ & Al72 * *
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[Table 54]

Compound | Inhibitory | Compound | Inhibitory | Compound | Inhibitory | Compound | Inhibitery

No. Activity | No. Activity | No. Activity | No. Activity
A173 & % %k A183 * & % AZ13 % ok % A233 & ok K
A174 * Kk A194 k% ok A214 % % % AZ234 * %
Al175 & ok A195 % %k A215 # % % A235 * ok ok
A178 * % K A196 * ok % A218 * % & A236 * % ok
A177 * K ok Alg7 * % K A217 % K oK AZ3T sk ok
Al178 ® & A188 * A218 ¥ K Kk A238 *® K
A179 * ko A189 * ¥ AZ1S * % ok AZ239 *
A180 * % ok AZ00 % ok & A220 * % AZ240 * %
A8 * &k A201 * A221 *® kK A241 *.
A182 * & ok A202 * ok ok A222 * A242 *
A183 * Kk R AZ203 ¥ ¥ A223 * K A243 *
Ai84 * A204 * K K A224 * A244 * %
A185 * ok ok A205 d ok ok AZZ5 * Ak AZ45 * k&
A186 * A208 * % ok AZ26 % koK A246 * ok
A187 * A207 L3R A227 ® ok ok A247 * K
A188 * K x A208 E IR A228 gk A248 % ok ok
Al189 # ok A209 ® &k A229 % % AZ50 * &k
A190 * % A210 * ok ok AZ30 % ok A251 * ok ok
A191 * K & A2 * ok R A231 % % % A252 # ok ok
Al182 L A212 % ¥ K A232 * %k % A253 * & %k
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[Table 55]

Compound | Inhibitory [Compound) Inhibitory (Compound Inhibifory
No, Activity  [No. Activity  [No. Activity
A254 * % ok BS & koK RB29 s ¥ %
A255 ok %k B10 * .k %k B30 E
AZ5S * Kk B11 I 831 * ko
AZST % % % B12 * k% B32 * ok ok
A258 & & k B13 % ok B33 * % %
AZ258 * Bi4 * K ok B34 * k¥
AZ60 * B15 % k% B35 * sk ok
AZET * B16 * ko
A262 * * B17 * ok ok
A283 * % Bi8 * & ok
AZ64 * B19 * %
AZEH * 820 * K ok
A268 * ok B21 | ¥ ok K
B1 * ok & B22 E K
B2 d ok ok B23 * ok %
B3 * & 824 * ok %
B4 * oK B25 I
B6 * kK B26 * k%
B7 koK ok R27 * % %k
B8 * ok B28 % % ok
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Test for Drug Efficacy in Cebus apella
{Example 303]

A test compound (3 mg/kg to 30 mg/kg) prepared by suspending in a 0.5%
methylcellulose solution was administered to Cebus apella into stomach via the nasal
cavity using a disposable catheter and a syringe barrel. Blood samples were taken
before administration and 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, and
24 hours after administration; and urine samples were collected for the time intervals of
immediately to 4 hours after admirﬁstrati()n., from 4 hours to 8 hours after administration,
from 8 hours to 16 hours after administration, and from 16 hours to 24 hours after
administration. Concentrations of uric acid and creatinine in the blood and wrine
samples collected were measured by an automatic analyzer (JEOL Ltd.). Uric acid and
creatine were measured using L-type Wako UA-F (Wako Pure Chemicals Industries,
Ltd.) and L-type Creatine F (Wako Pure Chemicals Industries, Ltd.) respectively. Uric
acid clearance was calculated from the uric acid concentrations in blood and urine and,
similarly, creatinine clearance was calculated from the creatinine concentrations. From
these values, the uric acid excretion rate was determined according to the following
equation: |
Uric acid excretion rate (%) = (uric acid clearance/creatinine clearance) x 100
In the present test, the excellent uricosuric effect was confirmed for compounds Al, A2,
AT, Ai'3, Ald, A15, A19, A26, A81, Al19, A121, A134, A135, A137, A139, Al147,
A156,A169, A233, B1, and B11.

From the above-mentioned results, it is shown that the pyridine derivative of

the present invention possesses a superior uricosuric effect.
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INDUSTRIAL APPLICABILITY
The pyridine derivative of the present invention or the prodrug thereof, or the
pharmaceutically acceptable salt thereof, or the solvate thereof is used as a

pharmaceutical.
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CLAIMS

1. A pyridine derivative represented by the following formula (I) or a
pharmaceutically acceptable salt thereof, or a solvate thereof:

[Chemical Formula 1}

Rs
X4 —— X5 R1
/ //
SN,
N/ N\
Xy = X4 N
/ )
A ¢y
wherein:

A represents a single bond, an oxygen atom, a sulfur atom, NH, or CHay;

R represents a nitrogen atom or CH; one of X to X represents a mitrogen atom and the
remaining four represent CRy;

Rz each independently represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms, an alkynyl group having 2 to 6
carbon atoms, a halogen atom, a triflucromethyl group, a difluoromethyl group, a cyano
group, an alkylcarbonyl group having 2 to 7 carbon atoms, an alkylsuifonyl group
having 1 to 6 carbon atoms, a nitro group, an amino group, a dialkylamino group having
1 to 6 carbon atoms which may optionally form a ring, a formyl group, a hydroxyl
group, an alkoxy group having 1 to 6 carbon atoms (which may optionally be
substituted with one or more of a hydroxyl group, a phenyl group, a cyclohexyl group,

and a halogen atom), an alkylthio group having 1 to 6 carbon atoms, a phenyl group
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(which may optionally be substituted with one or more of an alkyl group having 1 to 6
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), or a
phenoxy group (which may optionally be substituted with one or more of an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen
atom), with the proviso that when two CR;’s are adjacent ,the two R;’s may optionaily
be joined together to form a ning;

R3 represents a hydrogen atom, an alkyl group having 1 to 6 carbon atoms (which may
optionally be substituted with one or more of a hydroxyl group, an amino group, a
dialkylamino group having 1 to 6 carbon atoms which may optionally form a ring, an
imidazole ring, a pyrazole ring, a pyrrolidine ring, a piperidine ring, a morpholine ring,
and a piperazine ring (which may optionally be substituted with one or more of an alkyl
group having 1 to 6 carbon atoms and an alkylsulfonyl group having 1 to 6 carbon
atoms)), an alkenyl group having 2 to 6 carbon atoms, an alkynyl group having 2 to 6
carbon atoms, an aikoxy group having 1 to 6 carbon atoms (which may optionally be
substituted with one or more of é hydroxyl group and a halogen atom), an alkylcarbonyl
group having 2 to 7 carbon atoms, an alkylthio group having 1 to 6 carbon atoms, an
alkylsulfinyl group having 1 to 6 carbon atoms, a halogen atom, a trifluoromethyl group,
a difluoromethyl group, a cyano group, a phenyl group (which may op_i:ionaliy be
substituted with one or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy
group having 1 to 6 carbon atoms, and a halogen atom), a pyridyl group (which may
optionally be substituted with one or more of an alkyl group having 1 to 6 carbon atoms,
an alkoxy group having 1 to 6 carbon aftoms, and a halogen atom), a phenoxy group
(which may optionally be substituted with one or more of an alkyl group having 1 to 6

carbon atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a -
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carboxyl group, or -CO;R3;
R4 represents a carboxyl group, a tetrazolyl group, -CONHSO,R 5, -CO;Rs, or any of the
following substituents:

[Chemical Formula 2]

MCOZH f{sxcozﬁ f‘;‘\SQCOZH

with the proviso that when Rj is an alkyl group having 1 to 6 carbon atoms substituted
with a hydroxyl group and when R4 is a carboxyl group, then Ry and R4 may optionally
be fused to form a lactone ring;

Rs in Rz and R4 each independently represents an alkyl group having 1 to 6 carbon
atoms;

Z represents any of the following substituents designated Z1 to Z7:

[Chemical Formula 3]

¥ ' ﬁ
S ~ = W Ry (\, w :7R13 N
|, Rs =R 7T re AW Rz e '
Rg/ PR = R‘l()/"“‘ W = Rus
Z1 Z2 Z4 Z5

W
73 76 77

wherein:

Rs and Ry each independently represent a hydrogen atom, a halogen atom, an alléyl

group having 1 to 6 carbon atoms, a triﬂuorométhyi group, a trifluoromethoxy group, or

a cyano group, with the proviso that the case where Ry and R; are simultaneously

hydrogen atoms is excluded;

Rg represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon

atoms, or a trifluoromethyl group;
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Ry represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Ryg represents a hydrogen atom, a halogen atom, an alkyl émup having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Ry and Rya each independently represent a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, or a trifluoromethyl group;

Ry3 and Ry4 each independently represent a hydrogen atom, a halogen atom,‘an alkyl
group having 1 to 6 carbon atoms, or a trifluoromethyl group;

Ris represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 carbon
atoms, or a trifluoromethyl group;

Y represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; and

W represents a sulfur atom, an oxygen atom, or NRyg (wWhere Ryg represents a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, or a benzyl group).

2. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to claim 1, wherein A is a single bond.

3. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to claim ! or wherein A is an oxygen atom.

4, The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to any of claims 1 to 3, wherein R; is a nitrogen atom.

5. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to any of claims 1 to 3, wherein Ry is CH.

6. The pyridine derivative or the pharmaceutically acceptable Salj: thereof, or the
solvate thereof according to any of claims 1 to 5, wherein, among X; to Xs, X; or X3 is

a nitrogen atom.
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7. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to any of claims 1 to 6, wherein, among four CR;’s, three are
CH’s and Ry of the remaining one CR; is a hydrogen atom, an alkyl group having 1 to 6
carbon atoms, a halogen atom, a trifluoromethy! group, a difluoromethyl group, a cyano
group, a nitro group, a dialkylamino group having 1 to 6 carbon atoms which may
optionally form a ring, a hydroxyl group, an alkoxy group having 1 to 6 carbon atoms
(which may optionally be substituted with one or more of a hydroxyl group, a phenyl
group, a cyclohexyl group, and a halogen atom), an alkylthio group having 1 to 6
carbon atoms, a phenyl group (which may optionally be substituted with one or more of
an alkyl group having ! to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
and a halogen atom), or a phenoxy group (which may optionally be substituted with one
or more of an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, and a halogen atom).

8. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to claim 7, wherein R is a hydrogen atom, a methyl group, an
ethy! group, a cyclopropyl group, a methoxy group, an ethoxy group, a propoxy group,
an isopropoxy group, an isobutyloxy group, a benzyloxy group, a methylthio group, a
fluorine atom, a chlorine atom, a bromine atom, a cyano group, a hydroxyl group, a
pyrolidin-1-yl group, a trifluoromethyl group, a difluoromethyl group, a nitro group, a
phenyl group, or a phenoxy group.

9. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to any of claims 1 to 8, wherein, among four CRy’s, three are
CH’s and the remaining CR; is located at X,.

10. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
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“solvate thereof according to claim 9, wherein X5 is a nitrogen atom.

11. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according té any of claims 1 to 10, wherein Rs is a hydrogen atom, an
alkyl group having 1 to 6 carbon atoms (which may optionally be substituted with one
or more of a hydroxyl group, an amino group, a dialkylamino group having 1 to 6
carbon atoms which may optionally form a ring , an imidazole ring, a pyrazole ring, a
pyrrolidine ring, a piperidine ring, a morpholine ring, aﬁd a piperazine ring (which may
optionally be substituted with one or more of an alkyl group having 1 to 6 carbon atoms
and an alkylsulfonyl group having 1 to 6 carbon atoms)), an alkoxy group having 1 to 6
carbon atoms, an alkylthio group having 1 to 6 carbon atoms, a halogen atom, a
trifltuoromethyl group, a difluoromethyl group, a cyano group, a phenyl group (which
may optionally ble substituted with one or more of an alkyl group having .1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, and a halogen atom), a carboxyl
group, or ~-CO,R;,

12. The pyridine derivative or the pharmaceutically acceptable sait thereof, or the
solvate thereof according to claimi 11, wherein Rs is a hydrogen atom, a methyl group,
an ethyl group, an isopropyl group, a cyclopropyl group, a chlorine atom, a bromine
atom, an iodine atom, a trifluoromethyl group, a difluoromethyl group, a methoxy group,
a phenyl group, a cyano group, an acetyl group, a carboxyl group, -CO,Rs, a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxypropan-2-yl group, a
3-hydroxypentan-3-yl group, a dimethylaminomethyl group, a diethylaminomethyl
group, or a morpholin-4-ylmethyl group.

13. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the

solvate thereof according to any of claims 1 to 12, wherein Ry is a carboxyl group
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(which may optionally be fused with Ry to form a lactone ring when Rs is an alkyl
group having 1 to 6 carbon atoms substituted with a hydroxyl group), a tetrazolyl group,
-CONHSO,CH;, -CONHSO;-cyclopropyl, or -CO5Rs.

14. Tﬁe pyridine derivative or theé pharmaceutically acceptable salt thereof, or the
solvate thereof according to claims 1 to 13, wherein Z is Z1, 72, Z3, or Z4.

15. The pyridine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof according to claim 14, wherein Z is Z1, and Rg and Ry are, on a phenyl
ring, chlorine substituents at 2- and 5-positions, chlorine substituents at 3- énd
S-positions, methyl substituents at 2- and 5-positions, trifluoromethyl substituents at 2-
and 5-postions, or chlorine and methyl substituents at 2- and 5-positions, respectively;

7 is 72, and Rgis, on a naphthalene ring, a hydrogen aiom, a 2-methyl group, a
4-methyl group, an 8-methyl group, or an 8-bromo group;

Z is Z3, and Ry is, on a benzothiophene, benzofuran, or indole ring, a hydrogen
atom, a 4-methyl group, a 4-chloro group, a 4-bromo group, a 4-trifluoromethyl group,
a 5-methyl group, a 5-chloro group; or a 5-trifluoromethyl group; or

Z is 74, and Ryp is, on a benzothiophene, benzofuran, or indole ring, a hydrogen
atom or a S-fluoro group.

16. A pyridine derivative selected from the following compounds (1) to (193) or a
pharmaceutically acceptable salt thereof, or a solvate thereof:

(1) 1-(2,5-dimethylbenzyl)-4-methyl-2-(pyridin-3-yl)- 1 H-imidazole-5-carboxylic acid;
(2) 4-methyl-1- (naphthalen-1-ylmethyl)-2-(pyridin-3-yI)-1H- imidazole-5-

carboxylic acid;

(3) ethyl 4-methyl-1-(naphthalen-1-ylmethyl}-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylate;
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4 | 4-methyl-2-(pyridin-3-y1)-1-((4-(trifluoromethyl)benzo[ b]thiophen-3-yl)methyl)-
[H-imidazole-5-carboxylic acid;

(5) 1-((4-chlorobenzo[blthiophen-3-yl)methyl)-4-methyl-2-(pyridin-3-yl)-1H-
imidazole-5-carboxylic acid;

{6) 1-((4-bromobenzo|blthiophen-3-ylymethyl)-4-methyl-2-(pyridin-3-yi)- 1H-
imidazole-S-carboxylic acid;

(7) 4-chloro-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-5-

carboxylic acid;

(8) 4-ethyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-imidazole-3-carboxylic acid;
(9) 4-cyclopropyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)- 1 H-imidazole-5-
carboxylic acid;

(103 1-(2,5 ~dichlo;obenzy})-4- methyl-2-(pyridin-3-yl)-1H-imidazole-5-carboxylic acid;
(1)1 -(2,5-dichlorobenzyl)w4~ethyi-2n(pyridin~3 -y1}-1H-imidazole-5-carboxylic acid;
(12) 4-cyclopropyl-1-(2,5-dichlorobenzyl)-2-(pyridin-3-y1)- 1H-imidazole-5-
carboxylic acid;

(13) 4-methyl-1-((4-methylnaphthalen-1-yl) methyl)-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid;

(14) 4-cyclopropyl-1-((4-methylnaphthalen-1-yDmethyl)-2-(pyridin-3-yl)-1H-
imidazole-5-carboxylic acid;

(15) 1-(2,5-dichlorebenzyl)-2-(pyridin-3-y)-4-(trifluoromethyl)- 1 H-imidazole-3-
carboxylic acid;

(16) 1-(benzo[blthiophen-3-ylmethyl}-2-(pyridin-3-y1)-4-(trifluoromethyl)-1H-
imidazole-5-carboxylic acid;

(17) 4-chloro-1-((4-methylnaphthalen-1-yDymethyl)-2-(pyridin-3-y1)- 1 H-imidazole-3-
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carboxylic acid;

(18) 4-isopropyl-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-yI)-1H-imidazole-5-
carboxylic acid,

(19) 4-isopropyl-1-({4-methylnaphthalen-1-yDmethyl)-2~(pyridin-3-y1)-1H-imidazole-3-
carboxylic acid;

(20) 1-(2,5-dichlorobenzyl)-4- isopropyl-2-(pyridin-3-yI)-1 H-imidazole-5~
carboxylic acid;

(21) 1-((4-chlorobenzo[b]thiophen-3-yDmethyl)-2-(pyridin-3-yl)-4-{trifluoromethyl)-
1H—imidazole-S;carboxyiic acid;

(22) 1-((4-bromobenzo{b]thiophen-3-yhmethyl)-2-(pyridin-3-y1)-4-(triflucromethyl)-
1H-imidazole-5-carboxylic acid;

(23) 1—((4~chlor0benzo{b]thiophen-B~y1)methy1)—4—cyclopropyl-zn(pyridin~3~yi)»1H—
imidazole-5-carboxylic acid;

(24) 1-((4-bromobenzo[b]thiophen-3-y)methyl)-4- cyclopropyl-2-(pyridin-3-y1)-1H-
imidazole-5-carboxylic acid;

(25) 4-cyclopropyl-2-{pyridin-3-yl)-1-((4-(trifluoromethyl)benzo[b]thiophen-3-yl)
methyl)-1H-imidazole-5-carboxylic acid;

(26) 1-(benzo{b]thiophen-3-ylmethyl)-4-cyclopropyl-2-(pyridin-3-y1}-1H-imidazole-5-
carboxylic acid;

(27) 1-((4-chlorobenzo[b]thiophen-3-ylymethyl)-4-isopropyl-2-(pyridin-3-yD-1H-
imidazole-5-carboxylic acid;

(28) t-((4-bromobenzo[b]thiophen-3-yl)methyl)-4-isopropyl-2-(pyridin-3-y})-1H-
imidazole-5-carboxylic acid;

{(29) 4-isopropyl-2-(pyridin-3-yi)-1-((4-trifluoromethyl)benzo[blthiophen-3-v1)

200



methyl)-1H-imidazole-5-carboxylic acid;

(30) 1-(benzo|bthiophen-3-ylmethyl)-4-isopropyl-2-{pyridin-3-yl)- | H-imidazole-5-
carboxylic acid;

(31) 1-(2-chloro-5-flucrobenzyl)-4- methyl—Z—(pyridinG-yI)-IH-imidazoIe-5~
carboxylic acid; |

(32) 1-(5 —chloro—?,—ﬂuorobenzyl)—él— methyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid;

(33) 1-(2-chloro-5-(trifluoromethyl)benzyl)-4 methyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid;

(34) 1-(5-chloro-2-(trifluoromethyl)benzyl)-4-methyl-2-(pyridin-3-yl)- 1 H-imidazole-5-
carboxylic acid; |

(35) 1-(2,5-dichlorobenzyl)-2-(pyridin-3-y}h)-1H-imidazole-5-carboxylic acid;

(36) 1-(2,5-bis(trifluoromethyl}benzyl)-4- methyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid;

{37) 1-(2- bromobenzyl)-4- methyl-2-(pyridin-3-yi)-1H-imidazole-5-carboxylic acid;
(38) 1-(3- bromobenzyl)-4- methyl~2—(pyridin—3;yl)—1H—imidazolc—5—carboxyiic acid;
(39) 1-(2,5-dichlorobenzyl)-4- methyl-2-(quinolin-3-yl)-1H-imidazole-5-

carboxylic acid;

(40} 1-(3,4-dichlorobenzyl)-4- methyl-2-(pyridin-3-yl)-1H-imidazole-5-carboxylic acid,
(41) 1-(2,3-dichlorobenzyl)-4- methyl-2-(pyridin-3-yl)-1H-imidazole-5-carboxylic acid;
’ (42) 1-(3,5-dichlorobenzyl)-4- methﬂ—2-(pyridin«3—yl)—1H~imidazole-5—carb0xylic acid,
(43) 1-(3-chloro-5- fluorobenzyl)-4-methyl-2-(pyridin-3-y1)-1 H-imidazole-5-
carboxylic acid;

(44) 1-(2,4-dichlorobenzyl)~4- meihyI-Q—(pyridin&-yl)-1H~imidazoie-5~carboxyli<_: acid;
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(45) 1-(2-chloro-5- methylbenzyl)-4-methyl-2-(pyridin-3-y})-1H-imidazole-5-
carboxylic acid;

(46) 1-((2,5-dichlorothiophen-3-ylmethyl)-4- methyl-2-(pyridin-3-yl)-1H-imidazole-5-
carboxylic acid;

(47) 1-((2,4-dichlorothiophen-5-yDmethyl)-4- methyl-2-(pyridin-3-yl)-1H-imidazole-3-
carboxylic acid;

{48) 1-(benzo[bjthiophen-7-ylmethyl)-4- methyl-2-(pyridin-3-yh-1H-imidazole-5-
carboxylic acid;

(49) 1-(benzo[blthiophen-7-ylmethyl}-4-cyclopropyl-2-(pyridin-3-yl)-1 H-imidazole-5-
carboxylic acid;

(50) 1-(benzolb]thiophen-7-ylmethyl)-4- isopropyl-2-(pyridin-3-yl)- 1 H-imidazole-5-
carboxylic acid;

(51) 1-(benzo[bjthiophen-7-ylmethyl)-2-(pyridin-3-y1)-4-(trifluoromethyl)- 1H-
imidazole-5-carboxylic acid;

(52) 1-((5-fluorobenzo[b]thiophen-7-yl)methyl)-4- methyl—Z—(pyri_din~3~yl)u1H~
imidazole-5-carboxylic acid;

(53) 4-cyclopropyl-1-((5-fluorobenzo {b]thiophen—7—yl)methyl)-2»(pyridin—3 -yl)-1H-
imidazole-5-carboxylic acid;

(54) 4-chloro-1-(2,5-dichlorobenzyl)-2-(pyridin-3-yi)-1 H-imidazole-5-carboxylic acid;
(55) 4-bromo-1-(2,5-dichlorobenzyl}-2-(pyridin-3-y!1)-1 H-imidazole-5-carboxylic acid;
(56) 1—(2,S-dichlorobenzyl)—4-iod0-2—(pyridin—3~y1)~1H~imidézoIe~5wcarboxylic acid;
{(57) 1-(2,5»dé.chlorobenzyl)—4~pheny1-2~(pyridin—B—yl)—lﬂnimidazole-&carboxylic acid;
(58) 1-(2,5-dichlorobenzyl)-4-(3~fluorophenyl)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid;
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(59) 1-(2,5 —dichl0r0bénzyl)-«4-(4—ﬂuoré;éhenyi)—2-(pyridin~3-yl)«1H-imidazole-i—
carboxylic acid;

(60 1-(2,5-dichlorobenzyl)-2,4-di(pyridin-3-y1)-1H-imidazole-5-carboxylic acid;

(61) 1-(2,5-dichlorobenzyl}-4-methoxy-2-(pyridin-3-yl)-1H-imidazole-5-

carboxylic acid;

(62) 1-(2,5-dichlorobenzyl}-2-(pyridin-3 ;yI)—4—(2,2,2-triﬂuoroethoxy)-1H~imidazole~5«
carboxylic acid;

(63) 1-(2,5-dichlorobenzyl}-2-(pyndin-3-yl}-4-(p-tolyloxy)- 1 H-imidazole-5-
carboxylic acid;

(64) 1-(2,5 —dichlorobenzyl)-4—(4—ﬂuor()phenoxy)—2¥(pyridin—3 -yI}-1H-imidazole-5-
carboxylic acid; |

(65) 4-cyano-1-(2,5-dichlorobenzyl)-2-(pyridin-3-y1)-1 H-imidazole-5-carboxylic acid;
(66) 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yl}-4-vinyl- I1H-imidazole-5-carboxylic acid;
(67) 4-(1-cyclopenten-1-yI)-1-(2,5-dichlorobenzyl)-2-(pyridin-3-y1)- 1 H-imidazole-5-
carboxylic acid;

(68) 1-(2,5-dichlorobenzyl)-4-(methylthio)-2-(pyridin-3-yl}-1H-imidazole-5-
carboxylic acid;

(69) 1+(2,5-dichlorobenzyl)-4-(ethylthio)-2-(pyridin-3-yI)-1H-imidazole-5-

carboxylic acid;

(70) 1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yh)-2-(pyridin-3-yl}-1 H-imidazole-5-
carboxylic acid; |

(71) 1-(2,5-dichlorobenzyl)-4-(3-hydroxypentan-3-yl)-2-(pyridin-3-y1)-1H-imidazole-5-
carboxylic acid;

(72) 3-(1-(2,5-dichiorobenzyl)-5-(1 H-tetrazol-5 —yl)—1H—imidazol—2~y1)pyridine;
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{(73) 1-(benzo|blthiophen-7-yImethyl)-4-cyclopropyl-N-(methylsulfonyl)-2-
(pyridin-3-y1)-1H-imidazole-5-carboxamide;

(74) 1-(benzo[bjthiophen-7-ylmethyl)-4-cyclopropyl-N-(cyclopropylsuifonyl)-2-

(pyridin-3-yl}-1H-imidazole-5-carboxamide;

(75) 2-(5-fluoropyridin-3-yl)-4-methyl-1-(naphthalen- 1 -ylmethyl)- 1 H-imidazole-5-

carboxylic acid;

(76) 2-(5-chloropyridin-3-yl)-4-methyi-1-(naphthalen-1-yimethyl)- 1 H-imidazole-5-

carboxylic acid;

(77) 4-methyl-1-(naphthalen-1-ylmethyl)-2-(5-phenoxypyridin-3-yl)-1 H-imidazole-5-

carboxylic acid;

(78) 1-(benzo{b]thiophen-3-ylmethyl)-2-(5-chloropyridin-3-yh)-4-methyl-1H-imidazole-

5-carboxylic acid, |

(79} 1-(benzo[b]thiophen-3-yImethyl}-2-(5-flucropyridin-3-yl}-4-methyl- 1 H-imidazole-

S-carboxylic acid;

(80) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-y1)-4-methyl-1H-imidazole-5-

carboxylic acid;

(81)2-(5 —bhloropyridin—E -yD)-1-(2,5-dichlorobenzyl)-4-methyl- I H-imidazole-5-

carboxylic acid;

(82) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-y1)-4-(trifluoromethyi)- 1 H-

imidazole-5-carboxylic acid;

(83) 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-(triftuoromethyl}-1H-

imidazole-5-carboxylic acid;

{84) 4-methyl-1-(naphthalen--ylmethyl)-2-(5-(trifluoromethyl)pyridin-3-y1)-1H-

imidazoie-IS—carboxyIic acid;
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(85) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-(trifluoromethyl)pyridin-3-y1)- 1H-
imidazole-5-carboxylic acid,;

(86) 1-(2,5-dichlorobenzyl)-4-(trifluoromethyl)-2-(5-(trifluoromethyl)pyridin-3-y1)-1H-
imidazole-5-carboxylic acid; |

(87) 1-((4-chlorobenzo[b]thiophen-3-yDmethyl)-2-(5-fluoropyridin-3-yl)-4-methyl-1 H-
imidazole-5-carboxylic acid;

(88) 1-((4-chlorobenzo[b]thiophen-3-yl)methyl)-2-(5-chloropyridin-3-yl)-4-methyl-1H-
imidazoie~5~carboxyli§ acid;

(89) 1-((4-chlorobenzo[bljthiophen-3-yDmethy!)-4-methyl-2-(5-(trifluoromethyl)
pyridin-3-yl)-1H-imidazole-5-carboxylic acid;

(90) 2-(5-chloropyridin-3-yl)-4-isopropyl-1-(naphthalen-~ 1 -ylmethyh)-1H-imidazole-5-
carboxylic acid;

(91) 2-(5-chloropyridin-3-yl}-4-cyclopropyl-1-(naphthalen-1 —ylmethy])dHQ
mmidazole-5-carboxylic acid;

(92) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-isopropyl-1H-imidazole-5-
carboxylic acid;

(93) 2-(5 ~chloropyridiri—3-yi)—4—cyclopropyl- 1-(2,5-dichlorobenzyl)-1H-imidazole-5-
carboxylic acid;

(94) 4-ethyl-2-(5-fluoropyridin-3-yl)-1-(naphthalen-1-ylmethyh-1H-imidazole-3-
carboxylic acid;

(95) 2-(5-chloropyridin-3-yl)-4-ethyl-1-(naphthalen-1-ylmethyl)-1H-imidazole-5-
carboxylic acid,

(96) 1-(2,5-dichlorobenzyl)-4-ethyl-2-(5-fluoropyridin-3-yl)-1H-imidazole-5-
carboxylic acid;
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(97) 2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-4-ethyl-1H-imidazole-5-
carboxylic acid;

(98) 2-(5-fluoropyridin-3-yl)-4-1sopropyl-1-(naphthalen-1-yimethyl)-1H-imidazole-5-
carboxylic acid;

(99) 4-cyclopropyl-2-(5-fluoropyridin-3-yl)-1-(naphthalen-1 ~yimetf1yl)~1H-imidazole-5~
carboxylic acid; |

(100) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-4-isopropyl- 1H-imidazole-5-
carboxylic acid;

(101) 4-cyclopropyl-1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)- 1 H-imidazole-5-
carboxylic acid;

(102) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-methylpyridin-3-yl)-1H-imidazole-5-
carboxylic acid; |

(103) 1-(2,5-dichlorobenzyl)-2-(S-methoxypyridin-3-y1)-4-methyl-1 H-imidazole-5-
carboxylic acid;

(104) 2-(5-cyanopyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;

- (105) 1-(2,5-dichlorobenzyl)-4-methyl-2-(6-methylpyridin-3-yl)- 1 H-imidazole-5-
carboxylic acid;

(106) 1-(2,5-dichlorobenzyl)-2-(2-fluocropyridin-3-y)-4-methyl-1 H-imidazole-5-
carboxylic acid;

(107) 1-(2,5-dichlorobenzyl)-2-(6-methoxypyridin-3-yl)-4-methyl-1 H-imidazole-5-
carboxylic acid,

(108) 1-(2,5-dichlorobenzyl)-2-(2-methoxypyridin-3-yl)-4-methyl-1 H-imidazole-5-
carboxylic acid;
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(109) 2-(6-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;

(110} 1-(2,5-dicklorobenzyl)-4-methyi-2-(5-(pyrrolidin-1-yl)pyridin-3-y1)-1H-
imidazole-5-carboxylic acid;

(111) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-nitropyridin-3-yl)-1 H-imidazole-5- |
carboxylic acid;

(112) 2-(5-cyclopropylpyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole~5-
carboxylic acid;

(113) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-carboxylic acid;
(114) 1-(2,5-bis(trifluoromethyl)benzyl)-2-(5-fluoropyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid;

(115) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3 -ylj— 1H-imidazole-5 ~carb0xylié acid;
(116} 1-(2,5-dichlorobenzyl)-2-(5-hydroxypyridin-3-yl)-4-methyl- 1 H-imidazole-5-
carboxylic acid;

(117) 1-(2,5-bis(triftuoromethyl)benzyl)-2-(5-chloropyridin-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid;

l( 118) 1-(2,5-dichlorobenzyl)-2-(5-ethoxypyridin-3-y1)-4-methyl-1H-imidazole-5-
carboxylic acid;

(119) 1-(2,5-dichlorobenzyl)-2-(5-isopropoxypyridin-3-yi)-4-methyl-1H-imidazole-5-
carboxylic acid;

(120) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-phenylpyridin-3-y1)-1H-imidazole-5-
carboxylic acid;

{121) 2-(5-bromopyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole-5-
carboxylic acid;
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(122} 1-(2,5-dimethylbenzyl})-2-(5-fluoropyridin-3-yl}-4-methyl- 1 H-imidazole-5-
carboxylic acid;

(123) 2-(5 ~ch}oropyridin—3 -yD)-1-(2,5-dimethylbenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;

(124) 1-(2,5-dimethylbenzyl}-4-methyl-2-(5-methylpyridin-3-y1)- 1 H-imidazole-5-
carboxylic acid;

(125) 1-(2,5-dichlorobenzyl)-2-(5-ethylpyridin-3-yl)-4-methyl-1 H-imidazole-5-
carboxylic acid,;

(126) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-(methylthio)pyridin-3-yI)-1H-imidazole-5-
carboxylic acid;

(127) 2-(5-acetylpyridin-3-y1}-1-(2,5-dichlorobenzyl}-4-methyl-1H-imidazole-5-
carboxylic acid;

(128) 1-(2,5-dichlorobenzyl)-4-methyl-2-(5-propoxypyridin-3-yI)-1H-imidazole-5-
carboxylic acid;

(129) 1-(2,5-dichlorobenzyl)-2-(5-isobutoxypyridin-3-yl)-4-methyl-1H-imidazole-5-
carboxylic acid;

(130) 2-(5-(cyclohexylmethoxy)pyridin-3-yI)-1-(2,5-dichlorobenzyl)-4-methyl-1H-
imidazole-5-carboxylic acid; |

(131) 2-(5-(benzyloxy)pyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid; |
(132) 2-(5-chloropyridin-3-yl)-1 ~(2,5-dichlorobenzyl)-4~(hydr0xymethylj— 1H-
imidazole-5-carboxylic acid;

(133) 2-(5-chloropyridin-3-yI)-1-(2,5-dichlorobenzyl)-4-((dimethylamino)methyl)-1H-
imidazole»S -carboxylic acid;
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(134) 2-(5-chloropyridin-3-y1)}-1(2,5-dichlorobenzyl)-4-({diethylamino)methyl)-1H-
imidazole-5-carboxylic acid;

(135) 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-4-(pyrrolidin-1-ylmethyl)- 1 H-
imidazole-5-carboxylic acid;

(136) 2-(5-chloropyridin-3-y1}-1-(2,5-dichlorobenzyl)-4-(piperidin-1-ylmethyl)- 1 H-
imidazole-5-carboxylic acid;

(137) 2-(5-chloropyridin-3-yI}-1-(2,5-dichlorobenzyl)-4-(morpholiniomethyl)-1H-
imidazole-5-carboxylic acid;

(138) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-((4-methylpiperazin-1-yl)
methyl)-1H-imidazole-5-carboxylic acid;

(139) 4-((1H-imidazol- I-yDmethyl}-2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-
1H-imidazole-5-carboxylic acid;

(140) 4»((1H~pyrazoir— I-yDmethyl)-2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-1 H-
imidazole-5-carboxylic acid;

(141) 2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-4-((4-propylpiperazin-1-yl)
methyl)-1H-imidazole-5-carboxylic acid; |

(142) 2-(5-chloropyridin-3-yl)-1-(2,5 —dichlorobenzyl)~4-l((4-(methy]sulfonyl)
piperazin-1-yl)methyl)-1H-imidazole-5-carboxylic acid; |

(143) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-((4-(ethylsulfonyl)
piperazin-1-yDmethyl)-1H-imidazole-5-carboxylic acid;

(144) 2-(5-bromopyridin-3-yl)-1-(2,5-dichlorobenzyl)- | H-imidazole-5-carboxylic acid;
(145) 1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-y1)-1H-imidazole-5-carboxylic acid;
{146) 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl}-4-(difluoromethyl}-1H-
imidazole-5-carboxylic acid;
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(147) 1-(2,5-dichlorobenzyl}-2-(5-(diftuoromethyl) pyridin-3-yl)-4-methyl- 1 H-
imidazole-5-carboxylic acid,

(148) 2-(5-chloropyridin-3-y1}-1-(2,5-dichlorobenzyl)-4-ethynyl-1H-imidazole-5-
carboxylic acid; |

(149) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-1 H-imidazole-4,5-
dicarboxylic acid;

(150) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl}-4-(1-hydroxyethyl)-1H-
imidazole-5-carboxylic acid; |

(151) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl}-4-(2-hydroxypropan-2-y1)- 1 H-
imidazole-5-carboxylic acid;

(152) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-1H-
imidazole-5-carboxylic acid;

(153) 1-(2,5-dichlorobenzyl)-4-(2-hydroxypropan-2-yl)-2-(5-methylpyridin-3-yl)-1H-
imidazole-5-carboxylic acid;

(154) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-4-(3-hydroxypentan-3-yD)-1H-
imidazole-5-carboxylic acid;

(155) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-4-(3-hydroxypentan-3-y1)- 1 H-
imidazole-5-carboxylic acid;

(156) 1-(2,5-dichlorobenzyl)-4-(3-hydroxypentan-3-y1)-2-(5-methylpyridin-3-yl)-1H-
imidazole-5-carboxylic acid;

(157) 4-acetyl-2-(5-chloropyridin-3-yi)-1-(2,5-dichlorobenzyl)-1H-imidazole-5-
carboxylic acid; N

(158) 4-chloro-1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-yl)- 1 H-imidazcle-3-
carboxylic acid;
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| (159) 4-chloro-2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)- 1 H-imidazole-5-
carboxylic acid;

(160) 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)- 1 H-furo[3,4-d]imidazol-
6(4H)-one;

(161) 2-(5-chloropyridin-3-y})-1-(1-(2,5-dichlorophenyl)ethyl)-4-methyl-1H-
imidazole-5-carboxylic acid;

(162) 1-((2,5-dichlorothiophen-3-yl)methyl)-2-(5-fluoropyridin-3-yI)-4-methyl-1H-
imidazole-5-carboxylic acid;

(163) 2-(5-chloropyridin-3-yI)-1-((2,5-dichlorothiophen-3-yl)-4-methyl-1H-
imidazole-5-carboxylic acid;

(164) 1-((2,5-dichlorothiophen-3-yl)methyl)-4-methyl-2-(5-methyipyridin-3-y1)- 11~
imidazole-5-carboxylic acid;

- (165) 1-({2,4-dichlorothiophen-5-yl)methyi)-2-(5-fluoropyridin-3-yi)-4-methyl-1H-
imidazole-5-carboxylic acid;

(166) 2-(5-chloropyridin-3-y1)-1-((2,4-dichlorothiophen-5-ylymethyl)-4-methyl-11-
imidézoie—S—carboxylic acid;

(167) 1-((2,4-dichlorothiophen-3-ylymethyl)-4-methyl-2-(5-methylpyridin-3-y1)-1H-
imidazole-5-carboxylic acid;

(168) 1-(2-chloro-5-methylbenzyl}-4-methyl-2-(S-methylpyridin-3-yl)-1H-
imidazole-5-carboxylic acid;

(169) 1-(2-chloro-5-methylbenzyl)-2-(5-chloropyridin-3 -yl)—4~niethyl—1H—
imidazole-5-carboxylic acid;

(170) 1-(benzo[blthiophen-7-ylmethyl)-2-(5-chloropyridin-3-yl)-4-methyl- 1 H-
imidazole-5-carboxylic acid;
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(171) 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-fluoropyridin-3-y1)-4-methyl-1H-
imidazole-5-carboxylic acid,

(172) 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-chloropyridin-3-yl)-4-isopropyl-1H-
imidazole-5-carboxylic acid;

(173) 1-(benzo[b]thiophen-7-ylmethyl)-2-(5-chloropyridin-3-yl)-4-cyclopropyl-1H-
imidazole-5-carboxylic acid;

(174) 3-chloro-5-(1-(2,5-dichlorobenzyl)-5-(1H-tetrazol-5-y1)-1H-imidazol-2-yl1)
pyridine;

(175} 1-(2,5-dimethylbenzyl}-4-methyl-2-(pyridin-4-y1)-1H-imidazole-5-
carboxylic acid;

(176) 2-(6-methoxypyridin-2-yh)-4-methyl-1-(naphthalen-1-ylmethyl)-1 H~i.nﬁdazole-5»
carboxylic acid;

(177 1-(2,5-dichlorobenzyl}-4-methyl-2-(pyridin-4-yl)-1 H-imidazole-5-

carboxylic acid;

(178) 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyridin-2-yl)-1H-imidazole~5-

carboxylic acid;

(179) 1-(2,5-dichlorobenzyl)-2-(6-methoxypyridin-2-yh)-4-methyl-1H-imidazole-5-
carboxylic acid,;

(180} 1-(2,5-dichiorobenzyl)-4-methyl-2-(pyridin-2-yloxy)-1H-imidazole-5-
carboxylic acid;

(181) 1-(2,5-dichlorobenzyl}-4-methyl-2-(pyridin-3-yloxy)-1H-imidazole-5-
carboxylic acid;

{182) 2-((5-chloropyridin-3-yoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;
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(183) 2-((5-bromopyridin-3-yl)oxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid,

(184) 1-(2,5-dichlorobenzyl)-4-methyl-2-((2-methylpyridin-3-yljoxy)-1H-imidazole-5-
carboxylic acid;

(185) 2-((2-chloropyridin-3-yhoxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;

(186) 2-((2-bromopyridin-3-yloxy)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole-5-
carboxylic acid;

(1871 ~(2,5 -dichlorobenzyl)-4-methyl-2-((5-methylpyridin-3-yl)oxy)-1H-imidazole-5-
carboxylic acid;

(188) 1-(2,5 »dichlorobenzyl)—4-methylmZ—((4—methy1pyridin—3-yi)oxy); 1H-imidazole-5-
carboxylic acid;

(189) 2-((4-chloropyridin-3-yloxy)-1-(2,5-dichlorobenzyl)-4-methyl-1 H-imidazole-5-
carboxylic acid;

(190) 2-((4-bromopyridin-3-yloxy)-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-
carboxylic acid;

(191) 2-((2-(5-chloropyridin-3-yl}-1-(2,5-dichlorobenzyl)-1 H-imidazole-5-yl)thio)-2-
methylpropanoic acid;

(192) 1-((2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl)-1H-imidazol-5-yl)thio)
cyclobutanecarboxylic acid; and

(193) 2-((5-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-1H-imidazol-2-yl)thio)-2-
methylpropanoic acid.

17. A pyridine derivative selected from the following compounds (194) to (227) or

a pharmaceutically acceptable salt thereof, or a solvate thereof:
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(194) 1w(naphthalen—i~ylm¢thyl)~2—(pyridin—3-yl)—IH—pyrrole-S-carboxyIic acid;
(195) 1-((4-methylnaphthalen-1-ylymethyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxylic acid;

(196} 1-((4-bromobenzo[b|thiophen-3-yl)methyl)-2-(pyridin-3-yl)-1H-pyrrole-5-
carboxylic acid;

(197) 1-((2-methylnaphthalen-1-ylymethyl)-2-(pyridin-3-yl)-1H-pyrrole-5-
carboxylic acid; |

(198) 1-((8-bromonaphthalen-1-ylmethyl)-2-(pyridin-3-yl)-1H-pyrrole-5-
carboxylic acid;

(199) 1-((4-methylbenzo[blthiophen-3-ymethyl)-2-(pyridin-3-y})-1H-pyrrole-5-
carboxylic acid;

(200) 1—(benzo[b]thiophen—B~y1methy1)—2-(pyridin—B—yi)—1H—pyrrole-S—carbéxylic acid;
(201) 2-(pyridin-3-yD-1-{(4-(trifluoromethyl)benzo[bthiophen-3-ymethyl)-1H-
pyrrole-5-carboxylic acid;

(202) 1-((4-chlorobenzo[blthiophen-3-yljmethyl)-2-(pyridin-3-y1)- 1 H-pyrrole-5-
carboxylic acid;

(203) 1-(2,5-dichlorobenzyl)-2-(pyridin-3-yI)- 1 H-pyrrole-5-carboxylic acid;

(204) 1-(2,S—dimethyibenzyl)—Q-(pyridiﬂ—3—y1)~ [ H-pyrrole-5-carboxylic acid;

(205) 1-(2,5-dichlorobenzyl)-2-(5-methylpyridin-3-y)-1H-pyrrole-5-carboxylic acid;
(206) 1-(2,5-dichlorobenzyl}-2-(5-fluoropyridin-3-y1)- IH-pyrrole-5-carboxylic acid;
(207) 1-({(4-chlorobenzo{blthiophen-3-ylimethyl}-2-(5-methylpyridin-3-y1)-1H-
pyrrole-5-carboxylic acid;

(208) 1-((4-chlorobenzo[b]thiophen-3-yl)methyl)-2-(5-fluoropyridin-3-y1)-1H-
pyrrole-5-carboxylic acid,; |
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(209) 2-(5-chloropyridin-3-yl)-1-(2,5-dichlorobenzyl}-1H-pyrrole-5-carboxylic acid;
210y 1 -((4-chiorobenzo[b}thiophen~3-yl)methy})—Q—(S-chlofopyridin—Bny)- 1H-
pyrrole-5-carboxylic acid;

(211) 2-(pyridin-3-yi}-1-(quinolin-8-ylmethyl}-1H-pyrrole-5-carboxylic acid;

(212) 1-(benzo[blthiophen-7-ylmethyl)-2-(pyridin-3-y1)- 1 H-pyrrole-S-carboxylic acid;
(213) 1-(benzo[blthiophen-7-ylmethyl)-2-(5-methylpyridin-3-yl)- 1H-pyrrole-5-
carboxylic acid;

(214) 1-(benzojblthiophen-7-ylmethyl}-2-(5 —ﬂuoropyri&ind-yi)-i H-pyrrole-5-
carboxylic acid;

(215) 1~(benzo[b]thiophen-7-ylmethyl)-2-(5-chloropyridin-3-yl)-1 H-pyrrole-5-
carboxylic acid;

(216) N-(methylsulfonyl)-1-(naphthalen-1-ylmethyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carbpxamide;

(217) N-(cyclopropylsulfonyl)- 1 -(naphthalen-1-ylmethyl)-2-(pyridin-3-y1})-1H-
pyrrole-5-carboxamide;

(218) 1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-yl)-N-(methylsulfonyl)-1H-
pyrroie~5 -carboxamide;

(219) N-(cyclopropylsutfonyl}-1-(2,5-dichlorobenzyl)-2-(5-fluoropyridin-3-y1)-1H-
pyrrole-5-carboxamide;

(220) 1-(2,5-dichlorobenzyl)-N-(methylsulfony)-2-(pyridin-3-y1)- 1 H-pyrrole-3-
carboxamide;

(221} 2-(5-chloropyridin-3-y1)-1-(2,5-dichlorobenzyl)-N-(methylsulfonyl)-1H-
pyrrole-5-carboxamide;

(222) 2-(5-chloropyridin-3-y1)-N-(cyclopropylsulfonyl)-1-(2,5-dichlorobenzyl)-1H-
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pyrrole-5-carboxamide;

(223) N-(cyclopropylsulfonyl)-1-(2,5-dichiorobenzyl)-2-(pyridin-3-y1)-1H-pyrrole-5-
carboxamide;

(224) N-(cyclopropylsulfonyl)~1-(2,5-dichlorobenzyl)-2-(5-methyipyridin-3-yl)-1H-
pyrrole-5-carboxamide;

(225} (E)-3-(1~(naphthalen-1-ylmethyl)-2-(pyridin-3-y})-1H-pyrrol-5-yl)acrylic acid;
(226) (E)-3-(1-(2,5-dichlorobenzyl}-2-(5-methylpyridin-3-yl)-1H-pyrrol-5-y1)

acrylic acid; and

(227) (E)-3-(1-(2,5-dichlorobenzyi)-2-(5-fluoropyridin-3-yl)-1H-pyrrol-5-y1)

acrylic acid.

18. A prodrug of the pyridine derivative according to any of claims 1 to 17 or a
pharmaceutically acceptable salt thereof, or a solvate thereof.

19. A pharmaceutical composition comprising the pyridine derivative or the
prodrug thereof, or the pharmaceutically acceptable salt thereof, or the solvate thereof
according to any of claims 1 to 18.

20. A URAT! inhibitor comprising as an active ingredient the pyridine derivative
or the prodrug thereof, or the pharmaceutically acceptable salt thereof, or the solvate
thereof according to any of claims 1 fo 18.

21. An agent for treatment or prevention of. one or more diseases selected from the
group consisting of gout, hyperuricemia, hypertension, renal diseases, diabetes,
arteriosclerosis, and Lesch-Nyhan syndrome, comprising as an active ingredient the
pyridine derivative or the prodrug thereof, or the pharmaceutically acceptable salt
thereof, or the solvate thereof according to any of claims 1 to 18.

22. A compound represented by the following formula (I} or a pharmacetically
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acceptable salt thereof, or a solvate thereof:

[Chemical Formula 4]

7~</“

Z an

Rig

wherein:

R;and R; are as defined in the formula (I);

Ry7 represents a chlorine atom, a bromine atom, or an iodine atom;

Rs represents a formyl group or -CO,Rs;

Rs in Rz and Rys each independently represents an alkyl group having 1 to 6 carbon
atoms; and

Z represents any of the following substituents designated Z1 tb Z7

{Chemical Formula 5]

ﬁ -
W N
/‘/ ’ & & :b—) Ris Rys

z6 z7

wherein: Rg to Rys, Y, and W are as defined in the formula (I), with the proviso that
2-chloro-1-(thiophen-2-ylmethyl)- 1H-pyrrole-3-carbaldehyde, ethyl
2-bromo- [ -(4-methylbenzyl)-1H-pyrrole-5-carboxylate, and dimethyl
2-bromo-1-(2-chlorobenzyl)-1H-imidazole-4,5-dicarboxylate are excluded.

23. A compound represented by the following formula (IIT) or a pharmaceutically
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acceptable salt thereof, or a solvate thereof:

[Chemical Formula 6}
Rs
N
—
N
/ R1g
Za (11D

wherein:

Rj is as defined in the formula (I);
Rio represents -CO;Rs;

Rs in Rz and Ry each independently represents an alkyl group having 1 to 6 carbon

atoms; and

Za represents a 2,5-dichlorobenzyl group, a 3,5-dichlorobenzyl group,

o

2,5-dimethylbenzyi group, a  2,5-bis(trifluoromethyl)benzyl group, a
2-chloro-5-methylbenzyl group, a naphthalen-1-ylmethyl group, a

(2-methylnaphthalen-1-ylmethyl group, a (4-methylnaphthalen-1-yDmethyl group,

a
(8-methylnaphthalen-1-yl)methyl group, a (8-bromonaphthalen-1-yDmethyl group, a
benzo[b]thiophen-3-ylmethyl group, a (4-methylbenzo[b]thiophen-3-yl)methyl group, a
(4-chlorobenzo[blthiophen-3-ylmethyl _ group, : a
(4-bromobenzo[b]thiophen-3-ymethyl group, a
(4—-(triﬂuoromethy1)benzo[b]thiophen—B—yI)methyl group, a
{5-methylbenzo[b]thiophen-3-yhHmethyl ' group, a
(5-chlorobenzo[bithiophen-3-ylimethyl group, a
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(5-(trifluoromethyl}benzo[b]thiophen-3-y)methyl group, a
benzo{bithiophen-7-ylmethyl group, a (5—ﬁuoro‘benzo[b]thiophen—’?ay})m‘ethyi group, a
(2,5-dichlorothiophen-3-yDmethyl group, a (2,4-dichlorothiophen-5-yhymethyl group, or

a quinolin-8-yimethyl group.
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