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[Title of the Document] Description
[Title of the Invention] AZOLE BENZENE DERIVATIVE
[Technical Field}

The present invention relates to a nove} compound having a xanthine oxidase
inhibitory activity and a method for manufacturing the same as well as a xanthine
oxidase inhibitor containing the compound as an active ingredient.

In particular, the present invention relates to am azole benzene derivative
useful as a therapeutic agent or a preventive agent for diseases associated with
xanthine oxidase such as gout, hyperuricemia, fumor lysis syndrome, urinary calculi,
hypertension, dyslipidemia, diabetes, cardiovascular diseases such as arteriosclerosis
or heart failure, kidney diseases such as diabetic nephropathy, respiratory diseases such
as chronic obstructive pulmonary diseases, inflammatory bowel diseases or
autoimmune diseases.

[Background Art]

Xanthine oxidase is an enzyme catalyzing the conversion of hypoxanthine to
xanthine and further to uric acid in nucleic acid metabolism.

A xanthine oxidase inhibitor inhibits uric acid synthesis to reduce a level of
uric acid in the blood with respect to the action of xanthine oxidase. Thus, a xanthine
oxidase inhibifor is effective as a therapeutic agent for hyperuricemia and various
diseases caused by hyperuricemia. Moreover, there are gouty arthritis and gouty
tophus called gout as a clinical condition caused by as a result of deposition of urate
crystals after prolonged hyperuricemia. In addition, hyperuricemia is considered to
be important as a factor of lifestyle diseases associated with obesity, hypertension,

dyslipidemia and diabetes or metabolic syndromes, and recently, it has been clarified
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that hyperuricemia is a risk factor of renal damage, urinary calculi and cardiovascular
diseases by epidemiological studies (guideline for the Management of Hyperuricemia
and Gout, 2nd edition). In addition, a xanthine oxidase inhibitor is expected to be
useful for a treatment of diseases related to reactive oxygen species by its inhibitory
activity on reactive oxygen species generation, for example, a treatment of
cardiovascular diseases through improvement of endéthelial function (Circulation.
2006;114:2508-2516) .

Allopurinol and febuxostat are clinically used as a therapeutic agent for
hyperuricemta, but allopurimol has been reported to have a side effect such as
Stevens-Johnson syndrome, toxic epidermal necrolysis, hepatic disorder and renal
dysfunction (Nippon Rinsho, 2003; 61, Suppl. 1. 197 - 201).

As a compound having a xanthine oxidase inhibitory activity, for example, a
2-phenylthiazole derivative is reported (Patent Documents 1 to 3).

On the other hand, in Patent Documents 4 and 5, a dithiazole carboxylic acid
derivative baving a benzene rving in the cenier is reported. Further, in Patent
Documents 6 and 7, a biphenyl thicazole carboxylic acid derivative is reported.

[Prior Art Documents)
[Patent Documents]

[Patent Document 1] International Publication No. 92/09279

[Patent Document 2] Japanese Patent Laid-Open No. 2002-105067

[Patent Document 3] International Publication No.96/31211

[Patent Document 4] International Publication No. 2011/139886

[Patent Document 5] International Publication No. 2011/101867

[Patent Document 6] International Publication No. 2010/018458
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[Patent Document 7] International Publication No. 2010/128163
[Summary ofthe Disclosure]

[Problems fo be Solved by the Invention]

An ébject of the present disclosure is to provide a novel compound having a
xanthine oxidase inhibitory activity. Further, an object of the present invention is to
provide a compound having an excellent uric acid lowering effect. In addition, an
object of the present disclosure is to provide a compound useful as a therapeutic agent
or a preveniive agent for diseases associated with xanthine oxidase such as gouf,
hyperuricemia, tumor lysis syndrome, urinary calculi, hypertension, dyslipidemia,
diabetes, cardiovascular diseases such as arteriosclerosis or heart failure, kidney
diseases such as diabetic nephropathy, respiratory diseases such as chronic obstructive
pulmonary diseases, inflammatory bowel diseases or autoimmune diseases.

[Means for Solving the Problems]

As a result of earnest studies on compounds having a xanthine oxidase
iphibitory activity, the present inventors have found that a compound represented by
the following formula (I}

{Chemical Formula 1)

Ry

(1)

which is a benzene structure having 3 substituents and a azole benzene derivative
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having a 2-thiazole ring at a position 1 and a I,3-nitrogen-containing azole ring at a
position 3 has a xanthine oxidase inhibitory activity, further a xanthine oxidase
inhibitory activity accompanied by an excellent uric acid lowering effect, and further a
sustained xanthine oxidase inhibitory activity capable of providing an especially
excellent uric acid lowering effect over a long period of time, and completed the
present disclosure. In addition, the present inventors have found that the azole
benzene derivative may serve as a favorable therapeutic or preventive agent for gout,
hyperuricemia, tumor lysis syndrome, urinary calculi, hypertension, dyslipidemia,
diabetes, cardiovascular diseases such as arteriosclerosis or heart failure, kidney
diseases such as diabetic nephropathy, respiratory diseases such as chronic obstructive
pulmonary diseases, inflammatory bowel diseases or autoimmune diseases and
completed the present disclosure.

The present disclosure relates to a compound represented by the following

formula (I) or a pharmaceutically acceptable salt thereof:

[Chemical Formula 2}

{wherein R, represents OR, NRR’ which may form a ring or SR, in which R and R’
independently represent a hydrogen atorn, an alkyl group having 1 to § carbon atoms

optionally substituted with one or a plurality of alkoxy groups having 1 to 8 carbon
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atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with
one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups having 1
to 8 carbon atoms or halogen atoms, or a heteroaryl group optionaily substituted with
one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups having 1
to 8 carbon atoms or halogen atoms.
R, represents a hydrogen atom or an alkyl group having 1 10 8 carbon atoms.
Xy, X, and X5 are independently CR; or a nitrogen atom, or X; is CR3 or a nitrogen
atom, and ¥, and X3 together form a benzene ring, in which Ry is a hydrogen atom or
an alkyl group having 1 to 8 carbon atoms. ]

The present disclosure relates to a compound represented by the formula (I) or

a pharmaceutically acceptable salt thereof:

()

[wherein R; represents OR, NRR’ which may form a ring or SR, in which the term

“NRR’ forms a ring” means that R and R’ together with the nitrogen atom to which
they are attached, to form a saturated nitrogen-containing ring, and in which R and R°
independently represent 2 hydrogen atom, an alkyl group baving 1 to & carbon atoms
optionally substituted with one or a plurality of alkoxy groups having 1 to & carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with

one or a plurality of alkyi groups having 1 to 8 carbon atoms, alkoxy groups having 1

wy
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to 8 carbon atoms or halogen atoms, or a heteroaryl group optionally substituted with
one or a plurality of alkyl groups having 1 to § carbon atoms, an alkoxy groups having 1
to 8 carbon atoms or a halogen atom,

Rz represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and

X, X2 and X5 are independently CR; or a nifrogen atom, or X; is CRj or a nifrogen
atom, and X, and X together form a benzene ring, in which Rs is a hydrogen atom or
an alkyl group having 1 to 8 carbon atoms.

In addition, the present disclosure relates to a pharmaceutical conposition
containing a compound represented by the above formula (I) or a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable carrier.

Further, the present disclosure relates to & xanthine oxidase mhibitor containing
a compound represented by the above formula (I) or a pharmaceutically acceptable salt
thereof as an active ingredient.

In addition, the present disclosure relates to a therapeutic agent or a preventive
agent for diseases associated with xanthine oxidase such as gout, hyperuricemia, tumor
lysis syndrome, urinary calculi, hypertension, dyslipidemia, diabetes, cardiovascular

iseases such as arteriosclerosis or heart failure, kidney diseases such as diabetic
nephropathy, respiratory diseases such as chronic obstructive pulmonary diseases,
inflammatory bowel diseases or autoimmune diseases, which contains a compound
represented by the above formula (I) or a pharmaceutically acceptable salt thereof as an
active ingredient.

Further, the present disclosure relates to a compound represented by the

Sa
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following formula (II), which may be used as a manufacturing intermediate of a

compound represented by the above formula (I):

[Chemical Formula 3]

(1)

[wherein R; represents OR, NRR’ which may form a ring, or SR, in which R and R’
independently represent a hydrogen atom, an alkyl group having 1 to 8 carbon atoms
optionally substituted with one or a plurality of atkoxy groups having 1 to 8 carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with
one or a plurality of alkyl groups having 1 to 8 carbon atoms, an alkoxy groups having
1 to 8 carbon atoms or a halogen atom, or a heteroary! group optionally substituted
with one or a plurality of alkyl groups having 1 to 8 carbon atoms, an alkoxy groups
having 1 to 8 carbon atoms or & halogen atom.

The present disclosure relates to compound represented by the formula (11}
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[wherein R, represents OR, NRR’ which may form a ring, or SR, in which the term
“NRR’ forms a ring” means that R and R’ together with the nitrogen atom to which
they are attached, to form a saturated nitrogen-containing ring, and in which R and R’
independently represent a hydrogen atom, an alkyl group having 1 to 8 carbon atoms
optionally substituted with a one or a plarality of alkoxy groups having 1 to § carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with
one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups having
1 to 8 carbon atoms or halogen atoms, or a heteroaryl group optionally substituted
with one or a plurality of alkyl groups having | to 8 carbon atoms, an alkoxy groups
having 1 to 8 carbon atoms or a halogen atom,
R, represents a hydrogen atom or an.alky! group having 1 to 8 carbon atoms,
Xy, Xy and X5 are independently CR3 or a nitrogen atom, or X; is CR; or a nitrogen
atom, and X, and X, together form a benzene ring, in which R; represents a
hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and

R, represents a protective group of a carboxyl group selected from the group
consisting of methyl group, ethyl group, isopropyl group, heptyl group, t-butyl
group, methoxymethyl group, methylthiomethy! group, methoxyethoxymethyl group,
methoxyethyl group, and benzy!l group.
Ra represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
X, %5 and X5 are independently CR; or a nitrogen atom, or X, is CR; or a nitrogen
atom, and X, and X; together form a benzene ring, in which R; represents a
hydrogen atom or an alkyl group having 1 to 8 carbon atoms.]
R4 represents a proteciive group of a carboxyl group.

Further, the present disclosure relates to a compound represented by the

following formula (II), which may be used as a manufacturing intermediate of a

6a
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compound represented by the above formula (I):

[Chemical Formula 4]
O
Rs” | =
J X3. N L7 S

(IT)

{wherein R, represents a hydrogen atom or an alkyl group having 1 to § carbon atoms.
Xy, Xg and X3 are mdependently CRj or a nifrogen atom, or X; is CR; or a nitrogen
atom, and X, and X3 together form a benzene ring, in which Rj represents a hydrogen
atom or an alkyl group having 1 to 8 carbon atoms.

Ry represents a protective group of a carboxyl group.

Rs represents a protective group of a phenolic hydroxyl group.]

The present disclosure relates to a compound represented by the formula (I):

(I

{wherein R represents a hydrogen atom or an alkyl group having 1 fo 8 carbon atoms,

X, Xy and X are independently CR; or a nitrogen atom, or X, is CR; or a nitrogen
atom, and X, and X together form a benzene ring, in which R; represents a hydrogen
atom or an alkyl group baving 1 to & carbon atoms,

R4 represents a protective group of a carboxyl group selected from the group consisting
of methyl group, ethyl group, isopropyl group, heptyl group, t-butyl group,
methoxymethy! group, methylthiomethyl group, methoxyethoxymethyl group,

methoxyethyl group, and benzy! group, and
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Rs represents a protective group of a phenolic hydroxyl group selected from the
group consisting of methyl group, isopropyl group, allyl group, t-butyl group,
methoxymethyl group, methylthiomethyl group, methoxyethoxymethyl group,
1-ethoxyethyl group, benzyl group, 4-methoxybenzyl group, acetyl group, trimethylsilyl
group, and t-butyldimethylsilyl group.].

[Advantages of the Invention]

The present disclosure provides a novel compound having a high xanthine
oxidase inhibitory activity and a method for mamufacturing the same. In addition, a
product of the present disclosure is usefuf as a therapeutic agent or a preventive agent
for diseases associatec_i with xanthine oxidase such as gout, hyperuricemia, tumor lysis
syndrome, urinary calculi, hypertension, dyslipidemia, diabetes, cardiovascular diseases
such as arteriosclerosis or heart failure, kidney diseases such as diabetic nephropathy.,
respiratory diseases such as chronic obstructive pulmonary diseases, inflammatory
bowel diseases or autoimmune diseases.

[Description of Embodiments)

7a



10

15

20

The terms used singly or in combination in the present description will be
explained in the following. Unless otherwise specified, explanation of each
substituent shail be common to each position. In addition, if any variables exist in an
optional constituent factor in an arbitrary constituent element, the definition is
independent in each of coustituent elements. Further, a combination of substituents
and variables is allowed as long as such a combination results in a chemically stable
compound.

Generally “xanthine oxidase” 1s used as a broad sense, enzymes catalyzing
oxidative reactions of hypoxanthine to xanthine and further to uric acid, and a narrow
sense, oxidase-type xanthine oxidoreductase which is one of the enzymes catalyzing
the reactions, however, int the present invention, “xanthine oxidase” collectively means
enzymes catalyzing oxidative reactions of hypoxanthine to xanthine and further to uric
acid, unless otherwise noted. Xanthine oxidoreductase which catalyzes such reactions
has two types, 1.e. oxidase-type and debydrogenase-type.  Both types are included in
the “xanthine oxidase” of the present invention. In “xanthine oxidase inhibitory
activity”, “xanthine oxidase inhibitor” and the like, “xanthine oxidase” has same
meanings as defined above, unless otherwise noted.

In the present invention, the term "a halogen atom" means a fluorine atom, a
chlorine atom, a bromine atom, or an iodine atom.

In the present invention, the term “an alkyl group” means a monovelent
saturated linear, cyclic or branched aliphatic hydrocarbon group. Examples of “an
alkyl group having 1 to & carbon atoms” include methy! group, ethyl group, n-propyl
group, n-butyl group, n-pentyl group, n-hexyl group, isopropyl group, isobutyl group,

s-butyl group, t-butyl group, isopentyl group, 2-methylbutyl group, neopentyl group,
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1-ethylpropyl group, 4-methylpentyl group, 3-methylpentyl group, 2-methylpentyl
group, [-methylpentyl group, 3,3-dimethylbutyl group, 2.2-dimethylbutyl group,
1,1-dimethylbutyl group, 1,2-dimethylbutyl group, 1,3-dimethylbutyl group,
2,3-dimethylbutyl group, 1-ethylbutyl group, 2-cthylbutyl group, t-pentyl group,
ischexyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycloheptyl group, cyclopropylmethyl group, cyclobutyimethyl group,
cyclopentylmethyl group, cyclohexyimethyl group, cycloheptylmethyl group and the
like. Examples of “an alkyl group having 1 to 3 carbon atoms” include methyl group,
ethyl group, n-propyl group, and isopropyl group.

In the present invention, the term “an alkoxy group having” means a
monovelent saturated liner, cyclic or branched aliphatic hydrocarbon oxy group.
Examples of “an alkoxy group having I to 8 carbon atoms” include methoxy group,
ethoxy group, n-propoxy group, n-butoxy group, n-pentyloxy group, n-hexoxy group,
isopropoxy group, isobutoxy group, s-butoxy group, t-butoxy group, isopentyloxy
group, 2-methylbutoxy group, neopentyloxy group, cyclopropoxy group, cyclobutoxy
group, cyclopentyloxy group, cyclohexyloxy group, cycloheptyloxy group,
cyclopropylmethoxy group, cyclobutylmethoxy group, cyciopentyimethox'y group,
cyclohexylmethoxy group and the like.

In the present invention, the term “an aryl group”™ means a monocyclic or
bicyclic aromatic hydrocarbon group having 6 to 10 carbon atoms. Examples of the
aryl group include phenyl group, naphthyl group, indenyl group, tetrahydronaphthyl
group, indany! group, azulenyl group and the like.

In the present invention, the term “a heteroaryl group” means & monocyclic or

bicyclic aromatic heterocyclic group having | to 5 hetercatoms selected from oxygen
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atom, sulfer atom, and nitrogen atom. Examples of the heteroaryl group
includespyridyl group, pyrazyl group, pyrimidyl group, furyl group, thienyl group,
isoxazolyl group, isothiazolyl group, benzofuranyl gronp, benzothienyl group,
henzothiazolyl group, benzoimidazolyl group, benzooxazolyl group, pyranyl group,
imidazolyl group, oxazolyl group, thiazolyl group, triazinyl group, wiazolyl group,
benzoxazolyl group, benzoisoxazolyl group and the like.

In the present invention, the term “an optionally substituted alkyl group
baving 1 to 8 carbop atoms means an alkyl group baving 1 to § carbon atoms which is
optionally substituted with one or more substituents at substitutable positions.
Examples of substituent of the alkyl group having 1 to 8 carbon atoms include alkoxy
groups having ! to & carbon atoms, halogen atoms and hydroxyl groups. When the
number of the substituents is plural, the respective substituents may be the same or
different.

In the present invention, the term “an optionally substituted aryl group”™ means
an aryl group which is optionally substituted with one or more substituents at
substitutable positions. Examples of substituent of the aryl group include an alkyl
groups having 1 to & carbon atoms, alkoxy groups having | to 8 carbon atoms and
halogen atoms. When the number of the substituents is plural, the respective
substituents may be the same or different.

In the present invention, the term “an optionally substituted heteroaryl group”
means a heteroaryl group which is optionally substituted with one or more substituents
at substitotable positions.  Examples of substituent of the heteroaryl group include an
alkyl groups having 1 to 8 carbon atoms, alkoxy groups having 1 to 8 carbon atoms

and halogen atoms. When the number of the substituents is plural, the respective

10
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substituents may be the same or different.

In the present invention, the term “a protective group of a carboxyl group” is,
for example, a general protective group of a carboxyl group, which is described in
PROTECTIVE GROUPS in ORGANIC SYNTHESIS, THIRD EDITION, H John
Wiley & Sons, Inc. and examples of the protective group include methyl group, ethyl
group, isopropyl group, heptyl group, t-butyl group, methoxymethyl group,
methylthiomethyl group, methoxyethoxymethy! group, methoxysthyl group, benzyl
group and the like.

In the present invention, the term “a protective group of a phenolic hydroxyl
group” is, for example, a general protective group of a phenolic hydroxyl group, which
is described in PROTECTIVE GROUPS in ORGANIC SYNTHESIS, THIRD
EDITION, H John Wiley & Sons, Inc. and examples of the protective group include
methyl group, isopropyl group, allyl group, t-butyl group, methoxymethyl group,
methylthiomethy) group, methoxyethoxymethyl group, 1-ethoxyethyl group, benzyl
group, 4-methoxybenzy! group, acetyl group, trimethylsilyl group, t-butyldimethylsilyl
group and the like,

In the above formula (1), R, represents OR, NRR' which may form a ring or
SR. Here, R and R’ independently represent a hydrogen atom, an alkyl group having
1 to 8 carbon atoms optionally substituted with one or a plorality of atkoxy groups
having 1 to 8 carbon atoms, halogen atoms or hydroxyl groups, an aryl group
optionally substituted with one or a plurality of alkyl groups having 1 to 8 carbon
atoms, alkoxy groups having 1 to 8 carbon atoms or halogen atoms, or a heteroaryl
group optionally substituted with one or a plurality of alkyl groups having ! to 8

carbon atoms, an alkoxy groups having 1 to 8 carbon atoms or a halogen atom. R is

i1
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preferably OR. When R; is OR or SR, R is preferably an alkyl group having 1 to 8
carbon atoms optionally substituted with one or a plurality of alkoxy groups having 1
to 8 carbon atoms, halogen atoms or hydroxyl groups, or an aryl group optionally
substituted with one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy
groups having 1 to 8 carbon atoms, halogen atoms. More preferably, R is an alky!
group having | to 8 carbon atoms optionally substituted with one or a plurality of
alkoxy groups having 1 to 8 carbon atoms or hydroxyl groups. Particularly preferably,
R is an isopropy! group, an isobutyl group or a neopenty! group. In NRR™ in which
R; may form a ring, the term “NRR’ forms a ring” means that R and R” are bonded to
form a saturated nitrogen-containing ring. In the case of NRR’ in which Ry may form
& ring, preferably R and R’ are independently an alkyl group having I to & carbon
atomns optionally substituted with a hydroxyl group, and more preferably R and R are
independently a methyl group, an ethyl group or an isopropyl group, or R and R’ are
more preferably bonded to form together a pyrrolidin-i-yl group, a piperidin-1-yl
group or a morpholin-1-v] group.

In the above formula (I}, R, represents a hydrogen atom or an alkyl group
having ! to 8 carbon atoms.  Specific examples of the term “an alkyl group having 1
to 8 carbon atoms” are the same as the definition described above. Ry is preferably a
hydrogen atom or an alkyl group having 1 to 3 carbon atoms and specific examples of
the alkyl group include a methyl group, an ethyl group, an n-propyl group and an
isopropyl group, more preferably a hydrogen atom or a methyl group, and particularly
preferably a methyl group.

In the above formula (1), X, X, and X3 are independently a CRs or a nitrogen

atom, or X, is CR; or a nitregen atom and X, and X5 together form a benzene ring.

12
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R; represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.  If X is
CR3 or a nitrogen atom and X and X5 together form a benzene ring, the compound
may be represented by following structural formula:

[Chemical Formula 5)

Ry

T

s
\_/ A | )—COOH
N= X

N
Ry

Xy, o and X3 are preferably independently CR; or a nitrogen atom. A more
preferable combination is that X is a nitrogen atom, X is CRs or a nitrogen atom and
X3 is CRs.  In any of the combinations, Rs is preferably a hydrogen atom. If X;isa
nittogen atom, X, is CH or a nitrogen atom and X3 is CH, the compound may be
represented by following structural formula:

[{Chemical Formula 6]

Ry Ry \A\

S s a S
) 1 COOH N ) \ ) COOH
RZ RZ

In the above formula (I}, in any of the cases where R; is OR, NRR* which
may form a ring or SR, a preferable combination of R, R’, Ry, X;, X; and X3 is that

preferable groups described above individually are combined, in which X3 15 2

13
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hydrogen atom or an alkyl group having 1 to § carbon atoms. In the preferable
sombination of R, R’, Ry, X, X, and X5, R is more preferably a hydrogen atom.

A more preferable combination of R, R’, Ry, X, X5 and X3 is the one in which
more preferable groups are combined, in which Rj is a hydrogen atom or an alkyl
group having 1 to § carbon atoms. In the more preferable combination of R, R’, Ry,
X1, X5 and X3, Ry is more preferably a hydrogen atom.

A further more preferable combination of R, B’, Ry, ¥, Xy and X5 is that R is
an isopropyl group, an isobutyl group or a neopenty! group, R, is a methyt group, X, is
a pitrogen atom, X is CR; or a nitrogen atom and X3 is CRj, in which Rj is a
hydrogen atom.

In any of combinations of a more preferable combination and a further more
preferable combination of R, R’, Ry, X, X» and X3, R; is preferably OR.

Specific examples of the preferable combination of R;, R, R’, Ry, X, X5 and
X3 in the formula (1) of the present invention include the following combinations 1) o
9y
13 Ry is OR; Ris an alky! group having 1 to & carbon atoms optionally substituted with
one or a plurality of alkoxy groups having 1 to 8 carbon atoms, halogen atoms or
hydroxyl groups, or an ary! group optionally substituted with one or a plurality of alkyl
groups having 1 to 8 carbon atoms, alkoxy groups baving 1 to 8 carbon atoms or
halogen atoms; R; is a hydrogen atom or an alkyl group having ! to 3 carbon atoms,
X is a nitrogen atom; X, is CR;3 or a nitrogen atom; X3 is CRs; and Ry is a hydrogen
atom;

23 Ry is OR; R is an alkyl group having 1 to 8 carbon atoms optionally substituted with

one or a piurality of alkoxy groups having 1 to 8 carbon atoms or hydroxyl groups; R,

14
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is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms; X; is a nitrogen
atom; X, is CR3 or a nitrogen atom; X3 13 CRy; and R is a hydrogen atom;

3) R, is OR; R is an isopropyl group, an isobutyl group or a neopentyl group; Ry is a
hydrogen atom or a methy! group; X, is a nitrogen atom; X3 is CR; or a nifrogen atom;
X3 is CR3; and R is a hydrogen atom;

4} R, is SR; R is an alkyl group having 1 to 8 carbon atoms optionally substituted with
one or a plurality of alkoxy groups having 1 to 8 carbon atoms, halogen atoms or
hydroxyl groups, or an aryl group optionally substituted with one or a plurality of alkyl
groups having 1 to 8 carbon atoms, alkoxy groups having 1 to 8 carbon atoms or
halogen atoms; Ry is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms;
¥ is a nitrogen atom; X, is CR3 or a nitrogen atom; X3 18 CR3; and Rj is a hydrogen
atom;

5) Ry is SR: R is an alkyl group having 1 to 8 carbon atoms optionally substituted with
one of a plurality of alkoxy groups having 1 to & carbon atoms or hydroxyl groups; R,
is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms; X, is a nitrogen
atony; X is CR3 or a nitrogen atom; X is CRy; and R; s a hydrogen atomy;

6) R; is SR; R is an isopropyl group, an isobulyl group or a neopentyl group; Ry is a
hydrogen atom or a methyl group; X is a nitrogen atom; X3 is CR3 or a nifrogen atom;
X3 is CRy; and R3 is a hvdrogen atom;

7) Ryis NRR’ which may form a ring: R and R* are independently an alkyl group
having 1 to 8§ carbon atoms optionally substituted with one or a plurality of alkoxy
groups having 1 to 8 carbon atoms or hydroxyl groups, Ry is a hydrogen atom or an
alkyl group having 1 to 3 carbon atoms; X; is a nitrogen atom ; X5 is CR; or a nitrogen

atomy; X3 is CRy; and Rs is a hydrogen atom;

15
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8) Ry is NRR’ which may form a ring; R and R’ are independently a methy! group, an
ethyl group or an isopropyl group or R and R’ are bonded to form together a
pyrrolidin-1-yl group, a piperidin-l-yl group or a morpholin-1-yl greup; R; is a
hydrogen atom or an alky] group having ! to 3 carbon atoms; X, is a nitrogen atom; X;
is CR3 or a nitrogen atom; X3 is CRs: and Rs is a hydrogen atom;

9) R is NRR’ which may form a ring; R and R’ are independently a methyl group, an
ethyl group or an isopropyl group or R and R’ are bonded to form together a
pyrrolidin-1-yl group, a piperidin-1-yl group or a morpholin-1-y1 group; R, is 2
hydrogen atom or a methyl group: X, is a nitrogen atom; X, is a CR3 or a nitrogen
atom; X5 is CR3; and Ry is a hydrogen atom,

A compound of the present invention is a compound exhibiting an excellent
xanthine oxidase inhibitory activity. In addition, a compound of the present invention
has an excellent wric acid lowering effect. Further, a compound of the present
invention has a sustained uric acid lowering effect over a Jong period of time,

Examples of a preferred compound include the following compounds.

16



[Chemical Formula 7]

Compound Structure Name
)\/O\l R R-[3-(1H-imidazol-1-y})-4-
1 e //\(S j 2-methylpropoxy)phenyl]-4- :
N :\L/%( o methyl-1,3-thiazole-5-carboxylic acid
"\J\/O\Tf\; D.[4-(2,2-dimethylpropoxy)-3-
2 /\N/‘\/\/s 40 {1H-imidazol-I-yl)phenyl]-4- !
/?\% g o methyl-1,3-thiazole-5-carboxylic acid
|
/\\/—*/ i o ;2-[4~(cyciobutylmethoxy)—B» '
3 (\N’/\ F IMS}——{O é(iH-imidazoi-1—y1)phenyi]-4—
N*’J Ny o %methybi,3~thiazolev5-carboxylic acid |
-
\
\/\\/(:j@ 2-i4-(cyclopentylmethoxy)-3-
4 A8 O {(1H-imidazol-1-yl)phenyl]-4-
4 s T/ yipheny

methyl-1,3-thiazole-5-carboxylic acid |

jtn

2-{4-{cyciopentyloxy)-3-
1H-imidazol-1-yl)phenyl}-4-
methyl-1,3-thiazole-5-carboxylic acid

il
e N\*/ Ok
\
L A
] 2-[4-(cyclohexyloxy)-3-
6 Bo! (1H-imidazol-1-yl)phenyl]-4-
(\j‘ ~ \|/§ 7/ methyl-1,3-thiazole-5-carboxylic acid
i o
{
“
</ AU
T 2-[3-(1H-imidazol-1-y1}-4-
7 ¢ ﬁ/ phenoxyphenyl]-4-methyl-1,3-
(\N/\ i thiazole-5-carboxylic acid
!V“’;J Ny on

17



[Chemical Formula 8]

Compound| Structure Name
No.
=
o
"j\.( 2-{4-(2-fluorophenoxy)-3-
8 \//’j 1H-imidazol-1-yl)phenyl]-4-
{/\N%\\" \n:‘c’)_(/o methyl-1,3-thiazole-5-carboxylic acid
W N < oH
)\/& S 4-methyl-2-
. | /§ . [3-(2-methyl-1H-imidazol-1-y1)-4-
= (/\N' \“/\I/).»/( (2-methylpropoxy)phenyl]-1,3-
N‘J\ N 04 thiazole-S-carboxylic acid
)\/C\| N “-methyl-2-
\ [3-(5-methyl-1H-1,2,3 4-tetrazol-1-yI)
1] A S s}
10 \>/*'\L \?J\f//_m/< ~4-(2-methylpropoxy)phenyl}-1,3-
v ' o1 khiazole-5-carboxylic acid
|
Q.
Y 2-[3-(1H-1,3-benzodiazol-1-yl)-4-
11 < N\ __N/L\\\//'w/.s /o 2-methylpropoxy)phenyl}-4-
= /}, N!\< methyl-1,3-thiazole-5-carboxylic acid
4-methyl-2-
n 13-(3-methyl-1H-1,2,4-triazol-1-yl)-4-
== (2-methylpropoxy)phenyl]-1,3-
thiazole-5-carboxylic acid
f
A-methyi-2-[4-(2-methylpropoxy)-3-
13 1H-1,2,4-triazol-I-yDphenyi]-1,3-
thiazole-5-carboxylic acid
4-methyl-2-
14 [3-(5-methyl-1H-1,2,4-triazol-1-yi1)}-4-
= 2-methylpropoxy)phenyl]-1,3-
thiazole-5-carboxylic acid
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[Chemical Formula 9]

C0111T;)ound Structure Name
No.
0
N 4-methyl-2-
i 6 {4-phenoxy-3-(1H-1,2,4-triazol-1-yl)
22 /NWD\(s 0 phenyl]- 1,3-thiazole-5-carboxylic
<N¢' WOH acid
S 4-methyl-2-[4-(propan-2-yloxy)-3-
16 S o  (1H-1,2,3-triazol-1-yDphenyl]-1,3-
( i T Y < thiazole-5-carboxylic acid
n==N New
AN | \} 4-methyl-2-[4-(2-methylpropoxy)-3-
17 NGNS /0 (1H-1.2,3-triazol-1-yphenyl]-1,3-
1
(\N é]__\/z’(% thiazole-5-carboxylic acid
N '0\/\ 2-14-(2,2-dimethylpropoxy)-3-
18 \///\/3 1H-1,2,3-triazol-1-yDphenyl}-4-
(\ \< ‘<C¢H methyl-1,3-thiazole-5-carboxylic acid
\
. Q.
N S 2-[4-(cyclobutylmethoxy)-3-
19 (,\{. N S TH-1.2,3-triazol-1-yD)phenyl]-4-
;\rﬁf‘!f Y, o methyl-1,3-thiazole~-5-carboxylic acid
S
Y
Q. 2-{4-(propan-2-yloxy)-3-
20 ﬁ 1H-1.2,3-triazol-1-yl)phenyl]-1,3-
(\/\ w thiazole-5-carboxylic acid
/\\/ 2y 2-[4-(2-methylpropoxy)-3-
21 N | & o (1H-1,23-triazol-I-yDphenyl]-1,3-
( / \l§/\>—‘< thiazole-5-carboxylic acid
Nzl N // oH
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[Chemical Pormula 10]

Comlaound Structure Name
No.
S
»
I 4-methyl-2-
22 Jf\v . [4-phenoxy-3-(1H-1,2,3-triazol-1-yl}
2 S T phenyl]-1,3-thiazole-5-carboxylic acid
/ N
we=M B OH
N
r/\// 2-14-(2-fluorophenoxy)-3-
- é\”/\ 1H-1,2,3-triazol-1-ylphenyl]-4-
&= b o methyl-1,3-thiazole-5-carboxylic acid
i f ’
\r;h'z \/\L{%’jbh
RN 4-methyl-2-{4-(propan-2-yloxy)-3-
24 P P s o (1H-1,23 4 tetrazole-1-yDphenyl]-
SN N e 1.3-thiazole-3-carboxylic acid
\
)\/O\(‘\"\ 4-methyl-2-[4-(2-methylpropoxy)-3-
25 //”\N/E\)\h/s —_{/0 ].HJ,2,3,4~tetrazo}'~I—yl‘)phenyl}'lﬁ»
N\W& N o thiazole-5-carboxylic acid
\
S
T|”\ 2-[4-(2,2-dimethylpropoxy)-3-
26 S S (1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\N’ﬁr’; ;%\/3 /<OH methyl-1,3-thiazole-S-carboxylic acid
l""m['\//c}x I
\Jg/ \\xl 2-14-{cyclobutylmethoxy)-3-
27 e 1\\/"\\‘/8\ © (1H-1,2,3,4-tetrazol-1-yl)phenyl}-4-
NT i 4 athv 3.thiaz 2 coarhaxvli :
(N N/ \OH methyl-1,3-thiazole-5-carboxylic acid
\
[y
\{/
O 2-[4-(cyclopentyloxy)-3-
28 (‘11\] 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
s //*\\',_,S o X . Y . . .
N ) methyl-1,3~thiazole-5-carboxylic acid
N N on
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[Chemical Formula [1]

Compound Structure Name
“O\J\
"0\1 = 2-{4-(3-hydroxy-2-methylpropoxy)-3-
29 ey SN_B iH-1,2,3,4-tetrazol-1-yl)phenyl}-4-
N\N/?\’; LL/Z/-(OH methyl-1,3-thiazole-5-carboxylic acid
Ho>k
BRI 2-[4-(2-hydroxy-2-methylpropoxy)-3-
30 S~ & s\ (1H-1.2,3,4-tetrazol-1-y)phenyl}-4-
N\N’/J\i. ;: Y methyl-1,3-thiazole-5-carboxylic acid
A\
éz\,,N 2-[4-(propan-2-yloxy)-3-
31 Bl 1H-1,2,3,4-tetrazol-1-yDphenyl]-1,3-
N%\N/\\//\‘/}_% thiazole-S-carboxylic acid
v\ | /
N=N N OH
!
/J\/O\!/\ 2-[4-(2-methylpropoxy)-3-
32 i P 1H-1,2,3,4-tetrazol-1~yl)phenyl]-1,3-
" 1 H thiazole-5-carboxylic acid
‘= ot o
)
\L/ 4-methyl-2-[4-phenoxy-3-
33 ! 1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
NSNS, P iazole-5-c: cvli i
W rﬁ\{/"{ thiazole~5-carboxylic acid
v
F/]\;/ 2-[4-(2-fluorophenoxy)-3-
34 O“‘lf\p (1H-1,2,3,4-tetrazol-1-yDphenyli-4-
VS m__{/o methyl-1,3-thiazole-5-carboxylic acid
\N_;N N\!// 5
\
i//\ﬂ
&
\O’J\( 2-{4-(2Z-methoxyphenoxy)-3-
35 :f\% 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
7N \/Aj',"i methyl-1,3-thiazole-5-carboxylic acid
M= 4
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[Chemical Formula 12]

D d
Con;ooun Structure Name
F
BON |
# I 2-{4-(2,6-difluorophenoxy)-3-
36 \r/\h (1H-1,2,3,4-tetrazol-1-yDphenyl]-4-
//‘gt/\/\jr’s’/\_j\o methyl-1,3-thiazole-5-carboxylic acid
i N\( oH
Fr
»
§ 7 2-[4-(3-fluorophenoxy)-3-
37 °\ﬁf\1 (1H-1,2,3,4-tetrazol-1-ylyphenyl}-4-
f‘*ga/\\/\(s methyli-1,3-thiazole-5-carboxylic acid
- Nu\/ o
\(@
z/ 2-[4-(3-methylphenoxy)-3-
38 © S _ [1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N//’\:‘«r o (s ‘., methyl-1,3-thiazole-5-carboxylic acid '
\Ng_;\: V4 “on
-
0’)\5 2-{4-(2-chlorophenoxy)-3-
39 \g/\[ (1H-1,2,3,4-tetrazol-1-yDphenyl]-4-
W I N methyl-1,3-thiazole-5-carboxylic acid
N N OH
y \
¢
N L
H\/ 2-{4-(4-fluoro-3-methyiphenoxy)-3-
46 é\ﬁ/\ (1H-1,2,3,4-tetrazol-1-yDphenyl]-4-
,\N)\.,/j\_/s P methyl-1,3-thiazole~5-carboxylic acid
N\N@N hﬂ@h
A
/ﬂ\/ 2-f4-{4-fluoro-2~-methylphenoxy)-3-
41 6\/\] (1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
il ¢ o : : ;
NN methyl-1,3-thiazole-5-carboxylic acid
F!
\i )
F)J/v,! 2-{4-(2,4-difluvorophenoxy)-3-
42 g N (1H-1,2,3,4-tetrazol-1-yl)phenyl}-4-
P | /’\t,s\/‘_ﬁj methyl-1,3-thiazole-S-carboxylic acid
Nt N—N/ “or
\
i
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{Chemical Formula 13]

Name

2-[4-(2-fluoro-6-methoxyphenoxy)-3-
(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
methyl-1,3-thiazole-5-carboxylic acid

2-{4-{2-methylphenoxyj)-3-
(1H-1.2,3,4-tetrazol-1-yl)phenyl}-4-
methyl-1,3-thiazole-5-carboxylic acid

2-[4-(4-methylphenoxy)-3-
1H-1,2.3,4-1etrazol-1-yl)phenyl]-4-
methyl-1,3-thiazole-5-carboxylic acid

2-[4-(3-fluoro-5-methyiphenoxy)-3-
1H-1,2,3,4-tetrazol-1-yDphenyl]l-4-
methyl-1,3-thiazole-5-carboxylic acid

2-{4-(2,5-difluorophenoxy)-3-
(1H-1,2.3,4-tetrazol-1-yDphenyli-4-
methyl-1,3-thiazole-5-carboxylic acid

2-14-(2-fluoro-S-methylphenoxy)-3-
1H-1,2,3,4-tetrazol-1-yliphenyl}-4-
methyl-1,3-thiazole-5-carboxylic acid |

Compound
N Structure
INO
-
|
43 O\D\/
/f\'\l' P y S, o
N N OH
®
o
44 s,
N //\N)I\/\(}/O
P f on
!
A
! 7
45 NSy
1 1 0
A e N
N\&,I& é\‘la_f{,, -’<OH
\
\![/\\":/F
46 Y
O
S, :
YT A
N N\< OH
x| o "
A
1
0, X
y A8 P
W ] Y,
NN N OH
\
AP
i
43 S
r\(/"\‘r\r/zl\\{1 I/S\ _ju
\N,/,,f, N\{ “on
)\/&'@v
48 N/,//\N/ AN 5, /o
o l /)——<
N==N N 7
\\ OH

4-methyl-2-
{4-[(2-methylpropyl)sulfanyl}-3-
1H-1,2,3,4-tetrazol-1-yDphenyl}-1,3-
thiazole-5-carboxylic acid

23



[Chemical Formula 14}

10

d
Comfmun Structure Name
No.
\( N 4-methyl-2-
N
50 « ] [4-(propan-2-ylsulfanyl)-3-
== N SN 1H-1,2,3,4-tetrazol- -yl phenyl]-1,3-
e N\/e‘{ow thiazole-5-carboxylic acid
;1)\\\! 4-methyl-2-
e
51 ;\/\ {4-[(4-methylphenyl)sulfanyl]-3-
- /\N)\Jh\ . o 1H-1,2,3,4-tetrazol-1-ylyphenyl}-
Mt E\/\"“/OH 1,3-thiazole S-carboxylic acid
b
RN~ ; 2-{4-(N,N-diethylamino}-3-
52 PN \[/s o (1H-1,2,3 4-tetrazol-1-yphenyl]-4-
N ) i o) . Cthi ol T . P .
St N\(} <OH methyl-1,3-thiazole-5-carboxylic acid
{0
/N‘*v/’\\]l A-methyl-2-[4-(pyrrolidin-1-yI}-3-
i i .
) Sy TRy ey Iy ! mim o3¢ —i,o-
33 //'\N/\V/YS}“(/Q {I-H 1,2,3,4 teirazgil 1 y%)phtnyl} 1,3
=N M/ ' thiazole S-carboxylic acid
\

Among these compounds, preferred compounds are compounds Nes. 1,2, 3,4, 5,6, 9,

10, 11, 12, 13, 14, 16, 17, 1§, 19, 20, 21, 24, 25, 26, 27, 28, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52 and 53, more preferred compounds are compound

Nos. 1,9,11, 12, 13, 14, 16, 17, 18, 19,20, 21, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 32 and 33, and particularly preferred

compounds are compounds Nos 17, 24, 25 and 26.

In the compounds represented by the formula (), which may be used as the

manufacturing intermediates of the compounds represented by the formula (1) of the present

mvention, Ry, R, R’, Ry, Xy, Xo, X5 and CR; are the same as the definition in the formula (I). Ry
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represents a protective group of a carboxyl group. The defmition of the protective group of a
carboxyl group is as described above and preferably is a methy! group, an ethyl group or a benzyl
group.

Further, in the compounds represented by the formula (II), which may be used as the
manufactoring intermediates of the compounds represented by the formmula (1) of the present
invention, Ry, Xj, X, X5 and CR; are the same as the definition in the formula (). Ry represents a
protective group of a carboxyl group.  The definition of the protective group of a carboxyl group
is as described above and preferably is a methyl group, an ethyl group or a benzy! group. Rs
represents a protective group of a phenolic hydroxyl group.  The definition of the protective group
of a phenolic hydroxyl group is as deseribed above and preferably is a methyl group, a
methoxymethyl group or a benzyl group.
<General Synthesis Methods>

The compounds of the formula (I} and the intermediates thereof may be synthesized, for
example, according to any of the synthesis methods described below. n addition, in each of the
formulas, Ry, R, R, Ry, X5, X5 and X5 are the same as defined in the formula (). Further, the
reagents or solvents or the like as the conditions described in the chemdcal formulas are only
exemplified as described in the text.  Bach of the substituents may be protected by a suitable
protective group or may be deprotected in a suitable stage, where necessary. In addition, as a
suitable protective group and a method for removing the protective group, a protective group of
each substituent widely used in this field and a well-known method may be employed and are
described, for example, in PROTECTIVE GROUPS in QRGANIC SYNTHESIS, THIRD
EDITION, John Wiley&Sons, Inc.

Synthesis Method (A)

Synthesis of Compound (A-2)
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[Chemical Formula 15]

(A-1) (A-2)

(wherein Y, and Y, represent a leaving group.) Examples of a leaving group represented by Y,
and Yy include a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group, a
trifluoromethanesulfonyloxy group and the like. The reaction is a method for synthesizing 2
compound (A-2) by reacting a phenolic hydroxyl group in the compound (A-1) with an alkylating
reagent having a leaving group under the presence of a base. Examples of the base to be used
include an inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, Jithium
hydroxide, sodium carbonate, potassium carbonate and cesium carbonate, a metal afkoxide such as
soditm ethoxide, sodinm methoxide and potassiom t-butoxide and an organic amine such as
viethylamine, pyidine, 4-aminopyridine, N-ethyl-NN-diisopropylamine  (DIPEA)  and
1,8-diazabicycio[5.4.0}-7-andecene (DBU).  The reaction is performed by reacting the compotnd
(A-1) with an equivalent or slightly excessive amount of a base in a solvent inactive to the reaction
at 0°C to 140°C, followed by adding an equivalent amount or an excessive amount of an alkylating
reagent to aflow the reaction 1o proceed generally for 0.5 to 16 hows.  The reaction is preferably
performed under an inert gas atmosphere such as nitrogen.  Here, the solvent includes, though not
particilarly limited, for example: ethers such as diethy] ether, tetrahydrofuran (THF), 1,4-dioxane,
i,2-dimethoxy ethane and  12-diethoxy ethane; NN-dimethylformamide (DOMF);
N-methylpyrrotidone; dimethy! sulfoxide (DMSO); water; or a mixed solvent thereof.

In addition, the compound (A-2) may be synthesized, for example, according to the

synthesis method described below,
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Synthesis of Compound (A-2)

[Chemical Formula 16]
Y, o O
+ R—OH o
Y CN Y
(A-3) (A-2)

{wherein Y; and Y; represent a leaving group.) Examples of a leaving group represented by Y)
and Y include a halogen atom, a methanesulfonyloxy group, a p-toluenesufonyloxy group and a
triffuoromethanesulfonyloxy group.  The reaction is a method for synthesizing a compound (A-2)
by converting alcohols to Ethium alkoxide, sodium alkoxide or potassium alkoxide with a base,
followed by the reaction with a compound (A-3). Examples of the base 0 be used include an
norganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as sodinm
ethoxide, sodium methoxide and potassium t-butoxide, and an organic ammioe such as tricthylamine,
pyridine, 4-aminopyndine, N-ethyl-N N-diisopropylamine (DIPEA) and
1,8-diazabicyclo{5.4.0}-7-undecene (OBU).  The reaction is performed by reacting an equivalent
or excessive amount of alcohols with an equivalent or slightly excessive amount of a base at -20°C
to 120°C i a solvent inactive to the reaction, followed by adding the compound (A-3) to allow the
reaction to proceed generally for 0.5 to 16 hours.  The reaction is preferably performed under an
inert gas atmosphere such as nitrogen.  Here, the solvent incluades, though not particularly Hmited,
for example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl
ether, tetrahydrofuran (THE), L4-dioxane, 1,2~ dimethoxy ethane and 1,2-diethoxy ethane;
N N-dimethylformamide (DMF), N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed

solvent thereof,
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Synthesis of Compound (A-5)

{Chemical Formula 17]

O H O
R/ XS’ N\X R/
+ (f , 1 e
Y, CN Ko~ PN
X% >£
(A-2) (A-4) NTHM o A5)

(wherein Y, represents a leaving group.) The reaction is a method for synthesizing a compound
(A-5) by a substitution reaction between the compounds (A-2) and (A~4).  Examples of a leaving
group represented by Y, inclode a halogen atom, a methanesulfonyloxy group, a
p-oluenesulfonyloxy group and a trifluoromethanesulfonyloxy group.  The reaction is performed
by reacting the compounds (A-2) and (A-4) in an equivalent amount or using an excessive amount
of one of the compounds under the presence of a base in a solvent mactive to the reaction at room
temperature to a reflux temperature under heating for generalty 0.5 hours to 2 days.  The reaction
is preferably performed under an inert gas atmosphere such as nirogen.  Examples of the base to
be used include an morganic salt such as sodiwm hydride, sodium hydroxide, potassinm hydroxide,
tithium hydroxide, sodium carbonate, potassium carbonate and cestam carbonate, a metal alkoxide
such as sodium ethoxide and sodium methoxide and an organic amine such as triethylamine,
pyridine, 4-aminopyridine, N-ethyl-N,N-diisopropylamine (DIPEA) and
1,8-diazabicyclo[5.4.0}-7-undecene (DBU). Here, the solvent includes, though not particulatly
Tummited, for example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as
diethyl ether, tetrahydrofuran (THE), 1.4-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane;
halogenated hydrocarbons such as  dichloromethane, 1,2-dichloroethane and chloroformy;
N N-dimethyiformamide (DMF); N-methylpyrrolidone, dimethy! sulfoxide (OMSO); or a mixed

solvent thereof.
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Synthesis of Compound (A-6)

[Cherical Formula 18]
R/OD Y
o
Xa. F NHp
”/Xa'f\E CN X'f" 3 N
Xoo g 2
(A-5) (A-6)

The reaction is a conversion reaction from a cyanc group to a thivamide group and is performed by
reacting an aromatic cyanc group derivative represented by the above formula (A-5) with a sulfur
source under acidic conditions.  The reaction is performed by using the compound (A-5) and the
sulfur source 10 an equivalent amount or using an excessive amnount of one of the compounds under
the presence of an acid i a solvent inactive to the reaction at room temperature to a reflux
temperature under heating for generally 0.5 hours to 2 days. . The reaction is preferably performed
uader an inert gas atmosphere such as nittogen.  Examples of the sulfur source to be used include
hydrogen sullide, thivacetamide or thioacetic acid. Examples of the acid to be used mclude
inorganic acid such as hvdrochloric acid, sulfiric acid and organic acid such as acetic acid, or an
aqueous solution of these acids.  Here, the solvent includes, though not particdlarly limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tefrahydrofuran (THF), l4-dioxane, [2- dimethoxy ethane and 12-digthoxy ethane;
N,N-dimethylformamide (DMF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed
solvent thereof.
Synthesis of Compound (A-8)

[Chemical Forrmula 19]
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{A-6) (A-T) (A-8)
{wherein Ry represents a protective group of a carboxyl group and Y4 represents a leaving group.)
Examples of a leaving group represented by Y. include a halogen atom, a methanesulfonyloxy
group, a p-toluenesulfonyioxy group and a wrifluoromethanesulfonyloxy group, The reaction is a
ring-forming reaction of a thiazole ring and is performed by reacting the compounds (A-6) and
(A-T7) in an equivalent amount or using an excessive amount of one of the compounds in a solvent
mactive to the reaction at room temperature 10 a reflux temperature under heating for generally 0.5
hours to 2 days. In addition, an equivalent or excessive amount of a base may be added. The
reaction is preferably performed under an inett gas atmosphere such as nitrogen.  Here, the solvent
includes, though not particolarly Hmited, for example: aromatic hydrocarbons such as benzene,
toluene and xylene; ethers such as diethyl ether, tetrahydrofuran (THF), 14-dioxane, 1.2-
dimethoxy ethane and 1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane,
§.2-dichloroethane and chloroforny; alcohols such as methancl, ethanol, 2-propanol and butanol;
N, N-dimethylformamide (DMF); N-methylpymrolidone; dimethylsulfoxide (DMSO); or a mixed
solvent thereof. Examples of the base to be used include: an morganic salt such as sodium
hydride, sodium hydroxide, potassium hydroxide, fithium hydroxide, sodium carbonate, potassivm
carbonate and cesivm carbonate, a metal alkoxide such as sodium ethoxide and sodium methoxide;
triethylamine; N-ethyl-N,N-ditsopropylamine (DIPEA); and 1,8-diazabicyclo[5.4.0]-7-undecene
(DBU).
Svnthesis of Compound (A-9)

[Chemical Formuia 20]

30
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Aag) 2 a9y ¢
(wherein Ry represents a protective group of a carboxyl group) The synthesis method is a
method for synthesizing a compound (A-9) of the present invention by deproteting a protective
group Ry of the compound (A-8) by an acid, a base or the like. The reaction is performed by
reacting the compound (A-8) with an equivalent or excessive amount of an acid or a base in a
solvent inactive to the reaction at room. temperature o a reflux temperature under heating for
senerally 0.5 hours (o 5 days. Here, the solvent includes, though not particularly Limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethy! ether,
tesrahydroforan (THF), 1,4-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane; halogenated
hydrocarbons such as dichloromethase, 1,2-dichloroethane and chloroformy; alcchols such as
methanol,  ethanol, 2-propanol  and  butanol;,  NN-dimethy¥formamide — (OMI);
N-methylpyrrolidone; dirmethyl sulfoxide (DMSO); water; or a mixed solvent thereof, Examples
of the acid include an norganic acid such as hydrogen chioside, hydrogen bromide, sulfaric acid,
nitrie acid and phosphoric acid; or a solution obtained by diluting these acids with water or an
organic solvent. Examples of the base include an inorganic salt such as sodium hydroxide,
potassium hydroxide, lithinm hydroxide, sodium carbonate, potassivm carbonate, a metat alkoxide
such as sodium ethoxide and sodivim methoxide; or a solution obtained by diluting these bages with
water or an organic solvent.
Symhesis of Compound (B-2)

{Chemical Formula 21)
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O,N Y
B-1) (B-2)

{wherein Y7 and Ys represent a leaving group.)  Bxamples of a leaving group represented by Y»
and Ys inchude a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesutfonyloxy group.  The reaction is a method for synthesizing a compound (B-2)
by reacting a phenolic hydroxyl group in the compound (B-1) with an alkylating reagent having a
leaving group 1 the presence of a base.  Examples of the basic substance to be used mclude an
inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate, potassium carbonate and cestum carbonate, a metal alkoxide such as sodivm
ethoxide, sodium methoxide and potassium t-butoxide or an organic amine such as triethylamine,
pyridine, d-aminopyridine, N-ethyl-N,N-diisopropylamine (DIPEA) and
1.8-diazabicyclo]5.4.0}-7-undecene (DBU).  The reaction is perforied by reacting the compound
(B-1) with an equivalent or slightly excessive amount of a base in a solvent inactive 1o the reaction
at 0°C 1o 140°C, followed by adding an equivalent or excessive amount of an alkylating reagent to
allow the reaction to proceed generally for 0.5 to 16 hours.  The reaction is preferably performed
under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
pasticularly limited, for example: ethers such as diethyt ether, tetrahydrofuran (THF), 1 4-dioxane,
12-dimethoxy ethane and 12-diethoxy ethane; N N-dimethylformamide (OMF);
N-methylpyrrolidone; dimethyl suffoxide (DMSO); water; or a mixed solvent thereof.

In addition, the compound (B-2) may be synthesized, for example, according to the
synthests method described below.

Synithesis of Compound (B-2}
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[Chenuical Formuda 22}

_{_
ON Ys

(B-3)

(wherein Y3 and Y5 represent a leaving group.) Examples of a leaving group represenied by Y3
and Ys include a halogen ators, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesulfonyloxy group.  The reaction is a method for synthesizing a compound (B-2)
by converting alcohols o comesponding lithium derivative, sodium derivative or potassium
derivative with a base, followed by the reaction with a compound (B-3).  Examples of the base to
be used include an inorganic salt such as sodium hydride, sodium hydroxide, potassim hydroxide,
Tithinm hydroxide, sodiom carbonate, potassivm carbonate and cesium carbonate, a metal alkoxide
such as sodium ethoxide, sodium methoxide and t-potassitm butoxide or an organic amine such as
triethylamine, pyridine, 4-aminopyridine, N-ethyl-NN-diisopropylamine  (DIPEA)  and
1,8-diazabicyclo[5.4.0}-7-undecene (DBU).  The reaction is performed by reacting an equivalent
or excessive amount of alcohols with an equivalent or slightly excessive amount of a base in a
solvent inactive (o the reaction at -20°C o 120°C, followed by the addition of the compound (B-3)
and allowing the reaction to proceed  generally for 0.5 to 12 hours. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen.  Here, the solvent inchides, thougl not
particularly limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetahydrofuran (THF), 14-dioxane, 1.2-dimethoxy ethane and
1.2-diethoxy ethane; N,N-dimethylformamide (DMF); N-methylpyrrolidone; dimethyl sulfoxide
(DMSO); or a mixed solvent thereof.

Synthesis of Compound (B-5)
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(wherein Ry represents a protective group of a carboxyl group and Ys represents & leaving group.)
The synthesis method is a method for synthesizing a compound (B-5) by coupling compounds
(B-2) and (B-4). Examples of a leaving group represented by Ys include a halogen atom, a
methanesulfonyloxy group, a p-oluenesulfonyloxy group and a trifluoromethanesulfonyloxy
group. The reaction is performed by reacting the compounds (B-2) and (B-4) in an equivalent
amount or using an excessive amount of one of the compounds and adding a ligand, a carboxylic
acid and a monovalent or divalent copper salt in some cases, under the presence of a base and a
transition metal catalyst in a solvent inactive to the reaction at room temperatre to a reflux
temperatuse under heating for generally 0.5 hours to 2 days.  The reaction is preferably performed
under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
particularly Himited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2~dichloroethane and
chloroform; alcohols such as methanol, ethanol, 2-propanol and butanol; N.N-dimethylformamide
(DMF), N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water or a mixed solvent thereof.
Examples of the base include: lithinm hydride, sodium hydiide, potassium hydride, sodium
hydroxide, soditum hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate,
cesitn carbonate, potassium fiuoride, cesium fluoride, tripotassium phosphate, sodium acetate and

potassium acetate; a metal sakt of an allcoxide having 1 to 6 carbon atoms (lithivm salt, sodium sal,
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potassium salt and magnesium salt); a metal salt of an alkyl anion having 1 to 6 carbon atoms
(lithium salt, sodivm salt, potassium salt and magnesium salt); tetra (alkcyl having 1 to 4 carbon
atoms) ammoniun salt (ffuoride, chioride and bromide); difsopropylethylamine; mbutylanune;
N-methylmorpholine; diazabicycloundecene; diazabicylcooctane; or imidazole. Examples of the
gransition metal catalyst include copper, paltadium, cobalt, iron, thodium, ruthenium and iridium.
Examples of the ligand include  wi(tbutyDphosphine,  ui{cyclohexyliphosphine,
t-batyldicyclohexyiphosphine,  ditt-butybeyclobexylphosphine or  dift-butyDmethylphosphine.
Examples of the monovalent or divalent copper salt include copper chioride (I), copper bromide (1),
copper iodide (1), copper acetate (I}, copper fluoride (II), copper chloride (1I), copper bromide (IT),
copper iodide (IT), copper acetate (), a hydrate thereof and a mixture thereof.  Examples of the
carboxylic acid include formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
pentanoic acid, isopentanoic acid, pivalic acid and wifluoroacetic acid.

Synthesis of Compound (B-6}

[Chemical Formula 24]
O .
R~ ‘ X R/O
0
ONT NS HoN S
\ / B - o ) \
N 0-Ra N4
Ry R
(B-5) (B-6)

(wherein Ry represents a protective group of a caboxyl group.) The synthesis method is a
method for synthesizing a compound (B-6) by the reduction of a nitro group of a compound (B-5).
The reaction is performed by reacting the corapound (B-5) under a hydrogen gas atinosphere i the
presence of 4 transition metal catalyst in a solvent inactive o the teaction at room temperative i a
reflux temperature under heating for generally 0.5 hours to 2 days.  Here, the solvent includes,

though not particularly imited, for example: aromatic hydrocarbons such as benzene, toluene and
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xylene; ethers such as diethy! ether, tetrahydrofuran (THE), 1.4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
chtoroform; alcohols such as methanol, ethanol, 2-propanol and butanol; N N-dimethylformamide
(DME); N-methylpymolidose; dimethyl sulfoxide (DMSO}; ethyl acetate; or a mixed solvent
thereof, Preferved examples of the transition metal catalyst include palladivm-carbon, palladium
hydroxide, palladium black, platinom-carbon, Raney nickel, and the like.

Synthesis of Cormpound (B-9)

{Chemical Formula 251
ol Q cl 0
O + HEN\ /S\ —_— /K/N
Cl)Y No e Ci 7NN
H H
(B-7) (B-8) (B-9)

{wherein Re represents a methyl group or a p-olyl group.) The synthesis method may be
referred to HETEROCYCLES, VOL. 48, No. 4, 1998, P695-702.  That is, the synthesis method
is a2 method for synthesizing a compound (B3-9) by the condensation of compounds (B-7) and
(B-8). The reaction is performed by reacting the compounds (B-7) and (B-8) in an equivalent
amourd or using an excessive amount of one of the compounds in a solvent inactive to the
reaction at 0°C to a reflux temperature under heating for generally 0.5 hours to 1 day. The
reaction is preferably perfonmed under an inert gas atmosphere such as mifrogen.  Here, the
sotvert includes, though not particolarly limited, for example: aromatic hydrocarbons such as
benzene, toluene and xylene; ethers such as diethy! ether; tetrahydrofuran (THF), 1.4-dioxane,
[2-dimethoxy ethane and 12-diethoxy ethane; halogenated hydrocarbons such a8
dichloromethane, 1,2-dichlorcethane and  chloroforny; N N-dimethylformamide (DMF);

N-methylpyrrolidone; dimethyl sulfoxide (DMSO); acetic acid; propionic acid; or a mixed
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solvent thereof.

Synthests of Compound (B-10)

[Chemical Formula 26]

O
¢l 0 R 1 oS
N 13! L =
Z N7 Rg 7 N \
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(wherein Ry represents a protective group of a carboxyl group and Ry represents a methyl group or
a p-tolyl group.) The synthesis method is a method for synthesizing a 1,2,3-triazole ring by
reacting the compound (B-6) and the compound (B-9). The reaction is performed by reacting the
compound (B-6) and the compound (B-9) in an equivalent amount or using an excessive amount of
one of the compounds in the presence of a base in a solvent inactive to the reaction at room
temperature 10 a reflux temperature under heating for generaily 0.5 hours to 2 days.  The reaction
is preferably performed under an inert gas atmospbere such as nitrogen.  Examples of the base to
Dbe used include a carbonate such as potassium carbonate, sodiun carbonate and sodium hydrogen
cartbonate or an orgamic amine such as  wiethylamine, pyridine, 4-aminopyridine,
N-ethyl-NN-diisopropylamine  (DIPEA)  and  ,8-diazabicyclo[5.4.0}-7-undecene  (DBU).
Exarnples of the solvent to be used for these reactions include toluene, benzene, pyridine, ethyl
acetate, dichloromethane, dichloroethane, chloroform, carbon tetrachloride, diethyl ether,
tetrahydrofiran  (THE),  lLd-dioxane, 12-dimethoxy  ethane, 12-diethory  ethane,
N,N-dimethylformamide (DMF), N-methylpyrrolidone, dimethyl suffoxide (DMSO) or a mixed
solvent thereof.
Synthests of Compound (B-11)

{Chemical Formula 27)
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(wherein R4 represents a protective group of a carboxyl group.) The synthesis method 18 a
method for synthesizing a compound (B-11) of the present invention by deprotecting a protective
group Ry of the compound (B-10) with an acid, a base or the like. The reaction is performed by
reacting the compound (B-10) with an equivalent or excessive amount of an acid or a base in a
solvent inactive to the reaction af room femperature © a reflux temperature under heating for
generally 0.5 hours to 5 days. Here, the solvent inchudes, though not particularly Iimited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THE), 1,4-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane; halogenated
hydrocarbons such as dichloromethane, 1,2-dichloroethane and chloroform; alcchols such as
methanol,  ethanol,  Z-propanol  and  butanol, N N-dimethylformamide (DM,
N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof. Examples
of the acid include an inorganic acid sach as hydrogen chlonide, hydrogen bromide, sulfuric acid,
nitric acid and phosphoric acid or a solution obtaived by diluting these acids with water or an
organic solvert. Examples of the base include an inorganic salt such as sodivm hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a metal
alkoxide such as sodivn ethoxide and sodinm methoxide or a solution obtained by diluting these
bases with water or an organic sohvent.

Synthesis Method (C)

Synthesis of Compound (C-1)

[Chemical Formula 28]
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{wherein Ry represents a protective group of a carboxyl group and Ry represents an alkyl group
such as a methyl group or an ethyl group.) The synthesis method is a method for synthesizing a
tetrazole ting by reacting the compound (B-6) with an ortho-formic acid ester and an azide
compound. 'The reaction is performed by reacting the compound (B-6), an ortho-formic acid ester
and an azide compound in an equivalent amount or using an excessive amount of one of the
compounds in the presence of an acid in a solvent nactive to the reaction at room temperature to a
reflux temperature under heating for generally 0.5 houss to 2 days. The reaction is proferably
performed under an inert gas atmosphere such as nitrogen.  Examples of the ortho-formic acid
ester include trimethyl ortho-formate and triethyl ortho-formate. In addition, examnples of the azide
compound include sodium azide and timethyi sitylazide.  Examples of the acid to be used include
an organic acid such as formic acid and acetic acid, an inorganic acid such as hydrochloric acid and
suffuric acid or a Lewis acid such as indium wiflate, yiterbiom wiflate, zinc tiflate and
trichloroindium.  The solvent to be used for these reactions includes, though not particularly
limited, for example benzeme, tolucne, dichloromethane, dichloroethane, chloroform, carbon
tetrachloride, diethyl ether, tetrabydrofuran (THF), 14-dioxane, 1.2-dimethoxy ethane,
1.2-diethoxy ethane, N,N-dimethylformamide (DMF), N-methylpyrrolidone, dimethyl suifoxide
(DMSO) or a mixed solvent thereof, and an acid such as acetic acid may also be used as a solvent.

Synthesis of Compound (C-2)

{Chemical Formula 29]
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{wherein Ry represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (C-2) of the present invention by deprotecting a protective
group Re of the compound (C-1) with an acid, a base or the Jike. The reaction is performed by
reacting the compound (C-1) with an equivalent or excessive amount of an acid or a base in a
solvent inactive to the reaction at yoom temperatire to a reflux femperature under heating for
generadly 0.5 hours to 5 days.  Here, the solvent ncludes, though not particulasly Hinited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, 1,.2-dimethoxy ethane and !.2-diethoxy ethane; halogenated
hydrocarbons such as dichioromethane, 1,2-dichioroethane and chloroform; alcohols such as
methanol,  ethanol,  2-propanol  and  butanol, N N-dimethylformamide  (DMFE);
N-methylpyrrolidone; dimethy] sulfoxide (DMSQO); water; or a mixed solvent thereof.  Examples
of the acid include an inorganic acid such as hydrogen chloride, hydrogen brormide, sulfuric acid,
nitric acid and phosphoric acid or a solution obtained by diluting these acids with water or an
organic solvent. Examples of the base include an inorganic salt such as sodium hydroxide,
potassium hydroxide, hfam hydroxide, sodium catbonate and potasstun carbonate, a metal
alkoxide such as sodiom ethoxide and sodium methoxide or a solution obtained by diluting these
bases with water or an organic solvent.
Synthesis of Compound (C-4)

[Chemical Formuda 307
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{wherein Ry represents a protective group of a catboxyl group and Rs represents a protective group
of a phenclic hydroxyl group.) The synthesis method is a method for synthesizing a compound
(C4) by deprotecting a protective group Rs of the compound (C-3) with an acid, a base or the fike.
The reaction is performed by reacting the componnd (C-3) with an equivalent or excessive amount
of an acid or a base in a solvent inactive to the reaction at room temperature to a reflux temperature
under heating for generally 0.5 hours to 5 days.  Here, the solvent includes, though not particularly
Tipited, for example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as
diethy! ether, tetrahydrofuran (THF), 1.4-dioxane, 1,2-dimethoxy ethane and 1,2~diethoxy ethane;
halogenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and chloroform; alcohols
such as methanol, ethanol, Z-propanol and butanol;, NN-dimethylformamide (OMF);
N-methyipyrrolidone; dimethyl sulfoxide (DMSOY; water; or a mixed solvent thereof.  Examples
of the acid include an inorganic acid such as hydrogen chloride, hydrogen bromide, sulfuric acid,
nitric acid and phosphoric acid or a solution obtained by diluting these acids with water or an
Organic solvent. Exarmples of the base include an inorganic salt such as sodivm hydroxide,
Ppotassium hydroxide, lithiurn hydroxide, sodiunt carbonate, potassiv carbonate, sodium ethocide
and sodium methoxide or a solution obtained by diluting these bases with water or an organic
solvent,

In addition, the compound (C-1) may be synthesized, for example, according to the
synthesis method described below.

Synthesis of Compound (C-1}
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(wherein Ry represents a protective group of a catboxyl group.) The synthesis method is a
method for synthesizing the compound {C-1) by reacting the compound {C4) with alcohols by
Mitsunobu reaction or the fike,  The reaction is a method for synthesizing the compound (C-1) by
reacting alcohols with tiphenylphosphine and carbodiimide, followed by reacting with the
conpound (C-4).  Examples of the carbodiimide to be used clude diethylcarbodiimide and
diisopropylcarbodiimide.  The reaction is performed by reacting the compound (C-4) with an
equivalent or excessive amount of alcohols, tiphenylphosphine and carbodiimide in a solvent
inactive to the reaction at -20°C to 120°C generally for 0.5 o 12 howrs.  The reaction is preferably
performed under an inert gas atmosphere such as nittogen.  Here, the solvent includes, though not
particularly Hmited, for example: aromatic hydrocatbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofiran (THE), 14-dioxane, 1,2-dimethoxy ethane and
1,.2-diethoxy ethane; N N-dimethylformanmide (DMF); N-methylpymrolidone; dimethyl sulfoxide
(DMSO); or a mixed solvent thereof,
Synthesis of Compound (D-1)

[Chemical Forma 32]
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(wherein Ry represents a protective group of a carboxyl group and Yj and Ys represent a leaving
group.) Examples of a leaving gronp represented by Y3 and Y5 include a halogen atom, a
methanesulfonyloxy group, a p-toluenesulfonyloxy group and a tifluoromethanesulfonyloxy
group. The synthesis methed is a method for synthesizing a compound (D-1) by coupling
compounds (B-3) and {B-4). The reaction is performed by reacting the compounds (B-3) and
(B-4) in an equivalent amount or using an excessive amount of one of the compounds and adding 4
ligand, carboxylic acid and a monovalent or divalent copper salt in some cases, in the presence of a
base and a transition metal catalyst in a solvent inactive to the reaction at room temperature o a
reflux temperatare under heating for generally .5 hours to 2 days. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen.  Here, the solvent includes, though not
particularty limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofuran (THF), 14-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichioroethane and
chioroform; aleobols such as methanol, ethanol, 2-propancl aid butanol; NN-dimethytformamide
{DMT); N-methylpyrrolidone; dimethyl sulfoxide (DMSQO); water or a mixed solvent thereof,
Examples of the base include: lithium hydrde, sodium hydride, potassium hydride, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, cesium carbonate,
potassitm fluoride, cesium fluoride, tripotassium phosphate, sodium acetate and potassium acetate;
a metal salt  of an alkoxide having 1 to 6 carbon atoms (lithium salt, sodium salt, potassizm salt
and magnesium salt); 2 metal salt  of an alkyl anion having 1 to 6 carbon atoms (lithiunt salt,
sodiurn salt, potassivm salt and magnesiin salt); tetra {alkyl having { to 4 carbon atoms)
ammonium  salt (fluoride, chloride and bromide); dilsopropylethylamine; tributylamine;
N-methytmorpholine; diazabicycloundecene; diazabicyclooctane; or imidazole. Examples of the

transition metal catalyst inclade copper, palladium, cobalt, fron, thodivmm, ruthenium and idium.
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Examples of the lgand inclade tr(t-butyDphosphine,  tri{cyclohexyl)phosphine,
t-butyldicyclohexylphosphine,  di(t-butylcyclohexylphosphine or  di(t-butyhmethylphosphine.
Examples of the monovalent or divalent copper salt include copper chioride {I), copper bromide (D),
copper iodide (1), copper acetate (1), copper fluoride (If), copper chloride (), copper bromide (I,
copper iodide (If), copper acetate (I1), a hydrate thereof or a mixture thereof. Examples of the
carhoxylic acid include formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
pentanoic acid, isopentancic acid, pivalic acid and wifluoroacetic acid.

Synthesis of Compound (D-2)

{Chemical Formula 33]
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(wherein R4 represents a protective group of a carboxy! group and Ys represents a leaving group.)
Examples of a leaving group represented by Ys include a halogen atom, a methanesulfonyloxy
group, a p-toluenesulfonyloxy group and a wifluoromethanesulfonyloxy group.  The reaction is a
method for synthesizing a compound (D-2) by converting thiols to corresponding lithium
derivative, sodium derivative, potassium derivative or cesium derivative with a base, followed by
the reaction with the compound (D-1).  Examples of the base 1o be used include an inorganic salt
such as sodium hydride, sodium hydroxide, potassimn hydroxide, lithium hydroxide, sodium
carbonate, potassium carbonate and cesium carbonate, & metal alkoxide such as sodivm ethoxide,
sodium methoxide and potassinm t-hutoxide or an organic amine such as tricthylamine, pyridine,
4-aminopyridine, N-ethyl-IN,N-ditsopropylamine (DIPEA) and 1,8-diazabicyclo[5.4.0}-7-undecene

(DBU). The reaction is performed by reacting the compound (D-1) with an equivalent or shightly
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excessive amount of a base in a solvent inactive to the reaction at -20°C to 120°C, followed by
adding an equivalent or excessive amount of thiols to allow the reaction to proceed generally for
0.5 o 12 hours.  The reaction is preferably performed under an inert gas atmosphere such as
nitrogen.  Here, the solvent includes, though not particulady hmited, for example: aromatic
hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether, tetrahydrofuran
(THF), LA-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane; NN-dimethylformamide
(DME); N-rmethylpyrrolidone; dimethy! sulfoxide (DMSO3; or a mixed solvent thereof.
Synthests of Compound (D-3)

{Chemical Formula 34}
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(wherein Ry represents a proteciive group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (D-3) by the reduction of a nitro group of the compound
(B-2).  The reaction is performed by reacting the compound (D-2} in a hydrogen gas atmosphere
under the presence of a transition metal catalyst in a solvent inactive to the reaction at room
temperature to a reflux temperature under heating for generally 0.5 hours to 2 days. Here, the
solvent includes, though not particularly limited, for example: aromatic hydrocarbons such as
benzene, toluene and xylene; ethers such as diethyl ether, tetmbydrofuran (THE), 14-dioxaue,
1,2-dimethoxy ethane and 12-diethoxy ethane; halogenated hydrocarbons such as
dichloromethane, 1,2-dichioroethane and chioroform; alcohols such as methanol, ethancl,
2-propanol and butanol; ethyl acetate; NN-dimethylformamide (DMF); Namethylpyrolidone;

dimethy! sulfoxide (DMSO); or a mixed solvent thereof. Preferred examples of the mansition
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metal catalyst include palladivm-carbon, patiadium hydroxide, palladium black, platinum-carbon,
Raney nickel and the [ike.
Synthesis of Compound (D-4)

[Chemical Formula 35]
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(wherein Ry represents a protective group of a carboxy! group and R, represents an alkyl group
such as a methyl group or an ethyl group.)  The synthesis method is a method for synthesizing a
tefrazole ring by reacting the compound (D-3) with an ortho-formic acid ester and an azide
compound. The reaction 18 performed by reacting the compound (D-3), an ortho-formic acid
ester and an azide compound in an equivalent amount or using an excessive amount of one of the
compounds in the presence of an acid In & solvent Inactive to the reaction at mom emperature Lo a
reflux temperature under heating for generally 0.5 hours to 2 days. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Examples of the ortho-formic acid ester
include wimethy! ortho-formate and wiethyl ortho-formate.  In addition, examples of the azide
compound inciude sodium azide and trimethy! silylazide.  Examples of the acid to be used include
an organic acid such as formic acid and an inorganic acid such. as acetic acid, hydrochloric acid and
sulfuric acid and a Lewis acid such as indum tiflate, ytterbium #iflate, zinc tiflate and
trichforoindium.  The solvent includes, though not particulaly limited, for example benzene,
toluene, dichloromethane, dichloroethane, chloroform, carbon tewachloride, diethyl ether,
tetrahydrofuran  (THF), 14-dioxane, 1.2-dimethoxy ethane, 12-diethoxy ethane,

N N-dimethylformamide (DMEF), Numethylpyrrolidone, dimethyl sulfoxide (DMSQO) or a mixed
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solvent thereof, and an acid sach as acetic acid may also be used as a solvent.

Synthesis of Compound (D-5)

{Chemical Formula 36]
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(wherein Rq represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (D-5) of the present invention by deprotecting a protective
group Ry of the compound (D-4) with an acid, a base or the like. The reaction is performed by
reacting the compound (D-4} with an equivalent or excessive amount of an acid or a base in a
solvent ihactive to the reaction at room temperature to a reflux temperature under heating for
generally (.5 hours to 5 days. Here, the solvent includes, though not patticulardy limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, 1.2-dimethoxy ethane and 1.2-diethoxy ethane; halogenated
hydsocarbons such as dichloromethane, 1,2-dichlorosthane and chiloroforny; alcohols such as
methanol,  ethanol,  2-propanol  and  butanol, N N-dimethylformamide  (DMF);
N-methylpyrrolidone; ditnethy! sulfoxide (DMSOY); water; or a mixed solvent thereof.  Examples
of the acid include an morganic acid such as hydrogen chloride, hydrogen bromide, selfuric acid,
nitric acid and phosphoric acid or a solution obtained by diluting these acids with water or an
organic solvent, Examples of the base include an inorganic salt such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a metal
alkoxide such as sodium ethoxide and sodium methoxide or a soluion obtained by difuting these

bases with water or an organic solvent.
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Synthesis Method (£)

Synthesis of Compound (E-2)

{Chemical Formula 37]
R
] + N ]
O,N Vs R ONT
(B-3) - (ED (E-2)

(wherein Yaand Ys represent a leaving group.) Examples of the Jeaving group represented by Y
and Ys include a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
miflucromethanesulfonyloxy group, The reaction is a method for synthesizing a compound (B-2)
by converting amines to corresponding lithium derivative, sodium derivative, potassium derivative
or cesium detivative with a base, followed by the reaction with the compound (B-3).  Examples of
the base to be used include an inorganic salt such as sodivm hydride, sodium hydroxide, potassium
hydroxide, Hthnun hydroxide, sodinm carbonate, potassiom carbonate and cesium carbonate, &
metal alkoxide such as sodimm ethoxide, sodium methoxide and potassium t-butoxide and an
organic amine such as tethylamine, pyridine, d-aminopyridine, N-ethyl-NN-diisopropylamine
(DIPEA) and 1,8-diazabicyclo[5.4.0)-7-undecene (DBU).  The reaction is performed by reacting
amines (E-1) with an equivalent or slightly excessive amount of a base in a solvent inactive © the
reaction at -20°C to 120°C, followed by adding the compound (B-3) to allow the reaction to
proceed generally for 0.5 to 12 hours. The reaction is preferably performed under an inert gas
atmosphere such as nittogen. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethy! ether,
tetrahydrofuran  (THF), 14-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane;

N,N-dimethylformarmide (DMF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed
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solvent thereof.
Synthesis of Compound (E-3)

{Chemical Formula 38]

Ry N

(E-2) B4 )

(wherein Ry represents a protective group of a carboxyl group and Y represent a leaving group.)
The synthesis method is a method for synthesizing a compound (E-3) by coupling the compounds
(E-2) and (B4). Examples of the leaving group represented by Yy include a halogen atom, a
methanesatfonyloxy group, 2 p-ichenesulfonyloxy group and a uiftuoromethanesulfonyioxy
group.  The reaction is performed by reacting the compounds (E-2) and (B-4) in an equivalent
amount or using an excessive amomnt of one of the compounds, and adding a ligand, carborylic
acid and a monovalent or divalent copper salt in some cases, in the presence of a base and a
transition metal catalyst In a solvent mactive to the reaction at room temperature to a reflux
temperature under heating for generally 0.5 houss to 2 days.  The reaction is preferably performed
vnder an inert gas atmosphere such as mittogen. Here, the solvent includes, though not
particularly limited, for example: aromatic hydrocatbons such as benzene, toluene and xylene;
ethers such as diethyl ether, etrahydrofuran (THF), 14-dioxane, 1,2-dimethoxy ethane and
1.2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
chloroformy; alcohols such as methanol, ethanol, 2-propanol and butanol; NN-dimethyiformamide
(DME), N-methylpyrrolidone; dimethyl sulfoxide (DMSO), water or a mixed solvent thereof.

Examples of the base include: Iithivm hydride, sodium hydride, potassium hydride, sodium
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hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, cesium carbonate,
potassium fluotide, cestum fluoride, tripotassium phosphate, sodium acetate and potassium acetate;
a metal salt of an alkoxide having 1 to 6 carbon atoms (lithium salt, sodium salt, potassium salt and
magnesium salty; a metal salt of an alkyl anion having 1 to 6 carbon atoms (lithium salt, sodiam salt,
potassium salt and magnesium salt); tetra (alkyl having 1 to 4 carbon atoms) ammonium salt
(fluoride, chloride and bromude), diisopropylethylamine; tibutylamine, Namethylmorpholine;
diazabicycloundecene; diazabicyclooctane; or inidazole. Examples of the transition metal
catalyst include copper, pailadium, cobalt, iron, thodivm, rathenium and iridium,  Examples of the
ligand include tri(t-butylphosphine,  ti(cyclohexylphosphine, tbutyldicyclohexylphosphine,
di{t-butybeyclohexylphosphine or di(t-butyhmethylphosphine.  Examples of the monovalent or
divalent copper salt include copper chlotide (), copper bromide (I), copper iodide (), copper
acetate (1), copper fluoride (), copper chloride (I1), copper bromide (1), copper iodide (), copper
acetate (If), a hydrate thereof and a mixture thereof. Examples of the carboxylic acid include
formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid, pentanoic acid, sopentanoic
acid, pivalic acid and triftuoroacetic acid,

Synthesis of Compound (E4)

[Chemicat Formula 39]

7
Rl ~ N i \ R; /N
; O
= S ]: ] O
OyN i / oo S HaN 0 S _4
N 0-Ry N‘/?‘ 0~Ry4
R

©3 B-4)

{wherein R, represents a protective group of a carboxyl group.) The synthesis method is a

method for synthesizing a corapound (B-4) by the reduction of a nitro group of the compound (E-3).
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The reaction is performed by reacting the compound (E-3) in a hydrogen gas atmosphere under the
presence of a transition metal catatyst in a solvent inactive to the reaction at room temperature 6 a
reflox temperature under heating for generally 0.5 hours to 2 days. Here, the solvent includes,
though not particudarly limited, for exarnple: aromatic hydrocarbens such as benzene, toluene and
xylene; ethers such as diethyl ether, tetrahydrofuran (THF), 14-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1.2-dichloroethane and
chloroform; alcohols such as methanol, ethanol, 2-propancl and butanol; ethyl acetate ;
N,N-dimethylformamide (DMF), N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed
solvent thereof. Preferred examples of the transition metal catalyst inclade palladium-carbon,

palladivim hydroxide, palladium black, platinum-carbon and Raney rickel,

Synthesis of Compound (E-5)

[Chemical Formula 40}
R R
N N
e o 5 "
2 & S + —_— O~
HaN i / R,0” “ORy N\/ N 1
N 0-Ry =N N
Ry
(F-4) (E-5)

{wherein R4 represents a protective group of a carboxyl group and Ry represents an alkyl group
such: as a methyl group or an ethy! group.)  The synthesis method i3 a method for synthesizing a
tefrazole ring by reacting the compound (E-4) with an ortho-formic acid ester and an azide
compound.  The reaction is performed by reacting the compound (E-4), an ortho-fornic acid ester
and an azide compound in an equivalent amount or using an excessive amount of one of the
compounds in the presence of an acid in a solvent mactive to the reaction at roorm femperature to a

reflux temperature under heating for generally 0.5 hours to 2 days. The reaction is preferably

wh
oivy
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performed under an inert gas atmosphere such as nitrogen. Examples of the ortho-formic acid
ester include timethyl ortho-formate and triethyl ortho-formate. In addition, examples of the
azide compound include sodium azide and timethyl silylazide. Examples of the acid to be used
include an organic acid such as formic acid and acetic acid; an inorganic acid such as hydrochloric
acid and sulfuric acid or a Lewis acid such as indium triflate, yiterbium uiflate, zine triflate and
wichlorvindium,  Examples of the solvent to be used for these reaction include toluene, benzene,
dichioromethane, dichloroethane, chioroform, carbon tetrachloride, diethyl ether, tetrabiydrofuran
(THE, 1,4-dioxane, 1,2-dimethoxy ethane, 1,2-diethoxy ethane, N.N-dimethyHormamide (DMF),
N-methylpyrrolidone, dimethyl sulfoxide (DMSO) or a mixed solvent thereof, and an acid such as
acetic acid may also be used as a solvent,

Synthesis of Compound (E-6)

{Chemical Formmla 41]
R R
N N
R. e 1 S F)o oSN
o o)
s / S e ay 8
N™ o N° 2/
=N N 0-R; N=N N O
R R
&5 E6)

(wherein Ry represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (E-6) of the present invention by deprotecting a protective
group Ry of the compound (E-5) with an acid, a base or the like. The reaction is performed by
reacting the compound (E-5) with an equivalent or excessive amount of an acid or 2 base in &
solvent inactive to the reaction at room femperafire o a reflox temperature under heating for
generally 0.5 hours to 5 days. Here, the solvent includes, though not particularly limited, for

example: aromatic Jiydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
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tetralyydrofuran (THE), 14-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane; halogenated
hydrocatbons sach as dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as
methanol,  ethanol, 2-propanol  and  butanol;,  N.N-dimethylformamide  (DMF);
N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof. Examples
of the acid include an inorganic acid such as hydrogen chloride, hydrogen bromide, sulfuic acid,
nitric acid and phosphoric acid or a solution obtained by diluting these acids with watey o an
organic solvent. Examples of the base include an inorganic sait such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate, potassivim carbonate, a metal alkoxide
such as sodium ethoxide and sodium methoxide or a solution obtained by diluting these bases with
water and the like.

In the above synthesis methods, the compounds of the formulas (A-8), (B-10), (C-1),
(C-4), (D-4) and (B-5) correspond (o the compound of the formula (1), which is a manufacturing
intermediate of the compound represented by the formula (I), and the compound of the formula
{C-2} cortesponds to the compound of the formula (I,

Hereinafter, among the compounds represented by the formula (I), preferred compounds
and pharmacentically acceptable salts thereof include though not particularly limited with the
proviso that they are pharmaceutically acceptable salts, for example,: a salt with an inorganic acid
such as hydrogen chioride, hydrogen bromide, sulfuric acid, nitiic acid, phosphoric acid and
carbonic acid; a salt with an organic acid such as maleic acid, fumaric acid, citric acid, malic acid,
tartaric acid, lactic acid, succinic acid, benzoic acid, oxalic acid, methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, acetic acid, triffuoroacetic acid and formic acid; a salt
with an amino acid such as glycine, lysine, arginine, histidine, ornithine, ghitamic acid and aspartic
acid; a salt with an alkali metal such as sodivm, potassium and lithium; a salt with an alkali earth

metal such as calcium and magnesium; a salt with metal such as aluminum, zine and iron; a salt
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with an organic onium such as tetramethylanmmoniom and choline; or a salt with an organic base
such as ammonia, propanediamine, pyrrolidine, piperidine, pyridine, ethanolamine,
N N-dimethylethanolamine, 4-hydroxypiperidine, t-octylamine, dibenzylamine, morpholine,
glucosamine, phenyiglveylalkyl ester, ethylenediamine, Namethylghucamine, guanidine,
diethylamine, tizthylamine, dicyclohexylamine, NN-dibenzylethylenediamine, chloroprocaine,
procaine, diethanolamine, N-benzylphenylamine, piperazine, and
tristhydroxymethyhaminomethane.

Further, examples of the compound represented by the formula () and a salt thereof
mchade various hydrates and solvates. The solvent of the solvates inclades, though not
particularly limited, for example methanol, ethanol, i-propanol, 2-propanol, butanol, t-butanol,
acetonitrile, acetone, methy! ethyl ketone, chioroform, ethyl acetate, diethy! ether, t-butylmethyl
ether; tetrahydrofuran (THF), 14-dioxane, 1,2-dimethoxy ethane, 1,2-diethoxy ethane, benzene,
toluene, DMF and DMSO.

The above various pharmaceutically acceptable salts of the compound represented by the
formula (I) may be appropriately manufactured based on conventional knowledge in the art,

Examples of the compound of the present inveniion include stereoisomers, recemates and
all possible optically active substances of the compound represented by the formula (1) and 2 salt
thereof,

A compound represented by the formula (I} and a pharmaceutically acceptable salt
thereof have especially excellent xanthine oxidase inhibitory activity. Because of the excellent
xanthine oxidase inhibitory activity, the compound represented by the formula (I) and the
pharmaceutically acceptable salt thereof are useful as a xanthine oxidase mbibitor

A compound represented by the formula (I) of the present invention and a

pharmaceutically acceptable sait thereof may be used as a therapeutic agent or a preventive agent
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which can be clinically applied as a xanthine oxidase inhibitor for diseases associated with xanthine
oxidase such as gout, hyperuricernia, tumor lysis syndrome, urmary calculi, hypertension,
dyslipidemia, diabetes, cardiovascular diseases such as arteriosclerosis or heart failure, kidney
diseases such as diabetic nephropathy, respivatory discases such as chronic obstructive pulmonary
diseases, inflammatory bowel diseases or autoimmune diseases.

The compound represented by the above-mentioned formula (1) and the
pharmaceutically acceptable salt thereof can be used to prepare a pharmaceutical composition
together with a pharmaceutically acceptable camier and/or excipient. The pharmaceutical
composition can be formed into varous formulations for oral or parenteral administration.
Examples of a parenteral adounistration include intravenous, subcttaneous, intramuscular,
percutaneous or intrarectal administration.

A drug formulation containing one or more of the compotnds represented by formula (1)
of the present inverttion or the pharmaceutically acceptable salf thereof as an active ingredient is
prepared using a carvier, an excipient or other additives which are usually used for drug formulation.
Any of solid and liquid forms may be used as a camier or an excipient for pharmaceutical
preparations, and examples of which include lactose, magnesium stearate, starch, tale, gelatin, agar,
pectiny, gurn arabic, olive oil, sesame oil, cacao butter, ethyleneglycol, and others in common uge.
Administration may be done in any form of oral administration with tablets, pills, capsules,
granules, powders, liquids or the like, parenteral administration by injections for intravenous or
intramuscular infection, suppository, percutanesus adnnistration or the like.

A compound represented by the formula (1) of the present invention or a
pharmaceutically acceptable salt thereof can be administered usually in the range of 0.01 o 1,000
mg once or several times a day for adult. However, the dosage varies depending on the kind of

disease, administration roule, or symptorn, age, sex or body weight of the patient, and the like.
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However, since the dosage varies according to various conditions, a dosage smaller than the
above-mentioned dosage may be sufficient in some cases and a dosage exceeding the above range
may be necessary in other cases.

[Examples]

Hereinafter, the present imvention will be explained based on specific examples.
However, the present invention is not united to these examples.

The structure of the novel compound isolated was confirmed by "H-NMR and/or mass
spectrometry using single quadrupole instrumentation equipped with an electron spray source and
other appropriate analytical methods,

As for the compounds for which 'HNMR spectram (300 MHz or 400 MHz, DMSO-dq
or CDCls) was measured, the chemical shift (8: ppm) and coupling constant (I Hz) are shown.
As for the result of mass specwoscopy, the observed value of M™+H, that is, the observed value is
shown as the value of the molecular mass of the compound (M) with a proton (H". In addition,
the following abbreviations represent the followings, respectively: s=singlet, d=doublet, t=tiplet,
g=quartel, brs=broad singlet, m=multiplet.

The compounds synthesized according to the following methods of examples were
further analyzed by high performance liquid chromatography (HPLC) analysis and mass
spectrometry using Time-of-Flight mass spectrometer equipped with an electron spray source,

The retention time {unit; min.) of compounds in the HPLC analysis under the following
anatytical conditions is shown as HPLC retention time.

HPLC Measurement Conditions
Measurernent Device: Hewlett-Packard 1100HPLC
Column: Imtakt Cadenza CD-C18 100mmx&.6nmm 3 um

UV: PDA detection (254 nm)
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Column Temperature: 40°C
Gradient Conditions:
Solvent: A HyOfacetonitrile=95/5
0.05% TFA (tiflucroacetic acid)
B: HoOfacetonitrile=5/95
0.05% TFA (triftuoroacetic acid)
Flow Rate: 1.0 mL/min
Gradient: 0 to 1 min, Solvent B: 2%, Solvent A: 98%

1 to 14 min, Salvent B: 2% to 100%, Solvent A: 98% to 0%

1410 17 min, Solvent B: 100%, Solvent A 0%

17 to 19 min, Sotvent B: 100% to 2%, Solvent A: 0% t0 98%

In addition, for the resnlt of the mass analysis, the value of “M™+H’ (Obs. Mass: that is,
the observed value in which a proton is added to the molecular mass (M) of the compound), which
was observed by the following devices and analytical conditions, and the fornmtlas calenlated fiom
the vale of “M*+H" observed are shown together with the calculated values of “M™+H" (Pred.
Mass).

TOP-MS Measurement Conditions

Mass Spectrometer: Shimadzu LCMS-TI-TOF

LC: Prominence

Caotomn: PhenormenexxSynergl Hydro-RP 4.0 mimQ0mm 2.5
UV PDA detection (254 nm)

Flow Rate: 0.6 mi/min

Column Temperatare: 40°C

Detection Voltage: 1.63kV
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Gradient Conditions:

Solvent. A HyO/acetonitrile=95/5
0.1% HCOCH

B: HyOlacetonitrile=3/95
0.1% HCOOH

Flow Rate: (.5 mi/min

Gradient; 0 10 0.2 rin,

Solvent B: 2%,

Solvent A: 98%

02w025min,  SolventB:2% 0 100%,  SolventA: 98% to 0%
2.510 3.8 min, Solvent B: 100%, Solvent A: (%
38w040min,  SolventB: 100% 0 2%,  Solvent A: 0% to 98%
401050min,  SolventB: 2%, Solvent A: 98%
[Reference Example]
Synthesis  of  N'-[(1E)-2,2-dichlaroethylidene}-4-methylbenzene-1-sulfonehydrazine

(reference example compound)

A reaction sofution was prepared by dissofving 1.86 g of p-toluenesulfonylhydrazine in 4
mL of propionic acid and cooling at 0°C and adding dropwise slowly a solution prepared by
dissolving 1.36 g of dichloroacetaldehyde hydrate in 8 ml of propionic acid. The reaction
solution was stirred at 0°C for one hour and the precipitated solid was filtered, washed using 10 mlL
of toluene and dried o obtain 1.98 g of
N'-[{(1B)-2,2-dichloroethylidene}-4-methylbenzene-1-sulfonehydrazioe.
"H-NMR (400 MHz, CDCla)8(ppm):2.45 (3Hs), 6.11 (1FL, d, J=8.0 Hz), 7.19 (1H, d, I=4.0 Hz),
735 {(1H, d,J=8.0 Hz), 780 (1H, d, }=8.0Hz), 792 (I1H, 5)
[Example 1]

Synthesis  of  2-[3-(1H-imidazol-1-yi)-4-(2-methyipropoxy)phenyl}-4-methyl-1,3-
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thiazole-S-carboxylic acid (Compound No. 1} (Synthesis Method (A))

(1) A reaction mixture solution prepared by suspending 41.1 mg of 3-fluoro4-hydroxybenzonitrile,
33.4 mg of isobutyl bromide and 62.2 mg of potassium carbonate in [ mL of dimethylformanside
was heated at 110°C for 5 howss under a nitrogen atmosphere.  After the addition of water to the
reaction mixture solution, extraction was performed vsing ethyl acetate.  The organic layer was
washed with saline, followed by drying and concentrating ander reduced pressure to obtain 2 crude
product of 3-fluoro-4-(2-methylpropoxy) benzonitrile,

2} A reaction mixture prepared by adding 15.7 mg of sodium hydride and 24.5 mg of imidazole to
the crude product of 3-fluoro-4-(2-methylpropoxy)benzonitrile obtained above and suspending the
above in | mL of dimethylsulfoxide was heated at 110°C for 5 hours under a nittogen atmosphere.
After the addition of water to the reaction mixiure solution, extraction was performed using ethyl
acetate.  The organic layer was washed with saline, followed by drying and concentrating under
reduced pressure © obtain a crude product of
3-(1H-imidazol-1-y1)-4-(2-methylpropoxybenzonitrile.

ESUMS mye: 242. 1 (MY +H, CrlHigN:0),

(3) A reaction mixtwe prepared by suspending  the  cmde  product  of
3-(H-midazol-1-y1)-4-2-methylpropoxy)benzonitrile obtained above i 2 mixture of 0.2 mil. of
acetic acid and 0.5 ml. of thioacetic acid was heated at 50°C for 14 hours under a nifrogen
atmosphere. Concentration under reduced pressure was prepared to obtain a crude product of
3-(1H-imudazol-1-yh-4-(2-methylpropoxy)benzene- | -carbothicamide.

BESYMS m/e: 276.1 (M'+H, C1aHsN:08S).

(4} A reaction mixture solution prepared by adding 74.1 mg of ethyl-2-chlorocacetacetate to the

crude product of 3-(1H-imidazol-1-yl)}-4-(Z-methylpropoxyjbenzene-| -carbothicamide obtained

above and suspending the above mixture in I mL of ethanol was heated at 80°C for 5 hours under a
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nitrogen atmosphere.  After the addition of water to the reaction mixture solution, extraction was
performed using ethyl acetate.  The organic layer was washed with saline, foliowed by drying and
concenpating -+ under  reduced presswre 0 obtain  a  cmde  product  of
2-{3-(1H-imidazot-1-y)}-4-2-methylproposy)phenyl}-4-methyl-1,3-thiazole-S-carboxylate.
LSUMS mve: 386.1 VI +H, CogHaaNsO35).
(5) A reaction mixture solution prepared by dissolving the crude product of
2-{3-(1H-imidazol-1-y1)-4~(2-methyipropoxyiphenyl]-4-methyl-1,3-thiazole-5-carboxyiate
obtained above in 1 ml of a mixed solution of tetrehydrofurarymethanol=1/1 followed by the
addition of 0.2 mL of 2 M sodium hydroxide agueous sotution was stirred at room temperature
for 4 hours.  After the addition of 0.2 ml of 2 M hydrochlotic acid to the reaction mixture
sofution under stirring, 3 ml. of water was added and extxaction was performed using 4 mi of
ethyl acetate.  The organic phase was concentrated, followed by purifying by a conventional
method to obtain 2.50 mg of
2-{3-(1Imidazol- t-y])-4-(2-methylpropoxy jphenyl]-4-methyl-1 3-thiazole-5-carboxylic acid,
"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.89 (6H, d, J=6.4 Hz), 1.96 - 2.02 (1H, m), 2.65 (3H, 5),
392 2H, d,1=64 Hz), 7.13 (1H, 5), 7.37 (14, d,J=8.8 Hz), 7.55 (1H, 5), 7.95 - 807 3H, m)
HPLC Retention Time: 8.15 min.
Obs Mass (M*+H): 358.1215
Pred Mass (M -+H): 358.1220
Formula (M): CigHioN204S
[Examples 2 to 6]
The compounds of Compound Nos. 2 to 6 were synthesized in the similar manner as in

Example 1.
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{Table 1]

HPLC
Exaumple | 2P0 | oo | OO | PreAMASS ) 1H NMR
d No, M+ +H) (M- +H)
Time
2 2 861 3721380 | 3721376 | CI9H2IN303S
400MHz (DMSO d6) 1 78-2.03(7H, m),
3 3 839 3701234 | 3701220 | CISHION3Q3S 2‘64(‘3?’ S)A'm(m’d’jﬂgﬂ{z}  1O70H, |
L 9), 736(1H, 4,1 =8.8H7), 753(1H, 9),
| 7.91-7.98(3H, m)
4O0MHz (DMSO d6) 1.25-1.73(9H, m),
264(3H, ), 4.020H, d, T = 6 8Hz), 7071 H,
4 4 8.90 3841376 | 3840376 | C2OH2IN3O3S | ), 736(1H. d,J =8.8Hy), 752(1H, ¢ J =
| 16H), 792014, d, 1= 2.0Hz),
| 7.97.799(2H, i)
5 5 823 3701214 | 370220 | CI9HION303S
400MFz (DMSQ d6) 1.25-1.57SH, m),
6 6 871 | 384137 % 3841376 | COmINGOas | o 0L, ZESGH, 5
4.57-461(1H, m), 707(1H, ), 740(1H, 4, ]
= 8 8Fiz), 7.52(1H, 8, 7.92-7.99(3H, )

[Exampie 7] Synthesis

of

2-13-(1H-imidazol-1-yh-4-phenoxyphenyl]-4-methyk-1, 3-thiazole-5-carboxylic acid (Compound

No. 7) (Synthesis Method {A))

(1) A reaction mixture solution prepared by suspending 77.8 mg of 3-chloro-4-fluorobenzonitrile,

51.8 mg of phenol and 82.9 mg of potassium carbonate in 2 mL of dimethylsulfoxide was heated at

100°C for 14 hours under a nitrogen atmosphere.

Subsequently, 24.0 mg of sodium hydride and

40.8 mg of imidazole were added to the reaction mixture solution, and the mixture was heated at

140°C for 5 howrs under a mittogen atmosphere.  After the addition of water to the reaction

mixture solution, extraction was performed using ethyl acetate.  The organic phase is washed with

saline, followed by drying and concentrating under reduced pressure.  The resulting crude prodoct

was separated and purified by silica gel column chromatography to obtain 652 mg of

3-(1 H-tmidazol- 1 -yTy-4-phenoxybenzonitrile,
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ESIMS mve: 262.2 (M"+H, CisHpN;0).

{2y A reaction  mixture  prepared by suspending 652 mg of
3-(iH-imidazol-1-y)-4-phenoxybenzonitrile in a mixture of 0.3 mL of acetic acid and 1.0 mL of
thicacetic acid was heated at 50°C for 14 hours under a nitrogen atmosphere. A crude product of
3-(1H-midazol-1-yl)-4-phenoxybenzene-i-carbothioamide was obtained by concenirating under
reduced pressure.

ESUMS mv/e: 296.1 (M +H, CigH1aN-0S).

(3} A reaction mixoure solution prepared by adding 123.2 mg of ethyl-2-chlioroacetacetate to the
crude product of 3-(1H-imidazol-1-y13-4-phenoxybenzene-1-carbothioamide obtained above and
suspending the mixture in 2 mL of ethanol was heated at 80°C for 5 hours under a nitrogen
atmosphere.  After the addition of water to the reaction mixture solution, extraction was
performed using ethyl acetate.  The organic layer was washed with saline, followed by drying and
concentrating under reduced pressure.  The resulting crude product was separated and purified by
silica gel columm chromatography © olttain 722 mg of
2-[3-(1H-imidazol-1-yh-4-phenoxyphenyl}-4-methyl-1,3-thiazole-5S-carboxylate.

ESYMS mie: 406.1 (M +H, CpnFlaeN305S),

(4y A reacion mixowe solution was prepared by dissolving 202 mg  of
2-03-(1H-imidazol-1-y1)-4-phenoxyphenyl}-4-methyl-1,3-thiazole-S-carboxylate obtained above in
1 mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 0.2 ml. of 2 M sodium
hydroxide aqueous solution. The reaction mixture was stied at 50°C for 2 hours.  After the
addition of 0.2 mL of 2 M hydrochloric acid to the yeaction mixture solution under stiring, 3 mLof
water was added and extraction was performed using 4 roL. of ethy! acetate.  The organic phase
was concentrated, followed by purifying using a conventional method to obtain 9.0 mg of

2-(3-{1H-imidazol-1-y1)-4-phenoxyphenyli-4-methyl- 1, 3-thiazole-5-carboxylic acid.



"H-NMR (400 MHz, DMSO d6) Sppm): 261 (3H, 5), 7.07 - 7.13 BH, m), 7.20 (1H, t, J=6.8 Hz),

742 (2H, t, J=8.0 Hz), 7.59 (2H, 8), 7.74 (1H, d, }I=7.6 Hz), 7.86 (1H, dd, J=1.2, 84 Hz), 8.08 (1H,

8)

HPLC Retention Time: 7.86 min.

5 ObsMass (M"+H): 378.0006
Pred Mass (M +H): 378.0907
Formula (M) CroH1sN5048
[Exampie 8]
The compound of Compound No. 8 was synthesized in the similar manner as in
10 Example?.
[Table 2]
HPLC
§ Compoun i ObsMass | Pred Mass . o
" Example Retention Formula(M) THNMR
dNo. i Me-+HY | (M)
| Time ! ;
| i 400MHz (DMSO d6) 2.60GH, ), 7.10(1H, |
! C20HIFN3IO3 | 5), 7.24-747(4H, m), 7S)(1H. 4,1 =1.2Hz),
i 8 8 7.81 3060815 3960813
| s 761(1H, ), 7.75(1H, (T = 84Hz), 785(1H, |
| dd, I =12, 8.0Fz), 809(IHL 5) |
[Examples 9 to 14]
The compounds of Compound Nos. 9 to 14 were synthesized in the similar manner as in
15  Example 1.

63



[Table 3]

Example

HPLC

Compoun .
Retention

d No.
Time

Obs Mass
M+ +H)

Pred Mass

(M +H)

Formwia(M)

IHNMR

9 836

3721380

3721376

CIOHZIN3G3S

A00MHz (DMSO d6) 0.83(6H, d, T =
6.8Hz), 1.86-1.94(1H, m), 241(3H, 5),
2.65(3H,5), 3.93(2H, d, J = 64Hz), 746(1H,
d,J=8.8Hz), 777(1H,d,1 = 20Hz),
782(1H,d,J = 2.0Hz}, 8.18-8.22(2H, m)

10

10 1130

3741272

3741281

CITHIONSO38

400MEz (DMSO d6) 6.98(6H, d, T =
6.8Hz), 201-2.08(1H, m)), 2.39(3H, 5),
2.50(3H, 5), 390(2H, d, ] = 6.8H%), 7.24(11H,
t,J = 84Kz}, 7.64(1H, dd, I = 2.0, 7.6Hz),
772(14, 4,1 =84Hz)

11

11 945

408.1388

408.1376

| COHINZORS

| 400MHz (DMSO d6) 0.72(6H, d,J =
{ 6.8Hz), 145-1.83(1H, m), 2.653H, 3),

3.89(2H, d, Y= 64Hz), 7.25-729(3H, my),
7T44(1H. d, T = 8.8Hz), 7.74-7.76{1H, m),
8.08-8.13(2H, m), 8.40(1H, 5), 13.35(1H, 9

12 10.85

373.1341

373.1329

CI8HR0MN4O3S

400MHz (DMSO d6) 0.95(6H, d,J =
64Hz), 204-2.11(1H, m), 237(3H, 5),
2.65(3H, §), 3.98(2H, d, F = 6.4Hz), 7.38(1H,

i d,T=8.8Hz), 794(1H, dd, T =24, 8.8,

8.24(1H, d, J = 24Hz2), 831{1H, 5)

13 1671

359.1163

355172

CITHIENAO3S

400MELz (DMSO do) 0.93(6H, d, I =
6.8Hz), 201-2.11(1H, n), 2.65(3H, 3),
39802H, d, V= 68H»), 7T41(JH.d, I =
8.8H2), 8.00(1H, dd, T = 2.4, 8.8Hz),
8.23-825(2H, my, 893(1H, )

14 9.82

3731335

3731329

C18H20N4O3S

400MEz (DMSO d6) 08 1(CH, &, T =
64Hz), 1.85-1.90(1H, m), 225CH, s}
2.65(3H, ), 3.89(2H, 4, F = 64Hz), 7.39(1H,
d, J=8.8Hz), 798-8022H, m),
8.11-8.13(1H, m)

(Example 15]

The compound of Compound No. 15 was syothesized m the similar manner as in

Example 7.
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[Table 4]

HPLC |
Compoun ) ObsMass | Pred Mass
Exanple Retention Formula(M) IHNMR
dNo. _ {(M++H) M+ +H)
Time .
400NMHz (DMSQ d6) 2.61(3H, 5),
_ ! 7167 25(3H, m), T44(2H, £, 1 =7 6Hz),
15 15 1051 379.0871 3790859 | CI9HI4N40O3S
7.60(1H, 5), 7.92(2H, dd, J = 8 4Hz),
| 824(1H, 5), 09(1H. )
[Example 16}

10

15

20

Synthesis of 4-methyl-2-{4-(propan-2-yloxy)-3-(1H-1,2,3-triazol- 1-yDphenyll-
1,3-thiazole-5-carboxylic acid (Compound No, 16} (Synthesis Method (B))
(1) A reaction mixture solution prepared by suspending 2.18 g of 4-bromo-2-nitropheno} and 2.07 g
of potassium carbonate in 40 mi. of dimethylormamide and adding 2.04 g of isopropy! iodide was
heated under stirring at 110°C for 14 hours under a nirogen atmosphere.  After the addition of
water to the reaction mixture solufion, extraction was performed using ethyl acetate.  The organic
layer was washed with saline, followed by drying and concentrating under reduced pressure.  The
resulting crude product was separated and purified by silica gel column chromatography to ebtain
2.08 g of 4-bromo-2-nitro-1-{propan-2-yloxyibenzene.
(2) A suspension was prepared by adding 1.05 g of potassium hydrogen carbonate, 22 mg of
palladium chloride (I) and 102 g of a copper bromide (1) dimethylsulfide complex to 2.08 g of
4-bromo-2-nitro-1-{propan-2-yloxy)benzene obtained above, followed by suspending the mixtue
in 15 mLof toluene.  Subsequently, a reaction mixture solution prepared by adding 1.02 g of ethyl
4-methyl-1,3-thiazole-5-cartboxylate, 462 pl. of isobutyric acid and 114 mg of
di-t-butylcyclobexylphosphine to the suspension was heated at 120°C for 14 hours under a nitrogen
atmosphere.  The reaction mixeure solution was celite-filtered to remove insoluble matter, water
was added to the filirate, extraction was performed using ethyl acetate. The organic layer was

washed with saline and then dried and concentrated under reduced pressure, followed by purifying
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by a convertional method to obtain 1.38 g of ethyl
4-methyl-2-( 3-nitro-4-(propan-2-yloxy)phenyl}-1.3-thiazole-S-carboxylate.

ESIMS m/e: 351.0 (M+H, CigH oN:055).

(3) A reaction mixture solution prepared by suspending 138 g of ethyl
4-methyl-2-{3-nitro-4-{propan-2-yloxypbenyll-1,3-thiazole-5-carboxylate in 15 mL of ethanol and
adding 100 mg of palladiuny/carbon (10wt%) to the suspension was heated under stiriing at 50°C
for 14 hours under a hydrogen atmosphere.  The reaction mixiure solution was celite-filtered and
the filtrate was concentrated under reduced pressure to obtain 126 g of ethyl
2-{3-amino-4-(propan-2-yloxy)phenyil-4-methyl-1.3-thiszole-5-carboxylate.

ESYMS m/e: 321.1 (M, CieHnN055).

4 A reaction soluion prepared by  suspending 126 g of ethyl
2-[3-amino-4-(propan-2-yloxy)phenyi}-4-methyl-1,3-thiazole-5-carboxylate in 10 mL of metharol
and adding 1.12 mL of tiethylamine to the suspension was cooled to 0°C.  Subsequenty, a
reaction mixture solution was prepared by slowly adding a solution prepared by dissolving 1.01 g
of N’-{(1E)-2,2-dichloroethylidene]-4-methylbenzene-1-sulfonehydrazine in 10 ral. of methanol to
the reaction solution, and the mixture was heated at 40°C for 2 hours under a nitrogen atmosphere,
After the addition of water to the reaction mixfure soluion, extraction was performed using ethyl
acetate. The organic layer was washed with saline, followed by drying and concentrating under
reduced pressure.  The resulting crude product was separated and purified by silica gel column
chromatography to obtain 501 me of ethyl
4-methyl-2-{4-(propan-2-yloxy)-3-(1H-1,2,3-triazol- 1 -yiphenyl)-1,3-thiazole-5-carboxylate.
ESYMS mve: 373.1 (M +H, CigHyNaO1S)

(5) A reaction mixture soluion prepmred by dissolving 501 mg of ethyl

dethyl-2-{4-(propan-2-yloxy)-3-(1H-1,2,3-tmazol-1-yDphenyt]-1,3-thiazole-5-carboxylate in 10
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mL of & mixed solution of tetrahydrofuran/methanol=1/1 and adding 1.35 mL of 2 M sodium
hydroxide agueous solution was stirred at coom ternperature for 3 hours.  After the addition of
1.35 mL of 2 M hydrochloric acid to the reaction mixture solution under stiing, 8 mL, of water
was added and extraction was performed using 20 ml of ethyl acetate.  The organic phase was
concentrated, followed by pun'fyingA by a conventional method to obtain 415 mg of
4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3-tdazol-1-yhphenyl)- 1,3-thiazole-S-carboxylic acid.
"H-NMR (400 MHz, DMSO d6) S(ppm): 1.28 (6H, d, J=5.6 Hz), 2.66 (3H, 5), 4.83 ~ 4.89 (1H, m),
746 (1H, d, J=8.8 Hz), 7.95 (1H, s}, 806 (1H, dd, }=2.0, 8.8 Hz), 822 (1H, dd, }=2.8 Hz), .52
(1H.s), 1339 (1H, 5)
HPLC Refention Time: 9.96 min.
Obs Mass (M +H); 345.1005
Pred Mass (M"+H): 345.1016
Formula (M) CicHheNsG3S

[Examples 17 to 211

The compounds of Compound Nos. 17 to 21 were synthesized in the simiflar manner as

in Example [6.
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[Table 5]

Exarnple

d No.

Compoun |

j
1

HPLC
Retention
Time

Obs Mass
M+ +Hy

Pred Mass
(Me+-+H)

FormulaM)

THNMR

1091

359.1168

3501172

CITH18N403S5

A00MHz (DMSO d6) 0.88(6H, d, T =
5.8H2), 1.95-2.02(1H, m), 2.66(3H, ),
395(2H, d, ] = 6.4Hz), TA4(IH, d, T =
8.8Hz), 797(1H, ), 8. 10(1H, dd, T =24,
8.8Hz), 821(1H, d, F = 2.4Hz), 8.51(1H, 4,
=0.8Hz), 1340(1F, 5)

18

1144

373.1340

373.1329

CISH20N403S

400MHz (DMSO d6) 0.87(9H, 1},
2.66(3H, 5},3.98(2H, s}, 7T44(1H. 4,J =
8.8H7), 798(1H, 53, 8.11(1H, dd, T =24,
8.8Hz), 8.19(1H, d, J =24Hz), 849(1H, s},
13.37(1H, brs)

11.29

3701173

3701172

CISHI8SN4O3S

400MEHz (OMSQ d6} 1.78-1.99%(7H, m),
2.66(3H, 53, 4.15(2H, d, F = 64Hz), T45(1H,
d,7=88Hz}, 796(1H, ), .10 H, dd, I= |
24, 8.8Hz), 8.24(1H, d, J = 2.0Hz), §49(1H,
s), 13.40(1H, brs)

20

929

331.0847

331.0859

CISH14N4038

{ 400MHz (DMSO d6} 129(6H, d,J =
| 6.0Hz), 483-4.89(1H. m), 7TAY(1H, d, =

8.8Hz),7.95(1H, d, } =0.8Hz), 8.11(1H, dd,
J=28,88Hz), 8250 H, 4,1 = 24Hz),
83%(1H,d, J=20Hz),8.52(11, 4, I =
1.2Hz), 13.58(1H, brs)

21

2

10.26

3451011

345.1016

CI6HION4O3S

400MHz (DMSO d6) 0.88¢6H, d, I =
6.8H17), 1952021 H, m), 396(2H, d,T =
6.0Hz), 745(1H, d, ] =884z, 7.96(1H,4,
1=08Hy), 8 14(1H, dd, ] =24,8.8Hz), |
8.23(1H, d, 7= 24¥1z), 8 39(1H, s), 8. 50(1H,

i d, J=0.8Hz}, 13.59(1H, brs)

{Examples 22 and 23]

The compounds of Compound Nos. 22 and 23 were synthesized in the similar manner as

m Example 7.
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[Table 6}

HPLC |
Example Compoun Retention Obs Mass | Pred Mass Formula(vi) THNMR
P dNo. . M++H) | M+ '
Time
400MHz (DMSO d6) 2.62(3H, 5), 7.15(2H,
d,} =7.6H2), 7217 2511, m), 744020, t, §
22 22 10,68 3790851 3790859 CIOHI4NAORS | =8.0Hy), 7.62(1H, d, T =0.8Hz),
791798031, m), 8.64(1H, 5), 13.50(1H,
brg)
400MHz 3MSO d6) 2.62(3H, s},
CISHI3MNAO3 | 7.26-747(41, m), 7.54(1H, 5),
23 ¢ 23 i 1063 39787717 39746765 i .
3 791-788(31, mj, 8.64(1H, d, I=0.8Hz),
13.50(1H, brs)
{Bxample 24}
Synthesis of

4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3 4-tetrazol-1-yDpbenyl}-1,3-thiazole-5-carboxylic acid
5  (Compound No. 24) {Synthesis Method {C))
(1} A suspension was prepared by  suspending 123 g of  ethyl
2-[3-amino-4-(propan-2-yloxyphenyll-4-methyl-1,3thiazole-5carboxylate in 20 mL of acetic
acid, A reaction nixture solution prepeved by adding 478 mg of sodium azide and 1.09 g of
triethy! ortho formate to the suspension was heated at 70°C for 2 hours under a nitrogen
10 atmosphere. After cooling the reaction mixture solution to room temperature, water was added to
the reaction mixture solution, and extraction was performed using ethy! acetate. The organic layer
was washed with saline, drded and concentrated under reduced pressure and purified by a
conventional method i) obtain 113 g of ethyl
4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3 d-tetrazol- I-yhphenyl]-1,3-thiazole-5-catboxylate.
15 ESYMS mfe: 374.1 QM™+H, Ci7HpNs05S)
(2) A reacton mixture solution prepared by dissolving 113 g of ethyl

4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3 A-tetrazol- 1-yDphenyll- 1 3-thiazole-5-carboxylate  in
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15 ml. of a mixed solution of tetrahydrofiran/methanol=1/1 and adding 3.0 mL of 2 M sodium
hydroxide aqueous soution to the mixture was stirred at room temperature for 3 hours.  After the
addition of 3.0 ml of 2 M hydrochloric acid to the reaction solution under stirring, 7 mL. of water
was added and extraction was performed using 30 mL of ethyl acetate. The organic layer was
concentrated, followed by puwifying by a conventional method to obtain 920 mg of
4-methyl-2-{4-{propan-2-yloxy)-3-(1H-1,2,3 A-tetrazol-1-yDphenyl]-1,3-thiazole-5-carboxylic

acid.

MHANMR (400 Mz, DMSO d6) 8(ppm): 1.28 (6H, d, J=6.0 Hz), 2.65 (3H, s), 4.84 —4.90 (1H, m),
7.50 (1H, d, J=9.6 Hz), 8.13 (1H, dd, J=24, 88 Hz), 827 (1H, 4, J=24 Hz), 9.79 (1H, s}, 1341
(1H, s)
HPLC Retention Time: 9.99 min.

Obs Mass (M™+H): 346.0958

Pred Mass VD) 346.0968

Formuola VD CisHisNO:8

{Examples 25 to 30)
The compounds of compound Nos. 25 to 28 were synthesized in the similar manner as in

Example 24.
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[Table 7]

Example

HPLC

Compoun .
Retention

dNg. .
Time

Qbs Mass
(M- +H)

Pred Mass !

(Me-+H)

FormulaM)

IHNMR

25

Ao
5

10.87

360.1124

360.1125

CI6HITN5038

400MHz (DMSO d6) 0.85(6H, d, T =
6.8Hz), 1.93-2.00(LH, m), 266(3H, s),
3.96(2H, d, T = 6.0FTz), 748(1H, d, T =
8.8Hz), B.18(1H, dd, T = 2.4, $.8Fz),

¢ 8.27(1H, d, T =24Hz), 9.79(1H, s},

1341(1H, 3)

374.1287

374.1281

CI17THION503S

400MHz (DMSO d6) 0.83(5H, ), 2.66(3H,
$), 3.83(2H, 5), 747(1H, d,J = 8.8Hz),
818(1H,dd, } =24, 88Hz), 827(1H,d, I =
2.0Hz), 9.78(1H, 8), 1340(1H, 5)

27

2 1122

:
i

372.1104

3721125

CITHITNSO3S

400MHz (DMSO d6) 1.72-1.97(7H, my,
2.66(3€, 5), 4. 16(2F, d, ] = 6.4H2), 7T 48(1H,
d,J=92Hz), 8.16(1H,dd, ] =24, 8. 8Hz),
8.28(1H, d, J =24Hz), 9.75(1H, s}
13.38(1H, )

28

&2

1099

3720114

3721125

CITHITNSO3S

400MHz (DMSO d6) 1.53-1.57(4H, n),
1.66-1.73(214, m), 1.88-1.93(2H, m),
2.65(3H,9), 5.06-5.30(1H, m), 747(1H, d,J
=8 8Hz), 8.14(TH, dd, T =24, 88Hz),
BAG(1H, d,J = 24Hz), 9.74(1H, 5)

10

[Exaraple 29]

Synthesis of 2-[4-(3-hydroxy-2-methylpropoxy)-3-(1H-1,2,3,4-tetrazol-1-yDphenyl]-4-

methyl-1,3-thiazole-3-carboxylic acid (Compound No. 29} (Synthesis Method (C))

(1) In the sinular

manier

in  Examples

fal

16 and 24, 197 g of ethyl

[4-(methoxymethoxy)-3-(1H-1,2,3 4-tetrazol-1-yhphenyl]-4-methyl-1 3-thiazole-5-carboxylate

was obtained from 4.36 g of 4-bromo-2-nitrophenol.
ESI/MS mv/e: 376.0 (M +H, CyeHisNsO4S)
"H-NMR (400 MElz, DMCI3) 8(ppm): 1.40 (6H, d, I=7.2 Hz}, 2.78 (3H, 5), 3.48 (3H, ), 4.36 (2H,

q, 1=6.8 Hz), 534 (2H, 8), 745 (1H, d, J= 8.8 Hz), 805 (1H, dd, J=2.4, 8.8 Hz), 844 (1H, d, =24

71



10

i5

20

Hz), 9.17 (1H, 5)

{2y A reaction mixture solufion was prepared by dissolving 1.97 g of ethyl
{4-<(methoxymethoxy)-3-(1H-1,2,3 A-tetrazol- 1 -yhphenyvl}-4-methyl-1,3-thiazole-S-catboxylate  in
25 mL of 14-dioxane and adding 5.0 mL of 2 M hydrochloric acid was heated wnder stiring at
60°C for § howrs. After the reaction mixtwre solution was cooled to room temperature, the
precipitated sohd was filtered to obtain 1.49 g of ethyl
2-{4-hydroxy-3-(1H-1,2,3 4-tetrazol-1-yljphenyl}-4-methyl-1,3-thiazole-S-carboxylate.

ESUMS m/e: 332.0 OV +H, C 4t 1aN505S)

'H-NMR (400 MHz, DMSO d6) 8(ppm): 1.39 (6H, d, J=7.2 Hz), 2.76 (3H, 5), 4.35 (2H, q, J=7.2
Hz), 722 (1H, ¢, 3=84 Hz), 7.39 (1H, ), 790 (1H, dd, }=2.4, 8.8 Hz), 8.45 (1K, d, }=2.8 Hz), 944
{1H, s)

(3) A solution was prepared by dissolving 13.5mg of 2-methypropan-1,3-diol in 1 mL of
tetrahydrofuran and adding 39.3 mg of tiphenylphosphine and 65 pL of a 40% toluene solution of
diethy! arodicarhoxylate © the mixtare.  After strring (he resultant solution at roofn temperatore
for 30 minutes, a teaction mixtire solution prepared by adding 33.1 mg of ethyl
2-{4-bydroxy-3-(1H-1,2,3 4-tetrazol-1-yhphenylj-4-methyl-1,3-thizzole-S-carboxylate  ©  the
solution was stirred at room temnperatuse Tor 3 hours.  After the addition of water to the reaction
mixture solution, extraction was performed using ethyl acetate,  The organic layer was washed
with saline and then dijed and concentrated under reduced pressure, followed by purifying by a
conventional method fo obtain 67.7 mg of ethyl 2-{4-(3-hydroxy-2-methylpropoxy)-3-
(1H-1,2,3 4-tetrazol-1-yDphenyl}-4-methyl-1,3-thiazole-5-carboxylate.

ESUMS sm/e: 404.1 VI +H, C1gHN:048)

{4) A solution was prepared by dissolving 34.1 mg of ethyl 2-{4-(3-hydroxy-2-methylpropoxy)-3-

(1H-1.2,3 4-tetrazol-1-yDphenyl}-4-methyl-1,3-thiazole-5-carboxylate in 1.0 mL of a mixed
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solution of tetrabydrofuran/methanol=1/1. A reaction mixture solution prepared by adding 0.2
mL of 2 M sodium hydroxide aqueous solution to the solution was stirred at room temperate for
3 hours.  After the addition of 0.2 mL of 2 M hydrochloric acid to the reaction mixture solution
under stirring, 3 mi of water was added and exwaction was performed vsing 4 mL. of ethyl acetate.
The organic layer was concentrated, followed by purifying by a conventional method to obtain 154
mg of  24-(3-hydroxy-2-methylpropoxyy-3-(1H-1.2,3 4-tetrazol- 1 -yl phenyl]-4-methyi-1,3-
thiazole-S-carboxylic acid.
*HNMR (400 MHz, DMSO d6) 8{ppm): 0.82 (3H, d, 7=6.8 Hz), 1.90 — 1.98 (1H, m), 2.66 (3H, 5),
325328 (2H, m), 4.04 -4.15 (2H, m), 4.62 (1H, m), 748 (1H, d, }=8.8 Hz), 8.17 (1H, dd, J=2.0,
8.8 Hz), 828 (1H, d, I=2.0Hz), 9.80 (1H, ), 13.37 (1H, brs)
HPLC Retention Time: 8.23 min.
Obs Mass (M™+H): 376.1074
Pred Mass (M*+H): 376.1074
Formula (M) CigHNsGyS
{Example 30]

Synthesis of 2-[4-(2-hydroxy-2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol- 1 -y})phenyl]-4-
methyl-1,3-thnarole-5-carboxylic acid (Compound No. 30) (Synthesis Method (C))
() A solution was  prepared by  dissolving 331 mg of eyl
2-[4-hydroxy-3-(1H-1,2,3 4-tetrazoi-1-yl)phenyl}-4-methyl-1,3-thiazole-5-carboxylate in 1.0 mi.of
dimethylformamide. A reaction mixture solution prepared by adding 20.7 mg of potassiven
carbonate and 16.2 mg of 3-bromo-2-methylpropene to the sohrion was heated under stirring at
100°C for 4 hours.  The reaction mixture solution was cooled to room temperatare and then 3 mi,
of water and 4 mL. of ethy! acetate were added under stirring, followed by concentrating the organic

phase to obtain 341 mg of eyl 4methyl-2-{4-[(2-methylpropen-1-yDoxy]-3-
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(1H-1,23 A-tetrazol-1-yDphenyl }-1,3-thiazole-S-carboxylate.

(2) Areaction mixture solution prepared by adding 1.0 mL of 35% sulfuric acid aqueous solution to
341 mg of ethyl 4-methyl-2-{4-[2-methylpropen-1-yloxy]-3-(1H-1,2,3 4-tetrazol-1-y})
phenyl}-1,3-thiazole-5-carboxylate was heated under stirring at 80°C for 4 howrs.  The reaction
mixture solution was cooled to room temperature and then 3 k. of water and 4 m of ethy! acetate
were added onder stiring, and the organic phase was concentated and purified using a
conventional method to obtan 9.9 mg of ethyl 2-[4-(-hydroxy-2-methylpropoxy)-3-
(1H-1,2,3 A-tetrazol-1-yhphenyi]-4-methyl-1,3-thiazole-5-carbox ylate.

ESUMS m/e: 404.1 (M'+H, CiHpNsO,8)

(3) A reaction mixture solution prepared by dissolving 9.9 mg of ethyl 2-{4-(2-hydroxy-2-
methylpropoxy)-3-( 1H-1,2,3 4-tetrazol-1-yDphenyl[-4-methyl-1,3-thiazole-5-carboxylate in 1.0
mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 0.2 mL of 2 M sodium
hydroxide aqueous solution was stirred at room temperature for 3 houss.  After the addition of 0.2
mL of 2 M hydrochlotic acid to the reaction mixture solution under stiring, 3 mL of water was
added and exmaction was performed using 4 ml. of ethyl acetate. The organic phase was
concentraied  and  purified by a conventional method to obtain 48 mg of
2-{4-2-hydroxy-2-methylpropoxy)-3-

(1H-1,2,3 4-tetrazol-1-yhphenyl}-4-methyl-1,3-thiazole-5-carboxylic acid.

H-NMR (400 MHz, DMSO d6) 8(ppm): 1.08 (6H, 53, 2.66 (3H, 5), 3.96 (2H, 5), 4.80 (1H, 5), 7.50
(1H. d, 1=8.8 Hz), 8.15 (1H, dd, }=2.8, 8.8 Hz), 8.31 (1H, d, J=24 Hz), 9.90 {I1H, s), 1344 (IH.
brs)

HPLC Retention Time: 8.29 min.

Obs Mass (M*+H): 3761073

Pred Mass (M"+H): 376.1074
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Formula (M) C15H17N50..4,S

[Examples 31 and 32]

The compounds of compound Nos. 31 and 32 were synthesized in the sirilar manner as

in Example 24.
5  [Table 8]
HPLC
i Compeoun . Obs Mass | Pred Mass
Example Retention Forpula(M) THNMR
d Ne, (M) (M++H)

Time

{ 400MHz (DMSO d6) 1.28(6H, d,J =

: 6.0Mz), 4.85-491(1H, m), 753(1H,d, =

31 3L 932 332.0824 3320812 | CHMHI3NSO3S | 2.8Hz), 8.18(1H, dd, T =20, 8.8Hz),

827(1H, d, I=20Hz), 8.39(1H, ), 9.80(1H,
i 8), 13.60(HH, brs)

400MHz (DMSO d6) 0.85(6H, d, T = 6.81),

1.93-2.01(1H, m}, 396(2H, d, T = 6.4Hz),

32 32 10.23 346.0951 3460068 | CISHISNSOSS | 749(1H, d,1=92H2), 8 20(1H, dd, i =24,
8.8Hz), 8.30(1H, d, ] = 2.4Hz), 840(1H, 5),
9.78(1H, s), 13.59(H, brs)

[Example 33]
Synthesis of 4-methyl-2-[4-phenoxy-3-(1H-1,2,3 4-tetrazol-1-ylphenyl}-1,3-thiazole-5-
carboxylic acid (Compound No. 33) (Synthesis Method (C))

10 (1) A mixture was prepared by adding 2.10 g of potassium hydrogen carbonate, 44 mg of
palladivm chloride () and 205 mg of a copper bromide () dimethylsulfide complex to 2.20 g of
S-bromo-2-flnoronifrobenzene and the resulting mixtwe was suspended in 20 mi of toluene.
Subsequently, a reaction wmixtwe solution prepared by adding 205 g of ethyl
4-methyl-1 3-hiazole-5-carboxylate, 925 pL of isobutyric acid and 228 mg of

15 di-t-butyleyclohexylphosphine to the resulting suspension was heated at 120°C for 14 hours under

a nitrogen atmosphere.  The reaction muxture solution was celite-filiered to remove msoluble
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matter and water was added 1o the filtrate, and extraction was performed using ethyl acetate. The
organic layer was washed with saline and dried and concentrated under reduced pressure.  The
resulting crude product was separated and purified by silica gel colurmn chromatography to obtain
2.28 g of ethyl 2-(4-4luoro-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate.

ESYMS mve: 311.0 (M7 +H, CpalpFNG,S)

(2) A reacion mixture solution prepared by suspending 931 mg of ethyl
24-fluoro-3-pitrophenyl)-4-methyl-1,3-thiazole-5-catboxylate, 339 mg of phenol and 622 mg of
potasstum carbonate in 15 mL of dimethylformamide was heated at 100°C for 14 hours under a
nitrogen atmosphere.  The reaction niixture solution was cooled to room femperature, water was
added and extraction was performed using ethy! acetate. The organic layer was washed with
saline and then dried and concentrated under reduced pressure.  The resulting crude product was
separated and purified by silica gel column chromatography fo obtain 1.14 g of ethyl
2-(3-nitro-4-phenoxyphenyl)-4-methyl-1.3-thiazole-S-carboxylate.

BSUMS r/e: 385.0 M+, Crbl N, 068)

(3y A reaction mixture sofution prepared by suspending 114 g of ethyl
2-(3-nitro-4-phenoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate in 15 mL of ethanol and adding
300 mg of palladium/carbon (10wt%) was stimed at room temperature for 14 hours under a
hydrogen atmosphere, The reaction mixture solution was celite-filtered and the filtrate was
concentrated  under  reduced  pressure  to  obmin 105 g of  ethyl
2-(3-amino-4-phenoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate.

ESI/MS mve: 355.1 (ME“+H, CioHioN20sS)

4 In the similar mamer as i Example 24, 458 mg of
4-methyl-2-{4-phenaxy-3-(1H-1,2,3 4-tetrazol- 1-yliphenyl]-1,3-thiazole-5-carboxylic  acid  was

obtained using 1.05 g of ethyl 2-(3-amino-4-phenoxyphenyl)-4-methyi-1,3-thiazole-5-carboxylate.
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"HNMR (400 MHz, DMSO d6) S(ppm): 2.67 3H, 8), 7.11 —7.29 (4H, m), 743 — 748 2H, m),
8.15 (1H, dd, J=2.4, 8.8 Hz), 8.42 (1H, d, }=2.0 Hz), 997 (11, ),
HPILC Retention Time: 10.79 min,
Obs Mass (M"+H): 380.0803
Pred Mass (M +H}: 380.0812
Formula (M): CigHpNO5S
[Examples 34 to 48]
The compounds of Compound Nos. 34 10 48 were synthesized in the similar manmer as in Example

33.
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. [Table 9)

HPLC
C ObsMass | Pred Mass
Bxample | 2} Reention o Formula(M) 1HNMR
dNo. i M+ +H) M+ +H)
Thme
400MHz (DMSO d6) 2.67(3kL 8), 7.11(0H,
CISHIZ2FNAO3 | d, F=8.8Hz), 7.30-7.48(4H, m), 8 16(1H,
34 4 10.67 3980722 | 3980718 X
S dd, } =2.4, 8.8Hz), 844(1H, d,] = 2.4H),
9.99(1H, 5)
400MHz (IDMSO d6) 2.68(3H, 5), 3.71(3H,
) $), 690(1H, d. J = 8.8Hz), 703-7.31 (H,
35 e 10.80 4100908 4100918 | CI9HISNSO4S
m) L 8I0(1H, dd, T = 2.4, 8.8Hz), 8 33(1H,
d,¥=2.8Hz), 0.94(1H, s)
400MHz {DMSO db) 2.66(3H, s), 7.18(1H,
CISHIIFINSO | d,]=88Hz). 735-745 (3H, m) ,8.18(1H,
36 36 16.63 4160620 4160623 ]
38 dd, T =20, 8.8Hz), 843(1H, d, 1= 2417,
10.00(1H, 8)
300MEHz (DMSO d63 2.68(3H, &), 7.02-7.18
CISHIZENSO3 | (GH, my),7.27(1H. 4,1 =8.7Hz), 7.50(1H,
37 37 10.87 3980717 3980718
S q,J=81Hz), 8.I8(1H,dd, T =2.1, 8.7Hz},
8A43(1H, d, ¥ = 2.1Hz), 9.98(1H, 5)
300MHZ (DMSO d6) 2.31(3H, ), 2.68(3H,
; 5),697-7.16 @B, m) ,7.32-7.37(1H, ),
38 38 11.4% 304.0058 3040068 | CISHISNSO3S
8.16(1H, dd, 3 =27, 9.0Hz), 841{1H,d, I =
2.1Hz), 998(1H, s}
300MHz (DMSC d6) 2.68(3H, s), 7.02(1H,
CISHIZ2CINSO | d,J=8.THz), 7.14-7.81 ©@H, r), 818(1H,
39 30 117 4140421 | 4140422
o 38 dJ=84Hz), 846(1H, s), 9.98(1H, s),
13370H, brsy
300MHz (OMSO d6y 2.23(3H, 8), 2.68(CH,
C19H14FNSO3
40 40 11.56 412.0884 | 4120874 S ). 707728 @H, m),8150H,dd, I =27,
8 7Hz), 842(1HE, d, T = 2.1H2), 9.99(1H, 5)
300MHz (DMSO d6) 2.21(3H. 5), 2.68(3H,
CI9HI4PN503 | 8), 692(1H, d, 1 =8.7Hz), 7.157.30 (3H,
41 41 11.39 4120873 4120874 ‘ ) :
S m) ,8.13(1H, dd, Y =2.1, 9.0Hx), 8.42(1H,
d,J=2.1Hz), 10.00¢1H, 5)
300MHz (DMSO d6) 2.68(3H, 83, 7.13-7.61
CISHTIF2NSO ‘ ‘
42 42 10.83 4160607 4160623 35 | @H, m) | 815(1H,dd, T =2.1,9.0Hz),
844(1H, 4, J = 2.1Hz), 10.01(1H, 8)
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[Table 10]

10

HPLC
y ObsMass | Pred Mass
Example Compoun Retention q fm Formula(Vi) IHNMR
dNo. . M) | (M
Tire
300MHz (DMSO d6) 267(3H, 8), 3.77(3H,
CISHIABNSO4 | 5),697-7.10 GH, m) ,7.327.40(1H, m), |
03 43 1080 | 480815 | 4280823 9 ™ Xk, m), |
= S 8.10(1H, dd, J =2.1, 8.7Hz), 840(1H, d, T =
2.182), 8.92(1H, )
300MFEIz (DMSO d6) 2.12(3H, 9), 2.65(3H,
5), 6. 4, T=87Hz), 7.11-738 (4K,
44 a4 1136 3940973 1 3940968 | CI9HISN503S 9 691(IH, d.7=87H2) GH
P m) L R10(1H, dd, T =21, 9.0H2), 839(1H,
d, ¥ =2.1Hz), 9.98(1H, 5)
300MHz (DMSO d6) 2.11(3H, s), 266314,
45 45 11.54 3040063 | 3940068 | CIOHISNSO3S | ), 707728 5H, mv,8.11(1H,dd, T = 2.1,
8.7Hz), 8. 37(1H, 8,1 = 2.1Hz), 9.98(1H, s
300MHz (DMSO d6) 231(3H, 5), 267(3H,
CISHI4ENSO3 | 5),686-697 (BH, m) ,727(1H,d,]=
46 46 1158 4120876 | 4120874
= S 9.0Hz), 8.16(1H, dd, 1 =2.1, 8.7Hz),
841(1H, 4, I =2.1Hz), 9.92(1H, s)
_ 300MHz (DMSO d6) 2.67C3H, 1), 7.07-7.40
CISHT1FNS0 :
47 47 1076 4160629 4160623 15 4H, m) ,8.11(1H, dd, ) =24, 8.7Hz),
’ 8 44(1H, d,} = 2.1Hz), 9.71(1H, 9)
1 300MHz (DMSO d6) 230038, 5), 2.68GH, |
CIHI4FNSO3
48 48 11.36 412.0871 4120874 5 8), 7.11-7.36 @1, m),8.16(1H,dd,J=2.1,
| | 8.THz), 8B44(1H, d, T =2.1Hz), 9.99(1H, 5)
i
[Exarmple 49]

Synthesis of 4-methy}-2-{4-[(2-methyipropyh)sulfanyli-3-(1H-1,2,3 4-tetrazol- 1-yDphenyl }-1,3-
thiazole-5-carboxylic acid (Compound No, 49) (Synthesis Method (DY)

(I} A reaction mixtre solution prepared by suspending 1552 mg of ethyl
2-[4-fluoro-3-nitrophenyl }4-methyl-1,3-thiazole-5-carboxylate and 244.4 mg of cesium carbonate
in 1.5 mL of NN-dimethylformamide and adding 49.6 mg of 2-methylpropylthiol was heated
under stirring at 80°C for 5 hours under a nitrogen atmosphere.  The reaction mixture solution
was cooled to room temperature, 3 mL. of water was added and extraction was performed using
ethyl acetate. The organic layer was concentrated under reduced pressure to obtain a crude

product of ethyl 2-[4-(2-methylpropylthio)-3-nitropheny|-4-methyl-1,3-thiazole-S-carhoxylate.
79
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(2) The crude product of ethyl 2-[4-(2-methylpropylthio)-3-nitrophenyl-4-methyl-1,3-
thiazole-5-carboxylate obtained above was reduced using palladium carbon under a hydrogen
atmosphere to obtain ethyl
2-{3-amino-4-(Z-methylpropylthio)phenyl}-4-methyl- 1, 3-thiazole-5carboxylate.

3 A reaction mixture  solution  prepared by suspending  ethyl
2-[3-amino-4-C2-methylpropylthio)phenyll-4-methyl-1,3-thiazole-5-carboxylate obtained above in
2.0 mL of acetic acid and adding 65 mg of sodivm azide and 148 mg of triethy! ortho formate was
heated at 70°C for 5 howrs under & nitrogen atmospbere. The reaction mixture sofution was
cooled to room temperaiure, water was added and extraction was performed using ethyl acetate.
The organic layer was washed with saline and then dded and concentrated under reduce pressure,
followed by purifying by a conventional method to obtain 123 mg of ethyl 4-methyl-2-
{4-[(2-methylpropylsulfanyl}-3-(1H-1,2,3 A-tetrazol- 1-yhphenyl }-1,3-thiazole-S-carboxylate.

(4) A reaction mixtre solution prepated by adding 123 mg of ethyl 4-methyl-2-
{4-{(2-methyipropyhsutfanyt}-3-(1H-1,2,3 d-tetrazol-1-yDphenyl } -1, 3-thiazole-§-carboxylate to 2
mE. of a mixed soludon of terahydrofuran/methanol=1/1 and adding 0.5 mL of 2 M sodium
hydroxide agueons solution wag stinred at room temperature for 3 howrs.  After the addition of 0.5
mi. of 2 M hydrochloric acid to the reaction mixture solution under stiring, 3 mL of water was
added and extraction was performed using ethyl acetate.  The organic phase was concentrated,
followed by purifying by a conventional method to obtain 679 mg of 4-methyl2-
{4-[(2-methylpropyhsulfanyl]-3-(1H-1,2,3 4-tefrazol-1-yDphenyl }-1,3-thiazole-5-carbxylic acid.
"H-NMR (400 MHz, DMSO d6) Sppm): 0.91 (6H, d, }=8.0 Hz), 1.75 (1H, septet, J=8.0 Hz), 2.66
(3H,5),2.93 2H, d,J=8.0 Hz), 7.78 (1H. d, J=80 Hz), 8.17 - 8.19 (2H, m), 9.89 (1H, s), 1348 (1H,
brs}

HPLC Retention Time: 11.19 min.

&0



Obs Mass (M +H): 376.0887
Pred Mass (M*+H): 376.0896
Formula (M): CisH7Ns0,8;

[Examples 50 and 51]

5 The compounds of Compound Nos. 50 and 51 were synthesized in the similar manner as

in Example 49,

fTable 11]

Co HELC Obs M Pred Mass
OITpO! S S e
Example | L poention | FormulaM) [HNMR
dNo. M) | (M)
Time
400MHz (DMSO d6) 1.15(6H.d,J =
CISHISN302S | 6.8Hz), 2.62(3H, 1), 3.56-3.63(1H, m),
50 50 1045 | 3620736 | 3620740 5851z, 2.623H, 9, 356- 36318, m)
- 2 7.80(1H, d, T = 84Hz), 8.14-2.18(ZH, m),
9.82(1H, 5)
| 400MHz (DMSO d6) 2.33(3H, 5), 2.65(3H,
CIGHISNSO2S | 8),7.18-7 R L8I0(IH, d. J =
53 51 ng | aoomo | aogug | CORONS02S | 9718937 GH, m) |, 8100H. 4.1
2 8.81z), 8§.26(1H, s), 9.96(1H, s}, 13.45(1H,
{ brs)
{Example 52}
Synthesis of 4-methyl2-{4-(N,N-diethylamino)-3-(1H-1,2,3 4-tetrazol-1-yDphenyl]-1,3-
10 thiazole-S-carboxylic acid (Compound No.52)

(1) A reaction mixture solution prepared by suspending 220 mg of 5-bromo-2-fluoronitrobenzene

and 276 mg of potassiom carbonate in 2 mL of N,N-dimethylformamide and adding 88 mg of

N N-diethylamine was heated under stiming at 40°C for 14 hows under a nitrogen atmosphere.

The reaction mixture solution was cooled to room temperature, 3 mi of water was added and

15

exiraction was performed using ethyl acetate.  The organic layer was concentrated under reduced
pressure to obtain a crude product of 5-bromo-2-(N,N-diethylamino)nitrobenzene.

(2) A suspension was prepared by adding 210.3 mg of potassium hydrogen carbonate, 5.3 mg of
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palladium chloride (IT), 49.3 mg of a copper bromide (1) dimethylsulfide complex and 21.5 mg of
2-{di-+butylphosphino)biphienyl to the crude product of  S-bromo-2-(NN-diethylamino)
nitrobenzene obisined above, followed by suspending the mixture in 2 mL of toluene. A reaction
mixture solution prepared by adding 188.3 mg of ethyl 4-methyl-1,3-thiazole-5-carboxylate and
10.6 mg of isobutyric acid o the suspension was heated at 130°C for 13 hours under a nittogen
atmosphere.  Water was added to the reaction mixture solution and extraction was performed
using ethyl acetate. The organic layer was concentrated wmder reduced pressure and then the
resulting crude product was separated and purified by silica gel column chromatography to obtain
256.1 mg of ethyl 2-{4-N,N-diethylamino)-3-nitrophenyl}-4-methyl-1,3-thiazole-5-carboxylate.
(3) Eihyl 2-{4-(N,N-diethylamino)-3-nitrophenyt}-4-methyl-1,3-thiazole-S-carboxylate  obtained
above was reduced by palladivin carbon under a hydrogen amosphers to obtam ethyl
2 3-amino-4-(NN-diethytamino) phenyl]-4-methyi-1,3-thiazole-5-carboxylate.

4) A reaction mixture solution prepared by suspending ethyl
2+ 3-amino-4-(N,N-diethylamino)phenyil-4-methyl-1,3-thiazole-S-carboxylate obtained above in
3.0 mL of acetic acid and adding 91.6 mg of sodium azide and 209.2 mg of triethyl ortho formate
was heated at 70°C for 5 hours under a nitrogent atmosphere.  The reaction mixture solution was
cooled to room temperature, water and a satarated sodivm: hydrogen carbonate agueous solation
were added, and extraction was performed using ethyl acetate. The organic layer was washed
with saline and then dried and concentrated mder reduced pressure, followed by pudifying by a
conventional method to obtain 2859 mg of ethyl
2-4-(NN-diethylamine)-3-(1H-1,2,3 4-fetrazol- 1-yDphenyt]-1,3-thiazole-5-carboxylate.

(8) A reaction mixtwe solution prepared by dissolving 2959 mg of ethyl
2-{4-(N N-diethylamino)-3-(1H-1,2,3 4-tetrazol-1-yliphenyl]-1,3-thiazole-S-carboxylate  obtained

above in 3 mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 2.0 mL of 2 M
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sodium hydroxide aqueous soluion was stired at room temperature for 2 hours. After the
addition of 2.0 ml of 2 M hydrochloric acid to the reaction mixture solution, the miXure was
purified by a  conventonal  method o obtain 1899  mg  of
4-methyl-2-J4-(N,N-diethylamino)-3-(1H-1,2,3 A-tetrazol-1-yl)phenyl}- 1, 3-thiazole-S-catboxylic
5  acid.

TH-NMR (400 MHz, DMSO d6) 8(ppm): 0.85 (6H, d, J=8.0 Hz), 2.64 (3H, ), 2.80 (4HL d, J=8.0
Hz), 741 (1H, d, J=8.0 H2), 8.02 (1 H, d, J=4.0 Hz), 8.08 (1H, dd, }=8.0,40Hz), 9.82 (1K, s)
HPLC Retention Time: 10.50 min.
Obs Mass (M™+F): 359.1289

10 Pred Mass (M +H): 359.1285
Formula (M): CisHaNgO:S

[Example 53}

The compound of Compound No. 53 was synthesized in the similar manmer as in

Example 52.
15 [Table 12
HPLC N
Compoun ] ObsMass : Pred Mass ! )
Example Retention Formuia(Mj IHNMR
dNo, Me+H) § (Me4H)
Time |
A00MHz (DMSO d6) 1.75(4H, ), 2.61(3H,
, i $), 2.81(4H ;8), 701(1H, 4,1 = 9.2Hz), '
53 3 9.73 3571124 3571128 CI6HIONGOZS . ) ;
7.83CHH, 8), TO8(1H, d, J = 8.8Hz), 9. 80(1H, |
8)
[Example 54]

The xanthine oxidase inhibitory activity was measured for the compounds synthesized
according to the above Examples.

20 (1) Preparation of Test Compounds
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Test compound was dissolved in DMSC (manufactured by Sigma Co.) to prepare a 20
M solution. The sohution was adjusted to an optimal concentration and used for the testing,
(2) Measwrement Method
The evalvation of the xanthine ogidase nhabifory activity of the compounds of the present

invention was conducted by the method described in the refference (Method Enzymatic Analysis, 1,
521-522, 1974) with partial modification. This evaluation was carded out by measuring
oxidase-type xanthine oxidoreductase acrivity. Concretely, a xanthine (manufactored by Sigma
Co.) solution was prepared at 10 mM using a 20 mM sodium hydroxide solution and then mixed
with 100 mM phosphate buffer to adjusted to 30 WM. 75 pL of the solution was added to each well
of the 96-well plate. The test compound diluted with DMSG at 100 times of a final concentration
was added to each well at 1.5 gL per well. After mixing the plate, absorbance at 290 nm was
measured by a microplate reader SPECTRA MAX Plus 384 (manufactured by Molecular Devices,
LLC).  Subsequently, oxidase-type xanthine oxidoreductase (from buttermilk, manufactured by
Calbicchem Novabiochem Corp.) was prepared at 30.6 mU/mL using a 100 mM phosphate buffer
sokution and added to each well at 73.5 pL per well.  Immediately after mixing, the change of
absorbance at 290 nm was measwred for 5§ minutes, The enzyme activity of DMSO solution
withont test compound was used as 100% control, and the inhibitory rate of the test compounds
was calculated. Fifty percent inhibitory concentration of the test compounds on the oxidase-type
xanthine oxidoreductase activity was calculated by fitting to the dose-response curve.

The resulis are shown in the following table. Note that the symbols (+, ++, +++) in the
table represent mhibitory activity values as shown below.

10.0 nMICsg: +

5.0 nM=ICsp<10.0 nME: ++

1.0 nMSICop<5.0 nM: -+
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[Table 13]

Compound | Inhibitor | Compound | Inhibitor | Compound ¢ Inhibitor | Compound | Inhibitor
No._ Activity No. | Activity No. | Activity No._ | Activity
i +-4+ b&] + il At 41 bt
2 ++ 16 et 29 - 42 +
3 +- 17 +++ 30 +++ 43 +4+
4 + i8 + 31 I o o o 44 +44
3 -+ 19 - 32 - 45 +-
6 o P o R I R T A
7 + 21 ++4+-+ 34 +++ 47 -t
] + 2 + 35 -t 48 4+
9 b 23 4 36 +--+ 49 o o
16 4t 4 +++ 37 b 50 4+
u +--+ 28 B e 38 e 51 +-+-+
12 o 26 +-+-+ 39 +++ 52 G+t
i3 +-++ 27 +++ 40 +--+ 53 +t
14 +++ |

[Example 55]

Hypouricemic effect (Normal Rats})

The hypouricemic effect was confirmed for the compounds of compound No. 17, 24, 25
and 26. A test compound suspended in a 0.5% methylcellulose solution was administered to 8 to
9 week-old Sprague-Dawley male rats (Tapan Charles River Co.) by oral gavage administration
using a feeding needle. After the blood was collected from the tail vein at 2 hours after
administration, the plasma was separated. The level of wic acid in the blood sample was
measured by uricase method using an absorption spectrometer as well as a uric acid determination
kit (L type Wako UA F: Wako Pure Chemical Industries, Ltd.). The percentage of hypouriceric
effect was determined by the following expression:

Percentage of hypouricemic effect (%) = (Level of uric acid of the control animal — Level of uric
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acid of the test compound-administered animal)x100/ Level of uric acid of the control animal,

All of compounds of compound No, 17, 24, 25 and 26 showed a hypouricemic effect of
50% or more at the dose of 10 mg/kg.

Further, compounds of compound No. 24, 25 and 26 showed a hypouricemic effect of
50% or more even at the dose of 1 mg/kg.

From the above results, it was shown that the compounds of the present invention have a
potent hypouricemic effect.
[Example 56]

Prolonged hypouricernic effect (Normal Rats)

By using compounds of compound No. 17, 25 and 26, a test compound was
administered to Sprague-Dawley male rats in the similar mammer as in Example 535. After the
blood was collected from the tail vein 24 hours affer administration, the plasma was separated.
The level of uric acid in the blood was measured by an uricase method using an absorption
spectrometer and a uric acid determination kit (L type Wako UA T Wako Pure Chemical Industries,
Ltd.). The percentage of hypouriceimic effect was determined by the following expression:
Percentage of hypouricemic effect (%) = (Level of uric acid of the control animal — Level of uric
acid of the test cornpound-administered animalp<100/ Level of uric acid of the control animal.

All of the compounds of compound No. 17, 25 and 26 showed a hypouricemic effect of 50% or
more in 24 hours after administration at the dose of 10mg/kg.

Further, all of the compounds of compound No. 25 and 26 showed a hypowicemic effect
of 40% or more in 24 hours after administration even at the dose of 3 mg/kg.

From the above results, the compounds of the present invention have a prolonged
hypouricemic effect over a long period of time.

[Example 57]
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Hypouricemic effect (Hyperuricemic beagle dogs)

The hypouricemic effect was confirmed for the compounds of compound No. 25 in
oxonic aciddnduced hyperuricmic beagle dog. A test compound suspended in a 0.5%
methylcellulose solution was admimistered to beagle dog (Kitayama labes) by oral gavage
administration. Potassium oxonate (50 mg/kg) was subcutaneously administrated before and 4
hours after compound administration. After the blood was collected from the cephalic veln at 8
hours after administration, the plasma was separated. The level of wic acid in the plasma sample
was measured by LC-MS/MS method and the percentage of hypouricemic effect was determined
by the following expresston:

Percentage ol hypouricemic effect (%) = (Level of uric acid of the control animal - Level
of uric acid of the test compound-administered animal}<100/ Level of uric acid of the control
animal,

Compounds of compound No. 25 showed a hypouricemic effect at the dose of 10 mg/kg,

From the above results, it was shows that the compounds of the present Invention have a
potent hypouricertic effect in beagle dog.

{Example 58}

Prolonged inhibitory effect of xanthine oxidase in tissue and plasma.

For “xanthine oxidase” in the present mvention, as far as this example, oxidative reaction
catalyzing activities which are brought by oxidase-type xanthine oxidoreductase solely and by both
oxidase-type and dehydrogenase-type xanthine oxidoreductase are distinguished.  The former is
O activity” and the latter is “XOR activity™.  In “tissue XO activity”, “plasma XO activity”,
“tissue XOR activity inhibition”, “tissue XOR. activity mhibition” and the Jike, “XQO activity” and
“XOR activity"have the same meanings as defined above. The tissue includes liver, kidney,

adipose tissue, intestine and vessel. In addition, percentage of XO activity inhibition and that of
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X0 actvity inhibition in same sarmple are thought to be similas, according to the results below.

The whibitory effect of tissne XO activity fissue XOR activity and plasma XO activity
was confirmed for the compounds of cormpound No. 17, 25 and 26. A test compound suspended
in a 0.5% methylcellulose solution was administered to 7 to 9 week-old Sprague-Dawiey male rats
(Japan Charles River Co.) by oral gavage administration using a feeding needle.  The blood was
collected from the abdominal vein and fissue was collected at 24 or 27 hours after administration.
Plasrma sample was prepared by centrifugation.

Tissue XO activity, tissue XOR activity and plasma XO activity were measured by the
pterin-based assay which utilizes the reaction that pterin is oxidized by each type of xanthine
oxidoreductase 1o produce fluorescent isoxanthopterin. In brief, frozen tissues were homogenized
with potasstum phosphate buffer, pH 74, coptaining 1 mM ethylenediaminetetrancetic acid
(EDTA) and protease inhibitors to prepare tissue concentration as follow (fiver: 25 mg/mL, kidney:
25 mg/ml, intestine: 5 mg/ml, adipose tssuer 5 mg/ml, vessel 30 mgiml). Then the
homogenates were centrifuged 12,000 mpm for 15 min at 4°C. When measured XO activity, the
supernatant of tissue and plasma were respectively co-incubated with 50 pM pterin solution at 37°C.
When measured XOR. activity, the supematant of tissue homogenate was co-incubated with 50 (M
pterin and 50pM methylene blue solution at 37°C. As a control, oxidase-type xanthine
oxidoreductase (from buttermilk, manufactured by Calbiochem Novabiochem Corp.) was also
incubated with pterin solution in the same manner. XO activity and XOR activity of the samples
wege determined from fluorescence intensity which nonmalized by the intensity value of control
and protein concentration,

The percentage of XO activity inhibition and XOR activity inhibition were determined
by the following expression:

Percentage of XO or XOR activity inhibition (%) = (XO or XOR aciivity of the control animal —

88



XO or XOR activity of the test compound-administered amimal) x100/ XO or XOR
activity of the control animal.

Liver and kidney XO activities and plasma XO activity 27 hours after
compound 17, 25 and 26 administration are shown in the table below.
[Table 14}

0

% inhibition of tissue and Plasma XO activity
(27 hours after administration)

% of inhibition {vs. vehicle)

compound 17 25 286

Dose
(malkg) 1 10 1 | 16 4 16

Liver =809, =90 % =809% =90 9%, =809 =90 9%

Kidney =609 =80 %  =z60% =80 % ! =2609% =80 %

Plasma | =250, | =409 | _>_::25%f =400, | 2250, | =409,

Intestine, adipose tissue and vessel XOR activities 24 hours after compound 25
10 administration are shown in the table below.
[Table 15]
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% inhibition of tissue XOR acfivity
(24 hours after adinistration)

% of innibition (va. vehicle)

Compound 25
Dose !
(mg/kg) ! 10
intestine | 260% | Z80%
Adipose | > ane, 26800
fissue
Vessel | Z225%  Z40%

All of compounds of compound No. 17, 25 and 26 inhibited 80 % or more XO activity
27 hours after drug administration compared to the control animal at the dose of 10 mg/kg in fiver,

All of compounds of compound No. 17, 25 and 26 inhibited 70 % or more XO activity
27 hours after drug administration compared {o the control animal at the dose of 10 mgikg in
kidney.

All of compounds of compound No. 17, 25 and 26 inhibited 40 % or more X activity
27 hours after drug adminisiration compared to the control animal at the dose of 10 mg/kg in
plasma.

In addition, compound No.25 ihibited 80 % or more XOR activityZ4 hours after drug
administration compared to the contro} animal at the dose of 10 mg/kg in intestine.

Compouand No25 inhibited 60 % or more XOR activity 24 hours after drmug
administration compared to the controf animal at the dose of 10 mg/kg in adipose tissue.

Compound No.25 inhibited 40 % or more XOR activity24 hours after drug
administration compared to the control animal at the dose of 10 mg/kg in vessel.

Compound No. 25 inhibited 80% or more XOR activity and XO activity 24 hours after

drug administration respectively compared to the control animal at the dose of [0 mg/kgin liver
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Compound No. 25 inhibited 70% or more XOR activity and XO activity 24 hours after
drug admimistration respectively compared to the contro animal at the dose of 10 mg/kg in kidney.

Further, all of compounds of compound No. 17, 25 and 26 inhibited 80 % or more XO
activity 27 hours afer drug administration compared to the contvol animal even at the dose of 1
mg/kg in liver.

All of compounds of compound No. 17, 25 and 26 inhibited 60 % or more XO activity
27 hours after drug administration compared to the control animal even at the dose of 1 mg/kg m
kidney.

All of compounds of compound No. 17, 25 and 26 inhibited 25 % or more XO activity
27 hours after drug administration compared o the control animal even at the dose of 1 mg/kg in
plasma.

In addition, compound No. 25 inhibited 60% or more XOR activity 24 hours after drug
administration compared fo the control arimal at the dose of 1 mg/kg in intestine.

Compounctd No. 25 inhibited 30% or more XOR activity 24 hours affer dmg
administration compared to the control animal at the dose of 1 mg/kg in adipose tissue.

Compound No. 25 mhibited 25% or more XOR activity 24 hours after drug
administration compared to the contro] animal at the dose of 1 mg/kg in vessel.

Compound No. 25 inhibited 80% or more XOR. activity and XO activity 24 hours after
drug administration respectively compared to the control animal at the dose of 1 mg/kg in liver,

Compound No. 25 inhibited 60% or more XOR. activity and XO activity 24 hours after
drug administration respectively compared to the control animal at the dose of 1 mg/kg in kidney,

From the above results, it was shown that the compounds of the present invention have a
profonged inhibitory effect of XO activity or XOR activity.

{Industrial Applicability]
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A compound represented by the formula (I) of the present invention and a
pharmaceutically acceptable salt thersof have a xanthine oxidase inhibitory activity and may be
used as a therapeutic agent or a preventive agent for diseases associated with xanthine oxidase such
as gout, hyperuricernia, turnor Lysis syndrome, urinary caleufi, hypertension, dystipidemia, diabetes,
cardiovascular diseases such as arteriosclerosis or heart failure, kidney diseases such ag diabetic
nephropathy, respiratory diseases such as chronic cbstructive pulmonary diseases, inflammatory
bowel diseases or autoimmune diseases, which can be clinically applied as a xanthine oxidase

inhibitor.
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[Title of the Document] Claims for the Patent

{Claun 1}
1. A compound represented by the formula (I) or a pharmaceutically acceptable salt
thereof:
R’i o
PN S
Xy '% /}/CQQH

(y

[wherein Ry represents OR, WRR® which may form a ring or SR, in which the term
“INRR’ forms a ring” means that R and R together with the nitrogen atom to which they
are attached, fo form a saturated nitrogen-containing ring, and mn which R and R’
independently represent a hydrogen atom, an alkyl group having 1 to 8 carbon atoms
optionally substituted with one or a plurality of alkoxy groups having 1 to 8 carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with one
or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups haviag 1 10 8
carbon atoms or halogen atoms, or a heteroaryl group optionally substituted with one or a
plurality of alkyl groups having 1 fo 8 carbon atoms, an alkoxy groups having 1 0 8
carbon atoms or a halogen atom,

Ry represents a hydrogen atom or an alkyl group having 1 to 8 carbon atorms, and

Xy, Xy and X3 are independently CR; or a nitrogen atom, or X is CR;3 or a nitrogen atorn,
and Xy and X together form a bepzene ring, in which R; is a hydrogen atom or an alkyl

group having 1 to § carbon atoms. L.

2. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,

wherein R, is OR.

3. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,

wherein R is SR.
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4. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,
wherein R; is NRR’ which may form a ring in which the term “NRR’ forms a ring”
means that R and R’ together with the nitrogen atom to which they are attached, to form a

saturated nitrogen-containing ring.

5. The compound according to any one of claims 1 to 4 or a pharmaceutically
acceptable salt thereof, wherein R and R’ are independently an alky! group having 1 to 8
carbon atoms optionally substituted with one or a plurality of alkoxy groups having 1 10 8
carbon atoms, halogen atoms or hydroxyl groups, or an aryl group optionally substituted
with one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups having

1 to 8 carbon afoms or halogen atoms.

6. The compound according to claim 5 or a pharmaceutically acceptable salt thereof,
wherein R and R are independently an alkyl group having 1 to § carbon atoms optionally
substituted with one or a plurality of alkoxy groups having 1 to 8 carbon atoms or

halogen atoms or hydroxyl groups.

7. The compound according to claim 6 or a pharmaceutically acceptable salt thereof,
wherein R; is OR or SR and R is an isopropyl group, a isobutyl group or a neopentyl

Eroup.

&. The compound according fo any one of claims 1 to 7 or a pharmaceutically
acceptable salt thereof, wherein Ry is a hydrogen atom or an alkyl group having I to 3

carbor atoms.

9. The compound according to claim 8 or a pharmaceutically acceptable salt thereof,

wherein R; is a methyl group.

10.  The compound according to any one of claims 1 tv 9 or a pharmaceutically

aceeptable salt thereof, wherein X, X and X are independently CR; or a nitrogen atom.
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1. The compound according to claim [0 or a pharmaceutically acceptable salt

thereof, wherein X, is a nitrogen atom, X, is CR; or nitrogen atom and X3 is CR;.

12. The compound according to any one of claims 1 to 11 or a pharmaceutically

accepiable salt thereof, wherein Rj is a hydrogen atorn.

I3, Any one of compounds selected from the following ¢1} to (53} or a
pharmaceutically acceptable salt thereof:

(1) 2-[3-(1H-imidazol-1-y1)-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(2) 2-[4-(2,2-dimethylpropoxy)-3-(1 H-imidazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(3) 2-[4-(cyclobutylmethoxy}-3-(1 H-imidazol-1-yl)phenyll- 4-methyl-1,3-thiazole-5-
carboxylic acid

(4) 2-{4~(cyclopentylmethoxy)-3-(1 H-imidazol- -y yphenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(5) 2-{4-(cyclopentyloxy)-3-(1H-imidazol- 1 -yl)phenyl]- 4-methyl-1,3-thiazole-5-
carboxylic acid

(6) 2-[4-(cyclohexyloxy)-3~(1H-imidazol-1-vD)phenyi]- 4-methyl-1,3-thiazole-3-
carboxylic acid

(7} 2-[3-(1H-imidazol-1-yi)-4-phenoxyphenyl]-4-methyi-1,3-thiazole-5-carboxylic acid
(8) 2-[4-(2-flnorophenoxy)-3-(1H-imidazol-1-yhphenyl}- 4-methyl-1,3-thiazole-5-
carboxylic acid

(9) 4-methyl-2-[3-(2-methyl-1H-imidazol- I -yl}-4-(2-methylpropoxy)phenyl}-1,3-
thiazole-5- carboxylic acid

{10) 4-methyi-2-[3~(5-methyl-1H-1,2,3 4-tetrazol-1-y1)-4-(2-methylpropoxy)phenyl]}-1,3-
thiazole-5-carbox ylic acid

(11) 2-[3-(1H-1,3-benzodiazol-1-y1)-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-
5- carboxylic acid

(12) 4-methyl-2-[3~(3-methyl-1H-1,2,4-triazol-1-y1}-4-(2-methylpropoxy)phenyl]-1,3-
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thiazole-5- carboxylic acid
{13) 4-methyl-2-{4-(2-methyipropoxy)-3-(1H-1,2 4-triazol-1-yl)phenyl]-1,3-thiazole-5-
carboxylic acid
(14) 4-methyl-2-[3-(5-methyl-1H-1,2 4-triazol-1-y1)-4-(2-methylpropoxyiphenyl]-1,3-
thiazole-5- carboxylic acid
(15) 4-methyl-2-[4-phenoxy-3-(1H-1,2,4-triazol-1-ylphenyl]- 1,3-thiazole-5-carboxylic
acid
(16) 4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]- 1,3-thiazole-5-
carboxylic acid
(17) 4-methyl-2-[4-(2-methylpropoxy)-3-(1H-1,2,3-triazol-1-yljphenyl]- 1,3-thiazole-5-
carboxytic acid
(18) 2-[4-(2,2-dimethylpropoxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]-4-methyl-1,3-thiazole-
5- cartboxylic acid
(19} 2-[4-{cyclobutylmethoxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid
(20} 2-[4-(propan-2-yloxy)-3-(1H-1,2,3-triazol-1-yl jphenyl]-1,3-thiazole-5-carboxylic
acid
(21) 2-[4-(2-methylpropoxy)-3-(1 H-1,2,3-triazol-1-yhphenyl]-1,3-thiazole-5-carboxylic
acid
(22) 4~-methyl-2-[4-phenoxy-3-(1H-1,2,3-triazo}- 1 -y1)phenyl]-1,3-thiazole-5-carboxylic
acid
(23) 2-[4-(2-fluorophenoxy)-3-(1H-1,2,3-triazol-1-ylphenyi]-4-methyl-1,3-thiazole-5-
carboxylic acid
(24) 4-methyl-2-{4-(propan-2-yloxy)-3-{1H-1,2,3,4-tetrazol-1-yl)phenyl}-1,3-thiazole-5-
carboxylic acid
{25) 4-methyl-2-{4-(2-methyipropoxy)-3-(1 H-1,2,3 4-tetrazol-1-ylphenyl]-1,3-thiazole-
5- carboxylic acid
(26) 2-[4-(2,2-dimethylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl}-4-methyl-1,3-
thiazole-5- carboxylic acid
(27) 2-{4-(cyclobutyimethoxy)-3-(1H-1,2,3,4-tetrazol- [ -yl)phenyl}-4-methyl-1,3-

thiazole-3- carboxylic acid
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(28) 2-[4-(cyclopentyloxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(29) 2-[4-(3-hydroxy-2-methylpropoxy)-3-{1H-1,2,3 4-tetrazol-1 -yphenyl |-4-methyl-
1,3- thiazole-5-carboxylic acid

(30) 2-[4~(2-hydroxy-2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-yDphenyl }-4-methyl-
1,3~ thiazole-5-carboxylic acid

(31) 2-[4~(propan-2-yloxy)-3-(1H-1,2,3 4-tetrazol- 1 -ylyphenyl]-1,3-thiazole- S-carboxylic
acid

(32) 2-[4-(2-methylpropoxy}-3-(1H-1,2,3 4-tetrazol-1-ylphenyl]-1,3-thiazole-5~
carboxylic acid

(33) 4-methyl-2-[4-phenoxy-3-(1H-1,2,3 4-tetrazol-1-yhphenyl}-1,3-thiazole-5-
carboxylic acid

(34) 2-[4-(2-fluorophenoxy)-3-(1H-1,2,3,4-tetrazol-1-yDphenyl -4-methyl-1,3-thiazole-5-
carboxylic acid |
(35) 2-{4-(2-methoxyphenoxy)-3-(1H-1,2,3,4-tetrazol-1-yhphenyl]-4-methyl-1,3-
thiazole-3- carboxylic acid

(36) 2-[4-(2,6-difluorophenoxy)-3-(1H-1,2,3 4-tetrazol-1-yh)phenyl]-4-methyl-1,3-
thiazole-5- carboxylic acid

{37) 2-[4-(3-fluorophenoxy)-3-(1H-1,2,3 4-tetrazol-1-yliphenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(38) 2-[4-(3-methyiphenoxy}-3-(1H-1,2,3 4-tetrazol- 1 -yljphenyl}-4-methyl-1,3-thiazole-
5- carboxylic acid

(39) 2-[4-(2-chlorophenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-
5- carboxylic acid

(40) 2-[4-(4-fluoro-3-methylphenoxy)-3-(1H-1,2,3 4-tetrazol- 1 -yhphenyl]-4-methyl-1,3-
thiazole-3-carboxylic acid

(41) 2-[4~(4-fluoro-2-methylphenoxy)-3-(1H-1,2,3 A-tetrazol-1-yhphenyl}-4-methyl-1,3-
thiazole-5-carboxylic acid

(42) 2-14~(2 4-difluorophenoxy)-3-(1H-1,2,3 4-tetrazol- 1-yljphenyl]-4-methyl-1,3-
thiazole-5- carboxylic acid

(43) 2-{4-(2-fluoro-6-methoxyphenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl}-4-methyl-
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1,3~ thiazole-5-carboxylic acid

(44) 2-[4-(2-methylphenoxy)-3-(1H-1,2,3,4-tetrazol- 1 -yphenyl]-4-methyl-1,3-thiazole-
5- carboxylic acid

(45) 2-[4-(4-methylphenoxy}-3~(1H-1,2,3,4-tetrazol- 1 -yl )phenylj-4-methyl-1,3-thiazole-
5- carboxylic acid

(46) 2-{4-(3-fluoro-S-methylphenoxy)-3-(1H-1,2,3 4-tetrazol-1 -yl )phenyl]-4-methyi-1,3-
sthiazole-5-carboxylic acid

(47 2-{4-(2,5-difluorophenoxy)-3-(1H-1,2,3,4-tetrazol-1 -yl )phenyl]-4-methyl-1,3-
thiazole-3- carboxylic acid

(48) 2-[4-(2-fluoro-S-methylphenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-
thiazole-5~carboxylic acid

(49) 4-methyl-2- {4-[(2-methylpropyDsulfanyil-3-(1H-1,2,3 4-tetrazol-1-ylphenyl} - 1,3-
thiazole-5-carboxylic acid

(50) 4-methyl-2-[4-(propan-2-yisulfanyl)-3-(1H-1,2,3 4-tetrazol-1-yhphenyl]-1,3-
thiazole-5- carboxylic acid

(51) 4-methyl-2- {4-{(4-methylphenyDsulfanyll-3-(1H-1,2,3 4-tetrazol-1-yphenyl}-1,3-
thiazole-5-carboxylic acid

(52) 2-[4-(N N-diethylamino)-3-(1H-1,2,3,4-tetrazol-1-yliphenyl}-4-methyi-1,3- thiazole-
S-carboxylic acid

{(53) 4-methyl-2-[4~(pyrrolidine-1-yl}-3-(1H-1,2,3 4-tetrazol-1 -yl)phenyl]-1,3-thiazole 5-

carboxylic acid.

14, Apharmaceutical composition containing a compound according to any one of
claims 1 to 13 or a pharmaceutically acceptable salt thereof and a pharmaceutically

acceptable carrier,



15. Acompound represented by the formula (ID:

COOR,
-
A
Ry

()

[wherein R; represents OR, NRR’ which may form a ring, or SR, in which the term

“NRR’ forms a ring” means that R and R’ together with the nitrogen atom to which they
are attached, to form a saturated nitrogen-containing ring, and in which R and R’
independently represent a hydrogen atom, an alkyl group having 1 to 8 carbon atoms
optionally substituted with a one or a plurality of alkoxy groups having 1 to 8 carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with one
or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy groups having 1 to §
carbon atoms or halogen atoms, or a heteroary! group optionally substituted with one or a
plurality of alkyl groups having 1 to & carbon atoms, an alkoxy groups having 1 to 8
carbon atoms or 2 halogen atoms,

R represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms,

Xy, X5 and X are independently CR; or a nitrogen atom, or X, is CR; or a nitrogen atom,
and X, and X3 together form a benzene ring, in which R represents a hydrogen atom or
an alkyl group having ! to 8 carbon atoms, and

R4 represents a protective group of a carboxyl group selected from the group consisting
of methyl group, ethyl group, isopropy! group, heptyl group, t-buty! group,
methoxymethyl group, methylthiomethyl group, methoxyethoxymethyl group,
methoxyethyl group, and benzyl group. |
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16. A compound represented by the formula (III}):

(ID)

[wherein R, represents a hydrogen atom or an atkyl group having 1 to 8 carbon atoms,

X, X3 and X; are independently CR; or a nifrogen atom, or X; is CR; or a nitrogen atom,
and X, and X, together form a benzene ring, in which R, represents a hydrogen atom or
an alky! group having 1 to 8 carbon atoms,

R, represents a protective group of a carboxyl group selected from the group consisting
of methyl group, ethyl group, isopropyl group, heptyl group, t-butyl group,
methoxymethyl group, methylthiomethyl group,methoxyethoxymethyl group,
methoxyethyl group, and benzyl group, and

R represents a protective group of a phenolic hydroxyl group selected from the group
consisting of methyl group, 1sopropyl group, aliyl group, t-butyl group, methoxymethyl
group, methylthiomethyl group, methoxyethoxymethyl group, 1-ethoxyethyl group,
benzyl group, 4-methoxybenzyl group, acetyl group, trimethylsilyl group, and t-

butyldimethylsilyl group.].

100



