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

The present invention relates to a novel 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 an azole benzene derivative
useful as 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 diseases such as arteriosclerosis
or heart failure, kidney diseases such as diabetic nephropathy, respiratory diseases such
as chronic obstructive pulmonary disecases, inflammatory bowel diseases or
autoimnmune 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 inhibitor 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 endothelial function (Circulation.
2006;114:2508-2516) .

Allopurinol and febuxostat are clinically used as a therapeutic agent for
hyperuricemia, but allopurinol 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-phenyithiazole derivative is reported (Patent Documents 1 to 3).

On the other hand, in Patent Documents 4 and 5, a dithiazole carboxylic acid
derivative having a benzene ring in the center is reported. Further, in Patent
Documents 6 and 7, a biphenyl thioazole carboxylic acid derivative is reported.

{Prior Art Documents]
fPatent Pocuments]
[Patent Document 1] International Publication No, 92/09279

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

[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 to be Solved by the Invention]

An object 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 preventive agent for diseases associated 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 discases.

[Means for Solving the Problems]

As a result of earnest studies on compounds having a xanthine oxidase

inhibitory activity, the present inventors have found that a compound represented by

the following formula (I):

{Chemical Formula 1]

(D)

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 1,3-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 disciosure. 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 discases 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 (T) or a pharmaceutically acceptable salt thereof:

[Chemical Formula 2}

X5 / /

(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 phlirality 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 optionally substituted with
one or a plurality of alkyl groups having 1 to § carbon atoms, alkoxy groups having 1
to 8 carbon atoms or halogen atoms.
R» represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
Xi, X; and X5 are independently CR; or a nitrogen atom, or X; is CR; or a nitrogen
atom, and X, and X3 fogether form a benzene ring, in which Rj 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:

(1)

[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 nifrogen-containing ring, and in which R and R’
mdependently represent a hydrogen atom, an alkyl 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, an aryl group optionally substituted with

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

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

X1, X, and X; are independently CR;3 or a nitrogen atom, or X; is CR3 or a nitrogen
atom, and X; and X3 together form a benzene ring, in which Rs is a hydrogen atom or
an alky! group having 1 to 8 carbon atoms.

In addition, the present disclosure relates to a pharmaceutical composition
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 a xanthine oxidase inhibitor 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, hyperuricema, tumor
iysis 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, 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

S5a
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following formula (I}, 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 alkoxy groups having 1 to 8 carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with
one or a phurality of alkyl groups having 1 to 8 carbon atoms, an alkoxy groups having
1 to 8 carbon atoms or a halogen atom, or a heteroaryl 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.

The present disclosure relates to compound represented by the formula (1I):
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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 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 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 | to 8 carbon atoms or a halogen atom,
R, represents a hydrogen atom or an alkyl group having 1 to § carbon atoms,
Xy, X, and X are independently CR, or a nitrogen atom, or X, is CR; or a mitrogen
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, ecthyl group, isopropyl group, heptyl group, t-butyl
group, methoxymethyl group, methylthiomethyl group, methoxyethoxymethyl group,
methoxyethyl group, and benzyl group.
R, represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
X, X; 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 ! to 8 carbon atoms.]
R, represents a protective group of a carboxyl group.

Farther, the present disclosure relates 1o a compound represented by the

following formula (JII), 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]

(II)

[wherein R, represents a hydrogen atom or an alkyl group having 1 to § carbon atoms.
X1, X5 and Xs 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 Rs represents a hydrogen
atom or an alkyl group having 1 to § carbon atoms.

R4 represents a protective group of a carboxyl group.

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

The present disclosure relates to a compound represented by the formula (1T}

(I

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

X1, Xo and X; are mdependently 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 o 8 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,
methoxymethyl group, methylthiomethyl group, methoxyethoxymethyl group,
methoxyethyl group, and benzyl group, and
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R; 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 manufacturing the same. In addition, a
product of the present disclosure is useful as 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 diseases
such as arteriosclerosis or heart failure, kidney diseases such as diabetic nephropathy,
respiratory diseases such as chronic obstructive pulmonary diseases, mflammatory
bowel discases or autoimmune diseases.

[Description of Embodiments]

78
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The terms used singly or in combination in the present description will be
explained in the following. Unless otherwise specified, explanation of each
substituent shall be common to each position.  In addition, if any variables exist in an
optional constituent factor in an arbifrary constituent element, the definition is
independent in each of constituent 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” is used as a broad sense, enzymes catalyzing
oxidative reactions of hypoxanthine to xanthine and further to vric acid, and a narrow
sense, oxidase-type xanthine oxidoreductase which is one of the enzymes catalyzing
the reactions, however, in the present invention, “xanthine oxidase” collectively means
enzymes catalyzing oxidative reactions of hypoxanthine to xanihine and further to uric
acid, unless otherwise noted. Xanthine oxidoreductase which catalyzes such reactions
has two types, i.e. oxidase-type and dehydrogenase-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 8 carbon atoms” include methyl group, ethyl group, n-propyl
group, n-butyl group, n-pentyl group, n-hexyl group, isopropyl group, isabutyl group,

s-butyl group, t-butyl group, isopentyl group, 2-methylbutyl group, neopentyl group,
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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 group, benzothienyl group,
benzothiazolyl group, benzoimidazolyl greup, benzooxazolyl group, pyranyl group,
imidazolyl group, oxazelyl group, thiazolyl group, triazinyl group, triazolyl group,
benzoxazolyl group, benzoisoxazolyl group and the like.

In the present inveation, the term “an optionally substituted alkyl group
having 1 to 8 carbon atoms means an alkyl group having 1 to & carbon atoms which is
optionally substituted with onme or more substituents at substitutable positions.
Examples of substituent of the alkyl group having 1 to 8 carbon atoms include alkoxy
groups having 1 to 8 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 8 carbon atoms, alkoxy groups having | to & 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 heteroaryt group”
means a heteroaryl group which is optionally substituted with one or more substituents
at substitutable 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, methoxyethoxymethyl group, methoxyethyl 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 profective group include
methyl group, isopropyl group, allyl group, t-butyl group, methoxymethyl group,
methylthiomethyl group. methoxyethoxymethyl group, l-ethoxyethyl group, benzyl
group, 4-methoxybenzyl group, acetyl group, trimethylsilyl group, t-butyldimethylsilyl
group and the like,

In the above formuia (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
! to & 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 baviag 1 to 8 carbon
atoms, alkoxy groups having 1 to & carbon atoms or halogen atoms, or a hetercaryl
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. R is

3
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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 atkoxy 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 alkyl
group having 1 to § carbon atoms optionally substituted with one or a pilurality of
alkoxy groups having 1 to 8 carbon atoms or hydroxyl groups.  Particularly preferably,
R is an isopropyl 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 R, may form
a ring, preferably R and R’ are independently an alkyl group having 1 to 8 carbon
atoms 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
moere preferably bonded to form together a pyrrolidin-1-yl group, a piperidin-T-yl
group or a morpholin-1-vl group.

In the above formula (1), R; represents a hydrogen atom or an alkyl group
having 1 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. R; is preferably a
hydrogen atom or an alkyl group having 1 to 3 carbon atoms and specific examples of
the alkyl group inciude & 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 methyi group.

In the above formula (T}, X, X, and X5 are independentty a CR; or a nitrogen

atom, or X; is CRj or a nitrogen atom and X; and X5 together form a benzene ring.

12



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

[Chemical Formula 5]

Ry
S
N | )~—COOH
N';X-] N
Ra

X1, Xz and X3 are preferably independently CR; or a nifrogen atom. A more
preferable combination is that X is a nitrogen atom, X, is CR; or a nitrogen atom and
X318 CRs.  In any of the combinations, Ry is preferably a hydrogen atom. If X;isa
nitrogen atom, X, is CH or a nitrogen atom and X3 is CH, the compound may be

10 represented by following structural formula:

[Chemical Formula 6]
R»] R‘I I N
S = S
<//\ N 1 COCH N\%\ N | ) CooH
N=N N / N=N N
RZ R2

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

preferable groups described above individually are combined, in which R; is a

13
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hydrogen atom or an alkyl group having [ to 8 carbon atoms. In the preferable
combination of R, R’, Ra, X, X, and X, Rs is more preferably a hydrogen atom.

A more preferable combination of R, R’, R, X, X; and X; is the one in which
more preferable groups are combined, in which Rs is a hydrogen atom or an alkyl
group having 1 to 8§ carbon atoms. 1In the more preferable combination of R, R’, Rs,
X, X7 and X, Rs is more preferably a hydrogen atom.

A further more preferabie combination of R, R’, Ry, X, X; and X5 is that R is
an isopropyl group, an isobutyl group or a neopentyl group, R; is a methyt group, X; is
a nitrogen atom, Xp is CRs; or a nitrogen atom and X; is CRj3, in which Ry is a
hydrogen atom.

In any of combinations of a more preferable combination and a further more
preferable combination of R, R, Ry, X, X5 and X3, R; is preferably OR.

Specific examples of the preferable combination of R, R, R’, Ry, X3, X; and
Xs3in the formula (1) of the present invention include the following combinations 1) to
Sy
13 R;1s OR; R is an alky! group having ! to 8 carbon atoms optionally substituted with
one or a plurality of alkoxy groups having I to & carbon atoms, halogen atoms or
hydroxyi groups, or an aryl group optionally substituted with one or a plurality of alkyl
groups having 1 fo § carbon atoms, alkoxy groups having | to 8 carbon atoms or
halogen atoms; Ry is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms;
X, is a nitrogen atom; X5 is CR3 or a nitrogen atom; X3 is CRs; and Rj is a hydrogen
atom;

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

one or a plurality of alkoxy groups having 1 to § 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; Xz 18 CRs; and Rs i a hydvogen atom;

3) Ry is OR; R is an isopropyl group, an isobutyl group or a neopentyi group; Ry is a
hydrogen atom or a methy! group; X is a nitrogen atom; X, is CR;s or a nitrogen atom;
X318 CRs; and R; 1s a hydrogen atom;

4) Ry is SR; R is an alkyl group having 1 o 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;
X\ 1s a nitrogen atom; X; is CRj or a nitrogen atom; X3 18 CRs; and Ry is a hydrogen
atom;

5y 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 8 carbon atoms or hydroxyl groups; Rs
is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms; Xy is a nitrogen
atom; X 18 CRs or a nitrogen atom; X3 is CR3; and Rs is a hydrogen atom;

6) Ry is SR; R is an isopropyl group, an isobutyl group or a neopentyl group; R, is a
hydrogen atom or a methyl group; X is a nifrogen atom; X is CR3 or a nitrogen atom;
X318 CR3; and Rs 15 a hydrogen atom;

7) Riis NRR’ which may form a ring: R and R’ are independently an alkyl group
having i to 8 carbon atoms optionally substituted with one or a plurality of alkoxy
groups having 1 to 8 carbon atoms or hydroxyl groups; R; is a hydrogen atom or an
alkkyt group having 1 to 3 carbon atoms; X is a nitrogen atom ; X is CRy or a nitrogen

atom; X3 is CRy; and Rj is a hydrogen atom;

15
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8) Ry 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-l-yl group or a morpholin-1-yi group; Ry 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; Xs is CR3; and R is a hydrogen atom;

9) Ry 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-y1 group, a piperidin-1-yl group or a morpholin-1-yl group; R, is a
hydrogen atom or a methyl group; X; is a nitrogen atom; X, is a CR3 or a nitrogen
atom; X3 15 CR;; and Ra 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 uric acid lowering effect. Further, a compound of the present
invention has a sustained uric acid lowering effect over a long period of time.

Examples of a preferred compound include the following compounds.

16



[Chemical Formula 7]

thiazole-5-carboxylic acid

C d
=2MBPOHRL Structure Name
No.
/}\/OJ@Y 2-[3-(1H-imidazol-1-y1)-4-
1 § 2 2-methylpropoxy)phenyl]-4-
E S Y3 -
@ M/ "/<OH methyl-1,3-thiazole-5-carboxylic acid
S -~ 2-[4-(2,2-dimethylpropoxy)-3-
2 y SN - [H-imidazol-1-ylyphenyl]-4-
@ &%’(w methyl-1,3-thiazole-5-carboxylic acid
O’“/ 2-[4-(cyclobutylmethoxy)-3-
3 @ T i © {(1H-imidazol-1-yl)phenyl]-4-
o1 methyl-1,3-thiazole-5-carboxylic acid
&/O 2-14-(cyclopentylmethoxy)-3-
4 / 3 0 (IH-imidazol-T1-yhphenyl]-4-
(}\; ;\}\/g—(m methyl-1,3-thiazole-5-carboxylic acid
é\/\ 2~[4—»{(:;?/clopentyioxy)—3—
3 MS o 1H-imidazol-1-yl)phenyl]-4-
f L methyl-1,3-thiazole-5-carboxylic acid
I\K/ ) Ok
Q 2.{4-(cyclohexyloxy)-3-
6 Y (1H-imidazol-1-yl)phenyl]-4-
(/\J “ S F methyl-1,3-thiazole-5-carboxylic acid
W N“ﬂ(/ oH
= {
T ; . .
Q 2-{3-(1H-imidazol-1-yi)-4-
O,
7 3 phenoxyphenyl]-4-methyl-1,3-

17




[Chemical Formuia 8]

~4-(2-methylpropoxy)iphenyl]-1,3-
thiazole-5-carboxylic acid

C d
J@rlgwiggpm Structure Name
=
L
) 2-[4-(2-fluorophenoxy)-3-
8 “ tH-imidazol-1-yl)phenyl]-4-
Ty S, < .
g [ methyl-1,3-thiazole-5-carboxylic acid
(N; N\/g_qcm
/k/o A-methyl-2-
. D\/S o [3-(2-methyl-1H-imidazol-1-yl})-4-
- (/\N i p J 2-methylpropoxy)phenyl]-1,3-
Né'k N OH  thiazole-5-carboxylic acid
/I\/O d-methyl-2-
10 yﬁr o [3-(5-methyl-1H-1,2,3,4-tetrazol-1-y)
— /o
"

2-[3-(1H-1,3-benzodiazol-1-y1)-4-

11 gy s 2-methylpropoxyliphenyi}-4-
r\% \%‘( methyl-1,3-thiazole-5-carboxylic acid
oH
)\/0 N d-methyl-2-
12 - | s, P [3~(3m@eah¥1-1H-1,2,4-triazoi-1-y1)-4-
H\{’/} i p (2-methyipropoxy)phenyl]-1,3-
N N OH  thiazole-5-carboxylic acid
)VO >! R 4-methyl-2-{4-(2-methylpropoxy)-3-
13 Py S £ [(1H-1,2,4-triazol-1-yDphenyl]-1,3-
<N’} N{ﬂm thiazole-5-carboxylic acid
| 4-methyl-2-
14 [3-(5-methyl-1H-1,2,4-triazol-1-y1)-4-

2-methylpropoxyjiphenyl]-1,3-
thiazole-5-carboxylic acid

18




[Chemical Formula 9]

Compound
om* oun Structure Name
@ 4-methyl-2-
s o {4-phenoxy-3-(1H-1,2,4-triazol-1-yl}
= (N\ﬁrs 2 phenyl]- 1,3-thiazole-5-carboxylic
- P’Lﬂow acid
o #-methyl-2-[4-(propan-2-yloxy)-3-
is y g o 1H-1,2,3-triazol-1-yD)phenyll-1,3-
(N;I\fj &_\ﬂm thiazole-5-carboxylic acid
/J\/O
| = d-methyl-2-[4-(2-methylpropoxy)-3-
S - -tri -1- -1,3-

¥ Y ;W (1.11 1,2,3-triazol l-yl)pl-}enyl] 1,3

=N N oy Fhiazole-5-carboxylic acid
S0 D-[4-(2,2-dimethylpropoxy)-3-

18 Y 3 O (1H-1,2,3-triazol-1-yl)pheny!}-4-

(Nii{‘ E\Lﬁm methyl-1,3-thiazole-5-carboxylic acid
Ovo
2-[4-(cyclobutylmethoxy)-3-

19 / S (1H-1,2,3-triazol-1-yD)phenyli-4-
& \/ hyl-1,3-thi lic aci
=N o methyl-1,3-thiazole-5-carboxylic acid

N 2-{d-(propan-2-yloxy)-3-
20 P | P . o K1H-1.23-triazol-1-yl)phenyl]-1,3-
(\; w thiazole-3-carboxylic acid
N=N i oH
/J\/G N D-T4-(2-methylpropoxy)-3-
21 y | P s o {1H-1,2,3-triazol-1-yDphenyl]-1,3-
@, ,\J% thiazole-5-carboxylic acid
Nz=N N / CH




[Chemical Formula 10]

C d
QHponL Structure Name
No,
9
\J;/ 4-methyl-2-
22 [4-phenoxy-3-(1H-1,2,3-triazol-1-y1)
(\I\G i S/ phenyl]-1,3-thiazole-5-carboxylic acid
N;
ﬁ S
i 2-[4-(2-fluorophenoxy}-3-
’3 O\/\\\ 1H-1,2,3-triazol-1-y)phenyl]-4-
=2 (\‘#\r/ﬂ\/\(s/ methyl-1,3-thiazole-5-carboxylic acid
p=M
. 4-methyl-2-{4-(propan-2-yloxy)-3-
24 ”/’\"j@\(; (1H-1,2.3,4-tetrazole-1-y)phenyl]-
N\ij W I,3-thiazole-5-carboxylic acid
/l\/o i = 4-methyl-2-[4-(2-methylpropoxy)-3-
25 "\?/l\// - 1H-1,2,3 4-tetrazol-1-yD) phenyl]-1,3-
N\N%N N—%’( thiazole-5-carboxylic acid
Sl o
\‘/\\\; 2-[4-(2,2-dimethylpropoxy)-3-
26 //\N)\/\/s (1H-1,2,3,4-tetrazol-1-yphenyl]-4-
N\N,/,;l; I Y, o methyl-1,3-thiazole-5-carboxylic acid
Lo o N
. 2-{4-(cyclobutylmethoxy)-3-
I}\/ (4-(cy y ¥)
27 SN P ! 8 ) 1H-1,2,3.4-tetrazol-1-yl)phenyl]-4-
N\g\?[‘q QQ—’(OH methyl-1,3-thiazole-5-carboxylic acid
N 2-[4-(cyclopentyloxy)-3-
28 | P tH-1,2,3,4-tetrazol-1-yDphenyll-4-
NJ'\'; j methyl-1,3-thiazole-5-carboxylic acid
y ¥
\N’/’N N

20




[Chemical Formula 11]

Compound

No. Structure Name
|
HO
A | = 2-[4-(3-hydroxy-2-methylpropoxy)-3-
25 {H-1,2,3,4-tetrazol-I-yl)phenyl]-4-

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

2-[4-{2-hydroxy-2-methylpropoxy)-3-
(1H-1.2,3,4-tetrazol-1-yl)phenyl]-4-
methyl-1,3-thiazole-5-carboxylic acid

2-[4-(propan-2-yloxy)-3-
1H-1,2,3,4-tetrazol-1-yDphenyi]-1,3-
thiazole-5-carboxylic acid

2-[4-(2-methylpropoxy)-3-

32 N l P (1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
N i § >//< thiazole-5-carboxylic acid
= N o
d-methyl-2-14-phenoxy-3-
33 \/\| (18-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
v - Yi\{o thiazole-3-carboxylic acid
et N‘{ OH
)
F)\/ 2-[4-(2-fluorophenoxy)-3-
34 Oﬂ (1H-1,2,3,4-tetrazol-1-yDphenyl}-4-
N \/\[,/S m{o methyl-1,3-thiazole-5-carboxylic acid
N N\% o
5/ i
oy 2-14-(2-methoxyphenoxy)-3-
38 N (1H-1,2,3,4-tetrazol-1-y)phenyl]-4-

methyl-1,3-thiazole-5-carboxylie acid
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[Chemical Formula 12]

Compound
_"””"I:}%m Structure Name
]
F \O 2-[4-(2,6-difloorophenoxy}-3-
36 1H-1,2.3,4-tetrazol-1-yl)phenyli-4-
N i S/ w/<O methyl-1,3-thiazole-5-carboxylic acid
A B OH
s
I
/ 2-[4-{3-fluorophenoxy)-3-
37 "\(\E . (1H-1,2,3,4-tetrazol-1-yDphenyl}-4-
S methyl-1,3-thiazole-5-carboxylic acid
Ry o
| 5y
/ 2-[4-(3-methylphenoxy)-3-
38 ° . (IH-1,2,34-tetrazol-1-yhphenyl]-4-
N’:{f\; .\ S methyl-1,3-thiazole-5-carboxylic acid '
R it on
)
=
c 2-[4-(2-chlorophenoxy)-3-
O
39 i o o 1H-1,2.3,4-tetrazol-1-yDphenyli-4-
N - i s methyl-1,3-thiazole-5-carboxylic acid
=N N\/ OH
7
N
L 2-[4-(4-fluoro-3-methylphenoxy)-3-
, yip y
40 5 - (1H-1,2,3,4-tetrazol-1-yD)phenyl]-4-
/p\m)\/ ° methyl-1,3-thiazole-5-carboxylic acid
N\NJ i / h
1
g
/@ 2-[4-{4-fluoro-2-methylphenoxy)-3-
41 ) N 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
. LA s j<° methyi-1,3-thiazole-5-carboxylic acid
et r\L% O
.
=
r/[; 2-[4-(2,4-difluorophenoxy)-3-
42 O, (1H-1,2,3,4-tetrazol-1-yl)phenyl}-4-
P LA s © methyl-1,3-thiazole-5-carboxylic acid
Yt J‘WOH

22




[Chemical Formula 13]

Compound
Structure Name
No.
JON
o i/ 2-[4-(2-fluoro-6-methoxyphenoxy)-3-
O
43 j@\/ , [(TH-1,2,34-tetrazol-1-yl)phenyl]-4-
PN S methyl-1,3-thiazole-5-carboxylic acid
N i \1\%—
pvesy N oH
’ ; 2-[4-(2-methylphenoxy)-3-
44 ° (S 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N/f\! / { s <O methyl-1,3-thiazole-5-carboxylic acid
Py ok
i
o
L 2-[4-(4-methylphenoxy)-3-
45 ENEN 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
oS methyl-1,3-thiazole-5-carboxylic acid
3 L{‘(m
r
\,/ 2-[4-(3-fluora-5-methylphenoxy)-3-
46 o O . 1H-1,2,3,4-tetrazol-1-yDphenyli}-4-
i o "4 methyl-1,3-thiazole-5-carboxylic acid
L f&\( oH
F
F/Q/ 2-14-(2,5-difluorophenoxy}-3-
47 © [ 1H-1,2,3,4-tetrazol-1-yD)phenyl]-4-
<
W’ = i s methyl-1,3-thiazole-5-carboxylic acid
=N N om
i 2-[4-(2-fluoro-5-methylphenoxy)-3-
48 OWA . 1H-1,2,3 4-tetrazol-1-yhphenyl}-4-
N%M(s 4 methyl-1,3-thiazole-5-carboxylic acid
= N-\% on
/J\/ 4-methyl-2-
4-[(2Z-methylpropyl)sulfanyl]-3-
49 . s o 4K ylpropyl) yl]
N i Y/ IH-1,2,3 4-tetrazol-1-yl)phenyl}-1,3-
=N N onthiazole-5-carboxylic acid




[Chemical Formula 4]

10

Compound

Structure Name
No.
4-methyl-2-
50 [4-(propan-2-yisulfanyl)-3-
- N IH-1.2,3,4-tetrazol-1-yl)phenyi]-1,3-
N"N H thiazole-5-carboxylic acid
é “-methyl-2-
P
s1 S\/\ {4-[(4-methylphenyl}sulfanyl]-3-
- )\/i 1H-1,2,3,4-tetrazol-t-yl)phenyl}-
Mt N\\f< 1,3-thiazole 5-carboxylic acid
b
LN J 2-[4-(N,N-diethylamino)-3-
2 J’\NQ’/S o 1H-1,2,3,4-tetrazol-1-ylyphenyl}-4-
N\Ngg, NF y % methyl-1,3-thiazole-5-carboxylic acid
OH
i
d-methyl-2-[4-(pyrrolidin-1-yI)-3-
53 (1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-

S 0
;L%%
oH

thiazole S-carboxylic acid

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

10, 11,12, 13, 14, 16, 17, 18, 19,20, 21, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 3R 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, 33, 36, 37,

38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52 and 33, and paticularly preferred

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

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

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

mvention, Ry, R, R, Ry, X, X5, X and CR; are the same as the definition in the formula (. Ry
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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 benzyl
group.

Further, in the compounds represented by the formula (IT), which may be used as the
manufacturing infermediates of the compounds represented by the formula (I} of the present
mnvention, Ry, Xy, Xs, X3 and CRs are the same as the definition in the formula (I). 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 phenclic hydroxyl group is as described 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. i adeition, in each of the
formulas, Ry, R, R, Ry, X, X, and X5 are the same as defined in the formula ). Further, the
reagents or solvents or the Jike as the conditions described in the chemical formulas are only
exemplified as described i the text. Each 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 substiient widely used in this field and a well-known method may be employed and e
described, for example, in PROTECTIVE GROUPS m ORGANIC 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 Yy and Y represent a leaving group.) Examples of a leaving group represented by Y
and Y, include a halogen atomn, a methanesulfonyloxy group, a p-toluenesulfonyloxy group, a
trifluoromethanesulfonyloxy group and the like. The reaction is a method for synthesizing a
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.  Fxamples of the base to be used
include an inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, lithiom
hydroxide, sodium carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as
sodium ethoxide, sodium methoxide and potassium t-butoxide and an organic amine such as
triethylamine, pyridine, d-aminopyridine, N-ethyl-N N-diisopropyiamine  (DIPEA)  and
1.8-diazabicyclo[5.4.0]-7-undecene (IDBU).  The reaction is performed by reacting the cormpound
(A-1) with an equivalent or stightly 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 allow the reaction to proceed generally for (0.5 to 10 hours.  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 diethyl ether, tetrahydrofuran (THE), 14-dioxape,
1,2-dimethoxy eothane and 1,2-dicthoxy ecthane; N,N-dimethylformamide (DME)
N-methylpyrrotidone; dimethyi 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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Syathesis of Compound (A-2)

[Chernicat Formula 16]
Y3
-+ R—OH -
Yy CN
(A-3) (A-2)

{wherein Y, and Y represent a leaving group.y Exampiles of a leaving group represented by Y
and Y include a halogen atom, a methanesutfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesuifonyloxy group. The reaction is a method for synthesizing a compound (A-2)
by converting alcohols to lithiunm atkoxide, sodium alkoxide or potassium alkoxide with a base,
followed by the reaction with a compound (A-3). EHxamples of the base to be used include an
morganic sait such as sodium hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate, potassium carbonate and cesiumn carbonate, a metal alkoxide such as sodium
ethoxide, sodivm methoxide and potassium t-hutoxide, and an organic amine such as riethylamine,
pyridine, 4-aminopyridine, N-ethyl-N,N-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 equivaient or slightly excessive amount of a base at -20°C
to 120°C in a solvent inactive o 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 includes, though not particularly lisited,
for example: aromatic hydrocarbong such as benzene, toluene and xylene; ethers such as diethyl
ether, tetrahydrofuran (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,

27



10

15

20

Synthesis of Compound (A-5)

[Chemical Formula 17]
0 H O
ﬁ/ XS’ N\ R/
+ >|< [ //)(1 > X
Y, CN 2-N 23N
(A-2) (A-4) NTH (A

(wherein Y represents a leaving group.)  The reaction is a methed 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, include a halogen atom, a methanesulfonyloxy goup, a
p-toluenesulfonyloxy group and a triflucromethanesalfonyloxy 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 inactive to the reaction at room
temperature to a reflux temperature under heating for generally 0.5 hows to 2 days.  The reaction
is preferably performed under an inert gas atmosphere such as nitogen.  Examples of the base to
be used include an inorganic salt such as sodivm hydride, sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium carbonate, potassiwm carbonate and cesium carbonate, a metal alkoxide
such as sodium ethoxide and sodiumn methoxide and an organic amine such as trethylamine,
pyridine, 4-aminopyridine, N-ethyl-NN-diisopropylamine (DIPEA) and
1,8-diazabicyclo[5.4.0]-7-undecene (DBU).  Here, the solvent includes, though aot particularly
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-dethoxy ethane;
halogenated hydrocarbons such as  dichloromethane, 1,2-dichloroethane and chloroform;
NN-dimethylformamide (DMFE);, N-methylpyrrolidone, dimethyi sulfoxide (DMSOY; or a maxed

solvent thereof,
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Synthesis of Compound (A-0)

[Chemical Formula 18]
O
R QO R
o
Xs. NH;
X/,X3~N CN w7 N
2 _J 2
(A-5) (A-6)

The reaction is a conversion reaction from a cyano group to a thioarmide group and is performed by
reacting an aromatic cyano group derivative represented by the above formula (A-3) with a sulfir
source under acidic conditions.  The reaction is performed by using the compound (A-5) and the
sulfur source in an equivalent amount or using an excessive amount 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
under an inert gas atmoesphere such as nitrogen.  Examples of the sulfur source to be used include
hydrogen sulfide, thicacetamide or thicacetic acid.  Examples of the acid to be used melude
inorganic acid such as hydrochloric acid, sulfuric acid and organic acid such as acetic acid, or an
aquecus solution of these acids.  Here, the solvent includes, though not particulady lmited, 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 12-diethoxy ethane;
N N-dimethylformamide (DME); N-methylpyrrolidone; dimethyl suffoxide (DMSO); or a mixed
solvent thereof.
Synthesis of Compound (A-8)

[Chemical Formula 9]
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{A-6) (A-T) (A-8)

{wherein R, represents a protective group of a carboxyl group and Yy represents a leaving group.)
Examples of a feaving group represented by Y4 include a halogen atom, a methanesuifonyloxy
group, a p-foluenesulfonyloxy group and a trifluoromethanesulfonyloxy group.  The reaction is a
ring-forming reaction of a thiazole ring and is performed by reacting the compounds (A-6) and
(A-7) in an equivalent amount or using an excessive amount of one of the compounds in a solvent
inactive to the reaction at room temperature to 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 limited, for example: aromatic hydrocarbons such as benzene,
toluene and xylene; ethers such as diethyl ether, tetrahydrofuran (THI), 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-propanol and butancl;
N N-dimethylformamide (DMF); N-methylpyrrolidone; dimethylsulfoxide (DMSO); or a mixed
solvent thereof. Examples of the base to be used inclade: an inorganic salt such as sodium
hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium carbonate, potassium
carbonate and cesium carbonate, a metal alkoxide such as sodbum ethoxide and sodium methoxide;
triethylamine; N-ethyl-N,N-diisopropylamine (DIPEAY; and 1,8-diazabicyclo[5.4.0]-7-undecene
(DBU).
Synthesis of Compound (A-9)

[Chemical Formuda 20]
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a8 a9
{wherein Ry represents a protective group of a catboxyl group) The synthesis method is a
method for synthesizing a compound (A-9) of the present invention by deproteting a protective
group Ryof 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 to a reflux temperature under heating for
geperally 0.5 hours (o 5 days. Here, the solvent includes, though not particularly hmited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahycrofuran (THE), 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-cimethylformamide — (DME)
N-methylpyrrolidone; dimethyl sulfoxide (DMS(); water; or a mixed solvent thereof,  Examples
of the acid inctude an inorganic acid such as hydrogen chlotide, hydrogen bromide, suffuric acid,
nitric acid and phosphoric acid; or a solution olained by diluting these acids with water or an
organic solvert.  Examples of the base include an morganic salt such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodinm carbonate, potassium carbonate, a metal alkoxide
such as sodium ethoxide and sodium methoxide; or a solution obtained by diluting these bases with
water or an organic solvent.
Synthesis of Compound (B-2)

[Chemical Formula 21]

31



10

15

20

HO O

O,N Ys O,N Ys

(B-1) (B-2)

(wherein Y, and Y5 represent a leaving group.)  Examples of a leaving group represented by Ys
and Ys include a halogen atom, a methanesuifonyloxy group, a p-toluenesulfonyloxy group and a
riflooromethanesulfonyloxy group.  The reaction 1s a method for synthesizing a compound (B-2)
by reacting a phenotic hydroxyl group in the compound (B-1) with an alkylating reagent having a
leaving group in the presence of a base.  Examples of the basic substance to be used include an
inorganic salt such as sodium hydride, sedium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as sodium
ethoxide, sodium methoxide and potassium t-butoxide or an organic amine such as triethylamine,
pyridine, A-aminopyridine, N-ethyl-N,N-diisopropylamine (DIPEA) and
1,8-diazabicyclo[5.4.0]-7-undecene (DB, The reaction is perforned by reacting the compound
(B-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 or excessive amount of an alkylating reagent to
aflow 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
particularty limited, for example: ethers such as diethyl ether, tetrahydrofuran (THF), 1. 4-dioxane,
12-dimethoxy ethane and 12-dicthoxy ecthane; N N-dimethylformamide (DMF);
N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof.

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

Synthesis of Compound (B-2}
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[Chemical Formula 22}

ON Y5 0N Ys

(B-3) (B-2)

(wherein Y5 and Ys represent a leaving group.) Examples of a leaving group represented by Ys
and Ys include a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesulfonyloxy group.  The reaction is a methoed for synthesizing a compound (B-2)
by converting alcohols to 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 sodiam hydidde, sodium hydroxide, potassium hydroxide,
Lithium hydroxide, sodiam carbonate, potassium carbonate and cesizm carbonate, a metal alkoxide
such as sodium ethoxide, sodium methoxide and t-potassiam butoxide or an organic amine such as
tiethylamine, pyridine, 4-aminopyridine, N-ethyl-N N-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 to the reaction at -20°C to 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 atinosphere such as pitogen.  Here, the solvent nchides, though not
particularly limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, fetrahydrofiman (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)

33



10

15

20

{Chemical Formula 23]

Rz N\\NO/FL;

{B-2) {B-4) {B-3)
{wherein Ry represents a protective group of a carboxyl group and Ys represents a 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-toluenesulfonyloxy group and a tifluoromethanesulfonyloxy
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 (o a reflux
temperatite uirder heating for generally 0.5 hours to 2 days.  The reaction is preferably performed
under an inert gas atmosphere such as piogen.  Here, the solvent includes, though not
particularty 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, 1,2-dichloroethane and
chloroformm; alcohols such as methanol, ethanol, 2-propanol and butanol; N,N-dimethyfformamide
(DME); N-methylpyrrolidone; dimethyl sulfoxide (DMSOY), water or a mixed solvent thereof.
Examples of the base include: lithium hydride, sodium hydride, potassium hydride, sodium
hydroxide, sodiom hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate,
cesium carbonate, potassium fluoride, cesium fluoride, tripotassium phosphate, sodium acetate and

potassium acetate; a metal salt of an alkoxide having 1 fo 6 carben atoms (lithiem salt, sodium salt,
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potassium salt ancf magnesium salt); a metal salt of an alkyl anion having ! to 6 carbon atoms
(lithfum salt, sodivm salt, potassium salt and magnesium salt); tetra {alkyl having 1 to 4 carbon
atoms) ammoniam salt (fluoride, chloride and bromide); disopropylethylamine; tributylamine;
N-methylmorpholine, diazabicycloundecene; diazabicylcooctane; or imidazole. Examples of the
transition metal catalyst include copper, palladium, cobalt, iron, thodium, muthenium and ridium.
Examples of the ligand include  gi{t-butyl)phosphine, #i{cyclohexyl)phosphine,
t-butyldicyclohexylphosphine,  dift-butycyclohexylphosphine  or  di(t-butylymethylphosphine,
Examples of the monovalent or divalent copper salt include copper chloride (I), copper bromide (1),
copper iodide (), copper acetate (), copper fluonide (IT), copper chloride (I1), copper bromide (1),
copper iodide (IT), copper acetate (IT), a hydrate thereof and a mixtere thereof.  Examples of the
carboxylic acid inclade formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
pentanoic acid, isopentanoic acid, pivalic acid and triflucroacetic acid.

Syathesis of Compound (B-6)

[Chemical Formuda 24]
_0
R i O
0]
S g 0
OpN \ / _ B HaN 1
N O - Rtﬂ- N / O o R 4
RZ R2
{B-5) (B-6)

{wherein R, represents a protective group of a carboxyl 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 compound (B-5) under a ydrogen gas afrnosphere in the
presence of a transition metal catalyst in a solvent mactive to the reaction at room temperature {o 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
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xylene; ethers such as diethy! ether, tetrahydrofuran (THF), 1,4-dioxane, !.2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichioroethane and
chloroform; aicohols such as methanol, ethanol, 2-propanol and butancl; N N-dimethylformamide
(DME); N-methylpyrrolidone; dimethyl sulfoxide (DMSQ); ethyl acetate; or a mixed solvent
thereof. Preferred examples of the transition metal catalyst include palladivany-carbon, palladium
hydroxide, palladinm black, platinum-carbon, Raney nickel, and the like.

Synthesis of Compound (B-9)

iChemical Formula 25]
ol Q cl Q
O - H2N\ /S\ _— ¥
CI/KK N [ RG /N\ /S\.
Cl N #1 R
4 H O H O 6
(B-7) (B-8) (B-9)

(wherein Rq 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 i, the synthesis method
is a methed for synthesizing a compound (B-9) by the candensation of compounds (B-7) and
{(B-8). The reaction is performed by reacting the compounds (B-7) and (B-8) in an equivalent
amount or ysing 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 performed under an inert gas atmosphere such as nitrogen. Here, the
solvent includes, though not particularly limited, for example: aromatic hydrocarbons such as
benzene, toluene and xylene; ethers such as dicthyl ether, tetrahydrofuran (THF), 14-dioxane,
1.2-dimethoxy ethane and 12-diethoxy ethane; halogenated hydrocarbons such  as
dichloromethane, 1,2-dichloroethane and chloroform; N N-dimethylformamide  (DME);

N-methyipyrrolidone; dimethyl sulfoxide {DMSQ); acetic acid; propionic acid; or a mixed
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sobvent thereof,

Synthesis of Compound (B-10)

[Chemical Formuda 26]
e 0O
" o ¢ q T
5] P
HaN \ p " C?/K%N\N/isl\ﬂs /7 N | /
N C-—Ry H O N=N N o leda?]
R2 2
(B-6) (B-9) (B-10)

(wherein Ry represents a protective group of a carboxyl group and Re represents a methyl group or
a p-tolyl group.) The synthesis method is a method for synthesizing a 1,2,3-trazole 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 o a reflux emperature 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 base to
be used mclude a carbonate such as potassium carbonate, sodium carbonate and sodium hydrogen
carbonate  or an orgamic amine such as trethylamine, pyridine, 4-aminopyridine,
N-ethyl-N,N-diisopropylamine  (DIPEA) and  1,8-diazabicyclo[5.4.0-7-undecene  (DBU).
Examples of the solvent to be used for these reactions include toluene, benzene, pyridine, ethyl
acetate, dichloromethane, dichloroethane, chloroform, carbon tetrachloride, diethyl ether,
tetrahydrofuran (THE),  l4-dioxane, 12-dimethoxy ethane, 12-diethoxy ethane,
N N-dmethylformamide (DMI), N-methylpyrolidone, dimethyl sulfoxide (DMSO) or a mixed
solvent thereof.
Synthesis of Compound {B-11)

[Chemical Formula 27]
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o Je)
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S o s O
7 N _ % /N
G S SV

R
g (B-11)

(B-10) ?
(wherein R4 represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (B-11) of the present invention by deprotecting a protective
gioup 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 temperatue o a reflux temperatine under heating for
generally 0.5 howrs to 5 days. Here, the solvent includes, though not particularly lemited, for
example: aromalic hydrocarbons such as benzene, toluene and xvlene; 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; alcohols such as
methanol,  ethanol,  Z-propanol  and  butanol; N N-dimethylformamide  (DMF),
N-methylpyrrolidone; dimethiyl sulfoxide (DMSO}; 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. Examples of the base include an inorganic salf such as sodium hydoxide,
potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a metal
alkoxide such as sodium ethoxide and sodium methoxide or a solution obtained by diluting these
bases with water or an organic solvent.
Synthesis Method (C)

Synthesis of Compound (C-1)

[Chemiecat Formula 28}
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(B-6) (C-1)
(wherein R4 represents a protective group of a carboxyl group and Ry represents an alkyl group
such as a methy! group or an ethyl group.} The synthesis method is a method for synthesizing a
tetrazole ring 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 inactive to the reaction at room temperature to a
reflux temperatire under heating for generally 0.5 hours to 2 days. The reaction is preferably
performed under an inert gas atmosphere such as nittogen. Examples of the ortho-formic acid
ester include trimethy] ortho-formate and triethyl ortho-formate, In addition, examples of the azide
compound inchude sodium azide and timethy! sifylazide.  Examples of the acid 1o be used inchade
an organic acid such as formic acid and acetic acid, an inorganic acid sich as hydrochloric acid and
sulfuric acid or a Lewis acid such as indium wiffate, ytterbiom wiflate, zinc tiflate and
trichloromdium.  The solvent to be used for these reactions includes, though not particularly
limited, for example benzene, toluene, dichloromethane, dichloroethane, chloroform, carbon
tetrachloride, diethyl ether, tetrahydrofuran (THF), 14-dioxane, 2-dimethoxy ethane,
1,2-diethoxy ethane, N,N-dimethylformamide (DMF), N-methylpyrrolidone, dimethyl sulfoxide

{DMSO) or a mixed solvent thereof, and an acid such as acetic acid may alse be used as a solvent.

Synthesis of Compound (C-2)

[Chemical Formula 29]
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0 0
R R
O O
'S DYS = \i}%
NE N- O—Ry = 1 OH
cn c2
{wherein Ry represents a protective group of a carboxyvt group) The synthesis method is a
method for synthesizing a compound (C-2) of the present invention by deprotecting a protective
group Ry of the compound (C-1) with an acid, a base or the like. 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 room temperature to a reflux temperature under heating for
generally 0.5 hours to 5 days. Here, the solvent includes, though not particedardy limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THE), 1,4-dioxane, I,2-dimethoxy cthane and 1,2-diethoxy ethane; halogenated
hydrocarbons such as dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as
methanol,  ethanol, Z2-propanol and  butanol, N N-dimethylformamide  (DME);
N-methylpyrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof.  Examples
of the acid mclude an inorganic acid such as hydrogen chlonde, hydrogen bromide, 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, lithivm hydroxide, sodivm carbonate and potassium carbonate, a metal
alkoxide such as sodium ethoxide and sodium methoxide or a solution obtained by diluting these
bases with waler or an orgaric solvent,

Synthesis of Compound (C-4)

{Chemical Formula 30]

40



10

15

20

o
RS/O H
o) 0
" = |/ A |/ R
=N N 0~Ry N=N N o-Ra
R R
(oK c-4 -

{wherein Ry represents a protective group of a carboxyl group and Rs represents a protective group
of a phenolic hydroxyl group.) The synthesis method is a method for synthesizing a compound
{C-4) by deprotecting a protective group Rs of the compound (C-3) with an acid, a base or the like.
The reaction is performed by reacting the compound (C-3) with an equivalent or excessive amount
of an acid or a base in a solvent inactive to the reaction at room femperature {0 a reflux temperatine
under heating for generally 0.5 hours to 5 days.  Here, the solvent includes, though not particularly
limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as
dicthy! ether, tetrahydrofuran (THF), §.4-dioxane, 1,2-dimethoxy ethane and i,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 {DMIED;
N-methylpyrrolidone; dimethyi sulfoxide {DMSO); water; or a mixed solvent thereof. Examples
of the acid include an morganic 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. Examples of the base mclude an morganic salt such as sodium hydroxide,
petassium hydroxide, lithium hydroxide, sodium carbonate, potassium carbonate, sodivm 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 betow.

Synthesis of Compound (C-1)
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{Chemical Formula 31}

e} O
H7 R~
O
3 S
N/\‘/\* \ + R-OH ———E N///\‘;‘ |
\N:N N / Ofﬂdr \N:N N / O"R4
R R
(C-4) 2 (C-1) g

(wherein Ry represents a protective group of a catboxy! group.) The synthesis method & a
method for synthesizing the compound {C-1) by reacting the compound (C-4} with alcohols by
Mitsunobu reaction or the fike. The reaction is a method for synthesizing the compound (C-1) by
reacting alcohols with triphenylphosphine and carbodiimide, followed by reacting with the
compound (C-4), Examples of the carbodiimide to be used include diethylcarbeditmide and
diisopropylcarbodiimide.  The reaction is performed by reacting the compound (C-4) with an
equivalent or excessive amount of alcohols, tiphenylphosphine and carboditmide in a solvent
inactive to the reaction at -20°C to 120°C generally for 0.5 10 12 howrs.  The reaction is preferably
performed under an inest gas afmosphere such as nitrogen.  Here, the solvent inciudes, though not
particularly Timited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofuran (THEF), 14-dioxane, 12-dimethoxy ethane and
1,2-diethoxy ethane; N N-dimethylformamide (DMF); N-methylpyirolidone; dimethyl sulfoxide
{(DMSQ); or a mixed solvent thereof,

Synthesis of Compound (I3-1)

[Chemical Formula 32}
Ys :@\ i R ¥
S PR}
+ 0 ———
- S
OpN Ys <N OzN \ /
R» N 0~ Ry

(B-3) (B-4) -1y Rz
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(wherein R4 represents a protective group of a carboxyl group and Yy and Ys represent a leaving
group.) Examples of a leaving group represented by Y and Ys mclude a halogen atom, a
methanesuifonyloxy group, a p-toluenesuifonyloxy group and a trifluoromethanesulfonyloxy
group. The synthesis method is a methed 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 cormpounds and adding a
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 to a
reflux temperature under heating for generally 0.5 hours to 2 days. The weaction is preferably
performed under an inert gas atinosphere such as nittogen.  Here, the solvent inchudes, though not
particularty limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydiofuran (THF), 1A4-dioxane, 12-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
chloroforsy; 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: lithium hydride, sodium hydride, potassium hydride, sodinm
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, cestum carbonate,
potassium fluoride, cesium fluoride, tripotassiam phosphate, sodium acetate and potassium acetate;
ametal salt  of an alkoxide having 1 to 6 carbon atoms (lithdum salt, sodiwn salt, 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 (alky! having 1 to 4 carbon atoms)
ammonium  salt (fluoride, chloride and bromide); diisopropylethylamine; tributylamine;
N-methylmomholine; diazabicycloundecene; diazabicyclooctane; or imidazole. Examples of the

transition metal catalyst include copper, palladivm, cobalt, iron, rhedium, rutheniom and iridium.
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Examples of the ligand include trt-butyl)phosphine, wi{cyclohexyl)phosphine,
t-butyldicyclohexylphosphine, dit-butylicyclohexylphosphine or  di{t-butyhimethylphosphine.
Examples of the monovalent or divalent copper salt include copper chloride (F), copper bromide (1),
copper iodide (1), copper acetate (1), copper fluoride (1), copper chloride (I1), copper bromide (1D),
copper lodide (IF), copper acetate (I}, a hydrate thereof or a mixture thereof, Examples of the
carboxylic acid inchude formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
pentancic acid, isopentanoic acid, pivalic acid and trifluoroacetic acid.

Synthesis of Compound (D-2)

[Chemical Formula 33]

Ys R

0
OaN | ) +  R—SH——— o W,
Ned o-Re N 0—Rq

Rz

-1 (D-2)
(whereiit Ry represents a profective group of a carboxy! group and Ys represents a leaving group.)
Examples of a leaving group represented by Y3 include a halogen atom, a methanesulfonyloxy
group, a p-toluenesulfonyloxy group and a triflucromethanesulfonyloxy group.  The reaction is a
method for synthesizing a compound (D-2) by converting thiols to corresponding lithium
derivative, sodium derivative, potassium derivagive or cesium derivative with a base, followed by
the reaction with the compound (D-1}.  Examples of the base to be used include an inorganic salt
such as sodium hydride, sodium hydroxide, potassivn hydroxide, lithinm hydroxide, sodium
carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as sodium 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 s performed by reacting the compound (D-1) with an equivalent or slightly
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excessive amount of a base in a solvent inactive to the reaction at -20°C o 120°C, followed by
adding an equivalent or excessive amount of thiols to allow the reaction fo proceed generally for
0.5 to 12 hours. The reaction is preferably performed under an inert gas atmosphere such as
mirogen. Here, the solvent includes, though not particularly limited, for example: aromatic
hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether, tetzahydrofuran
(THE), 1A-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane; N N-dimethyiformamide
{DME); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed solvent thereof.

Synthests of Compound (D-3)

[Chemical Formula 34]
A .8
RO S RN
ﬁ&m{ O-Hy M f{\@ ~Hy
Ry R,
{D-2) (-3}

(wherein R. represents a protective 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
(D-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
temperatuze to a reflux emperatre under heating for generally 0.5 houss to 2 days.  Here, the
solvent includes, though not particularly limited, for example: aromatic hydrocarbons such as
benzene, toluepe and xylene; ethers such as diethyl ether, tetrahydrofuran (THE), 14-dioxane,
1.2-dimethoxy ethane and 12-diethoxy ethane, halogenated hydrocarbons such  as
dichlaromethane, 1,2-dichloroethane and chloroform; alcohols such as methanol, ethanol,
2-propanol and butanol; ethyl acetate; NN-dimethylformamide (DMIE); Namnethylpymolidone;

dimethyl sulfoxide (DMSO); or a mixed solvent thereof. Preferred examples of the transition
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metal catatyst include paliadium-carbon, palladium hydroxide, palladium black, platimem-carbon,
Raney nickel] and the like.

Synthesis of Compond (D-4)

[Chemical Formula 35]

S S - s

"7 /ﬁ\ oRy R j
1 0 ; L o

e e 4 : S —— g g e B
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H Oty =t M- R,
Hy R,
{3} {04

{(wherein R4 represents a protective group of a carboxyl group and Ry represents an alkyl group
such as & methyl group or an ethyt group.) The synthesis method is a method for synthesizing a
tetrazole ting by reacting the compound (D-3) with an ortho-formic acid ester and an azide
compound. ‘The reaction s performed by reacting the compound (D-3), an ortho-formic acid
ester and an azide compound in an equivalent amotnt or using an excessive amount of one of the
compounds in the presence of an acid in a solvent inactive o the reaction at raom lemperatine [0 a
reflux. temperature under heating for generally 0.5 hours (o 2 days. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Examples of the ortho-formic acid ester
include timethyl ortho-formate and tiethyl ortho-formate. In addition, examples of the azide
compound include sodium azide and trimethyl silylazide. Examples of the acid to be used include
an organic acid such as formic acid and an inorganic acid such as acetic actd, hydrochloric acid and
sulfuric acid and a Lewis acid such as indum tiflate, vtterbium triflate, zinc wiflate and
trichloroindium. The solvent includes, though not particulady limited, for example benzene,
toluene, dichloromethane, dichlorosthane, chloroform, carbon tetrachloride, diethyl ether,
tetrahydrofuran (THF),  1L4-diogane, 1.2-dimethoxy  ethane, 1,2-diethoxy  ethane,

N,N-dimethylformamide (IDMF), N-methylpyrolidone, dimethy] sulfoxide {DMSO) or a mixed
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solvent thereof, and an acid such as acetic acid may also be used as a sobvent,

Synthesis of Compound (D-5)

[Chemical Formula 36]
RS r~°
Q @]
N S ZN S
NT | p =N g \ y,
=N N 0-R, N=N N OH
R R
04 o5

(wherein R, 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 R. 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 inactive to the reaction at room temperature o a reflux temperature under heating for
generally (.5 hours to 5 days. Here, the solvent includes, though not particulardy limited, for
example: aromatic hydrocarbons such as benzene, tolene and xylene; ethers such as diethy] ether,
tetrabydrofuran (THE), 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;  NN-dimethylformamide  (DMFY;
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, 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 norganic 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 solution obtained by diluting these

bases with water or an organic solvent,
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Synthesis Method (E)

Synthesis of Compound {E-2)

[Chemical Formula 37]
i
+ NH oo
R’
O, Y Oy Ys
(B-3) (E-1) {(E-2)

(wherein Ysand Y sepresent a leaving group.) Examples of the leaving group represented by Y3
and Ys include a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesulfonyloxy group.  The reaction is a method for synthesizing a compound (15-2)
by converting amines to corresponding lithium derivative, sodium derivative, potassium detivative
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 sait such as sodium hydride, sodium hydroxide, potassium
hydeoxide, lithizm hydroxide, sodium carbonate, potassitun carbonate and cesium catbonate, a
metal alkoxide such as sodim ethoxide, sodium methoxide and potassivm t-butoxide and an
organic amine such as tiethylamine, pyridine, 4-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 to the
reaction at -20°C to 120°C, followed by adding the compound (B-3) to allow the reaction to
proceed genesally for 0.5 to 12 hours, ‘The seaction 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 diethyl ether,
teirahydrofuran  (THF), 14-dioxane, 1.2- dimethoxy ecthane and 1,2-diethoxy ethane;

NN-dmethylformamide (BME); N-methylpyrrolidene; dimethyl sulfoxide (DMSOY; or a mixed
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sobvent thereof,

Synthesis of Compound (E-3)

{Chemical Formula 38]

R - )

N -

R~ S R R
+ O _— s
O,N Y < | ON |
F 5 N R, N / 0-R4

(E-2) (B-4)

(E-3)

(wherein Ry represents a protective group of a catboxyl 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 (B-4). Examples of the leaving group represented by Ys mclude a halogen atom, a
methanesulfonyloxy group, a p-toluenesulfonyloxy group and a ifluoromethanesulfonyloxy
group. 'The reaction is performed by reacting the compounds (E-2) and (B-4) in an equivalent
amount or using an excessive amount of one of the compounds, and adding a ligand, cashoxylic
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 to a reflux
temperature under heating for generaily 0.5 hours to 2 days.  The reaction is preferably pesformed
under an mert gas atmosphere such as nitrogen. Here, the solvent includes, though not
particularly limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrabydrofuran (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-propanol and butanol; NN-dimethylformamide
(DME); N-methylpyrrolidone; dimethyl sulfoxide {DMSQO); water or a mixed solvent thereof,

Examples of the base include: lithium hydride, sodium hydride, potassium hydride, sodivm
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hydroxide, potassin hydroxide, sodium carbonate, potassium carbonate, cesium carbonate,
potassium fluoride, cesium flunoride, 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
magnesitm sait); a metal salt of an alkyl anion having 1 to 6 carbon atoms (lithiur sa¥t, sodium salt,
potassium salt and magnesium salt); tefra (alkyl having 1 to 4 carbon atoms) ammonium salt
(fluoride, chloride and bromide); diisopropylethylamine; tributylamine; N-methylmorpholine;
diazabicycloundecene; diazabicyclooctzne; or imidazole. Examples of the transition metal
catalyst inchude copper, palladium, cobalt, iron, thodium, rathenium and iridium.  Examples of the
ligand inclade trift-butyphosphine, tri{cyclohexyl)phosphine, t-butyldicyclohexylphosphine,
di(t-butyheyclohexylphosphine or di{t-butyfymethylphosphine.  Examples of the monovalent or
divalent copper salt include copper chloride (I), copper bromide (I}, copper iodide (I), copper
acetate (F), copper flucride (H), copper chloride (iT), copper bromide (I1), copper iodide (II), 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, isopenianoic
acid, pivalic acid and triflucroacetic acid.

Synthesis of Compound (E-4)

{Chemical Formula 39]

T
) ! N ) ] NJ@\(
C
S ) o
GoN 1 ) s g HoN i
N O"Rtﬁ- N / O /R‘g
R

o (E-4)

{wherein R4 represents a protective group of a carboxyl group) The synthesis method is a

method for synthesizing a compound (E-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 (-3} in a hydrogen gas atmosphere under the
presence of a transition metal catalyst in a solvent inactive to the reaction at room temperafure (0 a
reflux temperature under heating for generally 0.5 houss to 2 days.  Here, the solvent includes,
though not particularly limited, for example: aromatic hydrocarbons such as benzene, toluene and
xylene; ethers such as diethyi ether, tetrahydrofuran (THF), 1 4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane: halogenated hydrocarbons such as dichloromethane, 1,2-dichlorcethane and
chloroform; alechols such as methanol, ethanol, 2-propanol and butanol; ethyl acetate
N.N-dimethylformamide (DMEY;, N-methyipyrrolidone; dimethyl sulfoxide (DMSO); or a mixed
solvent thereof. Preferred examples of the transition metal catalyst include palladivm-carbon,

palladium hydroxide, patladium black, platimun-carbon and Raney nickel.

Synthesis of Compound (E-3)

[Chemical Formula 40}

i ?
N N

v o

R o OR; R
8
4+ _ S~
N [0e R4 \N =N N
Rz
(E-4) (-5}

(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 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-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 inactive to the reaction a room temperatire to a

reflux temperature under heating for generaily 0.5 hours to 2 days. The reaction is preferably
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performed under an inert gas atmosphere such as nitrogen.  Examples of the ortho-formic acid
ester include imethyl ortho-formate and- triethyl ortho-formate. In addition, examples of the
azide compound include sodium azide and trimethyl 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, ytterbium tiflate, zine triflate and
trichloroindium.  Examples of the solvent to be used for these reaction include toluene, henzene,
dichloromethane, dichloroethane, chloroform, carbon tetrachloride, diethy! ether, tetrahydrofuran
(THE), 1,4-dioxane, 1,2-dimethoxy ethane, 1,2-diethoxy ethane, NN-dimethylformamide (DMF),
N-methylpysolidone, 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 Formula 41]

R R

H |
R l e R N

O 0
SN = S N s
N* \ =N W,
WEN N 0-Rs N=N N OH
R R
Es) E6)

(wherein R 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 amomt of an acid or a base in a
solvent imactive 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 limited, for

example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
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tetrahydrofuran (THE), 14-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane; halogenated
hydrocarbons such ag dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as
methanol,  ethanol, 2-propancl and  butanol, N N-dimethylformamide  (DMF);
N-methylpyrrolidone; dimethyl suifoxide (DMSO?; water; or a mixed solvent thereof. Examples
of the acid include an inorganic acid such as hydrogen chleride, hydrogen bromide, 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,
potassitmn hydroxide, lithium hydroxide, sodium carbonate, potassiam 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 methads, the compounds of the formulas (A-8), (B-10y, (C-1),
(C4), (D-4) and (E-5) correspond to 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-3) commesponds fo the compound of the formula ().

Hereinafter, among the compounds represented by the formula (), preferred compounds
and pharmaceutically acceptable salts thereof inchude though not particularly limited with the
proviso that they are pharmaceutically acceptable salts, for example,: a salt with an inorganic acid
such as hydrogen chlonde, hydrogen bromide, sulfuric acid, nitric acid, phosphoric acid and
carhonic acid; a salt with an orgaric acid such as maleic acid, famaric acid, citric acid, malic acid,
tartaric acid, lactic acid, succimic acid, benzoic acid, oxalic acid, methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, acetic acid, rflvoroacetic acid and formic acid; a salt
with an amino acid such as glycine, lysine, arginine, histidine, omithine, glutamic acid and aspartic
acid; a salt with an alkali metal such as sodivin, potassium and Hihivim; a salt with an alkali earth

metat such as calcium and magnesium; a salt with metal such as aluminum, zinc and iron; a salk
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with an organic onium such as tetramethylammonium and choline; or a salt with an organic base
such as ammonia, propanediamine, pymolidine, piperidine, pyrdine, ethanolamine,
N N-dimethylethanolamine, 4-hydroxypiperidine, toctylamine, dibenzylamine, morpholine,
glucosamine, phenylglycylalkyl ester, ethylenediamine, N-methylglicamine, guanidine,
diethylamine, triethylamine, dicyclohexylamine, NN'-dibenzylethylenediamine, chloroprocaine,
procaine, diethanolamine, N-benzylphenylamine, piperazine, and
tristhydroxymethyl)aminomethane.

Further, examples of the compound represented by the formula (I) and a salt thereof
include various hydrates and solvates. The solvent of the solvates includes, though not
particularty Himited, for example methanol, ethanol, 1-propanol, 2-propanol, butano}, t-butanocl,
acetonitrile, acetone, methyl ethyl ketone, chloroform, ethyl acetate, diethy] ether, t-butylmethyl
ether, tetrahydrofuran (THE}, 1.4-dicxane, 1,2-dimethoxy ethane, I,2-diethoxy ethane, benzene,
toluene, DMF and DMSO.

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

Bxamples of the compound of the present invention include stereoisomers, recemates and
all possible optically active substances of the compound represented by the formula (1) and a salt
thereaf,

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 () and the
pharmaceutically acceptable salt thereof are useful as a xanthine oxidase mnhibitor.

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

pharmaceuticaily acceptable salt 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, hyperuriceria, tumor lysis syndrome, urinary calculi, hypertension,
dyslipiderria, 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.

The compound represented by the above-mentioned formmla (1) and the
pharmaceutically acceptable salt thereof can be used fo prepare a phanmaceutical composition
together with a pharmaceutically acceptable carrier and/or excipient.  The pharmaceutical
composition can be formed into varous formulatons for oral or parenteral administration.
Examples of a parenteral administration include intravenous, subcutaneous, intrarnuscular,
percutaneous or Infrarectal admimistration.

A drug formulation containing one of more of the compounds represented by formula (1)
of the present invention or the pharmaceutically acceptable salt thereof as an active ingredient is
prepared using a carrier, 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,
pectin, gum arabic, olive oil, sesame ofl, cacao butier, ethyleneglycol, and others in common use.
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 fiection, suppository, percutaneous admanistration or the like.

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

disease, administration roufe, or symptom, age, sex or body weight of the patient, and the like.
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However, since the dosage varies according o 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 cages.

[Examples)

Hereinafter, the present mvention will be explained based on specific examples.
However, the present invention is nof lirited fo these examples,

The structure of the novel compoand isolated was confirmed by "H-NMR and/or mass
spectrometry using single quadrapole nstrumentation equipped with an electron spray source and
other appropriate analytical methods.

As for the compounds for which "H-NMR spectrum (300 MHz or 400 MHz, DMSO-ds
or CDCly) was measured, the chemical shift (8: ppm} and coupling constant {F: Hz) are shown.
As for the result of mass spectroscopy, 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 (FIY).  Tn addition,
the following abbreviations represent the followings, respectively: s=singlet, d=doublet, t=triplet,
g=quartet, brs=broad singlet, m=rnultplet,

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
Measurement Device: Hewlett-Packard 1100HPLC
Column: Imtakt Cadenza CD-C18 100mmed.6mm 3 pm

UV: PDA detection (254 nm)
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Column Temperature: 40°C
Gradient Conditions:
Solvent: A: HoO/acetonitrile=25/5
0.05% TEA {trifluoroacetic acid)
B: HOfacetonitrile=5/95
0.05% TEFA (trifluoroacetic acid)

Flow Rate: 1.0 mL/min

Gracient; O 1o 1 mmn, Solvent B: 2%, Solvent A: 98%
1 10 14 vn, Solvent B: 2% to 100%, Solvent A: 98% to 0%
14 to 17 min, Solvent B: 100%, Solvent A: 0%

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

In addition, for the result of the mass analysis, the value of “M+H” (Obs. Mass: that is,
the observed value m 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 formulas calculated from
the value of “M"+H” observed are shown together with the calcnlated values of “M'+H” (Pred.
Mass).

TOF-MS Measurement Conditions

Mass Spectrometer: Shimadzu LCMS-IT-TOF

1.C: Prominence

Colurmn: Phenomenexx<Synergi Hydro-RP 4.0 mmx20mm 2.5 um
UV: PDA detection (254 aim)

How Rate: 0.6 mL/min

Column Temperature: 40°C

Detection Voltage: 1.63kV
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Gradient Conditions:

Solvent: A: H-O/acetonitrile=95/5
0.1% HCOCH

B: H;O/acetonitrile=5/95
0.1% HCOOH

Flow Rate: 0.5 mE/min
CGradient: O to 0.2 min, Solvent B: 2%, Solvent A: 98%

0.2 10 2.5 min, Solvent B: 2% to 1009, Solvent A: 98% to 0%

2.5 10 3.8 min, Solvent B: 100%, Solvent A: 0%

3.8 t0 4.0 min, Solvent B: 100% to 2%, Solvent A: 0% to 98%

401050 mn, Solvent B: 2%, Solvent A: 98%
[Reference Example]

Synthesis  of N-[(1E}2.2-dichloroethylidene]-4-methylbenzene- 1 -sulfonehydrazine
(reference exampie compound)

A reaction solution was prepared by dissolving 1.86 g of p-toluenesuifonylhydrazine 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
sofution was stirred at 0°C for one hour and the precipitated solid was filtered, washed using 10 mL
of toluene and dried to obtzain 1.98 g of
N'-{(1E)-2,2-dichloroethylidene]-4-methytbenzene- 1-sutfonehydrazine.
"H-NMR (400 MHz, CDCL)&(ppm):2.45 (3H.s), 6.11 (1H, d, J=8.0 Hz), 7.19 (1H, d, J=4.0 Hz),
7.35(1H. d, J=8.0 Hz), 7.80 (1H. d, J=8.0 Hz}, 7.92 (1H, s)
[Exampie 1]

Synthesis  of  2-[3-(1H-tmidazol-1-y[3-4-(Z-methylpropoxy)phenyl}4-methyl-1,3-
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thiazole-S-carboxylic acid (Compound No. 1) (Synthesis Miethod {A))

(1) Areaction mixture solution prepared by suspending 41.1 mg of 3-fluoro-4-hydroxybenzonitrile,
334 mg of isobutyl bromide and 62.2 mg of potassium carbonate in 1 ml. of dimethylformamide
was heated at 110°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 to obiain a 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-flucro-4-(2-methylpropoxybenzonitrile obtained above and suspending the
above in 1 mL of dimethylsulfoxide was heated at 110°C for 5 hours under a nitrogen atrosphere,
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 PIeSSte o obtain a crude product of
3-(1H-imidazol- 1 -yD-4-(2-methylpropoxyibenzonitrile.

ESUMS myfe: 242.1 (M +H, CraHigN:0).

(3) A reaction mixtwre prepared by suspending the crude  product  of
3-(1 H-imidazol-1-yl)-4-(2-methylpropoxyibenzonitrile obtained above in a mixture of 0.2 mL of
acetic acid and 0.5 mL of thioacetic acid was heated at 50°C for 14 hours under a nitrogen
atmosphere. Concentration under reduced pressure was prepared to obtain a crude product of
31 -imidazol-1-yh-4-(2-methylpropoxy benzene- | -carbothioarmide.

ESUMS nve: 276.1 (M™+H, C4H;aN-08).

(4) A reaction mixture solution prepared by adding 74.1 mg of ethyl-2-chloroacetacetate to the
crude product of 3-(1H-midazol-1-y)-4-(2-methylpropoxy)benzene- L -carbothioamide obiained

above and suspending the above mixture in 1 mL of ethanol was heated at 80°C for 5 hours under a
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nitrogen aimosphere,  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 deying and
concentrating  under  reduced  pressure o obtain a cude  product of
2-3-(iH-midazol-1-yh-4-2-methylpropogy)phenyl-4-methyl-1,3-thiazole-5-carboxylate,
ESIMS nyfe: 386.1 (M +H, CaFloaN305S).
(5) A reaction mixture solution prepared by dissolving the crude product of
2-£3-(1H-imidazol-1-yl)-4-(2-methylpropoxyphenyl] -4-methyl-1,3-thiazole-5-carboxviate
obtained above in 1 mlL of a mixed solution of tetrahydrofuran/methanol=1/1 followed by the
addstion of 0.2 mL of 2 M sodium hydroxide aqueous solution was stirred at room temperature
for 4 hours. After the addition of 0.2 mL of 2 M hydrochloric acid to the reaction mixture
solution under stiring, 3 mi. of water was added and extraction was performed using 4 mL of
ethyl acetate. The organic phase was concentrated, followed by purifying by a conventional
method to obtain 2.50 mg of
2-3-(1H-imidazol- 1-y}-4-(2-methylpropoxy )phenylj-4-methyl- I, 3-thiazole-5-carbox ylic acid.
"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.89 (6H, d, J=6.4 Hz), 1.96 - 2,02 (1FH, m), 2.65 GH, s),
392 (2H, d, }=64 Hz), 7.13 (1H, ), 7.37 (1H, d, I=8 8 Hz), 7.55 {1H, 5}, 7.95 - 8.07 (3H, m)
HPLC Retention Thne: 8.15 min,
Obs Mass (M'+H): 358.1215
Pred Mass (M+H): 358.1220
Formula (M): CygHoN;048
[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
Compoun Obs Mass | Pred Mass
Example : Retention Formuda(M) IHNMR
d No. (M+ +H) (VE+ +HH)
Time

2 2 8.61 372.1380 3721376 | C19HZIN303S

400MHz, (DMSQ d6) §.78-2.03(7H, m),
_ 2.64(3H, 8),4.1002H, d, ] = 6. 4Hz), TO7(3H,

3 3 839 3701234 3701220 | CI9HION303S
), 136(1H, d, }=8.8Hz), 753(1H, 5),
7.91-798GH, m)
400MHz (DMSO d6) 1.25-1.73(9H, ),
2.64(3H, 5), 402(ZH, d, ] =6.8Hz), 7.07(1 1,

4 4 890 3841376 384.1376 | C20H2IN303S | 8), 7.36(1H,d, J=88kz), 7.52(iH. £, I =
1.6Hz), 792(1H, d, J = 2.0Hz),
797-7T99(2H, m)

5 3 823 3701214 3701220 | CI9HION303S
400MHz (DMSO do) 125-1.57(8H, my),
1.84-1.90(2H, m), 2.65(3H, s},

6 [+ 87t 384.1377 384.1376 | C2OHZ2IN303S
457-4.61(1H, m), 7.07(1H, 5), 740(1H, d,J
= 8.8Hz), 7.52(1H, 5), 7.92-7.99(3H, m)

{Example 7] Synthesis of

2-3-(1H-imidazol-1-yI-4-phenoxyphenyl]-4-methyi-1 3-thiazole-S-carboxylic acid (Compound

No. 7) (Synthesis Method (A))

(1) A reaction mixtire solution prepated by suspending 77.8 mg of 3-chloro-4-fluorobenzondtrile,

51.8 mg of phenol and 82.9 mg of potassitum carbonate in 2 ml. of dimethylsulfoxide was heated at

100°C for 14 hours under a nirogen atmosphere.  Subsequently, 24.0 mg of soditum hydride and

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

140°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 phase is washed with

safine, followed by drying and concentrating under reduced pressure.  The resulting crude product

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

3-(tH-imidazol- 1-yh-4-phenoxybenzonitrile,

61




10

15

20

ESI/MS m/e: 262.2 (M +H, C1H 2N:0).

(2) A reaction mixture prepared by suspending 652 mg of
3-(1H-imidazol-1-yl)<4-phenoxybenzonitrile in a mixture of 0.3 mL of acetic acid and 1.0 mL of
thioacetic acid was heated at 50°C for 14 hours under a nitrogen atmosphere. A crude product of
3-(1H-imidazol-1-yh-4-phenoxybenzene-1-carbothioamide was obtained by concentrating under
recuced pressure.

ESTMS mvfe: 296.1 (M +H, CyH:14N;08).

(3) A reaction mixture solution prepared by adding 123.2 myg of ethyl-2-chloroacetacetate to the
crude product of 3-(1H-imidazol-1-yI)-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 column chromatography 0 obtain 722 mg of
2-[3-(1H-imidazol-1-yh)-4-phenoxyphenyl}-4-methyl- 1,3-thiazole-5-carboxylate,

ESUMS mfe: 406.1 (M+H, CHagN2058).

4 A reaction mixtwe solution was prepared by dissolving 202 mg of
2-[3-(1H-imidazol-1-y)-4-phenoxyphenyli-4-methyi-1,3-thiazole-3-carboxylate obtained above in
1 mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 0.2 rul, of 2 M sodinm
hydroxide aqueous solution.  The reaction mixtore was stired at 50°C for 2 hours.  After the
addition of 0.2 mL of 2 M hydrochloric acid to the reaction mixture solution under stirring, 3 mL. of
water was added and extraction was perfonmed using 4 mL of ethyl acetate. The organic phase
was concentrated, followed by purifying using a conventional method to obtain 9.0 mg of

2-[3-{1H-imidazel-1-y1)-4-phenoxyphenyl}-4-methyi- 1,3-thiazole-5-carboxylic acid.



'H-NMR (400 Mz, DMSO d6) 8(ppm}: 2.61 (3H, ), 7.07 ~7.13 (3H, m), 7.20 (1H, t, J=6.8 Hz),

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

s)

HPLC Retention Time: 7.86 min.

5  Obs Mass (M +H): 378.0906
Pred Mass (M™+H): 378.0907
Formuda (M): CooHsN505S
Example 8]
The compound of Compound No. & was synthesized in the similar manner as in
10 Example7.
fTable 2]
Compo HFLC Obs M Pred Mass
Example TR Retention . ) =5 Formula(M) THNMR
d No. \ M-y | (M +H)
Time
400MHz (DMSO d6) 2.60(3H, s), 7.10¢1H,
CAHMIN3O3 | 5), 7.24-747(4H, my, 7.50(1H, d, = 1. 2Hz),
8 8 7.8% 396.0815 3960813 _
S 76101 H, ), 7751 H, €, T =8 4Hz), 7.85(1H,
dd, F=12, 8.0Hz), 8.09(1 L, )
[Examples 9 to 14]
The compounds of Compound Nos. 9 to 14 were synthesized in the similar manner as in
15  Example 1,
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[Table 3]

Example

Cosppoun
dNo.

HPLC

Retention

Time

Obs Mass
(Mo +H)

Pred Mass
(M+ +H)

Formula(v)

THNMR

836

372.1380

3721376

CISH2IN3038

400MHz (DMSO &6y 0.83(6H, d, I =
6.8Hz), 1.86-1.94(1H, m), 241(3H, s),
2.65(3H,5),3.93(2H, d, ] = 64Hz), T46{1H,
d,J=88Hz), 7.77(1H. 4, ] = 2.0Hz),
782(1H, d,J =2.0Hz), 8.18-8.22(2H, m)

10

1110

3744272

374.1281

CI7HIONS038

4000z (DMSO d6) 0.98(6H, d, ] =
6.8Hz), 2.01-2.08(1H, ), 239(3H, 5),
2.333H, 5). 390021, d, ] = 6.8Hz), 7.24(1H,
t,J =84 z), 7.64(1H, dd, = 2.0, 7.6Hz),
772(1H,d, ] =8 4Hz)

11

949

408.1388

408.1376

C22H2IN3038

400MHz {DMSO 463 0.72(6H, d, J =
6.8H7), 1.45-1.83(1H, m), 2.65(3H, 5),
3.89(2H, d,J = 6.4Hz), 7.25-7.29(3H, mw),
744(1H, &, F = 8.8Hz), 7.74-7.76(1H, m),
8.08-8.13(2H, m), 8AN(1H, ), 1335(11L )

12

10.85

3731341

3731329

C18H20N4038

A00MHz (DMSO d6) 0.95(6H, d, ] =
6.4FE7), 204-2.11(VH, ), 2.37GH, 5),
26503, 5), 398(2H, d, F = 6.AHz), 7.38({H,
d,]=8.8H7), 794(1H, dd, J = 2.4, 88H7),
S2A(IH, & F = 24H2), $81(1H, )

10.71

359.1165

3591172

CI7THIENAO3S

A00MHz (DMSO d6) 093(6H, d, I =
6.8Hz), 201-2.11(1H, my, 2.65(3H, s),
39820, 4, F=68Hz), 74H{1H d, I =
3.8Hz), 8O0(1H, dd, T = 2.4, 8.8Hz),
8.23-825(2H, m), 8.95(1H, s}

14

9382

3731335

3731329

CI8H20N403S

400MHz (DMSO d6) 0.81(6H, d, T =
6.4Hz), 1.85-1.90(1H, my, 2.25(3H, ),
205(3H, ), 3.89(2H, d, F = 6.4Hz), 7.39(1H,
d, J=8.8Hz), 7.98-8.02(2H, m),
8.11-8.13(1H, m)

{Example 15]

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

Example 7.
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[Table 4]

HPLC
Compoun k Obs Mass Pred Mass
Example Retention FormulaM) IHNMR
dNo. ) M+ +H) (M++H)
Time
400MHz (DMISO d6) 2.61(3H, 5),
7.16-725GH, my, 744QH, t, I =7.6Hz),
15 15 1051 379.0871 3790859 | CI9HI4N4O3S
7.60(1H, 5), 7.92(2H, dd, ] = 8 4Hz),
8.24(1H, 5), 9.09(1H, 5)

[Example 16]
Synthesis of 4-methyl-2-{4-(propan-2-yloxy)-3-(1 H-1,2 3-triazol- 1 -yDphenyi]-
1,3-thiazole-5-carboxylic acid (Compound No. 16) (Synthesis Method (B))

5 (1) Areaction mixture solution prepared by suspending 2.18 g of 4-bromo-2-nitrophenol and 2.07 g
of potassiten carbonate in 40 mi. of dimethylformamide and adding 2.04 g of isopropyl iodide was
heated under stirrimg at 110°C for 14 howrs under a nitrogen atmosphere.  After the addition of
water 1o the reaction mixture solution, extraction was performed using ethyl acetate.  The organic
layer was washed with saline, followed by drying and concentrating tnder reduced pressure.  The

10 resulting erude product was separated and pusified by silica gel column chromatography to obtain
2.08 g of 4-bromo-2-nitro-1{propan-2-yloxy)benzene.
(2) A suspension was prepared by adding 1.05 g of potassium hydrogen carbonate, 22 mg of
palladium chloride (1) and 102 mg of a copper bromide () dimethylsulfide complex to 2.08 g of
4-bromo-2-nitro-1-(propan-2-yloxy)henzene obtained above, followed by suspending the mixture

15  inl1Smloftoluene. Subsequently, a reaction mixture solution prepared by adding 1.02 g of ethyl
4-methyl-1,3-thiazole-5-carboxylate, 462 pl. of isobutyric acd and 114 mg of
di-t-butylcyclohexylphosphine to the suspension was heated at 120°C for 14 howrs under a nitrogen
atmosphere.  The reaction mixture solution was celite-filtered to remove insoluble matter, water
was added to the filtrate, exfraction was performed using ethyl acetate. The organic layer was

20 washed with saline and then dried and concentrated under reduced pressure, followed by purifying
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by a conventional methoed o obtain 1.38 g of ethyl
4-methyl-2-[3-nitro-4-(propan-2-yloxy)phenylj-1,3-thiazole-S-carboxylate.

BESIMS mfe: 351.0 (M'+H, CisHsN,Os8).

(3) A reaction mixture solution vprepared by suspending 138 g of ethyl
4-methyl-2-[3-nitro-4-{propan-2-yloxyphenyl]-1,3-thiazole-5-carboxylate in 15 mL of ethancl and
adding 100 mg of palladivm/carbon (10wt%) to the suspension was heated under stiring at S0°C
for 14 hours under a hydrogen atmosphere.  The reaction mixture soiution was celite-filtered and
the filtrate was concentrated under reduced pressure to obtain 126 g of ethyl
2-[3-amino-4-(propan-2-yloxy )phenyl]-4-methyl-1,3-thiazole-5-carboxylate.

ESIMS m/e: 321.1 (M™+H, CidHaN:058).

4y A reaction solution prepared by  suspending 126 g of  ethyl
2-[3-amino-4-(propan-2-yloxyphenyl}-4-methyl-1,3-thiazole-5-carboxylate in 10 ml. of methanol
and adding 1.12 mL of tricthylamine to the suspension was cooled to 0°C.  Subsequently, 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 16 mL 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 mixture solution, extraction was performed using ethyl
acetate. The orgamic layer was washed with saline, followed by drving and concentrating under
reduced pressure. The resulting crude product was separated and purified by sifica gel column

chromatagraphy 1o obtain 501 mg of ethyl

‘4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2 3-triazol-1 -yDphenyl]-1,3-thiazole-5-carboxylate.

ESIMS m/e: 373.1 (M+H, C§3H21N403S)
(5y A reaction mixture solution prepared by dissolving 501 mg of ethyl

4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2 3-triazol-1-yDphenyl]- 1,3-thiazole-5-carboxylate in 10
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mL of a mixed solution of tetrabydroftran/methanol=1/1 and adding 1.35 ml. of 2 M sodium
hydroxide agueous solution was stirred at room temperatre for 3 hours.  After the addition of
1.35 mL of 2 M hydrochloric acid to the reaction mixfure solution under stirring, 8 mL of water
was added and extraction was performed using 20 mL of ethyl acetate. The organic phase was
concenirated, followed by purifying by a conventional method o obtain 415 mg of
d-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]- 1,3-thiazole-5-carboxylic acid.
"H-NMR (400 MHz, DMSO d6) &(ppm): 1.28 (6H, d, J=5.6 Hz), 2.66 (3, 5), 4.83 - 4.89 {1H, m),
746 (11, d, I=8.8 Hz), 795 (1H, s), 806 (1H, dd, J=2.0, 8.8 Hz), 822 (1H, dd, J=2.% Hz), 8.52
(IH, s), 13.39 (1H, 5)
HPLC Retention Time: 9.96 min.
Obs Mass (M*+H): 345.1005
Pred Mass (M+H): 345.1016
Formula (M) CieHeN2OsS

[Examples 17 to 21}

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

in Example 16.
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fTable 51

Example

Compoun
d No.

HPLC
Retention

Time

Obs Mass
M+ +H)

Pred Mass
{M++H)

Foromda(M)

THNMR

17

i

1091

359.1168

3501172

C17H18N403S

400MHz (DMSO d6) 0.88(6H, d, T =
6.8Hz), 1.95-2.02(1H, m), 2.66(3H, s).
39521, d, I = 64Hz), 744(1H,d, T =
8.8H=), 797(1H, 5), 8.10(iH, dd, ] =24,
8.8Hz), 821(1H, 4, F=24Hz), 851(1H, d,T
= 0.8Hz), 13.40(1H, 5)

18

1144

3733340

373.1329

CISH20N403S

400MHz (DMSO dé) 0.87(9H, 1),
2.66(3H, 5}, 398(2H. 5), 7T44(1H.d, T =
88Hz), 798(1H, 5), 8.11(1H, ddl, T =24,
8.8Hz), 8.19(1H, d, J=24Hz), 849(1H, ),
1337(1H, brs)

19

11.29

3711173

FLT2

CI8HI8N403S

400MEEz (DMSO d6) 1.78-1.99(7H, mi,
266(3H, 5), 415, d, J = 64873, TA5(1H,
4,7 =881z, 7.96(1H, 9), 8.10(1H, dd, T =
2.4, 8.8Hz), $24(1H, d, ] = 2.0Hz), 8.49(1H,
$), 1340(1H, brs)

20

[

929

331.0847

331.083%

CI3H14NAO3S

400MHBz (DMSO d6) 1.29(6H, d, I =
6.0Hz), 4.834.80(1H, m}, T49(1H, d, I =
88Hz), 795(1H, d, I =0.8Hz), &.11(1H, dd,
J=2.8,8.8Hz), 825(1H, d, ] =24Hz),
8.39(1H, d, T =20Hz), 8.52(1H, d, I =
1.2Hz), 13.38(1H, brs)

21

1026

3451011

345.1016

CI6HI6N403S

400MHz (OMSO ¢6) 0.88(6H. d, 1 =
06.8Hz), 1.95-2.02(1H, m), 3.96(2H, d. T =
6.0Hz), 745(1H,d, T =88Hz), 7.96(1H,d,
F=0.80z), 8.14(1H, dd, ] = 2.4, 8.8Hz),
823(1H, d, F=24Hz), 83914, 8), 8.50(1H,
d, J = 0.8Hz), £3.59(1H, brs)

iExamples 22 and 23]

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

n Example 7.
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[Table 6]

HPLC
Compoun Obs Mass Pred Mass
Example Retention ’ Formula(M) THNMR
dNo, (M- +H) (M- +H}
Time
400MHz (DMSO d6) 2.62(3H, $), 7.15(ZH,
d,J=T7.06Hz), 721-725(1H, m), 744(2H, t, J
22 22 10,68 3790851 379.0859 CI9HI4N40O3S | =8.0Hz), 7.62(1H, d, I =0.8Hz),
7.91-758(3H, m), 8.64(1H, 5), 13.50(1 H,
brs)
400MVIHz (DMSO db) 2.62(3H, s),
CI9H13EN4O3 | 7.26-747(414 m), 7.54(1H, s),
23 23 10.63 370777 3970765 )
5 7.91-7.98(3H, m), 8.64(1H, d, T =0.8Hz),
13.50(1H, brs)
{Example 241
Synthesis of

4-methyl-2-[4-{propan-2-yloxy)-3-(1H-1,2,3 4-tetrazol-1-yDphenyi]-1,3-thiazole-5-carboxylic acid
5  (Compound No.24)  (Synthesis Method (C))
{1y A suspension was prepared by  suspending 123 g of etyl
2-[3-aminc-4-{propan-2-yloxyphenyl]4-methyl-1,3-thiazole-5-carboxylate in 20 mL of acetic
acid. A reaction mixture solution prepared by adding 478 mg of sodium azide and 1.09 g of
triethyl ortho formate to the suspension was heated at 70°C for 2 hows under a nitrogen
10 atmosphere. After cooling the reaction mixture solution to room temperature, water was added o
the reaction mixture solution, and extraction was petformed using ethyl acefate, The orgamic layer
was washed with saline, dried and concentrated under reduced pressure and purified by a
conventional method to obtain 1.13 g of ethyl
4-methyl-2-{4-(propan-2-vioxy}-3-(1H-1,2,3 A-tetrazol- 1 -ylyphenyl]- |, 3-thiazole-3-carboxylate.
15 ESYMS mife: 374.1 (M +H, CrHNs05S)
(2) A reaction mixtwre solution prepared by dissolving 113 g of ethyl

4-methyl-2-{4-{propan-2-yloxy)-3-(1H-1,2 3 d-tetrazol-1-yDphenyi]- 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 solation 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 stiming, 7 mL. of water
was added and extraction was performed using 30 mL of ethyl acetate.  The organic layer was
concentrafed, followed by purifymmg by a conventional method fo obtain 920 mg of
4-methyl-2-{4-(propan-2-yloxy}-3-(1H-1,2,3 4-tetrazol- | -yDphenyl]- 1, 3-thiazole-5-carboxylic
agid.
"H-NMR (400 MHz, DMSO d6) 8(ppm): 1.28 (6H, d, J=6.0 Hz), 2.65 (3H, ), 4.84 490 (1H, m),
750 (1H, d, 3=9.6 Hz), 8.13 (1H, dd, J=24, 88 Hz), 8.27 (1H, d, J=24 Hz), 9.7¢ (1H, 5), 1341
(1H, s)
HPLC Retention Tune: 9.99 min.
Obs Mass (M ™+H): 346.0958
Pred Mass (M'+H): 346.0968
Formula (M): CisHisNsOsS
[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 73

Example

Compoun
d No.

HPLC
Retention

Time

Obs Mass
(M++H)

Pred Mass
(M +HD

Formula(M)

1H NMR

25

23

10.87

360.1124

360.1125

CI16HI7NSO3S

400MHz (DMSO d6) 0.85(6H, d, T =
6.8Hz), 1.93-2.00(1H, m), 2.66(3HL 5),
396(2H, d, ] = 6.0Hz), 748(1H, d, T =
$.8Hz), 8.18(1H, dd, ] = 2.4, §.8Hz),
8.27(1H, d, T =24Hz), 9.79(1H, ),
1341(1H, 5)

pid

11.35

374.1287

374.1281

CITHION503S

400MHz (DMSO d6y 0.83(9H, s), 2.6603H,
s}, 3.83(2H, 5), 747(1H. d, J = 8.8Hz),
8.18(1H,dd, =24, 8.8Hz), 8.27(1H,d, T =
2.0Hz2),9.78(1H, 53, 1341 H, 5)

27

122

3721104

3721125

CITHITNSO3S

400MHz (DMSO d6) 1.72-1.97(7H, 1,
2.66(3H, 5), 4.16(2FL, d, ] = 6.4k1z), 7 48(1H,
d, J=92Hz) 8.16(1H, dd, ] =24, 8.8Hz),
B.28(1H, d, ¥ =24Hz), 9.75(1H, s),
1338(1H, s)

28

10.59

3721114

3721125

CITHITNSO38

400MHz (DMSO d6) 1.53-1.57(4H, ),
1.66-1.73(2L, m), 1.88-1.93(2H, m),
2.65(3H, 5), 5.06-5.10(1H, m), 747(1H, d, T
= § 8Hz), 8.14(1 H, dd, J = 2.4, $.8Hz),
8A6(1H, d,J = 24FLz), 9.74(1FL, 5)

10

[Example 291

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

similar

nanner

in  Examples

16 and 24, 197 g of ethyl

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

was obtained from 4.36 g of 4-bromo-2-nifrophenol.
ESIMS mve: 376.0 (M'+H, C1eH sN:045)
"H-NMR (400 MIHz, DMCI3) 8ppm): 140 (6H, d, I=7.2 Hz), 2.78 (3H, 5), 3.48 (3H, s), 4.36 (2H,

a, I=6.8 Hz), 5.34 (2H, ), 745 (1H, 4, F= 88 Hz), 8.05 (1H, dd, }=2.4, 8.8 Hz), 844 (1H, d, }=24
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Hz), 9.17 (1H, 5

(2) A reaction mixture solution was prepared by dissolving 197 g of ethyl
[4-(methoxymethoxy)-3-(1H-1,2,3 A-tetrazol- I-yDphenyl}-4-methyl-1,3-thiazole-S-carboxylate i
25 ml, of 1 4-dioxane and adding 5.0 mL of 2 M hydrochioric acid was heated under stining at
60°C for 8 hours. After the reaction mixture solution was cooled (o room temperature, the
precipitated solid Wwas filtered o obtain 1.49 g of ethyl
2-[4-hydroxy-3-(11-1.2.3 A-tetrazol-1-yl)phenyl]-4-methy]-1,3-thiazole-5-carboxylate.

ESUMS m/e: 332.0 (M™+H, C)4H 14NsO5S)

"H-NMR (400 MHz, DMSO d6) 8(ppm): 1.39 (6H, d, I=7.2 Hz), 2.76 (3H, ), 435 (2H, q,}=72
He), 722 (34, d, }=84 Hz), 7.39 (1H, s), 7.90 (1H, dd, =24, 8.8 Hz), 845 (1H, d, J=2.8 Hz), 944
(1H, s)

(3) A solution was prepared by dissolving [3.5mg of 2-methypropan-1,3-diol in 1 mL of
tetrahydrofuran and adding 39.3 mg of triphenylphosphine and 65 uL of a 40% toluene solution of
diethyl azodicarboxylate to the mixture.  Aflter stining the resultant solution at room temperatuge
for 30 minutes, a reaction mixtwre soluton prepared by adding 33.1 mg of ethyl
2-[4-hydroxy-3-(1H-1,2.3 A-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-catboxylate  t©  the
solution was stirred at room termperature for 3 hours.  After the addition of water to the reaction
mixture solution, extraction was performed using ethyl acclate. The organic layer was washed
with saline and then dried and concentrated under reduced pressure, followed by purifying by a
conventional method to obtain 67.7 mg of ethyl 2-{4-(3-hydroxy-2-methylpropoxy)-3-
(1H-1,2,34-tetrazol-1-yDphenyli-4-methyl-1,3-thiazole-5-carbox ylate,

ESIMS m/e: 404.1 (M™+H, CisHpNsO48)

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

(1H-1,2,3 A-tetrazol-1-yhphenyt]-4-methyl-1,3-thiazole-5-carboxylate n 1.0 ml of a mixed
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solution of tetrahydrofuran/methanol=1/1. A reaction mixture solution prepared by adding 0.2
mL of 2 M sediem hydroxide aqueous solution to the solution was stirred at room temperature for
3 hours.  After the addition of 0.2 mL of 2 M hydrochloric acid to the reaction mixture solution
under stiring, 3 mL of water was added and extraction was performed using 4 mL of ethyl acetate.
The organic layer was concentrated, followed by purifying by a conventional method to obtain 154
mg of 2-[4-(G-hydroxy-2-amethylpropoxy)-3-(1H-1,2,3 d-tetrazol- 1-yDphenyl-4-methyl-1,3-
thiazole-5-carboxyiic acid.
"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.82 (3H, d, J=6.8 Hz), 1.90—1.98 (1H, m), 2.66 (3H, s),
325328 (2H, my, 4.04 ~4.15 (ZH, m), 4.62 (1H, m), 7.48 (1H, d, I=8.8 Hz), 8.17 (1H, 4d, }=2.0,
8.8 Hz), 828 (1H, d, J=2.0 Hz), 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
Formuda (M) CisHiNsG4S
{Example 30]

Synthesis of 2-[4-(2-hydroxy-2-methylpropoxy)-3-(1H-1,2,34-tetrazol-1-yl)phenyl}-4-
methyl-1,3-thiazole-5-carboxylic acid (Compound No. 30) (Synthesis Method (C))
(1} A solution was prepared by  dissolving 331 mg of  ethyl
2-[4-hydroxy-3-(1H-1,2 3 4-tetrazol-1-ylphenyl]-4-methyi-1,3-thiazole-5-carboxylate in 1.0 mL of
dimethylformamide. A reaction mixture solution prepared by adding 20.7 mg of potassim
carbonate and 16.2 mg of 3-bromo-2-methylpropene to the solusion was heated under stirring at
100°C for 4 hours.  The reaction mixture solution was cooled to room temperature and then 3 mL.
of water and 4 ml of ethyl acetate were added under stirring, followed by concentrating the organic

phase o obtan 341 mg of ethyl 4-methyl-2-{4-[(2-methylpropen-1-yloxy]-3-
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{1H-1,2,3 4-tetrazol-1-yl)phenyl }-1,3-thiazole-5-carboxylate.

(2) Axeaction mixture solution prepared by adding 1.0 mL of 35% sulfuric acid aqueous solution to
341 mg of ethyl d-methyl-2-{4-[(2-methylpropen-1-yloxy]-3-(1H-1,2,3 4-tetrazol-1-y1)
phenyl}-1,3-thiazole-5-carboxylate was heated under stirring at 80°C for 4 hours. The reaction
mixiure solution was cooled to room temperature and then 3 mL of water and 4 ml. of ethyl acetate
were added under stiming, and the organic phase was concentrated and purified using a
conventional method to obtain 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.

ESEMS nvfe: 404.1 (M™+H, CisHpNs045)

(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-ylphenyl[-4-methyl-1,3-thiazole-5-carboxylate  in 1.0
mlL of a mixed solution of tetrahydrofiran/methancl=1/1 and adding 0.2 mi. of 2 M sodium
hydroxide aquecus solution was stirred at room temperature for 3 hours.  After the addition of 0.2
mL of 2 M hydrochloric acid to the reaction mixnire solution under stiring, 3 ml. of water was
added and extraction 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- [-yl)phenyt}-4-methyl-1,3-thiazole-5-carboxylic acid.

'H-NMR (400 MHz, DMSO d6) S(ppm: LO8 (6H, s, 2.66 (3H, 8), 3.96 (2H, 5), 4.80 (1H, 5), 7.50
(1H, d, J=8.8 Hz), 8.15 (11, dd, J=2.8, 88 Hz), 831 (I1F, 4, J=24 Hz), 990 (1H, s), 13.44 (1H,
brs)

HPLC Retention Time: 8.29 min.

Obs Mass (M™+H): 376.1073

Pred Mass (M™+H): 376.1074
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Formula (M): CigH#NsOS
jExamples 31 and 32]

The compounds of compound Nos. 31 and 32 were synthestzed in the similar manner as

in Example 24.
5 [Table 8]
Co HPLC Obs Mas Pred M
mpoun s Mass ved Mass
Example Retertion Formrwula(M) THNMR
d No. - (M++hH (M4 +H)
L OTie

400MHz (DMSO d6) 1 .28(6H, d, T =
6.0Hz), 4.85-4.91(1H, m), 753(1H, d, F =

31 3l 932 3320824 3320812 | CI4HI3NS03S | 8.8Hz), 8.18(1H, &d, I =2.0, 8.8Hy),
8.27(1H, d,1=2.0Hz), 839(1H, 5), 0.80(1H,
8}, 13.60(1H, brs)

400MHz (DMSO do) 0.85(6H, d, T = 6.8H),
1.93-201(1H, my, 3.96(2H, d, J = 6.4Hz),

32 32 10.23 346.0931 3460968 | CISHISNSO3S | 74A9IH, d,1=92Hz), 8 20{1H, dd, F =24,
8.8Hz), 830(1H, d, ] = 2.4Hz), 840(1H, 53,
9.78(1H, 8), 13.59(1H, brg)

[Example 33]

Synthesis of 4-methyl-2-[4-phenoxy-3-(1H-1,2,34-tefrazol-1-yl)phenyl]- 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
palladiom chloride (1) and 205 mg of a copper bromide (I) dimethylsulfide complex 10 2.20 g of
3-bromo-2-fluoronitrobenzene and the resulting mixture was suspended in 20 mL of toluene.
Subsequently, a reaction mixtwre solution prepared by adding 205 g of ethyl
4-methyl-1,3-thiazole-5-carboxylate, 925 uL of isobutyric acid and 228 mg of

15 dit-butyleyclohexyiphosphine to the resulting suspension was heated at 120°C for 14 hours under

a nitrogen atmosphere. The reaction mixture solution was celite-filtered o remove insoluble
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matter and water was added to 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 colunm chromatography to obtain
2,28 g of ethyl 2-(4-fluoro-3-nitrophenyl)}-4-methyl-1,3-thiazole-5-carboxylate.

ESUMS mve: 311.0 (M'+H, Cp3H 2FN,0,8)

(2y A reaction mixtwre solution prepared by suspending 931 mg  of ethyl
2-A-tluoro-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate, 339 mg of phenol and 622 mg of
potassium carbonate in 15 mlL of dimethylformamide was heated at F00°C for 14 hours under a
nitrogen atmosphere.  The reaction mixture solution was cooled to room temperature, water was
added and extraction was performed using ethyt acetate.  The organic laver was washed with
saline and then dried and concentrated under reduced pressure.  The resulting crude product was
separafed and purified by siica gel column chyomatography to obtain 1.14 g of ethyl
2-(3-nitro-4-phenoxyphenyly-4-methyl-1,3-thiazole-5-carboxylate.

ESIMS m/e: 385.0 (ML, Ciol11sN,Os8)

(3) A reacion mixture solution prepared by suspending 114 g of ethyl
2-(3mitro-4-phenoxyphenyi)-4-methyl-1,3-thiazole-5-carhoxylate i 15 ml of ethanol and adding
300 mg of paladiumyvcarbon (10wt%) was stirred at room temperature for 14 hours under a
hydrogen atmosphere. The reaction mixture solution was celite-filtered and the filtrate was
concentrated  under  reduced  pressmte to obtain 105 g of ethyl
2-(3-amino-4-phenoxyphenyl)-4-methy!i-1,3-thiazole-5-carboxylate.

ESIMS mife: 355.1 (M +H, CioHoN058)

)  In the smilar  memper as I Example 24, 458 mg of
4-methyl-2-[4-phenoxy-3-(1H-1,2,3 4-tetrazol-1-yljphenyl]-1,3-thiazole-5-carboxylic  acid was

obtained using 1.05 g of ethyl 2-(3-anino-4-phenoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate.
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'H-NMR (400 MHz, DMSO d6) 8(ppm): 2.67 3H, s), 7.11 = 7.29 (4H, m), 7.43 — 7.48 (2H, m),
815 (1H, dd, J=2.4, 8.8 Hz), 842 (1H, d, F=2.0 Hz), 9.97 (1H, 5),
HPLC Retention Time: 16.79 min.
Obs Mass (M +H}: 380.0803
Pred Mass (M+H): 380.0812
Fomula M) CieHsNsGsS
[Examples 34 to 48]
The compounds of Compound Nos. 34 to 48 were synthesized in the similar manner as in Example

33
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[Table 9]

HPLC
Comp Obs Mass Pred Mass
Example et Retention ' Formuda(M) TH NMR
dNo. . M++HH) | (VD
Time
400MHz (DMSO d6) 2.67(3H, 5), 7.11{1H,
CI8HIZFNSO3 | d,J=8.8Hz), 7.30-7 48dH, m), 8.16(1H,
34 4 1067 3080722 3580718
S dd, J =24, 8.8Hz), 844(1H. d, ] = 2.4Hz),
0.99(1H, s)
400MTHz (DMSO d6) 2.68(3H, 53, 3.71(3H,
_ $), 690(1H, d, = 8.8Hz), 703731 {#H,
35 33 10.80 410.0908 4100918 | CI9HISN5O4S
my L, 8.10(1H, dd, T=2.4. 8 8Hx), 8.33(1H,
d,J=2.8Hz), 9.94(1H, s}
400MHz (DMSO d6) 2.66(3H, s), 7.18(1H,
_ CIBHIIFINAO | d,7=88Hz),7.35-745 (3H, m) , 8.18(1H,
36 36 10,63 4160620 4160623 ,
38 dd, ¥=20,8.8H=z), 843(1H, d, ] =2.4Hz),
10.00(1H, s}
300MHz (DMSO d6) 2.68(3H, ), 7.02-7.18
CIRHI2ZFEN303 (3H, m), 727(1H, d,1=8.7Hz), 7.50(1H,
37 37 10.87 39840717 398.0718 ‘
S q,J=81Hgz) 8I8(1H dd, T =21, 87Hz),
843(1H, d, I = 2.1Hz), 9.98(1H, 5)
300MHz (DMSO d6) 2.31(3H, s), 2.68(3H,
. 5),697-7.16 4H, m) ,732-737(1H, m),
38 38 1149 394.0058 3940968 | CI19HISNSO3S _
B.16(1H, dd, J =27, 9.0Hz), 841{1H, d, ] =
2.1Hz), 9.98(1H, 5)
J00MHz (DMSO de) 2.68(3H, ), 7.02(1H,
] CI8HI2CINSG | &, 1 =8.7Hx), 7.14-781 @, my, 818(1H,
34 3 1517 414.0421 414.0422
35 d ] =84Hz), 846(1H, 5), 9.98(1H, s},
13.37(1H, bis)
300MiHz (DMSO do6y 2.23(3H, 5), 2.68(3H,
CI9H14FNSO3
40 40 11.56 412.0884 4120874 s 8), TO7-728 (4H, m)  8.15GH, dd, J=27,
B.7THz), 842(1H, d, 1 =2.1H7), 9.99(1H, %)
300MHz (DMSQO de) 2.21(3H, s), 2.68(3H,
CI9HI4EN503 | 8), 662(1H,d, T =87Hz), 7.15-7.30 GH,
41 41 11.39 4120873 4120874 )
S m) L, 8131 dd, F=2.1, 9.0Hz), 8 42(1H,
d, J=2.1Hz), 10.00(1H, )
300MHz (DMSO d6} 2.68(3H. 8), 7.13-7.61
CISHIIFZNSO
42 42 10.83 4160607 4160623 38 {dH, m) ,R1I5(1H, dd, J=2.1, 9.0Hz),
844(1H,d, F=2.1Hz), 10.01(1H, )
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HPLC
Compoun : Cbs Mass | Pred Mass
Example Retention Formmuda(M) IHNMR
d No. . (M +H) M+ +HD)
Tine
300MHz (DMSO d6) 2.67(3H, 53, 3.77(3H,
CI9HI4ENSO4 | ), 697-7.10 GH, m) ,732740(1H, m),
43 43 10.80 4280819 4280823

S 8.10(1H, dd, J=2.1,87Hz), 840(1H,d, T =
2.1Hz), 9.92(1F, s)
300MHz (DMSO d6y 2.12(3H, s), 2.65(3H,
§), 691{1H, d,J=8.7Hz), 7.11-738 (H,

44 44 11.36 304.0973 3040968 | CISHISN3035
m) ,8.10(1H,dd, T =2.1,9.0Hz), 8.39(1H,
d, =214z}, 998(1H, 5)
300MHz (DMSO d6) 2.1 1(3H, s), 2.66(3H,
45 45 11.54 3940063 3940068 | CI9HISNSQ3S | 8), 707728 6B, m} ,8.11(1H,dd,T=2.1,
8.7Hz), 8.37(1H, 4, F =2.1Hz), 9.98(1H, 8)
300MHz (DMSO do) 2.31(3H, 8, 2.67(3H,
CIOHI4FNSO3 | 5), 6.86-687 GH, m) ,7.27(1H,d,J=
46 46 11.58 4120876 4120874 )

S 90Hz), 8.16(1H, dd, T =2.1, 8.7Hz},
841(1H,d, J=2.1Hz), 2.92(1H, $)
300MHz (DMSO d6) 2.67(3H, 5), 7.07-7.40

CI8HIIIZNSO
47 &7 10.76 4160629 | 4160623 1 @H, m) ,8.11(3H,dd, T =24, 8.7Hz),
) 844(1H. 4,1 =21H%),971(0H, )
) 3C0MHz (DMSO d6) 2.3003H, s, 2.68(3F,
CIGH14FN503 )
48 48 11.36 4120871 4120874 s 8), 711736 @H, m),8.16(1H,dd, =21,
8 7Hz), 844(1H, d, I=2.1Hz}, 9.99(1FH, 8)
[Example 491

Synthesis of d-methyl-2-{4-[(2-methylpropylsulfanyt}-3-(1H-1,2,3 4-tetrazol-1-y)phenyt }-1,3-
thiazole-5-carboxylic acid (Compound No. 49) (Synthesis Method (D))

(1) A reacion mixture solution prepared by suspending 1552 mg of ethyl
2-[4-fluaro-3-nitrophenyl j-4-methyl-1,3-thiazote-5-carboxylate and 244.4 mg of cesium carbonate
in 1.5 mb of N,N-dimethylformammide and adding 49.6 mg of 2-methylpropylthicl was heated
under stirring at 80°C for 5 hours under a nitrogen atmosphere.  The reaction mixture soluton
was cooled to room temperature, 3 ml. of water was added and extraction was performed using
ethyl acetate. The organic layer was concenirated under reduced pressure to obtain a crude

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

3 A reaction mixfure solution  prepared by suspending ethyl
2-[3-amino-4-(Z-methylpropylthio)pheny[}-4-methyl-1,3-thiazole-5-carboxylate obtained above in
2.0 ml. of acetic acid and adding 65 mg of sodium azide and 148 mg of triethyl ortho formate was
heated at 70°C for 5 hours under a nitrogen atmosphere. The reaction mixture solution was
cooled to room temperature, water was added and extraction was performed using ethyl acetate.
The organic layer was washed with saline and then dried and concentrated under reduce pressure,
followed by purifying by a conventional method o obtain 123 mg of ethyl 4-methyl-2-
{4-[(2-methylipropyDsulfanyl]-3-(1H-1,2,3 4-tetrazol-1-viphenyl }-1,3-thiazole-Scarboxylate.

(4) A reaction mixture solution prepared by adding 123 mg of ecthyl 4-methyl-2-
{4-[(Z-methylpropyhsuifanyl}-3-(1H-1,2,3 A-tetrazol-T-yDphenyl 1-1,3-thiazole-5-carhoxylate (o 2
mk. of a mixed solution of terahydrofuran/methanol=1/1 and adding 0.5 mi of 2 M sodium
hydroxide aquects solution was stirred at room temperature for 3 howrs.  After the addition of 0.5
mL. of 2 M hydrochloric acid (o the reaction mixture solution under stirring, 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-methyl-2-
{4-[(2-methylpropyhsulfanyi]-3-(1H-1,2,3 4-tetrazol- 1-vDphenyl } -1,3-thiazole-5-carbxylic acid.
"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.91 (6H, d, F=8.0 Hz), 1.75 (1H, septet, J=8.0 Hz), 2.66
(3H, 5), 293 (2H, d, J=8.0 Hz), 7.78 (1H, d, }=8.0 Hz), 8.17 - 8.19 (ZH. m}, 3.89 (0 H, s}, 1348 (1H,
brs)

HPLC Retention Time: 11.19 min.
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Obs Mass (M*+H): 376.0887

Pred Mass (M'+H): 376.0896

Formula (M): CigH,17Ns00S;

{Examples 50 and 51]
5 The compounds of Compound Nos, 50 and 51 weze synthesized in the similar manner as
in Example 49,
[Table 11]
Comp HPLC QObs Mas Pred M
Example S Retention SIS o Formula(M) IHNMR
dNo. . (M +H) (M +H)
Time
A00MHz (DMSO d6) 1.15(6H, d, T =
CI5HI15N5028 | 6.8Hz), 2.62(311, s}, 3.56-3.63(1H, m),
50 3G 1045 362.0736 362.0740
2 7.80(1H, d, ] = 84Hz), 8.14-8.18(2H, m),
982(1H, s)
400MHz (DMSO d6) 2.33(3H, 5), 2.65(3H,
CIOHISNSO2S | 8),7.187.37 (5H, m) ,8.10(1H,d,J=
51 31 11.83 4100730 4106740
2 8.8HHz), 8.26(1H, s), 9.96(1H, s}, 13.49(1H,
brs}
[Example 52]
Syathesis of 4-methyl-2-{4-(N,N-diethylamino)-3-(1H-1,2,3 4-tetrazol-1-yhphenyl]- 13-
10 thiazole-S-carboxyiic actd (Compound No.52)
(1) A reaction mixture solution prepared by suspending 220 mg of 5-bromo-2-fluoronitrobenzene
and 276 mg of potassium carbonate in 2 mL of NN-dimethyiformarmide and adding 88 mg of
N, N-diethylarmine was heated under stirring at 40°C for 14 hours under a nitrogen atmosphere.
The reaction mixtore solution was cooled to room temperattre, 3 mi of wafer was added and
15 extraction was performed using ethyl acetate. The organic layer was concentrated under reduced

pressure to obtain a crade product of 5-bromo-2-(N,N-diethylamino)nitrobenzene.

{(2) A suspension was prepared by adding 210.3 mg of potassivm hydrogen carbonate, 5.3 mg of

81




10

15

20

palladium chloride (I}, 49.3 mg of a copper bromide (I) dimethylsulfide complex and 21.5 mg of
2-{di-t-butylphosphino)biphenyl to the cmde product of 5-bromo-2-(NN-diethylamine)
nitrobenzene obiained above, followed by suspending the mixture in 2 mL of toluene. A reaction
muxture solution prepared by adding 188.3 mg of ethyl 4-methyl-1,3-thiazole-5-carboxylate and
10.6 myg of isobutyric acid to the suspension was heated at 130°C for 13 houss under a nitrogen
atmosphere.  Water was added to the reaction mixture solution and extraction was performed
using ethyl acetzte. The organic layer was concentrated under 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) Gthyl 2-{4-(N,N-diethylamino)-3-nitropheny!]4-methyi-1,3-thiazole-5-carboxylate  obtained
above was reduced by palladium carbon under a hydrogen atmosphere to obtain ethyl
2+ Z-amino-4-{N,N-diethylamino) phenyl]4-methyl-1,3-thiazole-5-carboxylate.

4) A reaction mixture solztion prepared by suspending ethyl
2-| 3-aminc-4-(N,N-diethylamine)phenyli-4-methyl-1,3-thiazole-3-carboxylate obtamed 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 nitrogen atmosphere.  The reaction mixture solution was
cooled to room temperature, water and a saturated sodium hydrogen carbonate aqueous solution
were added, and extraction was performed using ethyl acetate.  The organic layer was washed
with saline and then dried and concentrated under reduced pressure, followed by purifying by a
conventional method [ obtain 2959 mg of ethyl
2-[4-(NN-diethylamino)-3-(1H-1,2,3 d-tetrazol-1-vl)phenyl]- 1 3-thizzole-5-carboxylate.

(3) A reaction mixture solution prepared by dissolving 2959 mg of ethyl
2-[4-(N,N-diethylamine)-3-(1H-1,2,3 A-etrazob-1-yliphenyl]-1,3-thdazole-5-carboxylate  obtained

above in 3 mL of a mixed solution of tetrahydrofiran/methanol=1/1 and adding 2.0 mL of 2 M
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sodium hydroxide aqueous solution was stimmed at room temperature for 2 hows.  After the
addition of 2.0 mL of 2 M hydrochloric acid to the reaction mixfure solution, the mixiure was
purified by a conventional method to obtain 1995 mg of
4-methyl-2-[4-(N,N-diethylamino)-3-(1H-1,2,3 d-tetrazol- 1 -yl)phenyl}-1,3-thiazole-5-carhoxylic
5  acid

"HNMR (400 MHz, DMSO d6) S(ppm): 0.85 (6H, d, J=8.0 Hz), 2.64 (3H, s), 2.80 (41, d, J=8.0
Hz), 741 (14, d, J=8.0 Hz), 802 (1H, d, }=4.0 Hz), 808 (1H, dd, ]=8.0, 4.0 Hz), 9.82 (1H, 5)
HPLC Retention Time: 10.50 min.
Obs Mass (M*+H): 359.1289

10 Pred Mass (M'+H): 359.1285
Formula (M): CigH:sN:O:S

[Example 53]
The compound of Compound No. 53 was synthesized i the similar manner as in

Example 52.

15 [Table 12}

HPLC
Compoun Obs Mass Pred Mass
Example Retention Formula(M) IHNMR
dNo. (M++H) (M +H)

Time

400MHz (DMSO d6) 1.75(4E, 5), 2.613H,
, Sy, 2.81(4H 8, 7.01(1H, 4,1 =92Hz),
53 53 975 357.1124 3571128 | Ci6HION6OZS ‘

7831 s, 798(1H, d, § = 8.8Hz), 9.80¢(1H,
8)

{Example 54]
The xanthine oxidase ichibitory 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 disselved in DMSO Gnanufactred by Sigma Co.) to prepare a 20
mM solution. The solution was adjusted to an optimal concentration and used for the testing,
(2) Measurement Method
The evalvation of the xanthine oxidase inhibitory 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 carried out by measuring
oxidase-type xanthine oxidoreductase acrivity. Concretely, a xanthine (manufactured by Sigma
Co.) solution was prepared at 10 mM using a 20 mM sodiumn hydroxide solution and then mixed
with 100 mM phosphate buffer to adjusted to 30 UM. 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 weil at 1.5 pl. per well, After mixing the plate, absorbance at 290 nm was
measured by a microplate reader SPECTRA MAX Plus 384 (manufactured by Molecular Deviges,
LLC).  Subsequently, oxidase-type xanthine oxidoreductase (from buttermilk, manufactured by
Calbiochem Novabiochem Corp.) was prepared at 30.6 mU/ml. using a 100 mM phosphate butfer
solution and added to each well at 73.5 pL per well.  Immediately after mixing, the change of
absorbance at 290 nm was measwed for 5 minutes, The enzyvme activity of DMSO solution
without 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 results are shown in the following table. Note that the symbois (+, -+, +++} i the
table represent inhibitory activity values as shown below.

10.0 nM=ICy: +

5.0 nM<ICsp<10.0 1M ++

LOnM<ICs<5.0 nM: +4++
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[Table 13}

Compound | Inhibitor | Compound | Inhibitor | Compound | Inhibitor | Compound | Inhibitor
No._ Activity No. Activity No. Activity No.. Activity
1 g 15 -+ 28 g 41 & o o
2 44 16 +4++ 28 oo 42 4
3 +4 17 +4++ 30 +++ 43 ++4
4 b4 18 +++ 31 +4 44 +++
5 +-4 19 +-+-+ 32 ++-+ 45 -
6 ++ 20 +++ 33 ++- 46 +4++
7 + 21 +++ 34 +++ 47 -+
8 + 2 + 35 +4+4 48 +++
9 o ode 23 4 36 44 49 e
10 ++ 24 +++ 37 +++ 50 ++-+
i +++ 25 +++ 38 +++ 51 +4++
12 +++ 26 +++ 39 +++ 52 +++
13 ++4 27 +++ 40 ++4 53 +++
iq +++
[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 Spragoe-Dawley male rats (Japan Charles River Co.) by oral gavage administration
using a feeding needle.  After the blood was collected from the tail vein at 2 hours after
admindstration, the plasma was separated.  The level of urc acid in the blood sample was
meastred by uricase method using an absorption speetrometer as well as a wric acid determination
kit (L. type Wako UA I Wake Pure Chemical Industries, Lid.). The percentage of hypouricemic
effect was determined by the following expression:

Percentage of hypouriceric effect (%) = (Level of uric acid of the control animat — Level of wric
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acid of the test compound-administered animal)<1 00/ 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/ke.

Further, compounds of compound No. 24, 25 and 26 showed a hypouricemic effect of
50% or more even at the dose of I mgks.

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

Prolonged hypouricermic 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 manver as in Example 55, After the
blood was collected from the fail vein 24 hours after administration, the plasma was separated.
The level of uric acid in the blood was measwred by an uricase method using an absorption
spectrometer and a uric acid determination kit (L type Walco UA I Wako Pure Chemical Industries,
Ltd.). The percentage of hypouricernic effect was determined by the following expression:
Percentage of hypouricemic effect (%) = (Level of uric acid of the control animal — Level of vric
acid of the test compound-administered animal <100/ Level of uric acid of the control antmal.

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

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

TFrom the above results, the compounds of the present invention have a prolonged
hypouricemic effect over a long pertod 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
oxomic acid-induced hyperuricmic beagle dog. A test compound suspended in a 0.5%
methyicelluiose solution was administered to beagle dog (Kitayama labes) by oral gavage
administration. Potassium oxonate (50 mglkg) was subcutanecusly administrated before and 4
hours afier compound administration, After the blood was collected from the cephalic vein 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 of hypouricemic effect (%) = (Level of uric acid of the controt animal — Level
of uric acid of the test compound-administered antmal)x100/ Level of wic acid of the control
anirnal,

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 hypouricemnic effect i beagle dog,

[Example 581

Prolonged inhibitory effect of xanthine oxidase in issue and plasima,

For “xanthine oxidase” in the present invention, as far as this exarple, 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
“XO activity” and the latier is “XOR activity”. In “tissue XO activity”, “plasma XO activity”,
“tissue XOR activity inhibition™, “tissue XOR activity inhibition™ and the like, “XO activity” and
“XOR activity’have the same meanings as defined above. The tissue inchudes Hver, kidney,

adipose tissue, intestine and vessel.  In addition, percentage of XO activity ivhibition and that of
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XO activity inhibition in same sample are thought to be similar, according to the results below.

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

Tissue XO activity, tissue XOR activity and plasma XO activity were measured by the
plerin-based assay which utilizes the reaction that pterin is oxidized by cach type of xanthine
oxidoreductase 1o produce fluorescent isoxanthopterin. In brief, frozen tissues were homogenized
with potassiurn phosphate boffer, pH 74, containing | mM ethylenediaminetetrancetic acid
(EDTA) and protease inhibitors to prepare fissue concentration as follow (liver: 25 mg/mlL, kidney:
25 mg/ml, intestine: 5 mg/ml., adipose tissue: 5 mg/mi., vessel 30 mg/ml} Then the
homogenates were centrifuged 12,000 rpm for 15 min at 4°C. When measured XQ activity, the
supematant of tissue and plasma were respectively co-incubated with 50 (M pterin solution at 37°C.
When measured XOR activity, the supernatant of tissue homogenate was co-incubated with 50 M
plerin and 50uM 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
were determined from fluorescence intensity which normalized by the intensity value of contro}
and protein concentration.

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

Percentage of X0 or XOR. activity inhibition (%} = {XO or XOR activity of the control animal —
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XO or XOR activity of the test compound-administered ammal) 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.

5  [Table 14]

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

% of inhibition {vs. vehicie)

compound 17 25 28

Dose
{mglkg}

Liver =809, =90 % | =80¢ =90 9| =809 =90 %

Kidney 2609 =80 % | =609 =80 % | =60% =80 9%

Plasma =259, =409, =259, =400, =259, =409,

Intestine, adipose tissue and vessel XOR activities 24 hours after compound 25
10 administration are shown in the {able below.

[Table 15]
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% inhibifion of tissue XOR activity
(24 hours after adinistration)

% of innibition (vs. vehicle)

Compound 25
Dose
1 10

(ma/kg)
Iniestine =609% =80%
Adipose | 5000 | 2600

tissue

Vessel =25% =40%

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 corapound No. 17, 25 and 26 intubited 70 % or more XO activity
27 howrs after drug administration compared to the contrel animal at the dose of 10 mg/kg in
kidney.

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

In addition, compound No.25 inhibited 80 % or more XOR activity24 hours after drug
administration compared to the control animal at the dose of 10 mg/kg in intestine.

Compound No.25 indshited 60 % or more XOR activity 24 hours after drug
administration compared to the control amimal at the dose of 10 mg/ky in adipose tissue.

Compound No.25 inhibited 40 % or more XOR activity24 hows affer 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 contrel animal at the dose of 10 mg/kg in liver.
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Compound No. 25 inhibited 70% or more XOR activity and XO activity 24 hours after
drug administration respectively compared to the control animal at the dose of 10 mg/kg in kidney,

Further, ail of compounds of compound No. 17, 25 and 26 inhibited 8¢ % or more X0
activity 27 hours after drug administration compared to the control 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 mgfkg in
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 inhibtted 60% or more XOR activity 24 howrs after drug
administration compared to the control animal at the dose of 1 mg/kg in intestine.

Compound No. 25 iphibited 30% or more XOR activity 24 hours after drug
administration compared to the control animal at the dose of 1 mg/kg in adipose tissue.

Compound No. 25 ihibited 25% or more XOR activity 24 hours after diug
administration compared to the control antmal af 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 resuits, 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 (D) of the present invention and a
pharmiaceutically acceptable salt thereof 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, hyperuricemnia, 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, inflarnmatory
bowel diseases or autolmmune diseases, which can be clinically applied as a xanthine oxidase

mnhibitor.
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[Title of the Document] Claims for the Patent
[Claim 1]
1. A compound represented by the formula (I) or a pharmaceutically acceptable salt

thereof’

(D

[wherein Ry 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 whick 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 § carbon
‘atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with one
or a plirality of alkyl groups having 1 to & carbon atoms, alkoxy groups having 1 io 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 to 8
carbon atoms or a halogen atom,

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

X1, Xy and X are independently CR3 or a nitrogen atom, or X; is CR; or a nitrogen atom,

and Xo and X3 together form a benzene ring, in which Ry is a hydrogen atom or an alkyl

group having 1 to § carbon atoms. 1.

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

‘wherein R, is OR.

3. The compound according to claim I 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 {o 4 or a pharmaceutically
acceptable salt thereof, wherein R and R’ are independently an alkyl group having 1 t0 8
carbon atoms optionally substituted with one or a plurality of alkoxy groups having 1 to §
carbon atoms, halogen atoms or hydroxyl groups, or an aryl group optionally substituted
with one or a plurality of alkyl groups having | to 8 carbon atoms, alkoxy groups having

1 to & 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 8 carbon atoms optionaily
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 Ry is OR or SR and R is an isopropyl group, a isobutyl group or a neopentyl

Sroup.

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

carbort atoms.

9, The compound according fo ¢claim 8 or a pharmaceutically acceptable salt thereof,

wherein Ry is a methyl group.

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

acceptable salt thereof, wherein X, X5 and X3 are independently CR; or a nitrogen atom.
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11.  The compound according fo claim 10 or a pharmaceutically acceptable salt

thereof, wherein X, is a nitrogen atom, X5 is CR; or nitrogen atomn and X; is CR;.

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

acceptable salt thereof, wherein Rs is a hydrogen atom.

13. Any one of compounds selected from the following (1)} to (53) or a
pharmaceutically acceptable salt thereof:

(1) 2-[3-(1H-imidazol-1-yl)-4-(2-methylpropoxyiphenyll-d-methyl-1,3-thiazole-5-
carboxylic acid

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

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

(4) 2-[4-(cyclopentylmethoxy)-3-(1 H-imidazol-1-y)phenyll-4-methyl-1,3-thiazole-5-
carboxylic acid

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

(6) 2-[4-(cyclohexyloxy)-3-(1H-imidazol-1-yl)phenyl]- 4-methyl-1,3-thiazole-5-
carboxylic acid

{7} 2-[3-(1H-imidazol- 1 -yl)-4-phenox yphenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
(8) 2-[4-(2-fluorophenoxy)-3-(1H-imidazol-1-yDphenyl}- 4-methyl-1,3-thiazole-5-
carboxylic acid

(9) 4-methyi-2-[3-(2-methyl-1H-imidazol-1-y1)-4-(2-methylpropoxy)phenylj-1,3-
thiazole-5- carboxyvlic acid

(10) 4-methyl2-[3-(5-methyl-1H-1,2,3,4-tetrazol-1 -y1)-4-( 2-methyipropoxy)phenyl]-1,3-
thiazole-5-carboxylic acid

(11) 2-{3-(1H-1,3-benzodiazol-1-y1)-4-(2-methylpropoxy)phenyli]-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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ithiazole-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-methylpropoxy)phenyl]-1,3-
thiazole-5- carboxylic acid

(15) 4-methyl-2-[4-phenoxy-3-(1H-1,2,4-triazol-1-y1)phenyl]- 1,3-thiazole-5-carboxylic
acid

(16) 4-methyl-2-[4-(propan-2-yloxy)-3-(111-1,2,3-triazol-1-yl)phenyl]- 1,3-thiazole-5-
carboxylic acid

(17) 4-methyl-2-[4-(2-methylpropoxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]- 1,3-thiazole-5-
carboxylic acid

(18) 2-[4-(2,2-dimethylpropoxy)-3-(1 H-1,2,3-triazol-1-yl)phenyl]-4-methyl-1,3-thiazole-
5- carboxylic 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)phenyl]-1,3-thiazole-5-carboxylic

acid

(21) 2-[4-(2-methylpropoxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]-1,3-thiazole-5-carboxylic
acid

(22} 4-methyl-2-[4-phenoxy-3-(1H-1,2,3-triazol-1-yl)phenyl]-1,3-thiazole-5-carboxylic
acid

(23) 2-[4-(2-flucrophenoxy)-3-(1H-1,2,3-triazol-1 -yDphenyl]-4-methyl-1,3-thiazole-5-
carboxyvlic acid

(24) 4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3,4-tetrazol-1-yljphenyl]-1,3-thiazole-5-
carboxylic acid

(25) 4-methyl-2-[4-(2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol- 1-yhphenyl}-1,3-thiazole-
5- carboxylic acid

(26) 2-{4-(2,2-dimethylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-ylyphenyl}-4-methyl-1,3-
thiazole-5- carboxylic acid

(27) 2-[4-(cyclobutylmethoxy)-3-(1H-1,2,3 4-tetrazol-1-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 -yDphenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid _

(29) 2-[4-(3-hydroxy-2-methylpropoxy)}-3-(1H-1,2,3 4-tetrazol- 1 -yl)phenyl }-4-methyl-
1,3- thiazole-5-carboxylic acid

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

(31) 2-[4-(propan-2-yloxy)-3-(1H-1,2,3,4-tetrazol- 1 -yhphenyl}-1,3-thiazole-5-carboxylic
acid

(32) 2-[4-2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-yhphenyl]-1,3-thiazcle-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 -yl )phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

(35) 2-{4-(2-methoxyphenoxy)-3-(1H-1,2,3 4-tetrazol- 1 -ylyphenyl}-4-methyl-1,3-
thiazole-5- carboxylic acid
(36) 2-[4-(2,6-difluorophenoxy)-3-(1H-1,2,3 4-tetrazol-1-yDphenyl]-4-methyl-1,3-
thiazole-5- carboxyhic acid

(37) 2-[4-(3-fluorophenoxy)-3-(1H-1,2,3,4-tetrazol- 1-yl)phenyl]-4-methyl-1,3thiazole-5-
carboxylic acid
(38) 2-[4-(3-methylphenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-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-yl)phenyl}-4-methyi-1,3-
thiazole-5-carbox ylic acid

(41) 2-[4-(4-fluoro-2-methylphenoxy)-3-(1H-1,2 3 4-tetrazol-1-yDphenyl]-4-methyl-1,3-
thiazole-5-carboxylic acid
(42} 2-[4~(2 4-difluorophenoxy)-3-(1H-1,2,3 d-tetrazol-1-yi)phenyl }-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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{,3- thiazole-5-carboxylic acid

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

(45) 2-[4-(4-methylphenoxy)-3-(1H-1,2,3,4-tetrazol- 1-y!)phenyt]|-4-methyl-1,3-thiazole~
3- carboxylic acid

(46) 2-[4-(3-fluoro-5-methylphenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyi]-4-methyl-1,3-
ithiazole-5-carboxylic acid

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

(48) 2-{4-(2-fluoro-5-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-methylpropylysulfanyl}-3-(1H-1,2,3 4-tetrazol- 1 -yl)phenyl} - 1,3-
‘thiazole-S-carboxylic acid

(50) 4-methyl-2-{4-(propan-2-ylsulfanyl)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
thiazole-5- carboxylic acid

(51) 4-methyl-2- {4-[(4-methyiphenylsulfanyl1-3-(1H-1,2,3 4-tetrazol-1-yDphenyt }-1,3-
thiazole-5-carboxylic acid

(52) 2-[4~(N,N-dicthylamino)-3-(1 H-1,2,3 4-tetrazol-1-yliphenyl}-4-methyl-1,3- thiazole-
5-carboxylic acid

(53) 4-methyl-2-[4-(pyrrolidine-1-y1)-3-(1H-1,2,3 4-tetrazol-1-vi)phenyl]-1,3-thiazole 5-

carboxylic acid.

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

acceplable carrier.
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15. A compound represented by the formula (1I):

(1)

[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’
gindependently represent a hydrogen atom, an alkyl group having 1 to § 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 8
;carbon atoms or halogen atoms, or a heteroaryl group optionally substituted with one or a
iplurality of alkyl groups having 1 to & carbon atoms, an alkoxy groups having 1 to 8
icarbon atoms or a halogen atom,

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

X, Xp and X; are independently CR3 or a nitrogen atom, or X is CR; or a nitrogen atom,
and X, and X3 together form a benzene ring, in which Ry represents a hydrogen atom or
an alkyl group having | to 8 carbon atoms, and

Ry 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,
methoxyethy! group, and benzyl group.].
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16. A compound represented by the formula (III):

(1)

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

5

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

R4 represents a protective group of a carboxyl group selected from the group consisting
of methyl group, ethyl group, isopropyl group, hepty! group, t-butyl group,
methoxymethyl group, methylthiomethyl group, methoxyethoxymethyl group,
methoxyethyl group, and benzyl group, and

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.].
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