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The present invention provides: a compound represented by formula (I} or a
pharmaceutically acceptable salt thereof, which has an excellent inhibitory activity
on xanthine oxidase and is useful as a therapeutic agent or a prophylactic agent for
diseases associated with xanthine oxidase, such as gout, hyperuricemia, tumor lysis
syndrome, urinary tract stone, hypertension, dyslipidemia, diabetes, cardiovascular

[57] | Abstract: y y P ysip

diseases including arteriosclerosis and heart failure, renal diseases including
diabetic nephropathy, respiratory diseases including chronic obstructive pulmonary
disease, inflammatory bowel disease or autoimmune diseases; and a medicine or
a pharmaceutical composition comprising the compound or the salt as an active
ingredient.




10

15

compound represented by the above formula (I):

[Chemical Formula 4]

O
Re™
Xs S
2 "N
Xz/ / \ / COOR4

(II)
[wherein R; represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
X1, X, and X; are independently CRj3 or a nitrogen atom, or X; is CR3 or a nitrogen
atom, and Xz and X3 together form a benzene ring, in which R3 represents a hydrogen
atom or an alkyl group having 1 to 8 carbon atoms.

R4 represents a protective group of a carboxyl group.

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

[Advantages of the Invention]

The present invention 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 invention is useful as a therapeutic agent or a preventive agent
for diseases associated with xanthine oxidase bsuch as gout, hyperuricemia, tumor lysis
syndrome, urinary calcuii, hypertension, dyslipidemia, diabetes, cardiovascular
diseases such as arteriosclerosis or heart failure, kidney diseases such as diabetic
nephropathy, respiratory diseases such as chronic obstructive pulmonary diseases,
inflammatory bowel diseases or autoimmune diseases.

[Description of Embodiments]
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The terms used singly or in combination in the present description will be
explained in the following. Unless otherwisc specified, explanation of each
substituent shall be comumon to each position. In addition, if any variables exist in an
optional constituent factor in an arbitrary constituent element, the definition is
independent in each of 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 uric 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 xanthine and further to uric
acid, mﬂess 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 presenf 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, isobutyl group,

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

In the present invention, the term “an alkoxy group having” means a
monovelent saturated liner, cyclic or branched aliphatic hydrocarbon oxy group.
Examples of “an alkoxy group having 1 to 8 carbon atoms” include methoxy group,
ethoxy group, n-propoxy group, n-butoxy group, n-pentyloxy group, n-hexoxy group,
1Sopropoxy groqp, isobutoxy group, s-butoxy group, t-butoxy group, isopentyloxy
group, 2-methylbutoxy groub, neopentyloxy group, cyclopropoxy group, cyclobutoxy
group, cyclopentyloxy group, cyclohexyloxy group, cycloheptyloxy group,
cyclopropylmethoxy group, cyclobutylmethoxy group, cyélopentyimethoxy group,
cyclohexylmethoxy group and the like.

| In the present invention, the term “an aryl group” means a monocyclic or
b‘icycvlic aromatic hydrocarbon group having 6 to 10 carbon atoms. Examples of the
aryl group include phenyl group, naphthyl group, indenyl group, tetrahydronaphthyl
group, indanyl group, azulenyl group and the like.

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

bicyclic aromatic heterocyclic group having 1 to 5 heteroatoms selected from oxygen
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atom, sulfer atom, and nitrogen atom.  Examples of the heteroaryl group
includespyridyl group, pyrazyl group, pyrimidyl group, furyl group, thienyl group,
isoxazolyl group, isothiazolyl group, benzofuranyl group, benzothienyl group,
benzothiazolyl group, benzoimidazolyl group, benzooxazolyl group, pyranyl group,
imidazolyl group, oxazolyl group, thiazolyl group, triazinyl group, triazolyl group,
benzoxazolyl group, benzoisoxazolyl group and the like.

In the present invention, the term “an optionally substituted alkyl group
having 1 to 8 carbon atoms means an alkyl group having 1 to 8 carbon atoms which is
optionally substituted with one or more substituepts 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
aﬁ aryl group which is optionally substituted with ~one or more substituents at
substitutable positions. Examples of éubstituént of the aryl group include an‘alkyl
groups having 1.to 8 carbon atoms, alkoxy groups having 1 to 8 carbon atoms and
halogeﬁ atoms. When- the‘ _numbef of the substituents is plural, the respective
substituents may be the same or diﬁ"érent.

In the present invention, the term “an optionally substituted heteroaryl group”
means a heteroaryl group which is optionally substituted with one or more substituents
at substitutable positions. Examples of substituen;c of the heteroaryl group include an
alkyl groups having 1 .to & 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 protective group include
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, t-butyldimethylsilyl
group and the like. _

In the above formgla (D, Ry represents OR, NRR’ which may form a ring or
SR. Here, R and R’ independently represent a hydrogen atom, an alkyl group having
1 to 8 carbon atoms optionally substituted with one or a plurality of alkoxy groups
having 1 to 8 carboﬂ 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 8

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

11
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preferably OR. When R, is OR or SR, R is preferably an alkyl group having 1 to 8
carbon atoms optionally substituted with one or a plurality of alkoxy groups having 1
to 8 carbon atoms, halogen atoms or hydroxyl groups, or an aryl group optionally
substituted with one or a plurality of alkyl groups having 1 to 8 carbon atoms, alkoxy
groups having 1 to 8 carbon atoms, halogen atoms. More preferably, R is an alkyl
group having 1 to 8 carbon atoms optionally substituted with one or a plurality of
alkoxy groups having 1 to 8 carbon atoms or hydroxyl groups. Particularly preferably,
R is an isopropyl group, an isobutyl group or a neopentyl group. In NRR’ in which
R; may fo_rm 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
more preferably bonded to form together a pyrrolidin-1-yl group, a piperidin-1-yl
group or a morpholin-1-yl group.

In the above formula (I), 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 include a methyl group, an ethyl group, an n-propyl group and an
isopropyl group, more preferably a hydrogen atom or a methyl group, and particularly

preferably a methyl group.
In the above formula (I), X;, X, and X; are independently a CR3 or a nitrogen

atom, or X; is CR3 or a nitrogen atom and X, and Xj together form a benzene ring.

12



R; represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms. If X is
CRj3 or a nitrogen atom and X, and X3 together form a benzene ring, the compound
may be represented by following structural formula:

[Chemical Formula 5]

R4
S
';‘ \ p COOH
N——;X»] N
R2

X1, X, and Xj3 are preferably independently CR; or a nitrogen atom. A more
preferable combination is that X is a nitrogen atom, X; is CR3 or a nitrogen atom and
X3 is CR3. In any of the combinations, Rj is preferably a hydrogen atom. IfXjisa
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]
R1
N S »
2 | )—CooH N
NﬁN N »
R2

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

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

13
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hydrogen atom or an alkyl group having 1 to 8 carbon atoms. In the preferable
combination of R, R’, Ry, X, X; and X3, R3 is more preferably a hydrogen atom.

A more preferable combination of R, R, Ry, X;, X; and Xj is the one in which
more preferable groups are combined, in which Rz is a hydrogen atom or an alkyl
group having 1 to 8 carbon atoms. In the more preferable combination of R, R’, Ro,
X1, X7 and X3, R3 is more preferably a hydrogen atom.

A further more preferable combination of R, R’, Ry, X, Xz and Xj is that R is
an isopropyl group, an isobutyl group or a neopentyl group, R, is a methyl group, X is
a nitrogen atom, X, is CRj; or a nitrogen atom and X3 is CRj3, in which Rj3 is a
hydrogen atom.

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

Specific exgmples of the preferable combination of Ry, R, R’, Rz, X1, X3 and
X3in t}le formula (I) of the present invention include the following combinations 1) to
9):

D R; is 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 8 carbon atoms, halogen atoms or
hydroxyl groups, or an aryl group optionally substitute.:d with one or a plurality of alkyl
groups having 1 to 8 carbon atoms, alkoxy groups having 1 to 8 carbon atoms or
halogen atoms; R; is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms;
Xy is a nitrogen atom; X, is CR3 or a nitrogen atom; X3 is CR3; and Rj is a hydrogen
atom;

2) Ry is 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 8 carbon atoms or hydroxyl groups; R,

14
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is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms; X is a nitrogen
atom; X; is CR3 or a nitrogen atom; X3 is CRs; and Rj is a hydrogen atom;
3) Ry is OR; R is an isopropyl group, an isobutyl group or a neopentyl group; Ry is a

hydrogen atom or a methyl group; X is a nitrogen atom; X; is CRj3 or a nitrogen atom;

X3 1s CR3; and R; is a hydrogen atom;

4) R; is SR; R is an alkyl group having 1 to 8 carbon atoms optionally substituted with
one or a plurality of alkoxy groups having 1 to 8 carbon atoms, halogen atoms or
hydroxyl groups, or an aryl gfbup optionally substit‘uted with one or a plurality of alkyl
groups having 1 to 8 carbon atoms, alkoxy groups having 1 to 8 carbon atoms or
halogen atoms; R; is-a hydrogen atom or an alkyl group having 1 to 3 carbon atoms;
X is a nitrogen atom; X5 is CR3 or a nitrogc;n atom; X3 is CR3; and Ry is a hydrogen
atom;

5) Ry is SR; R is an alkyl group having 1 to 8 carbon atoms optionally substituted with
one or a plurality of alkoxy groups having 1 to 8 carbon atoms or hydroxyl groups; R,

isa hydrogén atom or an alkyl group having 1 to 3 carbon atoms; X; is a nitrogen

-atom; X, is CR3 or a nitrogen atom; X3 is CR}; and Rj is a hydrogen atom;

6) R; is SR; R is an isopropyl group, an isobutyl group or a nef)pentyl group; Ry is a
hydrogen atom or a methyl group; X is a nitrogeh atom; X, is CR3 or a nitrogen atom,;
X3 is CR3; and Rj is a hydrogen atom;

7) Ry is NRR’ which may form a ring; R and R’ are independently an alkyl group
having 1 to 8 carbon atoms optionally substituted with one or a plurality of alkoxy
groups having 1 to 8 carbon atoms or hydroxyl groups; R, is a hydrogen atom or an
alkyl group having 1 to 3 carbon atoms; Xj is a nitrogen atom ; X, is CR3 ora nitrogen

atom; X3 is CR3; 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 fofm together a
pyrrolidin-1-yl group, a piperidin-1-yl group or a morpholin-1-yl group; R, is a
hydrogen atom or an alkyl group having 1 to 3 carbon atoms; X; is a nitrogen atom; X
is CR3 or a nitrogen atom; X3 is CR3; and Rj is a hydrogen atom;

9) R; is NRR’ which may form a ring; R and R’ are independently a methyl group, an
ethyl group .or an isopropyl group or R and R’ are bonded to form together a
pyrrolidin-1-yl group, a piperidin-1-yl group or a morpholin-1-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 is CR3; ahd Rj is a hydrogen atom.

A cémpound 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, é cgmpound of the presept
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)

it

4
e,

1Compound
Structure Name
~ No. _ I - ]
*«/O D-[3-(1H-imidazol-1-yl)-4-
1 (\N ; s 0 2—methy]propoxy)phenyl]-4-
Né' N~ on melhyl—l,3-thiazole—5~carboxy1ic acid
2—[4-(2,2-dimethylpropoxy)-3—
2 (1H-imidazol-1-yl)phenyl]-4-

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

R

Yoo

D-[4-(cyclobutylmethoxy)-3-
1H-imidazol-1-yl)phenyl]-4-

3
methyl-1,3-thiazole-5-carboxy1ic acid
O\/O D-[4-(cyclopentylmethoxy)-3-
4 _ / o [(1H-imidazol-1-yl)phenyl]-4-
@ WOH methyl-1,3-thiazole-5-carboxylic acid
- 9 D-[4-(cyclopentyloxy)-3-
5 D\r& . (1H-imidazol-1-yl)phenyl]-4-
(\ | ) methyl-l,3-thiazole-5—carboxy1ic acid
Q D-[4-(cyclohexyloxy)-3-
(] (1H-imidazol-1-yl)phenyl]-4-
a8 rN_¢ methyl-1,3-thiazole-5-carboxylic acid
Q h-[3-(1H-imidazol-1-y1)-4-
7 phenoxyphenyl]-4-methyl-1,3-

thiazole-5-carboxylic acid

17



|Chemical Fermula 8]

Structure

Compound|
.f |
| No. .
AN
F %)
8

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

4-methyl-2-
[3-(2-methyl-1H-imidazol-1-yl)-4-

9 S
4 \ p 2-methylpropoxy)phenylj-1,3-
Nék N OH thiazole-5-carboxylic acid
/‘\/0 4-methyl-2-
10 n/g ° [3-(5-methyl-1H-1,2,3,4-tetrazol-1-yl)
T }/‘\N | p: L4-(2-methylpropoxy)phenyl]-1,3-
W oH thiazole-5-carboxylic acid
)\/O
‘ 2-[3-(1H-1,3-benzodiazol-1-yl)-4-
11 _ o (2-methylpropoxy)phenyl]-4-
N) W methyl-1,3-thiazole-5-carboxylic acid
OH
/&o 4-methyl-2-
12 | N 0 [3-(3-methyl-1H-1,2,4-triazol-1-yl)-4-
o \(:,N D 2-methylpropoxy)phenyl]-1,3-
N= N OH thiazole-5-carboxylic acid
/'\/0
4-methyl-2-[4-(2-methylpropoxy)-3-
13 %V\N \ S 0 (1H-1,2,4-triazol-1-yl)phenyl]-1,3-
Nél N\/Z/(OH thiazole-5-carboxylic acid
/k/o 4-methyl-2-
4 ”\ND\\/S 0 [3-(5-methyl-1H-1,2,4-triazol-1-yl)-4-
< A

2-methylpropoxy)phenyl]}-1,3-
thiazole-5-carboxylic acid

18




[Chemical Formula 9]

* ICompound] _
Structure Name
EP 4-methyl-2-
15 N\D\ﬁ [4—phenoxy—3—(]H—],2,4-1riazol-1—yl)
T g phenyl]- 1,3-thiazole-5-carboxylic
2
<N7’ 'L/Z/(OH acid

N=N

= 4-methyl-2-[4-(propan-2-yloxy)-3-
16 Nj@\(s o (1H-1,2,3-triazol-1-yl)phenyl]-1,3-
(\I WOH khiazole-5-carboxylic acid

J\/o = 4-methyl-2-[4-(2-methylpropoxy)-3-
17 (\N A_s. f  [(1H-1,2,3-triazol-1-yl)phenyl]-1.3-
N,,\ﬂ ',\}\/Z/(OH thiazole-5-carboxylic acid
ﬂ\/o D-[4-(2,2-dimethylpropoxy)-3-
18 y 0 (1H-1,2,3-triazol-1-yl)phenyl]-4-
(N:"" A\/Z/«OH methyl-1,3-thiazole-5-carboxylic acid
. &/ D-[4-(cyclobutylmethoxy)-3-
19 (\ ' > (1H-1,2,3—triazol-1-yl)pheny1]-4—
N;h’l : WOH methyl—l?3-thiazole-5-carboxy1ic acid

Y

2-[4—(propan—2-yioxy)-3-

20 o (1H-1,2,3-triazol-1-yl)phenyl]-1,3-
(\/ M thiazole-5-carboxylic acid
N=N J o :

/bo | D -[4-(2-methylpropoxy)-3-

s 0O 1H-1,2,3-triazol-1-yl)phenyl]-1,3-

7
(\/ M ‘thiazole-5-carboxylic acid
N==N /o




[Chemical Formula 10]

No Structure Name
»
/
‘\O 4-methyl-2-
22 D\( o [4-phenoxy-3-(1H-1,2,3-triazol-1-yl)
(\'f Z \\S/z/—( phenyl]-1,3-thiazole-5-carboxylic acid
N=N N OH
’/Q b-[4—(2—ﬂuorophenoxy)-3-
23 o 1H-1,2,3-triazol-1-yl)phenyl]-4-
o y »D\/& 0 methyl-1,3-thiazole-5-carboxylic acid
AT R
\I/
4-methyl-2-[4-(propan-2-yloxy)-3-
24 1H-1,2,3,4-tetrazole-1-yl)phenyl]-

1,3-thiazole-5-carboxylic acid

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

25 /~ 0 (1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
N\Nd“‘ WOH thiazole-5-carboxylic acid
>l\/ 2-[4-(2,2-dimethylpropoxy)-3- .
26 I~ 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\N//,;h WOH methyl-1,3-thiazole-5-carboxylic acid
| D\/O -
2-[4-(cyclobutylmethoxy)-3-
27 I~ (1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\N;,'q WOH methyl-1,3-thiazole-5-carboxylic acid
. Q 2-[4-(cyclopentyloxy)-3-
28 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-

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

20




[Chemical Formula 17]

*

- e
Compound, .
Structure Name
N . R :
MO :
2—[4—(3—hydroxy—2—methylpropoxy)-3~
29 I~ s 9 ki1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\Ng,b ,\\,\/Z/(OH methyl-1,3-thiazole-5-carboxylic acid
=y
2—[4-(2—hydroxy-2—methy1propoxy)-3-
30 N 0 Y1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\N;,ﬂ WOH methyl-1,3-thiazole-5-carboxylic acid
0 D-[4-(propan-2-yloxy)-3-
31 A~ O . o IH-I,2,3,4—tetrazol.—1-yl.)phenyl]—1,3-
] M thiazole-5-carboxylic acid
N=N VR
J\/O | D-[4-(2-methylpropoxy)-3-
32 o (1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
an S
NT \\>//< thiazole-5-carboxylic acid
=N N OH
Q ' 4-methyl-2-[4-phenoxy-3-
33 /\:jij\/ 1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-
N J\%—{o thiazole-5-carboxylic acid
\N4N oH .
F ] D-[4-(2-fluorophenoxy)-3-
0. .
34 ‘ 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N M 2 methyl-1,3-thiazole-S-carboxylic acid
: o ] D-[4-(2-methoxyphenoxy)-3-
35 O 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
7 TN/ methy1~1,3—thiazole-5—carboxylic acid
=N N\%—{OH

21




| Chiemical Formula 12!

|Compound]
N Structure Name
R —O; P DU —
0
- \l)\ D-[4-(2,6-difluorophenoxy)-3-
36 & 11-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\//\. |\/€_(O methyl-l,3-1hiazole—5—carboxylic acid
NN N OH
F
; 2-[4-(3-fluorophenoxy)-3-
G
37 m o lH-l,2,3,4—te.trazol—l—yl)phenyll]-4-.
\//\r WOH methyl-1,3-thiazole-5-carboxylic acid
o; 2-[4-(3-methylphenoxy)-3-

38 o 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N/\, v \ methyl-1,3-thiazole-5-carboxylic acid
=N 7/ “on

“ o; 2-[4-(2-chlorophenoxy)-3-

39 o 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N \ methyl-1,3-thiazole-5-carboxylic acid
\NfN N / OH

.
\© D-[4-(4-fluoro-3-methylphenoxy)-3-

40 o (1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-

N,\,,D\(S 3 methyl-1,3-thiazole-5-carboxylic acid
L N\%%OH net \
F
/© D-[4-(4-fluoro-2-methylphenoxy)-3-
41 o (1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N/\ND\'/S P methyl-1,3-thiazole-5-carboxylic acid
\Nﬁ‘{ N\\/Z—-(OH '
F
F/© 2-[4-(2,4-difluorophenoxy)-3-
42 o~ 1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
W P ‘ ° methyl-1,3-thiazole-5-carboxylic acid
\NﬁN t‘}\/Z’<OH

22
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[Chemical Formula 13]
ompound, H
| Ne *—? Structure
\0 i _ i
7 )@Y
/\
o N‘ﬁw
& A
/\
N\N;"" L/Z’(OH
= IO
/ N
N\Ng,i ,‘}%—(OH
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Name

D-[4-(2-fluoro-6-methoxyphenoxy)-3-
1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-

b b4 3

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

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

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

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

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

2-[4—(2-fluoro-5-methylphenoxy);B-
1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
methyl-1,3-thiazole-5-carboxylic acid

{4-[(2-methylpropyl)sulfanyl}-3-

4-methyl-2-

1H-1,2,3,4-tetrazol-1-yl)phenyl}-1,3-
thiazole-5-carboxylic acid




[Chemical Formula 14]

[
« [Compound

10

j No Structurce Name

o N

“; — - S —
f d-methyl-2-

50 [4-(propan-2-ylsulfanyl)-3-

T 1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3 -
thiazole-5-carboxylic acid
4-methyl-2-

51 {4-[(4-methylphenyl)sulfanyl]-3-

T (1H-1,2,3,4-tetrazol-1-yl)phenyl}-
1,3-thiazole 5-carboxylic acid

~N _ 2-[4-(N,N-diethylamino)-3-

52 y s o [(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-
N\N,,\ﬂ NWOH methyl-1,3-thiazole-5-carboxylic acid
C\ A-methyl-2-[4-(pyrrolidin-1-yl)-3-

33 a s o (1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-

et WOH

thiazole 5-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, 38, 39,

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

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

38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52 and 53, and particularly preferred

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

111 the compounds repfesented by the formula (I), which may be used as the

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

nvention, Ry, R, R?, Ry, Xj, X5, X3 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 (III), which may be used as the
manufacturing intermediates of the compounds represented by the formula (I) of the present
invention, Ry, X, X5, X3 and CR3 are the same as the definition in the formula (I). R4 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. Rs
represents a pxbtecﬁve group of a phenolic hydroxyl group.  The definition of the protective group
of a phenolic hydroxyl group is as described above and preferably is a methyl grbup, 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 ﬂ:le synthesis methods dcs(‘:ribed below. In addition, in each of the
formulas, Ry, R, R, Ry, Xy, Xz and X are the same as defined in the formula ().  Further, the
reagents or solvents or the like as the conditions described in the chemical formulas are only
exemplified as described in 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 grdup, a protective group of
each substituent widely used in this field and a well-known method may be employed and are
described, for example, in PROTECTIVE GROUPS in ORGANIC SYNTHESIS, THIRD
EDITION, John Wiley&Sons, Inc.

Synthesis Method (A)

Synthesis of Compound (A-2)

25
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[Chemical Formula 15]

(A-1) (A-2)

(wherein Y) and Y- represent a leaving group.) Examples of a leaving group represented by Y;
and Y include a halogen atom, 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 hydroxy! group in the compound (A-1) with an alkylating

reagent having a leaving group under the presence of a base. Examples of the base to be used
include an inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as
sodium ethoxido, sodium methoxide and potassium t-butoxide and an organic amine such as

triethylamine, pyridine, ~4-aminopyridine, N-ethyl-N,N-diisopropylamine ~(DIPEA) and

1,8-diazabicyclo[5.4.0]-7-undecene (DBU).  The reaction is performed by reacting the compound

(A—l). with an equivalent or slightly excessivo amount of a base in a solvent inactive to the reaction
at 0°C to 140°C, followed by adding an eqmvalent amount or an excessive amount of an alkylating
reagent to allow the reaction to proceed generally for 0.5 to 16 hours. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
particularly limited, for example: ethers such as diethyl ether, tetrahydrofuran (THF), 1,4-dioxane,
12-dimethoxy ethane and  12-diethoxy eme; N,N-dimethylformamide ~ (DMF);

N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a nﬁxed solvent thereof.
In addition, the compound (A-2) may be synthesized, for example, amording to the

synthesis method described below. |

26



Synthesis of Compound (A-2)
[Chemical Formula 16)

Y3

Y1 CN ’ Y1 CN
(A-3) (A-2)

(wherein Y and Ys represent a leaving group.) Examples of a leaving group represented by Y
5 and Ysinclude a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethancsulfonyloxy group.  The reaction is a method for synthesizing 1 compound (A-2)
by converting alcohols to lithium alkoxide, sodium alkoxide or potassium alkoxide with a base,
followed by the reaction with a compound (A-3). Examples of the base to be used include an
inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide,
10  sodium carbonate, potassium carbonate and cesium carbonate, a rgetal alkoxide such as sodium
(?thOXide, sodium methoxide and potassium t-butoxide, and an organic amine such as triethylamine,
pyridine, 4-aminopyridine, N-ethyl-N,N-diisopropylamine (DIPEA) and
1,8-diazabicyclo[54.0]-7-undecene (DBU). The reaction is performed by reacting an equivalent
or excessive amount of alcohols with an equivalent or slightly excessive amount of abase at -20°C
15 1o 120°C in a solvent inactive to the reaction, followed by adding the compound (A-3) to allow the
reaction to procwd generally for 0.5 to 16 | hours. ’Ihé reaction is pfeferably 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 diethyl
ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane;
20 N )N-dimethylformamide (DMF), N-methylpyrrolidone; dimethy! sulfoxide (DMSO); or a mixed

solvent thereof.
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Synthesis of Compound (A-5)

[Chemical Formula 17}
O H O
- e
R X5~ N\ o R
+ I , X1 X
Y CN X2\’ AN CN
! X2
N=X1
(A2) (A-4) (A-5)

(wherein Y represents a leaving group.)  The reaction is a method for synthesizing a compound
(A-5) by a substitution reaction between the compounds (A-2) and (A-4). Examples of a leaving
group represented ‘by Y; include a halogen atom, a methanesulfonyloxy group, a
p-toluenesulfonyloxy group aﬁd a trifluoromethanesulfonyloxy group. The reactioq 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 hours to 2 days. The reaction
is preferably performed under an inert gas atmosphere such as nitrogen. Examplm of the base to
be used include an inorganic salt such as sodium hydride, sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium carbonate, potassium ;:arbonate and cesium carbonate, a metal alkoxide
such as sodium ethoxide and sodium methoxide and an organic amiﬁe such as triethylamine,
pyn'dine? 4-arninopyridjne, N-ethyl-N,N-diisopropylamine (DIPEA) and
1,8-diazabicyclo[5.4.0]-7-undecene (DBU). Here, the solvent includes, though not 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-diethoxy ethane;

halogenated hydrocarbons such as dichloromethane, 1,2—dichioroethane and chloroform;
N,I\I—dimethylformamide (DMF); N-methylpyrrolidone, dimethyl sulfoxide (DMSO); or a mixed

solvent thereof.
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Synthesis of Compound (A-6)

[Chemical Formula 18]
R/O R/O
- NH
X3- //X3 ‘N 2
Xz// f/\l CN X2 _ / 1
N=Xq N=X1
(A-5) (A-6)

The reaction is a conversion reaction from a cyano group to a thioamide group and is performed by
reacting an aromatic cyano group derivative represented by the above formula (A-5) with a sulfur
source under écidic 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 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 reaction is preferably performed

under an inert gas atmosphere such as nitrogen. Examples of the sulfur source to be used includg
hydrogen sulfide, @odee or thioacetic acid. Examples of the acid to be used include
inorganic acid such as hydrochloric acid, sulfiric acid and organic acid such as acetic acid, or an
aqueous solution of these acids. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as beniene, toluene and xylene; ethers such as diethyl ether,

tetrahydrofuran (THF), 14-dioxane, 1,2- dimethoxy ethane and 12-diethoxy ethane;

- N,N-dimethylformamide (DMF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed

solvent thereof.
Synthesis of Compound (A-8)

[Chemical Formula 19]
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(wherein R4 represents a protective group of a carboxyl group and Y represents a leaving group.)
Examples of a leaving group represented by Yy include a halogen atom, a methanesulfonyloxy
group, a p-t;)luenesulfonyloxy 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 oné 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 inert gas atmosphere such as nitrogen.  Here, the solvent
includes, though not parﬁcula.rly limited, for example: aromatic hydrocarbons such as benzene,

toluene and xylene; ethers such as diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-

. dimethoxy ethane and 1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane,

1,2-dichloroethane and chloroform; alcohols such as methanol, ethanol, 2-propanol ahd butanol;
N,N-dimethylformamide (DMF); N-methylpyrrolidone; dimethylsulfoxide (DMSO); or a mixed
solvent thereof. Examples 6f the base to be used include: 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 sodium ethoxide and sodium methoxide;
hieﬂlylénﬁne; N-ethyl-N,N-diisopropylamine (DIPEA); and 1,8-diazabicyclo[5.4.0]-7-mdecene
(DBU). |
Synthesis of Compound (A-9)

[Chemical Formula 20]
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0 O
//X3 N S - //xa'N S
Xy \ / = Xy \ /
N= X N 0-R; =X N OH

ag) a9

(wherein R4 represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (A-9) of the present invention by deproteting a protective
group Ry of the compound (A-8) by an acid, a base or the like. The reaction is performed by
reacting the compound (A-8) with an equivalent or excessive amount of an acid or a base in a
solvent inactive to the reaction at room temperature to a reflux temperature under heating for
génerally 0.5 hours to 5 days. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as bénzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, 1,2- dimethoxy ethane and 1,2-diethoxy ethane; halogenated

hydrocarbons such as dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as

~ methanol, ethanol, ~2-propanol and  butanol; NN-dimethylformamide  (DMF);

N-riethylpyrrolidone; dimethyl sulfoxide (DMSOY); water; or a mixed solvent thereof. Examples
of the acid include an inorganic acid such as hydrogen chloride, hydrogen bromide, sulfuric acid,
nifric acid and phosphoric acid; or a solution obtained by diluting these acids with water or an
organic solvent. Examples of the base include an inorganic salt such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carBonate, 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] Fa
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(B-1) | (B-2)

(wherein Y, and Ys represent a leaving group.) Examples of a leaving group represented by Y>
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 (B-2)
by reacting a phenolic hydroxyl group in the compound (B-1) with an a]kylz;ﬁng reagent having a
leaving group in the presence of a base. Examples of the basic substanog to be used include 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 sodium
ethoxide, sodium methoxide and potassium t-butoxide or an organic amine such as triethylamine,
pyridine, 4-aminopyridine, N-ethyl-N,N-diisopropylamine (DIPEA) and
1,8-diazabicyclo[5.4.0]-7-undecene (DBU).  The reaction is performed 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 addiﬁg an equivalent or excessive amount of an alkylating reagent to
allow the reaction to proceed generally for 0.5 to 16 hogrs. The reaction is preferably performed
under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
particularly limited, for examplé; ethers such as diethyl ether, tetrahydrofuran (THF), 1,4-dioxane,
1,2-dimethoxy ethane and 12-diethoxy ethane; N N-dimethylformamide (DMF);
N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof.

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

Synthesis of Compound (B-2)
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[Chemical Formula 22]

5

(B-3) | B-2)

(wherein Y3 and Y represent a leaving group.) Examples of a 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 (B-2) .
by converting alcohols to corresponding lithium derivative, sodium derivative or potassium
derivative with a base, followed by the reaction with a compound (B-3). Examplcs of the base to
be used include 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 sodium ethoxide, sodium methoxide and t-potassium butoxide or an organic amine such as

triethylamine, pyridine, 4-aminopyridine, N-ethyl-NN-diisopropylamine (DIPEA) and

1,8-diazabicyclo[5.4.0]-7-undecene (DBU). The reaction is performed by reacting an equivalent
or excessive amount of alcohols with an equivalent or slightly excessive amount of a base in a
solvent inactive to tﬁe reaction at -20°C to 120°C, followed by the addition of the compound (B-3)
and allowihg the reaction to proceed generally for 0.5 to 12 hours. The reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
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
12-diethoxy cthane; N)N-dimethylformamide (DMF); Nemefhylpyrrolidone; dimethyl sulfoxide
(DMSO); or a mixed solvent thereof.

Synthesis of Compound (B-5)
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[Chemical Formula 23]

o) 7 O
R s Ry R”
+ < / 0 —_— S O
O;N Ys N O2N \
Rz N / 0—R4
R
B-2) (B-4) B-5)

(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 (B4). Examples of a leaving group represented by Ys include a halogen atom, a
methanesulfonyloxy group, a p-toluenesulfonyloxy group and a trifluoromethanesulfonyloxy
group.  The reaction is performed by reacting the compounds (B-2) and (B4) in an equivialent |
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 temperature to a reflux

temperature under heating for generally 0.5 bours to 2 days. ~ The reaction is preferably performed

- under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not

particularly hrmted, for example: aromatic hydrocarbons such as benzene, toluene and );ylcne; '
ethers such as diethyl ether, tetrahydfofuran (IHF), 1,4-dioxane, 1,2-dimethoxy ethane _and
1,2-diethoxy ethane; halqgenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
Chloroform; alcohols such as methanol, ethanol, 2-propanol énd butanol; N,N-dimethylformamide
(DMEF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water or a mixed solvent thereof.
Examples of the base include: lithium hydride, sodium hydride, potassmm hydride, sodium
hydroxide, sodium 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 to 6 carbon atoms (lithium salt, sodium salt,

34




10

15

20

potassium salt and magnesium salt); a metal salt of an alkyl anion having 1 1o 6 carbon atoms

(Ithium salt, sodium salt, potassium salt and magnesium salt); tetra (alkyl having 1 to 4 carbon

atoms) ammonium salt (fluoride, chloride and bromide); diisopropylethylamine; tributylamine;

N-methylmorpholine; diazabicycloundecene; diazabicylcooctane; or imidazole. Examples of the
transition metal catalyst include copper, palladium, cobalt, iron, thodium, ruthenium and iridium.
Examples of the ligand include  tri(t-butyl)phosphine, tri(cyclobexyl)phosphine,
t-butyldicyclohexylphosphine, di(t-butyl)cyclohexylphosphine or  di(t-butyl)methylphosphine.
Examples of the monovalent or divalent copper salt include copper chloride (I), copper bromide (I),
copper iodide (J), copper acetate (I), copper fluoride (II), copper chloride (II), copper bromide (II),
copper iodide (II), copper acetate (II), a hydrate thereof and a mixture thereof. Exampleé of the
carboxylic acid include formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,

pentanoic acid, isopentanoic acid, pivalic acid and trifluoroacetic acid.

Synthesis of Compound (B-6)
~ [Chemical Formula 24]
R/O R/O
0O
S
O2N 1 >  H,N \ S
R2 | R24
(B-5) (B-6)

(wherein Ry 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 hydrogen gas atmosph‘ere inthe
presence of a transition metal patalyst in a solvent inactive to the reaction at room temperature to a
reflux temperature under heating for generally 0.5 hours to 2 days. Here, the solvent includes,

though not particularly limited, for example: aromatic hydrocarbons such as benzene, toluene and
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xylene; ethers such as dietliyl ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
chloroform; alcohols such as methanol, ethanol, 2-propanol and butanol; N,N-dimethylformamide
(DMEF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); ethyl acetate; or a mixed solvent
thereof.  Preferred examples of the transition metal catalyst include palladium-carbon, palladium
hydroxide, palladium black, platinum-carbon, Raney nickel, and the like.

Synthesis of Compound (B-9)

[Chemical Formula 25]
HoN( SO
o] O BN Re > )\/N\ _S
H O ci N
H H O

B-7) | (B-8) (B-9)

(Wherein R¢ represents a methyl group or a p-tolyl group.) The synthesis method may be
refened to HE'IEROCYCLES, VOL. 48, No. 4, 1998, P695-702.  That is, the synthesis method
is a method for synthesizing a compound (B-9) by the condensation of compounds (B-7) and
(B-8).  The reaction is performed by reacting the compounds (B-7) and (B-8) in an equivalent
amount Or using an excessive amount of one of the compounds inv a solvent inactive to the
reaction at 0°C to a reflux temperature under heating for generally 0.5 houis 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 diethyl ether, tetrahydrofiran (THF), 1,4-dioxane,
1,2-dimethoxy ethane and 12-diethoxy ethéne; halégenated hydrocarbons such as
dichloromethane, 1,2-dichloroethane and  chloroformy; N,N-dimethylformamide (DMF),

N-methylpyrrolidone; dimethyl sulfoxide (DMSO); acetic acid; propionic acid; or a mixed
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[Title of the Document] Description

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

5

)

The present invention relates to a novel compound having a xanthine oxidase*

it

inhibitory activity and a method for manufacturing the same as well as a xanthine

oxidase inhibitor containing the compound as an active ingredient.

Kovd
.

10

~
A

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

autoimmune diseases.

or heart failure, kidney diseases such as diabetic nephropathy, respiratory diseases such
as chronic obstructive pulmonary diseases, inflammatory bowel diseases or

[Background Art]
15

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
20  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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solvent thereof.
Synthesis of Compound (13-10)

[Chemical Formula 26]

-0 _0
) 7 i ! \ D\(
S S
HaN \ ¥ Cl/l\fN\N/ﬁ\Re N \
N—/ o0-Rq N 0-R4

(B-6) (B-9) (B-10)

(wherein R4 represents a protective group of a carboxyl group and R represents a methyl group or
a p-tolyl group.) The synthesis method is a method for synthesizing a 1,2,3-triazole ring by
reacﬁng 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 to a reflux temperature under heating for generally 0.5 hours to 2 days. The reaction
is preferably performed under an inert gas atmosphere such as nitrogen.  Examples of the base to
be used include a carbonate such as potassium carbonate, sodium carbonate and sodium hydrogen

carbonate or an organic 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 thc;se reactions include toluene, benzene, pyridine, ethyl
acetate, dichloromethane, dichloroethane, chloroform, carbon tetrachloride, diethyl ether,
tetrahydrofuran (THF), 14-dioxane, 12-dimethoxy ethane, 172-diethoxy ethane,
N,N-dimethylformamide (DMF), N-methylpyrrolidone, dimethyl sulfoxide (DMSO) or-a mixed
solvent thereof.

Synthesis of Compound (B-11)

[Chemical Formula 27]
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(wherein Ry 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
group Ry of the compound (B-10) with an acid, a base or the like. The reaction is performed by
reacting the éompound (B-10) with an equivalent or excessive amount of an acid or a base in a
solvent inactive to the reaction at room temperature to a reflux temperature under heating for
generally 0.5 hours to 5 days. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as benzene, toluene and xyiene; ethers such as diethyl ether,
tetrahydrofuran (fHF), 1,4-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane; halogenated

hydrocarbons such as dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as

~methanol,  ethanol, 2-propanol and  butanol; N,N-dhnethylformamide (DMF);

I_\I-methylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof. Examples
of the acid include an inorganic acid such as hydrogen chloride, hydr'ogep bromid¢, sulfirric acid,
nitric acid and phosphoric acid or a solution obtained by diluting these acids with water or an
organic solvent. Examples of the base include an inorganic salt such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a metal
alkoxide such as sodium ethoxide and sodium methoxide or a solution obtained b& diluting these
bases with water or an organic solvent.

Synthesis Method (C)

Synthesis of Compound (C-1)

[Chemical Formula 28]
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(Wherein R4 represents a protective group of a carboxyl group and R; represents an alkyl group
such as a methyl group or an ethyl group.) The synthesis method is a method for synthesizing a
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 temperature under heaﬁng for generally 0.5 hours to 2 days. The reaction is preferably
performed under an inert_ gas atmosphere such as nitrogen. Examples of the ortho-formic acid
ester include trimethy] ortho-formate and triethyl ortho-formate. In addition, examples of the azide
compound include sodium azide and trimethy] silylazide. Examples of the acid to be used indude
an organic acid such as formic acid and acetic acid, an inorganic acid such as hydrochioric acid and
sulfiric acid or a Lewis acid such as indium triflate, ytterbium triflate, zinc triflate and
trichloroindium. The solvent to be used for these reactions i'ncludes,. though notbaxticularly
limited, for example benzéne, toluene, dichloromethane, dichloroethane, chlorofprm, carbon
tetrachloride, diethyl ether, tehahydroﬁjxan (THF), 14-dioxane, 1,2-dimethoxy ethane,
1,2-diethoxy ethane, N,N—dimeﬂuyl_formafnide (DMF), N-methylpyrrolidone, dimethyl sulfoxide
(DMSO) or a mixed solvent thereof, and an acid such as acetic acid may also be used as a solvent.

Synthesis of Compound (C-2)

[Chemical Formula 29]
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(wherein R4 represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing a compound (C-2) of the present invention by deprotecting a protective
grdup R4 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 particularly hrmted, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy etilane 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  (DMF);
N—méthylpyrrolidone; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof. Examples
of the acid inclﬁde an inorganic acid such as hydrogen chloride, hydrogen bromide, sulfuric acid,
nitric acid and phosphoric acid or a solution obtained by dﬂuﬁngi these acids thh water or an

organic solvent. Examples of the base include an inorganic salt such as sodium hydroxide,

- potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a' metal

alkoxide such as sodium ethoxide and sodium methoxide or a solution obtained by diluting these
bases with water or an organic solvent.
Synthesis of Compound (C4)

[Chemical Formula 30]
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(wherein R4 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
(C4) 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 temperature to a rethx 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, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane;
halogenated hydrocarbons such as diclﬂoromethaﬁe, 1,2-dichloroethane and chloroform; alcohols
such as methanol, ethanol, 2-propanol and butanol; N,N—dimeﬂlylfdnnamide (DMF);
N—meﬂlylpylrolidpne; dimethyl sulfoxide (DMSO); water; or a mixed solvent thereof, Examples
of the acid inclﬁde an inorganic acid such as hydrogen chloride, hydrogen bromide, sulfuric acid,
nitric acid and phosphoric acid 6r 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 hydroxidé, lithium hydroxide, sodium carboﬁate, potassium carbonate, sodium ethocide

and sodium methoxide or a solution obtained by diluting these bases with water or an organic

- solvent.

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

Synthesis of Compound (C-1)
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(wherein R4 represents a protective group of a carboxyl group.) The synthesis method is a
method for synthesizing the compound (C-1) by reacting the compound (C4) with alcohols by
Mitsunobu reaction or the like. The reaction is a method for synthesizing the compound (C-1) by
reacting alcohols- w1th triphenylphosphine and carbodiimide, followed by reacting with the
compound (C-4). Examples of the carbodiimide to be used include diethylcarbodiimide and
diisopropylcarbodiimide. The reaction is performed by reacting the compound (C-4) with an

equivalent or excessive amount of alcohols, triphenylphosphine and carbodiimide in a solvent

inactive to the reaction at -20°C to 120°C genemﬂy for 0.5 to 12 hours.  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 sucﬁ as benzene, toluene and xylene;
efthers such as diethyl ether, tetrahydrofuran (THF), 1,4—dioxané, 1,2-dimethoxy ethane and
1 ,2-djethoxy ethane; N,N-dimethylformamide (DMF); N—meﬂ1ylpy1r01idone; dimethyl sulfoxide
(DMSO); or a mixed solvent thereof.

Synthesis ofcompouna_(D-l )

[Chemical Formula 32]-

Y3
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¥s | S R, |
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(B-3) (B-4) (O-1)
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(wherein Ry represents a protective group of a carboxyl group and Y3 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 synthesis method is a method for synthesizing a compound (D-1) by coupling
compounds (B-3) and (B-4). The reaction is performed by reacting the compounds (B-3) and
(B-4) in an equivalent amount or using an excessive amount of one of the compounds and adding 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 reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Here, the solvent includes, though not
paﬂicularly limited, for example: aromatic hydrocarbons such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromeﬂlane, 1,2-dichloroethane and
éhlorofonn; alcohols such as methanol, ethanol, 2-propanol and butanol; N,N-dimethylformamide
(DME); N-meﬂlylpyﬁolidone; dimethyl sulfoxide (DMSO); \&ater or a mixed solvent thereof.
Examples of the base include: lithiumvhydride, sodium hydride, potassium hydride, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassmm carbonate, cesium carbonate,
potassium ﬂuoride; cesium fluoride, tripotassium phosphate, sodium acetate and potassiurﬁ acetate;
ametal salt of an alkoxide having 1 to 6 carbon atoms (lithium salt, sodium salt, potassium salt
and magnesium salf); a metal salt of an alkyl anion having 1 to 6 carbon atoms (lithium salt,
sodium éalt, potassium salt and magnesium salt); tetra (alkyl having 1 to 4 carbon atoms)
ammonium salt (fluoride, chloride and bromide); diisopropylethylamine; tributylamine;
N-methylmorpholine; diazabicycloundecene; diazabicyclooctane; or imidazole. Examples of the

fransition metal catalyst include copper, palladium, cbbalt, iron, thodium, ruthenium and iridium.
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Examples of the ligand include  tni(t-butyl)phosphine,  tri(cyclohexyl)phosphine,
t-butyldicyclohexylphosphine,  di(t-butyl)cyclohexylphosphine or  di(t-butyl)methylphosphine.
Examples of the monovalent or divalent copper salt include copper c;hlon'de (D), copper bromide (1),
copper iodide (I), copper acetate (I), copper fluoride (II), copper chloride (), copper bromude (If),
copper iodide (II), copper acetate (II), a hydrate thereof or a mixture thereof. Examples of the
carboxylic acid include formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid,
pentanoic acid, isopentanoic acid, pivalic acid and trifluoroacetic acid.
Synthesis of Compound (D-2)

[Chemical Formula 33]

0
ON \S +  R-SH————» oaN ;} / R
N / O/R4 . 0] 4

O-1) sz ®-2)
(wherein R4 represents a protective group of a carboxyl group and Y3 represents a leaving group.)
Examples of a leaving group represented by Y3 includé a halogen atom, a methanesulfonyloxy
group, a p-toluenesulfonyioxy group and a trifluoromethanesulfonyloxy group. The reactionisa
method for synﬂlesizingﬁ a compound (D-2) by converting thiols to corresponding Jithium
derivative, sodium derivative, potassium derivative 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 sodxum hydride, sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium
carbonate, potassium carbonate and cesium carbonate, a metal alkoxide such as sodlum ethéxidc,
sodium methoxidé and potassium t-butoxide or an organic amine such as triethylamine, pyridine,
4—aminopyridjne, N-ethyl-N,N-diisopropylamine (DIPEA) and 1,8-diazabicyclo[5.4.0]-7-undecene

(DBU). The reaction is performed by reacting the compound (D-1) with an equivalent or slightly
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excessive amount of a base in a solvent inactive 1o the reaction at -20°C to 120°C, followed by
adding an equivalent or excessive amount of thiols to allow the reaction 1o proceed generally for
0.5 to 12 hours. 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 diethyl ether, tetrahydrofuran
(THF), 1,4-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 (D-3)
[Chemical Formula 34|
s
R” R/ S
O 0
N / O-Ry N / 0-Ry
Ry R
©2) ©-3)

(wherein R4 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
temperature to a reflux temperature under heating for generally 0.5 hours to 2 days. Here, the
solvent includes, though not particularly limited, fo; example;: aromatic hydrocarbons such as
benzene, toluene and xylene; ethers such as diethyl ether, tetrahydrofiran (I'HF), 1,4-dioxane,
1,2-dimethoxy ethane and 12-diethoxy ethane; halogenaied hydrocarbons such as
dichloromethane, 1,2-dichloroethane and chloroform; alcohols such as methanol, ethanol,
2-propanol and butanol; ethyi acetate; N,N-dimethylformamide (DMF); N-methylpyrrolidone;

dimethyl sulfoxide (DMSO); or a mixed solvent thereof. Preferred examples of the transition
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metal catalyst include palladium-carbon, palladium hydroxide, palladium black, platinum-carbon,

Raney nickel and the like.

Synthesis of Compound (D-4)
[Chemical Formula 35]
R o OR; R o
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(wherein R4 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 synthésizing a
tetrazole ring by reacting the compound (D-3) thh an ortho-formic acid ester and an azide
compound. The reaction is performed by reacting the compound (D-3), an ortho-formic acid
ester and an azide compound in an equivalent amount or using an excessive amount of one of the
cornpounds in the presence of an acid 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 reaction is preferably
performed under an inert gas atmosphere such as nitrogen. Examples of the ortho-formic acid ester .
include trimethyl ortho-formate and triethyl ortho-formate. In addition, examples of the azide
compound include sodium azide and m'methyl silylazide. Examples of the acid to be used include
an organic acid such as formic acid and an inorganic acid such as acetic acid, hydrochloric acid and
sulfuric acid and a Lewis acid such as indium triflate, ytterbium triflate, zinc triflate and
trichloroindium.  The solvent includes, though not particularly Limited, for example benzene,
toluene, dichloromethane, diclﬂo_rbethane, chloroform, ca;bon tetrachloride, diethyl ether,
tetrahydrofuran  (THF), 14-dioxane, 12-dimethoxy ethane, 12-diethoxy ethane,

N,N-dimethylformamide (DMF), N-methylpyrrolidone, dimethyl sulfoxide (DMSO) or a mixed
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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-phenylthiazole derivative is reported (Patent Documents 1 to 3).

Qn _the other hand, in Patent Documents 4 and 5, a dithiazole carboxylic 'acid
deri.vative having a benzene ring in the center is reported. Further, in Patent
Documents 6 and 7, a biphenyl thioazole carboxjrlic acid derivative is reported.
[Prior Art Documents]

[Patent Documents]

[Patent Document 1] International Publication No. 92/09279
[Patent Document 2] Japanese Patent Laid-Open No. 2002-105067
[Patent Document 3] International Publication No0.96/31211
[Patent Doéuﬁent 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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solvent thereof, and an acid such as acetic acid may also be used as a solvent.

Synthesis of Compound (D-5)
[Chemical Formula 36)
R/S . R/S ) :
e} O
7N S 7N S
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(wherein Ry 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 R4 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 to a reflux temperature under heating for
generally 0.5 hoqrs tq 5 days. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as ben_zene, toluene and xylene; ethers such as diethyl ether,
temhy&oﬁran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and 1,2-diethoxy ethane; halogenated
hydrocarbons such as dichloromethane, 12-dichloroethane and chioroform; alcohols such as
methanol,  ethanol,  2-propanol  and  butanol; N,I\I-dhnﬁ:ﬂlylfbnnamide (DMF),
N-methylpyﬁolidone; 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 inorganic salt such as sodium’hyd:roxide,
potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate, a metal
alkoxide such as sodium ethoxide and sodium methoxide or a solution Obfained by diluting these

bases with water or an organic solvent.
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Synthesis Mcthod (I5)

Synthesis of Compound (E-2)

[Chemical Formula 37]
i
Y3 R R' e N
+ NH ——»
O,N Ys R O,N Ys
(B-3) (E-1) (E-2)

(wherein Yzand Ys represent a leaving group.) Examples of the leaving group represented by Y3
and Y include a halogen atom, a methanesulfonyloxy group, a p-toluenesulfonyloxy group and a
trifluoromethanesulfonyloxy group.  The reaction is a method for synthesizing a compound (E-2)
by converting amines to ooxrésponding lithium derivative, sodium derivative, potassium derivative
or cesium derivative with a base, followed by the reaction with the compound (B-3).  Examples of
the base to be used include an inorganic salt such as sodium hydﬂdg, sodium hydroxide, potassium
hydroxide, lithium hydrq)dde, 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, 4-aminopyridine, N-ethyl-N,N-diisopropylamine
(DIPEA) and 1,8-diazabicyclo[5.4.0]-7-undecene (DBU). The reaf:ﬁon 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 ad@g the compound (B-3) to allow the reaction to
proceed generally for 0.5 to 12 hours. The reaction is preferably performed under an inert gas
atmosphere such as nitrogen. Here, the solvent includes, though not particularly limited, for
example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
tetrehydrofuran (THF), 14-dioxane, 1,2- dimethoxy ethdne and 1,2-diethoxy ethane;

N,N-dimethylformamide (DMF); N-methylpyzrolidone; dimethyl sulfoxide (DMSO); or a mixed
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solvent thereof,
Synthesis of Compound (15-3)

[Chemical Formula 38]

R

\
N
(E-2) (B-4) | (E-3)

(wherein Ry represents a protective group of a carboxyl group and Ys represent a leaving group.)
The synthesis method is a method for synthesizing a compound (E-3) by coupling thc compounds
(E-2) and (B4). Examples of the leaving group represented by Ys include a halogen atom, a
methanesulfonyloxy group, a p-toluenesulfonyloxy group and a trifluoromethanesulfonyloxy
group. Thq 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, carboxylic
acid and a monovalent or divalent copper salt in somé 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 reaction is preferably performed
under an inert gas atmosphere such as nitrogen. Hére, the solvent includes, though not
particularly hrmted, for example: aromatic hydrocarbdns such as benzene, toluene and xylene;
ethers such as diethyl ether, tetrahydrofiran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogénated hydrocarbons such as dichloromethane, 1,2-dichloroethane and
chloroform; alcohols such as methanol, ethanol, 2-propanol and butanol; N,N-dimethylformamide
(DMF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); water or a mixed Solvent thereof.

Examples of the base include: lithium hydride, sodium hydride, potassium hydride, sodium
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hydroxide, potassiam hydroxide, sodium carbonate, potassium carbonate, cesiun carbonate,
potassium fluoride, cesium fluoride, tripotassium phosphate, sodium acetate and potassium acetate;
ametal salt of an alkoxide having 1 to 6 carbon atoms (Jithium salt, sodium salt, potassium salt and
magnesium salt); a metal salt of an alkyl anion having 1 to 6 carbon atoms (lithium salt, sodium salt,
potassium salt and magnesium salt); tetra (alkyl having 1 to 4 carbon atoms) ammonium salt
(fluoride, chloride and bromide); diisopropylethylamine; tributylamine; N-methylmorpholine;
diazabicycloundecene; diazabicyclooctane; or imidazole. Examples of the transition metal
catalyst include copper, palladium, cobalt, iron, rhodium, rutheniuin and iridium. Examples of the
ligand include tri(t-butyl)phosphine, tri(cyclohexyl)phosphine, t-butyldicyclohexylphosphine,
di(t-butyl)cyclohexylphosphine or di(t-butyl)methylphosphine. Examples of the monovalent or
divalent copper salt include copper chloride (I), copper bromide (I), copper iodide (I), copper
acetate (I), copper fluoride (II), copper chloride (II), copper bromide (II), copper iodide (II), copper
acetate (I), a hydrate thereof and a mixture thereof. Examples of the carboxylic acid inchade
formic acid, acetic acid, pfopionic amd, n-butyric acid, isobutyr“ic écid, pqntanoic acid, isopentanoic !

acid, pivalic acid and trifluoroacetic acid.

Synthesis of Compound (E-4)
[Chemical Formula 39]
R R
' |
R -~ N ‘ R’ P N ‘
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R2 : R
(E-3) 4 (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 (2-3) in a hydrogen gas atmosphere unde; the
presence of a transition metal catalyst in a solvent inactive to the reaction at room temperature 10 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
xXylene; ethers such as diethy] ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane and
1,2-diethoxy ethane; halogenated hydrocarbons such as dichloromethéne, 1,2-dichloroethane and
chloroform; alcohols such as methanol, ethapol, 2-propanol and butanol; ethyl acetate ;
N,N-dimethylformamide (DMF); N-methylpyrrolidone; dimethyl sulfoxide (DMSO); or a mixed
solvent thereof. Preferred examples of the transition metal catalyst include palladium-carbon,

palladium hydroxide, palladium black, platinum-carbon and Raney nickel.

Synthesis of Compound (E-5)
[Chemical Formula 40]
.
|
(X N * !
R o OR;
NS et T
/ 7 Ry
N O0—R4 _ o/R4
R 2
@y E5)

(wherein Ry represents a protective group of a carboxyl group and Ry represents an alkyl group
such as a methjd group or an ethyl group.) The synthesis method is a method for synthesizing a
tetrazole ring by reacting the compound (E4) with an ortho-formic acid ester and an azide
compound.  The reaction is performed by reacting the compound (E-4), an orﬂm-foxmic 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 temperature under heating for generally 0.5 hours to 2 days. The reaction is preferably
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performed under an inert pas atmosphere such as nirogen.  Examples of the ortho-formic acid
ester include trimethyl 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 sulfiric acid or a Lewis acid such as indium triflate, ytterbium triflate, zinc triflate and
tn'phloroindium. Examples of the solvent to be used for these reaction include toluene, benzene,
dichloromethane, dichloroethane, chloroform, carbon tetrachloride, diethyl ether, tetrahydrofuran
(THF), 1,4-dioxane, 1,2—dimeﬂ;oxy 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 also be used as a solvent.

Synthesis of Compound (E-6)
[Chemical Formula 41] .
R
i
R"N
' ] °
N7 N 7N
/ ———> N \
\N =N O’R 4 N;N ‘N OH
R R
@s) &6

(wherein Ry represents a protective group of a carboxyl group.) The synthesis method is a

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

example: aromatic hydrocarbons such as benzene, toluene and xylene; ethers such as diethyl ether,
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tetrahydrofuran (I11F). 1 4-dioxane, },2-dimethoxy ethane and 1,2-diethoxy ethane; haiogenated
hydrocarbons such as dichloromethane, 1,2-dichlorocthane and chloroform; alcohols such as
methanol,  ethanol,  2-propanol and  bulanol; NN-dimethylformamide = (DMF);
N-methylpyrrolidone; dimethy! 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 salt such as sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate, potassium carbonate, a metal alkoxide
such as sodium ethoxide and sodium methoxide or a solution obtained by diluting these bases with
water and the like.
| In the above synthesis methods, the compounds of the formulas (A-8), (B—IO)? (C-1),
(C4), (D4) and (E-5) correspond to the compound of the formula (II), which is a manufacturing
intermediate of the compound represented by the formula (I), and the compound of the formula
(C-3) corresponds to the compound of the formula (). ‘ _‘
Heéinaﬂer, among the compounds represented by the formula (I), preferred compounds
and pharmaceutically acgep‘(able. salts thereof include though not particularly limited with the

proviso that they are pharmaceutically acceptable salts, for example,: a salt with an inorganic acid

such as hydrogen chloride, hydrogen bromide, sulfuric acid, nitric acid, phosphoric acid and

carbonic acid; a salt with an organic acid such as maleic acid, fumaric acid, citric acid, malic acid,

tartaric acid, lactic acid, succinic acid, benzoic acid, oxalic acid, methanesulfonic acid,

benzenesulfonic acid, p-toluenesulfonic acid, acefic acid, trifluoroacetic acid and fQImiC 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 sodium, potassium and lithiumy; a salt with an alkali earth

metal such as calcium and magnesium; a salt with metal such as aluminum, zinc and iron; a salt

N
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with an organic onium such as {etramethylammonium and choline; or a salt with an organic base
such as ammonia, propanediamine, pymolidine, piperidine, pyridine, —ethanolamine,
N,N-dimethylethanolamine, 4-hydroxypiperidine, t-octylamine, dibenzylamine, morpholine,
glucosamine, phenylglycylalkyl ester, ethylenediamine, N-methylglucamine, guanidine,
diethylamine, triethylamine, dicyclohexylamine, N,N'-dibenzylethylenediamine, chloroprocaine,
procaine, diethanolamine, N-benzylphenylamine, piperazine, and
tristhydroxymethyl)aminomethane.

Further, examples of the compound represented by the formula (f) and a salt thereof
include various hydrates and solvates. The solvent of the solvates includes, though not
particularly limited, for example methanol, ethanol, 1-propanol, 2-propanol, butanol, t-butanol,
acetonitrile, acetone, methyl ethyl ketone, chloroform, ethyl acetate, diethyl ether, t-butylmethyl
ether, tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxy ethane, 1,2-diethoxy ethane, benzene,
toluene, DMF and DMSO.

The above various phannqceuﬁcaﬁy acceptable salts of the compound represented by the
formula (I) may be appropriately manufactured based on conventional kn_owledge inthe art.

Examples 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
thereof. |

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

- A compound repr&eehted by the formula (I) of the present invention and a

pharmaceutically 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, hyperuricemia, tumor lysis syndrome, urnary calculi, hypertension,
dyslipidemia, diabetes, cardiovascular diseases such as arteriosclerosis or heart failure, kidney
diseases such as diabetic nephropathy, respixﬁtory diseases such as chronic obstructive pulmonary
diseases, inflammatory bowel diseases or autoimmune diseases.

The compound represented by the above-mentioned formula (1) and the

phammaceutically acceptable salt thereof can be used to prepare a pharmaceutical composition

| together with a phanmaceutically acceptable carrier and/or excipient. The pharmaceutical

composition can be formed into various formulations for oral or parenteral administration.
Examples of a parenteral administration include intravenous, subcutaneous, intramuscular,
percutaneous or infrarectal administration.

| A drug formulation containing one or more of the compounds represented by formula (1)
of the presént invention or the pharmaceutically accéptablc salt thereof as an active ingxedient is
prepare(_i using a carrier, an excipie:n_t or other additives which are usually used for drug formulation. -
Any of solid and liquid forms may be used as a carrier or an excipient for pharmaceutical
preparations, and examples of which include lacwée, magnesium stearate, Starch, talc, gelatin, agar,
pectin, gum arabic, olive oil, sesame oil, cacao butter, ethyleneglycol, and oﬂlexs 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
inframuscular injection, suppository, percufaneous administration or the like. |

A compound represented by the formula (1) of the present invention or a

pharmaceutically acbeptable 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 route, or symptom, age, sex or body weight of the patient, and the like.
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However, since the dosage varies acconding 1o various conditions, a dosage smaller than the
above-mentioned dosage may be sufficient in some cases and a dosage exceeding the above range

may be necessary in other cases.
[Examples]

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

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

As for the compounds for which "H-NMR spectrum (300 MHz or 400 MHz, DMSO-de
or CDClz) was measured, the chemical shift (8: ppm) and coupling constant (J: Hz) are shown.
As for ﬁle result of mass spectroscopy, the observed value of M'+H, that is, the observed value is
éhov&n as the value of the molecular mass éf the compound (M) with a proton (H"). In addition,
the fgllowing abbreviations represent the followings, respectively: s=singlet, d=doublet, t=triplet,
q=quartet, brs=broad singlet, m=multiplet. - |

The compounds synthesized according to the following methods of examples were
further analyzed by high performance liquid chromatography (FPLC) 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 anaiysis under ﬂ1¢ following
analytical conditions is shown as HPLC retention time. |
HPLC Measurement Conditions
Measurement Device: Hewlett-Packard 1100HPLC
Column: Imtakt Cadenza CD-C18 100mmx4.6mum 3 pm

UV:PDA detection (254 nm)
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[Patent Document 7] International Publication No. 2010/128163

[Summary of Invention]
[Problems to be Solved by the Invention]

An object of the present invention is to provicie 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 invention is to provide a compound useful as a therapeutic agent

A

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 diseases.

[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]

R4
X, S
xZ N \ COOH
R>

(I)

which is a benzene structure having 3 substituents and a azole benzene derivative



Column Temperature: 40°C
Gradient Conditions:
Solvent: A: HyO/acetonitrile=95/5

0.05% TFA (trifluoroacetic acid)
H,O/acetonitrile=5/95

0.05% TFA (trifluoroacetic acid)
Flow Rate: 1.0 mL/min

Gradient: 0 to 1 min, Solvent B: 2%,

110 14 min, Solvent B: 2% to 100%,
10 14 to 17 min, Solvent B: 100%,
17 to 19 min, Solvent B: 100% to 2%,

Solvent A: 98%
Solvent A: 98% to 0%
Solvent A: 0%

Solvent A: 0% to 98%

In addition, for the result of the mass analysis, the value of “M'+ (Obs. Mass: that is,

the observed value in which a proton is added to the molecular mass (M) of the compound), which

was observed by the following devices and analytical conditions, and the formulas calculated from

15  the value of “M" T observed are showh together with the calculated values of “M~H” (Pred.

Mass).
TOF-MS Measurement Conditions
Mass Spectrometer: Shimadzu LCMS-IT-TOF

LC: Prominence

20 Column: PhenomenexxSynergi Hydro—RP 4.0 mmx20mm 2.5 pm

UV: PDA detection (254 nm)
Flow Rate: 0.6 mL/min
Column Temperature: 40°C

Detection Voltage: 1.63 kV
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Gradient Conditions:
Solvent: A: H;0/acetonitrile=95/5
0.1% HCOOH
B: H;O/acetonitrile=5/95
5 0.1% HCOOH
Flow Rate: 0.5 ml/min
Gradient: 0 to 0.2 min, Solvent B: 2%, Solvent A: 98%

0.210 2.5 min, Solvent B: 2% to 100%, Solvent A: 98% to 0%

2.510 3.8 min, Solvent B: 100%, - Solvent A: 0%
10 3.8104.0 min, Solvent B: 100%1t02%,  SolventA: 0% to 98%
4.0t0 5.0 min, Solvent B: 2%, Solvent A: 9'8%
[Reference Example]

Synthesis  of N’-[(lE)-2,2—dichloroethylidene]—4-methylbenzene—1—sxﬂfonehydrazine
gmference example compound) -

15 A reaction solution was prepared by dissolving 1.86 g of p-toluenesulfonylhydrazine in 4
mL of propionic acid and cooling at 0°C and adding dropwise slowly a solution prepared by
dissolving 1.36 g of dichloroacétaldehyde hydrate in 8 mL of propionic acid. The reacﬁon
éoluﬁon was stirred at 0°C for one hour and the precipitated solid was filtered, washed using 10 mL
of  toliene  and  died  to  obtain = 198 g  of

20 N’-[(1E)-2,2—dichloroethyﬁdene]4—methylbenzene—1-sulfonehydrazine.

| lH—NI\/‘I‘R (400 MHz, CDCL;)8(ppm):2.45 (3H,s), 6.11 (1H, d, J=8.0 Hz), 7.19 (1H, d, ]=4.0 Hz),
7.35(1H, 4, I=8.0 Hz),7.80 (1H, d, =8.0 Hz), 7.92 (1H, s) |

[(Example 1]
Synthesis  of 2-[3-(1H-imidazo}-1-y1)-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-
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thiazole-5-carboxylic acid (Compound No. 1) (Synthesis Method (A))

(1) A reaction mixture solution prepared by suspending 41.1 mg of 3-fluoro-4-hydroxybenzonitrile,
33.4 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 obtain 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-fluoro-4~(2-methylpropoxy)benzonitrile obtained above and suspending the
.above in 1 mL of dimethylsulfoxide 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 ongaﬁic layer was washed with saline, followed by drying and concentrating under

reduced pressure to obtain a crude product of

3-(1H-imidazol-1-yI)4-(2-methylpropoxy)benzonitrile.

ESUMS m/e: 242.1 (M'+H, Cy4H;eN30).

(3) A reaction mixture bprepared by suspending the crude product of
3-(1H-imidazol-1-y1)-4-(2-methylpropoxy)benzonitrile 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 undef reduced pressure was prepared to obtain a crude product of
3-(1H-imidazol-1-y1)-4-(2-methylpropoxy)benzene-1 carbothioamide.

ESIMS m/e: 276.1 (M'+H, C14H;sN;08).

(4) A reaction mixture solution prepared by adding 74.1 mg of ethyl-2-chloroacetacetate to the
crude product of 3-(1H-imidazol-1-yI)4-(2-methylpropoxy)benzene-1-carbothioamide obtained

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 atmosphere.  Afler the addition of water 1o the reaction mixture solution, extraction was
performed using ethyl acetate.  The organic Jayer was washed with saline, followed by drying and
concentrating  under  reduced  pressure to  obtain a crude product  of
2-[3-(1H-imidazol-1-yl)}-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate.
ESUMS m/e: 386.1 (M'+H, CyoH,aN;058).
(5) A reaction mixture solution prepared by dissolving the crude product of
2-[3~(1H-imidazol-1-yl)-4-(2-methylpropoxy)phenyl]4-methyl-1,3-thiazole-5-carboxylate
obtained above in 1 mL of a mixed solution of tetrahydrofuran/methanol=1/1 followed by the .
addition 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
‘sc.>luﬁon under stiming, 3 mL 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.SQ : mg of
2-{3-(1H-imidazol-1-y1)4~(2-methylpropoxy)phenyl]4-methyl-1,3-thiazole-5-carboxylic acid.

"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.89 (6H, d, J=6.4 Hz), 1.96 - 2.02 (1H, m), 2.65 GHs),

- 392(2H,d,J=6.4 Hz),7.13 (14, 5), 7.37 (1H, d, J=8.8 Hz), 7.55 (1H, ), 7.95 — 8.07 (3H, m)

HPLC Retention Time: 8.15 min.
Obs Mass (M'+H): 358.1215
Pred Mass (M*+H): 358.1220
Formula (M): Cy5H;9N305S

[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
Example Compoun Retention ObsMass | Pred Mass Formula(M) THNMR
dNo. (M++H) (M++H)
Time
2 2 8.61 3721380 | 3721376 | CI9H2IN303S
400MHz (DMSO d6) 1.78-2.03(7H, m),
2.64(3H, 5),4.10Q2H, d, J =6.4Hz), 7.07(1H,
3 3 839 370.1234 | 370.1220 | C19H19N303S 0, 736(1EL &, J= 882, 753(1H, ),
791-798GH,m)
400MHz (DMSO d6) 1.25-1.73(9H, m),
: 2.64(3H, 5), 4.02(2H, d, ] =6.8Hz), 7.07(1H,
4 4 8.90 384.1376 | 384.1376 | C20H2IN303S | s),7.36(1H, d, J=_8.8Hz), 7.52(14, 1, J =
1.6Hz), 792(1H, d, J=2.0Hz),
_ 7.97-7.99(2H, m) '
5 5 823 370.1214 | 370.1220 | CI9HI9N303S
400MHz (DMSO d6) 1.25-1.57(8H, m),
6 6 871 384.1377 | 384.1376 | C20H2IN303S 184-1.90(2H, m), 26538,
B 4.57-4.61(1H, m), 7.07(1H, s), 7.40(1H, d, J
=8.8Hz7), 7.52(1H, 5), 7.92-799(3H, m)

10

[Example 7] Synthesis

of

2—[3-(1H—imidazol—l-yl)-4-phenoxyphenyl]-4-methyl—1,3—ﬂ1iazole-5—carboxy]ic acid (Compound

No. 7) (Synthesis Method (A))

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

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

100°C for 14 hours under a nitrogen almosphere.' Subsequently, 24.0 mg of sodium hydride and

40.8 mg of imidazole were added vto 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

saline, 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-(1H-imidazol-1-yl)-4-phenoxybenzonitrile.
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SSUMS mve: 262.2 (M™H, CigHiN;0).

@ A reaction  mixture  prepared by  suspending 652 mg  of
3-(1H-imidazol-1-y1)-4-phenoxybenzonitrile in a mixture of 0.3 mL of acetic acid and 1.0 mL o_f
thioacetic acid was heated at 50°C for 14 hours under a nitrogen atmosphere. A crude product of
3-(1H-imidazol-1-yl)-4-phenoxybenzene-1-carbothioamide was obtained by concentrating under
reduced pressure.
ESI/MS m/e: 296.1 (M'+H, Cy6H14N308).
(3) A reaction mixture solution prepared by adding 123.2 mg of ethyl-2-chlioroacetacetate to the
crude product of 3-(1H-imidazol-1-yl)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 séline, followed by drymg and
ooncenuﬁﬁng.under reduced pressure.  The resulting crude product was separated and purified by
silica gel  column chromatography to obtain 722 mg  of
2—[3-(1H—imidazol—l-yl)-4—phenoxyphenyl]—4—meﬂ1yl—1,3—thiazole—5—carboxylate.
ESUMS mv/e: 406.1 (M'+H, CoHogN;055).
(4) A reaction mixture soluion was prepared by dissolving 202 mg of
2-[3 —(lH-imidazol-l-yl)—4—phenoxyphenyl]-4—methyl—1,3 —thiazole—S—carboxylaig obtained above in
1 mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 0.2 mL of 2 M sodium
hydroxide aqueous solution. The reaction mixture was stirred 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 performed using 4 mL of ethyl acetate. The organic phase
was concentrated, followed by purifying using a conventional method to obtain 9.0 mg of

23 —(1H—imidazol—1—yl)-4—phenoxyphenyl]4—me’fhy1-l,3 -thiazole-5-carboxylic acid.
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"H-NMR (400 MHz, DMSO d6) 8(ppm): 2.61 (34, s), 7.07— 7.13 (3H, m), 7.20 (1H, 1, }-6.8 Hz),

742 (2H,1,J=8.0 Hz), 7.59 (2H, s), 7.74 (1H, d, J=7.6 Hz), 7.86 (1M, dd, J=1.2, 8.4 Hz), 8.08 (1H,

s)

HPLC Retention Time: 7.86 min.

5 ObsMass (M*-H): 378.0906
Pred Mass (M"+H): 378.0907

Formula (M)I Conl 5N303S

[Example 8]
The compound of Compound No. 8 was synthesized in the similar manner as in

100 Example7.
[Table 2]
Compown | 1 s Mass | predivas ,
Example | — 22" | Retention | > | FormulaM) IHNMR
dNo. M++H) Vi++H)
Time
- | 400MHz (DMSO d6) 2.60(3H, s), 7.10(1H,
g o 781 ' 1060815 | 3060813 | C2OHIAFNGO3 | ), 7247 47(4H, m), 750(H, d, = 12Hz),
B ' ' = S 761(1H, 8), 7.75(1H, t, J=84Hz), 785(1H,
dd, J=12, 8.0Hz), 809(1H, s)
[Examples 9to 14]
The compounds of Compound Nos. 9 to 14 were synthesized in the similar manner as in
15 Examplel.
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HPLC

Retention

Time

Obs Mass
M+ +H)

Pred Mass
(M++H)

Formula(M)

THNMR

836

372.1380

372.1376

CIS9H21IN303S

400MHz (DMSO d6) 0.83(6H, d, I =
6.8Hz), 1.86-1.94(1H, m), 2.41(3H, s),
2.65(3H, 5), 3.93(2H, d, ] = 6.4Hz), 7.46(1H,
d, J=8.8Hz), 7.77(1H, d, = 2.0Hz),
7.82(1H, d, J=2.0Hz), 8.18-8.22(2H, m)

10

11.10

374.1272

374.1281

CI7HISNS03S

400MHz (DMSO d6) 0.98(6H, d, T =
6.8H7), 2.01-2.08(1H, m), 239G3H, 5),
2.50(3H, 5), 3.90(2H, d, J = 6.8Hz), 7.24(1H,
t,J=8.4Hz), 7.64(1H, dd, ] =2.0, 7.6Hz),
77(1H, d, J = 8.41z)

11

9.49

408.1388

408.1376

C22H21IN303S

400MHz (DMSO d6) 0.72(6H, d, J =
6.8Hz), 1.45-1.83(1H, m), 2.65(3H, s),
3.80(2H, d,J=64Hz), 7.25-729(3H, m),
7.44(1H, d, J = 8.8Hz), 7.74-7.76(1H, m),
8.08-8.13(2H, m), 840(1H, s), 1335(1H, 5)

12

10.85

373.1341

373.1329

C18H20N403S

400MHz (DMSO d6) 0.95(6H, d, T =
6.417), 2.04-2.11(1H, m), 2.37GH, s),
2.65(3H,5),3.98(2H, d, J = 6.4Hz), 7.38(1H,
d, J=8.8Hz), 794(1H, dd, ) =24, 8.8Hz),
824(1H, d,J=24Hz), 8.81(1H, 5)

13

10.71

350.1165

359.1172

CI17H18N403S

400MHz (DMSO d6) 0.93(6H, d, J=
6.8Hz), 2.01-2.11(1H, m), 2.65(3H, s),
3.98(2H, d, J=6.8Hz), 741(JH,d, J=
8.8Hz), 8.00(1H, dd, J=2.4, 8.8H2),
8.23-825(2H, m), 8.95(1H, s)

14

9.82

373.1335

373.1329

C18H20N403S8

400MHz (DMSO d6) 0.81(6H, d, T =
6.4Hz), 1.85-1.90(1H, m), 2253H, s),
2.65(3H, 5), 3.89(2H, d, J=6.4Hz), 739(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
Compo M Pred
Example omRo Retention Obs Mass Mass Formula(M) IHNMR
dNo. (M++H) M+ +H)

Time

400MHz (DMSQ d6) 2.61(3H, s),
Clomtanoag | IET2CHLm), T4CH, L I=16Hz)
15 15 10.51 379.0871 379.0859 H 7.60(1H, $), 7.92(2H. dd, ] = 8 AH),
8.24(1H, 5), 9.09(1H, 5)
[Example 16]
Synthesis of 4-methyl-2-[4~(propan-2-yloxy)-3-(1H-1,2,3-triazol-1-yl)phenyl]-

5
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1,3-thiazole-5-carboxylic acid (Compound No. 16) (Synthesis Method (B))

(1) A reaction mixture solution prepared by suspending 2.18 g of 4-bromo-2-nitrophenol and 2.07 g
of potassium carbonate in 40 mL of dimethylformamide and adding 2.04 g of isopropyl iodide was
heated under stirring at 110°C for 14 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, followéd by drying and concentrating under reduced pressure. The
resulting crude product was separated and puriﬁed by silica fgel column chromatograplgy to obtain
2.08¢g of 4¥bromo-2-nitro-1—(propan-2-yloxy)benzcné.

(2) A suspension was prepared by adding 1.05 g of potassium hydrogen carbonate, 22 mg of
palladium chloride (IT) and 102 mg of a copper bromide () dimethylsulfide complex to 2.08 gof
4—bromo;2—I1itro-1~(propén—2—yloxy)benzene obtained above, followed by suspending the mixture
in 15 mL of toluene. Subseq{lently, a reaction mixture solution prepared by adding 1.02 g of ethyl
4—meth}_ll-1,3—ﬂ1iazole-5-carboxylaie, 462 pL of isobutyric acid and 114 mg of
di-t-butyleyclohexylphosphine to the suspension was heated at 120°C for 14 hours under a nitrogen
atmosphere.  The reaction mixture solution was celite-filtered to remove insoluble matter, water
was added to the filtrate, extraction was performed using ethyl acetate. The organic layer was

washed with saline and then dried and concentrated under reduced pressure, followed by purifying
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by a conventiona; method 10 obtain 1.38 g of ethyl
4-methyl-2-[3-nitro-4-(propan-2-yloxy)phenyl]-1,3-thiazole-5-carboxylate.
ESI/MS mve: 351.0 M +H, C16HioNo058).
(3) A reaction mixture solution prepared by suspending 138 g of ethyl
5 4-methyl-2-[3-nitro4-(propan-2-yloxy)phenyl]-1,3-thiazole-5-carboxylate in 15 mL of ethanol and
adding 100 mg of palladium/carbon (10wt%) to the suspension was heated uﬁder stirring at 50°C
for 14 hours under a hydrogen atmosphere.  The reaction mixture solution was celite-filtered and
the filtrate was concentrated under reduced pressure to obtain 126 g of ethyl
2-{3-amino-4-(propan-2-yloxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate.
10 ESUMS mve: 321.1 (M“H, CighN,0S).
(4) A reaction solution prepared by suspending 126 g of ethyl
2-[3-amino-4-(propan-2-yloxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate in 10 mL of methanol
and adding 1.12 mL of triethylamine to the suspension was cooled to 0°C. Subsequently, a
reacﬁf)n rhixture solution was Qrepared by slowly addingea solution prepared by dissolving 1.01 g
15 of N-[(1E)-2,2-dichloroethylidene]-4-methylbenzene-1 -sulfonehydrazine in 10 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. Tﬁe organi§ layer was washed with saline, followed by drymg and concentrating under
reduced pressure. The resulting crude product was separated and purified by silica gel column
20  chromatography . to obtain 501 mg - of - ethyl
4—methy1—2—[4—(pr0pan—2—yloxy)—3 -(1H-1,2,3-triazol-1-yl)phenyl]-1,3-thiazole-5-carboxylate.
ESIMS m/e: 373.1 M™+H, C1gHyN,O5S)
(5) 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-yl)phenyl]-1,3-thiazole-S-carboxylate in 10
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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 invention. 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, Hypenension, dyslipidemia,
diabetes, cardiovascular diseases such as arteriosclerosis or heart failure, kidney
diseases such as diabetic nephropathy, respiratory diseases such as chronic obstructive
pulmonary diseases; inflammatory bowel diseases or autoimmune diseases and
completed the present invention.

The present invention relates to a compound represen’;ed by the following

formula (I) or a pharmaéeutically acceptable salt thereof:

[Chemical Formula 2]
R4
Xs. S
x7 N | )—coor

(1) Re

[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
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mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 1.35 mL of 2 M sodium
hydroxide aqueous solution was stirred at room temperature for 3 hours. Afler the addition of
1.35 mL of 2 M hydrochloric acid 1o the reaction mixture solution under stiring, 8 mL of water
was added and extraction was performed using 20 mL of ethyl acetate. The organic phase was
concentrated, followed by purifying by a conventional method to obtain 415 mg of
4-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) 8(ppm): 1.28 (6H, d, J=5.6 Hz), 2.66 (3H, 5), 4.83 —4.89 (1H, m),
746 (1H, d, J=8.8 Hz), 7.95 (1H, s), 8.06 (1H, dd, J=2.0, 8.8 Hz), 8.22 (1H, dd, J=2.8 Hz), 8.52
(1H,s), 13.39(1H, s)
HPLC Retention Time: 9.96 min.
Obs Mass (M H): 345.1005
Pred Mass QM +H): 345.1016
Formula (M): CygH;6N4038

[Examples 17 to 21]
The compounds of Compound Nos. 17 to 21 wete synthesized in the similar manner as

in Example 16. | .
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[Table 3]

]
|
Compoun

E;(um le
P dNo.

HPLLC
Retention

Time

e

. ———— e ey

Obs Mass
(M++H)

i
i Pred Mass |
]

‘ Formula(M)
(MH41)

IHNMR

17 17

10.91

359.1168

359.1172 | C17H18N403S

400MHz (DMSO d6) 0.88(6H, d, J =
6.812), 1.95-2.02(1H, m), 2.66(3H, ),
395(2H, d, J=6.4Hz), 744(1H, d, ] =
8.8Hz), 7.97(1H, s), 8.10(1H, dd, =2 4,
8.8Hz), 821(1H, d, J =24Hz), 8.51(1H, d, J
=0.8Hz), 13.40(1H, 5)

18 18

11.44

373.1340

373.1329 | C18H20N403S

400MHz (DMSO d6) 0.87(9H, m),
2.66(3H, ), 3.98(2H, 5), 744(1H, d, T =
8.8Hz), 7.98(1H, 5), 8.11(1H, dd, ] =2.4,
8.8Hz), 8.19(1H, d, 1=2.411z), 849(11L, ),
13.37(1H, brs) '

19 19

11.29

371.1173

371.1172 | C18HI18N403S

400MHz (DMSO d6) 1.78-1.99(7H, m),
2.66(3H, 5), 4.15(H, d, J = 6.4Hz), 7.45(1H,
d, J=8.8Hz), 796(1H, 5), 8.10(1H, dd, J =
2.4, 8.8H7), 8.24(1H, d, J=2.0Hz), 849(1H,
s), 13.40(1H, brs)

20 20

9.29

331.0847

331.0859 | CISH14N403S

400MHz (DMSO d6) 1.29(6H, d, I =
6.0Hz), 4.834.89(1H, m), 749(1H, d, J =
8.8Hz), 7.95(1H, d, J =0.8Hz), 8.11(1H, dd,
J=2.8,8.8Hz), 825(1H, d, J=2.4Hz),
839(1H, d, J=2.0Hz), 8.52(1H, d, J =
1.2H7), 13.58(1H, brs)

21 21

1026

345.1011

3451016 | C16HI6N403S

400MHz (DMSO d6) 0.88(6H, d, J=
6.8Hz), 1.952.02(1H, m), 3.96(2H, d, J =
6.0HZ), 745(1H, d, J=8.8Hz), 7.96(1H,d,
J=0.8Hz), 8.14(1H, dd, = 2.4, 8.8Hz),
8.23(1H, d, J=2.4Hz), 8.39(1H, s), 8.50(1H,
d, 7=0.8Hz), 13.591H, brs)

[Examples 22 and 23]

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

| in Example 7.

68



[Table 6]

HPLC
Example Compun Retention ObsMass | - Pred Mass Formula(M) THNMR
dNo. (Mt+H) | (M++H)
Time
400MHz (DMSO d6) 2.62(3H, 5), 7.15(2H,
d, J=7.6Hz),721-7.25(1H, m), 7.44(2H, , J
22 22 10.68 379.0851 | 379.0859 | CI9HI4N4O3S | =8.0Hz), 7.62(1H, d,J=0.8Hz),
7.91-7.98(3H, m), 8.64(1H, 5), 13.50(1H,
brs)
400MHz (DMSO d6) 2.62(3H, s),
23 23 10.63 3970777 | 397.0765 CISHISENIO3 | 7.26:7.47(0H, m), 754(1H, ),
o , S 7.91-7.98(3H, m), 8.64(1H, d, ] = 0.8Hz),
13.50(1H, brs)
[Example 24]
Synthesis of

4—me’rhyl-2~[4—(propan—2—yloxy)—3-(IH-l,2,3,4-tehazo1—l-yl)phenyl]—l,3—ﬂ1iazole—5—carboxylic acid

5 (CompoundNo.24) (Synthesis Method (C))
(1) A suspension was prepared by suspending 123 g of ethyl
2-[3-amino-4-(propan-2-yloxy)phenyl]-4-methyl-1 3-thiazole-5-carboxylate in 20 mL of acefic
acid. A reaction rmxture solution prepared by ;ddjng 478 mg of sodium azide and 1.09 g of
triethyl ortho formate to the suspension was heated at 70°C for 2 hours under a nitrogen
10  atmosphere. After cooling the reaction mixture solution to room temperature, water was added to

the reaction mixture solhution, and exuacﬁon was performed using ethyl acetate. The organic layer

was washed with saline, dried and concentrated under reduced preésure and purified by a

conventional method - to obtain 1.13 g of ethyl

4—methy1—2—[4—(propan—2~yloxy)-3-(1H—1,2,3,4—tet1a@1—1-yl)phenyl]-l,3-ﬂﬁazole-5-carboxylaie. |
15  ESUMSm/e:374.1 (M+H, C7HyNs0;S) |

(@) A reaction mixture solution prepared by dissolving 113 g of ethyl

4—meﬂ1y1—2—[4—(propan—Z—yloxy)—3—(1H—1,2,3,4—tetrazol—1-yl)phenyl}-l,3-ﬂ1iazole~5-carboxylaie n
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15 ml of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 3.0 mL of 2 M sodium
hydroxidé aqueous solution 1o the mixture was stirred at room temperature for 3 hours.  Afler the
addition of 3.0 mL of 2 M hydrochloric acid 1o the reaction solution under stirring, 7 mL of water
was added and extraction was performed using 30 mL of ethyl acetate. The organic layer was
concentrated, followed by purifying by a conventional method to obtain 920 mg of
4-methyl-2-[4-(propan-2-yloxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-1,3-thiazole-5-carboxylic
acid.
"H-NMR (400 MHz, DMSO d6) &(ppmy): 1.28 (6H, d, J=6.0 Hz), 2.65 (3H, s), 4.84 —4.90 (1H, m),
7.50 (1H, d, J=9.6 Hz), 8.13 (1H, dd, ]=2.4, 8.8 Hz), 827 (1H, d, J=2.4 Hz), 9.79 (1H, s), 13.41
(1H,s)
HPLC Retention Time: 9.99 min.
Obs Mass (M'+H): 346.0958
Pred Mass (M'*+H): 346.0968
Formula (M): CysH;sN503S

[Examples 25 to 30]

: The compounds of conipound Nos. 25 to 28 were synthesized in the 81m11ar manner as in

Example 24.



[Table 7]

: ,
' 1PLC

oun i ObsMass | Pred Mass
Retention Formula(M) JHNMR

0. M++H) | (M++H)

25

400MHz (DMSO d6) 0.85(6H, d, J=
6.8Hz), 1.93-2.00(1H, m), 2.66(3H, s),
25 10.87 | 360.1124 | 360.1125 | C16H17N503S 3.96(2H, 4, 1= 6.042), 748(1H, T =
o ' 8.8Hz), 8.18(1H, dd, J =24, 8.8Hz),
8.27(1H, d, J=2.4Hz), 9.79(1H, s),
1341(1H, 5)

26

400MHz (DMSO d6) 0.83(9H, s), 2.66(3H,

26 11.35 3741287 | 3741281 | C17HI9N503S ) 383CH, 5), 747(1H, d, I=8.8112),
- ' ' ' 8.18(1H, dd, J=2.4, 8.8Hz), 827(1H, d, J =

2.0HZ), 9.78(1H, 5), 13.40(1H, 5)

27

400MHz (DMSO d6) 1.72-1.97(7H, m),
2.66(3H, 5), 4.16(2H, d, J=6.4Hz), 7.48(1H,
27 11.22 3721104 | 3721125 | C17HI7NSO3S | d,J=9.2Hz), 8.16(1H, dd, J=24, 8.8Hz),
8.28(1H, d, J=24Hz), 9.75(1H, s),
13.38(1H, s) '

28

400MHz (DMSO d6) 1.53-1.57(4H, mm),
| 1.66-173(2H, m), 1.88-1.93(21, m),

28 109 | 3721114 | 3721125 | CITHITNS03S | 2.65(3H, s), 5.06-5.10(1EL m), 747(1H, d. J
‘ =8.8Hz), 814(1H, dd, J =2.4, 8.8Hz),
8.46(1H, d, J=2.4H2), 9.74(1HL 5)

10

[Example 29]
- Synthesis of 2-[4-(3-hydroxy-2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]4-

methyl-1,3-thiazole-5-carboxylic acid (Compound No. 29) (Synthesis Method (C)

() Tn the similr maomer as in Examples 16 and 24, 197 g of cihyl
[4-(ethoxymethoxy)-3-(1H-1,2,3 4-tetrazol-1-ylyphenyl]-4-methyl-1 3-thiazole-5-carboxylate
was obtained ﬁOm 4.36 g of 4-bromo-2-nitrophenol.

ESUMS m/e: 376.0 (M, C;¢H;gNs05S)

'H-NMR (400 MHz, DMCI3) 8(ppm): 1.40 (6H, d, J=7.2 Hz), 2.78 (3H, s), 3.48 (31 5), 4.36 (2L,

q, J=6.8 Hz), 5.34 (2H, 5), 745 (1H, d, J= 8.8 Hz), 8.05 (1L, dd, J=2.4, 8.8 Hz), 8.44 (1H, d, F=2.4
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Hz),9.17 (314, s)

(2) A reaction mixture solution was prepared by dissolving 197 g of ethyl
[4-(methoxymethoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-carboxylate in
25 mL of 1,4-dioxane and adding 5.0 mL of 2 M hydrochloric acid was heated under stirring at
60°C for 8 hours. After the reaction mixture solution was cooled to room temperature, the
precipitated solid was filtered to obtain 1.49 g of  ethyl
2-[4-hydroxy-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-carboxylate.

ESIMS m/e: 332.0 M'+H, C14H14N505S)

'H-NMR (400 MHz, DMSO d6) S(ppm): 1.39 (6H, d, J=7.2 Hz), 2.76 (3H, s), 4.35 (2H, q, J=7.2
Hz), 722 (1H, d, J=8.4 Hz), 739 (1H, s), 7.90 (1H, dd, J=2.4, 8.8 Hz), 8.45 (1H, d, }=2.8 Hz), 9.44
(1H,s) -

(3) A solution was prepared by dissolving 13.5mg of 2-methypropan-1,3-diol in 1 mL of
tetrahydroﬁxran and adding 39.3 mg of triphenylphosphine and 65 pL of a 40% toluene solution of
diethyl azodicarboxylate to the mixture. After stirring the resiﬂtant‘soluﬁoﬁ at room temperature
for 30 minutes, a reaction mixture solution prepared by adding 33.1 mg of ethyl
2—[4—hydroxy—3-(1H-1,2,3,4—tehazol—1-yl)phenyl]—4—methyl—1,3-ﬂ)iazole-5—carboxylaté to the
solution was‘(»sﬁrred at room temperature for 3 hours. Aﬂcr the addiﬁoﬁ o’f water to the reaction
mixture solution, extraction was performed using ethyl acetate. ‘The organic layer was washed
Wifh saline and then dried and concentrated under reduced pressure, followed by purifying by a
coﬁvenﬁonal method to obtain 67.7 mg of ethyl 2-[4-(3-hydroxy-2-methylpropoxy)-3-
(lH-l,2,3;4—tétré;ol-1—yl)phenyl]—4fmeﬂ1yl-1,B-ﬂﬁazole—S-carbdxylate.

ESIMS m/e: 404.1 (M+H, C;sHN504S)

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

(1H-1,2,3 4-tetrazol-1-ylphenyl]4-methyl-1,3-thiazole-5-carboxylate in 1.0 mL of a mixed
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solution of tetrahydrofuran/methano=1/1. A reaction mixture solution prepared by adding 0.2
mL of 2 M sodium hydroxide aqueous solution 1o 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 stirring, 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 15.4
mg of  2-[4-(3-hydroxy-2-methylpropoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-
thiazole-5 -carboxylic acid.

"H-NMR (400 MHz, DMSO d6) 5(ppm): 0.82 (3H, d, J=6.8 Hz), 1.90 — 1.98 (1H, m), 2.66 (3H, s),
3.25-3.28 (2H, m), 4.04 —4.15 (2H, m), 4.62 (1H, m), 7.48 (1H, d, J=8.8 Hz), 8.17 (1H, dd, J=2.0,
8.8 Hz), 8.28 (1H, d, J=2.0 Hz), 9.80 (1H, s), 13.37 (1H, brs)
HPLC Retention Time: 8.23 min.

Obs Mass (M™H): 376.1074
Pred Mass M ™+H): 376.1074
Formula (M):‘ CiH17Ns04S

[Example 30]
Synthesis of 2—[4—(2—hydr0xy—2—meﬂ1ylprc_)poxy)-3-.(IH-1,2,3,4-tetrazol—l-yl)phenyl]—4—

methy}-1,3-thiazole-5-carboxylic acid (Compound No. 30) (Synthesis Method (C))

(1) A soluion was prepared by dissolving 331 mg of ethyl
2-[4—hydroxy—3—(lH—1 ,2,3,4—tetrazol—l -yDphenyl]-4-methyl-1,3-thiazole-5-carboxylate in 1.0 mL of |
dimethylformamide. A reaction mixture solution prepared by adding 20.7 mg of potassium
carbonate and 16.2 mg ;)f 3-bromo-2-methylpropene to the solution 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 fo obtain 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) A reaction mixture solution prepared by adding 1.0 mL of 35% sulfuric acid aqueous solution to
341 mg of ethyl 4-methyl-2-{4-[(2-methylpropen-1-yl)oxy]-3-(1H-1,2,3,4-tetrazol-1-y])
phenyl}-1,3-thiazole-5-carboxylate was Leated under stirring at 80°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 stiming, and the organic phase was concentrated and purified using a
conventional method to obtain 99 mg of ethyl 2-{4-(2-hydroxy-2-methylpropoxy)-3-
(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-carboxylate.

ESUMS m/e: 404.1 (M“H, CigHpN5O4S) |

(3) A reaction mixture solution prepared by dissolving 9.9 mg of ethyl 2-[4-(2-hydroxy-2-
me’d1ylpropox57)—3{1H—l,2,3,4-teimzol—1-yl)phegyl]—’%—ﬁneﬂwl—1,3-ﬂ1iazple"—5—carboxylaie in 1.0
mlL of a mixed solution of tehahydroﬁ1ran/metﬁanol=l/1 and adding 0.2 mL of 2 M sodium
hydroxide aqueous solution was stirred at room temperature for 3hours. After the addition of 02
mL of 2 M hydrochloric acid to the reaction mixturé solution under stirring, 3 mL of water was
added and extraction was performed using 4 mL of ethyl acetate. The organic phasé was
concentrated and purified by a conventional method to- obtain 48 Ihg of
2-[4-(2-hydroxy-2-methylpropoxy)-3-

(1H—1,2,3;4—’reuazol-l -yDphenyl]-4-methyl-1,3-thiazole-5-carboxylic acid.

lH—NMR (400 MHz, DMSO d6) 8(ppm): 1.08 (6H, s), 2.66 (3H, s), 3.96 (2H, s),4.80 (1H, ), 7.50
(1H, d, J=8.8 Hz), 8.15 (H—L dd, J=2.8, 8.8 Hz), 8.31 (1H, d, J=2.4 Hz), 9.90 (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): CyHj2N504S

[Examples 31 and 32]

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

in Example 24.
5 [Table §]
C HFLC ObsMass | Pred M
Example | 22" | Retention | " | FormulaM) IHNMR
dNo. M++H) M++H)
Time
400MHz (DMSO d6) 1.28(6H, d, J =
6.0Hz), 4.854.91(1H, m), 7.53(1H, d,J =
31 31 932 332.0824 332.0812 | C14H13N503S | 8.8Hz), 8.18(1H, dd,J=2.0, 8.8Hz),
827(1H, d, J = 2.0Hz), 839(1H, 5), 9.80(1H,
s), 13.60(1H, brs)
400MHz (DMSO d6) 0.85(6H, d, J = 6.8H),
1.93-2.01(1H, m), 3.96(2H, d, J = 6.4Hz),
32 32 1023 3460951 | 346.0968 | C1SHI5NSO3S | 7.49(1H, d,J=9.2Hz), 820(1H, dd, J=24,
8.8Hz), 8.30(1H, d, J=2.4117), 840(1H, 5),
9.78(1H, s), 13.59(1H, brs)
[Example 33]
Synthesis of 4-methyl-2-[4-phenoxy-3-(1H-1,2,3 4-tetrazol-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
palladium chloride (II) and 205 mg of a copper bromide (I) dimethylsulfide complex to 2.20 g of
5-bromo-2-fluoronitrobenzene and the resulting mixture was suspended in 20 mL of toluene.
Subsequently, a reaction mixture solution prepared by  adding 2.05 g of ethyl
4-methyl-1,3-thiazole-5-carboxylate, 92.5 pL of isobutyric acid and 228 mg of
15  di-tbutylcyclohexylphosphine to the resulting suspension was heated at 120°C for 14 hours under

a nitrogen atmosphere. The reaction mixture solution was celite-filtered to remove insoluble
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maiter and water was added 19 the filtrate, and extraction was performed using cthyl acetate.  The
organic layer was washed with saline and dried and concentrated under reduced pressure. The
resulting crude product was separaigd and purified by silica gel column chromatography to obtain
2.28 g of ethyl 2-(4-fluoro-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate.

ESUMS m/e: 311.0 M '+H, C13H12FN204S)

(2) A reaction mixture sohtion prepared by suspending 931 mg of ethyl
2~(4-fluoro-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate, 339 mg of phenol and 622 mg of
potassium carbonate in 15 mL of dimethylformamide was heated at 100°C for 14 hours under a
nifrogen atmosphere. The reaction mixture solution was cooled to room temperature, water was
added and extraction was performed ﬁsing ethyl acetate. The organic layer was washed with
saline and then dried and concentrated under reduced pressure. The resulting crude product was
separated and purified by silica gel column chromatography to obtain 1.14 g of ethyl
2~(3-nitro-4-phenoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate.

ESUMS mve: 385.0 (M'+H, CisHi7N05S)

(3) 'A reaction mixture solution prepared by suspending 1.14 g of ethyl
2—(3-nito~4—phenoxypheﬁyl)—4~meﬂ1yl—l,3-ﬂ1iazole—5—carboxylate in 15 mL of ethanol and adding
300 mg of palladium/carbon (10wt%) was sﬁqed at room temperature for 14 hours under a
hydrogen atmosphere. The reaction mixture solution was celite-filtered and the filtrate was
concentrated  under  reduced presswe to - obtain 105 g of ethyl
2—(3-anﬁno#phenomhenyl)#ﬁqeﬂlyl-1,3-thiazole—5—carboxy1ate.

ESUMS m/e: 355.1 (M'+H, C19ﬁ19N203S)

(4 In the similrx manner a in Example 24, 458 mg of
4—methyl—2—[4—ﬁhenoxy—3-(1H~1,2,3,4—tehazolf1-y1)phenyl]—l,3—thiazole—5-carboxylic acid was

obtained using 1.05 g of ethyl 2-(3-amino-4-phenoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate.
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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 8 carbon atoms, alkoxy groups having 1
to 8 carbon atoms or halogen atoms.

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

X1, X2 and X3 are independently CR3 or a nitrogen atom, or X; is CR; ora nitrogen
atom, and X, and X3 together form a benzene ring, in which Rj is a hydrogen atom or
an alkyl group having 1 to 8 carbon atoms.]

In addition, the present invention relates to a pharmaceutical composition
céntaining a. compound represented by the above formula (I) or a pharmaceutically
acceptable salt fhereof and a pharmaceutically acceptable carrier.

Further, the present invention relates td a xanthine oxidase inhibito;
containing a compound represented by the above formula (I) or a pharmaceutically
acceptable salt thereof as an active ingredient.

| In addition, the present invéntion relates to a th~erap.e1'1tic agent ora preventive
agent for diseases associated with xanthjpe 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
nephroj)athy, respiratory diseases such as chronic obstructive pulmonary diseases,
inflammatory bowel diseases or autoimmune diseases, which vcontains a compound
represented by the above formula (I) or a pharmaceutically acceptable salt thereof as
an active ingredient.

Further, the présent invention relates to a compound represented by the



"H-NMR (400 MHz, DMSO d6) &(ppm): 2.67 (314, ), 7.11 = 7.29 (413, m), 7.43 — 7.48 (2H, m),
8.15 (1H, dd, J=2.4,‘8.8 Hz),842 (1H, d, J=2.0 Hz), 9.97 (1H, s),
HPLC Retention Time: 10.79 min.
Obs Mass (M"+H): 380.0803
5  Pred Mass (M"+H): 380.0812
Formula (M): C;5H;sN503S
[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]

-

T I

1'{ N (‘()‘“ljxrml HPLE Obs Mass | Pred Mass |
i Example “/"U‘ "wa Retention S e FormulaM) 1H NMR
! dNo, M+ | A1)
f Time i
1 400M1 1z (DMSO d6) 2.67(31, ), 7.11(1H,
24 3 1067 s080m2 | 3080718 CI8H12FN503 | d, J=8.8Hz), 7.30-7.48(414, m), 8.16(1H,
o S dd, J=2.4, 8.813z), 8.44(1H, d, ] =2.41z),
9.99(1H, 5)
400MHz (DMSO d6) 2.68(3H, 5),3.71(3H,
35 35 10.80 4100908 | 4100918 | C19H15N504S 9, 6.90(1H, ¢ J=84H2), 703731 @H,
- m) ,8.100H, dd,J=2.4, 8.8Hz), 8 38(1H,
d, J=2.8Hz),9.94(1H, s)
400MHz (DMSO0 d6) 2.66(3H, s), 7.18(1H,
26 2% 1063 160620 | 4160623 CI8HI1F2N50 | d,J=8.8Hz),7.35-745 (3H, m) ,8.18(1H,
o 38 dd, J=2.0, 8.8Hz),843(1H, d, ] =2.4Hz),
10.00(1H, s)
300MHz (DMSO d6) 2.68(3H, s), 7.02-7.18
CI8HI2FNS03 | (3H, m),727(1H,d, J=8.7Hz), 7.50(1H,
37 37 10.87 3980717 | 3980718 o . J=8.1H2), 818 dd, J—2.1 87H2),
8.43(1H, d,J=2.1Hz), 9.98(1H, 5)
300MHz (DMSO d6) 2.31(3H, 5), 2.68(3H,
38 38 1149 | 3040058 | 3040068 | CiomIsNsOs | 65716 @ m) 73273, m),
o 8.16(14, dd, J=2.7,9.0Hz), 8 41(1H, d, J =
2.1H2), 9.98(1H, s)
300MHz (DMSO d6) 2.68(3H, s), 7.02(1H,
39 39 117 s40i1 | a1a0sy | CIEHIZCINSO | 4,7=87Hz), 714781 (4H, m),8.18(1H,
o . 38 dJ=84Hz), 846(1H, 5), 9.98(1H, 5),
1337(1H, brs)
300MHz (DMSO d6) 2.23(3H, 5), 2.68(3H,
40 40 1156 4120884 | a12087a | CPHIAFTSOS 5),7.07-728 (4H, m),8.15(H,dd, J=27,
S 8.7Hz), 8.42(1H, d, J=2.1Hz), 9.9%(1H, s)
300MHz (DMSO d6) 2.21(3H, 5), 2.68(3H,
41 41 1139 412.0873 | 412.0874 C_l'gHMFNSOB 9, 692(1K,,J=87H2), 7.15730 GH,
S m) ,8.13(1H, dd, J=2.1,9.0Hz), 8.42(1H,
d, J=2.1Hz), 10.00(1H, 5)
300MHz (DMSO d6) 2.68(3H, s), 7.13-7.61
42 2 10.83 4160607 | 4160623 | C OIIFANSO (44, m) ,8.15(1H,dd,J=2.1,9.0Hz),
33 8.44(1H, d,J=2.1Hz), 10.01(1H, 5)




[fable 10]

) 17}:1 A?fu_

Pred Mass f

5 2 Compoun | ) Obs Mass
| Example Retention FormulaM) 11 NMR
| dNo. , M) | OV H1)
Time
300Mi Iz (DMSO d6) 2.67(3H, 5), 3.77(3H,
CI9HI4FN5O4 | 5),697-7.10 (3H, m) ,7.32-7.40(1H, m),
43 43 10.80 4280819 | 428.0823
S 8.10(1H4, dd, J=2.1,8.7Hz), 8.40(1H, d,) =
2.1Hz), 9.92(1H, s)
300MHz (DMSO d6) 2.12(3H, 5), 2.65(3H,
,691(1H, d, J=8.7Hz),7.11-738 (4
44 44 11.36 3940973 | 394.0968 | C19HISN503S 5691014 ) 5
m) ,8.10(1H, dd, J=2.1,9.0Hz), 8.39(1H,
d,J=2.1Hz), 9.98(1H, s)
300MHz (DMSO d6) 2.11(3H, s), 2.66(3H,
45 45 11.54 3940963 | 3940968 | CI9HISN503S | s),7.07-7.28 (5H, m),8.11(1H, dd, J=21,
8.7Hz), 837(1H, d, J=2.1Hz), 9.98(1H, s)
300MHz (DMSO d6) 2313H, s), 2.67(3H,
CI9H14FN503 | s),6.86697 (3H, m) ,7.27(1H,d,J=
46 46 11.58 4120876 | 412.0874 % Hom . (e,
S 9.0Hz), 8.16(1H, dd, J=2.1,8.7Hz),
841(1H, d, J=2.1Hz), 9.92(1H, s)
300MHz (DMSO d6) 2.67(3H, 5), 7.07-7.40
C18H11F2N50 ® 5) 267Gk, )
47 47 10.76 4160629 | 416.0623 . (4H, m) ,8.11(1H, dd, J=24, 8.7Hz),
8.44(1H, d, J =2.1Hz), 9.71(1H, 5)
| 300MHiz(DMSO d6) 2.30(3H, 5), 2.68(3
, _CI9HI4FN503 ® 6)230GH,5) (‘,H’
48 48 11.36 4120871 | .412.0874 S s),7.11-7.36 (4H, m) ,8.16(1H, dd, J=2.1,
8.7Hz), 844(1H, d, J=2.1Hz), 9.99(1H, 5)
[Example 49]

"Synthesis of 4-methyl-2-{4-[(2-methylpropyl)sulfanyl]-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl}-1,3-

thiazole-5-carboxylic acid (Compound No. 49) (Synthesis Method (D))

5 (1) A reaction mixture solution prepared by suspending 1552 mg of ethyl

2-[4-fluoro-3-nitrophenyl] -4—methy1—l,3 -thiazole-5-carboxylate and 244.4 mg of cesium carbonate

in 1.5 mL of N,N-dimethylformamide and adding 49.6 mg of 2-methylpropylthiol was heated

under stirring at 80°C for 5 hours under a nitrogen atmosphere. The reaction mixture solution

was cooled to room temperature, 3 mL of water was added and extraction was performed using

10

ethyl acetate. The organic layer was concentrated under reduced pressure to obtain a crude

product of ethyl 2-[4-(2-methyipropylthio)-3-nitropheny}-4-methyl-1,3-thiazole-5-carboxylate.
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(Z) The crude product of ethyl 2{4-(2-methylpropylthio)-3-nitropheny}-4-methyl-1,3-
thiazole-5-carboxylate obtained above was reduced using palladium carbon under a hydrogen
atmosphere 10 obtain ethyl
2-[3-amino-4-(2-methylpropylthio)phenyl]-4-methyl-1,3-thiazole-5-carboxylate.

€)] A reaction mixture solution prepared by suspending ethyl
2+[3-amino-4~(2-methylpropylthio)phenyl]-4-methyl-1,3-thiazole-5-carboxylate obtained above in
2.0mL 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 to obtain 123 mg of ethyl 4-methyl-2-
{4-{(2-methylpropyl)sulfanyl]-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl}-1,3-thiazole-5-carboxylate.

(4) A reaction mixture solution prepared by adding 123 mg of ethyl 4-methyl-2-
{4-[(2-methylpropyl)sulfanyl]-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl} -1,3-thiazole-5-carboxylate to 2
mL of a mixed solution of terahydrofuran/methanol=1/1 and adding 0.5 mL of 2 M sodium
hydroxide aqueous solution was slmed at room temperature for 3 hours. Afier the addition of 0.5’
mL of 2 M hydrochloric acid to the reaction mixture sohution under stirring, 3 mL of waier was
added and extraction was performed using ethyl acetate. The organic phase was concentrated,
followed by purifying by a conventional method to obtain 67.9 mg of 4-methyl-2-
{4-[(2-methylpropyD)sulfanyl]-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl}-1,3-thiazole-5-carbxylic acid.
'H-NMR (400 MHz, DMSO d6) 8(ppm): 0.91 (6H, d, J=8.0 Hz), 1.75 (1H, septet, J=8.0 Hz), 2.66
(3H, 5),2.93 (2H, d, J=8.0 Hz), 7.78 (1H, d, J=8.0 Hz), 8.17 - 8.19 (2H, m), 9.89 (IH, 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): Cy6H;:N50,S,

[Examples 50 and 51]
5 The compounds of Compound Nos. 50 and 51 were synthesized in the similar manner as
in Example 49.
[Table 11]
Compo HPLC Obs M. Pred Mass
ompoun
Example Retention Ses Formula(M) IHNMR
dNo. M++H) | M++H)
Time
400MHz (DMSO d6) 1.15(6H, d, J=
50 0 1045 62,0736 362.0740 C15HI15N502S | 6.8Hz), 2.62(3H, s), 3.56-3.63(1H, m),
= ' 20207 ' 2 7.80(1H, d, J = 84Hz), 8.14-8.18(2H, m),
9.82(1H, 5)
400MHz (DMSO d6) 233GH, 5), 2.65(3H,
51 11.83 410074 CI9H15N502S | s),7.18-737 (5H, m) ,8.10(1H,d,J=
! - ) 4100730 100740 2 8.8Hz), 8.26(1H, 5), 9.96(1H, 5), 1349(1H,
brs)
[Example 52]
Synthesis of 4-methyl-2-{4-(N,N-diethylamino)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-1,3-
10  thiazole-5-carboxylic acid (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 N,N-dimethylformamide and adding 88 mg of
N,N-diethylamine was heated under stirring at 40°C for 14 hours under a nitrogen atmosphere.
The reaction mixture solution was cooled to room temperature, 3 mL of water was added and
15  extraction was performed using ethyl acetate. The organic layer was concentrated under reduced

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

(2) A suspension was prepared by adding 210.3 mg of potassium hydrogen carbonate, 5.3 mg of
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palladium chloride (1), 49.3 mg of a copper bromide () dimethylsulfide complex and 21.5 mg of

2~(dit-butylphosphino)biphenyl to the crude product of 5-bromo-2-(N,N-diethylamino)
nitrobenzene obtained above, followed by suspending the mixture in 2 mL of toluene. A reaction
mixture solution prepared by adding 188.3 mg of ethyl 4-methyl-1,3-thiazole-5-carboxylate and
10.6 mg of isobutyric acid to the suspension was heated at 130°C for 13 hours under a nitrogen
atmosphere. Water was added to the reaction mixture solution and extraction was performed
using ethyl acetate. The organic layer was concentrated under reduced pressure and then the
resulting crude product was separated and purified by silica gel cohumn chromatography to obtain
256.1 mg of ethyl 2-[4—(N,N~dieﬂ1ylamino)-3-niiropﬁenyl]-4-meﬂ1y1—1,3—ﬂliazole-5-uarboxylate.

(3) Ethyl 2-[4-(N,N-diethylamino)-3-nitrophenyl]-4-methyl-1,3-thiazole-5-carboxylate obtained

above was reduced by palladiom carbon under a hydrogen atmosphere to obtain ethyl

- 2-[3-amino-4-(N,N-diethylamino) phenyl]-4-methy}-1,3-thiazole-5~carboxylate.

4 A reaction mixture  solution  prepared by  suspending  ethyl
2-[3-amino-4-(N,N-diethylamino)phenyl]-4-methyl-1,3-thiazole-5-carboxylate obtained above,in
3.0 mL of acetic acid and adding 91.6 mg of sodium azide and 209.2 mg of triethyl ortho fonnaie
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 ~l.mder reduced pressufe, followed by purifying by a
conventional method  to obtain 2959 . mg of ethyl
2—[4-(1\1N—dieﬂ1ylamino)—3{lH—1,2,3,4-‘te(razol—1—yl)phenyl]—l,3—ﬂﬂazole-5-carboxylate.

(®) A reaction mixture solution prepared by dissolving 2959 mg of ethyl
2-[4-(N,N-diethylamino)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-thiazole-5-carboxylate  obtained

above in 3 mL of a mixed solution of tetrahydrofuran/methanol=1/1 and adding 2.0 mL of 2 M
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sodium hydroxide aqueous solution was stirred at room temperature for 2 hours. Afler the

addition of 2.0 mL of 2 M hydrochloric acid 1o the reaction mixture solution, the mixture was

purified by a conventional method o obtamn 1999 mg  of

4-methyl-2-[4-(N,N-diethylamino)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-1,3-thiazole-5-carboxylic

5 acid
"H-NMR (400 MHz, DMSO d6) 8(ppm): 0.85 (6H, d, J=8.0 Hz), 2.64 (3H, s), 2.80 (4H, d, J=8.0
Hz), 741 (1H, d, J=8.0 Hz), 8.02 (1H, d, J=4.0 Hz), 8.08 (1H, dd, J=8.0, 4.0 Hz), 9.82 (1H, )
HPLC Retention Time: 10.50 min.
Obs Mass (M'+H): 359.1289
10  Pred Mass (M'+H): 359.1285
Formula (M)Z C151'113N5OZS
[Example 53]
The compound of Compound No. 53 was synthesized in the similar manner as in
Example 52.
15 [Table12]
Compo PPLC | b Mass | Pred Mass
Example | 22 | Retention FormulaQM) JHNMR
dNo. M++H) | (M)
Time :
400MHz (DMSO d6) 1.75(4H, s), 2.61(3H,
Cl6HIENGons | > 28I T 01(H, &3 =92H2)
53 53 9.75 3571124 | 357.1128 781 <), 79501, &, 1= 68552 O BO(IEL
S)
[Example 54]
The xanthine oxidase inhibitory activity was measured for the compounds synthesized
according to the above Examples.
20 (1) Preparation of Test Compounds
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Test compound was dissolved in DMSO (manufaciured 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 evaluation 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 caried 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 sodium hydroxidé 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 compoﬁnd diluted with DMSO at 100 times of a final concentration
was added to eéchwell 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 Devices,
LLC). Subsequently, oxidase-type xanthine o>ddor¢ductase (from buttermilk, manufactured by
Calbiochem Novabiochem Corp.) was prepared at 30.6 mU/mL, using a 100 mM phdspha{e-buffer
solution and added to each well at 73.5 pL pef well. Immediately after mixing, the change of
absorbance at 290 nm was measured for 5 minutes. The enzyme activity of DMSO solution

without test compound was used as 100% control, and the inhibitory rate-of the test compourids

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 symbols (+, ++, ++) in the
table represent inhibitory activity values as shown below.
10.0 nM<ICqyg: +
5.0 nM<ICs0<10.0 nM: ++

1.0 nM<ICs0<5.0 nM: +++

&4
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[Table 13]

Compound | Inhibitor | Compound | Inhibitor | Compound | Inhibitor | Compound | Inhibitor
No. Activity No. Activity No. | Actvity No. Activity
1 +++ 15 + 28 +++ 41 +4++
2 ++ 16 | A+ 22 |+ a2 |+t
3 ++ 17 +++ 30 +++ 43 +4++
4 ++ 18 | +++ 31 +++ | 44 +++
5 ++ 19 +++ k) +++ 45 +++
6 ++ 20 +++ 33 +++ 46 +4++
7 + 21 +++ 34 +++ 47 +4++
8 + 22 + 35 ++4 48 +++
9 +++ 23 + 36 +++ 49 +++
10 T+ 24 +++ | 3 +4++ 50 +++
n A+ 25 +++ | 8 | +++ 51 +44+
12 +4++ 26 +++ 39 +++ 52 +++
13 T4+ 27 +++ | 4 |+t 53 +++
14 +++

[Example 55]

Hypouncemlc effect (Normal Rats))

The hypouricemic effect was confirmed for the compounds of éompound No. 17,24,25
and 26. A test compound suspended in a 0.5% methylcellulose solution was administered to 8 to
9 week-old prague—Daney 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
administration, the plasma was separated. The level of uric acid in the blood sample was
measured by uncase method using an absorption spectrometer as well as a uric acid determination
kit (L type Wako UA F: Wako Pure Chemical Industries, Itd.). The percentage of hypouricemic
effect was determined by the following expression:

Percentage of hypouricemic effect (%) = (Level of uric acid of the control animal — Level of uric
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acic of the test compound-administered animal)x100/ Leve] of uric acid of the control animal.
All of compounds of compound No. 17, 24, 25 and 26 showed a hypouricemic effect of
50% 6r more at the dose of 10 mg/kg.
Further, compounds of compound No. 24, 25 and 26 showed a hypouricemic effect of
50% or more even at the dose of 1 mg/kg.
From the above results, it was shown that the compounds of the present invention have a
potent hypouricemic effect.
[Example 56]
Prolonged hypouricemic 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 sumlar manner as in Example 55. After the
blood was collected _from the tail vein 24 hours after administration, the plasma was separated.
The level of uric acid in the blood was measured by an uricase method using an absorption
spectrometer and a uric acid determination kit (L type Wako UA F: Wako Pure Chemical Industries,
Ltd). The percentage of hypouricemic effect was determined by the following expression:
Percentage of hypouricemic effect (%) = (Level of unc acid of the control animal — Level of uric
acid of the test oompound-adlniiﬁstered animal)x100/ Lévcl of uric acid of the control animal.
All of the compounds of compound No. 17, 25 and 26 showed a hypouricemic effect of 50% or
more in 24 hours after administration at the dose of 10 mg/kg.
Further, all of the compounds of cémpound No. 25 and 26 showed a hypouricemic effect
of 40% or more in 24 hours after administration even at the dose of 3 mgkg.
From the above results, the compounds of the preseht invention have a prolonged

hypouricemic effect over a long period of time.

[Example 57]
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following formula (1), which may be uscd as a manufacturing intermediate of a
compound represented by the above formula (I):

[Chemical Formula 3]

(o)

[wherein R; represents OR, NRR’ which may form a ring, or SR, in whi__c_:h R and R’
independently represent a hydrogen atom, an alkyl group having 1 to 8 carbon atoms
optionally substituted with one or a plurality of alkoxy groups having 1 to 8 carbon
atoms, halogen atoms or hydroxyl groups, an aryl group optionally substituted with
one or a plurality of alkyl groups having 1 to 8 carbon atoms, 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. -
R, >represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
X1, X3 and X3 are independently CR3 or a hitrogen atom, or X; is CR3 or a nitrogen
atom, and X, and Xj together form a benzene ring, in which R3 ;epresents a hydrogen
atom or an alkyl group having 1 to 8 carbon atoms.]
R4 represents a protective group of a carboxyl group.

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

following formula (III), which may be used as a manufacturing intermediate of a
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Hypouricemic eficet (Iyperuricemic beagle dogs)

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

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

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

From the above results, it was shown that the compounds of the present invention have a
potent hypouricemic effect in beagle dog.

[Example 58]

Pfolonged inhibitory effect of xanthine oxidase in tissue and plasma.

For “xanthine oxidase” in the present invention, as far as this example, oxidative reaction
catalyzing activities which are brought by oxidase-type xanthine oxidoreductase solely and by both
oxidase-type and dehydrogenase-type xanthine oxidoreductase are distinguished. The former is
“XO activity” and the latter 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 includes liver, kidney,

adipose tissue, infestine and vessel. In addition, percentage of XO activity nhibition and that of
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XO activity inhibition in same sample are thought 10 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 administration 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 prepéred by centrifugation.

Tissue XO activity, tissue XOR activity and plasma XO- activity were measured by the
pterin-based assay which utilizes the reaction that pterin is oxidized by each type of xanthine
oxidoreductase to produce fluorescent isoxanthopterin. In brief; frozen tissues were homogenized
with potassium phosphate buffer, pH 7.4, containing 1 mM‘ ethylenediaminetetraacetic acid
(EDTA) and protease inhibitors to prepare tissue concentration as follow (liver: 25 mg/mL, kidney:
25 mgml, intestine: 5 mg/mL, adipose tissue: 5 mg/ml, vessel: 30 mgmL). Then the
homogenates were centrifuged 12,000 rpm for 15 min at 4°C. When measured XO 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 tiséue homogenate was co-incubated with 50 pM
pterin and 5 OpM methylene blue solution at 37°C. As a wnﬁoL 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 samplm
were determined from fluorescence intensity which normalized by the intensity value of control
and protein concentration. .

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

Percentage of XO or XOR activity inhibition (%) = (XO or XOR activity of the control animal —
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XO or XOR activity of the test compound-administered animal) 100/ XO or XOR activity of the

control animal.

Liver and Kidney XO uctivities and plisma XO activity 27 hours afler compound 17, 25

and 26 administration are shown in the table below.

5 [Table 14)

% of inhibition (vs, vehicle)

%_inhibition of tissue and Plasma XO activity

£ 27 hours after administration)

com pound 17 25 26
Dose '
(malkg 10 1 P10
| {maikg) 1 i 10 1 | |
Liver | 280% | Z90% | 280% | 200% | 280% ; 290%
Kidney | 260% | 280% | 260% | 280% | 260% | 280%
Plasma | 226% | 240% | 225% | 240% | 226% | 240%

Intestine, adipose tissue and vessel XOR activities 24 hours after compound 25

10  administration are shown in the table below.

[Table 15]
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15

% inhibition of tissue XOR activily

(24 hours after adinistration)

% of innibition (vs. vehicle)

Compound 25
Dose
1 10
(mg/kg)
Intestine =60% =80%
Ac_hpose >30% >609%
tissue
Vessel =25% =40%

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

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

All of compounds of compound No. 17, 25 and 26 inhibited 40 % or more XO activity
27 hours after drug administration compared 1o the control animal at the dose of 10 mg/kg n
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 inhibited 60 % or more XOR activity 24 hours after drug
administration compared to the control ammal at the dose of 10 mg/kg in adipose tissue.

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

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

drug administration respectively compared to the control animal at the dose of 10 mg/kg in liver.
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Compound No. 25 inhibited 70% or mere XOR activity and XO activity 24 hours afler
drug administration respectively compared to the control animal at the dose of 10 mg/kg in kidney.
Further, all of compounds of compound No. 17, 25 and 26 inhibited 80 % or more XO
activity 27 hours 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 afier drug administration compared to the control animal even at the dose of 1 mg/kg in
kidney. |
All of compounds of compound No. 17, 25 and 26 inhibited 25 % or more XO activity
27 hours after drug administration compared to the control animal even at the dose of 1 mg/kg in
plasma.
In addition, compound No. 25 inhibited 60% or more XOR activity 24 hours after drug
administration compared to the control animal at the dose of 1 mg/kg in intestine.
Compound No. 25 inhibited 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 inhibited 25% or more XOR activity 24 hours after drug
administration compared to the contro] animal at the dose of 1 mg/kg in vessel.

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

- drug administration respectively compared to the control animal at the dose of 1 mg/kg in liver.

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

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

[Industrial Applicability]

9]



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

phammaceutically acceptable salt thereof have a xanthine oxidase mhibitory activity and may be
used 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, respiraibxy diseases such as chronic obstructive puimonary diseases, inflammatory
bowel diseases or autoimmune diseases, which can be clinically applied as a xanthine oxidase

inhibitor,
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(33) 4-methyl-2-[4-phenoxy-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-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-yl)phenyl]-4-methyl-1,3-
thiazole-5-carboxylic acid

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

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

(38) 2-[4-(3-methylphenoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-
S-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-methyl-1,3-
thiazole-5-carboxylic acid

(41) 2-[4-(4-fluoro-2-methylphenoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-
thiazole-5-carboxylic acid

(42) 2-[4-(2,4-difluorophenoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)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-
1,3-thiazole-5-carboxylic acid

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

(45) 2-[4-(4-methylphenoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-thiazole-
5-carboxylic acid

(46) 2-[4-(3-fluoro-5-methylphenoxy)-3-(1H-1,2,3 4-tetrazol-1-yl)phenyl]-4-methyl-1,3-
thiazole-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
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CLAIMS
The invention claimed is:

1. A compound represented by the formula (I) or a pharmaceutically acceptable salt

thereof:

@

=X N - F
Ry AY \g

i
; .
' 2

wherein R represents OR, NRR' which may form a ring or SR, in which the terfl?y“NR{R
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 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 1 to 8 carbon atoms, an alkoxy groups
having 1 to 8 carbon atoms or a halogen atom,
Rz represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and
X1, Xz2and X3 are independently CR3 or a nitrogen atom, or X is CR3or a nitrogen atom,
and X and X3 together form a benzene ring, in which Rsis a hydrogen atom or an alkyl
group having 1 to 8 carbon atoms.
2. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,
wherein Ry is OR.
3. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,

wherein R;is SR.
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4. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,

wherein R is NRR' which may form a ring in which the term “NRR’ forms a ring” means
that R and R’ together with the nitrogen atom to which they are attached to form a saturated
nitrogen-containing ring.

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

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 optionally
substituted with one or a plurality of alkoxy groups having 1 to 8 carbon atoms or halogen
atoms or hydroxyl groups.

7. The compound according to claim 6 or a pharmaceutically acceptable salt thereof,
wherein R;is OR or SR and R is an isopropy! group, a isobutyl group or a neopentyl group.
8. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,

wherein Rz is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms.

9. The compound according to claim 8 or a pharmaceutically acceptable salt thereof,
wherein Rz is a methyl group.

10. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,
wherein X, Xz and X3 are independently CR3or a nitrogen atom.

11. The compound according to claim 10 or a pharmaceutically acceptable salt thereof,
wherein X is a nitrogen atom, X3 is CR3 or nitrogen atom and X3 is CR3.

12. The compound according to claim 1 or a pharmaceutically acceptable salt thereof,
wherein Ri 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-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-

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

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

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

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

(7) 2-[3-(1H-imidazol-1-yl)-4-phenoxyphenyl]-4-methyl-1,3-thiazole-5-carboxylic acid

(8) 2-[4-(2-fluorophenoxy)-3-(1H-imidazol-1-yl)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid

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

(10) 4-methyl-2-[3-(5-methyl-1H-1,2,3,4-tetrazol-1-yl)-4-(2-methylpropoxy)phenyl]-1,3-
thiazole-5-carboxylic acid

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

(12) 4-methyl-2-[3-(3-methyl-1H-1,2,4-triazol-1-yl)-4-(2-methylpropoxy)phenyl}-1,3-
thiazole-5-carboxylic acid

(13) 4-methyl-2-[4-(2-methylpropoxy)-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-yl)-4-(2-methylpropoxy)phenyl]-1,3-
thiazole-5-carboxylic acid

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

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

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

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

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

(25) 4-methyl-2-[4-(2-methylpropoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-thiazole-
5-carboxylic acid

(26) 2-[4-(2,2-dimethylpropoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-4-methyl-1,3-
thiazole-5-carboxylic acid

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

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

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

(32) 2-[4-(2-methylpropoxy)-3-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-1,3-thiazole-5-

carboxylic acid
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