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DESCRIPTION

[TECHNICAL FIELD]

[0001] The present invention relates to a pyrazine derivative which is useful as a
pharmaceutical. More specifically, the present invention relates to a pyrazine derivative and a
pharmaceutically acceptable salt thereof, and a solvate thereof, which has URAT1 inhibitory
activity and is useful for treating or preventing diseases in which URAT1 is involved, the
diseases including gout, hyperuricemia, hypertension, kidney diseases such as interstitial
nephritis and the like, diabetes, arteriosclerosis, Lesch-Nyhan syndrome, and the like.

[BACKGROUND ART]

[0002] Uric acid is the final product resulting from purine degradation in the liver. The primary
route through which uric acid in the body is excreted is the kidney, and about two-thirds of it is
excreted in the urine, with the remainder excreted in the stool. Blood uric acid levels are
maintained in healthy individuals, but, when an excessive production of uric acid or a
decreased excretion of uric acid occurs, this causes hyperuricemia.

[0003] Hyperuricemia, in which blood uric acid levels become elevated, is a factor that causes
gout and urinary calculus, and furthermore it is said to contribute to nephropathy and
arteriosclerosis. In addition, there have recently been an increasing number of reports that the
higher the blood uric acid level, the higher the incidence rates of lifestyle-related diseases such
as metabolic syndrome and hypertension, chronic kidney disease, and the like, and
hyperuricemia is being recognized to be a risk factor for these diseases. Thus, an
improvement in hyperuricemia is expected to lead to improvements in various diseases (Non-
Patent Document 1).

[0004] Recently, the gene (SLC22A12) encoding a human renal urate transporter has been
identified. The transporter (urate transporter 1, URAT 1) encoded by this gene is a twelve-span
transmembrane molecule belonging to the OAT family. Its mRNA is specifically expressed in
the kidney, and further, its localization on the apical side of the proximal tubule has been
observed in human kidney tissue sections. URAT 1-mediated uric acid uptake has been shown
by experiments using the Xenopus oocyte expression system. Furthermore, it has been
reported that probenecid or benzbromarone, which inhibits URAT1, is useful as a therapeutic
or prophylactic agent for hyperuricemia, gout, and the like (Non-Patent Document 2) .

[RELATED ART DOCUMENTS]

[NON-PATENT DOCUMENTS]
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[0005] [Non-Patent Document 1] The Guideline Revising Committee of Japanese Society of
Gout and Nucleic Acid Metabolism, ed., Guideline for the management of hyperuricemia and
gout, second edition, Medical Review

[0006] (2010) . [Non-Patent Document 1] Enomoto A. et al., Nature 417, 447-452 (2002).
W02008/126899 discloses compounds as inhibitors of uric acid production.

[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0007] It is an object of the present invention to provide a novel compound having URAT1-
inhibitory activity.

[0008] Additionally, it is another object of the present invention to provide a therapeutic or
prophylactic agent for a URAT1-associated disease, such as gout, hyperuricemia,
hypertension, renal disease such as interstitial nephritis, diabetes, arteriosclerosis, or Lesch-
Nyhan syndrome, containing the novel compound having URAT 1-inhibitory activity as an active
ingredient.

[0009] Further, it is another object of the present invention to provide URAT1 inhibitor or
pharmaceutical composition having inhibitory activity against URAT1.

[MEANS OF SOLVING THE PROBLEMS]

[0010] The present inventors conducted diligent research in order to solve the above
problems and, as a result, reached the following invention. That is, the present invention is a
pyrazine derivative represented by the following formula (I) or a pharmaceutically acceptable
salt thereof, or a solvate thereof. Furthermore, the pyrazine derivative and the
pharmaceutically acceptable salt thereof, and the solvate thereof of the present invention have
excellent URAT1 inhibitory activity.

[Chemical formula 1]

(R%), R?

/\“N\ /X1 l "

R1»/\_

/ i

-
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wherein, X' represents a nitrogen atom or CH; R represents a hydrogen atom, a C4-Cg alkyl
group, a C3-Cg cycloalkyl group, a Co-Cg alkenyl group, a C»-Cg alkynyl group, a halogen atom,
a trifluoromethyl group, a difluoromethyl group, a cyano group, a Co-C7 alkylcarbonyl group, a
C4-Cg alkylsulfonyl group, a nitro group, an amino group, a di(C4-Cg alkyl)amino group, a
formyl group, a hydroxyl group, a C1-Cg alkoxy group, a C4-Cg alkylthio group, or a phenyl or
phenoxy group optionally substituted with 1 to 3 R®s; R® represents a halogen atom, a C4-Cg
alkyl group, a C3-Cg cycloalkyl group, or a C4-Cg alkoxy group; R? represents a C4-Cg alkyl
group, a C3-Cg cycloalkyl group, or a C4-Cg alkoxy group; p represents any integer of 0 to 2; R3
represents a hydrogen atom, a C4-Cg alkyl group, a C3-Cg cycloalkyl group, a C>-Cg alkenyl
group, a C»-Cg alkynyl group, a C4-Cg alkoxy group, a C»-C7 alkylcarbonyl group, a C¢-Cg
alkylthio group, a halogen atom, a ftrifluoromethyl group, a difluoromethyl group, a cyano
group, a phenyl group, a pyridyl group, a phenoxy group, or a COORP; R4 represents a

tetrazolyl group, -COOR®, -CONHSO,-(C+-Cg alkyl), or any one of the following groups:
[Chemical formula 2]

Mcooaﬁ :‘{sxcooac Qcomﬂ

RP and R® may be the same or different and represent a hydrogen atom, or a C4-Cg alkyl

group; Z represents any one of the following groups represented by Z1 to Z7:
[Chemical formula 3]

N
RS G Ry Ry Vi 1 <
=R’ —-w?§:>t[:j EZE:jmy ~R” ]
i/»::\é —RS f'/ & R W Ri2 e H’{"" K\R‘E’

Z1 72 Z3 74 Zs Z6 z7

R®

RS represents a hydrogen atom or a C4-Cg alkyl group; R® and R’ may be the same or
different and represent a hydrogen atom, a halogen atom, a C4-Cg alkyl group, a C¢-Cg alkoxy
group, a trifluoromethyl group, a trifluoromethoxy group, a cyano group, a nitro group, or a

phenoxy group, or R® and R’ together form a Cq- C3 alkylenedioxy group; R8, RY, R0, R,

R'2, R13 R, and R'® each independently represent a hydrogen atom, a halogen atom, a C4-
Cg alkyl group, a C1-Cg alkoxy group, a difluoromethyl group, a trifluoromethyl group, a cyano

group, or a di(C4-Cg alkyl) amino group; R'® and R' may be the same or different and
represent a halogen atom; q and r independently represent 0 or 1; W represents a sulfur atom,
an oxygen atom, or NR%: and R9 represents a hydrogen atom, a C4-Cg alkyl group, or a benzyl

group.

[0011] Furthermore, the present invention is a pharmaceutical composition comprising a
pyrazine derivative represented by the above formula (1) or a pharmaceutically acceptable salt
thereof, or a solvate thereof, and a pharmaceutically acceptable carrier; a URAT1 inhibitor
containing the pyrazine derivative represented by the above formula (1) or a pharmaceutically
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acceptable salt thereof, or a solvate thereof as an active ingredient; and a preventive agent or
a therapeutic agent for diseases in which URAT1 is involved such as gout, hyperuricemia,
hypertension, kidney disease, diabetes, arteriosclerosis, Lesch-Nyhan syndrome, and the like,
wherein the preventive agent or the therapeutic agent contains the pyrazine derivative
represented by the above formula (I) or the pharmaceutically acceptable salt thereof, or the
solvate thereof as an active ingredient.

[EFFECTS OF THE INVENTION]

[0012] According to the present invention, there is provided a novel pyrazine derivative or a
pharmaceutically acceptable salt thereof, or a solvate thereof, useful as a therapeutic or
prophylactic agent for a URAT1-associated disease, such as gout, hyperuricemia,
hypertension, renal disease such as interstitial nephritis, diabetes, arteriosclerosis, or Lesch-
Nyhan syndrome.

[MODE FOR CARRYING OUT THE INVENTION]

[0013] In the following, there will be explained terms used singly or in combination in the
present description. Unless otherwise noted, explanation of each substituent is common to all
positions. Further, a combination of substituents and variables is allowed only when such a
combination produces a chemically stable compound. When a substituent itself is substituted
with two or more groups, these many groups can exist on the same carbon or on different
carbons as long as a stable structure is generated.

[0014] In the present invention, the "halogen atom" means a fluorine atom, a chlorine atom, a
bromine atom, and an iodine atom.

[0015] In the present invention, the "C¢-Cg alkyl group" means a linear or branched aliphatic

saturated hydrocarbon group of 1 to 6 carbon atoms, and a specific group includes, for
example, a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an
isobutyl group, a tert-butyl group, a pentyl group, an isopentyl group, and a hexyl group.

[0016] In the present invention, the "Co-Cg alkenyl group" means a linear or branched

aliphatic hydrocarbon group of 2 to 6 carbon atoms having an unsaturated double bond, and
includes, for example, a vinyl group, a 1-propenyl group, a 2-propenyl group, a 2-methyl-1-
propenyl group, a 2-methyl-2-propenyl group, a 2-buten-1-yl group, a 3-buten-1-yl group, a 2-
penten-1-yl group, a 3-penten-1-yl group, a 4-penten-1-yl group, a 5-hexen-1-yl group, a 4-
hexen-1-yl group, a 3-hexen-1-yl group, a 2-hexen-1-yl group, a 3-methyl-2-buten-1-yl group,
a 3-methyl-3-penten-1-yl group, a 3-methyl-2-penten-1-yl group, a 4-methyl-3-penten-1-yl
group, a 4-methyl-2-penten-1-yl group, a 2-methyl-2-penten-1-yl group, and the like.
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[0017] In the present invention, the "Co-Cg alkynyl group"” means a linear or branched aliphatic

hydrocarbon group of 2 to 6 carbon atoms having an unsaturated triple bond, and includes, for
example, an ethynyl group, a 1-propyn-1-yl group, a 2-propyn-1-yl group, a 2-butyn-1-yl group,
a 3-butyn-1-yl group, a 2-pentyn-1-yl group, a 3-pentyn-1-yl group, a 4-pentyn-1-yl group, a 5-
hexyn-1-yl group, a 4-hexyn-1-yl group, a 3-hexyn-1-yl group, a 2-hexyn-1-yl group, and the
like.

[0018] In the present invention, the "C3-Cg cycloalkyl group" means a cyclic aliphatic

hydrocarbon group of 3 to 6 carbon atoms, and a specific group includes, for example, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, and a cyclohexyl group.

[0019] In the present invention, the "C1-Cg alkoxy group” means a linear or branched aliphatic

hydrocarbon-oxy group of 1 to 6 carbon atoms, and a specific group includes, for example, a
methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an
isobutoxy group, a pentyloxy group, an isopentyloxy group, and a hexyloxy group.

[0020] In the present invention, the "C, to C7 alkylcarbonyl group” means a group formed of a
"C4-Cg alkyl group" and a carbonyl group and includes, for example, an acetyl group, a
propionyl group, a butyryl group, an isobutyryl group, a n-pentylcarbonyl group, a sec-
butylcarbonyl group, a tert-butylcarbonyl group, an isopentylcarbonyl group, a 2-
methylbutylcarbonyl group, a 3-methylbutylcarbonyl group, a 1-ethylpropylcarbonyl group, a
1,1-dimethylpropylcarbonyl group, a 1,2-dimethylpropylcarbonyl group, a neopentylcarbonyl
group, a 4-methylpentylcarbonyl group, a 3-methylpentylcarbonyl group, a 2-
methylpentylcarbonyl group, a 1-methylpentylcarbonyl group, a 3,3-dimethylbutylcarbonyl
group, a 2,2-dimethylbutylcarbonyl group, a 1,1-dimethylbutylcarbonyl group, a 1,2-
dimethylbutylcarbonyl group, a 1,3-dimethylbutylcarbonyl group, a 2,3-dimethylbutylcarbonyl
group, a 1-ethylbutylcarbonyl group, a 2-ethylbutylcarbonyl group, a n-hexylcarbonyl group,
and the like.

[0021] In the present invention, the "C4-Cg alkylsulfonyl group” means a group formed of a
"C4-Cg alkyl group" and a sulfonyl group and includes, for example, a methylsulfonyl group, an

ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl group, a butylsulfonyl group,
an isobutylsulfonyl group, a sec-butylsulfonyl group, a tert-butylsulfonyl group, a pentylsulfonyl
group, a hexylsulfonyl group, and the like.

[0022] In the present invention, the "di (C4-Cg alkyl)amino group" means an amino group
having the same or different two "C4-Cg alkyl groups" substituted on a nitrogen atom and

includes, for example, a dimethylamino group, a diethylamino group, a dipropylamino group, a
diisopropylamino group, a dibutylamino group, a diisobutylamino group, a di(sec-butyl)amino
group, a di(tert-butyl)amino group, a dipentylamino group, a dihexylamino group, and the like.

[0023] In the present invention, the "C4-Cg alkylthio group" means a group formed of a "C4-Cg
alkyl group" and a thio group and includes, for example, a methylthio group, an ethylthio group,
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a propylthio group, an isopropylthio group, a butylthio group, an isobutylthio group, a sec-
butylthio group, a tert-butylthio group, a pentylthio group, a neopentylthio group, a tert-
pentylthio group, a 2-methylbutylthio group, a hexylthio group, an isohexylthio group, and the
like.

[0024] In the present invention, the "C4-C3 alkylenedioxy group" means a group formed of a
C1-C3 alkylene and two oxy groups. For example, there may be mentioned a methylenedioxy (-
OCH20-), ethylenedioxy (-OCH>CH»0-), trimethylenedioxy (-OCH,CH,CH0-), propyleneoxy (-
OCH,CH(CH3)O-) group, and the like.

[0025] In the present invention, the "C4-C4 alkylene group" means a bivalent group formed by

loss of two hydrogen atoms from the same carbon atom or different two carbon atoms of a
saturated linear or branched aliphatic hydrocarbon having 1 to 3 carbon atoms, and includes
for example, a methylene, ethylene, or trimethylene group, and the like.

[0026] In addition, among the above-mentioned definitions, the "C" in, for example, "C4"

represents a carbon atom and the number that follows indicates the number of the carbon
atoms. For example, "C4-Cg" indicates a range from 1 carbon atom to 6 carbon atoms.

[0027] The present invention relates to a compound represented by the formula (I) or a

pharmaceutically acceptable salt thereof, or a solvate thereof.
[Chemical formula 4]

(R%)p o R
—N
/NI
e
;O
Z

[0028] In the formula (1), X! represents a nitrogen atom or CH. Either case is preferable but
the nitrogen atom is more preferable.

[0029] In the formula (I), R! represents a hydrogen atom, a C4-Cg alkyl group, a C3-Cg
cycloalkyl group, a Cy»-Cg alkenyl group, a Cx-Cg alkynyl group, a halogen atom, a
trifluoromethyl group, a difluoromethyl group, a cyano group, a C»-C7 alkylcarbonyl group, a
C4-Cg alkylsulfonyl group, a nitro group, an amino group, a di(C4-Cg alkyl)amino group, a
formyl group, a hydroxyl group, a C¢-Cg alkoxy group, a C4-Cg alkylthio group, a phenyl group

optionally substituted with 1 to 3 R®s, or a phenoxy group optionally substituted with 1 to 3
R¥s.
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[0030] R®represents a halogen atom, a C4-Cg alkyl group, a C3-Cg cycloalkyl group, or a Cy-
Cg alkoxy group.

[0031] As R!, preferable is a hydrogen atom, a C4-Cg alkyl group, a C3-Cg cycloalkyl group, a
halogen atom, a trifluoromethyl group, a cyano group, a hydroxyl group, a C4-Cg alkoxy group,

a phenyl group, or a phenoxy group, and above all, more preferable is a hydrogen atom, a
methyl group, an ethyl group, a cyclopropyl group, an isopropyl group, a methoxy group, an
ethoxy group, a cyano group, a hydroxyl group, a phenyl group, or a phenoxy group.

[0032] Further, the position of substitution of R is preferably a meta position as shown in the

following formula (la).
[Chemical formula 5]

RT
»—N X! R
,// \\ // ‘ ﬂa)
(Rg)p/‘/m
N /N Ré
Z

[0033] In the formula (1), R? represents a C4-Cg alkyl group, a C3-Cg cycloalkyl group, or a Cq-
Cg alkoxy group; and p represents an integer of 0 to 2.

[0034] As p, preferable is 0.

[0035] In the formula (I), R3 represents a hydrogen atom, a C4-Cg alkyl group, a C3-Cg
cycloalkyl group, a Co-Cg alkenyl group, a Co-Cg alkynyl group, a C4-Cg alkoxy group, a Co-Cy
alkylcarbonyl group, a C4-Cg alkylthio group, a halogen atom, a trifluoromethyl group, a
difluoromethyl group, a cyano group, a phenyl group, a pyridyl group, a phenoxy group, or
COOR®.

[0036] As R3, preferable is a hydrogen atom, a C4-Cg alkyl group, or a halogen atom and,
above all, more preferable is a hydrogen atom, a methyl group, or a chlorine atom.

[0037] In the formula (), R* represents a tetrazolyl group, -COORC, -CONHSO,- (Cq -Cg

alkyl), or a group shown by any one of the following:
[Chemical formula 6]

fg\/\cmR“ !’isxcoom ;\SQCDOR‘:
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[0038] RP and R! may be the same or different and represent a hydrogen atom or a C1-Csg
alkyl group.

[0039] As R4, preferable is -COORC and, above all, a carboxyl group is more preferable.

[0040] In the formula (I), Z represents any one of groups represented by the following
formulas Z1 to Z7.

[Chemical formula 7]

Ry Ry \ i / \
R

el 72 Z3 Z4 Z5 76 Z1

[0041] In Z1, RS represents a hydrogen atom or a C4-Cg alkyl group. R® and R’ may be the
same or different and represent a hydrogen atom, a halogen atom, a C4-Cg alkyl group, a Cy4-
Cg alkoxy group, a ftrifluoromethyl group, a trifluoromethoxy group, a cyano group, a nitro
group, or a phenoxy group, or R® and R’ together form a Cq- C3 alkylenedioxy group. R'6
represents a halogen atom; and q represents 0 or 1.

[0042] In Z2to 27, R8, RY, R0, R R'2 R'3 R' and R' represent each independently a
hydrogen atom, a halogen atom, a C4-Cg alkyl group, a C4-Cg alkoxy group, a difluoromethyl

group, a trifluoromethyl group, a cyano group, or a di(C4-Cg alkyl)amino group; W represents a

sulfur atom, an oxygen atom, or NRY: R17 may be the same or different and represents a
halogen atom; r represents 0 or 1; and Rd represents a hydrogen atom, a C4-Cg alkyl group, or

a benzyl group.
[0043] As Z, preferable is Z1 or Z2 and, in that case, W is preferably a sulfur atom.

[0044] Above all, Z is preferably the following formula Z1a or Z2a.
[Chemical formula 8]

R5
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[0045] As RS preferable is a hydrogen atom. R® R’, R® and R® each independently
preferably represent a hydrogen atom, a halogen atom, or a C4-Cg alkyl group and, more

preferably, a hydrogen atom, a chlorine atom, or a methyl group. In the case of Z1a, it is more
preferable that R® represents a hydrogen atom, and R® and R’ both represent chlorine atoms.

In the case of Z2a, it is more preferable that R® and R? both represent chlorine atoms.

[0046] In Z3, a position of substitution of R' on a naphthalene ring is preferably 2-position, 4-

position, or 8-position, and R'C is preferably a hydrogen atom, a fluorine atom, a chlorine atom,
a bromine atom, a methyl group, a methoxy group, a trifluoromethyl group, or a cyano group.
Above all, preferable is a 2-methyl group, a 4-methyl group, a 8-methyl group, a 4-bromo
group, a 8-methyl group, or a 8-bromo group. And r is preferably 0.

[0047] In Z4, W is preferably a sulfur atom. A position of substitution of R on a

benzothiophene, benzofuran, or indole ring is preferably 4-position or 5-position, and R is
preferably a hydrogen atom, a fluorine atom, a chlorine atom, a bromine atom, a methyl group,
a methoxy group, a trifluoromethyl group, or a cyano group. Above all, preferable is a
hydrogen atom, a 4-methyl group, a 4-chloro group, a 4-bromo group, a 4-trifluoromethyl
group, a 5-methyl group, a 5-chloro group, or a 5-trifluoromethyl group.

[0048] In Z5, W is preferably a sulfur atom. A position of substitution of R'2 on a

benzothiophene, benzofuran, or indole ring is preferably 5-position and R12 is preferably a
hydrogen atom or a fluoro group.

[0049] In Z6, W is preferably a sulfur atom. Positions of substitution of R'®> and R'® on a
thiophene, furan, or pyrrole ring are preferably 2- and 4-positions and they are preferably both

chloro groups. In Z7, R1® preferably represents a hydrogen atom.

[0050] In the formula (1), as a combination of R!, R?, R3, R*, p, Z (R%, R8, R7, R8 RY, R0, R",
R12 R13 R R'5 R'6 R' g, r, RY , R RP, and R®, preferable is a combination of the
above-mentioned preferable groups and numbers, and more preferable is a combination of the
more preferable groups and numbers.

[0051] Specific examples of the pyrazine derivative of the present invention, represented by
the formula (1), include the following compounds.
[Table 1-1]




DK/EP 3144306 T3

AN # % s,

Compound Compound
NurFrjlber Structure NurFrjlber Structure
N ﬁw{‘/ oH DN /’?'““’\‘i/ oH
e N =
A1 ™ A7 T
N t\ IE{ e \%/l I "gﬁ/ﬁ
I 1 p
ol Nl u/ R
g N 7
N i}‘fm‘\?& o X a0 % on
A2 [y A8 DR
N LN S L A
C 1
Cl/’\“\:,/ } o jw\\f"”}
TN N "b}mr\{ o i . % 1 N ,;" &
A3 [y % A9 7y
TR b )
W e .«ﬁ'{‘)\; e md;} .
g J
[
7 7
4’3\?,,& M;{;& ‘:; SOH
Ad A10 I
ke é ‘,.&E\l~ /,)Cr‘
of el
» i
/,,-(),\ . g“ \)‘ O LN ,‘? .‘Tg OH
A5 B A1 P Y
' L9 o S L R
< ;}, \\TI ' \g/‘\;‘ﬂ{:\
o o S
L ’ - // . - /;,
D v A %\M 0 ey Al x\ OH
A6 ,7/0 [ ”"\;;»f N A12 L rw
N*‘ U 'L\/ 9;!/& \‘N/" N\/K
i |
[ Jg
o o S
[Table 1-2]
Compound Compound
NurFr)lber Structure NurFr)lber Structure
\U — oH
i N Wy ,J' Pt
\ » x} \ # - ﬁ\\
A13 f g A19 7 L
[ - 1( O
\F N.; A
ol |
cfkﬁ«:/* L
/ S,
., ,.«< W %N/ OH
16} ) 2 OH




DK/EP 3144306 T3

Compound Compound
Structure Structure
Number Number
g —_——
A14 ,)i.\\ f‘O' ) ’N*\\ ) /i\ 7 ‘ A20 L:& l?,f’ J\\P‘(M 5" 1\{?’
Crey™
LA N7 ) T
¢ W ) m,kg/
AN o N~ \J om
i ! /\ Mﬁ/y \ﬁ‘fN\ 4 }@N ,} "““q{/
A15 NS A21 =%
¢ \T,»\\\ Yca N,J i\f”%j’ﬁ
J o
C]/\ "“\'7}/1){ Cr/r““\//?f
7 7 g,
2 I N, [ J’/ . \f&u y’k“‘vq
A16 PS5~ A22 PN
NS e S 0 9
bis E\, /‘4%\; A 1 " g ‘H/§Q‘LT ]
Q"‘A ‘\Jfﬁi o %\\//J
7 e
< N—{ N L/ oH
S N NG j g e
A1 7 :5\ ?7%,*&\“/,, ;ﬂ\i 3‘! A2 3 ?f’"}q\gr/&\“/ g i:;
5 I3 ’ 5
15 e /*‘?:ijm N N 4’?{7/@‘
B S
1 B®
/ N—ﬁ'f H
AW, NN ey
A18 B ‘}/\,«\* T A24 Ly o
\\N{/y/ -t\” A A W L\\y ”g\» A4
L] -
m/l\xf”' G
[Table 1-3]
Compound Compound
NurFr)lber Structure Nurelber Structure
s "
ﬂm.w( "i 3 ,\
NN 5 A N M } OH
Nyt P “j\»* “Sf; 7 =, -
A25 Corw A31 Iy
NC&“‘#/J 9 . fmg\\h /Ci N i “\: r"?\j
i J A
{;1'/1\"'5:2) S
7
N ) "5%\ oH
R B ) 2
A26 A32 LT 1
¥ L‘*«:ﬁ‘ﬁ%‘w‘}‘
()
o




DK/EP 3144306 T3

Compound Compound
Structure Structure
Number Number
A27 N A33 AR
g, L/}” \a\ \f‘\!
N_M,f’ Nm/(:x
AN o e L on
A28 I Y% A34 O
N - /:2‘\?8 X *"} %
I f ‘
,‘}XA.';)\%:\
\’\:::,-/f
/7 ol
by /
U oH N
S S g ::X JOH
A29 KA Y A35 e
M‘\«;’w“g Sy ol %\ o o
| SN
N L
{A-M-{\x::;f Cr”““«;:’j’)
#
N—( . N
oh . ! \‘}L 401 !rﬁ’ffN ] /g\N\&\/DH
f{ o »H/ “{:{ : 7 i
A30 s 7 L N{;.\ A36 }%Mf‘/ %
x/ ;S _.\
/ff Q\*I\- /:
Br—<\~;::ﬂ!
[Table 1-4]
Compound Number Structure
NN N oM
. >
A37 L 7/1\"
o i 0
\ ‘I;ﬁ}/ﬁ!
o
>
o
A38 7««&\\{,}:\” P
i ..
Sy L AR el
Gf/\\p"
}i>
A A /N v \? o
NN
39 I W \.gH
\Nf,f»' }.\Efﬁhﬁ“‘ /C!
et o




DK/EP 3144306 T3

[0052] Among these, preferable compounds are those shown in the following table.
[Table 2]

Compound
Number Compound Name

A1 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-5-
carboxylic acid
1-(2,5-dichlorobenzyl)-4-methyl-2-(6-methylpyrazin-2-yl)-1H-

A2 o\ . .
imidazole-5-carboxylic acid
1-(2,5-dichlorobenzyl)-2-(6-ethylpyrazin-2-yl)-4-methyl-1H-

A3 Y . .
imidazole-5-carboxylic acid
1-(2,5-dichlorobenzyl)-4-methyl-2-(6-phenylpyrazin-2-yl)-1H-

A4 " . .
imidazole-5-carboxylic acid

A5 1-(2,5-dichlorobenzyl)-2-(6-methoxypyrazin-2-yl)-4-methyl-1H-
imidazole-5-carboxylic acid

A6 1-(2,5-dichlorobenzyl)-4-methyl-2-(6-phenoxypyrazin-2-yl)-1H-
imidazole-5-carboxylic acid

A7 1-(2,5-dichlorobenzyl)-2-(6-ethoxypyrazin-2-yl)-4-methyl-1H-
imidazole-5-carboxylic acid
2-(6-cyanopyrazin-2-yl)-1-(2,5-dichlorobenzyl)-4-methyl-1H-

A8 o\ : .
imidazole-5-carboxylic acid

A9 1-(2,5-dichlorobenzyl)-2-(6-isopropylpyrazin-2-yl)-4-methyl-1H-
imidazole-5-carboxylic acid
2-(6-cyclopropylpyrazin-2-yl)-1-(2,5-dichlorobenzyl)-4-methyl-1H-

A10 o\ . .
imidazole-5-carboxylic acid
1-((2,5-dichlorothiophene-3-yl)methyl)-4-methyl-2-(pyrazin-2-

A1 L . .
yl)-1H-imidazole-5-carboxylic acid

A12 1-((2,5-dichlorothiophene-3-yl)methyl)-4-methyl-2-(6-
methylpyrazin-2-yl)-1H-imidazole-5-carboxylic acid

A14 1-benzyl-2-(6-(2-fluoro-6-methoxyphenoxy)pyrazin-2-yl)-4-
methyl-1H-imidazole-5-carboxylic acid

A15 1-(2,5-dichlorobenzyl)-2-(pyrazin-2-yl)-1H-pyrrole-5-carboxylic
acid

[0053] The present invention relates also to pharmaceutically acceptable salts of pyrazine
derivatives represented by formula (I). Such salts include, for example, salts with inorganic
acids, such as hydrochloric acid, hydrobromic acid, hydriodic acid, sulfuric acid, nitric acid,
phosphoric acid, and carbonic acid; salts with organic acids, such as formic acid, acetic acid,
propionic acid, trifluoroacetic acid, phthalic acid, oxalic acid, malonic acid, succinic acid,
fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric acid, benzoic acid,
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, and p-toluenesulfonic acid;
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salts with amino acids, such as lysine, arginine, ornithine, glutamic acid, and aspartic acid; salts
with alkali metals, such as sodium, potassium, and lithium; salts with alkaline-earth metals,
such as calcium and magnesium; salts with metals, such as aluminium, zinc, and iron; salts
with organic bases, such as methylamine, ethylamine, diethylamine, trimethylamine,
triethylamine, ethylenediamine, piperidine, piperazine, pyridine, picoline, ethanolamine,
diethanolamine, triethanolamine, cyclohexylamine, dicyclohexylamine, N-methyl glucamine,
and N,N'-dibenzylethylenediamine; ammonium salts, and the like.

[0054] The above-mentioned various pharmaceutically acceptable salts of the pyrazine
derivative represented by the formula (I) can be suitably produced based on ordinary skill in
the art.

[0055] The compound of the present invention includes stereocisomers, racemates, and every
possible optically active substances of the pyrazine derivative represented by the formula (I).
Further, the compound of the present invention sometimes generates tautomers depending on
a combination of respective substituents, and these tautomers are also included in the
compound of the present invention.

[0056] The present invention also relates to a solvate of the pyrazine derivative represented
by the formula (1) or the pharmaceutically acceptable salt thereof. As such a solvent, there can
be mentioned water, methanol, ethanol, 1-propanol, 2-propanol, butanol, tert-butanol,
acetonitrile, acetone, methyl ethyl ketone, chloroform, ethyl acetate, diethyl ether, tert-butyl
methyl ether, benzene, toluene, DMF, DMSO, and the like. Especially, there may be
mentioned, as a preferable solvent, water, methanol, ethanol, 1-propanol, 2-propanol,
acetonitrile, acetone, methyl ethyl ketone, and ethyl acetate.

<General synthetic example>

[0057] Synthesis of the pyrazine derivative represented by the formula (1) may be performed
by any method but can be performed, for example, as shown in the following schemes A to D.

1) SchemeA

[0058] When X' is a nitrogen atom and R* is -COOR® or - CONHSO,-(C+-Cg alkyl), a pyrazine
derivative can be synthesized as shown in the following scheme A. That is, after a compound
(A-2) is obtained by brominating a commercially available imidazole derivative (A-1), a
compound (A-3) is obtained by N-alkylation of the compound (A-2) by a reaction using a base
and a halide or by a Mitsunobu reaction using an alcohol. By a Stille coupling reaction using
the compound (A-3) and a tin derivative, there is obtained a compound (A-4). If necessary, by
hydrolyzing an ester group of the compound (A-4), there can be obtained a compound (A-5).
Further, if necessary, by subjecting this material to a condensation reaction with an alkyl
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sulfonamide, there can be obtained an acyl sulfonamide entity (A-6).
[Chemical formula 9]

Scheme A
R Bromination Njﬁs N-alkylation _</N! R Stille coupling ém NP
B .

Ch ome — B0 o —m TR o A oxe

H b ; Ry

" o G Z 0 F
A1) (A2 (A-3) (A-2)

Hydrolysis 3 ) RS

R )
SN N Condensation NN
oy O Cy~< 1
By aH L Y A
R Nﬂz\!L\/ RN by N"Sozcrcaf‘\lksﬂ
2 0 Z e

(A=5) (A-6)

[0059] As a preferable reagent for bromination of the compound (A-1) to (A-2) in Scheme A,
there can be mentioned bromine and N-bromosuccinimide (NBS). Furthermore, even though a
solvent in this reaction is not particularly limited, there may be mentioned, for example, ethers
such as tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxyethane, 1,2-diethoxyethane, and
the like; acetonitrile; halogenated solvents such as dichloromethane, carbon tetrachloride, and
the like; and mixed solvents of these. This reaction proceeds at temperatures from 0°C to
100°C, but it is preferable to carry out the reaction at room temperature to 50°C.

[0060] With regard to N-alkylation of the compound (A-2) to (A-3), the compound (A-3) can be
obtained by a reaction using a base and a halide, or by a Mitsunobu reaction using an alcohol.
When a base and a halide are used, the base includes potassium carbonate, cesium
carbonate, triethylamine, diisopropylethylamine, and sodium hydride. Among these, a
preferable base includes potassium carbonate, cesium carbonate, triethylamine, and
diisopropylethylamine. Further, the halide compound includes a chloride, a bromide, and an
iodide, and a preferable halide includes a chloride and a bromide. A reaction temperature in
the presence of a base and a halide is preferably from room temperature to 150°C, but more
preferably, the reaction is conducted from 50°C to 120°C. Furthermore, even though a solvent
in this reaction is not particularly limited, there may be mentioned, for example, ethers such as
tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxyethane, 1,2-diethoxyethane, and the like;
amides such as dimethylformamide, N-methylpyrrolidone, and the like; toluene and xylene; and
mixed solvents of these. Further, alkylation of the compound (A-2) to form the compound (A-3)
proceeds also by the Mitsunobu reaction with an alcohol. As a condition of the Mitsunobu
reaction, a phosphine compound, a condensing agent, an alcohol, and the compound (A-2)
are mixed in an inert solvent to obtain the compound (A-3). The phosphine includes
tributylphosphine, triphenylphosphine, tricyclohexylphosphine, and the like, but preferable is
triphenylphosphine. Further, the condensing agent includes diethyl azodicarboxylate (DEAD)
and diisopropyl azodicarboxylate (DIAD) as preferable condensing agents. The reaction
temperature of this Mitsunobu reaction may be anywhere from 0°C to 100°C, but the
preferable reaction temperature is from room temperature to 80°C. In addition, even though a
solvent in the Mitsunobu reaction is not particularly limited, there may be mentioned, for
example, ethers such as tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxyethane, 1,2-
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diethoxyethane, and the like; amides such as dimethylformamide, N-methylpyrrolidone, and
the like; halogenated solvents such as dichloromethane and the like; toluene and xylene; and
mixed solvents of these.

[0061] The Stille coupling reaction of the compound (A-3) to form the compound (A-4)
proceeds by heating the compound (A-3), a tin derivative, a palladium catalyst, and a base in a
solvent which is inert to the reaction. This reaction is preferably carried out in an inert gas
atmosphere. As the tin catalyst, a preferable example includes a trialkyltin derivative. Further,
as the palladium catalyst, it is preferable to use [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdClx(dppf)),

tetrakis(triphenylphosphine)palladium (Pd(PPhs)4), and the like. Furthermore, as the base, a

preferable base includes potassium carbonate and cesium carbonate. Further, even though a
solvent in this reaction is not particularly limited, it is preferable to use, for example, ethers
such as tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxyethane, 1,2-diethoxyethane, and
the like; amides such as dimethylformamide, N-methylpyrrolidone, and the like; toluene and
xylene; and mixed solvents of these. The reaction proceeds at a temperature from 50°C to
150°C, but the reaction is carried out preferably from 80°C to 120°C.

[0062] The hydrolysis reaction of the compound (A-4) to form the compound (A-5) proceeds
by mixing the compound (A-4) with an equivalent or a little excess amount of a base in a mixed
solvent including a solvent inert to the reaction and water. The hydrolysis is carried out usually
for 1 to 24 hours. A preferable base includes sodium hydroxide, potassium hydroxide, and
lithium hydroxide. In addition, even though the solvent is not particularly limited, it is preferable
to carry out the reaction in a mixed solvent of an organic solvent and water, the organic solvent
including, for example, tetrahydrofuran (THF), alcohols such as methanol, ethanol, and the
like.

[0063] The condensation reaction of the compound (A-5) to form the compound (A-6)
proceeds by mixing the compound (A-5) with an alkylsulfonamide in an inert solvent in the
presence of a base and a condensing agent. The solvent includes, for example, ethers such as
tetrahydrofuran (THF), 1,4-dioxane, 1,2-dimethoxyethane, 1,2-diethoxyethane, and the like;
halogenated solvents such as dichloromethane, carbon tetrachloride, and the like; acetonitrile;
and mixed solvents of these. A preferable solvent includes tetrahydrofuran (THF),
dimethylformamide, and dichloromethane. The base includes potassium carbonate, cesium
carbonate, triethylamine, diisopropylethylamine, sodium hydride, and the like, but a preferable
base is triethylamine or diisopropylethylamine. The condensing agent includes
dicyclohexylcarbodiimide  (DCC), diphenylphosphoryl azide (DPPA), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI or WSC), O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium  hexafluorophosphate (HATU), O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium tetrafluoroborate (TATU), and the like, but preferable is WSC.
The reaction temperature may be anywhere from 0°C to 100°C, but the preferable reaction
temperature is from room temperature to 50°C.

2) Scheme B
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[0064] When X' is a nitrogen atom, and R* is -COOR® or - CONHSO,-(C1-Cg alkyl), a
pyrazine derivative can be synthesized as shown in the following Scheme B. That is, after a
compound (B-3) is obtained by an imidazole ring formation reaction using a compound (B-1)
and a compound (B-2), a compound (B-4) is obtained by N-alkylation of the compound (B-3)
using a base and a halide compound or by a Mitsunobu reaction using an alcohol. When
necessary, by hydrolyzing an ester group of the compound (B-4) in a similar manner as in

Scheme A, there can be obtained a compound (B-5). Further, when R3 is a hydrogen atom,
another synthetic route is possible. That is, by an N-alkylation reaction of a compound (B-6),
which can be synthesized easily, a compound (B-7) is obtained, which is subsequently
converted to a compound (B-8) by a bromination reaction, followed by a CO insertion reaction

thereof using palladium in an alcohol to obtain the compound (B-4).
[Chemical formula 10]
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[0065] Here, in the imidazole ring formation reaction using the compound (B-1) and the
compound (B-2), the reaction proceeds by heating the compound (B-1) and the compound (B-
2) in, for example, acetic acid in the presence of 2 equivalents or more, or preferably 10
equivalents or more of ammonium acetate. The reaction temperature for the present reaction
is preferably from room temperature to 150°C, but it is more preferable to carry out the
reaction from 50°C to 120°C. The N-alkylation reaction of the compound (B-3) and the
hydrolysis reaction of the compound (B-4) are preferably carried out under the conditions
described in Scheme A.

[0066] The N-alkylation reaction of the compound (B-6) to form the compound (B-7) and the
bromination reaction of the compound (B-7) to form the compound (B-8) are preferably carried
out under the conditions described in Scheme A. The CO insertion reaction of the compound
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(B-8) to form the compound (B-4) proceeds by heating the mixture of a palladium catalyst, a
base, and the compound (B-8) in an alcoholic solvent in a CO atmosphere. With regard to the
alcoholic solvent, preferable is methanol or ethanol. As regards the palladium catalyst,
preferable is  [1,1'-bis(diphenyphosphino)ferrocene]dichloropalladium(ll)  (PdCly(dppf)),
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), or the like. The base is preferably

triethylamine or diisopropylethylamine. The reaction temperature for the reaction is preferably
from room temperature to 150°C, and more preferably from 50°C to 90°C.

3) Scheme C

[0067] When X' is a carbon atom, R3 is a hydrogen atom or a C4-Cg alkyl group, and R?* is -

COORE or acrylic acid, a pyrazine derivative can be synthesized as shown in the following

Scheme C. That is, in the case where R is a carboxylic acid, after obtaining a compound (C-2)
by N-alkylation of a heretofore known pyrrole derivative (C-1), a Stille coupling reaction thereof
with 2-(tributylstannyl)pyrazine derivative provides a compound (C-3). By a subsequent
oxidation reaction, a target compound (C-4) can be obtained. If necessary, by carrying out a
condensation reaction of the compound (C-4) with an alkylsulfonamide, there can be obtained

an acylsulfonamide entity (C-5). Further, when R?* is acrylic acid, the compound (C-3) is
subjected to a Horner-Emmons reaction to obtain a compound (C-6). By hydrolyzing the

compound, there can be obtained a compound (C-7).
[Chemical formula 11]
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[0068] In Scheme C, the N-alkylation reaction of the compound (C-1) to form the compound
(C-2) and the subsequent Stille coupling reaction of the compound (C-2) are preferably carried
out under the conditions described in Scheme A. Further, with regard to the oxidation reaction
of the compound (C-3), there is widely known a Pinnick oxidation reaction and the reaction is
carried out preferably under the conditions where sodium chlorite and sodium dihydrogen
phosphate are used in the presence of 2-methyl-2-butene. As a reaction solvent, it is
preferable to use a mixed solvent of tetrahydrofuran or an alcohol such as tert-butanol and
propanol with water. Furthermore, the reaction temperature is preferably from room
temperature to 50°C. The Horner-Emmons reaction to form the compound (C-6) from the
compound (C-3) proceeds by mixing the compound (C-3) and ethyl diethylphosphonoacetate
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in THF in the presence of a base such as sodium hydride, nBuLi, or the like. The reaction
temperature is preferably from 0°C to room temperature. The subsequent hydrolysis is
preferably conducted under the conditions described in Scheme A.

4) Scheme D

[0069] When X" is a nitrogen atom, R* is a tetrazolyl group, acrylic acid, or
thiomethypropanoic acid, synthesis of a pyrazine derivative can be carried out as shown in the
following Scheme D. That is, in the case of a tetrazole entity, a cyano group is introduced to a
compound (D-1) which can be obtained by the same method as that for the compound (B-8)
described in the Scheme B by using palladium to obtain a compound (D-2), whose cyano
group is subsequently converted to a tetrazolyl group by using sodium azide to obtain a

compound (D-3). In the case where R* is acrylic acid, the compound (D-1) is subjected to a
Heck reaction to obtain a compound (D-4) and subsequent hydrolysis reaction can yield a

compound (D-5). In the case where R* is a thiomethylpropanoic acid, after introducing an SH
group to the compound (D-1) using palladium to obtain a compound (D-6), S-alkylation thereof
is performed to obtain a compound (D-7). Finally, a compound (D-8) can be obtained by

hydrolysis of the same.
[Chemical formula 12]
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[0070] The cyanation reaction of the compound (D-1) to form the compound (D-2) is
preferably conducted in DMF under the conditions where the compound (D-1) is heated in the
presence of a palladium catalyst such as [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (PdCly(dppf)),
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s), or the like, and Zn(CN)o. The reaction
proceeds from 50°C to 150°C, but the reaction temperature is preferably from 80°C to 100°C.
Conversion from the compound (D-2) to the compound (D-3) is preferably carried out under
the conditions using triethylamine hydrochloride and sodium azide in DMF. The reaction
proceeds from 100°C to 170°C, but the reaction temperature is preferably from 120°C to
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150°C.

[0071] The Heck reaction of the compound (D-1) to form the compound (D-4) proceeds under
the conditions where the compound (D-1) and an acrylic acid ester are heated in acetonitrile or
an amide-based solvent such as DMF, DMA, or the like using a palladium catalyst such as
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (PdCly(dppf)),
tetrakis(triphenylphosphine)palladium (Pd(PPh3)4) and the like, a base such as potassium

carbonate, triethylamine, diisopropylethylamine, or the like.. The reaction proceeds at room
temperature to 150°C, but the reaction temperature is preferably from 80°C to 140°C. The
hydrolysis is preferably performed under the conditions described in Scheme A.

[0072] The introduction of an SH group to the compound (D-1) to obtain the compound (D-6)
is conducted in accordance with an article in Org. Lett., 2004, 6, 4587-4590 or Org. Lett., 2007,
9, 3687-3689 as reference by introducing an alkylthio moiety by heating, under a nitrogen
atmosphere, the compound (D-1) in 1,4-dioxane, in the presence of 2-ethylhexyl 3-
mercaptopropionate, Pdo(dba);, Xantphos and diisopropylethylemine. By subsequently

carrying out a beta-elimination reaction under a basic condition, there can be obtained the
compound (D-6). With regard to the beta-elimination reaction, the reaction is preferably carried
out under the conditions where a small excess amount of KOtBu is used in DMF at room
temperature. The S-alkylation of the compound (D-6) to form the compound (D-7) is preferably
carried out under the same condition as the N-alkylation in Scheme A, and more preferably
under the conditions where a base and a halide compound are used. As for the hydrolysis of
the compound (D-7), it is preferably performed under the conditions described in Scheme A.

[0073] The pyrazine derivative represented by formula (I) and the pharmaceutically
acceptable salt thereof, and the solvate thereof of the present invention can be used as a
URAT1 inhibitor. Furthermore, as a clinically applicable URAT1 inhibitor, these can be used as
a preventive agent or a therapeutic agent for a disease selected from the group consisting of
gout, hyperuricemia, hypertension, kidney diseases such as interstitial nephritis and the like,
diabetes, arteriosclerosis, and Lesch-Nyhan syndrome.

[0074] The therapeutic agent or a preventive agent for gout, hyperuricemia, and the like
containing the pyrazine derivative or the pharmaceutically acceptable salt thereof, or the
solvate thereof of the present invention is prepared using a carrier, an excipient, and other
additives which are commonly used in formulation. The carrier and the excipient for formulation
may be either solid or liquid and include, for example, lactose, magnesium stearate, starch,
talc, gelatin, agar, pectin, gum arabic, olive oil, sesame oil, cocoa butter, ethylene glycol, and
others in common use. Administration may be in any form of either oral administration by
means of tablets, pills, capsules, granules, powder, fluids, and the like; or parenteral
administration by means of injections such as intravenous injections, intramuscular injections,
and the like, suppositories, percutaneous agents, and the like.

[0075] In the present invention, "prevention" refers to preventing incidence or onset in an
individual who has not yet contracted or developed a disease, and "therapy" refers to cure,
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suppress, or improve diseases or symptoms in an individual who has already contracted or
developed a disease.

[0076] An effective dose of the active ingredient in the URAT1 inhibitor, the therapeutic agent,
or the preventive agent of the present invention varies depending on the route of
administration, ages and gender of the patients, the degree of disease, but is generally about
0.1 to 100 mg/day, and the number of dose is 1 to 3 times a day and 1 to 7 times a week. The
formulation is preferably prepared to satisfy these conditions. However, because the dose
varies depending on various conditions, there are cases where a less amount than the above
dose is sufficient or there are cases where a dose exceeding the above range is necessary.

EXAMPLES

[0077] In the following, the present invention will be described in more detail by way of
Examples but the present invention is not limited by these. Further, abbreviations in the
present invention are as follows: DMF = N,N-dimethylformamide; THF = tetrahydrofuran; NBS
= N-bromosuccinimide; NCS = N-chlorosuccinimide; DEAD = diethyl azodicarboxylate; DIAD =

diisopropyl azodicarboxylate; PdCly (dppf) = [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll); PdCl, (dppf) -CH.Clo, = [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(Il)-CH2Cl,  complex; BSA = N,O-

bis(trimethylsilyl)acetamide; and AIBN = 2,2'-azobis(isobutyronitrile).

[0078] Structures of isolated new compounds were confirmed by 'H-NMR and/or mass
spectrometry using single quadrupole instrumentation equipped with an electrospray ionization
source, and other appropriate analytical methods.

[0079] For compounds whose 'H-NMR spectra (400 MHz, DMSO-dg, CDCls, or CD30D) were
measured, the chemical shifts (5: ppm) and the coupling constants (J: Hz) thereof are

presented. The results of mass spectrometry present [M+H]*, namely a measured value
observed as a value corresponding to a molecular mass (M) of a compound to which a mass

of a proton (H") is added. Further, [M-H]'shows a measured value corresponding to a

molecular mass (M) of a compound from which a mass of a proton (H*) is subtracted. In
addition, the following abbreviations indicate those indicated respectively: s=singlet, d=doublet,
t=triplet, g=quartet, brs=broad singlet, and m=multiplet.

[0080] Compounds synthesized in accordance with methods of the following Examples were
further analyzed by a high-performance liquid chromatography (HPLC) analysis and by mass
spectrometry using a time of flight mass spectrometer (TOF-MS) equipped with an
electrospray ionization source.

[0081] A retention time (unit: minute) of a compound in the HPLC analysis under the following



analytical conditions is presented as an HPLC retention time.

measurement:

the instrument: Hewlett-Packard 1100 HPLC;

column: Imtakt Cadenza CD-C18 100 mmx4.6 mm, 3 ym;
UV: PDA detection (254 nm);

column temperature: 40°C;

gradient conditions:

solvent A: HoO/acetnitrile = 95/5

0.05% TFA (trifluoroacetic acid) B: HoO/acetonitrile = 5/95

0.05% TFA (trifluoroacetic acid) flow rate: 1.0 mL/minute
gradient: 0 to 1 minute: solvent B, 2%; solvent A, 98%

1 to 14 minutes: solvent B, 2% to 100%, solvent A, 98% to 0%
14 to 17 minutes: solvent B, 100%,; solvent A, 0%

17 to 19 minutes: solvent B, 100% to 2%; solvent A, 0% to 98%.

DK/EP 3144306 T3

Conditions of HPLC

[0082] Further, with regard to the results of mass spectrometry, there is shown in addition to

the value of [M+H]* (Obs. Mass, namely a measured value of a molecular mass (M) of a

molecule plus the mass of a proton [H*]), a calculated value of the [M+H]* (Pred. Mass) and, at
the same time, a compositional formula (Formula) calculated from the measured value of

[M+H]*. Furthermore, is some cases, there is shown in addition to the value of [M-H](Obs.
Mass: namely a measured value of a molecular mass (M) of a molecule minus the mass of a

proton [H*]), a calculated value of the [M-H]" (Pred. Mass) and, at the same time, a

compositional formula (Formula) calculated from the measured value of [M-H]".

[0083] Conditions of TOF-MS measurement:

mass spectrometer: LCMS-IT-POF manufactured by Shimadzu Corporation;

LC: Prominence;
column: Phenomenex Synergi Hydro-RP 4.0 mmx20 mm, 2.5 ym;
UV: PDA detection (254 nm);

flow rate: 0.6 mL/minute;
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column temperature: 40°C;

detecting voltage: 1.63 kV (when detecting [M+H]*), -1.63 kV (when detecting [M-H]);
gradient conditions:
solvent

1. A: HoO/acetnitrile = 95/5 0.1% HCOoH
2. B: HyO/acetonitrile = 5/95 0.1% HCO2H

flow rate: 0.5 mL/minute

gradient: 0 to 0.2 minute: solvent B, 2%; solvent A, 98%

0.2 to 2.5 minutes: solvent B, 2% to 100%; solvent A, 98% to 0%
2.5 to 3.8 minutes: solvent B, 100%; solvent A, 0%

3.8 to 4.0 minutes: solvent B, 100% to 2%; solvent A, 0% to 98%

4.0 to 5.0 minutes: solvent B, 2%; solvent A, 98%.

[Example 1] Synthesis of 1-(2.5-dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-

5-carboxylic acid (Compound A1) (Scheme A

[0084]

[Chemical formula 13]
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[0085] Ethyl 5-methyl-1H-imidazole-4-carboxylate (produced by Sigma-Aldrich Co.) (7.5 g,
48.7 mmol) was dissolved in acetonitrile (120 mL), N-bromosuccinimide (10.4 g, 58.4 mmol)
was added thereto, and the reaction mixture was stirred at room temperature for 3 hours. After
the reaction was complete, a saturated aqueous sodium bicarbonate solution was added, and
the reaction mixture was extracted twice with ethyl acetate. The organic layer was washed with
a saturated aqueous sodium chloride solution and, thereafter, dried over anhydrous sodium
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sulfate. After concentration, the residue was purified by silica gel column chromatography to

obtain ethyl 2-bromo-4-methyl-1H-imidazole-5-carboxylate (3.6 g): 'H-NMR (CDCl3) &: 4.35
(2H, q, J=7.1 Hz), 2.51 (3H, s), 1.37 (3H, t, J=7.1 Hz); ESI-MS m/z=233 (M+H)*.

2) Ethyl 2-bromo-4-methyl-1H-imidazole-5-carboxylate (2.75 g, 11.8 mmol) was dissolved in
DMF (20 mL), potassium carbonate (3.26 g, 23.6 mmol) and 2,5-dichloronbenzyl bromide (3.4
g, 14.2 mmol) were added thereto, and the reaction mixture was stirred at 90°C for 3 hours.
Water (50 mL) was added after the reaction was complete, and the reaction mixture was
extracted twice with ethyl acetate (50 mL). After washing with a saturated aqueous sodium
chloride solution, the organic phase was dried over sodium sulfate. After concentration under
reduced pressure, the residue was purified by silica gel column chromatography to obtain ethyl
2-bromo-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-carboxylate  (1.72 g) : 'H-NMR
(CDCl3) &: 7.34 (1H, d, J=8.8 Hz), 7.20 (1H, dd, J=8.8, 2.4 Hz), 6.40 (1H, d, J=2.4 Hz), 5.60

(2H, s), 4.25 (2H, q, J=7.2 Hz), 2.56 (3H, s), 1.27 (3H, t, J=7.1 Hz); ESI-MS m/z=391 (M+H)*.

(3) Ethyl 2-bromo-1-(2,5-dichlorobenzyl)-4-methyl-1H-imidazole-5-carboxylate (80 mg, 0.204
mmol), 2-(tributylstannyl)pyrazine (produced by Wako Pure Chemical Ind., Ltd.) (151 mg,
0.409 mmol), PdCl> (dppf) (44.8 mg, 0.061 mmol), and cesium carbonate (133 mg, 0.408
mmol) were dissolved in 1,4-dioxane (1 mL), and the resultant solution was stirred under a
nitrogen atmosphere at 100°C for 18 hours. Water (50 mL) was added after the reaction was
complete, and the reaction mixture was extracted twice with ethyl acetate (50 mL). After
washing with a saturated aqueous sodium chloride solution, the organic phase was dried over
sodium sulfate. After concentration, the residue was purified by silica gel column
chromatography to obtain ethyl 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-
5-carboxylate (7.6 mg) : "H-NMR (CDCl3) &: 9.49 (1H, d, J=1.5 Hz), 8.50 (1H, d, J=2.4 Hz),
8.41-8.39 (1H, m), 7.31 (1H, d, J=8.8 Hz), 7.13 (1H, dd, J=8.8, 2.4 Hz), 6.46 (1H, d, J=2.4 Hz),
6.23 (2H, s), 4.28 (2H, q, J=7.2 Hz), 2.65 (3H, s), 1.30 (3H, t, J=7.1 Hz); ESI-MS m/z=391

(M+H)*.

(4) Ethyl 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-5-carboxylate (7.6 mg)
was dissolved in a mixed solvent of THF (1mL) and methanol (1 mL), a 2M aqueous sodium
hydroxide solution (0.2 mL, 0.4 mmol) was added thereto, and the reaction mixture was heated
and stirred at 50°C for 3 hours. After cooling the reaction mixture to room temperature, 2M
hydrochloric acid (0.2 mL, 0.4 mmol) was added, and the mixture was concentrated under
reduced pressure. A residue obtained after concentration was purified by a usual method to
obtain 1-(2,5-dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-5-carboxylic acid
(Compound A1, 3.99 mg): TH-NMR (DMSO-dg) &: 13.19 (1H, s), 9.32 (1H, s), 8.61 (1H, d,
J=2.4 Hz), 8.54-8.51 (1H, m), 7.52 (1H, d, J=8.3 Hz), 7.33 (1H, dd, J=8.5, 2.2 Hz), 6,42 (1H, s),
6.12 (2H, s), 2.52 (3H, s); HPLC retention time=10.02 min; Pred. Mass=363.0410 (M*+H,

C16H12CIoN4O5) : Obs. Mass=363.0399 (M*+H).
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5-carboxylic acid (Compound A1) (Scheme B)

[0086]

[Chemical formula 14]
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1. (1) Ethyl 2-(triphenylphosphoranylidene)acetate (produced by Wako Pure Chemical Ind.,
Ltd.) (11.1 g, 31.9 mmol) was dissolved in dichloromethane (100 mL), acetyl chloride
(produced by Wako Pure Chemical Ind., Ltd.) (2.5 mL, 35.0 mmol) and N,O-
bis(trimethylsilyl)acetamide (BSA) (9.74 mL, 40.0 mmol) were added thereto under ice
cooling, and the reaction mixture was stirred at room temperature for 1 hour. Water (100
mL) was added after the reaction was complete, and the aqueous phase was extracted
twice with dichloromethane. After washing with a saturated aqueous sodium chloride
solution, the organic phase was dried over anhydrous magnesium sulfate. After
concentration under reduced pressure, the residue was purified by silica gel column
chromatography to obtain ethyl 3-oxo-2-(triphenylphosphoranylidene)butanoate (6.63 g)

: TH-NMR (CDCl3) &: 7.68-7.63 (6H, m), 7.53-7.41 (9H, m), 3.73 (2H, q, J=7.0 Hz), 2.46

(3H, s), 0.66 (3H, t, J=7.1 Hz); ESI-MS m/z=391 (M+H)™.

2. (2) Ethyl 3-oxo-2-(triphenylphophoranylidene)butanoate (6.63 g, 17.0 mmol) was
dissolved in tetrahydrofuran (70 mL) and water (50 mL), potassium peroxymonosulfate
(OXONE) (12.5 g, 20.3 mmol) was added thereto under ice cooling, and the reaction
mixture was stirred at room temperature for 16 hours. After the reaction was complete,
tetrahydrofuran was distilled off under reduced pressure, and the aqueous phase was
extracted three times with ethyl acetate (100 mL). The organic phase was dried over
anhydrous magnesium sulfate, and a residue obtained by concentration was purified by

silica gel column chromatography to obtain ethyl 2,3-dioxobutanoate (1.29 g) : 'H-NMR
(CDCl3) 8: 4.33 (2H, q, J=7.2 Hz), 2.30 (3H, s), 1.32 (3H, t, J=7. Hz).

3. (3) Ethyl 2,3-dioxobutanoate (2.9 g, 20.0 mmol), pyrazine aldehyde (2.02 g, 18.7 mmol),
and ammonium acetate (14.4 g, 187 mmol) were dissolved in toluene (35 mL) and water
(7 mL), and the reaction mixture was heated under stirring at 70°C for 3 hours. After the
reaction was complete, toluene was concentrated, water was added to the residue, and
a solid which precipitated was collected by filtration to obtain ethyl 4-methyl-2-(pyrazin-2-

yl)-1H-imidazole-5-carboxylate (1.62 g): ESI-MS m/e=233 (M+H)*.
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4. (4) Ethyl 4-methyl-2-(pyrazin-2-yl)-1H-imidazole-5-carboxylate (647 mg, 2.78 mmol),
2,5-dichlorobenzyl alcohol (740 mg, 4.18 mmol), and triphenylphosphine (1.1 g, 4.19
mmol) were dissolved in THF (10 mL), DEAD (a 40% solution, 1.5 mL, 4.18 mmol) was
added thereto dropwise at 0°C under cooling, and the reaction mixture was stirred at
50°C for 1 hour. The solvent was distilled off under reduced pressure, and the residue
was purified by silica gel column chromatography to obtain ethyl 1-(2,5-
dichlorobenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazole-5-carboxylate (1.0 g) : 'H-NMR
(CDCl3) 8: 9.49 (1H, d, J=1.5 Hz), 8.50 (1H, d, J=2.4 Hz), 8.41-8.39 (1H, m), 7.31 (1H, d,
J=8.8 Hz), 7.13 (1H, dd, J=8.8, 2.4 Hz), 6.46 (1H, d, J=2.4 Hz), 6.23 (2H, s), 4.28 (2H, q,

J=7.2 Hz), 2.65 (3H, s), 1.30 (3H, t, J=7.1 Hz); ESI-MS m/z=391 (M+H)*.

[0087] By finally hydrolyzing this compound under the conditions described in Example 1, A1
can be synthesized in the similar manner

[Example 3] Synthesis of 1-(2.5-dichlorobenzyl)-2-(pyrazin-2-yl)-1H-pyrrole-5-carboxylic
acid (Compound A15) (Scheme C

[0088]
[Chemical formula 15]
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1. (1) 2-Bromo-1H-pyrrole-5-carbaldehyde (1 g, 5.75 mmol) which is described in literature
(for example, Can. J. Chem., 1995, 73, 675-684) and 2,5-dichlorobenzyl bromide (1.8 g,
7.47 mmol) were dissolved in DMF (5 mL). Potassium carbonate (1.59 g, 11.49 mmol)
was added thereto, and the reaction mixture was heated and stirred at 90°C for 3 hours.
Water was added after cooling, and the reaction mixture was extracted twice with ethyl
acetate. The organic phase was washed with a saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue obtained was purified by silica gel column chromatography to

obtain 2-bromo-1-(2,5-dichlorobenzyl)-1H-pyrrole-5-carbaldehyde (1.8 g): 'H-NMR
(CDCl3) 6: 9.40 (1H, s), 7.32 (1H, d, J=8.8 Hz), 7.17 (1H, dd, J=8.8, 2.4 Hz), 7.05 (1H, d,
J=3.9 Hz), 6.48 (1H, d, J=3.9 Hz), 6.22 (1H, d, J=2.4 Hz), 5.74 (2H, s); ESI-MS m/z=332
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(M+H)™.

2. (2) A reaction mixture was prepared by adding dioxane (1 mL) to 2-bromo-1-(2,5-
dichlorobenzyl)-1H-pyrrole-5-carbaldehyde (150 mg, 0.45 mmol), 2-
(tributylstannyl)pyrazine (produced by Wako Pure Chemical Ind., Ltd.) (249 mg, 0.676
mmol), cesium carbonate (294 mg, 0.90 mmol), and PdCl, (dppf) (82 mg, 0.113 mmol).
The reaction mixture was heated and stirred at 100°C for 5 hours. Water was added
after cooling, and the reaction mixture was extracted twice with ethyl acetate.
Subsequently, the organic phase was washed with a saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate, and then concentrated under
reduced pressure. The residue obtained was purified by silica gel column
chromatography  to  obtain 1-(2,5-dichlorobenzyl)-2-(pyrazin-2-yl)-1H-pyrrole-5-
carbaldehyde (64 mg): ESI-MS m/z=332 (M+H)*.

3. (3) 1-(2,5-Dichlorobenzyl)-2-(pyrazin-2-yl)-1H-pyrrole-5-carbaldehyde (64 mg, 0.193
mmol) and 2-methyl-2-butene (95 mg, 1.35 mmol) were dissolved in a mixed solvent of
THF (1 mL) and tert-butanol (1 mL), and an aqueous solution (2 mL) of a mixture of
sodium chlorite (148 mg, 1.64 mmol) and sodium dihydrogenphosphate dihydrate (195
mg, 1.25 mmol) was dropwise added thereto to prepare a reaction mixture. The reaction
mixture was stirred at room temperature for 4 hours. A saturated aqueous sodium
chloride solution was added after the reaction was complete, and the reaction mixture
was extracted twice with ethyl acetate. The organic phase was dried over anhydrous
magnesium sulfate, and was subsequently concentrated under reduced pressure. The
residue obtained was purified by HPLC to obtain 1-(2,5-dichlorobenzyl)-2-(pyrazin-2-

yl)-1H-pyrrole-5-carboxylic acid (38 mg): "H-NMR (DMSO-dg) 5: 12.70 (1H, s), 9.08 (1H,
s), 8.47 (2H, s), 7.47 (1H, d, J=8.3 Hz), 7.28 (1H, dd, J=8.5, 2.2 Hz), 7.16-7.08 (2H, m),
6.19-6.13 (3H, m); HPLC retention time=11.28 min; Pred. Mass=348.0301 (M*+H,
C16H11CIoN302) ; Obs. Mass=348.0299 (M*+H) .

[Examples 4 to 16]

[0089] The compounds with compound number A2 to A14 were synthesized with reference to
any of the Example 1 to Example 3, and synthetic methods of Schemes A to D described in the
general synthesis section.

[Table 3-1]
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Compound
Number

HPLC
Retention
Time

Obs.
Mass

[M+H]"

Pred.
Mass

[M+H]*

Formula (M)

TH NMR

A2

10.37

377.0565

377.0567

C17H14CIoN4O;

(DMSO-dg) 5: 13.2
(1H, s), 9.1 (1H, s),
8.50 (1H, s), 7.56
(1H, d, J = 8.6 Hz),
7.34 (1H,dd, J = 85
Hz, 2.4 Hz), 6.41 (1H,
d, J = 2.2 Hz), 6.11
(2H, s), 2.54 (3H, s),
2.29 (3H, s).

11.03

389.0591
[M-HJ

389.0578
[M-HJ

C1gH16CI2N4O2

(DMSO-d6) 6: 13.2
(1H, s), 9.14 (1H, s),
8.53 (1H, s), 7.56
(1H, d, J = 8.6 Hz),
7.36 (1H,dd, J=8.4
Hz, 2.3 Hz), 6.40 (1H,
d,J=2.1Hz),6.08
(2H, s), 2.61 (2H,q, J
=7.5Hz), 2.54 (3H,
s),0.87 3H,t,J=7.5
Hz).

11.96

437.0574
[M-HJ

437.0578
[M-HI"

C22H16CI2N4O2

(DMSO-dg) 5: 13.0
(1H, s), 9.05 (1H, s),
8.58 (1H, s), 7.35
(1H, d, J = 8.5 Hz),
7.24 (1H,d, J = 8.6
Hz), 7.16-7.11 (2H,
m), 7.02-6.98 (3H,
m), 6.13 (1H, s), 5.70
(2H, s), 2.45 (3H, s).

10.45

393.052

393.0516

C17H14CIoN4O3

(DMSO-dg) 5: 8.88
(1H, s), 8.28 (1H, s),
753 (1H,d, J = 8.4
Hz), 7.37 (1H, d, J =
8.6 Hz), 6.39 (1H, s),
6.09 (2H, s), 3.37
(3H, s), 2.52 (3H, s).

11.96

455.0667

455.0672

C22H16CI2N4O3

(DMSO-d6) 5: 13.2
(1H, s), 9.28 (1H, s),
9.26 (1H, s), 7.66-
7.58 (3H, m), 7.47-
7.41 (2H, m), 7.37-
7.32 (2H, m), 6.51
(1H, s), 6.07 (2H, s),
2.57 (3H, s) .
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Compound
Number

HPLC
Retention
Time

Obs.
Mass

[M+H]"

Pred.
Mass

[M+H]*

Formula (M)

TH NMR

A7

11.04

407.0662

407.0672

C1gH16CI2N4O3

(DMSO-dg) &: 13.1
(1H, s), 8.87 (1H, s),
8.27 (1H, s), 7.57
(1H, d, J = 8.6 Hz),
7.39 (1H,dd, J =84
Hz, 2.2 Hz), 6.44 (1H,
d,J =19 Hz), 599
(2H, s), 3.68 (2H,q, J
=7.1 Hz), 2.53 (3H,
s),1.02 (3H,t,J=7.0
Hz).

10.77

386.0211
[M-H]

386.0217
[M-HJ

C17H11CI2N502

(DMSO-dg) 5: 13.4
(1H, s), 9.53 (1H, s),
9.10 (1H, s), 7.56
(1H, d, J = 8.5 Hz),
7.35(1H,dd, J = 85
Hz, 2.3 Hz), 6.45 (1H,
s), 6.10 (2H, s), 2.55
(3H, s).

11.54

405.0875

405.088

C19H18CIoN4O7

(DMSO-dg) 5: 13.1
(1H, s), 9.16 (1H, s),
8.55 (1H, s), 7.57
(1H, d, J = 8.3 Hz),
7.37 (1H,d, J = 8.3
Hz), 6.39 (1H, s),
6.04 (2H, s), 2.97-
2.91 (1H, m), 2.54
(3H, s), 0.88 (6H, d, J
= 6.8 Hz).

=
o

10.92

403.0723

C19H16CI2N4O7

(DMSO-dg) 5: 13.1
(1H, s), 9.06 (1H, s),
8.63 (1H, s), 7.59
(1H, d, J = 8.6 Hz),
7.40 (1H,d, J = 8.6
Hz), 6.35 (1H, s),
5.92 (2H, s), 2.52
(3H, s), 2.08-2.05
(1H, m), 0.81-0.77
(2H, m), 0.27-0.25
(2H, m).

[Table 3-2]
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Compoundj HPLC Obs. Pred. Formula (M) TH NMR
Number {Retention{ Mass Mass
Time { [M+H]* | [M+H]*
A1l 10.15 368.9968368.9974 { C14H 1(CloN40,S { (DMSO-d6) 6: 13.23
(1H, s), 9.28 (1H, d,
J =1.0 Hz), 8.66-

8.65 (2H, m), 6.51
(1H, s), 5.99 (2H, s),
2.47 (3H, s).

=
N

1045  1383.014 {383.0131]C15H12CIoN40,S

11.86  1503.0685503.0684 | Co3H7CloFN4O4 {(DMSO-d6) 5: 12.97
(1H, s), 9.09 (1H, s),
8.73 (1H, s), 7.39
(1H, d, J = 8.3 Hz),
7.26 (1H, dd, J =
8.3, 2.4 Hz), 6.95-
6.88 (1H, m), 6.61-
6.54 (2H, m), 6.10
(1H, d, J = 2.4 Hz),
5.59 (2H, s), 3.59
(3H, s), 2.43 (3H, s).

10.85  1435.1464{435.1463]Co3H,gFN,O,  {(DMSO-d6) 5: 9.04
(1H, s), 8.71 (1H, s),
7.24-7.12 (4H, m),
6.88-6.82 (2H, m),
6.56-6.52 (2H, m),
5.71 (2H, s), 3.54
(3H, s), 2.40 (3H, s).

=
w

=
~

[0090] Furthermore, in the Tables, the numeric values in the cells, which are noted as "[M-H]",

"represent the values of [M-H]™ observed by the above-mentioned instrument and analytical
conditions.

[Example 17] Test for inhibition of uric acid transport using human URAT1-expressing
cells

[0091] A test compound was dissolved in DMSO (produced by Sigma) to a concentration of 20
mM and was subsequently used by adjusting the concentration to a desired value for use.

[0092] Full-length cDNA of human URAT1 (hURAT1) (produced by OriGene Technologies,
Inc., NCBI Reference Sequence: NM-144585) was subcloned into an expression vector,
pCMV6-Kan/Neo (produced by OriGene Technologies, Inc.), and human URAT1 genes were
transfected into human embryonic kidney-derived cells (HEK 293 cells) by a liposome method
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using Lipofectamine 2000 (produced by Invitrogen Corporation), whereupon HEK 293 cells
expressing human URAT1 genes were selected on the basis of Geneticin resistance.

Functional expression of human URAT1 genes was confirmed by using transport of 14C-
labeled uric acid into the cells as an index.

[0093] The HEK 293 cells expressing human URAT1 were seeded in a 24-well cell culture dish

to a density of 3x10° cells/mL/well and were cultured in Dulbecco's modified Eagle's medium
(D-MEM medium) containing 10% fetal bovine serum at 37°C for 2 days. Thereafter, the
following test for inhibition of uric acid transport was performed.

[0094] After the medium was removed by aspiration from each well, the cells were replaced
with a solution obtained by substituting NaCl in Hanks' Balanced Salt Solution (HBSS) with Na
gluconate (hereinafter, HBSS/Na-gluconate), and the cells were preincubated at 37°C for

about 10 minutes. After removing the HBSS/Na-gluconate by aspiration, a 'C-uric acid
solution containing various concentrations of the Example compound listed in Table 4 and a

radioactive ligand (14C-labeled uric acid; final concentration 25 uM) was added, and an uptake

reaction was carried out by incubating at 37°C for 5 min. After the reaction, the 14C-labeled uric
acid was removed by aspiration and the cells were washed three times with ice-cooled HBSS.
The HEK 293 cells expressing human URAT1 were lysed in a 0.2 mol/lL aqueous NaOH
solution (hereafter, the cell sample) and sampled from the well. The cell sample and a liquid
scintillation cocktail, ULTIMA GOLD (produced by PerkinElmer, Inc.) were mixed, and the
radioactivity was measured by a liquid scintillation counter (manufactured by Beckman Coulter,
Inc.).

[0095] The uric acid transport rate of the Example compound at each concentration (% of
control uptake) was calculated relative to the radioactivity (radioactivity in human URAT1
expressing HEK 293 cells without addition of the Example compound (DMSO addition))
showing URAT1-specific uric acid transport as 100%, and the concentration (ICgg) of the
Example compound at which the uric acid transport rate is inhibited by 50% was determined.
The results are shown in the following table. In addition, the symbols (*, **, and ***) in the table
represent the following inhibitory activity values: ICs9 < 0.2 pM: *™* 0.2 yM < IC5p < 2uM: ** 2

UM < ICgg < 20uM: *

[Table 4]
Compound number §{ Inhibitory activity § Compound number §{ Inhibitory activity
A1 hk AQ xk
AD ok A10 ok
A3 ok A11 xk
Ad ok A12 ook
A5 b A13 **
A6 ok A14 ok
A7 hk A5 ok
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Compound number { Inhibitory activity { Compound number { Inhibitory activity
A8 *k%k

[Example 18] Testing Drug Efficacy in Cebus Apella

[0096] A test compound (3 mg/kg to 30 mg/kg) dispersed in a 0.5% methylcellulose solution
was administered to cebus apella from the nasal cavity to the stomach using a disposable
catheter and a syringe barrel. Blood samples were taken before administration and 30
minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, and 24 hours after administration; and
urine samples were collected for the time intervals of from immediately after to 4 hours after
administration, from 4 hours to 8 hours after administration, from 8 hours to 16 hours after
administration, and from 16 hours to 24 hours after administration. Concentrations of uric acid
and creatinine in the blood and urine samples collected were measured by an automatic
analyzer (JEOL Ltd.). Uric acid and creatinine were measured respectively using L-type Wako
UA-F (Wako Pure Chemicals Industries, Ltd.) and L-type Creatinine F (Wako Pure Chemicals
Industries, Ltd.). Uric acid clearance was calculated from the uric acid concentrations in blood
and urine and, similarly, creatinine clearance was calculated from the creatinine
concentrations. Based on these values, the uric acid excretion rate was determined according
to the following equation:

Uric acid excretion rate (%) = (uric acid

clearance/creatinine clearance) x 100

[0097] In the present test, excellent activity of the compound A11 to promote uric acid
excretion was confirmed.

From the above-mentioned results, it is shown that the pyrazine derivative of the present
invention possesses excellent ability to promote uric acid excretion.

Industrial Applicability

[0098] The pyrazine derivative or the pharmaceutically acceptable salt thereof, or the solvate
thereof of the present invention is used as a pharmaceutical.
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Patentkrav

1. Pyrazinderivat som betegnet med fglgende formel (I) eller et farmaceutisk

acceptabelt salt deraf, eller et solvat deraf:

[Kemisk formel 1]

{(R%), RY

1

/\WN\ /X ! 0

RIS

hvor,

N

/

Z

X! betegner et nitrogenatom eller CH;

R! betegner et hydrogenatom, en Ci-Ce alkylgruppe, en C3-Ce
cycloalkylgruppe, en C2-Ce alkenylgruppe, en C2-Ce alkynylgruppe, et
halogenatom, en trifluormethylgruppe, en difluormethylgruppe, en
cyanogruppe, en C2-C7 alkylcarbonylgruppe, en C1-Ce alkylsulfonylgruppe,
en nitrogruppe, en aminogruppe, en di(C:-Ces alkyl)aminogruppe, en
formylgruppe, en hydroxylgruppe, en C:-Ce alkoxygruppe, en C1-Cs
alkylthiogruppe, eller en phenylgruppe eller phenoxygruppe der kan vaere

substitueret med 1 til 3 R¥er;

R2 betegner et halogenatom, en Ci-Cs alkylgruppe, en C3-Cs
cycloalkylgruppe, eller en Ci-Ce alkoxygruppe;

R? betegner et Ci1-Cs alkylgruppe, en C3-Cs cycloalkylgruppe, eller en Ci-Cs
alkoxygruppe;

p betegner et hvilket som helst heltal fra O til 2;

R3 betegner et hydrogenatom, en Ci-Cs alkylgruppe, en C3-Cs
cycloalkylgruppe, en C2-Cs alkenylgruppe, en C2-Cs alkynylgruppe, en Ci-Ce
alkoxygruppe, en C2-C7 alkylcarbonylgruppe, en Ci1-Ce alkylthiogruppe, et
halogenatom, en trifluormethylgruppe, en difluormethylgruppe, en
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2

cyanogruppe, en phenylgruppe, en pyridylgruppe, en phenoxygruppe, eller
en COORP;

R* betegner et tetrazolylgruppe, -COOR¢, -CONHSO2-(C1-Cs alkyl), eller

hvilken som helst af fglgende grupper:

[Kemisk formel 2]

;\f‘coow f{SxCOORC gzco{:nfra‘

RP og R¢ kan vaere den samme eller forskellig og betegner et

hydrogenatom, eller en C:-Cs alkylgruppe;
Z betegner hvilken som helst af fglgende grupper betegnet med Z1 til Z7:

[Kemisk formel 3]

o w o ¢
e S U dew Y w0 23—7 Y e f\/ J
SAN W_,'TR i‘»’.{ T N e NF >) i
L § R"l"

Fal 2 23 24 6

R> betegner et hydrogenatom eller en Ci-Ce alkylgruppe;

R® og R’ kan veere den samme eller forskellig og betegner et
hydrogenatom, et halogenatom, en Ci-Cs alkylgruppe, en C1-Ce
alkoxygruppe, en trifluormethylgruppe, en trifluormethoxygruppe, en
cyanogruppe, en nitrogruppe, eller en phenoxygruppe,

eller R® og R” sammen danner en Ci- C3 alkylenedioxygruppe;

R8, R?, R10, Rl R12 R13 R4 og R!® hver uafhangigt betegner et
hydrogenatom, et halogenatom, en Ci-Cs alkylgruppe, en C1-Ce
alkoxygruppe, en difluormethylgruppe, en trifluormethylgruppe, en

cyanogruppe, eller en di (Ci1-Cs alkyl)aminogruppe;

R16 og R!7 kan vaere den samme eller forskellig og betegner et

halogenatom;
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q og r uafhaengigt betegner 0 eller 1;
W betegner et svovlatom, en oxygenatom, eller NRY; og

RY betegner et hydrogenatom, en Ci-Cs alkylgruppe, eller en benzylgruppe.

5 2. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf

ifglge krav 1, hvor X! er et nitrogenatom.

3. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge krav 1, hvor X! er CH.

10
4. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 3, hvor R! betegner et hydrogenatom,
en Ci-Cs alkylgruppe, en C3-Cs cycloalkylgruppe, et halogenatom, en
trifluormethylgruppe, en cyanogruppe, en hydroxylgruppe, en Ci:-Cs

15 alkoxygruppe, en phenylgruppe, eller en phenoxygruppe.

5. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 3, hvor R! betegner et hydrogenatom,
en methylgruppe, en ethylgruppe, en cyclopropylgruppe, en isopropylgruppe, en

20 methoxygruppe, en ethoxygruppe, en cyanogruppe, en hydroxylgruppe, en
phenylgruppe, eller en phenoxygruppe.

6. Pyrazinderivatet betegnet med fglgende formel (1a) eller det farmaceutisk
acceptable salt deraf, eller solvat deraf ifglge et hvilket som helst af kravene 1 til
25 5:
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4
[Kemisk formel 4]
R N " | R?
(/ ->_</ l (1a)
(RE)Q”:; I
N =
/

Z

hvor X!, R1, R?, R3, R*, p, og Z er den samme som defineret ovenfor.

7. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 6, hvor R3 er et hydrogenatom, en Ci-

Cs alkylgruppe, eller et halogenatom.

8. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 6, hvor R3 er et hydrogenatom, en
methylgruppe, eller et chloratom.

9. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 8, hvor R* er -COOR®.

10. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf

ifglge et hvilket som helst af kravene 1 til 8, hvor R* er en carboxylgruppe.

11. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 10, hvor Z betegner 21 eller 22, og W

betegner et svovlatom.

12. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf
ifglge et hvilket som helst af kravene 1 til 10, hvor Z betegner fglgende formel
Zla eller Z2a:
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Z1a L2a
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hvor, R%, R, R7, R8, og R? er den samme som defineret ovenfor.

13. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf

ifglge et hvilket som helst af kravene 1 til 12, hvor R®> betegner et hydrogenatom;

og R¢, R7, R8, og R? hver uafhaengigt betegner et hydrogenatom, et halogenatom,

eller en Ci1-Cs alkylgruppe.

14. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf

ifglge et hvilket som helst af kravene 1 til 13, hvor p betegner 0.

15. Pyrazinderivatet eller det farmaceutisk acceptable salt deraf, eller solvat deraf

ifglge krav 1, valgt fra fglgende forbindelser (1) til (14) eller et farmaceutisk

(1) 1-(2,5-dichlorbenzyl)-4-methyl-2-(pyrazin-2-yl)-1H-imidazol-5-

carboxylsyre

(2) 1-(2,5-dichlorbenzyl)-4-methyl-2-(6-methylpyrazin-2-yl)-1H-imidazol-

5-carboxylsyre

(3) 1-(2,5-dichlorbenzyl)-2-(6-ethylpyrazin-2-yl)-4-methyl-1H-imidazol-5-

carboxylsyre

(4) 1-(2,5-dichlorbenzyl)-4-methyl-2-(6-phenylpyrazin-2-yl)-1H-imidazol-

5-carboxylsyre

(5) 1-(2,5-dichlorbenzyl)-2-(6-methoxypyrazin-2-yl)-4-methyl-1H-

imidazol-5-carboxylsyre
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(6) 1-(2,5-dichlorbenzyl)-4-methyl-2-(6-phenoxypyrazin-2-yl)-1H-

imidazol-5-carboxylsyre

(7) 1-(2,5-dichlorbenzyl)-2-(6-ethoxypyrazin-2-yl)-4-methyl-1H-imidazol-

5-carboxylsyre

(8) 2-(6-cyanopyrazin -2-yl)-1-(2,5-dichlorbenzyl)-4-methyl-1H-imidazol-

5-carboxylsyre

(9) 1-(2,5-dichlorbenzyl)-2-(6-isopropylpyrazin-2-yl)-4-methyl-1H-

imidazol-5-carboxylsyre

(10) 2-(6-cyclopropylpyrazin-2-yl)-1-(2,5-dichlorbenzyl)-4-methyl-1H-
imidazol-5-carboxylsyre

(11) 1-((2,5-dichlorthiophen-3-yl)methyl)-4-methyl-2-(pyrazin-2-yl)-1H-
imidazol-5- carboxylsyre

(12) 1-((2,5-dichlorthiophen-3-yl)methyl)-4-methyl-2-(6-methylpyrazin-2-

yl)-1H-imidazol-5-carboxylsyre

(13) 1-benzyl-2-(6-(2-fluor-6-methoxyphenoxy)pyrazin-2-yl)-4-methyl-1H-

imidazol-5-carboxylsyre

(14) 1-(2,5-dichlorbenzyl)-2-(pyrazin-2-yl)-1H-pyrrol-5-carboxylsyre.

16. Farmaceutisk sammensastning indeholdende pyrazinderivatet eller det
farmaceutisk acceptable salt deraf, eller solvat deraf ifglge et hvilket som helst af

kravene 1 til 15; og en farmaceutisk acceptabel bzerer.

17. Terapeutisk aktivt eller forebyggende middel, indeholdende pyrazinderivatet
eller det farmaceutisk acceptable salt deraf, eller solvat deraf ifglge et hvilket som
helst af kravene 1 til 15, til anvendelse i terapi eller forebyggelse af én eller flere
sygdomme valgt fra gruppen bestdende af gigt, hyperuricaemi, hypertension,

nyresygdomme, diabetes, arteriosclerose, eller Lesch-Nyhan-syndrom.
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