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Description
Technical Field

[0001] The presentinvention relates to nitrogen-containing 5-membered heterocyclic compound having a glucokinase
activating action and useful as a therapeutic agent for diabetes and the like.

(Background of the Invention)

[0002] Glucokinase (sometimes to be abbreviated to as GK in the present specification) (EC2.7.1.1) is one of the four
kinds of hexokinases found in mammals, and is also called hexokinase IV. GK is an enzyme that catalyzes the conversion
of glucose to glucose-6-phosphate, which is the first step of glycolysis. GK is mainly present in the pancreatic 3 cell and
the liver, and acts in the pancreatic B cell as a sensor of extracellular glucose concentration that defines the glucose-
stimulated insulin secretion. In the liver, the enzyme reaction of GK becomes a rate determining factor and regulates
glycogen synthesis and glycolysis. The three hexokinases (I, 11, lll) other than GK reach the maximum enzyme activity
at a glucose concentration of 1 mM or below. In contrast, GK shows low affinity for glucose and has a Km value of 8-15
mM which is close to a physiological blood glucose level. Accordingly, GK-mediated promotion of intracellular glucose
metabolism occurs, which corresponds to blood glucose changes from normal blood glucose (5 mM) to postprandial
hyperglycemia (10-15 mM).

[0003] The hypothesis proposed by Matschinsky et al. in 1984 that GK acts as a glucose sensor in the pancreatic 3
cell and hepatocytes has been demonstrated by the analysis of glucokinase transgenic mouse in recent years (see The
Journal of Biological Chemistry (J. Biol. Chem.), 1995, vol. 270, page 30253-30256; The Journal of Biological Chemistry
(J. Biol. Chem.), 1997, vol. 272, page 22564-22569; The Journal of Biological Chemistry (J. Biol. Chem.), 1997, vol.
272, page 22570-22575; NIHONRINSHO, 2002, vol. 60, page 523-534; and Cell, 1995, vol. 83, page 69-78 (non-patent
references 1-5)). Thatis, GK heterozygous deficient mouse showed a hyperglycemic condition, and further, a disordered
glucose-stimulated insulin secretion response. GK homozygous deficient mouse dies shortly after birth with manifesta-
tions of marked hyperglycemia and urinary sugar. On the other hand, GK overexpressed mouse (hetero type) showed
decreased blood glucose level, increased blood glucose clearance rate, increased liver glycogen content and the like.
From these findings, it has been clarified that GK plays an important role in the systemic glucose homeostasis. In other
words, decreased GK activity causes insulin secretion failure and lower liver glucose metabolism, which develops im-
paired glucose tolerance and diabetes. Conversely, GK activation or increased GK activity due to overexpression causes
promoted insulin secretion and promoted liver glucose metabolism, which in turn increases the systemic use of glucose
to improve glucose tolerance.

[0004] In addition, it has been clarified from the analysis of a report on GK gene abnormality mainly in the family of
MODY?2 (Maturity Onset Diabetes of the Young) that GK also acts as a glucose sensor in human, and plays a key role
in glucose homeostasis (see Nature, 1992, vol. 356, page 721-722 (non-patent reference 6)). In GK gene abnormality,
due to the decreased affinity of GK for glucose (increased Km value) and decreased Vmayx, the blood glucose threshold
value of insulin secretion increases and the insulin secretory capacity decreases. In the liver, due to the decreased GK
activity, decreased glucose uptake, promoted gluconeogenesis, decreased glycogen synthesis and liver insulin resist-
ance are observed. On the other hand, a family with a mutation increasing the GK activity has also been found. In such
family, fasting hypoglycemia associated with increased plasma insulin concentration is observed (see New England
Journal Medicine, 1998, vol. 338, page 226-230 (non-patent reference 7)).

[0005] As mentioned above, GK acts as a glucose sensor in mammals including human, and plays an important role
in blood glucose regulation. On the other hand, control of blood glucose utilizing the glucose sensor system of GK is
considered to open a new way to treat diabetes in many type 2 diabetes patients. Particularly, since a GK activating
substance is expected to show insulin secretagogue action in the pancreatic 8 cell and glucose uptake promotion and
glucose release suppressive action in the liver, it will be useful as a prophylactic or therapeutic drug for type 2 diabetes.
[0006] In recent years, it has been clarified that pancreatic B cell type glucokinase expresses locally in the feeding
center (Ventromedial Hypothalamus: VMH) of rat brain. A subset of nerve cell presentin VMH is called glucose responsive
neuron, and plays an important role in the body weight control. From electrophysiological experiments, the neuron is
activated in response to physiological changes in the glucose concentration (5-20 mM). However, since the glucose
concentration sensor system of VHM is assumed to have a mechanism mediated by glucokinase as in the case of insulin
secretionin the pancreatic f cell, different from pancreatic § celland the liver, a pharmaceutical agent capable of activating
glucokinase of VHM has a possibility of providing not only a blood glucose corrective effect but also improvement of
obesity.

[0007] As mentioned above, a pharmaceutical agent capable of activating GK is useful as a prophylactic or therapeutic
drug for diabetes, diabetic complications, and obesity.

[0008] On the other hand, as a nitrogen-containing 5-membered heterocyclic compound, the following compound has
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been reported. However, the document does not report that the compound has a glucokinase activating action.
Tetrahedron (1992), 48(30), 6231-44 (non-patent document 8) discloses

[0009]
Ph
N\ N LH % N
~
/ \ .
Prior Art

Non-Patent Documents
[0010]
Non-Patent Document 1: J. Biol. Chem., 1995, 270 vol., pages 30253-30256
Non-Patent Document 2: J. Biol. Chem., 1997, 272 vol., pages 22564-22569
Non-Patent Document 3: J. Biol. Chem., 1997, 272 vol., pages 22570-22575
Non-Patent Document 4: Japan clinical, 2002, 60 vol., pages 523-534
Non-Patent Document 5: Cell, 1995, 83 vol., pages 69-78
Non-Patent Document 6: Nature, 1992, 356 vol., 7 pages 21-72
non-Patent document 7: New England Journal Medicine, 1998, 338 vol., pages 226-230
Non-Patent Document 8: Tetrahedron (1992), 48(30), 6231-44
Summary of the Invention
[0011] The purpose of the present invention is to provide a glucokinase activator which is useful as a pharmaceutical
agent such as an agent for the prophylaxis or treatment of diabetes, obesity and the like, and the like.
[0012] The presentinventors have conducted intensive studies and found thata compound represented by the following

formula (1) :
[0013]

[0014] wherein
R'is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:
[0015]
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[0016] which is optionally substituted;

R2 is an optionally substituted alkyl group, an optionally substituted 4- to 7-membered cyclic group, -OR® wherein R8 is
an optionally substituted alkyl group or an optionally substituted 4- to 7-membered cyclic group, or an optionally substituted
amino group;

R3 is a hydrogen atom or an optionally substituted alkyl group, or

R2Z and R3

(i) form, together with the carbon atom they are bonded to, cyclopropane substituted by an optionally substituted 4-
to 7-membered cyclic group, or

(i) in combination form =N-OR7 or =CH-R7 wherein R7 is an optionally substituted alkyl group or an optionally
substituted 4- to 7-membered cyclic group;

Cy is an optionally substituted 5-membered cyclic group, which is optionally condensed with an optionally substituted
5- to 7-membered ring; and

X1 and X2 are each independently an optionally substituted carbon atom, or a nitrogen atom,

or a salt thereof (in the present specification, sometimes to be abbreviated as "compound (I)") unexpectedly has a
superior glucokinase activating action as well as superior properties as a pharmaceutical product such as stability and
the like, and can be a safe and useful as a pharmaceutical agent, which resulted in the completion of the present invention.
[0017] Accordingly, the present invention relates to

[1] a compound represented by the formula (1) provided that Cy is not 1H-pyrrol-2-yl, or a salt thereof;

[2] the compound of the above-mentioned [1], wherein Cy is pyrazolyl, pyrazolopyridyl, imidazolyl, triazolyl, tetrazolyl,
thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl, indazolyl, indazolinyl, indolyl, in-
dolinyl, benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl, benzothiadiazolyl, benzoxazolyl,
benzoxadiazolyl, benzisoxazolyl or benzisothiazolyl, each of which is optionally substituted;

[3] the compound of the above-mentioned [1], wherein R1 is a 5-or 6-membered nitrogen-containing aromatic het-
erocyclic group represented by the formula:

[0018]

[0019] which is optionally substituted;

[4] the compound of the above-mentioned [1], wherein R? is an optionally substituted C4_g alkyl group;

[5] the compound of the above-mentioned [1], wherein R3 is a hydrogen atom;

[6] the compound of the above-mentioned [1], wherein X! and X2 are both optionally substituted carbon atoms;
[7]the compound of the above-mentioned [1], wherein Cy is pyrazolyl, pyrazolopyridyl, imidazolyl, triazolyl, tetrazolyl,
thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl, indazolyl, indazolinyl, indolyl, in-
dolinyl, benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl, benzothiadiazolyl, benzoxazolyl,
benzoxadiazolyl, benzisoxazolyl or benzisothiazolyl, each of which is optionally substituted, R is a 5- or 6-membered
nitrogen-containing aromatic heterocyclic group represented by the formula:

[0020]
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[0021] which is optionally substituted,

R2 is an optionally substituted C,_g alkyl group,

R3 is a hydrogen atom, and

X1 and X2 are both optionally substituted carbon atoms;

[8] [2-(5-{1-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-2-yl)-1,3-thi-
azol-5-yllmethanol or a salt thereof;

[9] [2-(5-{1-[1-methyl-5-(methylsulfonyl)-1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-2-yl)-1,3-thi-
azol-5-yllmethanol or a salt thereof;

[10] 1-(6-{5-[1-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-2-(tetrahydro-2H-pyran-4-yl)ethyl]-1H-pyrrol-2-yl}pyrid-
in-3-yl)-2-methylpropane-1,2-diol or a salt thereof;

[11] 1-[6-(5-{1-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-2-yl)pyridin-3-
yl]-2-methylpropane-1,2-diol or a salt thereof;

[12] 1-[6-(5-{1-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-2-
yl)pyridin-3-yl]-2-methylpropane-1,2-diol or a salt thereof;

[13] a prodrug comprising the compound of the above-mentioned [1] ;

[14] a pharmaceutical agent comprising a compound represented by the formula (1) or a salt thereof, or a prodrug
thereof;

[15] the pharmaceutical agent of the above-mentioned [14], which is an glucokinase activator;

[16] the pharmaceutical agent of the above-mentioned [14], which is used for the prophylaxis or treatment of diabetes
or obesity;

and the like.
Effect of the Invention

[0022] The glucokinase activator of the present invention has a superior activity, and therefore the activator is useful
as a pharmaceutical agent such as an agent for the prophylaxis or treatment of diabetes, obesity and the like, and the like.

(Detailed Description of the Invention)

[0023] Unless otherwise specified, examples of the "halogen atom" in the present specification include a fluorine atom,
a chlorine atom, a bromine atom and an iodine atom.

[0024] Unless otherwise specified, examples of the "optionally substituted hydrocarbon group" in the present specifi-
cation include an "optionally substituted C,_g alkyl group”, "optionally substituted C,_g alkenyl group”, "optionally substi-
tuted C,_g alkynyl group”, "optionally substituted C5_; cycloalkyl group”, "optionally substituted Cg_44 aryl group”, "op-
tionally substituted C;_4g aralkyl group” and the like.

Unless otherwise specified, examples of the "C_g alkyl group" in the present specification include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl and the like.

[0025] Unless otherwise specified, examples of the "C,_g alkenyl group" in the present specification include vinyl,
propenyl, isopropenyl, 2-buten-1-yl, 2-methyl-1-propenyl, 4-penten-1-yl, 5-hexen-1-yl and the like.

[0026] Unless otherwise specified, examples of the "C,_g alkynyl group” in the present specification include 2-butyn-
1-yl, 4-pentyn-1-yl, 5-hexyn-1-yl and the like.

[0027] Unless otherwise specified, examples of the "C5_; cycloalkyl group" in the present specification include cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like.

[0028] Unless otherwise specified, examples of the "Cg_44 aryl group” in the present specification include phenyl, 1-
naphthyl, 2-naphthyl, 2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 2-anthryl and the like.

[0029] Unless otherwise specified, examples of the "C,_4 aralkyl group" in the present specification include benzyl,
2-phenylethyl, 1-phenylethyl, diphenylmethyl, 1-naphthylmethyl, 2-naphthylmethyl, 2,2-diphenylethyl, 3-phenylpropyl,
3,3-diphenylpropyl, 4-phenylbutyl, 5-phenylpentyl, 2-biphenylylmethyl, 3-biphenylylmethyl, 4-biphenylylmethyl and the
like.

[0030] Unless otherwise specified, examples of the "C,_g alkoxy group” in the present specification include methoxy,
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ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy and the like.

Examples of the "C4_14 alkoxy group" in the present specification include, besides the above-mentioned C,_g alkoxy
group, heptyloxy, octyloxy, nonyloxy, decyloxy and the like.

[0031] Examples of the "heterocyclyloxy group" in the present specification include a hydroxy group substituted by
the below-mentioned "heterocyclic group”. Preferable examples of the heterocyclyloxy group include tetrahydropyran-
yloxy, thiazolyloxy, pyridyloxy, pyrazolyloxy, oxazolyloxy, thienyloxy, furyloxy, tetrahydrothiopyranyloxy, 1,1-dioxidotet-
rahydrothiopyranyloxy and the like.

[0032] Unless otherwise specified, examples of the "Cg_44 aryloxy group” in the present specification include phenoxy,
1-naphthyloxy, 2-naphthyloxy and the like.

[0033] Unless otherwise specified, examples of the "C5_;4 aralkyloxy group" in the present specification include ben-
zyloxy, 2-phenylethyloxy, 1-phenylethyloxy and the like.

Unless otherwise specified, examples of the "tri-C,_g alkyl-silyloxy group” in the present specification include trimethyl-
silyloxy, tert-butyl(dimethyl)silyloxy and the like.

Unless otherwise specified, examples of the "C,_g alkylsulfonyloxy group” in the present specification include methyl-
sulfonyloxy, ethylsulfonyloxy and the like.

Examples of the "heterocyclylsulfonyloxy group" in the present specification include a sulfonyloxy group substituted by
the below-mentioned "heterocyclic group". Preferable examples of the heterocyclylsulfonyloxy group include, thienyl-
sulfonyloxy, furylsulfonyloxy and the like.

[0034] Unless otherwise specified, examples of the "C,_g alkylthio group” Unless otherwise specified, examples of the
"methylthio, ethylthio, propylthio, isopropylthio, butylthio, sec-butylthio, tert-butylthio and the like.

Examples of the C,_4, alkylthio group” in the present specification include, besides the above-mentioned C,_g alkylthio
group, heptylthio, octylthio, nonylthio, decylthio and the like.

[0035] Examples of the heterocyclylthio group” in the present specification include a mercapto group substituted by
the below-mentioned "heterocyclic group”. Preferable examples of the heterocyclylthio group include tetrahydropyran-
ylthio, thiazolylthio, pyridylthio, pyrazolylthio, oxazolylthio, thienylthio, furylthio, tetrahydrothiopyranylthio, 1,1-dioxidotet-
rahydrothiopyranylthio and the like.

[0036] Unless otherwise specified, examples of the "Cg_q4 arylthio group" in the present specification include phenylthio,
1-naphthylthio, 2-naphthylthio and the like.

[0037] Unless otherwise specified, examples of the "heterocyclic group” in the present specification include a 5- to
14-membered (monocyclic, bicyclic or tricyclic) heterocyclic group containing, as a ring-constituting atom besides carbon
atoms, 1 to 4 hetero atoms selected from a nitrogen atom, a sulfur atom (the sulfur atom is optionally oxidized) and an
oxygen atom, preferably (i) a 5- to 14-membered (preferably 5-to 10-membered) aromatic heterocyclic group, (ii) a 4-
to 10-membered (preferably 4- to 7-membered) non-aromatic heterocyclic group and the like.

[0038] Specific examples thereof include

aromatic heterocyclic groups such as thienyl (e.g., 2-thienyl, 3-thienyl), furyl (e.g., 2-furyl, 3-furyl), pyridyl (e.g., 2-pyridyl,
3-pyridyl, 4-pyridyl), thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl, 5-thiazolyl), oxazolyl (e.g., 2-oxazolyl, 4-oxazolyl, 5-oxazolyl),
oxadiazolyl (e.g., 2-oxadiazolyl), quinolyl (e.g., 2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 8-quinolyl), iso-
quinolyl (e.g., 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl), pyrazinyl (e.g., 1-pyrazinyl, 2-pyrazinyl), pyrimid-
inyl (e.g., 2-pyrimidinyl, 4-pyrimidinyl), pyrrolyl (e.g., 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), imidazolyl (e.g., 1-imidazolyl, 2-
imidazolyl, 4-imidazolyl), pyrazolyl (e.g., 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl), pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazi-
nyl), isothiazolyl (e.g., 3-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-isoxazolyl, 5-isoxa-
zolyl), triazolyl (e.g., 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl, 1,2,3-triazol-4-yl), tetrazolyl
(e.g., tetrazol-1-yl, tetrazol-5-yl), indolyl (e.g., 1-indolyl, 2-indolyl, 3-indolyl), indazolyl (e.g., 1-indazolyl, 3-indazolyl, 5-
indazolyl), benzofuranyl (e.g., 2-benzofuranyl, 3-benzofuranyl), benzothiophenyl (e.g., 2-benzothiophenyl, 3-benzothi-
ophenyl), benzothiazolyl (e.g., 2-benzothiazolyl), benzoxazolyl (e.g., 2-benzoxazolyl), benzimidazolyl (e.g., 1-benzimi-
dazolyl, 2-benzimidazolyl), benzo[b]thienyl (e.g., 2-benzo[b]thienyl, 3-benzo[b]thienyl), benzo[b]furanyl (e.g., 2-benzo
[blfuranyl, 3-benzo[b]furanyl), benzotriazolyl (e.g., 1-benzotriazolyl, 5-benzotriazolyl), imidazo[1,2-a]pyridyl (e.g., 2-im-
idazo[1,2-a]pyridyl, 3-imidazo[1,2-a]pyridyl, 6-imidazo[1,2-a]pyridyl), imidazo[1,2-a]pyrimidinyl (e.g., 2-imidazo[1,2-a]
pyrimidinyl, 3-imidazo[1,2-a]pyrimidinyl, 5-imidazo[1,2-a]pyrimidinyl), pyrrolo[2,3-b]pyridyl (e.g., 2-1H-pyrrolo[2,3-b]py-
ridyl, 3-1H-pyrrolo[2,3-b]pyridyl, 4-1H-pyrrolo[2,3-b]pyridyl), [1,2,4]triazolo[1,5-a]pyridyl (e.g., 2-[1,2,4]triazolo[1,5-a]py-
ridyl, 6-[1,2,4]triazolo[1,5-a]pyridyl, 7-[1,2,4]triazolo[1,5-a]pyridyl), pyrazolopyridyl (e.g., 1-1H-pyrazolo[3,4-b]pyridyl)
and the like;

non-aromatic heterocyclic groups such as azetidinyl (e.g., 1-azetidinyl, 2-azetidinyl, 3-azetidinyl), pyrrolidinyl (e.g., 1-
pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl), oxazolidinyl (e.g., 2-oxazolidinyl), dihydrooxadiazolyl (e.g., 2-dihydrooxadia-
zolyl), imidazolinyl (e.g., 1-imidazolinyl, 2-imidazolinyl, 4-imidazolinyl), imidazolidinyl (e.g., 3-imidazolidinyl), piperidinyl
(e.g., piperidino, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl), piperazinyl (e.g., 1-piperazinyl, 2-piperazinyl), morpholinyl
(e.g., 2-morpholinyl, 3-morpholinyl, morpholino), thiomorpholinyl (e.g., 2-thiomorpholinyl, 3-thiomorpholinyl, thiomor-
pholino), 1-oxidothiomorpholinyl (e.g., 1-oxidothiomorpholino), 1,1-dioxidothiomorpholinyl (e.g., 1,1-dioxidothiomor-
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pholino), tetrahydropyranyl (e.g., 2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-tetrahydropyranyl), tetrahydrofuranyl (e.g.,
2-tetrahydrofuranyl, 3-tetrahydrofuranyl), dioxolanyl, oxetanyl (e.g., 2-oxetanyl, 3-oxetanyl), oxopyrrolidinyl (e.g., 2-ox-
opyrrolidin-1-yl, 2-oxopyrrolidin-3-yl, 2-oxopyrrolidin-4-yl, 2-oxopyrrolidin-5-yl, 3-oxopyrrolidin-1-yl), dioxopyrrolidinyl
(e.g., 2,5-dioxopyrrolidin-1-yl, 2,5-dioxopyrrolidin-3-yl), tetrahydrothiopyranyl (e.g., 2-tetrahydrothiopyranyl, 3-tetrahy-
drothiopyranyl, 4-tetrahydrothiopyranyl), 1,1-dioxidotetrahydrothiopyranyl (e.g., 1,1-dioxidotetrahydrothiopyran-2-yl,
1,1-dioxidotetrahydrothiopyran-3-yl, 1,1-dioxidotetrahydrothiopyran-4-yl), dihydrobenzofuranyl (e.g., 2,3-dihydro-1-ben-
zofuran-4-yl, 2,3-dihydro-1-benzofuran-5-yl, 2,3-dihydro-1-benzofuran-6-yl, 2,3-dihydro-1-benzofuran-7-yl), benzodiox-
olyl (e.g., benzodioxol-5-yl), tetrahydrobenzo[clazepinyl (e.g., 1,3,4,5-tetrahydrobenzo[c]azepin-2-yl), tetrahydroisoqui-
nolinyl (e.g., 1,2,3,4-tetrahydroisoquinolin-2-yl) and the like,

and the like.

In addition, the above-mentioned non-aromatic heterocyclic group may be a cross-linked non-aromatic heterocyclic
group. Examples of the cross-linked non-aromatic heterocyclic group include diazabicyclo[2.2.1]heptan-2-yl (e.g., 2,5-
diazabicyclo[2.2.1]heptan-2-yl), azabicyclo[2.2.2]octan-3-yl (e.g., 1-azabicyclo[2.2.2]octan-3-yl) and the like.

[0039] Unless otherwise specified, examples of the "C,_g alkylsulfonyl group” in the present specification include
methylsulfonyl, ethylsulfonyl and the like.

[0040] Unless otherwise specified, examples of the "C5_; cycloalkylsulfonyl group" in the present specification include
cyclopropylsulfonyl, cyclobutylsulfonyl, cyclopentylsulfonyl and the like.

[0041] Unless otherwise specified, examples of the "Cq_14 arylsulfonyl group” in the present specification include
phenylsulfonyl, 1-naphthylsulfonyl, 2-naphthylsulfonyl and the like.

[0042] Unless otherwise specified, examples of the "C,_g alkylsulfinyl group” in the present specification include meth-
ylsulfinyl, ethylsulfinyl and the like.

[0043] Unless otherwise specified, examples of the "Cg_44 arylsulfinyl group™ in the present specification include phe-
nylsulfinyl, 1-naphthylsulfinyl, 2-naphthylsulfinyl and the like.

[0044] Unless otherwise specified, examples of the "C,_g alkyl-carbonyl group™ in the present specification include
acetyl, isobutanoyl, isopentanoyl and the like.

[0045] Unless otherwise specified, examples of the "Cg_44 aryl-carbonyl group” in the present specification include
benzoyl, 1-naphthylcarbonyl, 2-naphthylcarbonyl and the like.

[0046] Unless otherwise specified, examples of the "C,_g alkoxy-carbonyl group” in the present specification include
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl and the like.

[0047] Unless otherwise specified, examples of the "heterocyclylcarbonyl group” in the present specification include
a carbonyl group substituted by the aforementioned "heterocyclic group". Specific examples thereof include azetidinyl-
carbonyl, pyrrolidinylcarbonyl, piperidinocarbonyl, piperazinylcarbonyl, morpholinocarbonyl, thiomorpholinocarbonyl,
thienylcarbonyl, tetrahydrobenzo[clazepinylcarbonyl, tetrahydroisoquinolinylcarbonyl and the like.

[0048] Unless otherwise specified, examples of the "optionally esterified carboxy group"” in the present specification
include a carboxy group, a C4_g alkoxy-carbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert-
butoxycarbonyl etc.), a Cg_44 aryloxy-carbonyl group (e.g., phenoxycarbonyl etc.), a C;_4¢ aralkyloxy-carbonyl group
(e.g., benzyloxycarbonyl, 2-phenylethyloxycarbonyl etc.) and the like.

[0049] Unless otherwise specified, examples of the "optionally halogenated C,_g alkyl group” in the present specification
include the above-mentioned "C,_g alkyl group" optionally having 1 to 5 "halogen atoms" mentioned above. Specific
examples thereof include methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, isobutyl, trifluoromethyl and the like.

[0050] Unless otherwise specified, examples of the "optionally halogenated C,_g alkoxy group” in the present speci-
fication include the above-mentioned "C,_g alkoxy group" optionally having 1 to 5 "halogen atoms" mentioned above.
Specific examples thereof include methoxy, ethoxy, isopropoxy, tert-butoxy, trifluoromethoxy and the like.

[0051] Unless otherwise specified, examples of the "mono- or di-C,_g alkyl-amino group" in the present specification
include an amino group mono- or di-substituted by the above-mentioned "C,_g alkyl group". Specific examples thereof
include methylamino, ethylamino, propylamino, dimethylamino, diethylamino and the like.

[0052] Unless otherwise specified, examples of the "mono- or di-C5_; cycloalkyl-amino group” in the present specifi-
cation include an amino group mono- or di-substituted by the above-mentioned "C_; cycloalkyl group”. Specific examples
thereof include cyclopropylamino and the like.

[0053] Unless otherwise specified, examples of the "mono- or di-Cg4_44 aryl-amino group" in the present specification
include an amino group mono- or di-substituted by the above-mentioned "Cg_ 14 aryl group”. Specific examples thereof
include phenylamino, diphenylamino, 1-naphthylamino, 2-naphthylamino and the like.

[0054] Unless otherwise specified, examples of the "mono- or di-C;_4¢ aralkyl-amino group" in the present specification
include an amino group mono- or di-substituted by the above-mentioned "C-_44 aralkyl group". Specific examples thereof
include benzylamino, 2-phenylethylamino and the like.

[0055] Unless otherwise specified, examples of the "N-C,_g alkyl-N-Cg_44 aryl-amino group" in the present specification
include an amino group substituted by the above-mentioned "C,_g alkyl group" and the above-mentioned "Cg_4,4 aryl
group". Specific examples thereof include N-methyl-N-phenylamino, N-ethyl-N-phenylamino and the like.
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[0056] Unless otherwise specified, examples of the "N-C,_g alkyl-N-C_4¢ aralkyl-amino group" in the present specifi-
cation include an amino group substituted by the above-mentioned "C,_g alkyl group" and the above-mentioned "C_4¢
aralkyl group”. Specific examples thereof include N-methyl-N-benzylamino, N-ethyl-N-benzylamino and the like.
[0057] Unless otherwise specified, examples of the "mono- or di-(C,_g alkyl-carbonyl)-amino group” in the present
specification include an amino group mono- or di-substituted by the above-mentioned "C,_g alkyl-carbonyl group”. Specific
examples thereof include acetylamino and the like.

[0058] Unless otherwise specified, examples of the "mono- or di-(C4_g alkoxy-carbonyl)-amino group" in the present
specification include an amino group mono- or di-substituted by the above-mentioned "C,_g alkoxy-carbonyl group"”.
Specific examples thereof include methoxycarbonylamino, ethoxycarbonylamino, propoxycarbonylamino, tert-butoxy-
carbonylamino and the like.

[0059] Unless otherwise specified, examples of the "N-C,_g alkyl-N-(C4_g alkyl-carbonyl)-amino group" in the present
specification include an amino group substituted by the above-mentioned "C,_g alkyl group" and the above-mentioned
"C4.6 alkyl-carbonyl group”. Specific examples thereof include N-acetyl-N-methylamino, N-acetyl-N-ethylamino and the
like.

[0060] Unless otherwise specified, examples of the "mono- or di-C_g alkyl-carbamoyl group" in the present specification
include a carbamoyl group mono- or di-substituted by the above-mentioned "C,_g alkyl group”. Specific examples thereof
include methylcarbamoyl, ethylcarbamoyl, dimethylcarbamoyl, diethylcarbamoyl, ethylmethylcarbamoyl and the like.
[0061] Unless otherwise specified, examples of the "mono- or di-Cg_q4 aryl-carbamoyl group” in the present specification
include a carbamoyl group mono- or di-substituted by the above-mentioned "Cg_44 aryl group”. Specific examples thereof
include phenylcarbamoyl, 1-naphthylcarbamoyl, 2-naphthylcarbamoyl and the like.

[0062] Unless otherwise specified, examples of the "mono- or di-C5_; cycloalkyl-carbamoyl group" in the present
specification include a carbamoyl group mono- or di-substituted by the above-mentioned "C5_; cycloalkyl group”. Specific
examples thereof include cyclopropylcarbamoyl, cyclopentylcarbamoyl, cyclohexylcarbamoyl and the like.

[0063] Unless otherwise specified, examples of the "mono- or di-5- to 7-membered heterocyclylcarbamoyl group” in
the present specification include a carbamoyl group mono- or di-substituted by the above-mentioned 5- to 7-membered
heterocyclic group. Examples of the 5- to 7-membered heterocyclic group include a 5- to 7-membered heterocyclic group
from among the above-mentioned "heterocyclic groups". Preferable examples of the "mono- or di-5- to 7-membered
heterocyclylcarbamoyl group" include 2-pyridylcarbamoyl, 3-pyridylcarbamoyl, 4-pyridylcarbamoyl, 2-thienylcarbamoyl,
3-thienylcarbamoyl and the like.

[0064] Unless otherwise specified, examples of the "N-C,_g alkyl-N-C_¢ alkoxy-carbamoyl group" in the present spec-
ification include a carbamoyl group substituted by the above-mentioned "C,_g alkyl group" and the above-mentioned
"C,.g alkoxy group”. Specific examples thereof include N-methyl-N-methoxycarbamoyl and the like.

[0065] Unless otherwise specified, examples of the "mono- or di-C,_g alkyl-sulfamoyl group" in the present specification
include a sulfamoyl group mono- or di-substituted by the above-mentioned "C_g alkyl group". Specific examples thereof
include methylsulfamoyl, ethylsulfamoyl, dimethylsulfamoyl, diethylsulfamoyl and the like.

[0066] Unless otherwise specified, examples of the "mono- or di-Cg_44 aryl-sulfamoyl group” in the present specification
include a sulfamoyl group mono- or di-substituted by the above-mentioned "Cg_44 aryl group". Specific examples thereof
include phenylsulfamoyl, diphenylsulfamoyl, 1-naphthylsulfamoyl, 2-naphthylsulfamoyl and the like.

[0067] Unless otherwise specified, examples of the "C,_g alkoxy-C,_g alkoxy group" in the present specification include
the above-mentioned "C,_g alkoxy group™" having 1 to 5 "C_g alkoxy groups" mentioned above. Specific examples thereof
include methoxymethoxy, ethoxymethoxy, isopropoxymethoxy, tert-butoxy methoxy, methoxyethoxy, ethoxyethoxy, iso-
propoxyethoxy, tert-butoxy ethoxy and the like.

[0068] Unless otherwise specified, examples of the "nitrogen-containing heterocyclic group" in the present specification
include a heterocyclic group containing at least one nitrogen atom from among the above-mentioned "heterocyclic
groups". Specific examples thereof include nitrogen-containing aromatic heterocyclic groups such as pyridyl, thiazolyl,
oxazolyl, oxadiazolyl, quinolyl, isoquinolyl, pyrazinyl, pyrimidinyl, pyrrolyl, imidazolyl, pyrazolyl, pyridazinyl, isothiazolyl,
isoxazolyl, triazolyl, thiadiazolyl, tetrazolyl, indolyl, indazolyl), benzothiazolyl, benzoxazolyl, benzimidazolyl, benzotria-
zolyl, imidazopyridyl, imidazopyrimidinyl, thiazolopyridyl, pyrazolopyridyl, pyrrolopyridyl, triazolopyridyl and the like; ni-
trogen-containing non-aromatic heterocyclic groups such as azetidinyl, pyrrolidinyl, oxazolidinyl, dihydrooxadiazolyl,
imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, 1-oxidothiomorpholinyl, 1,1-dioxidothi-
omorpholinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl and the like

and the like.

[0069] Unless otherwise specified, examples of the "nitrogen-containing heterocyclylsulfonyl group” in the present
specification include a sulfonyl group having the above-mentioned "nitrogen-containing heterocyclic group". Preferable
specific examples include pyridylsulfonyl, thiazolylsulfonyl, oxazolylsulfonyl, oxadiazolylsulfonyl, quinolylsulfonyl, iso-
quinolylsulfonyl, pyrazinylsulfonyl, pyrimidinylsulfonyl, pyrrolylsulfonyl, imidazolylsulfonyl, pyrazolylsulfonyl, pyridazinyl-
sulfonyl, isothiazolylsulfonyl, isoxazolylsulfonyl, triazolylsulfonyl, tetrazolylsulfonyl, indolylsulfonyl, indazolylsulfonyl, ben-
zothiazolylsulfonyl, benzoxazolylsulfonyl, benzimidazolylsulfonyl, benzotriazolylsulfonyl, imidazopyridylsulfonyl, imida-
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zopyrimidinylsulfonyl, pyrazolopyridylsulfonyl, pyrrolopyridylsulfonyl, triazolopyridylsulfonyl, azetidinylsulfonyl, pyrrolid-
inylsulfonyl, oxazolidinylsulfonyl, dihydrooxadiazolylsulfonyl, imidazolinylsulfonyl, imidazolidinylsulfonyl, piperidinylsul-
fonyl, piperazinylsulfonyl, morpholinylsulfonyl, thiomorpholinylsulfonyl, 1-oxidothiomorpholinylsulfonyl, 1,1-dioxidothio-
morpholinylsulfonyl, tetrahydroquinolinylsulfonyl, tetrahydroisoquinolinylsulfonyl and the like.

[0070] Unless otherwise specified, examples of the "nitrogen-containing heterocyclylamino group" in the present spec-
ification include an amino group mono- or di-substituted by the above-mentioned "nitrogen-containing heterocyclic group”.
Preferable specific examples include pyridylamino, thiazolylamino, oxazolylamino, oxadiazolylamino, quinolylamino,
isoquinolylamino, pyrazinylamino, pyrimidinylamino, pyrrolylamino, imidazolylamino, pyrazolylamino, pyridazinylamino,
isothiazolylamino, isoxazolylamino, triazolylamino, tetrazolylamino, indolylamino, indazolylamino, benzothiazolylamino,
benzoxazolylamino, benzimidazolylamino, benzotriazolylamino, imidazopyridylamino, imidazopyrimidinylamino, pyra-
zolopyridylamino, pyrrolopyridylamino, triazolopyridylamino, azetidinylamino, pyrrolidinylamino, oxazolidinylamino, di-
hydrooxadiazolylamino, imidazolinylamino, imidazolidinylamino, piperidinylamino, piperazinylamino, morpholinylamino,
thiomorpholinylamino, 1-oxidothiomorpholinylamino, 1,1-dioxidothiomorpholinylamino, tetrahydroquinolinylamino, tet-
rahydroisoquinolinylamino, azabicyclo[2.2.2]octan-3-ylamino and the like.

[0071] Unless otherwise specified, examples of the "C_g alkyl-carbonyloxy group" in the present specification include
acetyloxy, propanoyloxy, butanoyloxy, isobutanoyloxy, pentanoyloxy, isopentanoyloxy and the like.

[0072] Unless otherwise specified, examples of the "C,_4 alkylenedioxy group" in the present specification include
methylenedioxy, ethylenedioxy and the like.

[0073] Examples of the "optionally substituted C,_g alkyl group", "optionally substituted C,_g alkenyl group”, "optionally
substituted C,_g alkynyl group", "optionally substituted C,_4, alkoxy group (including optionally substituted C,_g alkoxy
group)”, "optionally substituted C,_g alkylsulfonyloxy group”, and "optionally substituted C4_44 alkylthio group” in the
present specification include a "C,_g alkyl group”, "C,_g alkenyl group”, "C,_g alkynyl group”, "C,4_4 alkoxy group (including
C,.galkoxy group)", "C4_g alkylsulfonyloxy group" and "C_4 alkylthio group”, each of which optionally has, at substitutable
positions, 1 to 5 substituents selected from

(1) a halogen atom;

(2) a hydroxy group;

(3) an amino group;

(4) a nitro group;

(5) a cyano group;

(6) a heterocyclic group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) a C4_g alkyl group (the C,_g alkyl group is optionally substituted by 1 to 3 substituents selected from a halogen
atom, a cyano group, a Cs_; cycloalkyl group and a Cg_44 aryl group),

(9) a Co_g alkenyl group (the C,_g alkenyl group is optionally substituted by a Cg_44 aryl group optionally having
1 to 3 halogen atoms),

(h) a mono- or di-C4_g alkyl-amino group,

(i) a Cg_14 aryl group (the Cg_44 aryl group optionally has 1 to 3 C4_g alkoxy groups),
(j) @ mono- or di-Cg_q4 aryl-amino group,

(k) a C4_7 cycloalkyl group,

() a C4_g alkoxy group,

(m) a C;_4¢ aralkyloxy group,

(n) a C4_¢ alkoxy-C4_g alkoxy group,

(o) a C,_g alkylthio group,

(p) a C_g alkylsulfinyl group,

(q) a C,_g alkylsulfonyl group,

(r) an optionally esterified carboxy group,

(s) a carbamoyl group,

(t) a thiocarbamoyl group,

(u) a mono- or di-C4_g alkyl-carbamoy! group,

(v) a mono- or di-Cg_4,4 aryl-carbamoy! group,

(w) a sulfamoyl group,

(x) a mono- or di-C,_g alkyl-sulfamoyl group,
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(y) a mono- or di-Cg_q4 aryl-sulfamoyl group,
(z) a heterocyclic group, and
(aa) a C4_g alkyl-carbonyl group;

(7) a mono- or di-C4_g alkyl-amino group (the C,_g alkyl is optionally substituted by 1 to 3 substituents selected from

a hydroxy group, a C,_g alkylthio group and a C,_g alkylsulfonyl group);

(8) a mono- or di-C5_; cycloalkyl-amino group;

(9) a mono- or di-Cg_44 aryl-amino group (the Cg_44 aryl is optionally substituted by 1 to 3 halogen atoms);
(10) a mono- or di-C5_;4 aralkyl-amino group;

(11) an N-C,_g alkyl-N-Cg_44 aryl-amino group;

(12) an N-C,_g alkyl-N-C;_4¢ aralkyl-amino group;

(13) C5_; cycloalkyl group optionally having 1 to 3 C4_g alkyl groups;

(14) a C4_g alkoxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom, and
(b) a C_g alkoxy group;

(15) a C4_g alkylthio group optionally having 1 to 3 substituents selected from

(a) a hydroxy group, and
(b) a C_g alkoxy group;

(16) a C4_g alkylsulfinyl group optionally having 1 to 3 C4_g alkoxy groups;
(17) a C4_g alkylsulfonyl group optionally substituted by 1 to 3 substituents selected from

(a) a hydroxy group, and
(b) a C_g alkoxy group;

(18) a C5_7 cycloalkylsulfonyl group;

(19) an optionally esterified carboxy group;

(20) a carbamoy! group;

(21) a thiocarbamoy! group;

(22) a mono- or di-C,_g alkyl-carbamoyl group;

(23) a mono- or di-Cg_44 aryl-carbamoyl group;

(24) a mono- or di-5- to 7-membered heterocyclylcarbamoyl group;

(25) an N-C,_g alkyl-N-C,_g alkoxy-carbamoyl group;

(26) a mono- or di-(C4_g alkyl-carbonyl (the C4_g alkyl optionally has 1 to 3 carboxy groups))-amino group;
(27) a Cg_q4 aryloxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,
(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,
(j) a C3_7 cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkoxy-carbonyl group,

(n) a C4_g alkylthio group,

(0) a C4_g alkylsulfinyl group,

(p) a C4_g alkylsulfonyl group,

(q) an optionally esterified carboxy group,
(r) a carbamoyl group,

(s) a thiocarbamoyl group,

10
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(t) @a mono- or di-C_g alkyl-carbamoy! group,
(u) @ mono- or di-Cg_44 aryl-carbamoyl group,
(v) a sulfamoyl group,

(w) a mono- or di-C4_g alkyl-sulfamoyl group, and

(x) @ mono- or di-Cg_q4 aryl-sulfamoyl group;

(a) a halogen atom,
(b) a hydroxy group,
(c) an amino group,
(d) a nitro group,

(e) a cyano group,

(f) a C4_g alkyl group (the C,_g alkyl group is optionally substituted by 1 to 3 substituents selected from a halogen

atom and a hydroxy group),

(9) a mono- or di-C,_g alkyl-amino group,
(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(28) a Cg_14 aryl group optionally substituted by 1 to 3 substituents selected from

(i) @ mono- or di-(C4_g alkyl-carbonyl)-amino group,

(k) a C4_7 cycloalkyl group,

() a C4_g alkoxy group (the C4_g alkoxy group is optionally substituted by 1 to 3 halogen atoms),

(m) a C4_g alkoxy-C,_g alkoxy group,

(n) a C4_g alkylthio group,

(0) a C4_g alkylsulfinyl group,

(p) a C,_g alkylsulfonyl group,

(q) an optionally esterified carboxy group,

(r) a carbamoyl group,

(s) a thiocarbamoyl group,

(t) @a mono- or di-C_g alkyl-carbamoy! group,

(u) a mono- or di-Cg_44 aryl-carbamoyl group,
(v) a sulfamoyl group,

(w) a mono- or di-C4_g alkyl-sulfamoyl group,
(x) a mono- or di-Cg_44 aryl-sulfamoyl! group,

(y) a C4_g alkyl-carbonyl group,

(z) a heterocyclic group, and

(aa) a heterocyclylcarbonyl group;

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,

(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(j) a C3_7 cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C4_g alkylsulfinyl group,

(0) a C4_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C,_g alkyl-carbamoyl group,

(29) a heterocyclyloxy group optionally substituted by 1 to 3 substituents selected from

11
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(t) @a mono- or di-Cg4_44 aryl-carbamoyl group,

(u) a sulfamoyl group,

(v) a mono- or di-C,_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_44 aryl-sulfamoyl! group;

(30) a sulfamoyl group;

(31) a mono- or di-C,_g alkyl-sulfamoyl group;

(32) a mono- or di-Cg_44 aryl-sulfamoyl group;

(33) a C;_44 aralkyloxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,

(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_44 aryl-amino group,

(j) a C5_; cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C4_g alkylsulfinyl group,

(o) a C,_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C4_g alkyl-carbamoy! group,
(t) @ mono- or di-Cg4_44 aryl-carbamoyl group,
(u) a sulfamoyl group,

(v) a mono- or di-C,_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_44 aryl-sulfamoyl group;

(34) a C4_g alkylsulfonyloxy group;

(35) a tri-C4_g alkyl-silyloxy group;

(36) a heterocyclylcarbonyl group;

(37) a Cg_q4 aryl-carbonyl group;

(38) a Cgq_44 arylthio group optionally substituted by 1 to 3 substituents selected from a halogen atom and a cyano
group;

(39) a Cg4_14 arylsulfinyl group optionally having 1 to 3 halogen atoms;

(40) a Cgq_q4 arylsulfonyl group optionally having 1 to 3 halogen atoms;

(41) a nitrogen-containing heterocyclylsulfonyl group;

(42) a heterocyclylthio group;

(43) a nitrogen-containing heterocyclylamino group optionally substituted by 1 to 3 substituents selected from a
cyano group and a nitro group;

(44) a tert-butyl-diphenylsilyloxy group;

(45) a tert-butyl-dimethylsilyloxy group;

(46) a C4_g alkyl-carbonyloxy group optionally substituted by 1 to 3 substituents selected from an amino group
optionally mono- or di-substituted by C,_g alkoxy-carbonyl group(s);

and the like.

[0074] Examples of the "optionally substituted C5_; cycloalkyl group”, "optionally substituted Cg_44 aryl group”, "op-
tionally substituted C-_4¢ aralkyl group”, "optionally substituted heterocyclic group", "optionally substituted heterocyclyloxy
group", "optionally substituted Cg_44 aryloxy group”, "optionally substituted C_;4 aralkyloxy group", "optionally substituted
heterocyclylsulfonyloxy group", "optionally substituted heterocyclylthio group”, "optionally substituted Cg_44 arylthio
group" and "optionally substituted C,_44 aralkylthio group" in the present specification include a "C5_; cycloalkyl group”,

"Ceg.14 aryl group”, "C;_4¢ aralkyl group”, "heterocyclic group”, "heterocyclyloxy group”, "Cg_44 aryloxy group”, "Cs_4
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aralkyloxy group”, "heterocyclylsulfonyloxy group”, "heterocyclylthio group”, "Cg_44 arylthio group” and "C;_ 14 aralkylthio
group", each of which optionally has, at substitutable positions, 1 to 5 substituents selected from

(1) a halogen atom;

(2) a hydroxy group;

(3) an amino group;

(4) a nitro group;

(5) a cyano group;

(6) an optionally substituted C4_g alkyl group;

(7) an optionally substituted C,_g alkenyl group;

(8) an optionally substituted C,_g alkynyl group;

(9) a Cg4_14 aryl group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C,_g alkyl-amino group,

(h) a Cg_44 aryl group,

(i) @a mono- or di-Cg_q4 aryl-amino group,

(i) a C4.7 cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C_g alkylsulfinyl group,

(o) a C,_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C,_g alkyl-carbamoyl group,
(t) @ mono- or di-Cq_44 aryl-carbamoyl group,
(u) a sulfamoyl group,

(v) a mono- or di-C4_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_q4 aryl-sulfamoyl group;

(10) a Cg_q4 aryloxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,

(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(j) a C3_7 cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C4_g alkylsulfinyl group,

(0) a C4_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C,_g alkyl-carbamoyl group,
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(t) @a mono- or di-Cg4_44 aryl-carbamoyl group,

(u) a sulfamoyl group,

(v) a mono- or di-C,_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_44 aryl-sulfamoyl! group;

(11) a C;_44 aralkyloxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C,_g alkyl-amino group,

(h) a Cg_44 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(i) a C4.7 cycloalkyl group,

(k) a C4_g alkoxy group,

(I) a C.¢ alkoxy-C,_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C_g alkylsulfinyl group,

(o) a C,_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C,_g alkyl-carbamoyl group,
(t) @ mono- or di-Cq_44 aryl-carbamoyl group,
(u) a sulfamoyl group,

(v) a mono- or di-C4_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_¢4 aryl-sulfamoyl group;

(12) a heterocyclic group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,

(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(j) a C5_7 cycloalkyl group,

(k) a C4_g alkoxy group,

() a C4_g alkoxy-C,4_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C4_g alkylsulfinyl group,

(0) a C4_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C_g alkyl-carbamoyl group,
(t) a mono- or di-Cg4_44 aryl-carbamoyl group,
(u) a sulfamoyl group,

(v) a mono- or di-C_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_44 aryl-sulfamoyl group;

(13) a mono- or di-C,_g alkyl-amino group;
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(14) a mono- or di-Cg_44 aryl-amino group;

(15) a mono- or di-C5_;4 aralkyl-amino group;

(16) a mono- or di-(C4_g alkoxy-carbonyl)-amino group;

(17) an N-C,_g alkyl-N-Cg_44 aryl-amino group;

(18) an N-C,_g alkyl-N-C;_4¢ aralkyl-amino group;

(19) a C5_7 cycloalkyl group;

(20) an optionally substituted C,_g alkoxy group;

(21) a C4_g alkylthio group optionally having 1 to 3 substituents selected from

(a) a hydroxy group,

(b) a carboxy group,

(c) a C4_g alkoxy group, and

(d) a C4_g alkoxy-carbonyl group;

(22) a C4_g alkylsulfinyl group optionally having 1 to 3 C,_g alkoxy groups;

(23) a C4_g alkylsulfonyl group optionally having 1 to 3 C,_g alkoxy groups;

(24) a C5_7 cycloalkylsulfonyl group;

(25) an optionally esterified carboxy group;

(26) a carbamoyl group;

(27) a thiocarbamoy! group;

(28) a mono- or di-C,_g alkyl-carbamoyl group (the C_g alkyl is optionally substituted by 1 to 3 substituents selected
from a hydroxy group and C,_g alkoxy);

(29) a mono- or di-Cg_44 aryl-carbamoyl group;

(30) a mono- or di-5- to 7-membered heterocyclylcarbamoyl group;

(31) a mono- or di-C5_7 cycloalkyl-carbamoy! group;

(32) an N-C,_g alkyl-N-C,_g alkoxy-carbamoy! group;

(33) a sulfamoyl group;

(34) a mono- or di-C4_g alkyl-sulfamoyl group;

(35) a mono- or di-Cg_44 aryl-sulfamoyl group;

(36) a C4_g alkylsulfonyloxy group;

(37) a tri-C4_g alkyl-silyloxy group;

(38) a C4_g alkyl-carbonyl group;

(39) a heterocyclylcarbonyl group;

(40) a heterocyclyloxy group optionally substituted by 1 to 3 substituents selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) an amino group,

(d) a nitro group,

(e) a cyano group,

(f) an optionally halogenated C,_g alkyl group,
(9) a mono- or di-C4_g alkyl-amino group,

(h) a Cg_14 aryl group,

(i) @ mono- or di-Cg_q4 aryl-amino group,

(j) a C5_;7 cycloalkyl group,

(k) a C4_g alkoxy group,

(I) a C.¢ alkoxy-C,_g alkoxy group,

(m) a C4_g alkylthio group,

(n) a C4_g alkylsulfinyl group,

(o) a C,_g alkylsulfonyl group,

(p) an optionally esterified carboxy group,

(q) a carbamoyl group,

(r) a thiocarbamoyl group,

(s) a mono- or di-C4_g alkyl-carbamoy! group,
(t) @ mono- or di-Cg_44 aryl-carbamoyl group,
(u) a sulfamoyl group,

(v) a mono- or di-C,_g alkyl-sulfamoyl group, and
(w) a mono- or di-Cg_44 aryl-sulfamoyl group;
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(41) a C,_4 alkylenedioxy group optionally substituted by 1 to 3 phenyl;
(42) a mono- or di-(C4_g alkyl-carbonyl)-amino group;

(43) an N-C,_g alkyl-N-(C,_g alkyl-carbonyl)-amino group;

(44) a formyl group;

(45) an oxo group;

and the like.

[0075] Unless otherwise specified, examples of the "optionally substituted amino group" and "optionally substituted
carbamoyl group" in the present specification include an "amino group" and "carbamoyl group”, each of which optionally
has 1 or 2 substituents selected from

(1) an optionally substituted C,_g alkyl group;

(2) an optionally substituted C,_g alkenyl group;
(3) an optionally substituted C,_g alkynyl group;
(4) an optionally substituted C5_; cycloalkyl group;
(5) an optionally substituted Cg_14 aryl group;

(6) an optionally substituted C,_g alkoxy group;
(7) a C4_g alkyl-carbonyl group;

(8) a heterocyclylcarbonyl group;

(9) a Cg_44 aryl-carbonyl group;

(10) an optionally substituted heterocyclic group;
(11) a sulfamoyl group;

(12) a mono- or di-C,_g alkyl-sulfamoyl group;
(13) a mono- or di-Cg_44 aryl-sulfamoyl group;

and the like.

[0076] When the "optionally substituted amino group" and "optionally substituted carbamoyl group" are an amino group
and carbamoyl group, each of which has two substituents, these substituents optionally form, together with the adjacent
nitrogen atom, a nitrogen-containing heterocycle.

Examples of the "nitrogen-containing heterocycle" include a 5- to 7-membered nitrogen-containing heterocycle contain-
ing, as a ring constituting atom besides carbon atom, at least one nitrogen atom, and optionally further containing 1 or
2 hetero atoms selected from an oxygen atom, a sulfur atom and a nitrogen atom. Preferable examples of the nitrogen-
containing heterocycle include pyrrolidine, imidazolidine, pyrazolidine, piperidine, piperazine, morpholine, thiomorpho-
line, thiazolidine, oxazolidine and the like.

[0077] Each symbol used in the formula (1) is explained in detail.

[0078] Inthe formula (1), R is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:
[0079]

~H

[0080] which is optionally substituted.
[0081] Examples of the aforementioned "5- or 6-membered nitrogen-containing heterocyclic group" include

(1) a 5- or 6-membered nitrogen-containing heterocyclic group containing 1 to 3 nitrogen atoms;

(2) a 5- or 6-membered nitrogen-containing heterocyclic group containing one nitrogen atom and one or more
(preferably 1 or 2 ) hetero atoms selected from an oxygen atom and a sulfur atom; and

(3) a 5- or 6-membered nitrogen-containing heterocyclic group containing two nitrogen atoms and one hetero atom
selected from an oxygen atom and a sulfur atom.

Of these, a 5- or 6-membered nitrogen-containing aromatic heterocyclic group is preferable, and 2-imidazolyl, 4-imida-
zolyl, 2-thiazolyl, 2-thiadiazolyl, 3-pyrazolyl, 2-pyridyl, 2-pyrazinyl and the like are particularly preferable.

The "5- or 6-membered nitrogen-containing heterocyclic group" optionally has a substitutable number (preferably 1 to
3) of substituent(s) at substitutable position(s).

Examples of the substituent include those similar to the substituent exemplified for the aforementioned "optionally sub-
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(a) a C4_4 alkyl group (preferably methyl, ethyl, isopropyl, isobutyl, tert-butyl) optionally substituted by 1 to 3 substit-
uents selected from

(a1) a hydroxy group,

(a2) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(a3) a heterocyclic group (preferably triazolyl, azetidinyl, pyrrolidinyl, imidazolidinyl, 1-oxidothiomorpholinyl, 1,1-
dioxidothiomorpholinyl, piperidinyl, piperazinyl, morpholinyl, oxadiazolyl, dihydrooxadiazolyl, diazabicyclo[2.2.1]
heptan-2-yl) optionally substituted by 1 to 3 substituents selected from a hydroxy group, a C4_g alkyl group
(preferably methyl) optionally substituted by 1 to 3 Cg_44 aryl groups (preferably phenyl), a C4_g alkyl-carbonyl
group (preferably acetyl), an oxo group and a halogen atom (preferably a fluorine atom),

(a4) a mono- or di-C_g alkyl-amino group (the C,_g alkyl is optionally substituted by 1 to 3 substituents selected
from a hydroxy group, a C,_g alkylthio group (preferably ethylthio) and a C,_g alkylsulfonyl group (preferably
ethylsulfonyl)),

(a5) a nitrogen-containing heterocyclylamino group (preferably azabicyclo[2.2.2]octan-3-ylamino),

(ab) a tert-butyl-diphenylsilyloxy group,

(a7) a C,_g alkyl-carbonyloxy group (preferably acetyloxy) optionally substituted by 1 to 3 substituents selected
from an amino group optionally mono- or di-substituted by C,_g alkoxy-carbonyl group(s) (preferably tert-butox-
ycarbonyl),

(a8) a cyano group,

(a9) a carboxy group,

(a10) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(a11) a carbamoyl group,

(a12) a mono- or di-C4_g alkyl-carbamoyl group,

(a13) a C4_g alkylsulfonyl group (preferably methylsulfonyl, ethylsulfonyl) optionally substituted by 1 to 3 hydroxy
groups,

(a14) a C,_g alkoxy group (preferably methoxy, ethoxy) optionally substituted by 1 to 3 C,_4 alkoxy groups
(preferably methoxy),

(a15) a halogen atom (preferably a fluorine atom),

(a16) a C5_; cycloalkyl group (preferably cyclobutyl), and

(a17) a tert-butyl-dimethylsilyloxy group,

(b) a heterocyclic group (preferably dioxolanyl, tetrahydropyranyl) optionally substituted by 1 to 3 substituents se-
lected from a hydroxy group and a C,_g alkyl group (preferably methyl),

(c) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom),

(d) a C,_g alkenyl group (preferably vinyl, 2-methyl-1-propenyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl
groups (preferably ethoxycarbonyl),

(e) a formyl group,

(f) a C4_g alkylthio group (preferably methylthio, ethylthio) optionally substituted by 1 to 3 substituents selected from

(f1) a hydroxy group,

(f2) a carboxy group,

(f3) a C,_g alkoxy group, and

(f4) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(g) a carboxy group,
(h) a C4_g alkoxy group (preferably methoxy, ethoxy, propoxy, isopropoxy, isobutyloxy) optionally substituted by 1
to 3 substituents selected from

(h1) a Cg_44 aryl group (preferably phenyl),

(h2) a C5_; cycloalkyl group (preferably cyclopropyl),
(h3) a C4_g alkyl-carbonyl group (preferably acetyl), and
(h4) a hydroxy group,

(i) a hydroxy group,
(j) a C4_g alkoxy-carbonyl group (preferably methoxycarbonyl),
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(k) a mono- or di-C5_7 cycloalkyl (preferably cyclopropyl)-carbamoy! group,

() a mono- or di-C_g alky! (preferably ethyl, isobutyl)-carbamoyl group (the C,_g alkyl is optionally substituted by 1
to 3 substituents selected from a hydroxy group and a C,_g alkoxy group (preferably ethoxy)),

(m) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(n) a C4_g alkyl-carbonyl group (preferably acetyl),

(o) a carbamoyl group

and the like.

[0083]
[0084]

[0085]

R'is preferably a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:

~ N

(preferably a 5- or 6-membered nitrogen-containing aromatic heterocyclic group, more preferably 2-imidazolyl,

4-imidazolyl, 2-thiazolyl, 2-thiadiazolyl, 3-pyrazolyl, 2-pyridyl, 2-pyrazinyl) optionally substituted by 1 to 3 substituents
selected from

(a) a C4_4 alkyl group (preferably methyl, ethyl, isopropyl, isobutyl, tert-butyl) optionally substituted by 1 to 3 substit-
uents selected from

(a1) a hydroxy group,

(a2) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(a3) a heterocyclic group (preferably triazolyl, azetidinyl, pyrrolidinyl, imidazolidinyl, 1-oxidothiomorpholinyl, 1,1-
dioxidothiomorpholinyl, piperidinyl, piperazinyl, morpholinyl, oxadiazolyl, dihydrooxadiazolyl, diazabicyclo[2.2.1]
heptan-2-yl) optionally substituted by 1 to 3 substituents selected from a hydroxy group, a C4_g alkyl group
(preferably methyl) optionally substituted by 1 to 3 Cg_44 aryl groups (preferably phenyl), a C4_g alkyl-carbonyl
group (preferably acetyl), an oxo group and a halogen atom (preferably a fluorine atom),

(a4) a mono- or di-C_g alkyl-amino group (the C,_g alkyl is optionally substituted by 1 to 3 substituents selected
from a hydroxy group, a C,_g alkylthio group (preferably ethylthio) and a C,_g alkylsulfonyl group (preferably
ethylsulfonyl)),

(a5) a nitrogen-containing heterocyclylamino group (preferably azabicyclo[2.2.2]octan-3-ylamino),

(ab) a tert-butyl-diphenylsilyloxy group,

(a7) a C4_g alkyl-carbonyloxy group (preferably acetyloxy) optionally substituted by 1 to 3 substituents selected
from an amino group optionally mono- or di-substituted by C,_g alkoxy-carbonyl group(s) (preferably tert-butox-
ycarbonyl),

(a8) a cyano group,

(a9) a carboxy group,

(a10) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(a11) a carbamoyl group,

(a12) a mono- or di-C4_g alkyl-carbamoyl group,

(a13) a C4_g alkylsulfonyl group (preferably methylsulfonyl, ethylsulfonyl) optionally substituted by 1 to 3 hydroxy
groups,

(a14) a C,_g alkoxy group (preferably methoxy, ethoxy) optionally substituted by 1 to 3 C,_5 alkoxy groups
(preferably methoxy),

(a15) a halogen atom (preferably a fluorine atom),

(a16) a C5_; cycloalkyl group (preferably cyclobutyl), and

(a17) a tert-butyl-dimethylsilyloxy group,

(b) a heterocyclic group (preferably dioxolanyl, tetrahydropyranyl) optionally substituted by 1 to 3 substituents se-
lected from a hydroxy group and a C,_g alkyl group (preferably methyl),

(c) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom),

(d) a C,_g alkenyl group (preferably vinyl, 2-methyl-1-propenyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl
groups (preferably ethoxycarbonyl),

(e) a formyl group,
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(f) a C4_g alkylthio group (preferably methylthio, ethylthio) optionally substituted by 1 to 3 substituents selected from

(f1) a hydroxy group,

(f2) a carboxy group,

(f3) a C4_g alkoxy group, and

(f4) a C,_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(g) a carboxy group,
(h) a C4_g alkoxy group (preferably methoxy, ethoxy, propoxy, isopropoxy, isobutyloxy) optionally substituted by 1
to 3 substituents selected from

(h1) a Cq_q4 aryl group (preferably phenyl),

(h2) a C5_; cycloalkyl group (preferably cyclopropyl),
(h3) a C4_g alkyl-carbonyl group (preferably acetyl), and
(h4) a hydroxy group,

(i) a hydroxy group,

(j) a C,.¢ alkoxy-carbonyl group (preferably methoxycarbonyl),

(k) a mono- or di-C5_7 cycloalkyl (preferably cyclopropyl)-carbamoy! group,

() a mono- or di-C_g alkyl (preferably ethyl, isobutyl)-carbamoyl group (the C,_g alkyl is optionally substituted by 1
to 3 substituents selected from a hydroxy group and a C,_g alkoxy group (preferably ethoxy)),

(m) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(n) a C4_g alkyl-carbonyl group (preferably acetyl), and

(o) a carbamoyl group.

[0086] R is particularly preferably a 5- or 6-membered nitrogen-containing heterocyclic group represented by the
formula:
[0087]

S~ AN

[0088] (preferably a 5- or 6-membered nitrogen-containing aromatic heterocyclic group, more preferably 2-thiazolyl,
2-pyridyl) optionally substituted by 1 to 3 C,_4 alkyl groups (preferably methyl, isobutyl) optionally substituted by 1 to 3
hydroxy groups.

[0089] In the formula (1), RZ is an optionally substituted alkyl group, an optionally substituted 4- to 7-membered cyclic
group, -OR® wherein R® is an optionally substituted alkyl group or an optionally substituted 4- to 7-membered cyclic
group, or an optionally substituted amino group.

[0090] In the formula (1), R3 is a hydrogen atom or an optionally substituted alkyl group.

Or, RZ and R3

(i) form, together with the carbon atom they are bonded to, cyclopropane substituted by an optionally substituted 4-
to 7-membered cyclic group, or

(i) in combination form =N-OR7 or =CH-R7 wherein R7 is an optionally substituted alkyl group or an optionally
substituted 4- to 7-membered cyclic group.

[0091] The "optionally substituted alkyl group” for R2 may be a straight chain or branched chain, and examples thereof
include an optionally substituted C_g alkyl group.

[0092] Preferable examples of the substituent that the "alkyl group” of the "optionally substituted alkyl group" for R2
optionally has include an optionally substituted 4- to 7-membered cyclic group, and

(a) a C,4_7 cycloalkyl group (preferably cyclopentyl) optionally substituted by 1 to 3 substituents selected from

(a1) a C4_4 alkylenedioxy group (preferably ethylenedioxy) optionally substituted by 1 to 3 phenyl groups, and
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(a2) an oxo group,

(b) a4-to 7-membered (preferably 5- or 6-membered) non-aromatic heterocyclic group (preferably tetrahydrofuranyl,
tetrahydropyranyl)

and the like are more preferable.

[0093] Examples of the "4- to 7-membered cyclic group" of the "optionally substituted 4- to 7-membered cyclic group”
for R2 include a 4- to 7-membered homocyclic group and a 4- to 7-membered heterocyclic group. These rings may be
saturated or unsaturated.

[0094] Examples of the aforementioned "4- to 7-membered homocyclic group" include a 4- to 7-membered alicyclic
hydrocarbon group and phenyl.

Examples of the aforementioned "4- to 7-membered alicyclic hydrocarbon group” include

(1) a C,4_7 cycloalkyl group (e.g., cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl);
(2) a C,4_7 cycloalkenyl group (e.g., cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl); and
(3) a Cs_7 cycloalkadieny! group (e.g., 2,4-cyclopentadien-1-yl, 2,4-cyclohexadien-1-yl, 2,5-cyclohexadien-1-yl).

[0095] Examples of the aforementioned "4- to 7-membered heterocyclic group” include a heterocyclic group containing
one or more (preferably 1 to 4, more preferably1 or 2) hetero atoms selected from an oxygen atom, a sulfur atom, a
nitrogen atom and the like.

The "4- to 7-membered heterocyclic group" is preferably a 5- or 6-membered aromatic heterocyclic group or a 4- to 7-
membered (preferably 5- or 6-membered) non-aromatic heterocyclic group (preferably tetrahydrofuranyl, tetrahydro-
pyranyl).

[0096] The "4- to 7-membered cyclic group" of the "optionally substituted 4- to 7-membered cyclic group" optionally
has a substitutable number (preferably 1 to 3) of substituent(s) at substitutable position(s).

Examples of the substituent include those similar to the substituent exemplified for the aforementioned "optionally sub-
stituted heterocyclic group”. Of these, a C,_4 alkylenedioxy group (preferably ethylenedioxy) optionally substituted by 1
to 3 phenyl groups, oxo group and the like are preferable.

[0097] The "optionally substituted alkyl group" for R® may be a straight chain or branched chain, and examples thereof
include an optionally substituted C,_g alkyl group.

[0098] Examples of the "optionally substituted 4- to 7-membered cyclic group"” for R® include those exemplified as the
"optionally substituted 4- to 7-membered cyclic group" for R2.

[0099] The "optionally substituted alkyl group" for R3 may be a straight chain or branched chain, and examples thereof
include an optionally substituted C_g alkyl group.

[0100] The "cyclopropane substituted by an optionally substituted 4- to 7-membered cyclic group” formed by R2 and
R3 together with the carbon atom they are bonded to can be represented by the following formula.

[0101]

R

[0102] wherein R" is an optionally substituted 4- to 7-membered cyclic group.

[0103] Examples of the "optionally substituted 4- to 7-membered cyclic group" of the "cyclopropane substituted by an
optionally substituted 4- to 7-membered cyclic group” formed by R2 and R3 together with the carbon atom they are
bonded to include those exemplified as the "optionally substituted 4- to 7-membered cyclic group” for R2.

[0104] The "cyclopropane" of the "cyclopropane substituted by an optionally substituted 4- to 7-membered cyclic
group" optionally has, besides an optionally substituted 4- to 7-membered cyclic group, a substitutable number (preferably
1 to 3) substituent(s) at substitutable position(s).

Examples of the substituent include a halogen atom and an optionally substituted C,_g alkyl group.

[0105] Examples of the "optionally substituted alkyl group" for R include an optionally substituted C,_g alkyl group.
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[0106] Examples of the "optionally substituted 4- to 7-membered cyclic group" for R7 include those exemplified as the
"optionally substituted 4- to 7-membered cyclic group" for R2.

[0107] R2Zis preferably an optionally substituted C,_g alkyl group, more preferably a C4_g alkyl group optionally sub-
stituted by an optionally substituted 4- to 7-membered cyclic group, more preferably a C,_g alkyl group (preferably methyl)
optionally substituted by one substituent selected from

(a) a C,4_7 cycloalkyl group (preferably cyclopentyl) optionally substituted by 1 to 3 substituents selected from

(a1) a C4_4 alkylenedioxy group (preferably ethylenedioxy) optionally substituted by 1 to 3 phenyl groups, and
(a2) an oxo group, and

(b) a 4- to 7-membered (preferably 5- or 6-membered) non-aromatic heterocyclic group (preferably tetrahydrofuranyl,
tetrahydropyranyl).

[0108] RZis particularly preferably a C4_5 alkyl group (preferably methyl) optionally substituted by a 4- to 7-membered
(preferably 5- or 6-membered) non-aromatic heterocyclic group (preferably tetrahydropyranyl).

[0109] R3is preferably a hydrogen atom or a C_g alkyl group (preferably methyl), more preferably a hydrogen atom.
[0110] In the formula (l), Cy is an optionally substituted 5-membered cyclic group, which is optionally condensed with
an optionally substituted 5- to 7-membered ring.

[0111] Examples of the "5-membered cyclic group” of the "optionally substituted 5-membered cyclic group, which is
optionally condensed with an optionally substituted 5- to 7-membered ring" for Cy include a 5-membered cyclic group
(e.g., cyclopentyl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4-cyclopentadien-1-yl, pyrrolyl, pyrazolyl, imidazolyl, tria-
zolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl), from among the "op-
tionally substituted 4- to 7-membered cyclic groups" for R2. Of these, a 5-membered aromatic heterocyclic group (e.g.,
pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl,
isothiazolyl) is preferable.

[0112] The "5-membered cyclic group” is optionally condensed with an optionally substituted 5- to 7-membered ring.
Examples of the "5- to 7-membered ring" of the "optionally substituted 5- to 7-membered ring" include a ring (e.g.,
thiophene, pyrrole, pyrazole, thiazole, benzene, pyridine) corresponding to the 5- to 7-membered cyclic group, from
among the group exemplified as the "optionally substituted 4- to 7-membered cyclic groups" for R2.

Preferable specific examples of the "5-membered cyclic group condensed with a 5- to 7-membered ring" of the "5-
membered cyclic group condensed with an optionally substituted 5- to 7-membered ring" include pyrazolopyridyl, inda-
zolyl, indazolinyl, indolyl, indolinyl, benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl, benzothia-
diazolyl, benzoxazolyl, benzoxadiazolyl, benzisoxazolyl, benzisothiazolyl and the like.

The "5-membered cyclic group optionally condensed with a 5- to 7-membered ring" of the "optionally substituted 5-
membered cyclic group, which is optionally condensed with an optionally substituted 5- to 7-membered ring" for Cy is
preferable a 5-membered aromatic heterocyclic group optionally condensed with a 5- to 7-membered ring.

[0113] The "5-membered cyclic group" and the "5- to 7-membered ring" each optionally has a substitutable number
(preferably 1 to 3) substituent(s) at substitutable position(s). Examples of the substituent include those similar to the
substituent exemplified for the aforementioned "optionally substituted heterocyclic group".

Preferable specific examples of the substituent include

(a) a C4_g alkylsulfonyl (preferably methylsulfonyl, ethylsulfonyl, propylsulfonyl) optionally substituted by 1to 3 C4_¢
alkoxy groups (preferably methoxy),

(b) a C4_7 cycloalkylsulfonyl (preferably cyclopropylsulfonyl),

(c) a C4_g alkoxy-carbonyl group (preferably tert-butoxycarbonyl),

(d) a carboxy group,

(e) a mono- or di-C5_; cycloalkyl (preferably cyclopropyl)-carbamoyl! group,

(f) a heterocyclylcarbonyl group (preferably azetidinylcarbonyl),

(9) a carbamoyl group di-substituted by a C4_g alkyl group (preferably methyl) and a C,_g alkoxy group (preferably
methoxy),

(h) a halogen atom (preferably a fluorine atom, a chlorine atom),

(i) a C4.¢ alkylthio group (preferably methylthio),

(i) a C4.¢ alkyl group (preferably methyl),

(k) a C4_g alkoxy group (preferably methoxy)

and the like.
[0114] Cy s preferably a 5-membered aromatic heterocyclic group optionally condensed with an optionally substituted
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5- to 7-membered ring (preferably pyrazolyl, imidazolyl, triazolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl,
oxadiazolyl, isoxazolyl, isothiazolyl, pyrazolopyridyl, indazolyl, indazolinyl, indolyl, indolinyl, benzimidazolyl, benzotria-
zolyl, benzothienyl, benzofuryl, benzothiazolyl, benzothiadiazolyl, benzoxazolyl, benzoxadiazolyl, benzisoxazolyl, ben-
zisothiazolyl etc.) and optionally substituted,

more preferably

a 5-membered aromatic heterocyclic group optionally condensed with a 5- to 7-membered ring (preferably pyrazolyl,
imidazolyl, triazolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl, pyrazol-
opyridyl, indazolyl, indazolinyl, indolyl, indolinyl, benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl,
benzothiadiazolyl, benzoxazolyl, benzoxadiazolyl, benzisoxazolyl, benzisothiazolyl etc.) and optionally substituted by 1
to 3 substituents selected from

(a) a C,_g alkylsulfonyl (preferably methylsulfonyl, ethylsulfonyl, propylsulfonyl) optionally substituted by 1to 3 C4_4
alkoxy groups (preferably methoxy),

(b) a C4_7 cycloalkylsulfonyl (preferably cyclopropylsulfonyl),

(c) a C4_g alkoxy-carbonyl group (preferably tert-butoxycarbonyl),

(d) a carboxy group,

(e) a mono- or di-C5_; cycloalkyl (preferably cyclopropyl)-carbamoyl! group,

(f) a heterocyclylcarbonyl group (preferably azetidinylcarbonyl),

(9) a carbamoyl group di-substituted by a C_g alkyl group (preferably methyl) and a C,_g alkoxy group (preferably
methoxy),

(h) a halogen atom (preferably a fluorine atom, a chlorine atom),

(i) a C4_g alkylthio group (preferably methylthio),

(i) a C.¢ alkyl group (preferably methyl), and

(k) a C4_g alkoxy group (preferably methoxy).

[0115] Cy is particularly preferably a 5-membered aromatic heterocyclic group optionally condensed with a 5- to 7-
membered ring (preferably pyrazolyl, pyrazolopyridyl, indazolyl) and optionally substituted by 1 to 3 substituents selected
from

(a) a C4_g alkylsulfonyl group (preferably methylsulfonyl),

(b) a C5.7 cycloalkylsulfonyl group (preferably cyclopropylsulfonyl),
(c) a C4_g alkylthio group (preferably methylthio),

(d) a C,_g alkyl group (preferably methyl), and

(e) a C,_g alkoxy group (preferably methoxy).

[0116] Inthe formula (I), X! and X2 are each independently an optionally substituted carbon atom, or a nitrogen atom.
[0117] Examples of the substituent that the "carbon atom" of the "optionally substituted carbon atom" for X! and X2
optionally has include those similar to the substituent exemplified for the aforementioned "optionally substituted hetero-
cyclic group". Preferable examples of the substituent that the "carbon atom" of the "optionally substituted carbon atom"
for X1 optionally has include

(a) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(b) a carboxy group,

(c) a carbamoyl group,

(d) a mono- or di-C,_g alkyl-carbamoy! group,

(e) a cyano group,

(f) a mono- or di-(C4_g alkoxy-carbonyl (preferably methoxycarbonyl))-amino group,
(9) a halogen atom (preferably a fluorine atom, a chlorine atom, an iodine atom)

and the like.
[0118] Preferable examples of the substituent that the "carbon atom" of the "optionally substituted carbon atom" for
X2 optionally has include

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom),

(b) a C,_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably

ethoxycarbonyl)

and the like.
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[0119] The following combination of X! and X2 is preferable;

(1) X1 is an optionally substituted carbon atom, and X2 is an optionally substituted carbon atom
[preferably
X' is a carbon atom optionally substituted by one substituent selected from

(a) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(b) a carboxy group,

(c) a carbamoyl group,

(d) a mono- or di-C4_g alkyl-carbamoyl group,

(e) a cyano group,

(f) a mono- or di-(C4_g alkoxy-carbonyl (preferably methoxycarbonyl))-amino group, and
(g) a halogen atom (preferably a fluorine atom, a chlorine atom, an iodine atom), and

X2 is a carbon atom optionally substituted by one substituent selected from

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom), and
(b) a C4_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably
ethoxycarbonyl)]; or

(2) X1 is a nitrogen atom, and X2 is an optionally substituted carbon atom
[preferably

X1 is a nitrogen atom, and

X2 is a carbon atom optionally substituted by one substituent selected from

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom), and
(b) a C4_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably
ethoxycarbonyl)].

[0120] Of these, X' and X2 are preferably both optionally substituted carbon atoms, particularly preferably both CH.
[0121] Of compound (I), a compound wherein Cy is not 1H-pyrrol-2-yl is novel.
[0122] Preferable specific examples of the compound represented by the formula (1) include the following compounds.

(Compound A1)

[0123] Compound (I) wherein
R'is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:
[0124]

~ N

[0125] (preferably a 5- or 6-membered nitrogen-containing aromatic heterocyclic group, more preferably 2-imidazolyl,
4-imidazolyl, 2-thiazolyl, 2-thiadiazolyl, 3-pyrazolyl, 2-pyridyl, 2-pyrazinyl) optionally substituted by 1 to 3 substituents
selected from

(a) a C4_4 alkyl group (preferably methyl, ethyl, isopropyl, isobutyl, tert-butyl) optionally substituted by 1 to 3 substit-
uents selected from

(a1) a hydroxy group,

(a2) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(a3) a heterocyclic group (preferably triazolyl, azetidinyl, pyrrolidinyl, imidazolidinyl, 1-oxidothiomorpholinyl, 1,1-
dioxidothiomorpholinyl, piperidinyl, piperazinyl, morpholinyl, oxadiazolyl, dihydrooxadiazolyl, diazabicyclo[2.2.1]
heptan-2-yl) optionally substituted by 1 to 3 substituents selected from a hydroxy group, a C4_g alkyl group
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(preferably methyl) optionally substituted by 1 to 3 Cg4_44 aryl groups (preferably phenyl), a C,_g alkyl-carbonyl
group (preferably acetyl), an oxo group and a halogen atom (preferably a fluorine atom),

(a4) a mono- or di-C_g alkyl-amino group (the C,_g alkyl is optionally substituted by 1 to 3 substituents selected
from a hydroxy group, a C,_g alkylthio group (preferably ethylthio) and a C,_g alkylsulfonyl group (preferably
ethylsulfonyl)),

(a5) a nitrogen-containing heterocyclylamino group (preferably azabicyclo[2.2.2]octan-3-yl-amino),

(ab) a tert-butyl-diphenylsilyloxy group,

(a7) a C,_g alkyl-carbonyloxy group (preferably acetyloxy) optionally substituted by 1 to 3 substituents selected
from an amino group optionally mono- or di-substituted by C,_g alkoxy-carbonyl group(s) (preferably tert-butox-
ycarbonyl),

(a8) a cyano group,

(a9) a carboxy group,

(a10) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(a11) a carbamoyl group,

(a12) a mono- or di-C4_g alkyl-carbamoyl group,

(a13) a C4_g alkylsulfonyl group (preferably methylsulfonyl, ethylsulfonyl) optionally substituted by 1 to 3 hydroxy
groups,

(a14) a C,_g alkoxy group (preferably methoxy, ethoxy) optionally substituted by 1 to 3 C,_5 alkoxy groups
(preferably methoxy),

(a15) a halogen atom (preferably a fluorine atom),

(a16) a C5_; cycloalkyl group (preferably cyclobutyl), and

(a17) a tert-butyl-dimethylsilyloxy group,

(b) a heterocyclic group (preferably dioxolanyl, tetrahydropyranyl) optionally substituted by 1 to 3 substituents se-
lected from a hydroxy group and a C,_g alkyl group (preferably methyl),

(c) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom),

(d) a C,_g alkenyl group (preferably vinyl, 2-methyl-1-propenyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl
groups (preferably ethoxycarbonyl),

(e) a formyl group,

(f) a C4_g alkylthio group (preferably methylthio, ethylthio) optionally substituted by 1 to 3 substituents selected from

(f1) a hydroxy group,

(f2) a carboxy group,

(f3) a C4_g alkoxy group, and

(f4) a C,_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(g) a carboxy group,
(h) a C4_g alkoxy group (preferably methoxy, ethoxy, propoxy, isopropoxy, isobutyloxy) optionally substituted by 1
to 3 substituents selected from

(h1) a Cq_q4 aryl group (preferably phenyl),

(h2) a C5_; cycloalkyl group (preferably cyclopropyl),
(h3) a C4_g alkyl-carbonyl group (preferably acetyl), and
(h4) a hydroxy group,

(i) a hydroxy group,

(j) a C.¢ alkoxy-carbonyl group (preferably methoxycarbonyl),

(k) a mono- or di-C5_7 cycloalkyl (preferably cyclopropyl)-carbamoy! group,

() a mono- or di-C_g alkyl (preferably ethyl, isobutyl)-carbamoyl group (the C_g alkyl is optionally substituted by 1
to 3 substituents selected from a hydroxy group and a C,_g alkoxy group (preferably ethoxy)),

(m) a heterocyclylcarbonyl group (preferably morpholinocarbonyl, azetidinylcarbonyl),

(n) a C,_g alkyl-carbonyl group (preferably acetyl), and

(o) a carbamoyl group;

R2 is a C4_g alkyl group (preferably methyl) optionally substituted by one substituent selected from

(a) a C,4_7 cycloalkyl group (preferably cyclopentyl) optionally substituted by 1 to 3 substituents selected from
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(a1) a C4_4 alkylenedioxy group (preferably ethylenedioxy) optionally substituted by 1 to 3 phenyl groups, and
(a2) an oxo group, and

(b) a4-to 7-membered (preferably 5- or 6-membered) non-aromatic heterocyclic group (preferably tetrahydrofuranyl,
tetrahydropyranyl);

R3 is a hydrogen atom or a C,_g alkyl group (preferably methyl);

Cyis a 5-membered aromatic heterocyclic group optionally condensed with a 5- to 7-membered ring (preferably pyrazolyl,
imidazolyl, triazolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl, pyrazol-
opyridyl, indazolyl, indazolinyl, indolyl, indolinyl, benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl,
benzothiadiazolyl, benzoxazolyl, benzoxadiazolyl, benzisoxazolyl, benzisothiazolyl etc.) and optionally substituted by 1
to 3 substituents selected from

(a) a C,_g alkylsulfonyl group (preferably methylsulfonyl, ethylsulfonyl, propylsulfonyl) optionally substituted by 1 to
3 C,4_g alkoxy groups (preferably methoxy),

(b) a C4_7 cycloalkylsulfonyl group (preferably cyclopropylsulfonyl),

(c) a C4_g alkoxy-carbonyl group (preferably tert-butoxycarbonyl),

(d) a carboxy group,

(e) a mono- or di-C5_; cycloalkyl (preferably cyclopropyl)-carbamoyl! group,

(f) a heterocyclylcarbonyl group (preferably azetidinylcarbonyl),

(9) a carbamoyl group di-substituted by a C4_g alkyl group (preferably methyl) and a C,_g alkoxy group (preferably
methoxy),

(h) a halogen atom (preferably a fluorine atom, a chlorine atom),

(i) a C4.g alkylthio group (preferably methylthio),

(j) a C4_g alkyl group (preferably methyl), and

(k) C4_g alkoxy group (preferably methoxy);

Xlis
(1) a carbon atom optionally substituted by one substituent selected from

(a) a C,_g alkoxy-carbonyl group (preferably ethoxycarbonyl),

(b) a carboxy group,

(c) a carbamoyl group,

(d) a mono- or di-C4_g alkyl-carbamoy! group,

(e) a cyano group,

(f) a mono- or di-(C4_g alkoxy-carbonyl (preferably methoxycarbonyl))-amino group, and
(9) a halogen atom (preferably a fluorine atom, a chlorine atom, an iodine atom), or

(2) a nitrogen atom; and
X2 is a carbon atom optionally substituted by one substituent selected from

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom), and
(b) a C4_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably
ethoxycarbonyl).

(Compound A2)

[0126] Compound (A1) wherein
X1is

(1) a carbon atom optionally substituted by one substituent selected from

(a) a C4_g alkoxy-carbonyl group (preferably ethoxycarbonyl),
(b) a carboxy group,

(c) a carbamoyl group,

(d) a mono- or di-C,_g alkyl-carbamoy! group,

(e) a cyano group,
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(f) a mono- or di-(C4_g alkoxy-carbonyl (preferably methoxycarbonyl))-amino group, and
(9) a halogen atom (preferably a fluorine atom, a chlorine atom, an iodine atom); and

X2 is a carbon atom optionally substituted by one substituent selected from,

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom), and
(b) a C4_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably
ethoxycarbonyl).

(Compound A3)

[0127] Compound (A1) wherein
X1 is a nitrogen atom; and
X2 is a carbon atom optionally substituted by one substituent selected from,

(a) a halogen atom (preferably a fluorine atom, a chlorine atom, a bromine atom), and
(b) a C4_4 alkyl group (preferably methyl) optionally substituted by 1 to 3 C,_g alkoxy-carbonyl groups (preferably
ethoxycarbonyl).

(Compound A4)

[0128] Compound (I) wherein
R'is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:
[0129]

AN

[0130] (preferably a 5- or 6-membered nitrogen-containing aromatic heterocyclic group, more preferably 2-thiazolyl,
2-pyridyl) optionally substituted by 1 to 3 C,_4 alkyl groups (preferably methyl, isobutyl) optionally substituted by 1 to 3
hydroxy groups;

R2is a C.g alkyl group (preferably methyl) optionally substituted by a 4- to 7-membered (preferably 5- or 6-membered)
non-aromatic heterocyclic group (preferably tetrahydropyranyl);

R3 is a hydrogen atom;

Cyis a 5-membered aromatic heterocyclic group optionally condensed with a 5- to 7-membered ring (preferably pyrazolyl,
pyrazolopyridyl, indazolyl) and optionally substituted by 1 to 3 substituents selected from

(a) a C4_g alkylsulfonyl group (preferably methylsulfonyl),

(b) a C5_7 cycloalkylsulfonyl group (preferably cyclopropylsulfonyl),
(c) a C4_g alkylthio group (preferably methylthio),

(d) a C,_g alkyl group (preferably methyl), and

(e) a C,_g alkoxy group (preferably methoxy);

X1is CH; and

X2 is CH.

[0131] The salt of compound (1) is preferably a pharmacologically acceptable salt, and examples thereof include a
salt with inorganic base, a salt with organic base, a salt with inorganic acid, a salt with organic acid, a salt with basic or
acidic amino acid and the like.

Preferable examples of the salt with inorganic base include alkali metal salts such as sodium salt, potassium salt and
the like; alkaline earth metal salts such as calcium salt, magnesium salt and the like; and aluminum salts; ammonium
salts and the like.

Preferable examples of the salt with organic base include salts with trimethylamine, triethylamine, pyridine, picoline,
ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine, N,N-dibenzylethylenediamine and the like.
Preferable examples of the salt with inorganic acid include salt with hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phosphoric acid and the like.
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Preferable examples of the salt with organic acid include salts with formic acid, acetic acid, trifluoroacetic acid, fumaric
acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, benzenesulfonic
acid, p-toluenesulfonic acid and the like.

Preferable examples of the salt with basic amino acid include salts with arginine, lysine, ornithine and the like.
Preferable examples of the salt with acidic amino acid include salts with aspartic acid, glutamic acid and the like.
[0132] A prodrug of the compound (I) means a compound which is converted to the compound (1) with a reaction due
to an enzyme, an gastric acid, etc. under the physiological condition in the living body, that is, a compound which is
converted to the compound () by enzymatic oxidation, reduction, hydrolysis and the like; a compound which is converted
to the compound (I) by hydrolysis and the like due to gastric acid and the like. A prodrug of the compound (l) may be a
compound obtained by subjecting an amino group in the compound (l) to an acylation, alkylation or phosphorylation
(e.g., a compound obtained by subjecting an amino group in the compound (l) to an eicosanoylation, alanylation,
pentylaminocarbonylation, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methoxycarbonylation, tetrahydrofuranylation, pyrrolidyl-
methylation, pivaloyloxymethylation or tert-butylation, etc.); a compound obtained by subjecting a hydroxy group in the
compound (I) to an acylation, alkylation, phosphorylation or boration (e.g., a compound obtained by subjecting an hydroxy
group in the compound (I) to an acetylation, palmitoylation, propanoylation, pivaloylation, succinylation, fumarylation,
alanylation or dimethylaminomethylcarbonylation, etc.); a compound obtained by subjecting a carboxyl group in the
compound (l) to an esterification or amidation (e.g., a compound obtained by subjecting a carboxyl group in the compound
() to an ethyl esterification, phenyl esterification, carboxymethyl esterification, dimethylaminomethyl esterification, pival-
oyloxymethyl esterification, ethoxycarbonyloxyethyl esterification, phthalidyl esterification, (5-methyl-2-oxo-1,3-dioxolen-
4-yl)methyl esterification, cyclohexyloxycarbonylethyl esterification or methylamidation etc.) and the like. These com-
pounds can be produced from the compound (l) according to a method known per se.

A prodrug of the compound () may also be one which is converted into the compound (I) under a physiological condition,
such as those described in [YAKUHIN NO KAIHATSU (Development of Pharmaceuticals), Vol. 7, Design of Molecules,
p.163-198, Published by HHROKAWA SHOTEN (1990).

The compound (I) may be labeled with an isotope (e.g., 3H, 14C, 35S, 125] etc.) and the like.

Deuterium-converted compound wherein TH has been converted to 2H(D) are also encompassed in the compound (1).
Moreover, tautomer is present in a compound represented by the formula (l) and a salt thereof. Any of tautomers is
encompassed in the present invention, and a compound represented by the formula (l) and a salt thereof may be a
solvate, a hydrate, a non-solvate or a non-hydrate.

[0133] The compound (I) or a prodrug thereof (hereinafter sometimes to be abbreviated as the compound of the
present invention) shows low toxicity and can be used as an agent for the prophylaxis or treatment of various diseases
to be mentioned below for mammals (e.g., humans, mice, rats, rabbits, dogs, cats, bovines, horses, pigs, monkeys etc.)
as they are or by admixing with a pharmacologically acceptable carrier and the like to give a pharmaceutical composition.
Here, various organic or inorganic carriers conventionally used as materials for pharmaceutical preparations are used
as a pharmacologically acceptable carrier, which are added as excipient, lubricant, binder and disintegrant for solid
preparations; or solvent, solubilizing agent, suspending agent, isotonicity agent, buffer and soothing agent for liquid
preparations, and the like. Where necessary, an additive for pharmaceutical preparations such as preservative, antioxi-
dant, colorant, sweetening agent and the like can be used.

Preferable examples of the excipientinclude lactose, sucrose, D-mannitol, D-sorbitol, starch, o-starch, dextrin, crystalline
cellulose, low-substituted hydroxypropylcellulose, sodium carboxymethylcellulose, gum acacia, pullulan, light anhydrous
silicic acid, synthetic aluminum silicate, magnesium aluminate metasilicate and the like.

Preferred examples of the lubricant include magnesium stearate, calcium stearate, talc, colloidal silica and the like.
Preferable examples of the binder include a-starch, saccharose, gelatin, gum acacia, methylcellulose, carboxymethyl-
cellulose, sodium carboxymethylcellulose, crystalline cellulose, sucrose, D-mannitol, trehalose, dextrin, pullulan, hy-
droxypropylcellulose, hydroxypropylmethylcellulose, polyvinylpyrrolidone and the like.

Preferable examples of the disintegrant include lactose, sucrose, starch, carboxymethylcellulose, calcium carboxymeth-
ylcellulose, sodium croscarmellose, sodium carboxymethylstarch, light anhydrous silicic acid, low-substituted hydroxy-
propylcellulose and the like.

[0134] Preferable examples of the solvent include water for injection, physiological brine, Ringer’s solution, alcohol,
propylene glycol, polyethylene glycol, sesame oil, corn ail, olive oil, cottonseed oil and the like.

Preferred examples of the solubilizing agent include polyethylene glycol, propylene glycol, D-mannitol, trehalose, benzyl
benzoate, ethanol, trisaminomethane, cholesterol, triethanolamine, sodium carbonate, sodium citrate, sodium salicylate,
sodium acetate and the like.

Preferred examples of the suspending agent include surfactants such as stearyltriethanolamine, sodium lauryl sulfate,
lauryl aminopropionate, lecithin, benzalkonium chloride, benzethonium chloride, glyceryl monostearate and the like;
hydrophilic polymers such as polyvinyl alcohol, polyvinylpyrrolidone, sodium carboxymethylcellulose, methylcellulose,
hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose and the like; polysorbates, polyoxyethylene hy-
drogenated castor oil and the like.
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Preferred examples of the isotonicity agent include sodium chloride, glycerol, D-mannitol, D-sorbitol, glucose and the like.
Preferred examples of the buffer include buffers such as phosphate, acetate, carbonate, citrate and the like.

Preferred examples of the soothing agent include benzyl alcohol and the like.

Preferred examples of the preservative include p-oxybenzoates, chlorobutanol, benzyl alcohol, phenethyl alcohol, de-
hydroacetic acid, sorbic acid and the like.

Preferred examples of the antioxidant include sulfite, ascorbate and the like.

Preferable examples of the colorant include water-soluble edible tar pigments (e.g., foodcolors such as Food Color Red
Nos. 2 and 3, Food Color Yellow Nos. 4 and 5, Food Color Blue Nos. 1 and 2 and the like), water insoluble lake pigments
(e.g., aluminum salt of the aforementioned water-soluble edible tar pigment), natural pigments (e.g., beta carotene,
chlorophil, ferric oxide red) and the like.

Preferable examples of the sweetening agent include saccharin sodium, dipotassium glycyrrhizinate, aspartame, stevia
and the like.

[0135] The dosage form of the aforementioned pharmaceutical composition is, for example, an oral agent such as
tablets (inclusive of sublingual tablets and orally disintegrable tablets), capsules (inclusive of soft capsules and micro-
capsules), granules, powders, troches, syrups, emulsions, suspensions and the like; a parenteral agent such as injections
(e.g., subcutaneous injections, intravenous injections, intramuscular injections, intraperitoneal injections, drip infusions),
external agents (e.g., transdermal preparations, ointments), suppositories (e.g., rectal suppositories, vaginal supposi-
tories), pellets, nasal preparations, pulmonary preparations (inhalations), ophthalmic preparations and the like, and the
like. These may be administered safely via an oral or parenteral (e.g., topical, rectal, intravenous administrations etc.)
route.

These agents may be controlled-release preparations such as rapid-release preparations and sustained-release prep-
arations (e.g., sustained-release microcapsules).

The pharmaceutical composition can be produced according to a method conventionally used in the field of pharma-
ceutical preparation, such as the method described in Japan Pharmacopoeia and the like. Concrete production methods
of preparations are described in detail in the following.

While the content of the compound of the present invention in the pharmaceutical composition varies depending on the
dosage form, dose of the compound of the present invention and the like, it is, for example, about 0.1 to 100 wt%.
[0136] The compound of the present invention has a superior GK activating action, and can be used as an agent for
the prophylaxis or treatment of various diseases for mammals (e.g., human, bovine, horse, dog, cat, monkey, mouse,
rat, specifically human). In addition, as the compound of the present invention has a selective GK activating action, it
shows low toxicity (e.g., acute toxicity, chronic toxicity, cardiotoxicity, carcinogenic, genetic toxicity), which causes fewer
side effects.

The compound of the present invention can be used as an agent for the prophylaxis or treatment of diabetes (e.g., type-
1 diabetes, type-2 diabetes, gestational diabetes, obese diabetes etc.); an agent for the prophylaxis or treatment of
hyperlipidemia (e.g., hypertriglyceridemia, hypercholesterolemia, hypo-HDL-emia, postprandial hyperlipidemia etc.); an
agent for the prophylaxis or treatment of arteriosclerosis; an agent for the prophylaxis or treatment of impaired glucose
tolerance (IGT); and an agent for preventing progression of impaired glucose tolerance into diabetes.

[0137] For diagnostic criteria of diabetes, Japan Diabetes Society reported new diagnostic criteria in 1999.
According to this report, diabetes is a condition showing any of a fasting blood glucose level (glucose concentration of
intravenous plasma) of not less than 126 mg/dl, a 75 g oral glucose tolerance test (75 g OGTT) 2 h level (glucose
concentration of intravenous plasma) of not less than 200 mg/dl, and a non-fasting blood glucose level (glucose con-
centration of intravenous plasma) of not less than 200 mg/dI. A condition not falling under the above-mentioned diabetes
and different from "a condition showing a fasting blood glucose level (glucose concentration of intravenous plasma) of
less than 110 mg/dl or a 75 g oral glucose tolerance test (75 g OGTT) 2 h level (glucose concentration of intravenous
plasma) of less than 140 mg/dI" (normal type) is called a "borderline type".

[0138] In addition, ADA (American Diabetes Association) and WHO reported new diagnostic criteria of diabetes.
According to these reports, diabetes is a condition showing a fasting blood glucose level (glucose concentration of
intravenous plasma) of not less than 126 mg/dl, or a 75 g oral glucose tolerance test 2 h level (glucose concentration
of intravenous plasma) of not less than 200 mg/dl.

According to the above-mentioned reports by ADA and WHO, impaired glucose tolerance is a condition showing a 75
g oral glucose tolerance test 2 h level (glucose concentration of intravenous plasma) of not less than 140 mg/dl and less
than 200 mg/dl. According to the report of ADA, a condition showing a fasting blood glucose level (glucose concentration
of intravenous plasma) of not less than 100 mg/dl and less than 126 mg/dl is called IFG (Impaired Fasting Glucose).
According to the report of WHO, among the IFG (Impaired Fasting Glucose), a condition showing a 75 g oral glucose
tolerance test 2 h level (glucose concentration of intravenous plasma) of not less than 110 mg/dl and less than 126 mg/dI
is called IFG (Impaired Fasting Glycaemia).

[0139] The compound of the present invention can also be used as an agent for the prophylaxis or treatment of
diabetes, borderline type, impaired glucose tolerance, IFG (Impaired Fasting Glucose) and IFG (Impaired Fasting Gly-
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caemia), as determined according to the above-mentioned new diagnostic criteria. Moreover, the compound of the
present invention can prevent progress of borderline type, impaired glucose tolerance, IFG (Impaired Fasting Glucose)
or IFG (Impaired Fasting Glycaemia) into diabetes.

[0140] The compound of the present invention can also be used as an agent for the prophylaxis or treatment of, for
example, diabetic complications [e.g., neuropathy, nephropathy, retinopathy, cataract, macroangiopathy, osteopenia,
hyperosmolar diabetic coma, infectious disease (e.g., respiratory infection, urinary tract infection, gastrointestinal infec-
tion, dermal soft tissue infections, inferior limb infection), diabetic gangrene, xerostomia, hypacusis, cerebrovascular
disorder, peripheral blood circulation disorder], obesity, osteoporosis, cachexia (e.g., cancerous cachexia, tuberculous
cachexia, diabetic cachexia, blood disease cachexia, endocrine disease cachexia, infectious disease cachexia or cachex-
ia due to acquired immunodeficiency syndrome), fatty liver, hypertension, polycystic ovary syndrome, kidney disease
(e.g., diabetic nephropathy, glomerular nephritis, glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis,
end stage kidney disease), muscular dystrophy, myocardial infarction, angina pectoris, cerebrovascular accident (e.g.,
cerebral infarction, cerebral apoplexy), abnormal sugar metabolism, abnormal lipid metabolism, insulin resistance syn-
drome, Syndrome X, metabolic syndrome (state concurrently associated with at least one of type 2 diabetes, impaired
glucose tolerance and insulin resistance, and at least two from obesity, abnormal lipid metabolism, hypertension and
trace albumin urine), Cushing’s syndrome, hyperinsulinemia, hyperinsulinemia-induced sensory disorder, tumor (e.g.,
leukemia, breast cancer, prostate cancer, skin cancer), irritable bowel syndrome, acute or chronic diarrhea, inflammatory
diseases (e.g., rheumatoid arthritis, spondylitis deformans, osteoarthritis, lumbago, gout, postoperative or traumatic
inflammation, swelling, neuralgia, pharyngolaryngitis, cystitis, hepatitis (inclusive of non-alcoholic steatohepatitis), pneu-
monia, pancreatitis, inflammatory intestine disease, ulcerative colitis, stomach mucous membrane injury (including stom-
ach mucous membrane injury caused by aspirin)), visceral fat syndrome and the like.

[0141] The compound of the present invention can also be used for improvement of insulin resistance, promotion or
increase of insulin secretion, decrease of visceral fat, suppression of accumulation of visceral fat, improvement of sugar
metabolism, improvement of lipid metabolism (suppression of oxidative LDL production, improvement of lipoprotein
metabolism),

improvement of coronary metabolism, prophylaxis or treatment of cardiovascular complication, prophylaxis or treatment
of heart failure complication, lowering of blood remnant, prophylaxis or treatment of anovulation, prophylaxis or treatment
of hirsutism, prophylaxis or treatment of hyperandrogenism, improvement of pancreatic (B cell) function, regeneration
of pancreas (B cell), promotion of regeneration of pancreas (B cell) and the like.

The compound of the present invention can also be used for the secondary prevention and suppression of progression
of various diseases mentioned above (e.g., cardiovascular event such as myocardial infarction etc.).

The compound of the present invention is particularly useful as an agent for the prophylaxis or treatment of type-2
diabetes, obese diabetes and the like.

[0142] While the dose of the compound of the present invention varies depending on the administration subject,
administration route, target disease, condition and the like, the compound of the present invention is generally given in
a single dose of about 0.01-100 mg/kg body weight, preferably 0.05-30 mg/kg body weight, more preferably 0.1-10
mg/kg body weight, in the case of, for example, oral administration to adult diabetic patients. This dose is desirably given
1 to 3 times a day.

[0143] The compound of the present invention can be used in combination with drugs such as a therapeutic agent for
diabetes, a therapeutic agent for diabetic complications, a therapeutic agent for hyperlipidemia, an antihypertensive
agent, an antiobestic agent, a diuretic, a chemotherapeutic agent, animmunotherapeutic agent, an antithrombotic agent,
a therapeutic agent for osteoporosis, a antidementia agent, an erectile dysfunction improver, a therapeutic agent for
pollakiuria or urinary incontinence, a therapeutic agent for dysuria and the like (hereinafter to be referred to as a com-
bination drug). In this case, the timing of administration of the compound of the present invention and a combination
drugis not limited. These may be simultaneously administered to an administration subject oradministered in a staggered
manner. Moreover, the compound of the present invention and a combination drug may be administered as two kinds
of preparations each containing an active ingredient, or may be administered as a single preparation containing both
active ingredients.

The dose of the combination drug can be determined as appropriate based on the dose clinically employed. The proportion
of the compound of the present invention and the combination drug can be appropriately determined depending on the
administration subject, administration route, target disease, condition, combination and the like. When, for example, the
administration subject is human, the combination drug is used in an amount of 0.01-100 parts by weight per 1 part by
weight of the compound of the present invention.

[0144] Examples of the therapeutic agents for diabetes include insulin preparations (e.g., animal insulin preparations
extracted from pancreas of bovine or swine; human insulin preparations genetically synthesized using Escherichia coli
or yeast; zinc insulin; protamine zinc insulin; fragment or derivative of insulin (e.g., INS-1), oral insulin preparation),
insulin sensitizers (e.g., pioglitazone or a salt thereof (preferably hydrochloride), rosiglitazone or a salt thereof (preferably
maleate), Reglixane (JTT-501), Netoglitazone (MCC-555), DRF-2593, Edaglitazone (BM-13.1258), KRP-297, R-119702,
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Rivoglitazone (CS-011), FK-614, compound described in WO99/58510 (e.g., (E)-4-[4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)benzyloxyimino]-4-phenylbutyric acid), compound described in WO01/38325, Tesaglitazar (AZ-242), Ragagl-
itazar (NN-622), Muraglitazar (BMS-298585), ONO-5816, LM-4156, MBX-102, Naveglitazar (LY-519818), MX-6054,
LY-510929, Balaglitazone (NN-2344), T-131 or a salt thereof, THR-0921), PPARy agonists, PPARyantagonists, PPARY/
o dual agonists, a-glucosidase inhibitors (e.g., voglibose, acarbose, miglitol, emiglitate), biguanides (e.g., phenformin,
metformin, buformin or a salt thereof (e.g., hydrochloride, fumarate, succinate)), insulin secretagogues [sulfonylureas
(e.g., tolbutamide, glibenclamide, gliclazide, chlorpropamide, tolazamide, acetohexamide, glyclopyramide, glimepiride,
glipizide, glybuzole), repaglinide, senaglinide, nateglinide, mitiglinide or a calcium salt hydrate thereof], GPR40 agonists,
GLP-1 receptor agonists [e.g., GLP-1, GLP-1MR agent, NN-2211, AC-2993 (exendin-4), BIM-51077, Aib(8,35)hGLP-1
(7,37)NH,, CJC-1131], amylin agonists (e.g., pramlintide), phosphotyrosine phosphatase inhibitors (e.g., sodium vana-
date), dipeptidyl peptidase IV inhibitors (e.g., Alogliptin or a salt thereof (preferably benzoate), NVP-DPP-278, PT-100,
P32/98, Vidagliptin(LAF-237), P93/01, TS-021, MK-431, Saxagliptin (BMS-477118)), B3 agonists (e.g., AJ-9677), glu-
coneogenesis inhibitors (e.g., glycogen phosphorylase inhibitors, glucose-6-phosphatase inhibitors, glucagon antago-
nists), SGLT (sodium-glucose cotransporter) inhibitors (e.g., T-1095), 1138-HSD1 inhibitors (e.g., BVT-3498), adiponectin
or an agonist thereof, IKK inhibitors (e.g., AS-2868), leptin resistance improving drugs, somatostatin receptor agonists
(e.g., compound described in WO01/2522 WO03/42204, WO98/44921, WO98/45285, WO99/22735 ) and the like.
[0145] Examples of the therapeutic agents for diabetic complications include aldose reductase inhibitors (e.g., Tolr-
estat, Epalrestat, Zenarestat, Zopolrestat, Minalrestat, Fidarestat, CT-112, ranirestat (AS-3201)), neurotrophic factors
and increasing drugs thereof (e.g., NGF, NT-3, BDNF, neurotrophin production-secretion promoters described in
WO001/143 (e.g., 4-(4-chlorophenyl)-2-(2-methyl-1-imidazolyl)-5-[3-(2-methylphenoxy)propyl]oxazole)), stimulators
(e.g., Y-128), PKC inhibitors (e.g., ruboxistaurin mesylate), AGE inhibitors (e.g., ALT-946, pimagedine, N-phenacylthi-
azolium bromide (ALT-766), ALT-711, EXO-226, Pyridorin, Pyridoxamine), active oxygen scavengers (e.g., thioctic acid),
cerebral vasodilators (e.g., tiapuride, mexiletine), somatostatin receptor agonists (BIM23190), apoptosis signal regulating
kinase-1 (ASK-1) inhibitors and the like.

[0146] Examples of the therapeutic agents for hyperlipidemia include HMG-CoA reductase inhibitors (e.g., pravastatin,
simvastatin, lovastatin, atorvastatin, fluvastatin, pitavastatin, rosuvastatin and salts thereof (e.g., sodium salt, calcium
salt)), squalene synthase inhibitors (e.g., compound described in WO97/10224, such as N-[[(3R,5S)-1-(3-acetoxy-2,2-
dimethylpropyl)-7-chloro-5-(2,3-dimethoxyphenyl)-2-oxo-1,2,3,5-tetrahydro-4,1-benzoxazepin-3-yl]acetyl] piperidine-4-
acetic acid), fibrate compounds (e.g., bezafibrate, clofibrate, simfibrate, clinofibrate), ACAT inhibitors (e.g., Avasimibe,
Eflucimibe), anion exchange resins (e.g., colestyramine), probucol, nicotinic acid drugs (e.g., nicomol, niceritrol), ethyl
icosapentate, phytosterols (e.g., soysterol, y-oryzanol) and the like.

[0147] Examples of the antihypertensive agents include angiotensin converting enzyme inhibitors (e.g., captopril,
enalapril, delapril), angiotensin |l antagonists (e.g., candesartan cilexetil, losartan, eprosartan, valsartan, telmisartan,
irbesartan, tasosartan, 1-[[2’-(2,5-dihydro-5-ox0-4H-1,2,4-oxadiazol-3-yl)biphenyl-4-yljmethyl]-2-ethoxy-1H-benzimida-
zole-7-carboxylic acid), calcium antagonists (e.g., manidipine, nifedipine, amlodipine, efonidipine, nicardipine), potassium
channel openers (e.g., levcromakalim, L-27152, AL 0671, NIP-121), clonidine and the like.

[0148] Examples of the antiobesity agents include antiobesity agents acting on the central nervous system (e.g.,
dexfenfluramine, fenfluramine, phentermine, sibutramine, amfepramone, dexamphetamine, mazindol, phenylpropa-
nolamine, clobenzorex; MCH receptor antagonists (e.g., SB-568849; SNAP-7941; compound described in WO01/82925
and WO01/87834); neuropeptide Y antagonists (e.g., CP-422935); cannabinoid receptor antagonists (e.g., SR-141716,
SR-147778); ghrelin antagonists), pancreatic lipase inhibitors (e.g., orlistat, ATL-962), B3 agonists (e.g., AJ-9677), pep-
tide anorexiants (e.g., leptin, CNTF (Ciliary Neurotropic Factor)), cholecystokinin agonists (e.g., lintitript, FPL-15849),
anorexigenic agents (e.g., P-57) and the like.

[0149] Examples of the diuretics include xanthine derivatives (e.g., sodium salicylate and theobromine, calcium sali-
cylate and theobromine), thiazide preparations (e.g., ethiazide, cyclopenthiazide, trichloromethiazide, hydrochlorothi-
azide, hydroflumethiazide, benzylhydrochlorothiazide, penflutizide, polythiazide, methyclothiazide), antialdosterone
preparations (e.g., spironolactone, triamterene), carbonate dehydratase inhibitors (e.g., acetazolamide), chlorobenze-
nesulfonamide preparations (e.g., chlortalidone, mefruside, indapamide), azosemide, isosorbide, etacrynic acid, pireta-
nide, bumetanide, furosemide and the like.

[0150] Examples of the chemotherapeutic agents include alkylating agents (e.g., cyclophosphamide, ifosfamide),
metabolic antagonists (e.g., methotrexate, 5-fluorouracil and derivatives thereof), antitumor antibiotics (e.g., mitomycin,
adriamycin), plant-derived antitumor agents (e.g., vincristine, vindesine, Taxol), cisplatin, carboplatin, etoposide and the
like. Of these, Furtulon or NeoFurtulon, which are 5-fluorouracil derivatives, and the like are preferable.

[0151] Examples of the immunotherapeutic agents include microorganism or bacterial components (e.g., muramyl
dipeptide derivatives, Picibanil), polysaccharides having immunity potentiating activity (e.g., lentinan, schizophyllan,
krestin), cytokines obtained by genetic engineering techniques (e.g., interferon, interleukin (IL)), colony stimulating factors
(e.g., granulocyte colony stimulating factor, erythropoietin) and the like, with preference given to interleukins such as IL-
1, IL-2, IL-12 and the like.
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[0152] Examples of the antithrombotic agents include heparin (e.g., heparin sodium, heparin calcium, dalteparin so-
dium), warfarins (e.g., warfarin potassium), anti-thrombin drugs (e.g., aragatroban), thrombolytic agents (e.g., urokinase,
tisokinase, alteplase, nateplase, monteplase, pamiteplase), platelet aggregation inhibitors (e.g., ticlopidine hydrochloride,
cilostazol, ethyl icosapentate, beraprost sodium, sarpogrelate hydrochloride) and the like.

[0153] Examples of the therapeutic agents for osteoporosis include alfacalcidol, calcitriol, elcatonin, calcitonin salmon,
estriol, ipriflavone, risedronate disodium, pamidronate disodium, alendronate sodium hydrate, incadronate disodium and
the like.

[0154] Examples of the antidementia agents include tacrine, donepezil, rivastigmine, galanthamine and the like.
Examples of the erectile dysfunction improvers include apomorphine, sildenafil citrate and the like.

Examples of the therapeutic agents for pollakiuria or urinary incontinence include flavoxate hydrochloride, oxybutynin
hydrochloride, propiverine hydrochloride and the like.

Examples of the therapeutic agents for dysuria include acetylcholine esterase inhibitors (e.g., distigmine) and the like.
[0155] Furthermore, drugs having a cachexia-improving action established in animal models and clinical situations,
such as cyclooxygenase inhibitors (e.g., indomethacin), progesterone derivatives (e.g., megestrol acetate), glucosteroids
(e.g., dexamethasone), metoclopramide agents, tetrahydrocannabinol agents, fat metabolism improving agents (e.g.,
eicosapentanoic acid), growth hormones, IGF-1, or antibodies to a cachexia-inducing factor such as TNF-q, LIF, IL-6,
oncostatin M and the like, can be used in combination with the compound of the present invention.

[0156] The combination drug is preferably insulin preparation, insulin sensitizer, o-glucosidase inhibitor, biguanide,
insulin secretagogue (preferably sulfonylurea) and the like.

Two or more kinds of the above-mentioned combination drugs may be used in an appropriate combination.

When the compound of the present invention is used in combination with a combination drug, the amount thereof can
be reduced within a safe range in consideration of counteraction of these agents. Particularly, the dose of an insulin
sensitizer, an insulin secretagogue (preferably a sulfonylurea) and a biguanide can be reduced as compared with the
normal dose. Therefore, an adverse effect which may be caused by these agents can be prevented safely. In addition,
the dose of the therapeutic agent for diabetic complications, therapeutic agent for hyperlipidemia and antihypertensive
agent can be reduced whereby an adverse effect which may be caused by these agents can be prevented effectively.
[0157] Compound (I) can be produced, for example, according to the method shown in the following Reaction Schemes
or a method analogous thereto.

[0158] Ofthe compound represented by the formula (1), the pyrrole derivative can be produced, for example, according
to the method shown in the following Reaction Scheme 2.

Reaction Scheme 2

[0159]

| Ra (V) & Ra ) OHC__N
QFCOH HN _.Rb RL) ;N ORb -~y gR U(VIH)

e

O
UD Step 5 Cy Step 6 ¢y © Step 7
(V1) (ViD

M L

Step 8
(IX) (l-c)

[0160] wherein Ra and Rb are each an optionally substituted alkyl group, M is a metal atom or a halogenated metal,
and the other symbols are as defined above.

In this scheme, compound (ll) is reacted with hydroxylamine compound (V) or a salt thereof to produce compound (VI),
compound (V1) is reacted with an alkenyl metal reagent to produce enone compound (VII), compound (VII) is reacted
with aldehyde compound (VIII) to produce diketone compound (I1X), and compound (IX) is subjected to a ring-closing
reaction to produce compound (I-c).
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Compound (Il) can be synthesized, for example, according to the known method described in WO00/5829
WO2006/016178 or the like.

Compound (V) can be synthesized according to a known method.

Compound (VIII) can be synthesized according to a known method.

Step 5

[0161] In this step, compound (VI) is produced by reacting compound (ll) or a reactive derivative of the carboxy group
or a salt thereof with hydroxylamine compound (V) or a salt thereof.
Examples of the reactive derivative of the carboxy group of compound (Il) include

1) an acid chloride;

2) an acid azide;

3) a mixed anhydride with an acid (e.g., substituted phosphoric acid such as dialkyl phosphate, phenyl phosphate,
diphenyl phosphate, dibenzyl phosphate, halogenated phosphoric acid and the like; dialkyl phosphonate; sulfurous
acid; thiosulfuric acid; sulfuric acid; sulfonic acids such as methanesulfonic acid and the like; aliphatic carboxylic
acids such as formic acid, acetic acid, propionic acid, butyric acid, isobutyric acid, pivalic acid, pentanoic acid,
isopentanoic acid, trichloroacetic acid and the like; aromatic carboxylic acids such as benzoic acid and the like);
4) a symmetric anhydride;

5) an activated amide with imidazole, 4-substituted imidazole, dimethylpyrazole, triazole or tetrazole;

6) an activated ester such as cyanomethyl ester, methoxymethyl ester, dimethyliminomethyl ester, vinyl ester,
propargy! ester, p-nitrophenyl ester, trichlorophenyl ester, pentachlorophenyl ester, mesylphenyl ester, phenylazo-
phenyl ester, phenyl thioester, p-nitrophenyl ester, p-cresyl thioester, carboxymethyl thioester, pyranyl ester, pyridyl
ester, piperidyl ester, 8-quinolyl thioester and the like;

7) an ester with a N-hydroxy compound (e.g., N,N-dimethylhydroxyamine, 1-hydroxy-2-(1H)-pyridone, N-hydroxy-
succinimide, N-hydroxyphthalimide, 1-hydroxy-1H-benzotriazole);

and the like. These reactive derivatives are appropriately determined according to the kind of compound (ll) to be used.
Preferable salt of the reactive derivative of compound (Il) include salts with a base, such as alkali metal salts (e.g.,
sodium salt, potassium salt and the like), alkaline earth metal salts (e.g., calcium salt, magnesium salt and the like),
ammonium salts, salts with an organic base (e.g., trimethylamine salt, triethylamine salt, pyridine salt, picoline salt,
dicyclohexylamine salt, N,N-dibenzylethylenediamine salt and the like) and the like.

This reaction is preferably carried out without solvent or in a solvent inert to the reaction. The solvent is not particularly
limited as long as the reaction proceeds, and examples thereof include alcohols such as methanol, ethanol, propanol,
isopropanol, butanol, tert-butanol and the like; ethers such as dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl
ether, diisopropyl ether, ethylene glycol-dimethyl ether and the like; esters such as ethyl formate, ethyl acetate, n-butyl
acetate and the like; halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride, trichloroeth-
ylene and the like; hydrocarbons such as n-hexane, benzene, toluene and the like; amides such as formamide, N,N-
dimethylformamide, N,N-dimethylacetamide and the like; nitriles such as acetonitrile, propionitrile and the like; sulfoxides
such as dimethylsulfoxide and the like; sulfolane; hexamethylphosphoramide; water and the like. These solvents may
be used in a mixture of two or more kinds thereof at an appropriate ratio.

In this reaction, when compound (l1) is used in the form of a free acid or a salt thereof, the reaction is preferably carried
out in the presence of a conventional condensing agent such as a carbodiimide (e.g., N,N’-dicyclohexylcarbodiimide,
N-cyclohexyl-N’-morpholinoethylcarbodiimide, N-cyclohexyl-N’-(4-diethylaminocyclohexyl)carbodiimide, N,N’-diethyl-
carbodiimide, N,N’-diisopropylcarbodiimide, N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide and the like); N,N’-carbo-
nylbis(2-methylimidazole); a trialkyl phosphate; a polyphosphate (e.g., ethyl polyphosphate, isopropyl polyphosphate
and the like); phosphorus oxychloride; diphenylphosphorylazide; thionyl chloride; oxalyl chloride; a lower alkyl halofor-
mate (e.g., ethyl chloroformate, isopropyl chloroformate and the like); triphenylphosphine; 1-[bis(dimethylamino)meth-
ylene]-1H-1,2,3-triazolo(4,5-b)pyridinium 3-oxide hexafluorophosphate (HATU); N-hydroxybenzotriazole; 1-(p-chlo-
robenzenesulfonyloxy)-6-chloro-1H-benzotriazole; Vilsmeier-reagent (prepared by the reaction of N,N’-dimethylforma-
mide and thionyl chloride, phosgene, chloroformic acid trichloromethyl, phosphorus oxychloride or the like), and the like.
This reaction may be carried out in the presence of a base if desired. Examples of the base include alkali metal hydroxides
such as lithium hydroxide, sodium hydroxide, potassium hydroxide and the like; alkaline earth metal hydroxides such
as magnesium hydroxide, calcium hydroxide and the like; alkali metal carbonates such as sodium carbonate, potassium
carbonate and the like; alkali metal hydrogen carbonates such as sodium hydrogen carbonate, potassium hydrogen
carbonate and the like; alkali metal C4_g alkoxides such as sodium methoxide, sodium ethoxide, potassium tert-butoxide
and the like; organic bases such as trimethylamine, triethylamine, diisopropylethylamine, pyridine, picoline, N-methyl-
pyrrolidine, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]-5-nonene, 1,4-diazabicyclo[2.2.2]octane, 1,8-diazabicyclo
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[5.4.0]-7-undecene and the like; organic lithiums such as methyllithium, n-butyllithium, sec-butyllithium, tert-butyllithium
and the like; lithium amides such as lithium diisopropylamide and the like, and the like.

The amount of compound (V) to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1 mol of compound (Il). The
amount of the base to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1 mol of compound (l1).

The reaction temperature is generally -30°C to 100°C. The reaction time is generally 0.5 to 20 hr.

[0162] When an mixed anhydride is used as the reactive derivative of compound (ll), the reaction may be carried out
by reacting compound (Il) with a chlorocarbonate (e.g., methyl chlorocarbonate, ethyl chlorocarbonate, isobutyl chloro-
carbonate) in the presence of a base (e.g., triethylamine, N-methylmorpholine, N,N-dimethylaniline, sodium hydrogen
carbonate, sodium carbonate, potassium carbonate), and then by reacting the resulting compound with compound (V).
This reaction is preferably carried out without solvent or in a solvent inert to the reaction. The solvent is not particularly
limited as long as the reaction proceeds, and examples thereof include ethers such as dioxane, tetrahydrofuran, diethyl
ether, tert-butyl methyl ether, diisopropyl ether, ethylene glycol-dimethyl ether and the like; esters such as ethyl formate,
ethyl acetate, n-butyl acetate and the like; halogenated hydrocarbons such as dichloromethane, chloroform, carbon
tetrachloride, trichloroethylene and the like; hydrocarbons such as n-hexane, benzene, toluene and the like; amides
such as formamide, N,N-dimethylformamide, N,N-dimethylacetamide and the like; nitriles such as acetonitrile, propioni-
trile and the like; sulfoxides such as dimethylsulfoxide and the like; sulfolane; hexamethylphosphoramide and the like.
These solvents may be used in a mixture of two or more kinds thereof at an appropriate ratio.

The amount of the chlorocarbonate to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1 mol of compound (ll).
The reaction temperature is generally -30°C to 100°C. The reaction time is generally 0.5 to 20 hr.

Step 6

[0163] In this step, enone compound (VII) is produce by reacting compound (VI) obtained in Step 5 with an alkenyl
metal reagent.

Preferable examples of the alkenyl metal reagent include organic lithiums such as vinyllithium, 1-propenyllithium and
the like; Grignard reagents such as vinylmagnesium bromide, vinylmagnesium chloride, 1-propenylmagnesium bromide
and the like.

This reaction is advantageously carried out in a solvent inert to the reaction. The solvent is not particularly limited as
long as the reaction proceeds, and preferable examples thereof include ethers such as diethyl ether, diisopropyl ether,
diphenyl ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; hydrocarbons such as cyclohexane,
hexane, benzene, toluene and the like; amides such as N,N-dimethylformamide, N,N-dimethylacetamide, hexamethyl-
phosphoric triamide and the like; halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride,
1,2-dichloroethane and the like; sulfoxides such as dimethyl sulfoxide and the like, a mixed solvent thereof and the like.
While the reaction time varies depending on the kind and amount of the reagent and solvent to be used, it is generally
10 min to 100 hr, preferably 30 min to 50 hr. The reaction temperature is generally -70 to 100°C, preferably 0 to 80°C.
The amount of the alkenyl metal reagent to be used is about 1 to about 5 mol, preferably about 1 to about 3 mol, per 1
mol of compound (VI).

Step 7

[0164] In this step, diketone compound (IX) is produced by reacting enone compound (VII) obtained in Step 6 with
aldehyde compound (VIII) in the presence of a thiazolium salt and a base.

Preferable examples of the thiazolium salt include 3-benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-thiazol-3-ium chloride, 3-
ethyl-5-(2-hydroxyethyl)-4-methyl-1,3-thiazol-3-ium bromide and the like.

Examples of the base include organic bases such as trimethylamine, triethylamine, diethylisopropylamine and the like,
and inorganic bases such as calcium carbonate, cesium carbonate, sodium hydroxide and the like.

This reaction is advantageously carried out without solvent or in a solvent inert to the reaction. The solvent is not
particularly limited as long as the reaction proceeds, and preferable examples thereof include alcohols such as methyl
alcohol, ethyl alcohol, tert-butyl alcohol and the like; ethers such as diethyl ether, diisopropyl ether, diphenyl ether,
tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; hydrocarbons such as hexane, benzene, toluene and
the like; amides such as N,N-dimethylformamide, N,N-dimethylacetamide, hexamethylphosphoric triamide and the like;
halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride, 1,2-dichloroethane and the like;
sulfoxides such as dimethyl sulfoxide and the like, a mixed solvent thereof and the like.

While the reaction time varies depending on the kind and amount of the reagent and solvent to be used, it is generally
10 min to 100 hr, preferably 30 min to 50 hr. The reaction temperature is generally 0 to 200°C, preferably 50 to 100°C.
The amount of aldehyde compound (VIII) to be used is about 1 to about 5 mol, preferably about 1 to about 3 mol, per 1
mol of compound (VII).

The amount of the thiazolium salt and base to be used is about 0.01 to about 10 mol, preferably about 0.1 to about 3
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mol, per 1 mol of compound (VII), respectively.
Step 8

[0165] In this step, pyrrole compound (I-c) is produced by subjecting diketone compound (IX) obtained in Step 7 to a
ring-closing reaction in the presence of ammonia or an ammonium salt.

Preferable examples of the ammonium salt include ammonium salts with inorganic acid such as ammonium sulfate,
ammonium carbonate and the like, ammonium salts with organic acid such as ammonium formate, ammonium acetate
and the like.

This reaction is advantageously carried out without solvent or in a solvent inert to the reaction. The solvent is not
particularly limited as long as the reaction proceeds, and preferable examples thereof include alcohols such as methanol,
ethanol, 1-propanol, 2-propanol, tert-butyl alcohol and the like; halogenated hydrocarbons such as dichloromethane,
chloroform, 1,2-dichloroethane and the like; ethers such as diethyl ether, diisopropyl ether, diphenyl ether, tetrahydro-
furan, 1,4-dioxane, 1,2-dimethoxyethane and the like; aromatic hydrocarbons such as benzene, toluene and the like;
saturated hydrocarbons such as cyclohexane, hexane and the like; amides such as N,N-dimethylformamide, N,N-dimeth-
ylacetamide, hexamethylphosphoric triamide and the like; organic acids such as formic acid, acetic acid, propanoic acid,
trifluoroacetic acid, methanesulfonic acid and the like, a mixed solvent thereof and the like.

While the reaction time varies depending on the kind and amount of the reagent and solvent to be used, it is generally
10 min to 100 hr, preferably 30 min to 50 hr. The reaction temperature is generally -20 to 150°C, preferably 0 to 100°C.
The amount of the ammonia or ammonium salt to be used is about 1 to about 10 mol, preferably about 1 to about 3 mol,
per 1 mol of compound (IX).

[0166] Of the compound represented by the formula (I), the imidazole derivative can also be produced, for example,
according to the method shown in the following Reaction Scheme 4.

Reaction Scheme 4

[0167]

O ,
R 2 N

S o e BTy
*COQH R1)J\,NH2 H ammonium salt N R
Cy oy H

(1 Step 11 X Step 12 (l-e)

[0168] wherein each symbol is as defined above.
Step 11

[0169] Compound (XII) can be produced by reacting compound (ll) or a reactive derivative of the carboxy group or a
salt thereof with amine compound (X1X) or a salt thereof, according to the method of Step 1 of Reaction Scheme 2.
Compound (XIX) can be synthesized according to a known method.

Step 12

[0170] Compound (I-e) can be produced by subjecting compound (XIl) to a ring-closing reaction, according to the
method of Step 4 of Reaction Scheme 2.

[0171] Compound (XV), which is compound (I) wherein R is an optionally substituted thiazolyl group, can also be
produced according to the following method.

[0172] Reaction Scheme 5

[0173]
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[0174] wherein E is a leaving group, Rc is a hydrogen atom, an optionally substituted alkyl group, an optionally
substituted cyclic group, or an optionally substituted carboxy group, Rd is an optionally substituted alkyl group, Re is a
hydrogen atom, an optionally substituted alkyl group, an optionally substituted cyclic group, or an optionally substituted
carboxy group, and the other symbols are as defined above.

[0175] Examples of the "leaving group" for E include a halogen atom; an optionally halogenated C,_g alkylsulfonyloxy
group (e.g., methanesulfonyloxy, ethanesulfonyloxy, trichloromethanesulfonyloxy, trifluoromethanesulfonyloxy); a C5_1¢
arylsulfonyloxy group optionally having 1 to 3 substituents selected from a C,_g alkyl group, a C,_g alkoxy group and a
nitro group (e.g., phenylsulfonyloxy, m-nitrophenylsulfonyloxy, p-toluenesulfonyloxy); a C4_g alkoxysulfonyloxy group; a
Cg.1paryloxysulfonyloxy group and the like.

Examples of the "optionally substituted alkyl group" for Rc, Rd or Re include an optionally substituted C,_g alkyl group.
Examples of the "optionally substituted cyclic group” for Rc or Re include an optionally substituted C5_; cycloalkyl group,
an optionally substituted Cg_4,4 aryl group, an optionally substituted heterocyclic group and the like.

Examples of the "optionally substituted carboxy group" for Rc or Re include an optionally esterified carboxy group and
the like.

Step 13

[0176] Compound (I-f) can be produced by subjecting compound (I-d) to hydrolysis. The hydrolysis is carried out using
an acid or a base according to a conventional method.

[0177] Examples of the acid include mineral acids such as hydrochloric acid, sulfuric acid and the like; Lewis acids
such as boron trichloride, boron tribromide and the like; organic acids such as trifluoroacetic acid, p-toluenesulfonic acid
and the like, and the like. The Lewis acid can be used together with a thiol or a sulfide.

Examples of the base include alkali metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide,
barium hydroxide and the like; alkali metal carbonates such as sodium carbonate, potassium carbonate and the like;
alkali metal C,_g alkoxides such as sodium methoxide, sodium ethoxide, potassium tert-butoxide and the like; organic
bases such as triethylamine, imidazole, formamidine and the like, and the like.

The amount of the acid or base to be used is generally about 0.5 to 10 mol, preferably about 0.5 to 6 mol, per 1 mol of
compound (I-d).

The hydrolysis is carried out without a solvent or in a solvent inert to the reaction. While the solvent is not particularly
limited as long as the reaction proceeds, examples of the solvent include alcohols such as methanol, ethanol, propanol
and the like; aromatic hydrocarbons such as benzene, toluene and the like; saturated hydrocarbons such as cyclohexane,
hexane and the like; organic acids such as formic acid, acetic acid and the like; ethers such as tetrahydrofuran, 1,4-
dioxane, 1,2-dimethoxyethane and the like; amides such as N,N-dimethylformamide, N,N-dimethylacetamide and the
like; halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride, 1,2-dichloroethane and the
like; nitriles such as acetonitrile, propionitrile and the like; ketones such as acetone, methyl ethyl ketone and the like;
sulfoxides such as dimethyl sulfoxide and the like; water and the like can. These solvents may be used in a mixture at
an appropriate ratio.

The reaction time is generally 10 min to 60 hr, preferably 10 min to 12 hr. The reaction temperature is generally -10 to
200°C, preferably 0 to 120°C.
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Step 14

[0178] Compound (I-g) can be produced by reacting compound (I-f) or a reactive derivative of the carboxy group or
a salt thereof with ammonia or 1-hydroxybenztriazole-ammonia complex, according to the reaction of Step 1 of Reaction
Scheme 2.

Step 15

[0179] Compound (XIII) canbe produced by reacting compound (I-g) with diphosphorus pentasulfide or the Lawesson’s
reagent.

This reaction is carried out without a solvent or in a solvent inert to the reaction. While the solvent is not particularly
limited as long as the reaction proceeds, and examples thereof include ethers such as diethyl ether, diisopropyl ether,
diphenyl ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; aromatic hydrocarbons such as benzene,
toluene and the like; saturated hydrocarbons such as cyclohexane, hexane and the like; nitrogen-containing aromatic
compounds such as pyridine, quinoline and the like, and the like. These solvents may be used in a mixture at an
appropriate ratio.

The amount of the diphosphorus pentasulfide or Lawesson’s reagent to be used is generally 0.5 to 10 mol, preferably
0.5 to 3 mol, per 1 mol of compound (I-g).

The reaction temperature is generally -30°C to 100°C. The reaction time is generally 0.5 to 20 hr.

Step 16

[0180] Compound (XV) can be produced by reacting compound (XIIl) with compound (XIV).

Compound (XIV) can be synthesized according to a known method.

This reaction is carried out in the presence of an acid catalyst or a base if desired.

Examples of the acid catalyst include mineral acids such as hydrochloric acid, sulfuric acid and the like; Lewis acids
such as boron trihalides (e.g., boron trichloride, boron trifluoride), titanium tetrahalides (e.g., titanium tetrachloride,
titanium tetrabromide), halogenated aluminums (e.g., aluminum chloride, aluminum bromide) and the like; organic acids
such as acetic acid, formic acid, trifluoroacetic acid and the like, and the like.

Examples of the base include organic bases such as triethylamine, pyridine, 4-dimethylaminopyridine, diisopropylethyl-
amine and the like; inorganic bases such as sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate and the like, and the like.

This reaction is carried out without a solvent or in a solvent inert to the reaction. While the solvent is not particularly
limited as long as the reaction proceeds, and examples thereof include ethers such as diethyl ether, diisopropyl ether,
diphenyl ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; alcohols such as methanol, ethanol,
propanol and the like; aromatic hydrocarbons such as benzene, toluene and the like; saturated hydrocarbons such as
cyclohexane, hexane and the like; amides such as N,N-dimethylformamide, N,N-dimethylacetamide, hexamethylphos-
phoramide and the like, and the like. These solvents may be used in a mixture at an appropriate ratio.

The amount of compound (XIV) and the acid catalyst to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1
mol of compound (XIIl), respectively.

While the reaction time varies depending on the kind and amount of compound (XIIl), compound (XIV) and the acid
catalyst to be used, itis generally about 1 hr to about 100 hr, preferably about 1 hr to about 50 hr. The reaction temperature
is generally about -20 to about 120°C, preferably about 0 to about 80°C.

The amount of compound (XIV) and the base to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1 mol of
compound (XIII), respectively.

While the reaction time varies depending on the kind and amount of compound (XIll), compound (XIV) and the base to
be used, it is generally about 1 hr to about 100 hr, preferably about 1 hr to about 50 hr. The reaction temperature is
generally about -20 to about 120°C, preferably about 0 to about 80°C.

[0181] Compound (XVII), which is compound (1) wherein R" is an optionally substituted 1,3,4-thiadiazolyl group, can
also be produced according to the following method.
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Reaction Scheme 6
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[0182] wherein X is a halogen atom, Rf is a hydrogen atom, an optionally substituted alkyl group, an optionally sub-
stituted cyclic group, or an optionally substituted carboxy group, and the other symbols are as defined above.

[0183] Examples of the "optionally substituted alkyl group", "optionally substituted cyclic group" and "optionally sub-
stituted carboxy group" for Rf include those exemplified as the "optionally substituted alkyl group", "optionally substituted
cyclic group" and "optionally substituted carboxy group" for Rc.

Step 17

[0184] Compound (I-h) can be produced by reacting compound (I-f) or a reactive derivative of the carboxy group or
a salt thereof with compound (XVI) or a salt thereof, according to the reaction of Step 1 of Reaction Scheme 2,.
Compound (XVI) can be synthesized according to a known method.

Step 18

[0185] Compound (XVIIl) can be produced by reacting compound (I-h) with diphosphorus pentasulfide or the Lawe-
sson’s reagent.

This reaction is carried out without a solvent or in a solvent inert to the reaction. While the solvent is not particularly
limited as long as the reaction proceeds, and examples thereof include ethers such as diethyl ether, diisopropyl ether,
diphenyl ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; aromatic hydrocarbons such as benzene,
toluene and the like; saturated hydrocarbons such as cyclohexane, hexane and the like; nitrogen-containing aromatic
compounds such as pyridine, quinoline and the like, and the like. These solvents may be used in a mixture of two or
more kinds thereof at an appropriate ratio.

The amount of the diphosphorus pentasulfide or Lawesson’s reagent to be used is generally 0.5 to 10 mol, preferably
0.5 to 3 mol, per 1 mol of compound (I-h).

The reaction temperature is generally -30°C to 100°C. The reaction time is generally 0.5 - 20 hr.

Step 19

[0186] Compound (I-i) can be produced by reacting compound (I-f) or a reactive derivative of the carboxy group or a
salt thereof with hydrazine or a salt thereof, according to the reaction of Step 1 of Reaction Scheme 2.

Step 20
[0187] Compound (I-h) can also be produced by reacting compound (I-i) with compound (XVIII), according to the
reaction of Step 1 of Reaction Scheme 2.

Compound (XVIII) can be synthesized according to a known method.
[0188] Compound (I) can be produced according to the method shown in the following Reaction Scheme 7.
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Reaction Scheme 7
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[0189] wherein X’ is a leaving group; Y is a metal (e.g., potassium, sodium, lithium, magnesium, copper, mercury,
zinc, thallium, boron, tin or the like (the metal is optionally alkylated, hydroxidized, alkoxylated or formed into a complex));
and the other symbols are as defined above.

[0190] Examples of the "leaving group" for X’ include those exemplified as the "leaving group" for E. Preferable specific
examples of X’ include iodine, bromine, a trifluoromethanesulfonyloxy group, a phenylsulfonyloxy group, a m-nitrophe-
nylsulfonyloxy group, a p-toluenesulfonyloxy group and the like.

In this scheme, compound (1) is produced by reacting compound (XXX) with compound (XXXI) in the presence of a base.
Examples of the base include alkali metal hydrides such as sodium hydride, potassium hydride and the like; alkali metal
hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide and the like; alkaline earth metal hydrox-
ides such as magnesium hydroxide, calcium hydroxide and the like; alkali metal carbonates such as sodium carbonate,
potassium carbonate, cesium carbonate and the like; alkali metal hydrogen carbonates such as sodium hydrogen car-
bonate, potassium hydrogen carbonate and the like; alkali metal phosphates such as tripotassium phosphate, trisodium
phosphate and the like; alkali metal alkoxides having 1 to 6 carbon atoms such as sodium methoxide, sodium ethoxide,
sodium tert-butoxide and the like; organic bases such as trimethylamine, triethylamine, diisopropylethylamine, pyridine,
picoline, N-methylpyrrolidine, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]-5-nonene, 1,4-diazabicyclo[2.2.2]octane,
1,8-diazabicyclo[5.4.0]-7-undecene and the like; organic lithiums such as methyllithium, n-butyllithium, sec-butyllithium,
tert-butyllithium and the like; lithium amides such as lithium diisopropylamide and the like, and the like.

The reaction of compound (XXX) with compound (XXXI) is advantageously carried out in a solvent inert to the reaction.
While the solvent is not particularly limited as long as the reaction proceeds, and examples thereof include alcohols
such as methanol, ethanol, propanol, isopropanol, butanol, tert-butanol and the like; ethers such as dioxane, tetrahy-
drofuran, diethyl ether, tert-butyl methyl ether, diisopropyl ether, ethylene glycol-dimethyl ether and the like; esters such
as ethyl formate, ethyl acetate, n-butyl acetate and the like; halogenated hydrocarbons such as dichloromethane, chlo-
roform, carbon tetrachloride, trichloroethylene and the like; hydrocarbons such as n-hexane, benzene, toluene and the
like; amides such as formamide, N,N-dimethylformamide, N,N-dimethylacetamide and the like; nitriles such as ace-
tonitrile, propionitrile and the like; sulfoxides such as dimethylsulfoxide and the like; sulfolane, hexamethylphosphoramide,
water, a mixture of two or more kinds thereof, and the like.

This reaction can be generally promoted using a metal catalyst.

Examples of the metal catalyst include metal complexes having various ligands.

Examples of the metal complex include palladium compounds [e.g., palladium(ll) acetate, tetrakis(triphenylphosphine)
palladium(0), bis(triphenylphosphine)palladium(ll) chloride, dichlorobis(triethylphosphine)palladium(0), tris(dibenzylide-
neacetone)dipalladium-2,2’-bis(diphenylphosphino)-1,1’-binaphthyl, a complex of palladium acetate (II) and 1,1’-bis
(diphenylphosphino)ferrocene, and the like]; nickel compounds [e.g., tetrakis(triphenylphosphine)nickel (0), bis(triethyl-
phosphine)nickel (Il) chloride, bis(triphenylphosphine)nickel (II) chloride and the like]; rhodium compounds [e.g., tris
(triphenylphosphine)rhodium (lll) chloride and the like]; cobalt compounds; copper compounds [e.g., copper oxide,
copper(ll) chloride and the like]; platinum compounds and the like. Of these, palladium compounds, nickel compounds
and copper compounds are preferable.

The amount of the metal catalyst to be used is generally about 0.000001 to 5 mol, preferably about 0.0001 to 1 mol, per
1 mol of compound (XXX).

When the metal catalyst unstable to oxygen is used, this reaction is preferably carried out under an inactive gas (e.g.,
argon, nitrogen) stream.

The amount of compound (XXXI) to be used is generally about 0.8 to 0 mol, preferably about 0.9 to 2 mol, per 1 mol of
compound (XXX). The amount of the base to be used is about 1 to about 20 mol, preferably about 1 to about 5 mol, per
1 mol of compound (XXX).
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The reaction temperature is generally about -10°C to about 250°C, preferably about 0°C to about 150°C.

While the reaction time varies depending on the kind of compound (XXX), compound (XXX]I), the metal catalyst, base
and solvent; the reaction temperature and the like, it is generally about 1 min to about 200 hr, preferably about 5 min to
about 100 hr.

Compound (XXX) and compound (XXXI) can be synthesized according to a method known per se.

[0191] Compound (I) can also be produced according to the method shown in the following Reaction Scheme 8.

Reaction Scheme 8

132 X/O 1.2
R X N"oooxivy) o2 XEX
R{_\/QN»\Y - R:E}/QN»\R‘I
Cy H oy H
(O (1)

[0192] wherein each symbol is as defined above.

Compound (l) can be produced by reacting compound (XXXIII) with compound (XXXIV) in the presence of a base. This
reaction can be carried out in the same manner as in the above-mentioned Reaction Scheme 7.

Compound (XXXIII) and compound (XXXIV) can be synthesized according to a method known per se.

[0193] Of compound (Il), the compound wherein the nitrogen atom of Cy and the carbon atom of the side chain of the
carboxylic acid are form a covalent bond, can also be produced according the method shown in the following Reaction
Scheme 9.

Reaction Scheme 9
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[0194] wherein Rg is a C4_g alkyl group, and the other symbols are as defined above.
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Step 21

[0195] Compound (XXXVII) can be produced by reacting compound (XXXV) with compound (XXXVI) in the presence
of a base.

Step 22

[0196] Compound (XXXIX) can be produced by reacting compound (XXXV) with compound (XXXVIll) in the presence
of a base.

[0197] Examples of the base used in Step 21 and Step 22 include alkali metal hydrides such as sodium hydride,
potassium hydride and the like; alkali metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide
and the like; alkaline earth metal hydroxides such as magnesium hydroxide, calcium hydroxide and the like; alkali metal
carbonates such as sodium carbonate, potassium carbonate, cesium carbonate and the like; alkali metal hydrogen
carbonates such as sodium hydrogen carbonate, potassium hydrogen carbonate and the like; alkali metal phosphates
such as tripotassium phosphate, trisodium phosphate and the like; alkali metal alkoxides having 1 to 6 carbon atoms
such as sodium methoxide, sodium ethoxide, sodium tert-butoxide and the like; organic bases such as trimethylamine,
triethylamine, diisopropylethylamine, pyridine, picoline, N-methylpyrrolidine, N-methylmorpholine, 1,5-diazabicyclo
[4.3.0]-5-nonene, 1,4-diazabicyclo[2.2.2]octane, 1,8-diazabicyclo[5.4.0]-7-undecene and the like; organic lithiums such
as methyllithium, n-butyllithium, sec-butyllithium, tert-butyllithium and the like; lithium amides such as lithium diisopro-
pylamide and the like, and the like.

The reaction of Step 21 or Step 22 is carried out without solvent or in a solvent inert to the reaction. While the solvent
is not particularly limited as long as the reaction proceeds, and examples thereof include alcohols such as methanol,
ethanol, propanol, isopropanol, butanol, tert-butanol and the like; ethers such as diethyl ether, diisopropyl ether, diphenyl
ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and the like; aromatic hydrocarbons such as benzene, toluene
and the like; saturated hydrocarbons such as cyclohexane, hexane and the like; halogenated hydrocarbons such as
dichloromethane, chloroform, carbon tetrachloride, trichloroethylene and the like; amides such as N,N-dimethylforma-
mide, N,N-dimethylacetamide, hexamethylphosphoramide and the like; nitriles such as acetonitrile, propionitrile and the
like; sulfoxides such as dimethylsulfoxide and the like, and the like. These solvents may be used in a mixture of two or
more kinds thereof at an appropriate ratio.

The amount of compound (XXXVI) or compound (XXXVIIl) and the base to be used is generally 1 to 10 mol, preferably
1 to 3 mol, per 1 mol of compound (XXXV), respectively.

While the reaction time varies depending on the kind or amount of compound (XXXV), compound (XXXVI), compound
(XXXVIII) and the base, it is generally about 1 hr to about 100 hr, preferably about 1 hr to about 50 hr. The reaction
temperature is generally about -20 to about 120°C, preferably about 0 to about 80°C.

Step 23

[0198] Compound (XXXVII) can also be produced by reacting compound (XXXIX) with compound (R3-X’) in the pres-
ence of a base.

Examples of the base include alkali metal hydrides such as sodium hydride, potassium hydride and the like; alkali metal
alkoxides having 1 to 6 carbon atoms such as sodium methoxide, sodium ethoxide, sodium tert-butoxide and the like;
organic lithiums such as methyllithium, n-butyllithium, sec-butyllithium, tert-butyllithium and the like; lithium amides such
as lithium diisopropylamide and the like, and the like.

This reaction is carried out in an inert solvent. The solvent is not particularly limited as long as the reaction proceeds,
and examples thereof include ethers such as diethyl ether, diisopropyl ether, diphenyl ether, tetrahydrofuran, 1,4-dioxane,
1,2-dimethoxyethane and the like; aromatic hydrocarbons such as benzene, toluene and the like; saturated hydrocarbons
such as cyclohexane, hexane and the like; N,N,N’,N’-tetramethylethylenediamine and the like; 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone and the like; hexamethylphosphoramide and the like. These solvents may be used in a
mixture of two or more kinds thereof at an appropriate ratio.

The amount of compound (R3-X’) and the base to be used is generally 1 to 10 mol, preferably 1 to 3 mol, per 1 mol of
compound (XXXIX), respectively.

While the reaction time varies depending on the kind or amount of compound (XXXIX), compound (R3-X’) and base, it
is generally about 1 hr to about 100 hr, preferably about 1 hr to about 50 hr. The reaction temperature is generally about
-70 to about 120°C, preferably about -70 to about 50°C.

Step 24

[0199] Compound (Il) can be synthesized from compound (XXXVII) according to hydrolysis known per se.
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[0200] In the above-mentioned reaction resultant product and compound (1), the functional group in a molecule can
also be converted to the object functional group by combining chemical reactions known per se. Examples of such
chemical reaction include oxidation reaction, reduction reaction, alkylation reaction, hydrolysis reaction, amination re-
action, amidation reaction, esterification reaction, aryl-coupling reaction, deprotection reaction and the like.

[0201] In each of the above-mentioned reactions, when the starting compound has an amino group, a carboxyl group,
a hydroxy group, a carbonyl group or a mercapto group as a substituent, a protecting group generally used in peptide
chemistry and the like may be introduced into these groups. By removing the protecting group as necessary after the
reaction, the objective compound can be obtained.

[0202] Examples of the amino-protecting group include a formyl group, a C,_g alkyl-carbonyl group (e.g., acetyl,
propionyl), a C4_g alkoxy-carbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl), a benzoyl group,
a Cy_4¢ aralkyl-carbonyl group (e.g., benzylcarbonyl), a C;_44 aralkyloxy-carbonyl group (e.g., benzyloxycarbonyl, 9-
fluorenylmethoxycarbonyl), a trityl group, a phthaloyl group, a N,N-dimethylaminomethylene group, a substituted silyl
group (e.g., trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-butyldimethylsilyl, tert-butyldiethylsilyl), a C,_¢ alkenyl
group (e.g., 1-allyl) and the like. These groups are optionally substituted by 1 to 3 substituents selected from a halogen
atom, a C,_g alkoxy group and a nitro group.

[0203] Examples of the carboxy-protecting group include a C,_g alkyl group, a C_;o aralkyl group (e.g., benzyl), a
phenyl group, a trityl group, a substituted silyl group (e.g., trimethylsilyl, triethylsilyl, dimethylphenylsilyl, tert-butyldimeth-
ylsilyl, tert-butyldiethylsilyl), a C,_g alkenyl group (e.g., 1-allyl) and the like. These groups are optionally substituted by
1 to 3 substituents selected from a halogen atom, a C,_g alkoxy group and a nitro group.

[0204] Examples of the hydroxyl-protecting group include a C,_g alkyl group, a phenyl group, a trityl group, a C;_4q
aralkyl group (e.g., benzyl), a formyl group, a C,_g alkyl-carbonyl group, a benzoyl group, a C;_, aralkyl-carbonyl group
(e.g., benzylcarbonyl), a 2-tetrahydropyranyl group, a 2-tetrahydrofuranyl group, a substituted silyl group (e.g., trimeth-
ylsilyl, triethylsilyl, dimethylphenylsilyl, tert-butyldimethylsilyl, tert-butyldiethylsilyl), a C,_g alkenyl group (e.g., 1-allyl) and
the like. These groups are optionally substituted by 1 to 3 substituents selected from a halogen atom, a C,_g alkyl group,
a C4_g alkoxy group and a nitro group.

[0205] Examples of the carbonyl-protecting group include a cyclic acetal (e.g., 1,3-dioxane), a non-cyclic acetal (e.g.,
di-C,4_g alkylacetal) and the like.

[0206] Examples of the mercapto-protecting group include a C,_g alkyl group, a phenyl group, a trityl group, a C;_4q
aralkyl group (e.g., benzyl), a C,_g alkyl-carbonyl group, a benzoyl group, a C,_;, aralkyl-carbonyl group (e.g., benzyl-
carbonyl), a C,_g alkoxy-carbonyl group, a Cg_44 aryloxy-carbonyl group (e.g., phenyloxycarbonyl), a C;_4,4 aralkyloxy-
carbonyl group (e.g., benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl), a 2-tetrahydropyranyl group, a C4_g alkylamino-
carbonyl group (e.g., methylaminocarbonyl, ethylaminocarbonyl) and the like. These groups are optionally substituted
by 1 to 3 substituents selected from a halogen atom, a C,_g alkyl group, a C,_g alkoxy group and a nitro group.

[0207] The compound of the present invention obtained according to the above-mentioned production method can
be isolated and purified by a known means, for example, concentration, concentrated under reduced pressure, solvent
extraction, crystallization, recrystallization, phase transfer, chromatography and the like. In addition, various starting
compounds used in each of the above-mentioned production methods can be isolated and purified by a known means
such as those mentioned above and the like. Alternatively, the starting compounds may be directly used in the form of
a reaction mixture without isolation as the starting materials of the next step.

[0208] For the production of the compound of the present invention, when the starting compound can form a salt, the
compound may also be used in the form of a salt. Examples of the salt include those similar to the salts of the afore-
mentioned compound of the present invention.

[0209] When the compound of the present invention contains an optical isomer, a stereoisomer, a positional isomer
or a rotational isomer, these are encompassed in the compound of the present invention, and obtained as a single
product according to a synthesis method and separation method known per se. For example, an optical isomer and an
optical isomer resolved from this compound are also encompassed in the compound of the present invention.

[0210] The compound of the present invention may be in the form of a crystal.

The crystal of the compound of the present invention (hereinafter sometimes to be abbreviated as the crystal of the
present invention) can be produced by crystallization of the compound of the present invention according to a crystalli-
zation method known per se.

In the present specification, the melting point refers to that measured using, for example, micromelting point measuring
apparatus (Yanako, MP-500D or Buchi, B-545) or DSC (differential scanning calorimetry) device (SEIKO, EXSTARG000)
and the like.

In general, melting points vary depending on measurement apparatuses, measurement conditions and the like. The
crystal in the present specification may show a different melting point described in the present specification, as long as
it is within general error range.

The crystal of the present invention is superior in physicochemical properties (e.g., melting point, solubility, stability and
the like) and biological properties (e.g., pharmacokinetics (absorption, distribution, metabolism, excretion), efficacy ex-
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pression and the like), and is extremely useful as a pharmaceutical agent.
Example

[0211] The present invention is explained in detail in the following by referring to the following Reference Examples,
Examples, Experimental Examples and Formulation Examples, which are not to be construed as limitative. In addition,
the present invention may be modified without departing from the scope of invention.

The term "room temperature" in the following Reference Examples and Examples indicates the range of generally from
about 10°C to about 35°C. As for "%", the yield is in mol/mol%, the solvent used for chromatography is in % by volume
and other "%" is in % by weight. OH proton, NH proton etc. on proton NMR spectrum that could not be confirmed due
to broad peak are not included in the data.

The other symbols used herein mean the following:

s : singlet

d : doublet

t: triplet

q : quartet

m : multiplet

br : broad

J : coupling constant

Hz : Hertz

CDCl; : deuterated chloroform
DMSO-dg: dimethyl sulfoxide-dg
TH-NMR : proton nuclear magnetic resonance
TFA : trifluoroacetic acid
MgSOQO, : magnesium sulfate

In the following Reference Examples and Examples, mass spectrum (MS) and nuclear magnetic resonance spectrum
(NMR) were measured under the following conditions.

MS measurement tool: Agilent Technologies 1200 series, Waters ZMD, Waters ZQ2000 or Micromass Platform II.
lonization method: Electron Spray lonization (ESI), Atmospheric Pressure Chemical lonization (APCI). Unless otherwise
specified, ESI| was employed.

NMR measurement tool: Varian Inc. Varian Gemini 200 (200 MHz), Varian Gemini 300 (300 MHz), Bruker BioSpin Corp.
AVANCE 300.

In the following Reference Examples and Examples, the purification by preparative HPLC is performed according to the
following conditions.

Preparative HPLC tool: Gilson, Inc. high throughput purification system

Column: YMC Combiprep ODS-A S-5 pm, 20 X 50 mm

Solvent: SOLUTION A; 0.1% trifluoroacetic acid-containing water,

SOLUTION B; 0.1% trifluoroacetic acid-containing acetonitrile

Gradient Cycle: 0.00 min (SOLUTION A/SOLUTION B=90/10), 1.20 min (SOLUTION A/SOLUTION B=90/10), 4.75 min
(SOLUTION A/SOLUTION B=0/100), 7.30 min (SOLUTION A/SOLUTION B=0/100), 7.40 min (SOLUTION A/SOLUTION
B=90/10), 7.50 min (SOLUTION A/SOLUTION B=90/10).

Flow Rate: 25 ml/min, Detection Method: UV 220nm

Reference Example 1A Construction of glucokinase (GK) expression vector

[0212] A plasmid DNA used for expression of a protein (GST-hLGK1) having GST (Glutathione S-transferase) added
to the amino terminal of human liver type GK in Escherichia coli was prepared as follows.

First, PCR was performed using human liver cDNA (clonetech Marathon Ready cDNA) as a template and two kinds of
synthetic DNAs (5-CAGCTCTCCATCCAAGCAGCCGTTGCT-3'(SEQ ID NO: 1) and 5-GGCGGCCTGGGTCCT-
GACAAG-3’(SEQ ID NO: 2)), and the obtained DNA fragment was cloned using TOPO TA Cloning Kit (Invitrogen). PCR
was performed using the obtained plasmid DNA as a template and synthetic DNA (5
GGATCCATGCCCAGACCAAGATCCCAACTCCCACAACCCAACTCCCAGGTAGAGCAGATCCT GGCAGAG-3’
(SEQ ID NO: 3)) having a BamHI site added to immediately before the initiation codon and synthetic DNA (5-GAATTC-
CTGGCCCAGCATACAGGC-3'(SEQ ID NO: 4)) having an EcoRI site added to immediately after the stop codon. The
obtained DNA fragment was subcloned into pGEX6P-2 (Amersham Biosciences) digested with BamHI and EcoRI to
give a plasmid (pGEX6P-2/hLGK1) for human liver GK expression.
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Reference Example 2A Expression and purification of GST-hLGK1

[0213] BL21 strain (Stratagene) transformed with pGEX6P-2/hLGK1 obtained in Reference Example 1A was cultured
with shaking in a 200 ml Erlenmeyer flask containing LB medium (50 ml) containing 100 p.g/ml ampicillin at 37°C for 14
hr. The cultured broth (25ml) was diluted with LB medium (225 ml) containing 100 p.g/ml ampicillin, and cultured with
shaking in a 1 L Erlenmeyer flask at 37°C for 1 hr. The Erlenmeyer flask after culture was cooled on ice, 100 mM
Isopropyl-Thio-B-D-Galactopyranoside (IPTG) (125 pL) was added (final concentration 50 wM), and the cells were
cultured at 17°C for 20 hr. The cultures broth was centrifuged, and the obtained cells were disrupted by ultrasonication,
and the object protein (GST-hLGK1) was purified from the supernatant using Glutathione Sepharose 4B (Amersham
Biosciences).

Reference Example 1 1-methyl-5-(methylsulfanyl)-1H-pyrazole-3-carbaldehyde

[0214]

Me— N
\
S Me

[0215] To a mixture of 5-(methylsulfanyl)-1H-pyrazole-3-carbaldehyde (10.0 g), potassium carbonate (9.70 g) and N,
N’-dimethylformamide (60 mL) was slowly added methyl iodide (6.6 mL) at 0°C, and the mixture was stirred overnight
at room temperature. To the reaction mixture was added water, and the mixture was extracted with ethyl acetate. The
ethyl acetate layer was washed with saturated brine, dried (MgSQO,), and concentrated. The obtained residue was
subjected to silica gel column chromatography to give the title compound (6.38 g, yield 58%) as yellow crystals from the
fraction eluted with ethyl acetate-hexane (1:5, volume ratio). melting point 47-48°C. MS: 157 (MH*).

[0216] Reference Example 2 methyl [1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]acetate

[0217]

Me~ N
S \
Me

[0218] A mixture of 1-methyl-5-(methylsulfanyl)-1H-pyrazole-3-carbaldehyde (6.38 g), (methylsulfanyl)(methylsulfinyl)
methane (10.1 g), benzyltrimethylammonium hydroxide (1.7 mL) and tetrahydrofuran (60 mL) was stirred at 60°C for 2
hr. The reaction mixture was concentrated, and the residue was subjected to silica gel column chromatography to give
a yellow oil (14.95 g) from the fraction eluted with ethyl acetate. To the obtained oil (14.95 g) was added 10% hydrogen
chloride-methanol solution (200 mL), and the mixture was stirred overnight with heating under reflux. The reaction mixture
was neutralized with saturated aqueous sodium hydrogen carbonate, and the mixture was extracted with ethyl acetate.
The ethyl acetate layer was washed with saturated brine, dried (MgSQ,), and concentrated. The obtained residue was
subjected to silica gel column chromatography to give the title compound (4.68 g, yield 57%) as a yellow oil from the
fraction eluted with ethyl acetate-hexane (2:1, volume ratio). MS:201(MH*).

[0219] Reference Example 3 methyl 2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-pyran-4-yl)pro-
panoate

[0220]
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Me- N
S Me

[0221] To a solution of diisopropylamine (4.0 mL) in tetrahydrofuran (60 mL) was slowly added 1.6M hexane solution
(16.1 mL) of n-butyllithium at -70°C under a nitrogen atmosphere. The reaction mixture was stirred at -70°C for 15 min,
and a solution of methyl [1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yllacetate (4.68 g) in tetrahydrofuran (5 mL) was
slowly added thereto. The reaction mixture was stirred at - 70°C for 15 min, and 4-(iodomethyl)tetrahydro-2H-pyran
(5.80 g) was added thereto. The mixture was stirred overnight at room temperature. To the reaction mixture was added
10% aqueous citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed
with saturated brine, dried (MgSO,), and concentrated. The obtained residue was subjected to silica gel column chro-
matography to give the title compound (2.57 g, yield 37%) as a pale-yellow oil from the fraction eluted with ethyl acetate-
hexane (1:1, volume ratio). MS:299(MH*).

[0222] Reference Example 4 2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-pyran-4-yl)propanoic
acid

[0223]

Me—
S \
Me

[0224] A mixture of methyl 2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-pyran-4-yl)propanoate
(2.52 g), 2N aqueous sodium hydroxide solution (6.3 mL), tetrahydrofuran (6 mL) and methanol (6 mL) was stirred at
50°C for 3 hr. To the reaction mixture was added 1N hydrochloric acid (13 mL), and the mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSQO,), and concentrated. The obtained
residue was subjected to silica gel column chromatography to give the title compound (2.47 g, quantitatively) as a
colorless oil from the fraction eluted with ethyl acetate. MS:285(MH*).

[0225] Reference Example 5 N-methoxy-N-methyl-2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-
pyran-4-yl)propanamide

[0226]
0]
o) -0,
h{ Me
\\,N Me
Me— N
=8 \
Me

[0227] To a mixture of 2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-pyran-4-yl)propanoic acid
(1.09 g), N-methoxymethanamine hydrochloride (0.75 g), 1H-1,2,3-benzotriazol-1-0l (0.70 g), triethylamine (1.1 mL) and
N,N-dimethylformamide (10 mL) was added N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (0.88 g) at
0°C, and the mixture was stirred overnight at room temperature. To the reaction mixture was added 10% aqueous citric
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acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed successively with
saturated brine, saturated aqueous sodium hydrogen carbonate and saturated brine, dried (MgSQ,), and concentrated.
The obtained residue was subjected to silica gel column chromatography to give the title compound (0.80 g, yield 63%)
as a colorless oil from the fraction eluted with ethyl acetate-hexane (4:1, volume ratio). MS:328(MH*).

[0228] Reference Example 6 4-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-
3-one

[0229]

Me\s

[0230] To a solution of N-methoxy-N-methyl-2-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-3-(tetrahydro-2H-pyran-
4-yl)propanamide (0.80 g) in tetrahydrofuran (30 mL) was slowly added vinylmagnesium bromide (1.0M tetrahydrofuran
solution: 7.3 mL) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 30 min. The reaction
mixture was poured into an ice-cooled 1N hydrochloric acid, and the mixture was extracted with ethyl acetate. The ethyl
acetate layer was washed with saturated brine, dried (MgSO,), and concentrated. The obtained residue was subjected
to silica gel column chromatography to give the title compound (0.60 g, yield 83%) as a colorless oil from the fraction
eluted with ethyl acetate-hexane (4:1, volume ratio). MS:295(MH").

[0231] Reference Example 7 5-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-6-(tetrahydro-2H-pyran-4-yl)-1-{5-[(tet-
rahydro-2H-pyran-2-yloxy)methyl]-1,3-thiazol-2-yl}hexane-1,4-dione

[0232]

[ N

NI

Me- \
S Me

0
o O
S
N
o]

[0233] A mixture of 4-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-3-one
(0.60 g), 5-[(tetrahydro-2H-pyran-2-yloxy)methyl]-1,3-thiazole-2-carbaldehyde (0.48 g), 3-benzyl-5-(2-hydroxyethyl)-4-
methyl-1,3-thiazol-3-ium chloride (54 mg), triethylamine (0.11 mL), tetrahydrofuran (6 mL) and ethanol (6 mL) was stirred
with heating under reflux for 2 hr. The reaction mixture was concentrated, and the residue was subjected to basic silica
gel column chromatography to give the title compound (0.65 g, yield 60%) as a yellow oil from the fraction eluted with
ethyl acetate-hexane (1:1, volume ratio). MS:522(MH*).

[0234] Reference Example 8 3-(tetrahydro-2H-pyran-4-yl)alanine ethyl ester

[0235]

CO,Et

o) NH,

[0236] Toasolutionof potassiumtert-butoxide (25.7 g) in tetrahydrofuran (800 mL) was added N-(diphenylmethylidene)
glycine ethyl ester (45.20 g) over 20 min at 0 to 8°C. The reaction mixture was stirred at 0°C for 30 min, and 4-(iodomethyl)
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tetrahydro-2H-pyran (42.0 g) was added thereto. The reaction mixture was stirred overnight at room temperature, and
the precipitate solid was filtrated. The filtrate was concentrated, the obtained residue was dissolved in ethanol (200 mL),
and 2M hydrochloric acid (200 mL) was added thereto. The reaction mixture was stirred overnight at room temperature,
and concentrated. The residue was diluted with water, and the mixture was washed with ethyl acetate (X4). The aqueous
layer was adjusted to pH 11 with 8M aqueous sodium hydroxide solution, and the mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSO,), and concentrated to give the title
compound (23.00 g, yield 67%) as a yellow oil.

TH NMR (300 MHz, CDCl5) §1.22 - 1.80 (10 H, m), 3.32 - 3.44 (2 H, m), 3.47 (1 H, dd, J=5.3, 8.9 Hz), 3.90 - 4.00 (2 H,
m), 4.17 (2 H, q, J=7.1 Hz).

[0237] Reference Example 9 1:1 mixture of ethyl 2-bromo-3-(tetrahydro-2H-pyran-4-yl)propanoate and ethyl 3-(tet-
rahydro-2H-pyran-4-yl)-2-propenoate

[0238]

CO,Et x_COEt

O Br O

[0239] To a mixture of 3-(tetrahydro-2H-pyran-4-yl)alanine ethyl ester (23.00 g), potassium bromide (50.2 g) and 1M
aqueous hydrogen bromide solution (200 mL) was added a solution of sodium nitrite (10.2 g) in water (10 mL) over 20
min at -5 to 5°C. The reaction mixture was stirred overnight at room temperature, and the mixture was extracted with
ethyl acetate. The ethyl acetate layer was washed successively with saturated aqueous sodium hydrogen carbonate
and saturated brine, dried (MgSO,), and concentrated. The residue was subjected to silica gel column chromatography
to give the title mixture (9.87 g)

as a yellow oil from the fraction eluted with ethyl acetate-hexane (1:4, volume ratio).

TH NMR (300 MHz, CDCl53) §1.24 - 1.78 (9 H, 9 H", m), 1.94 - 2.10 (1 H, m), 2.30 to 2.64 (1 H", m), 3.32-3.49 (2 H, 2
H’, m), 3.90 - 4.03 (2H, 2 H", m), 4.14-4.32 (3H, 2H", m), 5.79 (1 H, dd, J=1.2, 15.9 Hz), 6.89 (1 H', dd, J=8.8, 15.9
Hz). " means the proton peak of the latter compound.

[0240] Reference Example 10 ethyl 2-(4-bromo-1H-indazol-1-yl)-3-(tetrahydro-2H-pyran-4-yl)propanoate

[0241]

Br

[0242] A mixture of 4-bromo-1H-indazole (3.00 g), a 1:1 mixture (6.73 g) of ethyl 2-bromo-3-(tetrahydro-2H-pyran-4-
yl)propanoate and ethyl 3-(tetrahydro-2H-pyran-4-yl)-2-propenoate, potassium carbonate (2.1 g) and N,N-dimethylfor-
mamide (20 mL) was stirred overnight at room temperature. To the reaction mixture was added water, and the mixture
was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSQO,), and concen-
trated. The residue was subjected to silica gel column chromatography to give the title compound (3.10 g) as a yellow
oil from the fraction eluted with ethyl acetate-hexane (1:4, volume ratio). MS:383(MH™).

[0243] Reference Example 11 2-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-N-methoxy-N-methyl-3-(tetrahydro-2H-
pyran-4-yl)propanamide

[0244]
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[0245] A mixture of ethyl 2-(4-bromo-1H-indazol-1-yl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (3.10 g), copper(l) io-
dide (0.46 g), N,N’-dimethylethylenediamine (0.26 mL), potassium carbonate (3.37 g), sodium cyclopropanesulfinate
(3.1 g) and dimethyl sulfoxide (30 mL) was stirred overnight at 100°C. To the reaction mixture was added 10% aqueous
citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated
brine, dried (MgSQ,), and concentrated. To a mixture of the obtained residue, tetrahydrofuran (10 mL) and methanol
(10 mL) was added 2M aqueous sodium hydroxide solution (8.0 mL), and the mixture was stirred at 50°C for 4 hr. To
the reaction mixture was added 10% aqueous citric acid solution, and the mixture was extracted with ethyl acetate. The
ethyl acetate layer was washed with saturated brine, dried (MgSO,), and concentrated. To a mixture of the obtained
residue, N,O-dimethylhydroxylamine hydrochloride (1.60 g), triethylamine (2.3 mL), 1H-1,2,3-benzotriazol-1-ol (1.84 g)
and N,N-dimethylformamide (25 mL) was added N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (0.88
g), and the mixture was stirred overnight at room temperature. To the reaction mixture was added 10% aqueous citric
acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed successively with
saturated brine, saturated aqueous sodium hydrogen carbonate and saturated brine, dried (MgSO,), and concentrated.
The obtained residue was subjected to silica gel column chromatography to give the title compound (2.30 g, yield 67 %)
as a yellow oil from the fraction eluted with ethyl acetate. MS:422(MH*).

[0246] Reference Example 12 4-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-3-
one

[0247]

[0248] To a solution of 2-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-N-methoxy-N-methyl-3-(tetrahydro-2H-pyran-4-yl)
propanamide (2.30 g) in tetrahydrofuran (20 mL) was slowly added vinylmagnesium bromide (1.0M tetrahydrofuran
solution: 16.4 mL) at 0°C, and the mixture was stirred at 0°C for 20 min. The reaction mixture was poured into an ice-
cooled 1M hydrochloric acid, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dried (MgSO,), and concentrated. The residue was subjected to silica gel column chromatography to
give the title compound (1.80 g, yield 84%) as a colorless oil from the fraction eluted with ethyl acetate-hexane (3:1,
volume ratio). MS:389(MH™*).

[0249] Reference Example 13 5-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-1-[5-(1,2-dihydroxy-2-methylpropyl)pyridin-
2-yl]-6-(tetrahydro-2H-pyran-4-yl)hexane-1,4-dione

[0250]
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[0251] A mixture of 4-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-3-one (1.80 g),
5-(1,2-dihydroxy-2-methylpropyl)pyridine-2-carbaldehyde (0.99 g), 3-benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-thiazol-3-
ium chloride (0.12 g), triethylamine (0.26 mL), tetrahydrofuran (10 mL) and ethanol (10 mL) was stirred with heating
under reflux for 2 hr. The reaction mixture was concentrated, and the residue was subjected to basic silica gel column
chromatography to give the title compound (1.90 g, yield 71%) as a yellow amorphous solid from the fraction eluted with
ethyl acetate. MS:584(MH*).

[0252] Reference Example 14 4--bromo-5-methoxy-1H-indazole

[0253]

ZT

MeO
Br

[0254] To a solution of 3-bromo-4-methoxy-2-methylaniline (19.06 g) in acetonitrile (250 mL) was slowly added acetic
anhydride (18.9 mL), and the mixture was stirred at room temperature for 1 hr. To the reaction mixture were added
potassium acetate (2.60 g) and pentyl nitrite (22.3 g), and the mixture was heated under reflux for 8 hr. The reaction
mixture was concentrated, and to the residue was added 6M hydrochloric acid (200 mL), and the mixture was heated
under reflux overnight. The reaction mixture was neutralized with 8M sodium hydroxide, and the mixture was extracted
with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSO,), and concentrated. The
residue was dissolved in tetrahydrofuran, and the solution was treated with activated carbon. The activated carbon was
filtered off, the filtrate was concentrated, and the obtained residue was crystallized from diisopropyl ether. The crystals
were collected by filtration, washed with diisopropyl ether, and dried to give the title compound (10.42 g, yield 52%) as
yellow crystals. melting point 178-180°C. MS:229(MH™).

[0255] Reference Example 15 ethyl (4-bromo-5-methoxy-1H-indazol-1-yl)acetate

[0256]

OO
N

\

/N

MeO
Br

[0257] A mixture of 4-bromo-5-methoxy-1H-indazole (8.57 g), ethyl bromoacetate (7.56 g), potassium carbonate (6.26
g) and N,N-dimethylformamide (30 mL) was stirred overnight at room temperature. To the reaction mixture was added
water, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried
(MgS0Qy,), and concentrated. The residue was subjected to silica gel column chromatography to give the title compound
(4.65 g, yield 39%) as colorless crystals from the fraction eluted with ethyl acetate-hexane (1:3, volume ratio). melting
point 106-107°C. MS:315 (MH™).

[0258] Reference Example 16 ethyl 2-(4-bromo-5-methoxy-1H-indazol-1-yl)-3-(tetrahydro-2H-pyran-4H-yl)pro-
panoate

[0259]
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[0260] To a solution of diisopropylamine (1.35 g) in a mixed solvent of tetrahydrofuran (30 mL) and 1,3-dimethyl-
3,4,5,6-tetrahydropyrimidin-2(1H)-one (15 mL) was slowly added 1.6M hexane solution (16.1 mL) of n-butyllithium at
-70°C under a nitrogen atmosphere. The reaction mixture was stirred at -70°C for 15 min, and a solution of ethyl (4-
bromo-5-methoxy-1H-indazol-1-yl)acetate (3.65 g) in tetrahydrofuran (5 mL) was slowly added thereto. The reaction
mixture was stirred at - 70°C for 20 min, 4-(iodomethyl)tetrahydro-2H-pyran (2.80 g) was added thereto, and the mixture
was stirred overnight at room temperature. To the reaction mixture was added 10% aqueous citric acid solution, and
the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSO,),
and concentrated. The obtained residue was subjected to silica gel column chromatography to give the title compound
(1.36 g, yield 28%) as pale-yellow crystals from the fraction eluted with ethyl acetate-hexane (2:3, volume ratio). melting
point 76-77°C. MS:413(MH™).

[0261] Reference Example 17 ethyl 2-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-3-(tetrahydro-2H-pyran-4-
yl)propanoate

[0262]

[0263] A mixture of ethyl 2-(4-bromo-5-methoxy-1H-indazol-1-yl)-3-(tetrahydro-2H-pyran-4H-yl)propanoate (1.36 g),
copper (l) iodide (0.32 g), N,N’-dimethylethylenediamine (0.36 mL), sodium cyclopropanesulfinate (0.64 g) and dimethyl
sulfoxide (6 mL) was stirred at 140°C for 2 hr. To the reaction mixture was added 10% aqueous citric acid solution, and
the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSO,),
and concentrated. The obtained residue was subjected to silica gel column chromatography to give the title compound
(0.50 g, yield 33%) as a yellow oil from the fraction eluted with ethyl acetate-hexane (9:1, volume ratio). MS:437(MH*).
[0264] Reference Example 18 2-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-N-methoxy-N-methyl-3-(tetrahy-
dro-2H-pyran-4-yl)propanamide

[0265]
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[0266] To a solution of ethyl 2-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-3-(tetrahydro-2H-pyran-4-yl)pro-
panoate (0.50 g) in a mixed solvent of tetrahydrofuran (4 mL) and methanol (2 mL) was added 2M aqueous sodium
hydroxide solution (1.0 mL), and the mixture was stirred overnight at room temperature. To the reaction mixture was
added 10% aqueous citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was
washed with saturated brine, dried (MgSO,), and concentrated. To a mixture of the obtained residue, N, O-dimethylhy-
droxylamine hydrochloride (0.21 g), triethylamine (0.31 mL), 1H-1,2,3-benzotriazol-1-ol (0.26 g) and N,N-dimethylfor-
mamide (10 mL) was added N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (0.32 g), and the mixture
was stirred at room temperature for 6 hr. To the reaction mixture was added 10% aqueous citric acid solution, and the
mixture was extracted with ethyl acetate. The ethyl acetate layer was washed successively with saturated brine, saturated
aqueous sodium hydrogen carbonate and saturated brine, dried (MgSQ,), and concentrated. The obtained residue was
subjected to silica gel column chromatography to give the title compound (0.51 g, quantitatively) as a colorless oil from
the fraction eluted with ethyl acetate. MS:452(MH*).

[0267] Reference Example 19 5-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-1-[5-(1,2-dihydroxy-2-methyl-
propyl)pyridin-2-yl]-6-(tetrahydro-2H-pyran-4-yl)hexane-1,4-dione

[0268]

OH

N N OH
/N 0o Me Me
MeO
S

v'b

[0269] To a solution of 2-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-N-methoxy-N-methyl-3-(tetrahydro-2H-
pyran-4-yl)propanamide (0.50 g) in tetrahydrofuran (5 mL) was slowly added vinylmagnesium bromide (1.0M tetrahy-
drofuran solution: 3.3 mL) at 0°C, and the mixture was stirred at 0°C for 20 min. The reaction mixture was poured into
anice-cooled 1M hydrochloric acid, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed
with saturated brine, dried (MgSQO,), and concentrated. A mixture of the obtained residue, 5-(1,2-dihydroxy-2-methyl-
propyl)pyridine-2-carbaldehyde (0.24 g), 3-benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-thiazol-3-ium chloride (30 mg), tri-
ethylamine (0.06 mL), tetrahydrofuran (6 mL) and ethanol (4 mL) was stirred with heating under reflux for 4 hr. The
reaction mixture was concentrated, and the residue was subjected to basic silica gel column chromatography to give
the title compound (0.21 g, yield 31%) as a yellow oil from the fraction eluted with tetrahydrofuran-hexane (3:1, volume
ratio). MS:614(MH™).

[0270] Reference Example 20 4-(cyclopropylsulfonyl)-1H-pyrazolo[3,4-b]pyridine

[0271]

(0]

[0272] To a solution of 4-iodo-1H-pyrazolo[3,4-b]pyridine (5.2 g) in dimethyl sulfoxide (70 mL) were added N,N’-
dimethylethylenediamine (114 L), copper (I) iodide (202 mg), sodium cyclopropanesulfinate (8.16 g) and potassium
carbonate (5.06 g) at room temperature under argon atmosphere, and the mixture was stirred at 100°C for 16 hr. The
reaction mixture was filtered, water was added to the filtrate, and the mixture was extracted with ethyl acetate. The ethyl
acetate layer was washed with saturated brine, dried (MgSQO,), and concentrated. The obtained residue was subjected
to silica gel column chromatography to give the title compound (0.42 g, yield 9%) as yellow crystals from the fraction
eluted with ethyl acetate-hexane (1:1, volume ratio). MS:224(MH").

[0273] Reference Example 21 ethyl 2-(4-iodo-1H-pyrazolo[3,4-b]pyridin-1-yl)-3-(tetrahydro-2H-pyran-4-yl)propanoate
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[0274]

o

MNN"co,Et
- N

[0275] A mixture of 4-iodo-1H-pyrazolo[3,4-b]pyridine (1.72 g), a 1:1 mixture (3.1 g) of ethyl 2-bromo-3-(tetrahydro-
2H-pyran-4-yl)propanoate and ethyl 3-(tetrahydro-2H-pyran-4-yl)-2-propenoate, potassium carbonate (1.0 g) and N,N-
dimethylformamide (15 mL) was stirred overnight at room temperature. To the reaction mixture was added aqueous
citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with water and
saturated brine, dried (MgSO,), and concentrated. The residue was subjected to silica gel column chromatography to
give the title compound (1.6 g, yield 53%) as a colorless oil from the fraction eluted with ethyl acetate-hexane (35:75,
volume ratio). MS:430(MH™).

[0276] Reference Example 22 N-methoxy-2-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-N-methyl-3-(tetrahydro-2H-
pyran-4-yl)propanamide

[0277]

MeO

[0278] A mixture of ethyl 2-(4-iodo-1H-pyrazolo[3,4-b]pyridin-1-yl)-3-(tetrahydro-2H-pyran-4-yl)propanoate (1.69 g),
sodium cyclopropanesulfinate (1.5 g), copper (l) iodide (0.22 g), N,N’-dimethylethylenediamine (0.13 mL), potassium
carbonate (1.6 g) and dimethyl sulfoxide (25 mL) was stirred overnight at 100°C. To the reaction mixture was added
aqueous citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dried (MgSQ,), and concentrated. The obtained residue was dissolved in a mixed solvent of tetrahy-
drofuran (10 mL) and methanol (10 mL). To this solution was added an aqueous solution of potassium hydroxide (0.65
g) in water (5 mL), and the mixture was stirred overnight at room temperature. To the reaction mixture was added
aqueous citric acid solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dried (MgSO,), and concentrated. A mixture of the obtained residue, N,O-dimethylhydroxylamine hy-
drochloride (0.38 g), triethylamine (0.54 mL) and N,N-dimethylformamide (20 mL) was ice-cooled, 1H-1,2,3-benzotriazol-
1-ol (0.45 g) and N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (0.64 g) were added thereto, and the
mixture was stirred overnight under ice-cooling to at room temperature. To the reaction mixture was added aqueous
sodium hydrogen carbonate solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was
washed successively with aqueous sodium hydrogen carbonate solution and saturated brine, dried (MgSO,), and con-
centrated. The obtained residue was subjected to silica gel column chromatography to give the title compound (0.37 g,
yield 27%) as a colorless oil from the fraction eluted with ethyl acetate-hexane (65:35, volume ratio). MS:349(MH™*).
[0279] Reference Example 23 4-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-
3-one

[0280]
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o

Meo—’ N

[0281] To a solution of N-methoxy-2-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-N-methyl-3-(tetrahydro-2H-pyran-4-
yl)propanamide (0.37 g) in dry tetrahydrofuran (15 mL) was slowly added vinylmagnesium bromide (1.0M tetrahydrofuran
solution: 7.8 mL) at 0°C, and the mixture was stirred at 0°C for 1 hr. To the reaction mixture was added again vinylmag-
nesium bromide (1.0M tetrahydrofuran solution: 2.6 mL) at 0°C, and the mixture was stirred for 1 hr under ice-cooling.
The reaction solution was poured into an ice-cooled 6M hydrochloric acid, and the mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSO,), and concentrated. The residue was
subjected to silica gel column chromatography to give the title compound (0.178 g, yield 53%) as a pale-pink oil from
the fraction eluted with ethyl acetate-hexane (6:4, volume ratio). MS:316(MH™).

[0282] Reference Example 24 1-[5-(1,2-dihydroxy-2-methylpropyl)pyridin-2-yl]-5-(4-methoxy-1H-pyrazolo[3,4-b]pyri-
din-1-yl)-6-(tetrahydro-2H-pyran-4-yl)hexane-1,4-dione

[0283]

[0284] A mixture of 4-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-5-(tetrahydro-2H-pyran-4-yl)pent-1-en-3-one (178
mg), 5-(1,2-dihydroxy-2-methylpropyl)pyridine-2-carbaldehyde (132 mg), 3-benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-thi-
azol-3-ium chloride (18 mg), triethylamine (30 p.L), tetrahydrofuran (5 mL) and ethanol (5 mL) was heated under reflux
for 3 hr under argon stream. The reaction solution was poured into ice water, and the mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSQO,), and concentrated. The residue was
subjected to silica gel column chromatography to give the title compound (268 mg, yield 93%) as a pale-yellow oil from
the fraction eluted with ethyl acetate. MS:511(MH*).

[0285] Reference Example 25 2-bromo-5-(2-methylprop-1-en-1-yl)pyridine

[0286]

Me
DR

Br” N

[0287] To a solution of (1-methylethyl)(triphenyl)phosphonium iodide (72.2 g) in N,N-dimethylformamide (200 mL)
was added a solution of tert-butoxy potassium (20.1 g) in N,N-dimethylformamide (100 mL) under ice-cooling, and the
mixture was stirred at 0°C for 30 min. To the reaction solution was added dropwise a solution of 6-bromopyridine-3-
carbaldehyde (20.8 g) in N,N-dimethylformamide (200 mL) at 0°C. The reaction solution was allowed to warm to room
temperature, and stirred at room temperature for 16 hr. To the reaction mixture was added saturated aqueous ammonium
chloride solution, and the mixture was extracted with diethyl ether. The extract was washed successively with water and
saturated brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (ethyl acetate:hexane = 1:99 - 40:60, volume ratio) to give the title compound
(16.2, yield 68%) as a colorless oil.

THNMR (CDCl3) 81.84 (3H,d,J=1.3Hz),1.92 (3H,d,J=1.3Hz),6.14 (1H,s),7.34-7.45(2H, m), 8.22 (1H, d, J=2.3 Hz).
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[0288] Reference Example 26 5-(2-methylprop-1-en-1-yl)pyridine-2-carbaldehyde

[0289]
Me
CT Ve

OHC N

[0290] Under a nitrogen atmosphere, 2.0M tetrahydrofuran solution (11.2 mL) of butylmagnesium chloride was diluted
with tetrahydrofuran (200 mL). The solution was cooled to -10°C, 1.6M hexane solution (28.1 mL) of n-butyllithium was
added dropwise thereto, and the mixture was stirred at -10°C for 10 min. To the reaction solution was added dropwise
a solution (50 mL) of 2-bromo-5-(2-methylprop-1-en-1-yl)pyridine (11.9 g) in tetrahydrofuran, and the mixture was stirred
at -10°C for 30 min. To the reaction solution was added N,N-dimethylformamide (8.65 mL), and the mixture was stirred
at -10°C for 3 hr. To the reaction mixture was added saturated aqueous ammonium chloride solution, and the mixture
was extracted with ethyl acetate. The extract was washed successively with water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (ethyl acetate:hexane = 1:99 - 10:90, volume ratio) to give the title compound (7.47 g, yield 83%) as a
pale-yellow oil.

TH NMR (CDCl3) 81.93 (3H, s), 1.99 (3H,s),6.29 (1 H, s), 7.71 (1 H, d, J=8.0 Hz), 7.93 (1 H, d, J=8.0 Hz), 8.65 (1 H,
s), 10.06 (1 H, s).

[0291] Reference Example 27 5-(1,2-dihydroxy-2-methylpropyl)pyridine-2-carbaldehyde

[0292]
OH
mde

OHC N

[0293] To a solution of 5-(2-methylprop-1-en-1-yl)pyridine-2-carbaldehyde (9.40 g) in a mixed solvent of dimethyl
sulfoxide (230 mL) and water (1.89 mL) was added N-bromosuccinic imide (18.7 g) at 0°C. The reaction solution was
allowed to warm to room temperature, and stirred at room temperature for 1 hr. To the reaction mixture was added
saturated aqueous sodium hydrogen carbonate solution, and the mixture was extracted with ethyl acetate. The extract
was washed successively with water and saturated brine, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. To a solution of the residue in tetrahydrofuran (200 mL) was added 4.5M aqueous sulfuric acid
solution, and the mixture was stirred at room temperature for 3 hr. The reaction mixture was neutralized with aqueous
sodium hydroxide solution and saturated aqueous sodium hydrogen carbonate solution, and the mixture was extracted
with ethyl acetate. The extract was washed successively with water and saturated brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl
acetate:hexane=20:80 to 100:0, volume ratio) to give the title compound (9.00 g, yield 79%) as a pale-yellow oil. MS:
196(MH™).

[0294] Example 1 [2-(5-{1-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyr-
rol-2-yl)-1,3-thiazol-5-ylJmethanol

[0295]

Me\S \

[0296] A mixture of 5-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-6-(tetrahydro-2H-pyran-4-yl)-1-{5-[(tetrahydro-
2H-pyran-2-yloxy)methyl]-1,3-thiazol-2-yl}hexane-1,4-dione (0.65 g), ammonium acetate (0.46 g) and acetic acid (6 mL)
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was stirred at 100°C for 1 hr. The reaction mixture was neutralized with 8N aqueous sodium hydroxide solution, and the
mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine, dried (MgSQO,), and
concentrated. The residue was subjected to basic silica gel column chromatography to give the title compound (0.40 g,
yield 80%) as a yellow amorphous solid from the fraction eluted with tetrahydrofuran-hexane (3:1, volume ratio). MS:
419(MH™).

TH NMR (300 MHz, CDCl3) $1.20 - 1.92 (7 H, m), 2.36 (3 H, s), 2.62 (1 H, brs), 3.22 - 3.32 (2 H, m), 3.80 - 3.93 (5 H,
m), 4.01 (1 H, t, J=8.0 Hz), 4.81 (2 H, s), 6.00 (1 H, s), 6.04 (1 H, t, J=3.2 Hz), 6.57 (1 H, t, J=3.2 Hz), 7.44 (1 H, s), 9.58
(1 H, brs).

[0297] Example 2 [2-(5-{1-[1-methyl-5-(methylsulfonyl)-1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyr-
rol-2-yl)-1,3-thiazol-5-ylJmethanol

[0298]

[0299] A mixture of [2-(5-{1-[1-methyl-5-(methylsulfanyl)-1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyr-
rol-2-yl)-1,3-thiazol-5-ylJmethanol (0.40 g), oxone (registered trade mark) (0.89 g), water (6 mL), tetrahydrofuran (6 mL)
and methanol (6 mL) was stirred at room temperature for 1 hr. To the reaction mixture was added saturated aqueous
sodium hydrogen carbonate, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dried (MgSQ,), and concentrated. The residue was subjected to basic silica gel column chromatography
to give the title compound (0.30 g, yield 70%) as a colorless amorphous solid from the fraction eluted with tetrahydrofuran-
hexane (3:1, volume ratio). MS:451(MH*).

TH NMR (300 MHz, CDCl3) §1.20 - 1.66 (5 H, m), 1.88 - 1.96 (2H, m), 2.33 (1 H, brt, J=5.3 Hz), 3.13 (3 H, s), 3.23 - 3.34
(2H, m), 3.86-3.95(2H, m), 411 (3H,s),4.13 (1 H, t, J=7.8 Hz), 4.82 (2 H, d, J=5.3 Hz), 6.05 (1 H, t, J=3.3 Hz), 6.57
(1H,dd, J=2.4,3.3Hz),7.45(1H,s),9.48 (1 H, brs).

[0300] Example 3 1-(6-{5-[1-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-2-(tetrahydro-2H-pyran-4-yl)ethyl]-1H-pyr-
rol-2-yl}pyridin-3-yl)-2-methylpropane-1,2-diol

[0301]

[0302] A mixture of 1-[5-(1,2-dihydroxy-2-methylpropyl)pyridin-2-yl]-5-(4-methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-
6-(tetrahydro-2H-pyran-4-yl)hexane-1,4-dione (265 mg), ammonium acetate (200 mg), acetic acid (0.20 mL) and ethanol
(10 mL) was stirred at room temperature for 6 hr. The reaction solution was poured into aqueous sodium hydrogen
carbonate solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated
brine, dried (MgSQ,), and concentrated. The residue was subjected to silica gel column chromatography to give the title
compound (178 mg, yield 58%) as a colorless amorphous solid from the fraction eluted with ethyl acetate. MS:492(MH*).
TH NMR (300 MHz, CDCl5) §1.09 (3H, s), 1.20-1.90 (8H, m), 2.18-2.30 (1H, m), 2.50-2.66 (1H, m), 3.10-3.27 (2H, m),
3.86 (2H, d, J=11.4 Hz), 3.99 (3H, s), 4.50 (1H, s), 6.22 (1H, dd, J=6.6, 9.6 Hz), 6.29 (1H, t, J=3.0 Hz), 6.46 (1H, d, J=5.4
Hz), 6.56 (1H, t, J=3.0 Hz), 7.41 (1H, d, J=8.1 Hz), 7.60-7.67 (1H, m), 8.05 (1H, s), 8.33-8.40 (2H, m), 10.56 (1H, brs).
[0303] Example 4 1-[6-(5-{1-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-2-
yl)pyridin-3-yl]-2-methylpropane-1,2-diol

[0304]
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[0305] A mixture of 5-[4-(cyclopropylsulfonyl)-1H-indazol-1-yl]-1-[5-(1,2-dihydroxy-2-methylpropyl)pyridin-2-yl]-6-(tet-
rahydro-2H-pyran-4-yl)hexane-1,4-dione (0.50 g), ammonium acetate (0.35 g), acetic acid (0.50 mL) and ethanol (10
mL) was stirred at room temperature for 13 hr. The reaction solution was poured into aqueous sodium hydrogen carbonate
solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with saturated brine,
dried (MgSO,), and concentrated. The residue was subjected to silica gel column chromatography to give the title
compound (0.155 g, yield32%) as a colorless amorphous solid from the fraction eluted with ethyl acetate-hexane (95:
5, volume ratio).

MS:565 (MH*).

TH NMR (300 MHz, CDCl3) 80.96-1.76 (14H, m), 2.22-2.35 (2H, m), 2.50-2.63 (2H, m), 3.05 (1H, brs), 3.22 (2H, q, J=7.8
Hz), 3.88 (2H, d, J=8.4 Hz), 4.89 (1H, s), 5.88 (1H, t, J=4.8 Hz), 6.27-6.30 (1H, m), 6.57-6.61 (1H, m), 7.40-7.70 (5H,
m), 8.33 (1H, s), 8.47 (1H, s), 9.93 (1H, brs).

Example 5 1-[6-(5-{1-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}-1H-pyrrol-
2-yl)pyridin-3-yl]-2-methylpropane-1,2-diol

[0306]

[0307] A mixture of 5-[4-(cyclopropylsulfonyl)-5-methoxy-1H-indazol-1-yl]-1-[5-(1,2-dihydroxy-2-methylpropyl)pyridin-
2-yl]-6-(tetrahydro-2H-pyran-4-yl)hexane-1,4-dione (0.37 g), ammonium acetate (0.23 g), acetic acid (0.34 mL) and
ethanol (10 mL) was stirred at room temperature for 15 hr. To the reaction mixture was added saturated aqueous sodium
hydrogen carbonate solution, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dried (MgSO,), and concentrated. The residue was subjected to silica gel column chromatography, and
eluted from hexane-ethyl acetate (1:1 - 0:1, volume ratio) to give the title compound (60 mg, yield 17%) as a colorless
amorphous solid. MS:595(MH*).

TH NMR (300 MHz, CDCl5) 80.87 - 1.03 (2 H, m), 1.06 (3 H, s), 1.15-1.56 (10 H, m), 1.60 - 1.84 (2 H, m), 2.14 - 2.33
(1H, m),2.40-2.60 (1 H, m), 2.95-3.41 (3H, m), 3.80 - 3.93 (2 H, m), 3.95-4.03 (3 H, m), 4.46 (1 H, s), 5.80 (1H, ,
J=6.82 Hz), 6.26 (1 H, d, J=2.27 Hz), 6.58 (1 H, brs), 7.09 - 7.18 (1 H, m), 7.44 (1 H, d, J=8.33 Hz), 7.56 (1 H, t, J=8.33
Hz), 7.66 (1 H, d, J=8.33 Hz), 8.24 - 8.34 (1 H, m), 8.55 (1 H, s), 10.03 (1 H, brs).

Experimental Example 1 measurement of GK activation value
[0308] GKenzyme reactions were performed in 50 mmol/L HEPES pH7.4, 200 mmol/L KCI, 5 mmol/L MgCl,, 2 mmol/L
DTT, containing 50 pmol/L 2’-(or-3’)-O- (N-methylanthraniloyl) adenosine 5-triphosphate (Mant-ATP) (Jena Bioscience

GmbH), 5 mmol/L D-glucose, 5% DMSO and 6 pg/mL GST-hLGK1 obtained in Reference Example 2A in a total volume
50 pL. The reactions were performed in 384 well black plates (Nalge Nunc International K.K.). Prior to the reaction, the
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enzyme and test compound were incubated for 10 min at 37°C, and 25 mM D-glucose solution (10 pL) was added to
start the reaction. The final concentration of the test compound is 10 wmol/L. After the incubation for 60 min at 37°C,
the reaction was quenched by adding 25 p.L of a quenching solution (containing 200 mM HEPES (pH 7.4), 20 mM MgCl,,
200 mM EDTA, 0.03% Triton-X 100, 0.3% Coating 3 reagent (Caliper Life Sciences, Inc.)).

Mant-ATP (substrate, 2’-(or-3)-O- (N-methylanthraniloyl) adenosine 5'-triphosphate) and Mant-ADP (reaction resultant
product) were separated from each well after the reaction by a microchip type capillary electrophoresis apparatus 250
HTS (Caliper Life Sciences, Inc.). The reaction rate [(reaction resultant product peak height)/(reaction resultant product
peak height + substrate peak height)<100(%)] was calculated from the ratio of the substrate peak height and reaction
resultant product peak height obtained by fluorescence detection (excitation wavelength 355 nm, measurement wave-
length 460 nm) and used as the index of GK activity.

As a control group, the reaction rate was calculated in the same manner as above without the test compounds.

The percentage obtained by dividing the reaction rate of the well added with the test compound (test compound addition
group) by the reaction rate of the control group was taken as the GK activity value (Emax) of the test compound. The
results are shown in Table 1.

[0309]
Table 1
Example No. | Emax (%)
2 138
3 124
4 161
5 162

[0310] As is clear from Table 1, the compound of the present invention has a superior glucokinase activation action.

Formulation Example 1 (production of capsule)

[0311]
1) compound of Example 1 30mg
2) finely divided powder cellulose 10 mg
3) lactose 19mg
4) magnesium stearate 1mg
total 60mg

1), 2), 3) and 4) are mixed and filled in a
gelatin capsule.

Formulation Example 2 (production of tablet)

[0312]
1) compound of Example 1 30g
2) lactose 509
3) cornstarch 15¢g
4) calcium carboxymethylcellulose 44 g
5) magnesium stearate 19
1000 tablets total 1409

The total amount of 1), 2) and 3), and 30 g of 4) are kneaded with water, vacuum dried and sized. The sieved powder
is mixed with 14 g of 4) and 1 g of 5), and the mixture is punched by a tableting machine. In this way, 1000 tablets
containing 30 mg of the compound of Example 1 per tablet are obtained.
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Industrial Applicability
[0313] The glucokinase activator of the present invention has a superior activity, and therefore the activator is useful

as a pharmaceutical agent such as an agent for the prophylaxis or treatment of diabetes, obesity and the like, and the like.
[0314] This application is based on patent application Nos. 107181/2008 and 275892/2008 filed in Japan, the contents

10

15

20

25

30

35

40

45

50

55

of which are hereby incorporated by reference.
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<160>
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SEQUENCE LISTING
Takeda Pharmaceutical Company Limited
Nitrogen-containing 5-membered Heterocyclic Compounds
091367

Jp2008-107181
2008-04-10

Jp2008-275892
2008-10-27

PatentIn version 3.3

1

27

DNA
Artificial

primer for cloning glucokinase

1

cagctctcca tccaagcagc cgttgct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

21

DNA
Artificial

primer for cloning glucokinase

2

ggcggcctgg gtcctgacaa g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggatccatgc ccagaccaag atcccaactc ccacaaccca actcccaggt agagcagatc

3

69

DNA
Artificial

primer for cloning glucokinase

3

ctggcagag

<210> 4

<211> 24

<212> DNA

<213> Artificial
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<220>
<223> primer for cloning glucokinase

<400> 4
gaattcctgg cccagcatac aggc 24

Claims

A compound represented by the formula (l):

wherein
R'is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:

~ N

which is optionally substituted;

R2 is an optionally substituted alkyl group, an optionally substituted 4- to 7-membered cyclic group, -OR® wherein
RS is an optionally substituted alkyl group or an optionally substituted 4- to 7-membered cyclic group, or an optionally
substituted amino group;

R3 is a hydrogen atom or an optionally substituted alkyl group, or

R2 and R3

(i) form, together with the carbon atom they are bonded to, cyclopropane substituted by an optionally substituted
4- to 7-membered cyclic group, or

(i) in combination form =N-OR7 or =CH-R7 wherein R” is an optionally substituted alkyl group or an optionally
substituted 4- to 7-membered cyclic group;

Cy is an optionally substituted 5-membered cyclic group, which is optionally condensed with an optionally substituted
5- to 7-membered ring; and

X1 and X2 are each independently an optionally substituted carbon atom, or a nitrogen atom,

provided that Cy is not 1H-pyrrol-2-yl,

or a salt thereof.

The compound or salt of claim 1, wherein Cy is pyrazolyl, pyrazolopyridyl, imidazolyl, triazolyl, tetrazolyl, thienyl,
furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, isothiazolyl, indazolyl, indazolinyl, indolyl, indolinyl,
benzimidazolyl, benzotriazolyl, benzothienyl, benzofuryl, benzothiazolyl, benzothiadiazolyl, benzoxazolyl, benzox-
adiazolyl, benzisoxazolyl or benzisothiazolyl, each of which is optionally substituted.

The compound or salt of claim 1, wherein R' is a 5- or 6-membered nitrogen-containing aromatic heterocyclic group
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10.

1.

12.

13.

14.
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represented by the formula:

which is optionally substituted.

The compound or salt of claim 1, wherein R2 is an optionally substituted C,_g alkyl group.

The compound or salt of claim 1, wherein R3 is a hydrogen atom.

The compound or salt of claim 1, wherein X! and X2 are both optionally substituted carbon atoms.

The compound or salt of claim 1, wherein

Cy is pyrazolyl, pyrazolopyridyl, imidazolyl, triazolyl, tetrazolyl, thienyl, furyl, thiazolyl, thiadiazolyl, oxazolyl, oxadi-
azolyl, isoxazolyl, isothiazolyl, indazolyl, indazolinyl, indolyl, indolinyl, benzimidazolyl, benzotriazolyl, benzothienyl,
benzofuryl, benzothiazolyl, benzothiadiazolyl, benzoxazolyl, benzoxadiazolyl, benzisoxazolyl or benzisothiazolyl,

each of which is optionally substituted,
R'is a 5- or 6-membered nitrogen-containing aromatic heterocyclic group represented by the formula:

~ A

which is optionally substituted,

R2 is an optionally substituted C,_g alkyl group,

R3 is a hydrogen atom, and

X1 and X2 are both optionally substituted carbon atoms.

[2-(5-{1-[1-Methyl-5-(methylsulfanyl)- 1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl) ethyl}- 1H-pyrrol-2-yl)-1,3-thia-
zol-5-yllmethanol or a salt thereof.

[2-(5-{1-[1-Methyl-5-(methylsulfonyl)- 1H-pyrazol-3-yl]-2-(tetrahydro-2H-pyran-4-yl) ethyl}- 1H-pyrrol-2-yl)-1,3- thia-
zol-5-ylmethanol or a salt thereof.

1-(6-{5-[1-(4-Methoxy-1H-pyrazolo[3,4-b]pyridin-1-yl)-2-(tetrahydro-2H-pyran-4-yl)ethyl]- 1H-pyrrol-2-yl}pyridin-3-
yl)-2-methylpropane-1,2-diol or a salt thereof.

1-[6-(5-{1-[4-(Cyclopropylsulfonyl)-1H-indazol-1-yl]-2-(tetrahydro-2H-pyran-4-yl)ethyl}- 1H-pyrrol-2-yl) pyridin-3-yl]-
2-methylpropane-1,2-diol or a salt thereof.

1-[6-(5-{1-[4-(Cyclopropylsulfonyl)-5-methoxy- 1H-indazol- 1-yl]-2-(tetrahydro-2H-pyran-4-yl) ethyl}- 1H-pyrrol-2-yl)
pyridin-3-yl]-2-methylpropane-1,2-diol or a salt thereof.

A prodrug comprising the compound or salt of claim 1.

A pharmaceutical agent comprising a compound represented by the formula (1):
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1
2 X=X
RgM\ 1
N R
cy H
wherein

R'is a 5- or 6-membered nitrogen-containing heterocyclic group represented by the formula:

A

14

which is optionally substituted,;

R2 is an optionally substituted alkyl group, an optionally substituted 4- to 7-membered cyclic group, -OR® wherein
RE is an optionally substituted alkyl group or an optionally substituted 4- to 7-membered cyclic group, or an optionally
substituted amino group;

R3 is a hydrogen atom or an optionally substituted alkyl group, or

R2 and R3

(i) form, together with the carbon atom they are bonded to, cyclopropane substituted by an optionally substituted
4- to 7-membered cyclic group, or

(ii) in combination form =N-OR7 or =CH-R” wherein R is an optionally substituted alkyl group or an optionally
substituted 4- to 7-membered cyclic group;

Cy is an optionally substituted 5-membered cyclic group, which is optionally condensed with an optionally substituted
5- to 7-membered ring; and

X' and X2 are each independently an optionally substituted carbon atom, or a nitrogen atom,

or a salt thereof, or a prodrug thereof.

15. The pharmaceutical agent of claim 14, which is an glucokinase activator.

16. The pharmaceutical agent of claim 14, which is used for the prophylaxis or treatment of diabetes or obesity.

61



EP 2 266 983 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2009/057607

A. CLASSIFICATION OF SUBJECT MATTER
See extra sheet.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C07D417/14, A61K31/427, A61K31/4439, A61P1/00, A61P1/16, A61P1/18, A61P3/04,
A61P3/10, A61P5/50, A61P7/00, A61P9/10, A61P9/12, A61P11/00, A61P11/04,
A61P13/12, A61P15/00, A61P19/02, A61P19/10, A61P21/00, A61P29/00, A61P35/00,

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho  1996-2009
Kokai Jitsuyo Shinan Koho 1971-2009 Toroku Jitsuyo Shinan Koho  1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CA/REGISTRY/MEDLINE/EMBASE/BIOSIS (STN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X SESSLER, J. L., Calix[2]bipyrrole[2]furan and 1-4,6,13
A Calix[2]bipyrrole[2] thiophene: New Pyrrolic 5,7-12,14-16

Receptors Exhibiting a Preference for
Carboxylate Anions, Journal of the American
Chemical Society, 2003, Vol.125, No.45,
pP.13646-13647

X CORRIU, R. J., Silylamines in organic synthesis. 1,3,5,6,13
A Facile synthetic routes to unsaturated 2,4,7-12,
protected primary amines, Tetrahedron, 1992, 14-16

Vol.48, No.30, p.6231-6244

A WO 2007/037534 Al (BANYU PHARM CO., LTD.), 1-16
05 April, 2007 (05.04.07),
& EP 1935890 Al & AU 2006295645 Al
Further documents are listed in the continuation of Box C. |:| See patent family annex.
* Special categories of cited documents: “T”  later document published affer the international filing date or priority
“A”  document defining the general state of the art which is not considered  to date and not in conflict with the application but cited to understand
be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international filing  “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the p}lblication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than the being obvious to a person skilled in the art
priority date claimed “&"  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
08 May, 2009 (08.05.09) 19 May, 2009 (19.05.09)
Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

62



EP 2 266 983 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2009/057607
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2006/132436 Al (JAPAN TOBACCO INC.), 1-16
14 December, 2006 (14.12.06),
& US 2007/072908 Al & JP 2007-332034 A
& EP 1889842 Al & JP 4137956 B2

& JP 2008-222714 A

A JP 2006-515858 A (ELI LILLY & CO.), 1-16
08 June, 2006 (08.06.06),
& WO 2004/0063179 Al & EP 1585739 Al

& US 2006/111353 Al

P,A WO 2008/136428 Al (TAKEDA PHARM CO., LTD.), 1-16
13 November, 2008 (13.11.08)
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

63



EP 2 266 983 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2009/057607

Continuation of A. CLASSIFICATION OF SUBJECT MATTER
(International Patent Classification (IPC))

C07D417/14(2006.01)1i, A61K31/427(2006.01)i, A61K31/4439(2006.01)1,
A61P1/00(2006.01)i, A61P1/16(2006.01)i, A61P1/18(2006.01)1,
A61P3/04(2006.01)1i, A61P3/10(2006.01)i, A61P5/50(2006.01)1,
A61P7/00(2006.01)i, A61P9/10(2006.01)i, A61P9/12(2006.01)1,
A61P11/00(2006.01)1i, A61P11/04(2006.01)i, A61P13/12(2006.01)1,
A61P15/00(2006.01)i, A61P19/02(2006.01)i, A61P19/10(2006.01)1,
A61P21/00(2006.01)1i, A61P29/00(2006.01)1i, A61P35/00(2006.01)1,
A61P43/00(2006.01)i, C07D401/14(2006.01)i, C07D487/04(2006.01)1

(AccordingtoInternational Patent Classification (IPC) ortobothnaticnal
classification and IPC)

Continuation of B. FIELDS SEARCHED
Minimum documentation searched (International Patent Clagsification (IPC))

A61P43/00, C07D401/14, C07D487/04

Minimum documentation searched (classification system followed by
classification symbols)

Form PCT/ISA/210 (extra sheet) (April 2007)

64



EP 2 266 983 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 9958510 A [0145]
WO 0138325 A [0145]
WO 012522 A [0145]
WO 0342204 A [0145]
WO 9844921 A [0145]
WO 9845285 A [0145]
WO 9922735 A [0145]
WO 01143 A [0146]

Non-patent literature cited in the description

Journal of Biological Chemistry, 1995, vol. 270,
30253-30256 [0003]

Journal of Biological Chemistry, 1997, vol. 272,
22564-22569 [0003]

Journal of Biological Chemistry, 1997, vol. 272,
22570-22575 [0003]

NIHONRINSHO, 2002, vol. 60, 523-534 [0003]
Cell, 1995, vol. 83, 69-78 [0003] [0011]

Nature, 1992, vol. 356, 721-722 [0004]

New England Journal Medicine, 1998, vol. 338,
226-230 [0004] [0011]

65

WO 9710224 A [0147]
WO 0182925 A [0149]
WO 0187834 A [0149]
WO 005829 A [0161]

WO 2006016178 A [0161]
JP 2008107181 A [0317]
JP 2008275892 A [0317]

Tetrahedron, 1992, vol. 48 (30), 6231-44 [0008]
[0011]

J. Biol. Chem., 1995, vol. 270, 30253-30256 [0011]
J. Biol. Chem., 1997, vol. 272, 22564-22569 [0011]
J. Biol. Chem., 1997, vol. 272, 22570-22575 [0011]
Japan clinical, 2002, vol. 60, 523-534 [0011]
Nature, 1992, vol. 356, 21-72 [0011]

IYAKUHIN NO KAIHATSU. Design of Molecules. HI-
ROKAWA SHOTEN, 1990, vol. 7, 163-198 [0133]



	bibliography
	description
	claims
	search report

