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Description 

 

Title of Invention: 5-HYDROXY-4-

(TRIFLUOROMETHYL)PYRAZOLOPYRIDINE DERIVATIVE 

 

Technical Field 

[0001] 

 The present invention relates to a pyrazolopyridine 

derivative or a pharmacologically acceptable salt thereof 

which has an excellent lecithin-cholesterol 

acetyltransferase (hereinafter, referred to as LCAT)-

activating effect (preferably, reversible LCAT-activating 

effect). 

 

Background Art 

[0002] 

 Cardiovascular diseases (e.g., cardiac disease, 

cerebrovascular disease, and renal disease) caused by 

hypertension, dyslipidemia, diabetes mellitus, or the 

like are significant problems for developed countries.  

Antihypertensive, antidyslipidemic, and antidiabetic 

drugs are used in the treatment of the diseases 

hypertension, dyslipidemia, and hyperglycemia, 

respectively.  In the clinical setting, α and β blockers, 

diuretics, calcium antagonists, ACE inhibitors, and A-II 

antagonists, etc. are used as antihypertensive drugs; 

HMG-CoA reductase inhibitors, anion exchange resins, 
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nicotinic acid derivatives, probucol, and fibrates, etc. 

are used as antidyslipidemic drugs; and insulins, 

sulfonylureas, metformin, glitazones, and DPP4 inhibitors, 

etc. are used as antidiabetic drugs.  These drugs 

contribute to the regulation of blood pressure or lipid 

or glucose levels in the blood.  Nonetheless, even the 

use of these medicaments has not produced a great 

improvement in the death rates attributed to cardiac 

disease, cerebrovascular disease, and renal disease.  

Thus, there has been a demand for the development of 

better therapeutic drugs for these diseases. 

[0003] 

 A direct risk factor for cardiovascular diseases is 

atherosclerosis associated with thickening of the 

arterial wall.  This thickening is caused by plaque 

formation resulting from the accumulation of oxidized 

low-density lipoprotein (hereinafter, referred to as LDL) 

cholesterol in macrophages and the like in the arterial 

wall (Non-patent Literatures 1 and 2).  This plaque 

atherosclerosis inhibits blood flow and promotes the 

formation of blood clots. 

[0004] 

 The results of many epidemiologic studies indicate 

that serum concentrations of lipoproteins are associated 

with diseases such as dyslipidemia and arteriosclerosis 

(e.g., Non-patent Literature 3).  Both an increased 

concentration of LDL cholesterol in the blood and a 
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decreased concentration of high-density lipoprotein 

(hereinafter, referred to as HDL) cholesterol in the 

blood are risk factors for coronary diseases. 

[0005] 

 In peripheral tissues, HDL promotes efflux of 

cholesterol, which is in turn esterified by LCAT on HDL 

to produce cholesteryl ester.  Increased activity of LCAT 

promotes cholesterol efflux from macrophages (e.g., Non-

patent Literatures 4 and 5).  Accordingly, drugs that 

increase LCAT activity are considered to be useful as 

medicaments for the treatment or prophylaxis of diseases 

such as dyslipidemia and arteriosclerosis. 

[0006] 

 A peptide compound (e.g., Non-patent Literature 6) 

and, for example, the compound described in Patent 

Literature 1 as a small molecule, are known as such drugs 

that increase LCAT activity. 

[0007] 

 The compound described in Patent Literature 2 is 

known as a compound having a pyrazolopyridine skeleton.  

Patent Literature 2 makes no mention of an LCAT-

activating effect, though the literature discloses an 

anti-LPA receptor effect. 
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Summary of Invention 

Technical Problem 

[0010] 

 Currently known compounds having an LCAT-activating 

effect are less than satisfactory in terms of safety and 

efficacy.  Thus, there has been a strong demand for LCAT 

activators excellent in safety and efficacy. 

 

Solution to Problem 

[0011] 
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 The present inventors have conducted various 

syntheses and studies with the aim of obtaining a novel 

anti-arteriosclerotic drug that has an excellent LCAT-

activating effect and directly promotes the efflux of 

cholesterol from macrophages.  As a result, the present 

inventors have completed the present invention by finding 

that a pyrazolopyridine derivative having a particular 

structure or a pharmacologically acceptable salt thereof 

has an excellent LCAT-activating effect. 

[0012] 

 The present invention provides a pyrazolopyridine 

derivative or a pharmacologically acceptable salt thereof 

which has an excellent LCAT-activating effect (preferably, 

reversible LCAT-activating effect), and a medicament 

comprising the same. 

[0013] 

 Specifically, the present invention relates to: 

(1) a compound represented by the general formula (I) or 

a pharmacologically acceptable salt thereof: 

[0014] 



- 6 - 

[Formula 1] 

(I)

 

[0015] 

 wherein R represents an optionally substituted aryl 

group (the substituent(s) is 1 to 3 identical or 

different groups selected from the group consisting of a 

halogen atom, a C1-6 alkyl group, a C3-7 cycloalkyl group, 

a trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-6 alkoxy group, 

a C3-7 cycloalkoxy group, a phenyl group, a C2-7 

alkoxycarbonyl group, a benzyloxycarbonyl group, a di(C1-6 

alkyl)aminocarbonyl group, and a di(C1-6 alkyl)amino 

group) or 

an optionally substituted heteroaryl group (the 

heteroaryl is a 5- or 6-membered ring; the heteroatom(s) 

on the ring of the heteroaryl group is 1 or 2 nitrogen 

atoms, and the ring optionally further contains one 

nitrogen atom, oxygen atom, or sulfur atom; and the 

substituent(s) is 1 or 2 identical or different groups 

selected from the group consisting of a halogen atom, a 

C1-6 alkyl group, a C3-7 cycloalkyl group, a 
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trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-6 alkoxy group, 

a C3-7 cycloalkoxy group, a phenyl group, a C2-7 

alkoxycarbonyl group, a benzyloxycarbonyl group, a di(C1-6 

alkyl)aminocarbonyl group, and a di(C1-6 alkyl)amino 

group), and R1 represents a hydrogen atom or a hydroxy 

group; 

(2) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is an optionally 

substituted aryl group (the substituent(s) is 1 to 3 

identical or different groups selected from the group 

consisting of a halogen atom, a C1-6 alkyl group, a C3-7 

cycloalkyl group, a trifluoromethyl group, a 

difluoromethoxy group, a trifluoromethoxy group, a cyano 

group, a C1-6 alkoxy group, a C3-7 cycloalkoxy group, a 

phenyl group, a C2-7 alkoxycarbonyl group, a 

benzyloxycarbonyl group, a di(C1-6 alkyl)aminocarbonyl 

group, and a di(C1-6 alkyl)amino group); 

(3) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted aryl 

group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

chlorine atom, a fluorine atom, a C1-3 alkyl group, a 

trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, and a C1-3 alkoxy 

group); 
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(4) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group); 

(5) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

difluoromethoxy group, a trifluoromethoxy group, and a 

cyano group); 

(6) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is an optionally 

substituted heteroaryl group (the heteroaryl is a 5- or 

6-membered ring; the heteroatom(s) on the ring of the 

heteroaryl group is 1 or 2 nitrogen atoms, and the ring 

optionally further contains one nitrogen atom, oxygen 

atom, or sulfur atom; and the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a halogen atom, a C1-6 alkyl group, a C3-7 

cycloalkyl group, a trifluoromethyl group, a 

difluoromethoxy group, a trifluoromethoxy group, a cyano 

group, a C1-6 alkoxy group, a C3-7 cycloalkoxy group, a 

phenyl group, a C2-7 alkoxycarbonyl group, a 

benzyloxycarbonyl group, a di(C1-6 alkyl)aminocarbonyl 

group, and a di(C1-6 alkyl)amino group); 
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(7) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

heteroaryl group (the heteroaryl is a 5- or 6-membered 

ring; the heteroatom on the ring of the heteroaryl group 

is one nitrogen atom, and the ring optionally further 

contains one nitrogen atom, oxygen atom, or sulfur atom; 

and the substituent(s) is 1 or 2 identical or different 

groups selected from the group consisting of a halogen 

atom, a C1-3 alkyl group, a C3-6 cycloalkyl group, a 

trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-3 alkoxy group, 

a C2-4 alkoxycarbonyl group, and a benzyloxycarbonyl 

group); 

(8) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, thiadiazolyl, 

or thiazolyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a fluorine atom, a C1-3 

alkyl group, a cyclopropyl group, a trifluoromethyl group, 

a difluoromethoxy group, a trifluoromethoxy group, a 

cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group); 

(9) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl group (the 

substituent(s) is 1 or 2 identical or different groups 
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selected from the group consisting of an isopropyl group, 

a trifluoromethyl group, a difluoromethoxy group, a cyano 

group, and an isopropoxy group); 

(10) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a pyridyl, 

pyrimidyl, pyrazinyl, or thiadiazolyl group substituted 

by a trifluoromethyl group; 

(11) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a pyridyl, 

pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group; 

(12) the compound according to any one of (1) to (11) or 

a pharmacologically acceptable salt thereof, wherein R1 

is a hydrogen atom; 

(13) the compound according to (12) or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-[1-(5-isopropoxypyridin-2-yl)piperidin-

4-yl]-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 
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 5-hydroxy-3-{1-[2-isopropyl-6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[2-

(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 6-{4-[5-hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-

tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-

yl}-4-(trifluoromethyl)pyridine-3-carbonitrile, 

 3-{1-[3-chloro-5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[4-

(trifluoromethyl)-1,3-thiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[4-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 



- 12 - 

 3-[1-(5-chloropyridin-2-yl)piperidin-4-yl]-5-

hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 3-[1-(2-cyclopropylpyrimidin-5-yl)piperidin-4-yl]-5-

hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one; 

(14) the compound according to (12) or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 
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 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[2-

(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-6-{4-[5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidin-1-yl}-4-(trifluoromethyl)pyridine-3-

carbonitrile, 

 (+)-cis-3-[1-(5-chloropyridin-2-yl)piperidin-4-yl]-

5-hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 
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 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 (+)-cis-3-[1-(2-cyclopropylpyrimidin-5-yl)piperidin-

4-yl]-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one; 

(15) the compound according to any one of (1) to (11) or 

a pharmacologically acceptable salt thereof, wherein R1 

is a hydroxy group; 

(16) the compound according to (15) or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one; 

(17) the compound according to (15) or a 

pharmacologically acceptable salt thereof, wherein the 
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compound or the salt is selected from the group 

consisting of: 

 (+)-4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 (+)-4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one; 

(18) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group), and R1 is a 

hydrogen atom; 

(19) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

difluoromethoxy group, a trifluoromethoxy group, and a 

cyano group), and R1 is a hydrogen atom; 

(20) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, thiadiazolyl, 

or thiazolyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a fluorine atom, a C1-3 
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alkyl group, a cyclopropyl group, a trifluoromethyl group, 

a difluoromethoxy group, a trifluoromethoxy group, a 

cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group), and R1 is a 

hydrogen atom; 

(21) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl group (the 

substituent(s) is 1 or 2 identical or different groups 

selected from the group consisting of an isopropyl group, 

a trifluoromethyl group, a difluoromethoxy group, a cyano 

group, and an isopropoxy group), and R1 is a hydrogen 

atom; 

(22) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a pyridyl, 

pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group, and R1 is a hydrogen atom; 

(23) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of a 

chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group), and R1 is a 

hydroxy group; 

(24) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

phenyl group (the substituent(s) is 1 or 2 identical or 
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different groups selected from the group consisting of a 

difluoromethoxy group, a trifluoromethoxy group, and a 

cyano group), and R1 is a hydroxy group; 

(25) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, thiadiazolyl, 

or thiazolyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a fluorine atom, a C1-3 

alkyl group, a cyclopropyl group, a trifluoromethyl group, 

a difluoromethoxy group, a trifluoromethoxy group, a 

cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group), and R1 is a 

hydroxy group; 

(26) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a substituted 

pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl group (the 

substituent(s) is 1 or 2 identical or different groups 

selected from the group consisting of an isopropyl group, 

a trifluoromethyl group, a difluoromethoxy group, a cyano 

group, and an isopropoxy group), and R1 is a hydroxy 

group; 

(27) the compound according to (1) or a pharmacologically 

acceptable salt thereof, wherein R is a pyridyl, 

pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group, and R1 is a hydroxy group; 



- 18 - 

(28) the compound according to any one of (1) to (13) and 

(15) to (27) or a pharmacologically acceptable salt 

thereof, wherein the trifluoromethyl group at the 4-

position of the pyrazolopyridine ring and the hydroxy 

group at the 5-position thereof are cis to each other; 

(29) the compound according to any one of (1) to (13), 

(15), (16), and (18) to (28) or a pharmacologically 

acceptable salt thereof, wherein the optical rotation is 

(+); 

(30) a pharmaceutical composition comprising a compound 

according to any one of (1) to (29) or a 

pharmacologically acceptable salt thereof as an active 

ingredient; 

(31) a pharmaceutical composition for the prophylaxis or 

treatment of arteriosclerosis, arteriosclerotic heart 

disease, coronary heart disease, cerebrovascular disease, 

peripheral vascular disease, dyslipidemia, hypo-HDL-

cholesterolemia, hyper-LDL-cholesterolemia, or renal 

disease, comprising a compound according to any one of 

(1) to (29) or a pharmacologically acceptable salt 

thereof as an active ingredient; 

(32) a prophylactic or therapeutic agent for 

arteriosclerosis, comprising a compound according to any 

one of (1) to (29) or a pharmacologically acceptable salt 

thereof as an active ingredient; 

(33) a prophylactic or therapeutic agent for dyslipidemia, 

comprising a compound according to any one of (1) to (29) 
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or a pharmacologically acceptable salt thereof as an 

active ingredient; 

(34) a prophylactic or therapeutic agent for a disease 

caused by an increased concentration of LDL cholesterol 

in the blood, comprising a compound according to any one 

of (1) to (29) or a pharmacologically acceptable salt 

thereof as an active ingredient; 

(35) a prophylactic or therapeutic agent for a disease 

caused by a decreased concentration of HDL cholesterol in 

the blood, comprising a compound according to any one of 

(1) to (29) or a pharmacologically acceptable salt 

thereof as an active ingredient; 

(36) an LCAT activator comprising a compound according to 

any one of (1) to (29) or a pharmacologically acceptable 

salt thereof as an active ingredient; 

(37) a reversible LCAT activator comprising a compound 

according to any one of (1) to (29) or a 

pharmacologically acceptable salt thereof as an active 

ingredient; 

(38) an anti-arteriosclerotic agent comprising a compound 

according to any one of (1) to (29) or a 

pharmacologically acceptable salt thereof as an active 

ingredient; 

(39) a method for activating LCAT, comprising 

administering an effective amount of a compound according 

to any one of (1) to (29) or a pharmacologically 

acceptable salt thereof to a human; 
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(40) a method for prophylaxis or treatment of a disease, 

comprising administering an effective amount of a 

compound according to any one of (1) to (29) or a 

pharmacologically acceptable salt thereof to a human; 

(41) a method for prophylaxis or treatment of 

arteriosclerosis, comprising administering an effective 

amount of a compound according to any one of (1) to (29) 

or a pharmacologically acceptable salt thereof to a 

human; 

(42) a method for prophylaxis or treatment of 

dyslipidemia, comprising administering an effective 

amount of a compound according to any one of (1) to (29) 

or a pharmacologically acceptable salt thereof to a 

human; 

(43) a method for prophylaxis or treatment of a disease 

caused by an increased concentration of LDL cholesterol 

in the blood, comprising administering an effective 

amount of a compound according to any one of (1) to (29) 

or a pharmacologically acceptable salt thereof to a 

human; 

(44) a method for prophylaxis or treatment of a disease 

caused by a decreased concentration of HDL cholesterol in 

the blood, comprising administering an effective amount 

of a compound according to any one of (1) to (29) or a 

pharmacologically acceptable salt thereof to a human; 
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(45) the compound according to any one of (1) to (29) or 

a pharmacologically acceptable salt thereof for use in a 

method for treatment or prophylaxis of arteriosclerosis; 

(46) the compound according to any one of (1) to (29) or 

a pharmacologically acceptable salt thereof for use in a 

method for treatment or prophylaxis of dyslipidemia; 

(47) the compound according to any one of (1) to (29) or 

a pharmacologically acceptable salt thereof for use in a 

method for treatment or prophylaxis of a disease caused 

by an increased concentration of LDL cholesterol in the 

blood; and 

(48) the compound according to any one of (1) to (29) or 

a pharmacologically acceptable salt thereof for use in a 

method for treatment or prophylaxis of a disease caused 

by a decreased concentration of HDL cholesterol in the 

blood. 

[0016] 

 Hereinafter, substituents in the compound (I) of the 

present invention will be defined. 

[0017] 

 The compound (I) of the present invention 

encompasses both of a compound represented by the formula 

(I) and a compound represented by the formula, which is a 

tautomer thereof: 

[0018] 
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[Formula 2] 

(Ix)

 

[0019] 

In the present application, a compound (I) including any 

such tautomer is also represented by the structural 

formula (I) and its corresponding chemical name for the 

sake of convenience, unless otherwise specified.  The 

compound (I) of the present application also encompasses 

any isomer of an additional tautomer (amide-imide acid) 

of the compound (I) of the present invention.  In the 

present application, a compound (I) including any such 

isomer is also represented by the structural formula (I) 

and its corresponding chemical name for the sake of 

convenience. 

[0020] 

 In the compound (I) of the present invention, the 

"aryl group" is, for example, a phenyl group or a 

naphthyl group and is preferably a phenyl group. 

[0021] 

 In the compound (I) of the present invention, the 

"halogen atom" refers to a fluorine atom, a chlorine atom, 
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a bromine atom, or an iodine atom and is preferably a 

fluorine atom or a chlorine atom, more preferably a 

chlorine atom. 

[0022] 

 In the compound (I) of the present invention, the 

"C1-6 alkyl group" refers to a linear or branched 

saturated hydrocarbon group having 1 to 6 carbon atoms.  

Examples thereof can include a methyl group, an ethyl 

group, a propyl group, an isopropyl group, a butyl group, 

a sec-butyl group, a tert-butyl group, an isobutyl group, 

a pentyl group, and a hexyl group.  The C1-6 alkyl group 

is preferably a linear or branched saturated hydrocarbon 

group having 1 to 3 carbon atoms (C1-3 alkyl group), more 

preferably a methyl group. 

[0023] 

 In the compound (I) of the present invention, the 

"C3-7 cycloalkyl group" refers to a cyclic saturated 

hydrocarbon group having 3 to 7 carbon atoms, such as a 

cyclopropyl group, a cyclobutyl group, a cyclopentyl 

group, or a cyclohexyl group, and is preferably a cyclic 

saturated hydrocarbon group having 3 to 6 carbon atoms 

(C3-6 cycloalkyl group), more preferably a cyclopropyl 

group. 

[0024] 

 In the compound (I) of the present invention, the 

"C1-6 alkoxy group" refers to an oxygen atom bonded by the 

above-mentioned "C1-6 alkyl group".  Examples thereof can 
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include a methoxy group, an ethoxy group, a propoxy group, 

isopropoxy group and a butoxy group.  The C1-6 alkoxy 

group is preferably an oxygen atom bonded by the above-

mentioned "C1-3 alkyl group" (C1-3 alkoxy group), more 

preferably a methoxy group. 

[0025] 

 In the compound (I) of the present invention, the 

"C3-7 cycloalkoxy group" refers to an oxygen atom bonded 

by the above-mentioned "C3-7 cycloalkyl group".  Examples 

thereof can include a cyclopropyloxy group, a 

cyclobutyloxy group, a cyclopentyloxy group, a 

cyclohexyloxy group, and a cycloheptyloxy group.  The C3-7 

cycloalkoxy group is preferably an oxygen atom bonded by 

the above-mentioned "C1-3 alkyl group" (C1-3 alkoxy group), 

more preferably a methoxy group. 

[0026] 

 In the compound (I) of the present invention, the 

"C2-7 alkoxycarbonyl group" refers to a carbonyl group 

bonded by the above-mentioned "C1-6 alkoxy group".  

Examples thereof can include a methoxycarbonyl group, an 

ethoxycarbonyl group, a propoxycarbonyl group, and a 

butoxycarbonyl group.  The C2-7 alkoxycarbonyl group is 

preferably a carbonyl group bonded by the above-mentioned 

"C1-3 alkoxy group" (C2-4 alkoxycarbonyl group), more 

preferably a methoxycarbonyl group or an ethoxycarbonyl 

group. 

[0027] 
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 In the compound (I) of the present invention, the 

"di(C1-6 alkyl)amino group" refers to an amino group 

bonded by two identical or different above-mentioned "C1-6 

alkyl groups".  The di(C1-6 alkyl)amino group is 

preferably a dimethylamino group. 

[0028] 

 In the compound (I) of the present invention, the 

"di(C1-6 alkyl)aminocarbonyl group" refers to a carbonyl 

group bonded by the above-mentioned "di(C1-6 alkyl)amino 

group".  The di(C1-6 alkyl)aminocarbonyl group is 

preferably a dimethylaminocarbonyl group. 

[0029] 

 In the compound (I) of the present invention, the 

"heteroaryl group (the heteroaryl is a 5- or 6-membered 

ring; the heteroatom(s) on the ring of the heteroaryl 

group is 1 or 2 nitrogen atoms, and the ring optionally 

further contains one nitrogen atom, oxygen atom, or 

sulfur atom)" can be, for example, a pyridyl group, a 

pyrazinyl group, a pyrimidyl group, a pyridazinyl group, 

an oxazolyl group, a thiazolyl group, an isoxazolyl group, 

an isothiazolyl group, a pyrrole group, a pyrazolyl group, 

an imidazolyl group, a triazolyl group, or a thiadiazolyl 

group.  The heteroaryl group is preferably a 5- or 6-

membered heteroaryl group (the heteroatom on the 

heteroaryl ring is one nitrogen atom; and the ring 

optionally further contains one nitrogen atom, oxygen 

atom, or sulfur atom), more preferably a pyridyl group, a 



- 26 - 

pyrimidyl group, a pyrazinyl group, a pyridazinyl group, 

a thiadiazolyl group, or a thiazolyl group, even more 

preferably a pyridyl group, a pyrimidyl group, a 

pyrazinyl group, a pyridazinyl group, or a thiadiazolyl 

group, further preferably a pyridyl group, a pyrimidyl 

group, a pyrazinyl group, or a thiadiazolyl group, 

particularly preferably a pyridyl group, a pyrimidyl 

group, or a pyrazinyl group. 

[0030] 

 The compound (I) of the present invention has a 

basic group and can therefore form an acid-addition salt 

with a pharmacologically acceptable acid.  In the present 

invention, examples of the "pharmacologically acceptable 

salt thereof" can include: hydrohalides such as 

hydrofluoride, hydrochloride, hydrobromide, and 

hydroiodide; inorganic acid salts such as nitrate, 

perchlorate, sulfate, and phosphate; lower 

alkanesulfonates such as methanesulfonate, 

trifluoromethanesulfonate, and ethanesulfonate; 

arylsulfonates such as benzenesulfonate and p-

toluenesulfonate; organic acid salts such as acetate, 

malate, fumarate, succinate, citrate, tartrate, oxalate, 

and maleate; and amino acid salts such as ornithine salt, 

glutamate, and aspartate. 

[0031] 

 The compound (I) of the present invention or a 

pharmacologically acceptable salt thereof, when left in 
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the atmosphere, may form a hydrate by absorbing water.  

Such hydrates are also included in the scope of the 

present invention. 

[0032] 

 The compound (I) of the present invention or a 

pharmacologically acceptable salt thereof, when left in a 

solvent, may form a solvate after being recovered from 

the solvent.  Such solvates are also included in the 

scope of the present invention. 

[0033] 

 The compound (I) of the present invention has 

optical isomers based on the asymmetric center in the 

molecule.  These isomers of the compound of the present 

invention and mixtures of these isomers are all 

represented by a single formula, i.e., the general 

formula (I), unless otherwise specified.  Thus, it should 

be understood that even these isomers and mixtures of 

these isomers are all included in the scope of the 

present invention. 

[0034] 

 The compound (I) of the present invention has 

geometric isomers based on the 4-5-position of the 

pyrazolopyridine ring.  Both cis and trans forms are 

included in the present invention, unless otherwise 

specified.  For example, both of the geometric forms are 

produced, and their instrumental data can be compared to 

determine their respective structures.  In the present 
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invention, the trifluoromethyl group at the 4-position 

and the hydroxy group at the 5-position are preferably 

cis to each other. 

[0035] 

 The compound (I) of the present invention may 

contain isotope(s) of one or more atoms constituting such 

a compound at a nonnatural ratio.  Examples of the 

isotope include deuterium (2H), tritium (3H), iodine-125 

(125I), and carbon-14 (14C).  Alternatively, the compound 

may be radiolabeled with a radioisotope, for example, 

tritium (3H), iodine-125 (125I), or carbon-14 (14C).  Such 

a radiolabeled compound is useful as a therapeutic or 

prophylactic agent, a research reagent, for example, an 

assay reagent, and a diagnostic agent, for example, an in 

vivo diagnostic imaging agent.  It should be understood 

that all isotopic variants of the compound of the present 

invention are included in the scope of the present 

invention, regardless of being radioactive or not. 

 

Advantageous Effects of Invention 

[0036] 

 The compound represented by the general formula (I) 

of the present invention or a pharmacologically 

acceptable salt thereof has an excellent LCAT-activating 

effect and is useful as an active ingredient in a 

therapeutic or prophylactic agent for arteriosclerosis, 

arteriosclerotic heart disease, coronary heart disease 
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(including heart failure, myocardial infarction, angina 

pectoris, cardiac ischemia, cardiovascular disturbance, 

and restenosis caused by angiogenesis), cerebrovascular 

disease (including stroke and cerebral infarction), 

peripheral vascular disease (including diabetic vascular 

complications), dyslipidemia, hypo-HDL-cholesterolemia, 

hyper-LDL-cholesterolemia, or renal disease, particularly, 

an anti-arteriosclerotic agent.  The compound (I) of the 

present invention or a pharmacologically acceptable salt 

thereof has a high concentration in the blood (AUC, Cmax) 

when administered to animals (humans, monkeys, etc.), and 

can be expected to exhibit excellent drug efficacy. 

 

Brief Description of Drawing 

[0037] 

[Figure 1] Figure 1 shows a dose-response curve for 

determining the 50% effective concentration (EC50) of 

LCAT activation in Test Examples 1 and 2 of the present 

invention. 

 

Description of Embodiments 

[0038] 

 Hereinafter, typical methods for producing the 

compound (I) of the present invention and starting 

compounds for use in the production of the compound (I) 

of the present invention will be described.  However, the 
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present invention is not intended to be limited by these 

methods. 

[0039] 

 Production method 1 

 Production method 1 is a method for producing the 

compound (I) of the present invention from compound (II). 

[0040] 

[Formula 3] 

(II)
(I)

工程１

工程１工程１

工程１

 

[0041] 

 In these formulas, R and R1 are as defined above. 

[0042] 

 (Step 1) 

 This step involves removing the diphenylmethyl group 

from compound (II) in an inert solvent to produce 

compound (I). 

[0043] 

 Examples of a reagent for use in the removal of 

diphenylmethyl group from the compound (II) include 

reagents capable of removing a trityl group as described 

in, for example, P.G. Wuts, T.W. Greene, Greene's 

Step 1 
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Protective Groups in Organic Synthesis. Third Edition, 

2006, John Wiley & Sons, Inc.. 

[0044] 

 The solvent used in this step is preferably an 

alcohol such as methanol or ethanol; an ether such as 

tetrahydrofuran or 1,4-dioxane; an alkyl halide such as 

dichloromethane or chloroform; an ester such as ethyl 

acetate; an aromatic hydrocarbon such as toluene; or a 

mixed solvent thereof, more preferably an alkyl halide, 

even more preferably dichloromethane. 

[0045] 

 The reagent used in this step is preferably 

hydrochloric acid or trifluoroacetic acid, more 

preferably trifluoroacetic acid.  A compound known as a 

cation scavenger such as triethylsilane, anisole, or 

thioanisole may be used as an additive. 

[0046] 

 The reaction temperature of this step is preferably 

0°C to 100°C, more preferably 0°C to 50°C. 

[0047] 

 The reaction time of this step is preferably 5 

minutes to 24 hours, more preferably 10 minutes to 6 

hours. 

[0048] 

 Production method 2 
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 The intermediate (II) of the compound of the present 

invention wherein R1 is a hydrogen atom can also be 

produced by the following method: 

[0049] 

[Formula 4] 

工程２－５

工程２－５工程２－５

工程２－５

(III)

工程２－１

工程２－１工程２－１

工程２－１

工程２－４

工程２－４工程２－４

工程２－４

(IIa)(VII)

(VI)

(IV) (V)

工程２－２

工程２－２工程２－２

工程２－２

工程２－３

工程２－３工程２－３

工程２－３

CO2R
2

CF3

CO2R
2

NC

CF3

N
H

O N
H

N

N

N

R

N N

N
R

NH2

N

R

N
R

O

O

OH

N

N

R

N

N
H

 

[0050] 

 In these formulas, R is as defined above, and R2 

represents a methyl group or an ethyl group. 

[0051] 

 (Step 2-1) 

 (i) This step involves reacting compound (III) with 

an arylating agent or a heteroarylating agent through 

Buchwald-Hartwig reaction using a palladium catalyst in 

the presence of a ligand other than the palladium 

catalyst and a base in an inert solvent to produce 

compound (IV). 

Step 2-1 Step 2-2 Step 2-3 

Step 2-4 Step 2-5 
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[0052] 

 The palladium catalyst, the ligand, the base, and 

reaction conditions used in this step are not 

particularly limited as long as they are reagents and 

conditions for use in usual Buchwald-Hartwig reactions.  

The reagents and the conditions are described in, for 

example, A.R. Muci, S.L. Buchwald, Top. Curr. Chem. 2002, 

Vol. 219, p. 131. 

[0053] 

 The solvent used in this step is an ether such as 

diethyl ether, diisopropyl ether, tetrahydrofuran, 

dioxane, dimethoxyethane, or tert-butyl methyl ether; or 

an aromatic hydrocarbon such as benzene, toluene, or 

xylene.  The solvent is preferably toluene or dioxane, 

more preferably toluene. 

[0054] 

 The palladium catalyst used in this step is 

preferably palladium(II) acetate or palladium(0) 

dibenzylideneacetone, more preferably palladium(0) 

dibenzylideneacetone. 

[0055] 

 The ligand used in this step is preferably 

tricyclohexylphosphine, 1,3-bis(diphenylphosphino)propane, 

2,2'-bis(diphenylphosphanyl)1,1'-binaphthyl, 2-

(dicyclohexylphosphino)biphenyl, or 2-

dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl, 
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more preferably 2,2'-bis(diphenylphosphanyl)1,1'-

binaphthyl. 

[0056] 

 The base used in this step is preferably sodium 

carbonate, potassium carbonate, cesium carbonate, sodium 

tert-butoxide or potassium tert-butoxide, more preferably 

sodium tert-butoxide. 

[0057] 

 The arylating agent or the heteroarylating agent 

used in this step refers to a compound represented by the 

formula R-Cl, R-Br, or R-I and is preferably a compound 

represented by the formula R-Cl or R-Br (wherein R is as 

defined above). 

[0058] 

 The reaction temperature of this step is preferably 

20°C to 150°C, more preferably 50°C to the reflux 

temperature of the solvent. 

[0059] 

 In order to promote the reaction of this step, the 

reaction solution may be heated and may also be 

irradiated with microwaves. 

[0060] 

 The reaction time of this step is preferably 5 

minutes to 120 hours, more preferably 10 minutes to 96 

hours. 

[0061] 
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 (ii) Alternatively, this step involves reacting 

compound (III) with an arylating agent or a 

heteroarylating agent in the presence of a base in an 

inert solvent to produce compound (IV). 

[0062] 

 The solvent used in this step can be a halogenated 

hydrocarbon such as dichloromethane, chloroform, carbon 

tetrachloride, 1,2-dichloroethane, chlorobenzene, or 

dichlorobenzene; an ether such as diethyl ether, 

diisopropyl ether, tetrahydrofuran, dioxane, 

dimethoxyethane, or tert-butyl methyl ether; an aromatic 

hydrocarbon such as benzene, toluene, or xylene; an amide 

such as formamide, N,N-dimethylformamide, 

dimethylacetamide, N-methyl-2-pyrrolidone, or 

hexamethylphosphortriamide; or a sulfoxide such as 

dimethyl sulfoxide.  The solvent is preferably an amide 

or a sulfoxide, more preferably N,N-dimethylformamide or 

dimethyl sulfoxide. 

[0063] 

 The base used in this step can be an organic base 

such as triethylamine, diisopropylethylamine, 1,8-

diazabicyclo[5.4.0]-7-undecene, N-methylmorpholine, 

pyridine, dimethylaminopyridine, or 2,6-lutidine.  The 

base is preferably triethylamine, diisopropylethylamine, 

1,8-diazabicyclo[5.4.0]-7-undecene, pyridine, or 

dimethylaminopyridine. 

[0064] 
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 The arylating agent or the heteroarylating agent 

used in this step refers to a compound represented by the 

formula R-F, R-Cl, or R-Br and is preferably a compound 

represented by the formula R-F or R-Cl (wherein R is as 

defined above). 

[0065] 

 The reaction temperature of this step is preferably 

20°C to 200°C. 

[0066] 

 In order to promote the reaction of this step, the 

reaction solution may be heated and may also be 

irradiated with microwaves. 

[0067] 

 The reaction time of this step is preferably 5 

minutes to 120 hours, more preferably 10 minutes to 96 

hours. 

[0068] 

 (Step 2-2) 

 This step involves reacting compound (IV) with 

acetonitrile using a base in an inert solvent to produce 

compound (V). 

[0069] 

 The solvent used in this step can be an ether such 

as diethyl ether, diisopropyl ether, tetrahydrofuran, 

dioxane, dimethoxyethane, or tert-butyl methyl ether; an 

aromatic hydrocarbon such as benzene, toluene, or xylene; 

an aliphatic hydrocarbon such as hexane; or a mixed 
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solvent thereof.  The solvent is preferably an ether, 

more preferably tetrahydrofuran. 

[0070] 

 The base used in this step can preferably be an 

inorganic base such as sodium hydride, sodium carbonate, 

potassium carbonate, or cesium carbonate; or an organic 

metal base such as sodium tert-butoxide, potassium tert-

butoxide, or n-butyllithium.  The base is more preferably 

sodium hydride or n-butyllithium. 

[0071] 

 The reaction temperature of this step is preferably 

-100°C to 0°C, more preferably -78°C to -40°C. 

[0072] 

 The reaction time of this step is preferably 5 

minutes to 3 hours, more preferably 15 minutes to 2 hours. 

[0073] 

 (Step 2-3) 

 This step involves reacting compound (V) with a 

diphenylmethyl hydrazine compound in an inert solvent to 

produce compound (VI). 

[0074] 

 The solvent used in this step can be an alcohol such 

as methanol, ethanol, n-propanol, isopropanol, n-butanol, 

isobutanol, tert-butanol, isoamyl alcohol, octanol, 

cyclohexanol, 2-methoxyethanol, diethylene glycol, or 

glycerin; an aromatic hydrocarbon such as benzene, 
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toluene, or xylene; or a mixed solvent thereof.  The 

solvent is preferably an alcohol, more preferably ethanol. 

[0075] 

 The diphenylmethyl hydrazine compound used in this 

step can be, for example, anhydrous diphenylmethyl 

hydrazine, diphenylmethyl hydrazine hydrochloride, or 

diphenylmethyl hydrazine acetate.  The diphenylmethyl 

hydrazine compound is preferably diphenylmethyl hydrazine 

hydrochloride or diphenylmethyl hydrazine acetate. 

[0076] 

 The reaction temperature of this step is preferably 

20°C to 120°C, more preferably 50°C to the reflux 

temperature of the solvent. 

[0077] 

 The reaction time of this step is preferably 10 

minutes to 24 hours, more preferably 1 hour to 5 hours. 

[0078] 

 (Step 2-4) 

 This step involves reacting compound (VI) with a 

trifluoroacetaldehyde equivalent and Meldrum's acid in an 

inert solvent to produce compound (VII). 

[0079] 

 The solvent used in this step can be an alcohol such 

as methanol, ethanol, n-propanol, isopropanol, n-butanol, 

isobutanol, tert-butanol, isoamyl alcohol, octanol, 

cyclohexanol, 2-methoxyethanol, diethylene glycol, or 

glycerin; an aromatic hydrocarbon such as benzene, 
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toluene, or xylene; or a mixed solvent thereof.  The 

solvent is preferably an alcohol, more preferably ethanol. 

[0080] 

 The trifluoroacetaldehyde equivalent used in this 

step can be, for example, trifluoroacetaldehyde alkyl 

hemiacetal or trifluoroacetaldehyde dialkyl acetal.  The 

trifluoroacetaldehyde equivalent is preferably 

trifluoroacetaldehyde ethyl hemiacetal. 

[0081] 

 The reaction temperature of this step is preferably 

0°C to 100°C, more preferably 20°C to the reflux 

temperature of the solvent. 

[0082] 

 The reaction time of this step is preferably 30 

minutes to 24 hours, more preferably 1 hour to 6 hours. 

[0083] 

 (Step 2-5) 

 This step involves reacting compound (VII) with an 

oxidizing agent in the presence of a base in an inert 

solvent to produce compound (IIa). 

[0084] 

 The solvent used in this step can be an ether such 

as diethyl ether, diisopropyl ether, tetrahydrofuran, 

dioxane, dimethoxyethane, or tert-butyl methyl ether; an 

aromatic hydrocarbon such as benzene, toluene, or xylene; 

an aliphatic hydrocarbon such as hexane; or a mixed 
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solvent thereof.  The solvent is preferably an ether, 

more preferably tetrahydrofuran. 

[0085] 

 The base used in this step can be preferably an 

inorganic base such as sodium hydride, potassium hydride, 

sodium carbonate, potassium carbonate, or cesium 

carbonate; or an organic metal base such as sodium tert-

butoxide, potassium tert-butoxide, n-butyllithium, 

lithium diisopropylamide, lithium hexamethyldisilazide, 

potassium hexamethyldisilazide, or lithium 2,2,6,6-

tetramethylpiperidide.  The base is preferably an organic 

metal base, more preferably lithium diisopropylamide. 

[0086] 

 The oxidizing agent used in this step is preferably 

bis(trimethylsilyl) peroxide, 3-phenyl-2-

(phenylsulfonyl)oxaziridine (Davis reagent), or (10-

camphorsulfonyl)oxaziridine, more preferably (10-

camphorsulfonyl)oxaziridine. 

[0087] 

 The reaction temperature of this step is preferably 

-100°C to 100°C, more preferably -78°C to 30°C. 

[0088] 

 The reaction time of this step is preferably 1 hour 

to 10 hours, more preferably 2 hours to 5 hours. 

[0089] 

 Compound (IIa) has cis-trans isomers.  These cis-

trans isomers can be separated by a known method such as 
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chromatography.  Also, hydroxy groups in cis-trans isomer 

mixtures of compound (IIa) at an arbitrary ratio are 

protected, and the mixtures can be stirred in the 

presence of a base in an inert solvent, followed by the 

removal of the protective group to obtain mixtures having 

cis-trans isomers of compound (IIa) at different ratios. 

[0090] 

 Examples of the hydroxy protective group used in 

this operation include protective groups that are stable 

under basic conditions and are removable as described in, 

for example, P.G. Wuts, T.W. Greene, Greene's Protective 

Groups in Organic Synthesis. Third Edition, 2006, John 

Wiley & Sons, Inc.  The protective group is preferably a 

tetrahydropyranyl group. 

[0091] 

 The base used in this operation can be preferably an 

inorganic base such as sodium hydride, potassium hydride, 

sodium carbonate, potassium carbonate, or cesium 

carbonate; or an organic metal base such as sodium tert-

butoxide, potassium tert-butoxide, n-butyllithium, 

lithium diisopropylamide, lithium hexamethyldisilazide, 

potassium hexamethyldisilazide, or lithium 2,2,6,6-

tetramethylpiperidide.  The base is preferably an organic 

metal base, more preferably lithium diisopropylamide. 

[0092] 

 The reaction temperature is preferably -78°C to 100°C, 

more preferably -58°C to 10°C. 
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[0093] 

 The reaction time is preferably 1 hour to 10 hours, 

more preferably 2 hours to 3 hours. 

[0094] 

 Production method 3 

 The intermediate (II) of the compound of the present 

invention wherein R1 is a hydroxy group can also be 

produced by the following method: 

[0095] 

[Formula 5] 

工程３－２

工程３－２工程３－２

工程３－２

工程３－１

工程３－１工程３－１

工程３－１

(VII) (IIb)(VIII)
 

[0096] 

 In these formulas, R is as defined above. 

[0097] 

 (Step 3-1) 

 This step involves reacting compound (VII) with an 

oxidizing agent in an inert solvent to produce compound 

(VIII). 

[0098] 

 The solvent used in this step can be a halogenated 

hydrocarbon such as dichloromethane, chloroform, carbon 

tetrachloride, 1,2-dichloroethane, chlorobenzene, or 

Step 3-1 Step 3-2 
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dichlorobenzene; an ether such as diethyl ether, 

diisopropyl ether, tetrahydrofuran, dioxane, 

dimethoxyethane, or tert-butyl methyl ether; or an 

aromatic hydrocarbon such as benzene, toluene, or xylene.  

The solvent is preferably a halogenated hydrocarbon, more 

preferably dichloromethane. 

[0099] 

 The oxidizing agent used in this step is preferably 

Dess-Martin reagent. 

[0100] 

 The reaction temperature of this step is preferably 

-5°C to 40°C, more preferably 0°C to 30°C. 

[0101] 

 The reaction time of this step is preferably 30 

minutes to 3 hours, more preferably 1 hour to 2 hours. 

[0102] 

 (Step 3-2) 

 This step involves reacting compound (VIII) with a 

reducing agent in an inert solvent to produce compound 

(IIb). 

[0103] 

 The solvent used in this step can be an alcohol such 

as methanol, ethanol, n-propanol, isopropanol, n-butanol, 

isobutanol, tert-butanol, isoamyl alcohol, octanol, 

cyclohexanol, 2-methoxyethanol, diethylene glycol, or 

glycerin; an ether such as diethyl ether, diisopropyl 

ether, tetrahydrofuran, dioxane, dimethoxyethane, or 



- 44 - 

tert-butyl methyl ether; an aromatic hydrocarbon such as 

benzene, toluene, or xylene; or a mixed solvent thereof.  

The solvent is preferably an alcohol, more preferably 

methanol. 

[0104] 

 The reducing agent used in this step is preferably 

sodium borohydride. 

[0105] 

 The reaction temperature of this step is preferably 

-5°C to 40°C, more preferably 0°C to 30°C. 

[0106] 

 The reaction time of this step is preferably 10 

minutes to 3 hours, more preferably 30 minutes to 2 hours. 

[0107] 

 Production method 4 

 The intermediate (II) of the compound of the present 

invention can also be produced by the following method: 

[0108] 

[Formula 6] 

(XI) (IIe)

工程４－２

工程４－２工程４－２

工程４－２

工程４－１

工程４－１工程４－１

工程４－１

(X)
 

[0109] 

Step 4-1 Step 4-2 
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 In these formulas, Boc represents a tert-

butoxycarbonyl group, and R and R1 are as defined above. 

[0110] 

 (Step 4-1) 

 This step involves removing the Boc group from 

compound (X) to produce compound (XI). 

[0111] 

 Compound (X) can be produced according to, for 

example, the methods described in Reference Examples 12, 

13, 14, and 16 or Reference Examples 25 and 26. 

[0112] 

 Examples of a reagent for use in the removal of Boc 

from the compound (X) include reagents capable of 

removing Boc as described in, for example, P.G. Wuts, T.W. 

Greene, Greene's Protective Groups in Organic Synthesis. 

Third Edition, 2006, John Wiley & Sons, Inc. 

[0113] 

 The solvent used in this step is preferably an 

alcohol such as methanol or ethanol; an ether such as 

tetrahydrofuran or 1,4-dioxane; an alkyl halide such as 

dichloromethane or chloroform; an ester such as ethyl 

acetate; an aromatic hydrocarbon such as toluene; a 

nitrile such as acetonitrile; or a mixed solvent thereof, 

more preferably an alkyl halide, a nitrile, or a mixed 

solvent of an alkyl halide and a nitrile, even more 

preferably a mixed solvent of dichloromethane and 

acetonitrile. 
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[0114] 

 The reagent used in this step is preferably a 

combination of chlorotrimethylsilane and sodium iodide. 

[0115] 

 The reaction temperature of this step is preferably 

0°C to 100°C, more preferably 0°C to 50°C. 

[0116] 

 The reaction time of this step is preferably 5 

minutes to 24 hours, more preferably 10 minutes to 6 

hours. 

[0117] 

 (Step 4-2) 

 This step involves reacting compound (IId) with an 

arylating agent or a heteroarylating agent in the 

presence of a base in an inert solvent to produce 

compound (II). 

[0118] 

 This step can be carried out in the same way as in 

step 2-1(ii). 

[0119] 

 Production method 5 

 The intermediate (II) of the compound of the present 

invention wherein R1 is a hydroxy group can also be 

produced by the following method: 

[0120] 

[Formula 7] 
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工程

工程工程

工程

5

(IIe)(VI) (IX)

 

[0121] 

 In these formulas, R is as defined above, R3 

represents a hydrogen atom, a methyl group, a 

triethylsilyl group, a tert-butyldimethylsilyl group, or 

a tert-butyldiphenylsilyl group, and R4 represents a 

methyl group or an ethyl group. 

[0122] 

 (Step 5) 

 This step involves condensing compound (VI) and 

compound (IX) under heating in a solvent inert to the 

reaction or in the absence of a solvent to produce 

compound (IIe). 

[0123] 

 The solvent used in this step can be an organic acid 

such as acetic acid, formic acid, oxalic acid, 

methanesulfonic acid, p-toluenesulfonic acid, 

camphorsulfonic acid, trifluoroacetic acid, or 

trifluoromethanesulfonic acid; an ether such as diethyl 

ether, diisopropyl ether, tetrahydrofuran, dioxane, 

Step 5 
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dimethoxyethane, or tert-butyl methyl ether; an alcohol 

such as methanol, ethanol, n-propanol, isopropanol, n-

butanol, isobutanol, tert-butanol, isoamyl alcohol, 

octanol, cyclohexanol, 2-methoxyethanol, diethylene 

glycol, or glycerin; an aromatic hydrocarbon such as 

benzene, toluene, or xylene; or a mixed solvent thereof.  

The solvent is preferably a mixed solvent of ethanol and 

acetic acid. 

[0124] 

 The reaction temperature of this step is usually 

40°C to 150°C, preferably 50°C to 130°C, more preferably 

60°C to the reflux temperature of the solvent. 

[0125] 

 In order to promote the reaction of this step, the 

reaction solution may be heated and may also be 

irradiated with microwaves. 

[0126] 

 The reaction time of this step is usually 5 minutes 

to 72 hours, preferably 15 minutes to 24 hours, more 

preferably 30 minutes to 3 hours. 

[0127] 

 When R3 in compound (IX) is a methyl group, a 

triethylsilyl group, a tert-butyldimethylsilyl group, or 

a tert-butyldiphenylsilyl group, the hydroxy protective 

group can be removed from the compound produced by the 

above-mentioned reaction by a method described in, for 

example, P.G. Wuts, T.W. Greene, Greene's Protective 
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Groups in Organic Synthesis. Third Edition, 2006, John 

Wiley & Sons, Inc. to produce compound (IIe). 

[0128] 

 If necessary, the product of each step mentioned 

above can be isolated as the free compound or a salt 

thereof from the reaction mixture after the completion of 

the reaction by a routine method, for example, (1) a 

method of directly concentrating the reaction solution, 

(2) a method of filtering off insoluble matter such as a 

catalyst and concentrating the filtrate, (3) a method of 

adding water and a solvent immiscible with water (e.g., 

dichloroethane, diethyl ether, ethyl acetate, or toluene) 

to the reaction solution to extract a product, or (4) a 

method of collecting a crystallized or precipitated 

product by filtration.  The isolated product can be 

purified, if necessary, by a routine method, for example, 

recrystallization, reprecipitation, or various 

chromatography techniques.  Alternatively, the product of 

each step may be used in the subsequent step without 

being isolated or purified. 

[0129] 

 The compound (I) of the present invention is 

isolated and purified as the free compound or a 

pharmacologically acceptable salt, a hydrate, or a 

solvate thereof.  A pharmacologically acceptable salt of 

the compound (I) of the present invention can be produced 

through a salt-forming reaction of the compound (I) by a 
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routine method.  The isolation and purification are 

carried out by application of usual chemical operations 

such as extraction, concentration, distillation, 

crystallization, filtration, recrystallization, or 

various chromatography techniques. 

[0130] 

 Various isomers can be separated by exploiting 

differences in physicochemical properties between the 

isomers.  For example, a racemic mixture can be converted 

to an optically pure isomer by, for example, fractionated 

crystallization for producing a diastereomer salt with an 

optically active base or acid or chromatography using a 

chiral column.  Also, a diastereomeric mixture can be 

separated by, for example, fractionated crystallization 

or various chromatography techniques.  Alternatively, an 

optically active compound can also be produced using an 

appropriate optically active starting material. 

[0131] 

 Examples of dosage forms of the compound represented 

by the general formula (I) of the present invention or a 

pharmacologically acceptable salt thereof can include: 

oral administration forms such as tablets, granules, 

powders, capsules, and syrups; and parenteral 

administration forms such as injections and suppositories.  

These formulations can be administered systemically or 

locally. 

[0132] 
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 Examples of forms of oral medicaments comprising the 

compound represented by the general formula (I) of the 

present invention or a pharmacologically acceptable salt 

thereof include tablets, pills, granules, powders, 

capsules, solutions, suspension, emulsions, syrups, and 

elixirs.  Examples of forms of parenteral medicaments 

comprising the compound represented by the general 

formula (I) of the present invention or a 

pharmacologically acceptable salt thereof include 

injections, ointments, gels, creams, patches, aerosols, 

inhalants, sprays, eye drops, and suppositories.  The 

medicaments in these forms can be prepared according to a 

routine method using additives appropriately selected 

according to need from pharmaceutically acceptable 

additives such as excipients, binders, diluents, 

stabilizers, antiseptics, colorants, solubilizers, 

suspending agents, buffers, and wetting agents. 

[0133] 

 The dose at which the compound represented by the 

general formula (I) of the present invention or a 

pharmacologically acceptable salt thereof is administered 

differs depending on the symptoms, body weight, and age 

of the recipient (a warm-blooded animal, for example, a 

human), the administration method, etc.  For example, in 

the case of oral administration, a single dose is 0.01 

mg/kg body weight (preferably 0.03 mg/kg body weight) as 

the lower limit and 300 mg/kg body weight (preferably 100 
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mg/kg body weight) as the upper limit and is desirably 

administered one to several times a day according to the 

symptoms.  In the case of intravenous administration, a 

single dose is 0.01 mg/kg body weight (preferably 0.03 

mg/kg body weight) as the lower limit and 300 mg/kg body 

weight (preferably 100 mg/kg body weight) as the upper 

limit and is desirably administered one to several times 

a day according to the symptoms. 

[0134] 

 Hereinafter, the present invention will be described 

in more detail with reference to Examples, Test Examples, 

and Formulation Examples.  However, the scope of the 

present invention is not intended to be limited by these.  

In the Examples given below, hexane represents n-hexane; 

THF represents tetrahydrofuran; IPA represents 2-

propanol; DMF represents N,N'-dimethylformamide; DMSO 

represents dimethyl sulfoxide; and CSA represents (±)-10-

camphorsulfonic acid. 

 

Examples 

[0135] 

 (Reference Example 1) 1-(Diphenylmethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1H-pyrazol-

5-amine 

[0136] 

[Formula 8] 
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[0137] 

 n-Butyllithium (2.69 M solution in hexane, 17.5 mL, 

47.1 mmol) was added dropwise at -78°C to a solution of 

anhydrous acetonitrile (2.47 mL, 47.1 mmol) in anhydrous 

THF (70 mL), and the mixture was stirred at the same 

temperature as above for 10 minutes.  A solution of ethyl 

1-[5-(trifluoromethyl)pyridin-2-yl]piperidine-4-

carboxylate (compound described in the pamphlet of 

WO2005/40119, 5.69 g, 18.8 mmol) in THF (30 mL) was added 

dropwise thereto at the same temperature as above, and 

the mixture was stirred for 30 minutes.  Then, acetic 

acid (6 mL) was added thereto, and the temperature of the 

mixture was raised to room temperature.  To the reaction 

solution, ethyl acetate and Celite(R) were added, and the 

mixture was stirred for approximately 10 minutes and 

filtered through Celite.  The solvent in the filtrate was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 
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[elute: hexane/ethyl acetate = 90/10 - 50/50 (gradient)] 

to obtain a nitrile intermediate. 

[0138] 

 Diphenylmethyl hydrazine hydrochloride (4.64 g, 19.8 

mmol) was added to a solution of the nitrile intermediate 

obtained by the procedures described above in ethanol 

(100 mL), and the mixture was stirred at 50°C for 2 hours.  

The reaction solution was concentrated under reduced 

pressure, and the obtained residue was separated into 

organic and aqueous layers by the addition of a saturated 

sodium bicarbonate aqueous solution and ethyl acetate.  

The organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 90/10 - 50/50 (gradient)] to 

obtain the title compound (5.44 g, yield: 61%). 

[0139] 

 1H-NMR (400Hz, CDCl3) δ: 8.38 (1H, s), 7.59 (1H, dd, 

J=9Hz, 2Hz), 7.38-7.27 (6H, m), 7.25-7.18 (4H, m), 6.66 

(1H, s), 6.64 (1H, s), 5.41 (1H, s), 4.41 (2H, d, J=13Hz), 

3.23 (2H, s), 3.05-2.98 (2H, m), 2.88-2.81 (1H, m), 2.01 

(2H, dd, J=13Hz, 3Hz), 1.66 (2H, ddd, J=25Hz, 13Hz, 4Hz). 

[0140] 

 (Reference Example 2) 1-(Diphenylmethyl)-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-
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yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0141] 

[Formula 9] 

 

[0142] 

 Trifluoroacetaldehyde ethyl hemiacetal (2.68 g, 18.6 

mmol) was added to a solution of 1-(diphenylmethyl)-3-{1-

[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1H-

pyrazol-5-amine (4.50 g, 9.42 mmol) produced in Reference 

Example 1 and Meldrum's acid (2.65 g, 18.4 mmol) in 

ethanol (40 mL), and the mixture was stirred for 5 hours 

under heating to reflux.  The solvent in the reaction 

solution was distilled off under reduced pressure.  The 

obtained residue was purified three times by silica gel 

column chromatography [NH-silica gel, elute: (i) 

hexane/dichloromethane = 50/50 - 0/100 (gradient), (ii) 

dichloromethane/methanol = 100/0 - 90/10 (gradient)] to 

obtain the title compound (2.85 g, yield: 50%). 
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[0143] 

 1H-NMR (400Hz, DMSO-d6) δ: 11.18 (1H, s), 8.38 (1H, 

s), 7.75 (1H, dd, J= 9Hz, 2Hz), 7.36-7.16 (10H, m), 6.96 

(1H, d, J=9Hz), 6.81 (1H, s), 4.49-4.41 (2H, m), 4.10-

4.00 (1H, m), 3.16-2.89 (5H, m), 1.95-1.46 (4H, m). 

[0144] 

 (Reference Example 3) trans-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0145] 

[Formula 10] 

 

[0146] 

 n-Butyllithium (2.6 M solution in hexane, 1.75 mL, 

4.70 mmol) was added at -78°C to a solution of 

diisopropylamine (0.65 mL, 4.6 mmol) in anhydrous THF (12 

mL), and the mixture was stirred at the same temperature 

as above for 15 minutes.  Then, a solution of 1-
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(diphenylmethyl)-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (980 mg, 1.63 

mmol) produced in Reference Example 2 in anhydrous THF 

(10 mL) was added thereto, and the mixture was stirred 

for 30 minutes.  To the reaction solution, a solution of 

(1S)-(+)-(10-camphorsulfonyl)oxaziridine (302 mg, 1.32 

mmol) and (1R)-(-)-(10-camphorsulfonyl)oxaziridine (302 

mg, 1.32 mmol) in anhydrous THF (8 mL) was added at the 

same temperature as above, and the mixture was heated to 

room temperature and stirred for 3 hours.  To the 

reaction solution, a saturated ammonium chloride aqueous 

solution was added, followed by extraction with ethyl 

acetate three times.  The organic layer was washed with 

brine and dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The 

obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 80/20 - 

50/50].  The obtained partially purified product was 

purified with a dichloromethane-methanol mixed solvent to 

obtain the title compound (611 mg, yield: 61%). 

[0147] 

 1H-NMR (400Hz, DMSO-d6) δ: 11.26 (1H, s), 8.38 (1H, 

s), 7.74 (1H, dd, J=9Hz, 3Hz), 7.36-7.15 (10H, m), 6.96 

(1H, d, J=9Hz), 6.81 (1H, s), 6.68 (1H, d, J=5Hz), 4.50-

4.39 (2H, m), 4.20 (1H, d, J=5Hz), 3.99-3.89 (1H, m), 

3.11-2.89 (3H, m), 1.92-1.77 (2H, m), 1.71-1.47 (2H, m). 



- 58 - 

[0148] 

 (Reference Example 4) cis-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0149] 

[Formula 11] 

 

[0150] 

 3,4-Dihydro-2H-pyran (0.25 mL, 2.7 mmol) was added 

to a solution of trans-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (730 mg, 1.19 mmol) produced in Reference 

Example 3 and CSA (30 mg, 0.129 mmol) in dichloromethane 

(10 mL), and the mixture was stirred for 8 hours under 

heating to reflux.  To the reaction solution, 

triethylamine was added, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 
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hexane/ethyl acetate = 80/20 - 60/40 (gradient)] to 

obtain a protected alcohol intermediate. 

[0151] 

 Lithium diisopropylamide (1.09 M solution in hexane 

and THF, 3.50 mL, 3.81 mmol) was added at 0°C to a 

solution of the protected alcohol intermediate obtained 

by the procedures described above in anhydrous THF (20 

mL), and the mixture was stirred at the same temperature 

as above for 2 hours.  Methanol (1 mL) was added thereto 

at -40°C, and then, the temperature of the mixture was 

raised to room temperature.  A saturated ammonium 

chloride aqueous solution was added thereto, followed by 

extraction with ethyl acetate three times.  The organic 

layer was washed with brine and dried over anhydrous 

magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 100/0 - 75/25 (gradient)] to 

obtain a synthesis intermediate. 

[0152] 

 CSA (60 mg, 0.258 mmol) was added to a solution of 

the synthesis intermediate obtained by the procedures 

described above in methanol (5 mL), and the mixture was 

stirred at room temperature for 1 hour and further at 

50°C for 30 minutes.  To the reaction solution, 

triethylamine (0.2 mL) was added, and the solvent was 

distilled off under reduced pressure.  The obtained 
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residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 80/20 - 50/50 (gradient)] 

to obtain the title compound (95 mg, yield: 13%). 

[0153] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.21 (1H, s), 8.38 (1H, 

s), 7.75 (1H, d, J=9Hz), 7.36-7.23 (8H, m), 7.15 (1H, s), 

7.14 (1H, s), 6.96 (1H, d, J=9Hz), 6.74 (1H, s), 5.80 (1H, 

d, J=4Hz), 4.60-4.55 (1H, m), 4.49-4.39 (2H, m), 4.20-

4.10 (1H, m), 3.11-2.88 (3H, m), 1.97-1.45 (4H, m). 

[0154] 

 (Reference Example 5) 1-(Diphenylmethyl)-4-hydroxy-

4-(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-4,7-dihydro-1H-pyrazolo[3,4-

b]pyridine-5,6-dione 

[0155] 

[Formula 12] 

 

[0156] 

 Dess-Martin reagent (210 mg, 0.495 mmol) was added 

to a solution of trans-1-(diphenylmethyl)-5-hydroxy-4-
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(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (200 mg, 0.325 mmol) produced in 

Reference Example 3 in dichloromethane (5 mL), and the 

mixture was stirred at room temperature for 1 hour.  

Dess-Martin reagent (100 mg, 0.236 mmol) was further 

added thereto, and the mixture was stirred for 15 minutes.  

Dess-Martin reagent (100 mg, 0.236 mmol) was further 

added thereto, and the mixture was stirred for 15 minutes.  

To the reaction solution, a saturated sodium bicarbonate 

aqueous solution was added, followed by extraction with 

ethyl acetate three times.  The organic layer was washed 

with brine and dried over anhydrous magnesium sulfate, 

and the solvent was distilled off under reduced pressure.  

The obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 80/20 - 

60/40 (gradient)] to obtain the title compound (41 mg, 

yield: 20%). 

[0157] 

MS (ESI) m/z: 629 (M+H)+. 

[0158] 

 (Reference Example 6) 1-(Diphenylmethyl)-4,5-

dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0159] 

[Formula 13] 



- 62 - 

 

[0160] 

 Sodium borohydride (10 mg, 0.264 mmol) was added to 

a solution of 1-(diphenylmethyl)-4-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-4,7-dihydro-1H-pyrazolo[3,4-

b]pyridine-5,6-dione (41 mg, 0.0651 mmol) produced in 

Reference Example 5 in methanol (2.0 mL), and the mixture 

was stirred for 1 hour.  To the reaction solution, a 

saturated ammonium chloride aqueous solution was added, 

followed by extraction with ethyl acetate three times.  

The organic layer was washed with brine and dried over 

anhydrous magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 70/30 - 60/40 (gradient)] 

to obtain the title compound (31 mg, yield: 75%). 

[0161] 

 1H-NMR (400Hz, DMSO-d6) δ: 11.23 (1H, s), 8.37 (1H, 

s), 7.73 (1H, d, J=9Hz), 7.36-7.22 (8H, m), 7.16 (2H, d, 
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J=8Hz), 6.95 (1H, d, J=9 Hz), 6.84 (1H, s), 6.75 (1H, s), 

5.97 (1H, d, J=4Hz), 4.54-4.38 (3H, m), 3.19 (1H, t, 

J=11Hz), 3.04-2.92 (2H, m), 2.00 (1H, d, J=12Hz), 1.79-

1.47 (3H, m). 

[0162] 

 (Reference Example 7) Ethyl 1-(5-isopropoxypyridin-

2-yl)piperidine-4-carboxylate 

[0163] 

[Formula 14] 

 

[0164] 

 Sodium tert-butoxide (0.56 g, 5.79 mmol), 

tris(dibenzylideneacetone)dipalladium(0) (0.106 g, 0.116 

mmol), and rac-2,2'-bis(diphenylphosphino)1,1'-binaphthyl 

(0.216 g, 0.347 mmol) were added to a solution of 2-

bromo-5-isopropoxypyridine (compound described in the 

pamphlet of WO2009/81789, 1.00 g, 4.63 mmol) and ethyl 

piperidine-4-carboxylate (2.14 mL, 13.9 mmol) in toluene 

(22 mL), and the mixture was stirred at 120°C for 1.5 

hours.  The reaction solution was cooled to room 

temperature, and water was added thereto, followed by 

extraction with ethyl acetate.  The obtained organic 
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layer was washed with brine and dried over anhydrous 

sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 

acetate = 100/0 - 90/10 (gradient)] to obtain the title 

compound (803 mg, yield: 59%). 

[0165] 

 1H-NMR (400MHz, CDCl3) δ: 7.91 (1H, d, J=3Hz), 7.18-

7.13 (1H, m), 6.66 (1H, d, J=9Hz), 4.41-4.33 (1H, m), 

4.15 (2H, q, J=7Hz), 4.10-4.05 (2H, m), 2.95-2.86 (2H, m), 

2.52-2.45 (1H, m), 2.04-1.98 (2H, m), 1.85-1.75 (2H, m), 

1.30 (6H, d, J=6Hz), 1.26 (3H, t, J=7Hz). 

[0166] 

 (Reference Example 8) 1-(Diphenylmethyl)-3-[1-(5-

isopropoxypyridin-2-yl)piperidin-4-yl]-1H-pyrazol-5-amine 

[0167] 

[Formula 15] 

 

[0168] 
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 The title compound (1.65 g, yield: 48%) was obtained 

through the same reaction as in the method described in 

Reference Example 1 using ethyl 1-(5-isopropoxypyridin-2-

yl)piperidine-4-carboxylate (2.14 g, 7.32 mmol) produced 

in Reference Example 7 instead of ethyl 1-[5-

(trifluoromethyl)pyridin-2-yl]piperidine-4-carboxylate. 

[0169] 

 1H-NMR (400MHz, CDCl3) δ: 7.92 (1H, d, J=3Hz), 7.38-

7.27 (6H, m), 7.24-7.18 (4H, m), 7.13 (1H, dd, J=9Hz, 

3Hz), 6.68 (1H, s), 6.66 (1H, d, J=9Hz), 5.43 (1H, s), 

4.41-4.31 (1H, m), 4.19-4.11 (2H, m), 3.27-3.16 (2H, m), 

2.89-2.69 (3H, m), 2.05-1.97 (2H, m), 1.79-1.66 (2H, m), 

1.30 (6H, d, J=6Hz). 

[0170] 

 (Reference Example 9) 1-(Diphenylmethyl)-3-[1-(5-

isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0171] 

[Formula 16] 
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[0172] 

 The title compound (1.50 g, yield: 72%) was obtained 

through the same reaction as in the method described in 

Reference Example 2 using 1-(diphenylmethyl)-3-[1-(5-

isopropoxypyridin-2-yl)piperidin-4-yl]-1H-pyrazol-5-amine 

(1.65 g, 3.53 mmol) produced in Reference Example 8 

instead of 1-(diphenylmethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1H-pyrazol-

5-amine. 

[0173] 

 1H-NMR (400MHz,DMSO-d6) δ: 11.17 (1H, s), 7.82 (1H, d, 

J=3Hz), 7.37-7.17 (11H, m), 6.82-6.76 (2H, m), 4.47-4.37 

(1H, m), 4.21-4.11 (2H, m), 4.09-3.98 (1H, m), 3.11 (1H, 

dd, J=17Hz, 8Hz), 2.85-2.70 (4H, m), 1.95-1.53 (4H, m), 

1.22 (6H, d, J=6Hz). 

[0174] 

 (Reference Example 10) trans-1-(Diphenylmethyl)-5-

hydroxy-3-[1-(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-
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(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0175] 

[Formula 17] 

 

[0176] 

 The title compound (1.10 g, yield: 71%) was obtained 

through the same reaction as in Reference Example 3 using 

1-(diphenylmethyl)-3-[1-(5-isopropoxypyridin-2-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (1.50 g, 2.54 

mmol) produced in Reference Example 9 instead of trans-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0177] 

 1H-NMR (400MHz,DMSO-d6) δ: 11.25 (1H, s), 7.82 (1H, d, 

J=3Hz), 7.37-7.18 (11H, m), 6.81 (1H, s), 6.79 (1H, d, 

J=9Hz), 6.67 (1H, d, J=5Hz), 4.47-4.37 (1H, m), 4.22-4.10 
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(3H, m), 3.97-3.87 (1H, m), 2.86-2.72 (3H, m), 1.90-1.52 

(4H, m), 1.22 (6H, d, J=6Hz). 

[0178] 

 (Reference Example 11) cis-1-(Diphenylmethyl)-5-

hydroxy-3-[1-(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0179] 

[Formula 18] 

 

[0180] 

 The title compound (66 mg, yield: 15%) was obtained 

through the same reaction as in the method described in 

Reference Example 4 using trans-1-(diphenylmethyl)-5-

hydroxy-3-[1-(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (0.78 g, 1.3 mmol) produced in Reference 

Example 10 instead of trans-1-(diphenylmethyl)-5-hydroxy-

4-(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-
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yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0181] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.20 (1H, s), 7.82 (1H, 

d, J=3Hz), 7.37-7.19 (9H, m), 7.19-7.14 (2H, m), 6.79 (1H, 

d, J=9Hz), 6.74 (1H, s), 5.78 (1H, d, J=4Hz), 4.60-4.53 

(1H, m), 4.47-4.36 (1H, m), 4.22-4.08 (3H, m), 2.86-2.72 

(3H, m), 1.95-1.83 (1H, m), 1.80-1.52 (3H, m), 1.22 (6H, 

d, J=6Hz). 

[0182] 

 (Reference Example 12) tert-Butyl 4-[5-amino-1-

(diphenylmethyl)-1H-pyrazol-3-yl]piperidine-1-carboxylate 

[0183] 

[Formula 19] 

 

[0184] 

 Diphenylmethyl hydrazine hydrochloride (8.57 g, 36.5 

mmol) was added to a solution of tert-butyl 4-

(cyanoacetyl)piperidine-1-carboxylate (compound described 

in the pamphlet of WO2004/14910, 7.1 g, 28 mmol) in 

ethanol (71 mL), and the mixture was stirred at 50°C for 
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1 hour.  The reaction solution was concentrated under 

reduced pressure, and the obtained residue was separated 

into organic and aqueous layers by the addition of a 

saturated sodium bicarbonate aqueous solution and ethyl 

acetate.  The organic layer was dried over anhydrous 

magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 95/5 - 40/60 (gradient)] to obtain 

the title compound (7.43 g, yield: 59%). 

[0185] 

 1H-NMR (400Hz, CDCl3) δ: 7.37-7.19 (10H, m), 6.66 (1H, 

s), 5.40 (1H, s), 4.11 (1H, brs), 3.23-3.20 (1H, m), 

2.82-2.65 (3H, m), 1.89-1.86 (2H, m), 1.61-1.52 (4H, m), 

1.46 (9H, s). 

[0186] 

 (Reference Example 13) tert-Butyl 4-[1-

(diphenylmethyl)-6-oxo-4-(trifluoromethyl)-4,5,6,7-

tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-

carboxylate 

[0187] 

[Formula 20] 
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[0188] 

 The title compound (1.48 g, yield: 46%) was obtained 

through the same reaction as in Reference Example 2 using 

tert-butyl 4-[5-amino-1-(diphenylmethyl)-1H-pyrazol-3-

yl]piperidine-1-carboxylate (2.50 g, 5.78 mmol) produced 

in Reference Example 12 instead of 1-(diphenylmethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1H-

pyrazol-5-amine. 

[0189] 

 1H-NMR (400Hz, CDCl3) δ: 7.44-7.12 (10H, m), 6.69 (1H, 

s), 4.13 (1H, brs), 3.65-3.55 (1H, m), 2.95-2.69 (7H, m), 

1.87-1.55 (4H, m), 1.45 (9H, s). 

[0190] 

 (Reference Example 14) tert-Butyl 4-[trans-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate 

[0191] 

[Formula 21] 
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[0192] 

 The title compound (450 mg, yield: 35%) was obtained 

through the same reaction as in Reference Example 3 using 

tert-butyl 4-[1-(diphenylmethyl)-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidine-1-carboxylate (1.24 g, 2.24 

mmol) produced in Reference Example 13 instead of trans-

1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0193] 

 1H-NMR (400Hz, DMSO-d6) δ: 11.25 (1H, s), 7.37-7.19 

(10H, m), 6.82 (1H, s), 6.66 (1H, d, J=5Hz), 4.19 (1H, d, 

J=5Hz), 3.99-3.87 (2H, m), 2.91-2.75 (3H, m), 1.78-1.40 

(4H, m), 1.40 (9H, s). 

[0194] 

 (Reference Example 15) trans-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 
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[0195] 

[Formula 22] 

 

[0196] 

 Chlorotrimethylsilane (0.10 mL, 0.79 mmol) and 

sodium iodide (120 mg, 0.801 mmol) were added at room 

temperature to a mixed solution of tert-butyl 4-[trans-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate (180 mg, 0.79 mmol) produced 

in Reference Example 14 in dichloromethane (2 mL) and 

acetonitrile (2 mL), and the mixture was stirred for 2 

hours.  The solvent in the reaction solution was 

distilled off under reduced pressure to obtain a 

synthesis intermediate. 

[0197] 

 3-Chloro-6-(trifluoromethyl)pyridazine (130 mg, 

0.712 mmol) and N,N-diisopropylethylamine (0.20 mL, 1.2 

mmol) were added to a solution of the synthesis 
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intermediate obtained by the procedures described above 

in DMSO (5 mL), and the mixture was stirred at room 

temperature for 2 days and half a day.  To the reaction 

solution, water was added, followed by extraction with 

ethyl acetate three times.  The organic layer was washed 

with brine and dried over anhydrous magnesium sulfate, 

and the solvent was distilled off under reduced pressure.  

The obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 90/10 - 

50/50] to obtain the title compound (123 mg, yield: 63%). 

[0198] 

 1H-NMR (400Hz, DMSO-d6) δ: 11.27 (1H, s), 7.75 (1H, d, 

J=10Hz), 7.41 (1H, d, J=10Hz), 7.35-7.17 (10H, m), 6.82 

(1H, s), 6.69 (1H, d, J=5Hz), 4.55-4.50 (2H, m), 4.21-

4.20 (1H, m), 4.00-3.93 (1H, m), 3.19-2.97 (3H, m), 1.96-

1.53 (4H, m). 

[0199] 

 (Reference Example 16) tert-Butyl 4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate 

[0200] 

[Formula 23] 



- 75 - 

 

[0201] 

 The title compound (115 mg, yield: 15%) was obtained 

through the same reaction as in the method described in 

Reference Example 4 using tert-butyl 4-[trans-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate (765 mg, 1.34 mmol) produced 

in Reference Example 14 instead of trans-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0202] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.21 (1H, s), 7.37-7.15 

(10H, m), 6.74 (1H, s), 5.79 (1H, d, J=4Hz), 4.57-4.54 

(1H, m), 4.16-3.90 (3H, m), 2.86-2.39 (3H, m), 1.83-1.35 

(4H, m), 1.39 (9H, s). 

[0203] 

 (Reference Example 17) cis-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[6-
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(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0204] 

[Formula 24] 

 

[0205] 

 Chlorotrimethylsilane (64.6 µL, 0.511 mmol) and 

sodium iodide (65.3 mg, 0.435 mmol) were added at room 

temperature to a mixed solution of tert-butyl 4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate (108 mg, 0.189 mmol) produced 

in Reference Example 16 in dichloromethane (3 mL) and 

acetonitrile (1 mL), and the mixture was stirred for 4 

hours.  The solvent in the reaction solution was 

distilled off under reduced pressure, and a saturated 

sodium bicarbonate aqueous solution was added to the 

residue, followed by extraction with ethyl acetate three 

times.  The obtained organic layer was washed with brine 



- 77 - 

and dried over anhydrous sodium sulfate, and the solvent 

was distilled off under reduced pressure to obtain a 

synthesis intermediate (94 mg). 

[0206] 

 3-Chloro-6-(trifluoromethyl)pyridazine (21 mg, 0.16 

mmol) and N,N-diisopropylethylamine (24 µL, 0.14 mmol) 

were added to a solution of a portion (45 mg) of the 

synthesis intermediate obtained by the procedures 

described above in DMSO (1 mL), and the mixture was 

stirred at room temperature for 18 hours.  To the 

reaction solution, water was added, followed by 

extraction with ethyl acetate three times.  The organic 

layer was washed with brine and dried over anhydrous 

magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 95/5 - 50/50] to obtain the title 

compound (34 mg, yield: 58%). 

[0207] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.22 (1H, s), 7.75 (1H, 

d, J=10Hz), 7.41 (1H, d, J=10Hz), 7.34-7.24 (8H, m), 

7.17-7.13 (2H, m), 6.75 (1H, s), 5.81 (1H, d, J=4Hz), 

4.61-4.48 (3H, m), 4.24-4.11 (1H, m), 3.22-3.09 (2H, m), 

3.05-2.94 (1H, m), 2.03-1.94 (1H, m), 1.87-1.79 (1H, m), 

1.76-1.63 (1H, m), 1.62-1.51 (1H, m). 

[0208] 
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 (Reference Example 18) trans-1-(Diphenylmethyl)-5-

hydroxy-3-{1-[2-isopropyl-6-(trifluoromethyl)pyrimidin-4-

yl]piperidin-4-yl}-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0209] 

[Formula 25] 

 

[0210] 

 The title compound (300 mg, yield: 96%) was obtained 

through the same reaction as in the method described in 

Reference Example 15 using 4-chloro-2-isopropyl-6-

(trifluoromethyl)pyrimidine (compound described in the 

pamphlet of WO2010/134478, 270 mg, 1.20 mmol) instead of 

3-chloro-6-(trifluoromethyl)pyridazine. 

[0211] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.27 (1H, s), 7.38-7.23 

(9H, m), 7.18 (2H, d, J=7Hz), 7.07 (1H, s), 6.82 (1H, s), 

6.69 (1H, d, J=6Hz), 4.20 (1H, d, J=6Hz), 4.03-3.89 (1H, 

m), 3.19-2.86 (5H, m), 1.98-1.41 (4H, m), 1.21 (6H, d, 

J=7Hz). 
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[0212] 

 (Reference Example 19) trans-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0213] 

[Formula 26] 

 

[0214] 

 The title compound (106 mg, yield: 62%) was obtained 

through the same reaction as in the method described in 

Reference Example 15 using 2-chloro-5-

(trifluoromethyl)pyrazine (120 mg, 0.657 mmol) instead of 

3-chloro-6-(trifluoromethyl)pyridazine. 

[0215] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.27 (1H, s), 8.45 (1H, 

s), 8.43 (1H, s), 7.35-7.17 (10H, m), 6.82 (1H, s), 6.70 

(1H, d, J=5Hz), 4.52-4.46 (2H, m), 4.21-4.19 (1H, m), 

3.99-3.92 (1H, m), 3.19-3.14 (2H, m), 3.02-2.95 (1H, m), 

1.94-1.85 (2H, m), 1.72-1.51 (2H, m). 
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[0216] 

 (Reference Example 20) 6-{4-[cis-1-(Diphenylmethyl)-

5-hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-

1H-pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}-4-

(trifluoromethyl)pyridine-3-carbonitrile 

[0217] 

[Formula 27] 

 

[0218] 

 The title compound (47 mg, yield: 70%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using 6-chloro-4-

(trifluoromethyl)pyridine-3-carbonitrile (26 mg, 0.12 

mmol) instead of 3-chloro-6-(trifluoromethyl)pyridazine. 

[0219] 

 1H-NMR (400MHz, DMSO-d6) δ : 11.23 (1H, s), 8.67 (1H, 

s), 7.37-7.12 (11H, m), 6.75 (1H, s), 5.82 (1H, d, J=4Hz), 

4.69-4.44 (3H, m), 4.24-4.12 (1H, m), 3.26-3.10 (2H, m), 

3.05-2.94 (1H, m), 1.91-1.80 (2H, m), 1.71-1.50 (2H, m). 
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[0220] 

 (Reference Example 21) cis-3-{1-[3-Chloro-5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0221] 

[Formula 28] 

 

[0222] 

 The title compound (40 mg, yield: 58%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using 3-chloro-2-fluoro-5-

(trifluoromethyl)pyridine (25 mg, 0.13 mmol) instead of 

3-chloro-6-(trifluoromethyl)pyridazine. 

[0223] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.22 (1H, s), 8.54 (1H, 

d, J=2Hz), 8.16 (1H, d, J=2Hz), 7.39-7.25 (8H, m), 7.18-

7.14 (2H, m), 6.76 (1H, s), 5.81 (1H, d, J=4Hz), 4.61-

4.55 (1H, m), 4.22-4.10 (1H, m), 4.09-3.97 (2H, m), 3.07-
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2.83 (3H, m), 2.02-1.93 (1H, m), 1.87-1.79 (2H, m), 1.77-

1.65 (1H, m). 

[0224] 

 (Reference Example 22) cis-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[4-(trifluoromethyl)-

1,3-thiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one 

[0225] 

[Formula 29] 

 

[0226] 

 The title compound (12 mg, yield: 15%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using 2-chloro-4-(trifluoromethyl)-

1,3-thiazole (45 mg, 0.13 mmol) instead of 3-chloro-6-

(trifluoromethyl)pyridazine. 

[0227] 

 1H-NMR (400MHz, CDCl3) δ: 7.39-7.33 (7H, m), 7.08-

7.02 (4H, m), 6.90 (1H, d, J=1Hz), 6.81 (1H,brs), 6.67 

(1H, s), 4.49 (1H, d, J=7Hz), 4.07-3.96 (2H, m), 3.65 (1H, 
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d, J=2Hz), 3.18-3.09 (2H, m), 2.83-2.74 (1H, m), 1.99-

1.76 (4H, m). 

[0228] 

 (Reference Example 23) cis-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0229] 

[Formula 30] 

 

[0230] 

 The title compound (18 mg, yield: 24%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using 2-fluoro-6-

(trifluoromethyl)pyridine (24 mg, 0.15 mmol) instead of 

3-chloro-6-(trifluoromethyl)pyridazine. 

[0231] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.21 (1H, s), 7.70 (1H, 

t, J=8Hz), 7.37-7.23 (8H, m), 7.18-7.10 (3H, m), 6.97 (1H, 

d, J=7Hz), 6.74 (1H, s), 5.80 (1H, d, J=4Hz), 4.60-4.55 

(1H, m), 4.41-4.31 (2H, m), 4.20-4.10 (1H, m), 3.04-2.85 
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(3H, m), 1.98-1.90 (1H, m), 1.85-1.75 (1H, m), 1.72-1.60 

(1H, m), 1.60-1.48 (1H, m). 

[0232] 

 (Reference Example 24) cis-1-(Diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[4-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0233] 

[Formula 31] 

 

[0234] 

 The title compound (29 mg, yield: 36%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using 2-fluoro-4-

(trifluoromethyl)pyridine (42 µL, 0.34 mmol) instead of 

3-chloro-6-(trifluoromethyl)pyridazine. 

[0235] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.21 (1H, s), 8.29 (1H, 

d, J=5Hz), 7.37-7.23 (8H, m), 7.18-7.13 (2H, m), 7.08 (1H, 

s), 6.81 (1H, d, J=5Hz), 6.74 (1H, s), 5.80 (1H, d, 
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J=4Hz), 4.61-4.54 (1H, m), 4.47-4.36 (2H, m), 4.22-4.10 

(1H, m), 3.06-2.86 (3H, m), 1.97-1.88 (1H, m), 1.83-1.74 

(1H, m), 1.72-1.60 (1H, m), 1.60-1.47 (1H, m). 

[0236] 

 (Example 1) trans-5-Hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0237] 

[Formula 32] 

 

[0238] 

 Triethylsilane (0.02 mL, 0.13 mmol) and 

trifluoroacetic acid (2 mL) were added to a solution of 

trans-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (34 mg, 

0.0552 mmol) produced in Reference Example 3 in 

dichloromethane (2 mL), and the mixture was stirred at 

room temperature for 15 minutes.  To the reaction 

solution, a saturated sodium bicarbonate aqueous solution 

was added, followed by extraction with ethyl acetate 
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three times.  The organic layer was washed with brine and 

dried over anhydrous magnesium sulfate, and the solvent 

was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 60/40 - 0/100 (gradient)] 

to obtain the title compound (20 mg, yield: 81%). 

[0239] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.13 (1H, s), 10.52 (1H, 

s), 8.42 (1H, s), 7.79 (1H, t, J=6Hz), 6.54 (1H, d, 

J=5Hz), 4.63-4.52 (2H, m), 4.16 (1H, d, J=5Hz), 3.94-3.85 

(1H, m), 3.14-2.92 (3H, m), 1.83-1.62 (4H, m), 1.29-1.21 

(1H, m); 

 MS (ESI) m/z: 450 (M+H)+. 

[0240] 

 (Example 2) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0241] 

[Formula 33] 

 

[0242] 
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 Triethylsilane (0.05 mL, 0.3 mmol) and 

trifluoroacetic acid (3 mL) were added to a solution of 

cis-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (95 mg, 

0.154 mmol) produced in Reference Example 4 in 

dichloromethane (3 mL), and the mixture was stirred at 

room temperature for 1 hour.  To the reaction solution, a 

saturated sodium bicarbonate aqueous solution was added, 

followed by extraction with ethyl acetate three times.  

The organic layer was washed with brine and dried over 

anhydrous magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[NH-silica gel, elute: ethyl acetate/methanol = 100/0 - 

95/5 (gradient)] to obtain the title compound (45 mg, 

yield: 65%). 

[0243] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.18 (1H, s), 10.53 (1H, 

s), 8.42 (1H, s), 7.79 (1H, dd, J=9Hz, 2Hz), 7.01 (1H, d, 

J=9Hz), 5.51 (1H, d, J=4Hz), 4.62-4.52 (2H, m), 4.46-4.42 

(1H, m), 4.20-4.11 (1H, m), 3.13-2.93 (3H, m), 1.89-1.56 

(4H, m); 

 MS (ESI) m/z: 450 (M+H)+. 

[0244] 
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 (Example 3) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0245] 

[Formula 34] 

**

 

[0246] 

 cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (0.14 g, 0.31 

mmol) produced in Example 2 was dissolved in ethanol (30 

mL) under heating.  To the solution, hexane (10 mL) was 

then added, and the resulting solution was purified in 10 

divided portions by HPLC [column: Chiralpak IA (20 mm i.d. 

x 250 mm); manufactured by Daicel Corporation, elute: 

hexane/ethanol = 60/40, flow rate: 15 mL/min] to obtain 

the title compound (51 mg, yield: 36%, optically active 

form). 

[0247] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 
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Daicel Corporation, elute: hexane/IPA = 60/40, flow rate: 

1.0 mL/min]. 

[0248] 

 Optical purity: 99% or higher (retention time: 10.4 

min); 

 [α]D
25 = +12° (DMF, c = 1.01). 

[0249] 

 (Example 4) 4,5-Dihydroxy-4-(trifluoromethyl)-3-{1-

[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0250] 

[Formula 35] 

F3C

CF3

N

N

O

OH

OH

N
H

N
H

N

 

[0251] 

 Triethylsilane (0.015 mL, 0.094 mmol) and 

trifluoroacetic acid (1 mL) were added to a solution of 

1-(diphenylmethyl)-4,5-dihydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (31 mg, 

0.049 mmol) produced in Reference Example 6 in 

dichloromethane (1 mL), and the mixture was stirred for 
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30 minutes.  To the reaction solution, a saturated sodium 

bicarbonate aqueous solution was added, followed by 

extraction with ethyl acetate three times.  The organic 

layer was washed with brine and dried over anhydrous 

magnesium sulfate, and the solvent was distilled off 

under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 60/40 - 20/80] to obtain the title 

compound (15 mg, 0.032 mmol). 

[0252] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.22 (1H, s), 10.55 (1H, 

s), 8.42 (1H, s), 7.79 (1H, dd, J=9Hz, 2Hz), 7.00 (1H, d, 

J=9Hz), 6.79 (1H, s), 5.66 (1H, d, J=4Hz), 4.58 (2H, d, 

J=13Hz), 4.35 (1H, s), 3.33-3.24 (1H, m), 2.94 (2H, t, 

J=12Hz), 1.90 (1H, d, J=10Hz), 1.76-1.55 (3H, m); 

 MS (ESI) m/z: 466 (M+H)+. 

[0253] 

 (Example 5) cis-5-Hydroxy-3-[1-(5-isopropoxypyridin-

2-yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0254] 

[Formula 36] 
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[0255] 

 The title compound (25 mg, yield: 54%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-1-(diphenylmethyl)-5-hydroxy-3-[1-(5-

isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (64 mg, 0.11 mmol) produced in Reference 

Example 11 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0256] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.23 (1H, s), 10.54 (1H, 

s), 7.84 (1H, d, J=3Hz), 7.25 (1H, dd, J=9Hz, 3Hz), 6.83 

(1H, d, J=9Hz), 5.51 (1H, d, J=4Hz), 4.47-4.41 (2H, m), 

4.32-4.21 (2H, m), 4.19-4.08 (1H, m), 2.98-2.87 (1H, m), 

2.80-2.69 (2H, m), 1.86-1.62 (4H, m), 1.23 (6H, d, 

J=6Hz); 

 MS (ESI) m/z: 440 (M+H)+. 

[0257] 
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 (Example 6) trans-5-Hydroxy-4-(trifluoromethyl)-3-

{1-[6-(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0258] 

[Formula 37] 

 

[0259] 

 The title compound (14 mg, yield: 96%) was obtained 

through the same reaction as in the method described in 

Example 2 using trans-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[6-(trifluoromethyl)pyridazin-3-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (20 mg, 0.0324 mmol) produced in 

Reference Example 15 instead of cis-1-(diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0260] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.14 (1H, s), 10.53 (1H, 

s), 7.82 (1H, d, J=10Hz), 7.47 (1H, d, J=10Hz), 6.55 (1H, 
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d, J=5Hz), 4.69-4.62 (2H, m), 4.17-4.16 (1H, m), 3.94-

3.86 (1H, m), 3.17-3.04 (3H, m),1.86-1.69 (4H, m); 

 MS (ESI) m/z: 451 (M+H)+. 

[0261] 

 (Example 7) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[6-(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0262] 

[Formula 38] 

 

[0263] 

 The title compound (17 mg, yield: 73%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[6-(trifluoromethyl)pyridazin-3-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (32 mg, 0.052 mmol) produced in Reference 

Example 17 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 
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[0264] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.19 (1H, s), 10.54 (1H, 

s), 7.81 (1H, d, J=10Hz), 7.47 (1H, d, J=10Hz), 5.53 (1H, 

d, J=4Hz), 4.73-4.60 (2H, m), 4.48-4.41 (1H, m), 4.23-

4.11 (1H, m), 3.19-3.03 (3H, m), 1.93-1.84 (1H, m), 1.82-

1.61 (3H, m); 

 MS (ESI) m/z: 451 (M+H)+. 

[0265] 

 (Example 8) trans-5-Hydroxy-3-{1-[2-isopropyl-6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0266] 

[Formula 39] 

 

[0267] 

 The title compound (52 mg, yield: 93%) was obtained 

through the same reaction as in the method described in 

Example 2 using trans-1-(diphenylmethyl)-5-hydroxy-3-{1-

[2-isopropyl-6-(trifluoromethyl)pyrimidin-4-yl]piperidin-

4-yl}-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-
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pyrazolo[3,4-b]pyridin-6-one (75 mg, 0.114 mmol) produced 

in Reference Example 18 instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0268] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.11 (1H, s), 10.53 (1H, 

s), 7.14 (1H, s), 6.55 (1H, brs), 5.34-4.58 (2H, m), 4.16 

(1H, s), 3.90 (1H, q, J=10Hz), 3.82-3.35 (2H, m), 3.17-

2.87 (2H, m), 1.86-1.60 (4H, m), 1.23 (6H, d, J=7Hz); 

 MS (ESI) m/z: 493 (M+H)+. 

[0269] 

 (Example 9) cis-5-Hydroxy-3-{1-[2-isopropyl-6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0270] 

[Formula 40] 

 

[0271] 
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 A protected form of diphenylmethyl was obtained 

through the same reaction as in the method described in 

Reference Example 4 using trans-1-(diphenylmethyl)-5-

hydroxy-3-{1-[2-isopropyl-6-(trifluoromethyl)pyrimidin-4-

yl]piperidin-4-yl}-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (300 mg, 0.456 

mmol) produced in Reference Example 18 instead of trans-

1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0272] 

 The title compound (7 mg, yield: 9%) was obtained 

through the same reaction as in the method described in 

Example 2 using the protected form of diphenylmethyl 

obtained by the procedures described above instead of 

cis-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0273] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.12 (1H, s), 10.50 (1H, 

s), 7.10 (1H, s), 5.49 (1H, s), 4.41-4.39 (1H, m), 4.17-

4.05 (1H, m), 3.10-2.84 (4H, m), 1.86-1.52 (4H, m), 1.19 

(6H, d, J=7Hz); 

 MS (ESI) m/z: 493 (M+H)+. 

[0274] 
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 (Example 10) trans-5-Hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0275] 

[Formula 41] 

 

[0276] 

 The title compound (70 mg, yield: 90%) was obtained 

through the same reaction as in the method described in 

Example 2 using trans-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyrazin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (106 mg, 0.172 mmol) produced in 

Reference Example 19 instead of cis-1-(diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0277] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.13 (1H, s), 10.54 (1H, 

s), 8.51 (1H, s), 8.50 (1H, s), 6.59 (1H, d, J=5Hz), 
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4.66-4.59 (2H, m), 4.17-4.16 (1H, m), 3.98-3.83 (1H, m), 

3.18-2.98 (3H, m), 1.87-1.64 (4H, m); 

 MS (ESI) m/z: 451 (M+H)+. 

[0278] 

 (Example 11) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[5-(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0279] 

[Formula 42] 

 

[0280] 

 A synthesis intermediate was obtained through the 

same reaction as in the method described in Reference 

Example 15 using tert-butyl 4-[cis-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate (115 

mg, 0.202 mmol) produced in Reference Example 16 instead 

of tert-butyl 4-[trans-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate and 
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2-chloro-5-(trifluoromethyl)pyrazine (90 mg, 0.493 mmol) 

instead of 3-chloro-6-(trifluoromethyl)pyridazine. 

[0281] 

 The title compound (58 mg, yield: 99%) was obtained 

through the same reaction as in the method described in 

Example 2 using the synthesis intermediate obtained by 

the procedures described above instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0282] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.18 (1H, s), 10.54 (1H, 

s), 8.51 (1H, s), 8.50 (1H, s), 5.54 (1H, d, J=4Hz), 

4.65-4.59 (2H, m), 4.46-4.43 (1H, m), 4.22-4.13 (1H, m), 

3.16-3.03 (3H, m), 1.90-1.61 (4H, m); 

 MS (ESI) m/z: 451 (M+H)+. 

[0283] 

 (Example 12) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[2-(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0284] 

[Formula 43] 
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[0285] 

 Chlorotrimethylsilane (25 µL, 0.20 mmol) and sodium 

iodide (25 mg, 0.17 mmol) were added at room temperature 

to a mixed solution of tert-butyl 4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate (42 mg, 0.074 mmol) produced 

in Reference Example 16 in dichloromethane (3 mL) and 

acetonitrile (1 mL), and the mixture was stirred for 2 

hours.  The solvent in the reaction solution was 

distilled off under reduced pressure, and a saturated 

sodium bicarbonate aqueous solution was added to the 

residue, followed by extraction with ethyl acetate three 

times.  The obtained organic layer was washed with brine 

and dried over anhydrous sodium sulfate, and the solvent 

was distilled off under reduced pressure to obtain a 

synthesis intermediate. 

[0286] 

 5-Chloro-2-(trifluoromethyl)pyrimidine (30 mg, 0.16 

mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (0.050 mL, 
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0.33 mmol) were added to a solution of the synthesis 

intermediate obtained by the procedures described above 

in DMSO (3 mL), and the mixture was stirred at 70°C for 

18 hours.  To the reaction solution, water was added, 

followed by extraction with ethyl acetate three times.  

The organic layer was washed with brine and dried over 

anhydrous magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 80/20 - 0/100] to obtain a 

protected form of diphenylmethyl. 

[0287] 

 The title compound (6.7 mg, yield: 20%) was obtained 

through the same reaction as in the method described in 

Example 2 using the protected form of diphenylmethyl 

obtained by the procedures described above instead of 

cis-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0288] 

 1H-NMR (400MHz, DMSO-d6)δ: 12.22 (1H, s), 10.55 (1H, 

s), 8.67 (2H, s), 5.53 (1H, d, J=3Hz), 4.44 (1H, d, 

J=6Hz), 4.25-4.10 (3H, m), 3.14-2.95 (3H, m), 1.93-1.38 

(4H, m); 

 MS (ESI) m/z: 451 (M+H)+. 

[0289] 
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 (Example 13) 6-{4-[cis-5-Hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-4-

(trifluoromethyl)pyridine-3-carbonitrile 

[0290] 

[Formula 44] 

 

[0291] 

 The title compound (23 mg, yield: 69%) was obtained 

through the same reaction as in the method described in 

Example 2 using 6-{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}-4-

(trifluoromethyl)pyridine-3-carbonitrile (45 mg, 0.070 

mmol) produced in Reference Example 20 instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0292] 
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 1H-NMR (400MHz, DMSO-d6) δ: 12.17 (1H, s), 10.54 (1H, 

s), 8.73 (1H, s), 7.34 (1H, s), 5.54 (1H, d, J=4Hz), 

4.87-4.56 (2H, m), 4.48-4.41 (1H, m), 4.22-4.11 (1H, m), 

3.20-3.01 (3H, m), 1.94-1.85 (1H, m), 1.82-1.57 (3H, m); 

 MS (ESI) m/z: 475 (M+H)+. 

[0293] 

 (Example 14) cis-3-{1-[3-Chloro-5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-5-hydroxy-

4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0294] 

[Formula 45] 

 

[0295] 

 The title compound (21 mg, yield: 78%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-3-{1-[3-chloro-5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (36 mg, 0.055 

mmol) produced in Reference Example 21 instead of cis-1-
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(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0296] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.28 (1H, s), 10.54 (1H, 

s), 8.57 (1H, d, J=2Hz), 8.20 (1H, d, J=2Hz), 5.52 (1H, d, 

J=4Hz), 4.47-4.42 (1H, m), 4.21-4.07 (3H, m), 3.07-2.91 

(3H, m), 1.98-1.74 (4H, m); 

 MS (ESI) m/z: 484 (M+H)+. 

[0297] 

 (Example 15) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[4-(trifluoromethyl)-1,3-thiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0298] 

[Formula 46] 

 

[0299] 

 The title compound (6.4 mg, yield: 73%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[4-(trifluoromethyl)-1,3-thiazol-

2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-
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b]pyridin-6-one (12 mg, 0.019 mmol) produced in Reference 

Example 22 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0300] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.26 (1H, s), 10.55 (1H, 

s), 7.55 (1H, d, J=1Hz), 5.53 (1H, d, J=3Hz), 4.45 (1H, 

dd, J=7Hz, 4Hz), 4.20-4.11 (1H, m), 4.04-3.95 (2H, m), 

3.21-2.99 (3H, m), 1.92-1.67 (4H, m); 

 MS (ESI) m/z: 456 (M+H)+. 

[0301] 

 (Example 16) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[6-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0302] 

[Formula 47] 

 

[0303] 

 The title compound (16 mg, yield: 71%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-1-(diphenylmethyl)-5-hydroxy-4-
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(trifluoromethyl)-3-{1-[6-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (31 mg, 0.050 mmol) produced in Reference 

Example 23 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0304] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.21 (1H, s), 10.54 (1H, 

s), 7.74 (1H, t, J=9Hz), 7.17 (1H, d, J=9Hz), 7.01 (1H, d, 

J=7Hz), 5.51 (1H, d, J=4Hz), 4.54-4.41 (3H, m), 4.22-4.09 

(1H, m), 3.09-2.86 (3H, m), 1.92-1.82 (1H, m), 1.81-1.58 

(3H, m); 

 MS (ESI) m/z: 450 (M+H)+. 

[0305] 

 (Example 17) cis-5-Hydroxy-4-(trifluoromethyl)-3-{1-

[4-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0306] 

[Formula 48] 
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[0307] 

 The title compound (14 mg, yield: 74%) was obtained 

through the same reaction as in the method described in 

Example 2 using cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[4-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (26 mg, 0.042 mmol) produced in Reference 

Example 24 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0308] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.19 (1H, s), 10.53 (1H, 

s), 8.33 (1H, d, J=5Hz), 7.13 (1H, s), 6.85 (1H, d, 

J=5Hz), 5.51 (1H, d, J=4Hz), 4.62-4.49 (2H, m), 4.47-4.41 

(1H, m), 4.21-4.10 (1H, m), 3.10-3.00 (1H, m), 3.00-2.86 

(2H, m), 1.89-1.80 (1H, m), 1.78-1.57 (3H, m); 

 MS (ESI) m/z: 450 (M+H)+. 

[0309] 

 (Reference Example 25) Methyl 3-[1-(tert-

butoxycarbonyl)piperidin-4-yl]-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate 

[0310] 

[Formula 49] 
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[0311] 

 Lithium diisopropylamide (solution in hexane and THF, 

14.5 mL, 15.8 mmol) was added dropwise at -78°C to a 

solution of tert-butyl 4-[1-(diphenylmethyl)-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidine-1-carboxylate (2.92 g, 5.27 

mmol) produced in Reference Example 13 and dimethyl 

carbonate (0.665 mL, 7.90 mmol) in THF (50 mL).  After 

removal of the cooling bath, the mixture was stirred for 

30 minutes while its temperature was spontaneously raised.  

To the reaction solution, a saturated ammonium chloride 

aqueous solution was added, followed by extraction with 

ethyl acetate three times.  The obtained organic layer 

was dried over magnesium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel chromatography [NH-

silica gel, elute: dichloromethane/methanol = 100/0 - 

90/10 (gradient)] to obtain a synthesis intermediate. 

[0312] 
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 1,8-Diazabicyclo[5.4.0]-7-undecene (hereinafter, 

referred to as DBU; 1.57 mL, 10.5 mmol), (1S)-(+)-(10-

camphorsulfonyl)oxaziridine (0.725 g, 3.16 mmol), and 

(1R)-(-)-(10-camphorsulfonyl)oxaziridine (0.725 g, 3.16 

mmol) were added to a solution of the synthesis 

intermediate obtained by the procedures described above 

in THF (50 mL), and the mixture was stirred at room 

temperature for 2 hours.  To the reaction solution, a 

saturated ammonium chloride aqueous solution was added, 

followed by extraction with ethyl acetate.  The obtained 

organic layer was washed with a saturated sodium 

bicarbonate aqueous solution and brine in this order and 

dried over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: dichloromethane/methanol = 99/1 - 90/10 

(gradient)] to obtain the title compound (2.77 g, yield: 

84%). 

[0313] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.52 (1H, s), 7.38-7.17 

(10H, m), 6.86 (1H, s), 4.12-3.89 (3H, m), 3.73 (3H, s), 

2.89-2.67 (3H, m), 1.81-1.29 (4H, m), 1.39 (9H, s). 

[0314] 

 (Reference Example 26) tert-Butyl (+)-4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate 
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[0315] 

[Formula 50] 

* *

O

OH

N

N
NN

H

CF3

Boc
 

[0316] 

 Lithium hydroxide monohydrate (0.873 g, 20.8 mmol) 

was added to a mixed solution of methyl 3-[1-(tert-

butoxycarbonyl)piperidin-4-yl]-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate (4.36 g, 6.94 mmol) 

produced in Reference Example 25 in 1,4-dioxane (50 mL) 

and water (20 mL), and the mixture was stirred at 50°C 

for 1 hour.  The reaction solution was cooled to room 

temperature, and a saturated ammonium chloride aqueous 

solution was added thereto, followed by extraction with 

ethyl acetate.  The obtained organic layer was washed 

with a saturated sodium bicarbonate aqueous solution and 

brine in this order and dried over anhydrous sodium 

sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica 

gel column chromatography [elute: hexane/ethyl acetate = 
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95/5 - 50/50 (gradient)] to obtain a synthesis 

intermediate. 

[0317] 

 A portion (1.23 g) of the synthesis intermediate 

obtained by the procedures described above was dissolved 

in ethyl acetate.  To the solution, a neutral silica gel 

was added for adsorption, and the solvent was distilled 

off under reduced pressure.  The obtained powder was 

purified by flash LC [column: Chiralflash IC (30 mm i.d. 

x 100 mm); manufactured by Daicel Corporation, elute: 

hexane/ethanol = 91/9, flow rate: 12 mL/min] to obtain 

the title compound (0.55 g, yield: 27%, optically active 

form). 

[0318] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 70/30, flow rate: 

1.0 mL/min]. 

[0319] 

 Optical purity: 99% or higher (retention time: 4.3 

min); 

 [α]D
25 = +35° (DMF, c = 1.00). 

[0320] 

 (Example 18) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0321] 
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[Formula 51] 

* *

CF3

CF3

N
H

N
H

N

N

OH

O

N

N

 

[0322] 

 Chlorotrimethylsilane (72.3 µL, 0.573 mmol) and 

sodium iodide (73.1 mg, 0.488 mmol) were added to a mixed 

solution of tert-butyl (+)-4-[cis-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate (121 

mg, 0.212 mmol) produced in Reference Example 26 in 

dichloromethane (5 mL) and acetonitrile (2 mL), and the 

mixture was stirred at room temperature for 4 hours.  The 

solvent in the reaction solution was distilled off under 

reduced pressure, and the residue was separated into 

organic and aqueous layers by the addition of a saturated 

sodium bicarbonate aqueous solution and ethyl acetate.  

The obtained organic layer was washed with brine and 

dried over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure. 

[0323] 
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 2-Chloro-5-(trifluoromethyl)pyrazine (31.4 µL, 0.254 

mmol) and N,N-diisopropylethylamine (54.1 µL, 0.318 mmol) 

were added to a solution of the obtained residue in DMSO 

(2 mL), and the mixture was stirred at room temperature 

for 1 hour and then left overnight as it was.  The 

reaction solution was diluted with ethyl acetate, washed 

with water and brine in this order, and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 95/5 - 50/50 (gradient)] to obtain 

a synthesis intermediate. 

[0324] 

 Triethylsilane (0.113 mL, 0.707 mmol) and 

trifluoroacetic acid (1.35 mL, 17.7 mmol) were added to a 

solution of the synthesis intermediate obtained by the 

procedures described above in dichloromethane (2 mL), and 

the mixture was stirred at room temperature for 1 hour.  

The solvent in the reaction solution was distilled off, 

and the residue was separated into organic and aqueous 

layers by the addition of ethyl acetate and a saturated 

sodium bicarbonate aqueous solution.  The obtained 

organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

ethyl acetate/methanol = 100/0 - 95/5 (gradient)] to 
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obtain the title compound (66 mg, yield: 71%, optically 

active form). 

[0325] 

 [α]D
25 = +13° (DMF, c = 1.00). 

[0326] 

 (Example 19) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[6-(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0327] 

[Formula 52] 

* *

CF3

CF3

N
H

N
H

N

N

N

N

OH

O

 

[0328] 

 The title compound (70 mg, yield: 69%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 18 using 3-chloro-6-

(trifluoromethyl)pyridazine (50.6 mg, 0.277 mmol) instead 

of 2-chloro-5-(trifluoromethyl)pyrazine. 

[0329] 

 [α]D
25 = +12° (DMF, c = 1.00). 

[0330] 
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 (Example 20) (+)-6-{4-[cis-5-Hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-4-

(trifluoromethyl)pyridine-3-carbonitrile 

[0331] 

[Formula 53] 

* *

CN
F3C

CF3

N
H

N
H

N

N

N

OH

O

 

[0332] 

 The title compound (56 mg, yield: 68%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 18 using 6-chloro-4-

(trifluoromethyl)pyridine-3-carbonitrile (43.9 mg, 0.212 

mmol) instead of 2-chloro-5-(trifluoromethyl)pyrazine. 

[0333] 

 [α]D
25 = +18° (DMF, c = 1.00). 

[0334] 

 (Example 21) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[2-(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0335] 
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[Formula 54] 

* *

CF3

CF3

N
H

N
H

N

N

N
N

OH

O

 

[0336] 

 Chlorotrimethylsilane (0.31 mL, 2.5 mmol) and sodium 

iodide (0.31 g, 2.1 mmol) were added to a mixed solution 

of tert-butyl (+)-4-[cis-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate 

(0.52 g, 0.91 mmol) produced in Reference Example 26 in 

dichloromethane (25 mL) and acetonitrile (10 mL), and the 

mixture was stirred at room temperature for 2 hours.  The 

solvent in the reaction solution was distilled off under 

reduced pressure, and the residue was separated into 

organic and aqueous layers by the addition of a saturated 

sodium bicarbonate aqueous solution and ethyl acetate.  

The obtained organic layer was washed with brine and 

dried over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure. 

[0337] 
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 5-Chloro-2-(trifluoromethyl)pyrimidine (0.37 mL, 2.0 

mmol) and DBU (0.62 mL, 4.2 mmol) were added to a 

solution of the obtained residue in DMSO (30 mL), and the 

mixture was stirred at 70°C for 18 hours.  The reaction 

solution was diluted with ethyl acetate, washed with 

water and brine in this order, and dried over anhydrous 

sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 

acetate = 95/5 - 50/50 (gradient)] to obtain a synthesis 

intermediate. 

[0338] 

 Triethylsilane (0.200 mL, 1.26 mmol) and 

trifluoroacetic acid (1.0 mL, 13 mmol) were added to a 

solution of the synthesis intermediate obtained by the 

procedures described above in dichloromethane (3 mL), and 

the mixture was stirred at room temperature for 1 hour.  

The solvent in the reaction solution was distilled off, 

and the residue was separated into organic and aqueous 

layers by the addition of ethyl acetate and a saturated 

sodium bicarbonate aqueous solution.  The obtained 

organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

ethyl acetate/methanol = 50/50 - 0/100 (gradient)] to 
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obtain the title compound (0.11 g, yield: 26%, optically 

active form). 

[0339] 

 [α]D
25 = +7.2° (DMF, c = 1.00). 

[0340] 

 (Example 22) (+)-cis-3-[1-(5-Chloropyridin-2-

yl)piperidin-4-yl]-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0341] 

[Formula 55] 

* *

CF3

N
H

N
H

N

N

N

OH

O

Cl
 

[0342] 

 The title compound (39 mg, yield: 44%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 21 except that 5-chloro-

2-fluoropyridine (55.8 µL, 0.556 mmol) was used instead 

of 5-chloro-2-(trifluoromethyl)pyrimidine and the mixture 

was stirred at room temperature for 1 hour and left 

instead of stirring at 70°C for 18 hours. 

[0343] 
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 1H-NMR (400MHz, DMSO-d6) δ: 12.20 (1H, s), 10.53 (1H, 

s), 8.11 (1H, d, J=3Hz), 7.58 (1H, dd, J=9Hz, 3Hz), 6.91 

(1H, d, J=9Hz), 5.51 (1H, brs), 4.45-4.37 (3H, m), 4.18-

4.10 (1H, m), 3.04-2.97 (1H, m), 2.92-2.81 (2H, m), 1.84-

1.58 (4H, m); 

 MS (ESI) m/z: 416 (M+H)+. 

[0344] 

 [α]D
25 = +12° (DMF, c = 1.01). 

[0345] 

 (Reference Example 27) Optically active form of cis-

1-(diphenylmethyl)-5-hydroxy-3-(piperidin-4-yl)-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0346] 

[Formula 56] 

* *

O

OH

N
H

N
NN

H

CF3

 

[0347] 

 Chlorotrimethylsilane (1.42 mL, 11.2 mmol) and 

sodium iodide (1.68 g, 11.2 mmol) were added to a mixed 

solution of tert-butyl (+)-4-[cis-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-
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pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate 

(3.20 g, 5.61 mmol) produced in Reference Example 26 in 

dichloromethane (100 mL) and acetonitrile (30 mL), and 

the mixture was stirred at room temperature for 2 hours.  

To the reaction solution, N-diisopropylethylamine (2.86 

mL, 16.8 mmol) and water (15 mL) were added, and the 

solvent was distilled off under reduced pressure.  To the 

obtained residue, dichloromethane (150 mL) was added, and 

the mixture was stirred.  The precipitate was collected 

by filtration to obtain the title compound (2.00 g, 

yield: 76%, optically active form). 

[0348] 

 1H-NMR (400MHz, DMSO-d6) δ: 7.41-7.11 (10H, m), 6.80 

(1H, s), 5.86 (1H, d, J=4Hz), 4.60-4.55 (1H, m), 4.16-

4.07 (1H, m), 3.33-3.21 (2H, m), 2.99-2.87 (3H, m), 2.03-

1.66 (4H, m). 

[0349] 

 (Reference Example 28) Optically active form of cis-

1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0350] 

[Formula 57] 
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* *

O

OH

N

N

N
NN

H

CF3

CF3
 

[0351] 

 DBU (87.6 µL, 0.587 mmol) and 5-fluoro-2-

(trifluoromethyl)pyridine (51.9 µL, 0.440 mmol) were 

added at room temperature to a suspension of the 

optically active form of cis-1-(diphenylmethyl)-5-

hydroxy-3-(piperidin-4-yl)-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (0.138 g, 

0.293 mmol) produced in Reference Example 27 in DMSO (3 

mL), and the mixture was stirred at room temperature for 

3 hours and then at 60°C for 8 hours in an oil bath.  The 

reaction solution was brought back to room temperature, 

then diluted with ethyl acetate, and washed with water 

and brine in this order.  The organic layer was dried 

over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 93/7 - 55/45 (gradient)] 
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to obtain the title compound (0.135 g, yield: 75%, 

optically active form). 

[0352] 

 1H-NMR (400MHz, CDCl3) δ: 8.32 (1H, d, J=3Hz), 7.90 

(1H, s), 7.50 (1H, d, J=9Hz), 7.39-7.34 (6H, m), 7.19 (1H, 

dd, J=9Hz, 3Hz), 7.15-7.10 (4H, m), 6.66 (1H, s), 4.55 

(1H, d, J=7Hz), 3.96-3.81 (3H, m), 3.72 (1H, s), 3.04-

2.97 (2H, m), 2.87-2.79 (1H, m), 2.04-1.85 (4H, m). 

[0353] 

 (Example 23) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[6-(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0354] 

[Formula 58] 

* *

O

OH

N

N

N
N
H

N
H

CF3

CF3
 

[0355] 

 Trifluoroacetic acid (0.8 mL, 10 mmol) was added at 

room temperature to a solution of the optically active 

form of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[6-(trifluoromethyl)pyridin-3-
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yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (0.135 g, 0.219 mmol) produced in 

Reference Example 28 and triethylsilane (0.140 mL, 0.877 

mmol) in dichloromethane (4 mL), and the mixture was 

stirred for 45 minutes.  The solvent in the reaction 

solution was distilled off under reduced pressure, and 

the obtained residue was separated into organic and 

aqueous layers by the addition of ethyl acetate and a 

saturated sodium bicarbonate aqueous solution.  The 

organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 83/17 - 0/100 (gradient)] to 

obtain the title compound (88.9 mg, yield: 90%, optically 

active form). 

[0356] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.24 (1H, s), 10.54 (1H, 

s), 8.46 (1H, d, J=3Hz), 7.64 (1H, d, J=9Hz), 7.47 (1H, 

dd, J=9Hz, 3Hz), 5.52 (1H, d, J=4Hz), 4.45 (1H, dd, J=7Hz, 

4Hz), 4.20-4.05 (3H, m), 3.06-2.91 (3H, m), 1.87-1.73 (4H, 

m); 

 MS (ESI) m/z: 450 (M+H)+; 

 [α]D
25 = +7.5° (DMF, c = 0.958). 

[0357] 
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 (Example 24) (+)-3-Fluoro-5-{4-[cis-5-hydroxy-6-oxo-

4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}pyridine-2-carbonitrile 

[0358] 

[Formula 59] 

* *

O

OH

F

N

N

N
N
H

N
H

CF3

CN
 

[0359] 

 DBU (0.135 mL, 0.901 mmol) and 3,5-difluoropyridine-

2-carbonitrile (94.7 g, 0.676 mmol) were added at room 

temperature to a suspension of the optically active form 

of cis-1-(diphenylmethyl)-5-hydroxy-3-(piperidin-4-yl)-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (0.212 g, 0.451 mmol) produced in 

Reference Example 27 in DMSO (2 mL), and the mixture was 

stirred for 66 hours.  The reaction solution was diluted 

with ethyl acetate and washed with water and brine in 

this order.  The organic layer was dried over anhydrous 

sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 
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acetate = 93/7 - 50/50 (gradient)] to obtain a synthesis 

intermediate. 

[0360] 

 The title compound (84.8 g, yield: 44%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 23 using the synthesis 

intermediate obtained by the procedures described above 

instead of the optically active form of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0361] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.20 (1H, s), 10.54 (1H, 

s), 8.36-8.35 (1H, m), 7.45 (1H, dd, J=14Hz, 2Hz), 5.53 

(1H, d, J=4Hz), 4.46-4.43 (1H, m), 4.23-4.11 (3H, m), 

3.12-3.04 (3H, m), 1.88-1.65 (4H, m); 

 MS (ESI) m/z: 425 (M+H)+; 

 [α]D
25 = +14° (DMF, c = 1.01). 

[0362] 

 (Example 25) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[2-(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0363] 

[Formula 60] 
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[0364] 

 The title compound (0.121 g, yield: 60%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 24 using 4-chloro-2-

trifluoromethylpyrimidine (0.123 g, 0.676 mmol) instead 

of 3,5-difluoropyridine-2-carbonitrile. 

[0365] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.17 (1H, s), 10.54 (1H, 

s), 8.34 (1H, d, J=7Hz), 7.13 (1H, d, J=7Hz), 5.52 (1H, d, 

J=4Hz), 4.74-4.30 (3H, m), 4.21-4.12 (1H, m), 3.16-2.99 

(3H, m), 1.91-1.57 (4H, m); 

 MS (ESI) m/z: 451 (M+H)+; 

 [α]D
25 = +12° (DMF, c = 1.01). 

[0366] 

 (Reference Example 29) Optically active form of cis-

1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0367] 

[Formula 61] 
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* *

O

OH

S
N

N

N

N
NN

H

CF3

F3C
 

[0368] 

 DBU (0.135 mL, 0.901 mmol) and 2-chloro-5-

trifluoromethyl-1,3,4-thiadiazole (0.127 g, 0.676 mmol) 

were added at room temperature to a suspension of the 

optically active form of cis-1-(diphenylmethyl)-5-

hydroxy-3-(piperidin-4-yl)-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (0.212 g, 

0.451 mmol) produced in Reference Example 27 in DMSO (1 

mL), and the mixture was stirred for 18 hours.  The 

reaction solution was diluted with ethyl acetate and 

washed with brine three times.  The obtained organic 

layer was dried over anhydrous sodium sulfate, and the 

solvent was distilled off under reduced pressure.  The 

obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 95/5 - 

50/50 (gradient)] to obtain the title compound (0.207 g, 

yield: 74%, optically active form). 

[0369] 
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 1H-NMR (400MHz, CDCl3) δ: 7.40-7.37 (6H, m), 7.13-

7.06 (5H, m), 6.68 (1H, s), 4.53 (1H, d, J=7Hz), 4.08-

4.00 (2H, m), 3.93-3.85 (1H, m), 3.69 (1H, d, J=3Hz), 

3.39-3.32 (2H, m), 2.92-2.85 (1H, m), 2.04-1.88 (4H, m). 

[0370] 

 (Example 26) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)-1,3,4-thiadiazol-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0371] 

[Formula 62] 

* *

O

OH

S
N

N

N

N
N
H

N
H

CF3

F3C
 

[0372] 

 Trifluoroacetic acid (0.8 mL, 10 mmol) was added at 

room temperature to a solution of the optically active 

form of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one (0.196 g, 0.315 mmol) 

produced in Reference Example 29 and triethylsilane 

(0.201 mL, 1.26 mmol) in dichloromethane (4 mL), and the 
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mixture was stirred for 45 minutes.  The solvent in the 

reaction solution was distilled off under reduced 

pressure, and the obtained residue was separated into 

organic and aqueous layers by the addition of ethyl 

acetate and a saturated sodium bicarbonate aqueous 

solution.  The organic layer was washed with brine and 

dried over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 80/20 - 0/100 (gradient)] 

to obtain the title compound (0.109 g, yield: 76%, 

optically active form). 

[0373] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.25 (1H, s), 10.56 (1H, 

s), 5.54 (1H, brs), 4.45 (1H, d, J=7Hz), 4.21-4.12 (1H, 

m), 4.09-4.01 (2H, m), 3.42-3.35 (2H, m), 3.14-3.06 (1H, 

m), 1.93-1.76 (4H, m); 

 MS (ESI) m/z: 457 (M+H)+; 

 [α]D
25 = +8.7° (DMF, c = 1.01). 

[0374] 

 (Reference Example 30) Optically active form of 5-

{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-3-methylpyridine-2-

carbonitrile 

[0375] 

[Formula 63] 
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* *

O

OH

N

N

N
NN

H

CF3

CN
 

[0376] 

 Cesium carbonate (0.734 g, 2.25 mmol) and 5-chloro-

3-methylpyridine-2-carbonitrile (0.206 g, 1.35 mmol) were 

added at room temperature to a suspension of the 

optically active form of cis-1-(diphenylmethyl)-5-

hydroxy-3-(piperidin-4-yl)-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (0.212 g, 

0.451 mmol) produced in Reference Example 27 in DMSO (2 

mL), and the mixture was stirred at 150°C for 2 hours.  

The reaction suspension was cooled to room temperature, 

then diluted with ethyl acetate, and washed with brine.  

The obtained organic layer was dried over anhydrous 

sodium sulfate, and the solvent was distilled off under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 

acetate = 92/8 - 50/50 (gradient)] to obtain the title 

compound (0.226 g, yield: 86%, optically active form). 

[0377] 
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 1H-NMR (400MHz, CDCl3) δ: 8.14 (1H, d, J=3Hz), 7.40-

7.36 (6H, m), 7.12-7.06 (5H, m), 6.91 (1H, d, J=3Hz), 

6.69 (1H, s), 4.53 (1H, d, J=7Hz), 3.94-3.86 (3H, m), 

3.69 (1H, d, J=3Hz), 3.08-3.00 (2H, m), 2.89-2.81 (1H, m), 

2.45 (3H, s), 2.02-1.80 (4H, m). 

[0378] 

 (Example 27) (+)-5-{4-[cis-5-Hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-3-methylpyridine-2-

carbonitrile 

[0379] 

[Formula 64] 

* *

O

OH

N

N

N
N
H

N
H

CF3

CN
 

[0380] 

 The title compound (0.115 g, yield: 73%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 26 using the optically 

active form of 5-{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}-3-
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methylpyridine-2-carbonitrile (0.221 g, 0.377 mmol) 

produced in Reference Example 30 instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0381] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.21 (1H, s), 10.53 (1H, 

s), 8.30 (1H, d, J=3Hz), 7.33 (1H, d, J=3Hz), 5.52 (1H, d, 

J=4Hz), 4.45-4.43 (1H, m), 4.17-4.11 (3H, m), 3.07-2.94 

(3H, m), 2.39 (3H, s), 1.87-1.65 (4H, m); 

 MS (ESI) m/z: 421 (M+H)+; 

 [α]D
25 = +12° (DMF, c = 0.984). 

[0382] 

 (Reference Example 31) Optically active form of 5-

{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}pyrazine-2-carbonitrile 

[0383] 

[Formula 65] 



- 133 - 

* *

CN

CF3

N
H

N
N

N

N

N

OH

O

 

[0384] 

 The title compound (132 mg, yield: 66%, optically 

active form) was obtained through the same reaction as in 

the method described in Reference Example 28 using 5-

chloro-2-cyanopyrazine (73.4 mg, 0.526 mmol) instead of 

5-fluoro-2-(trifluoromethyl)pyridine. 

[0385] 

 1H-NMR (400MHz, CDCl3) δ: 8.31 (1H, s), 8.12 (1H, s), 

7.40-7.36 (6H, m), 7.12-7.06 (4H, m), 6.67 (1H, s), 4.54 

(1H, d, J=7Hz), 4.50-4.45 (2H, m), 3.95-3.86 (1H, m), 

3.70 (1H, s), 3.24-3.16 (2H, m), 2.94 (1H, tt, J=11Hz, 

4Hz), 2.04-1.74 (4H, m). 

[0386] 

 (Example 28) (+)-5-{4-[cis-5-Hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}pyrazine-2-carbonitrile 

[0387] 

[Formula 66] 
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* *

CN

CF3

N
H

N
H

N

N

N

N

OH

O

 

[0388] 

 The title compound (78 mg, yield: 86%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 26 using the optically 

active form of 5-{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}pyrazine-2-

carbonitrile (128 mg, 0.223 mmol) produced in Reference 

Example 31 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one. 

[0389] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.18 (1H, s), 10.54 (1H, 

s), 8.58 (1H, s), 8.50 (1H, s), 5.53 (1H, brs), 4.68-4.61 

(2H, m), 4.45-4.42 (1H, m), 4.20-4.11 (1H, m), 3.14-3.05 

(3H, m), 1.92-1.61 (4H, m); 

 MS (ESI) m/z: 408 (M+H)+; 

 [α]D
25 = +17° (DMF, c = 1.00). 
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[0390] 

 (Example 29) Optically active form of cis-5-hydroxy-

3-[1-(6-phenylpyridazin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0391] 

[Formula 67] 

* *

CF3

N
H

N
H

N

N

N

N

OH

O

 

[0392] 

 A synthesis intermediate was obtained through the 

same reaction as in the method described in Reference 

Example 28 using 3-chloro-6-phenylpyridazine (0.167 g, 

0.876 mmol) instead of 5-fluoro-2-

(trifluoromethyl)pyridine. 

[0393] 

  The title compound (29 mg, yield: 14%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 26 using the synthesis 

intermediate obtained by the procedures described above 

instead of cis-1-(diphenylmethyl)-5-hydroxy-4-
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(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one. 

[0394] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.22 (1H, s), 10.54 (1H, 

s), 8.05-7.94 (3H, m), 7.51-7.40 (4H, m), 5.52 (1H, d, 

J=4Hz), 4.64-4.57 (2H, m), 4.47-4.44 (1H, m), 4.22-4.13 

(1H, m), 3.53-3.51 (4H, m), 3.08-2.98 (3H, m); 

 MS (ESI) m/z: 459(M+H)+. 

[0395] 

 (Example 30) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[6-(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0396] 

[Formula 68] 

* *

F3C

CF3

N
H

N
H

N

N

N

N

OH

O

 

[0397] 

 Cesium carbonate (0.582 g, 1.79 mmol) and 4-chloro-

6-(trifluoromethyl)pyrimidine (0.163 g, 0.893 mmol) were 

added at room temperature to a suspension of the 

optically active form of cis-1-(diphenylmethyl)-5-
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hydroxy-3-(piperidin-4-yl)-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (210 mg, 0.446 

mmol) produced in Reference Example 27 in DMSO (5 mL), 

and the mixture was stirred at 80°C for 8 hours.  To the 

reaction solution, water was added, followed by 

extraction with ethyl acetate three times.  The obtained 

organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 100/0 - 60/40 (gradient)] to 

obtain a synthesis intermediate. 

[0398] 

 Trifluoroacetic acid (2 mL, 26.1 mmol) was added at 

room temperature to a solution of the synthesis 

intermediate obtained by the procedures described above 

and triethylsilane (0.116 mL, 0.727 mmol) in 

dichloromethane (2 mL), and the mixture was stirred for 

7.5 hours.  The solvent in the reaction solution was 

distilled off under reduced pressure, and ethyl acetate 

was added to the obtained residue.  The organic layer was 

washed with a saturated sodium bicarbonate aqueous 

solution, water, and brine in this order and dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 

purified by preparative silica gel thin-layer 

chromatography [elute: dichloromethane/methanol = 10/1] 



- 138 - 

to obtain the title compound (48 mg, yield: 24%, 

optically active form). 

[0399] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.17 (1H, s), 10.55 (1H, 

s), 8.64 (1H, s), 7.34 (1H, s), 5.54 (1H, d, J=4Hz), 

4.46-4.43 (1H, m), 4.21-4.12 (1H, m), 3.13-2.97 (3H, m), 

1.91-1.58 (4H, m); 

 MS (ESI) m/z: 451(M+H)+; 

 [α]D
25 = +10° (DMF, c = 1.02). 

[0400] 

 (Reference Example 32) Optically active form of 5-

{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}pyridine-3-carbonitrile 

[0401] 

[Formula 69] 

* *

NC

O

OH

CF3

N

N

N

N

N
H

 

[0402] 
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 The title compound (42.7 g, yield: 70%, optically 

active form) was obtained through reaction at 80°C for 1 

hour and then at 100°C for 5 hours by the method 

described in Reference Example 30 using 5-fluoropyridine-

3-carbonitrile (26.0 mg, 0.213 mmol) instead of 5-chloro-

3-methylpyridine-2-carbonitrile. 

[0403] 

 1H-NMR (400MHz, CDCl3) δ: 8.46 (1H, d, J=3Hz), 8.25 

(1H, d, J=2Hz), 7.43-7.04 (10H, m), 6.91 (1H, s), 6.71 

(1H, s), 4.56-4.51 (1H, m), 3.96-3.86 (1H, m), 3.83-3.73 

(2H, m), 3.72-3.67 (1H, m), 3.02-2.93 (2H, m), 2.87-2.76 

(1H, m), 2.08-1.85 (4H, m). 

[0404] 

 (Example 31) (+)-5-{4-[cis-5-Hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}pyridine-3-carbonitrile 

[0405] 

[Formula 70] 

* *

O

OH

CF3

NC

N

N

N
N
H

N
H

 

[0406] 
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 The title compound (0.134 g, yield: 85%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 26 using the optically 

active form of 5-{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}pyridine-3-

carbonitrile (0.222 g, 0.388 mmol) produced in Reference 

Example 32 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one. 

[0407] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.24 (1H, s), 10.54 (1H, 

s), 8.62 (1H, d, J=3Hz), 8.31 (1H, d, J=2Hz), 7.81 (1H, 

dd, J=3Hz, 2Hz), 5.65-5.34 (1H, m), 4.48-4.38 (1H, m), 

4.21-4.09 (1H, m), 4.07-3.92 (2H, m), 3.06-2.78 (3H, m), 

1.90-1.63 (4H, m); 

 MS (ESI) m/z: 407(M+H)+; 

 [α]D
25 = +9.3° (DMF, c = 1.01). 

[0408] 

 (Reference Example 33) Benzyl 2-chloro-5-

(trifluoromethyl)pyridine-4-carboxylate 

[0409] 

[Formula 71] 
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CF3

N

O

O

Cl

 

[0410] 

 Benzyl bromide (0.634 mL, 3.86 mmol) was added under 

ice cooling to a solution of 2-chloro-5-

(trifluoromethyl)pyridine-4-carboxylic acid (0.870 g, 

3.86 mmol) and potassium carbonate (0.640 g, 4.63 mmol) 

in DMF (10 mL), and the mixture was stirred at the same 

temperature as above for 10 minutes and then at room 

temperature for 3 days.  To the reaction solution, an 

ice-cold saturated sodium bicarbonate aqueous solution 

was added, followed by extraction with ethyl acetate 

twice.  The obtained organic layer was washed with water 

and dried over anhydrous sodium sulfate, and the solvent 

was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane:ethyl acetate = 100/0 - 90/10 (gradient)] 

to obtain the title compound (1.22 g, yield: 

quantitative). 

[0411] 

 1H-NMR (400MHz, CDCl3) δ: 8.78 (1H, s), 7.68 (1H, s), 

7.46-7.36 (5H, m), 5.39 (2H, s). 

[0412] 

 (Reference Example 34) Benzyl 2-{4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-
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4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidin-1-yl}-5-(trifluoromethyl)pyridine-4-

carboxylate 

[0413] 

[Formula 72] 

N
H

N
N

N

N

O

O

OH

OO

OH

O

O

N

N

N
NN

H

CF3

CF3CF3

CF3

+

 

[0414] 

 The title compound (1.06 g, yield: 73%) was obtained 

through the same reaction as in the method described in 

Reference Example 17 using benzyl 2-chloro-5-

(trifluoromethyl)pyridine-4-carboxylate (0.913 g, 2.83 

mmol) produced in Reference Example 33 instead of 3-

chloro-6-(trifluoromethyl)pyridazine. 

[0415] 

 1H-NMR (400MHz, CDCl3) δ: 8.43 (1H, s), 7.44-7.33 

(11H, m), 7.11-7.06 (5H, m), 6.86 (1H, s), 6.68 (1H, s), 

5.34 (2H, s), 4.54-4.51 (1H, m), 4.47-4.41 (2H, m), 3.94-

3.86 (1H, m), 3.69 (1H, d, J=3Hz), 3.12-3.05 (2H, m), 

2.89 (1H, tt, J=11Hz, 4Hz), 2.01-1.69 (4H, m). 

[0416] 
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 (Reference Example 35) Optically active form of 

benzyl 2-{4-[cis-1-(diphenylmethyl)-5-hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate 

[0417] 

[Formula 73] 

*

CF3

CF3

N
H

N
N

N

N

O

O

OH

O

*

 

[0418] 

 A mixed solution of benzyl 2-{4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidin-1-yl}-5-(trifluoromethyl)pyridine-4-

carboxylate (250 mg, 0.333 mmol) produced in Reference 

Example 34 in hexane (4 mL) and IPA (2 mL) was purified 

by HPLC [column: Chiralpak IA (20 mm i.d. x 250 mm); 

manufactured by Daicel Corporation, elute: hexane/IPA = 

70/30, flow rate: 18 mL/min] to obtain the title compound 

(100 mg, yield: 40%, optically active form). 
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[0419] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 150 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 70/30, flow rate: 

1.0 mL/min]. 

[0420] 

 Optical purity: 99% (retention time: 4.4 min). 

[0421] 

 (Example 32) Benzyl (+)-2-{4-[cis-5-hydroxy-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate 

[0422] 

[Formula 74] 

**

CF3

CF3

N
H

N
H

N

N

N

O

O

OH

O

 

[0423] 

 The title compound (60.2 mg, yield: 77%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 26 using the optically 

active form of benzyl 2-{4-[cis-1-(diphenylmethyl)-5-
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hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate (100 mg, 0.133 

mmol, optically active form) produced in Reference 

Example 35 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, followed by purification by 

preparative silica gel thin-layer chromatography [elute: 

dichloromethane/methanol = 10/1]. 

[0424] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.16 (1H, s), 10.53 (1H, 

s), 8.49 (1H, s), 7.46-7.34 (5H, m), 7.20 (1H, s), 5.52 

(1H, d, J=4Hz), 5.34 (2H, s), 4.63-4.56 (2H, m), 4.45-

4.42 (1H, m), 4.20-4.11 (1H, m), 3.13-2.99 (3H, m), 1.87-

1.57 (4H, m); 

 MS (ESI) m/z: 584(M+H)+; 

 [α]D
25 = +12° (DMF, c = 1.01). 

[0425] 

 (Reference Example 36) Benzyl 2-{4-[cis-5-{[tert-

butyl(dimethyl)silyl]oxy}-1-(diphenylmethyl)-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate 

[0426] 

[Formula 75] 
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N
H

N
N
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CF3
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[0427] 

 tert-Butyldimethylchlorosilane (0.404 g, 2.68 mmol) 

and imidazole (0.243 g, 3.57 mmol) were added to a 

solution of benzyl 2-{4-[cis-1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate (670 mg, 0.894 

mmol) produced in Reference Example 34 in DMF (5 mL), and 

the mixture was stirred overnight at room temperature.  

To the reaction solution, water was added, followed by 

extraction with ethyl acetate twice.  The obtained 

organic layer was dried over anhydrous sodium sulfate, 

and the solvent was distilled off under reduced pressure.  

The obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 100/0 - 

85/15 (gradient)] to obtain the title compound (673 mg, 

yield: 87%). 

[0428] 

 1H-NMR (400MHz, CDCl3) δ: 8.43 (1H, s), 7.74 (1H, 

brs), 7.45-7.32 (11H, m), 7.19-7.16 (2H, m), 7.13-7.10 
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(2H, m), 6.87 (1H, s), 6.62 (1H, s), 5.35 (2H, s), 4.59 

(1H, d, J=7Hz), 4.49-4.38 (2H, m), 3.68-3.60 (1H, m), 

3.14-3.04 (2H, m), 2.86 (1H, tt, J=11Hz, 4Hz), 1.99-1.72 

(4H, m), 0.91 (9H, s), 0.14 (3H, s), 0.08 (3H, s). 

[0429] 

 (Reference Example 37) cis-1-(Diphenylmethyl)-5-

hydroxy-3-{1-[4-(piperidin-1-ylcarbonyl)-5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0430] 

[Formula 76] 

N
H

N
N

N

N

O

N

OH

OO

OH

N

O

N

N

N
NN

H

CF3

CF3CF3

CF3

+

 

[0431] 

 10% palladium-active carbon (300 mg) was added to a 

solution of benzyl 2-{4-[cis-5-{[tert-

butyl(dimethyl)silyl]oxy}-1-(diphenylmethyl)-6-oxo-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridin-3-yl]piperidin-1-yl}-5-

(trifluoromethyl)pyridine-4-carboxylate (670 mg, 0.775 
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mmol) produced in Reference Example 36 in ethyl acetate 

(20 mL), and the mixture was stirred at room temperature 

for 5 hours under the hydrogen atmosphere.  After 

filtration through Celite, the solvent was distilled off 

under reduced pressure to obtain a crude product (600 mg). 

[0432] 

 Piperidine (35.5 µL, 0.388 mmol), O-(7-

azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium 

hexafluorophosphate (0.147 g, 0.388 mmol), and N,N-

diisopropylethylamine (0.133 mL, 0.775 mmol) were added 

at room temperature to a solution of a portion (150 mg) 

of the crude product obtained by the procedures described 

above in DMF (3 mL), and the mixture was stirred 

overnight at room temperature.  To the reaction solution, 

water was added, followed by extraction with ethyl 

acetate three times.  The obtained organic layer was 

dried over anhydrous sodium sulfate, and the solvent was 

distilled off under reduced pressure.  The obtained 

residue was purified by preparative silica gel thin-layer 

chromatography [elute: hexane/ethyl acetate = 2/3] to 

obtain the title compound (79 mg, yield: 56%). 

[0433] 

 1H-NMR (400MHz, CDCl3) δ: 8.37 (1H, s), 7.44 (1H, d, 

J=25Hz. 4Hz), 7.37-7.32 (6H, m), 7.11-7.06 (4H, m), 6.67 

(1H, s), 6.40 (1H, d, J=4Hz), 4.50 (1H, d, J=7Hz), 4.45-

4.32 (2H, m), 3.92-3.84 (1H, m), 3.77-3.59 (3H, m), 3.16-
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3.14 (2H, m), 3.09-2.99 (2H, m), 2.89-2.82 (1H, m), 1.98-

1.37 (10H, m). 

[0434] 

 (Example 33) cis-5-Hydroxy-3-{1-[4-(piperidin-1-

ylcarbonyl)-5-(trifluoromethyl)pyridin-2-yl]piperidin-4-

yl}-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one 

[0435] 

[Formula 77] 

N
H

N
H

N

N
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[0436] 

 The title compound (44 mg, yield: 51%) was obtained 

through the same reaction as in the method described in 

Example 32 using cis-1-(diphenylmethyl)-5-hydroxy-3-{1-

[4-(piperidin-1-ylcarbonyl)-5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (112 mg, 0.154 

mmol) produced in Reference Example 37 instead of the 

optically active form of benzyl 2-{4-[cis-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-
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yl]piperidin-1-yl}-5-(trifluoromethyl)pyridine-4-

carboxylate. 

[0437] 

 1H-NMR (400MHz, CDCl3) δ: 10.72 (1H, brs), 8.44 (1H, 

s), 6.51 (1H, s), 4.74-4.69 (1H, m), 4.55 (1H, d, J=7Hz), 

4.44-4.38 (1H, m), 4.16-4.07 (1H, m), 3.97-3.89 (1H, m), 

3.78-3.73 (1H, m), 3.63-3.56 (1H, m), 3.21-3.17 (2H, m), 

3.13-2.94 (3H, m), 2.01-1.42 (10H, m); 

 MS (ESI) m/z: 561(M+H)+. 

[0438] 

 (Reference Example 38) tert-Butyl 4-[4,5-dihydroxy-

6-oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate 

[0439] 

[Formula 78] 

F3C

Boc

N
H

N
H

N

N

OH

O

O H

 

[0440] 

 A solution of ethyl 2-triethylsilyloxyacetate 

(compound described in the literature J. Org. Chem., 2008, 

Vol. 73, p. 6268-6278, 18.37 g, 84.13 mmol) and ethanol 

(0.1474 mL, 2.524 mmol) in toluene (40 mL) was added at 

room temperature to a suspension of sodium hydride (63% 
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dispersion in oil, 5.127 g, 134.6 mmol) in toluene (80 

mL), subsequently a solution of ethyl trifluoroacetate 

(15.07 mL, 126.2 mmol) in toluene (20 mL) was added 

thereto, and the mixture was stirred for 5 minutes and 

then stirred at 80°C for 30 minutes.  To the reaction 

solution, a saturated ammonium chloride aqueous solution 

was added under ice cooling, followed by extraction with 

ethyl acetate.  The obtained organic layer was washed 

with brine and dried over anhydrous sodium sulfate, and 

the solvent was distilled off under reduced pressure to 

obtain a crude oil product (23.6 g). 

[0441] 

 A mixed solution of the crude oil product (23.6 g) 

obtained by the procedures described above and tert-butyl 

4-[5-amino-1-(diphenylmethyl)-1H-pyrazol-3-yl]piperidine-

1-carboxylate (10.83 g, 25.04 mmol) produced in Reference 

Example 12 in ethanol (150 mL) and acetic acid (50 mL) 

was stirred for 4 hours under heating to reflux.  The 

solvent in the reaction solution was distilled off under 

reduced pressure, and ethyl acetate was added to the 

obtained residue.  The organic layer was washed with a 

saturated sodium bicarbonate aqueous solution and brine 

in this order and dried over anhydrous sodium sulfate, 

and the solvent was distilled off under reduced pressure.  

Ethyl acetate and hexane were added to the obtained 

residue, and the resulting precipitate was collected by 

filtration to obtain a solid.  The solvent in the 



- 152 - 

filtrate was further distilled off under reduced pressure.  

The obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 90/10 - 

50/50 (gradient)] and combined with the preliminarily 

obtained solid to obtain a synthesis intermediate. 

[0442] 

 Triethylsilane (10.7 mL, 67.4 mmol) and 

trifluoroacetic acid (90 mL, 1176 mmol) were added to a 

suspension of the synthesis intermediate obtained by the 

procedures described above in dichloromethane (300 mL), 

and the mixture was stirred at room temperature for 2 

hours.  The solvent in the reaction solution was 

distilled off under reduced pressure.  To the obtained 

residue, diethyl ether and hexane were added, and the 

mixture was stirred for 30 minutes.  The resulting 

precipitate was collected by filtration to obtain a 

colorless solid. 

[0443] 

 A solution of di-t-butyl dicarbonate (5.53 g, 25.4 

mmol) and triethylamine (4.69 mL, 33.8 mmol) in ethyl 

acetate (30 mL) was added at room temperature to a mixed 

suspension of the colorless solid obtained by the 

procedures described above in ethyl acetate (120 mL) and 

THF (40 mL), and the mixture was stirred at room 

temperature for 3 hours and left overnight at room 

temperature as it was.  The reaction solution was washed 

with a saturated sodium bicarbonate aqueous solution and 
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brine in this order and dried over anhydrous sodium 

sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica 

gel column chromatography [elute: hexane/ethyl acetate = 

50:50 - 0:100 (gradient)] to obtain the title compound 

(3.09 g, yield: 44%). 

[0444] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.24 (1H, s), 10.55 (1H, 

s), 6.76 (1H, s), 5.65 (1H, d, J=4Hz), 4.33 (1H, brs), 

4.13-3.99 (2H, m), 3.20-3.09 (1H, m), 2.84-2.59 (2H, m), 

1.84-1.76 (1H, m), 1.66-1.46 (3H, m), 1.42 (9H, s). 

[0445] 

 (Reference Example 39) Optically active form of 

tert-butyl 4-[4,5-dihydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate 

[0446] 

[Formula 79] 

* *
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[0447] 

 A mixed solution of tert-butyl 4-[4,5-dihydroxy-6-

oxo-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-
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pyrazolo[3,4-b]pyridin-3-yl]piperidine-1-carboxylate 

(0.79 g, 1.9 mmol) produced in Reference Example 38 in 

ethyl acetate and methanol was adsorbed onto a silica gel, 

and the solvent was distilled off under reduced pressure.  

The obtained powder was purified by flash LC [column: 

Chiralflash IA (30 mm i.d. x 100 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 90/10, flow rate: 

12 mL/min] to obtain the title compound (0.34 g, yield: 

43%, optically active form). 

[0448] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 80/20, flow rate: 

1.0 mL/min]. 

[0449] 

 Optical purity: 99% or higher (retention time: 7.7 

min). 

[0450] 

 (Example 34) (+)-4,5-Dihydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0451] 

[Formula 80] 
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[0452] 

 Trifluoroacetic acid (2 mL) was added at room 

temperature to a suspension of the optically active form 

of tert-butyl 4-[4,5-dihydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidine-1-carboxylate (0.34 g, 0.81 mmol) produced 

in Reference Example 39 in dichloromethane (6 mL), and 

the mixture was stirred for 2 hours.  The solvent in the 

reaction solution was distilled off under reduced 

pressure, and the obtained residue was solidified by the 

addition of diethyl ether and hexane.  The solvent was 

removed by decantation, and the obtained solid was dried 

under reduced pressure to obtain a synthesis intermediate. 

[0453] 

 2-Chloro-5-(trifluoromethyl)pyrazine (0.15 mL, 1.2 

mmol) and N,N-diisopropylethylamine (0.41 mL, 2.4 mmol) 

were added at room temperature to a solution of the 

synthesis intermediate obtained by the procedures 

described above in DMSO (5 mL), and the mixture was 
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stirred for 1 hour and then left overnight as it was.  To 

the reaction solution, ethyl acetate was added.  The 

organic layer was washed with water and brine in this 

order and dried over anhydrous sodium sulfate, and the 

solvent was distilled off under reduced pressure.  The 

obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 50/50 - 

0/1000 (gradient)] to obtain the title compound (0.31 g, 

yield: 82%, optically active form). 

[0454] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 60/40, flow rate: 

1.0 mL/min]. 

[0455] 

 Optical purity: 99% or higher (retention time: 6.7 

min); 

 1H-NMR (400MHz, DMSO-d6) δ: 12.21 (1H, s), 10.57 (1H, 

s), 8.51 (1H, s), 8.50 (1H, s), 6.81 (1H, s), 5.68 (1H, d, 

J=4Hz), 4.69-4.56 (2H, m), 4.37-4.31 (1H, m), 3.46-3.34 

(1H, m), 3.11-2.97 (2H, m), 1.98-1.88 (1H, m), 1.83-1.58 

(3H, m); 

 MS (ESI) m/z: 467 (M+H)+; 

 [α]D
25 = +3.9° (DMF, c = 0.924). 

[0456] 



- 157 - 

 (Example 35) (+)-4,5-Dihydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0457] 

[Formula 81] 
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[0458] 

 The title compound (890 mg, yield: 89%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 34 using 2-fluoro-5-

(trifluoromethyl)pyridine (0.468 mL, 3.89 mmol) instead 

of 2-chloro-5-(trifluoromethyl)pyrazine. 

[0459] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 

Daicel Corporation, elute: hexane/IPA = 60/40, flow rate: 

1.0 mL/min]. 

[0460] 

 Optical purity: 99% or higher (retention time: 6.8 

min); 
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 [α]D
25 = +4.0° (DMF, c = 1.00). 

[0461] 

 (Example 36) (+)-cis-5-Hydroxy-3-[1-(5-

isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0462] 

[Formula 82] 

* *
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[0463] 

 (+)-Menthyl chloroformate (0.139 mL, 0.655 mmol) was 

added at 0°C to a mixed suspension of cis-5-hydroxy-3-[1-

(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (0.240 g, 0.546 mmol) produced in Example 

5 and triethylamine (83.3 µL, 0.601 mmol) in THF (24 mL) 

and ethyl acetate (6 mL), and the mixture was stirred at 

0°C for 2 hours and then at room temperature for 16 hours.  

THF (24 mL) was further added thereto, then triethylamine 

(83.3 µL, 0.601 mmol) and (+)-menthyl chloroformate 
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(0.139 mL, 0.655 mmol) were further added thereto at 0°C, 

and the mixture was stirred at room temperature for 3 

hours.  Triethylamine (41.6 µL, 0.300 mmol) and (+)-

menthyl chloroformate (69.6 µL, 0.328 mmol) were further 

added thereto, and the mixture was stirred at room 

temperature for 2 hours.  To the reaction mixture, water 

was added, followed by extraction with ethyl acetate.  

The obtained organic layer was washed with brine and 

dried over anhydrous sodium sulfate, and the solvent was 

concentrated under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 93/7 - 40/60 (gradient)] 

to obtain each of a compound (0.156 g) eluted first and a 

compound (0.139 g) eluted second. 

[0464] 

 Morpholine (43.7 µL, 0.502 mmol) was added at room 

temperature to a solution of the compound eluted first 

obtained by the procedures described above in 

acetonitrile (4 mL), and the mixture was stirred for 16 

hours.  Dichloromethane (3 mL) was added thereto, and the 

mixture was stirred for 10 minutes.  Then, the resulting 

precipitate was collected by filtration to obtain the 

title compound (70.2 mg, yield: 29%, optically active 

form). 

[0465] 

 [α]D
25 = +8.3° (DMF, c = 0.922). 

[0466] 
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 (Reference Example 40) 3-{1-[5-

(Difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-1H-pyrazol-5-amine 

[0467] 

[Formula 83] 

NH2 N

F

F

O

N

N

N

 

[0468] 

 The title compound (2.04 g, yield: 83%) was obtained 

through the same reaction as in the method described in 

Reference Example 1 using ethyl 1-[5-

(difluoromethoxy)pyridin-2-yl]piperidine-4-carboxylate 

(compound described in the pamphlet of WO2013/187462, 

1.56 g, 5.19 mmol) instead of ethyl 1-[5-

(trifluoromethyl)pyridin-2-yl]piperidine-4-carboxylate 

and diphenylmethyl hydrazine acetate (1.38 g, 5.34 mmol) 

instead of diphenylmethyl hydrazine hydrochloride. 

[0469] 
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 1H-NMR (400MHz, DMSO-d6) δ: 7.99 (1H, d, J=3Hz), 7.41 

(1H, dd, J=9Hz, 3Hz), 7.33-7.19 (10H, m), 6.95 (1H, d, 

J=75Hz), 6.87 (1H, d, J=9Hz), 6.59 (1H, s), 5.31 (1H, 

brs), 5.17 (1H, s), 4.23-4.20 (2H, m), 2.91-2.84 (2H, m), 

2.68-2.58 (1H, m), 1.85-1.80 (2H, m), 1.54-1.44 (2H, m). 

[0470] 

 (Reference Example 41) 3-{1-[5-

(Difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one 

[0471] 

[Formula 84] 

NO
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[0472] 

 1,4-Diazabicyclo[2.2.2]octane (530 mg, 4.72 mmol), 

Meldrum's acid (1.35 g, 9.37 mmol), and 

trifluoroacetaldehyde ethyl hemiacetal (1.30 g, 9.02 

mmol) were added to a solution of 3-{1-[5-
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(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-1H-pyrazol-5-amine (1.17 g, 2.46 mmol) 

produced in Reference Example 40 in ethanol (20 mL), and 

the mixture was stirred for 6 hours under heating to 

reflux.  The solvent in the reaction solution was 

distilled off under reduced pressure.  To the obtained 

residue, acetic acid (10 mL) was added, and the mixture 

was stirred at room temperature for 1 hour.  The solvent 

was distilled off under reduced pressure.  To the 

obtained residue, a saturated sodium bicarbonate aqueous 

solution was added, followed by extraction with ethyl 

acetate three times.  The obtained organic layer was 

washed with brine and dried over anhydrous magnesium 

sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica 

gel column chromatography [elute: hexane/ethyl acetate = 

100/0 - 50/50 (gradient)] and further purified by silica 

gel column chromatography [NH-silica gel, elute: 

hexane/ethyl acetate = 100/0 - 50/50 (gradient)] to 

obtain the title compound (1.35 g, yield: 92%). 

[0473] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.18 (1H, s), 7.99 (1H, 

d, J=3Hz), 7.41 (1H, dd, J=9Hz, 3Hz), 7.36-7.17 (10H, m), 

6.95 (1H, d, J=74Hz), 6.88 (1H, d, J=9Hz), 6.81 (1H, s), 

4.30-4.25 (2H, m), 4.09-3.98 (1H, m), 3.15-3.08 (1H, m), 

2.94-2.81 (4H, m), 1.91-1.77 (2H, m), 1.72-1.51 (2H, m). 

[0474] 
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 (Reference Example 42) Methyl 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate 

[0475] 

[Formula 85] 
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[0476] 

 Dimethyl carbonate (0.30 mL, 3.6 mmol) was added to 

a solution of 3-{1-[5-(difluoromethoxy)pyridin-2-

yl]piperidin-4-yl}-1-(diphenylmethyl)-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (1.28 g, 2.14 mmol) produced in Reference 

Example 41 in THF (20 mL), and the mixture was cooled to 

-78°C.  Then, lithium diisopropylamide (solution in 

hexane and THF, 5.90 mL, 6.43 mmol) was added dropwise 

thereto, and the mixture was heated to 0°C and stirred 

for 30 minutes as it was.  To the reaction solution, a 
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saturated ammonium chloride aqueous solution was added, 

followed by extraction with ethyl acetate three times.  

The obtained organic layer was dried over magnesium 

sulfate, and the solvent was distilled off under reduced 

pressure.  The obtained residue was purified by silica 

gel chromatography [NH-silica gel, elute: 

dichloromethane/methanol = 100/0 - 90/10 (gradient)] to 

obtain a synthesis intermediate. 

[0477] 

 DBU (1.23 mL, 8.25 mmol), (1S)-(+)-(10-

camphorsulfonyl)oxaziridine (157 mg, 0.684 mmol), and 

(1R)-(-)-(10-camphorsulfonyl)oxaziridine (155 mg, 0.676 

mmol) were added to a solution of the synthesis 

intermediate obtained by the procedures described above 

in THF (10 mL), and the mixture was stirred at room 

temperature for 2 hours.  To the reaction solution, a 

saturated ammonium chloride aqueous solution was added, 

followed by extraction with ethyl acetate three times.  

The obtained organic layer was washed with brine and 

dried over anhydrous magnesium sulfate, and the solvent 

was distilled off under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[NH-silica gel, elute: dichloromethane/methanol = 100/0 - 

90/10 (gradient)] to obtain the title compound (558 mg, 

yield: 39%). 

[0478] 
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 1H-NMR (400MHz, DMSO-d6) δ: 11.48 (1H, s), 7.95 (1H, 

d, J=3Hz), 7.36 (1H, dd, J=9Hz, 3Hz), 7.32-7.12 (10H, m), 

6.91 (1H, d, J=75Hz), 6.85-6.81 (2H, m), 4.28-4.17 (2H, 

m), 4.10-4.03 (1H, m), 3.69 (3H, s), 2.89-2.77 (3H, m), 

1.86-1.82 (2H, m), 1.47-1.35 (2H, m). 

[0479] 

 (Reference Example 43) cis-3-{1-[5-

(Difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0480] 

[Formula 86] 

N
H

N
N

N

N

O

F

F

OH

OO

OH

F

F

O

N

N

N
NN

H

CF3CF3 +

 

[0481] 

 Lithium hydroxide (60 mg, 2.5 mmol) was added to a 

mixed solution of methyl 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-
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carboxylate (558 mg, 0.831 mmol) produced in Reference 

Example 42 in ethanol (4 mL) and water (2 mL), and the 

mixture was stirred at 50°C for 2 hours.  The solvent in 

the reaction solution was distilled off under reduced 

pressure, and a saturated ammonium chloride aqueous 

solution and ethyl acetate were added to the obtained 

residue, followed by extraction with ethyl acetate three 

times.  The obtained organic layer was washed with brine 

and dried over anhydrous magnesium sulfate, and the 

solvent was distilled off under reduced pressure.  The 

obtained residue was purified by silica gel column 

chromatography [elute: hexane/ethyl acetate = 100/0 - 

50/50 (gradient)] to obtain the title compound (345 mg, 

yield: 68%). 

[0482] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.21 (1H, s), 7.99 (1H, 

d, J=3Hz), 7.41 (1H, dd, J=9Hz, 3Hz), 7.36-7.14 (10H, m), 

6.95 (1H, d, J=74Hz), 6.88 (1H, d, J=9Hz), 6.74 (1H, s), 

5.79 (1H, d, J=4Hz), 4.58-4.54 (1H, m), 4.31-4.24 (2H, m), 

4.18-4.10 (1H, m), 2.95-2.82 (3H, m), 1.97-1.49 (4H, m). 

[0483] 

 (Example 37) cis-3-{1-[5-(Difluoromethoxy)pyridin-2-

yl]piperidin-4-yl}-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0484] 

[Formula 87] 
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N
H

N
H

N

N

N

O

F

F

OH

OO

OH

F

F

O

N

N

N
N
H

N
H

CF3CF3

+

 

[0485] 

 The title compound (103 mg, yield: 87%) was obtained 

through the same reaction as in the method described in 

Example 26 using cis-3-{1-[5-(difluoromethoxy)pyridin-2-

yl]piperidin-4-yl}-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (162 mg, 0.264 mmol) produced in 

Reference Example 43 instead of cis-1-(diphenylmethyl)-5-

hydroxy-4-(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-

1,3,4-thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one, followed by the 

purification of the obtained residue by silica gel column 

chromatography [elute: ethyl acetate/methanol = 100/0 - 

95/5 (gradient)]. 

[0486] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.22 (1H, s), 10.53 (1H, 

s), 8.02 (1H, d, J=3Hz), 7.44 (1H, dd, J=9Hz, 3Hz), 7.25 

(1H, s), 6.97 (1H, d, J=74Hz), 6.92 (1H, d, J=9Hz), 5.51 

(1H, d, J=4Hz), 4.45-4.34 (2H, m), 4.19-4.10 (1H, m), 

3.04-2.94 (1H, m), 2.90-2.80 (2H, m), 1.85-1.58 (4H, m); 
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 MS (ESI) m/z: 448 (M+H)+. 

[0487] 

 (Reference Example 44) 1-(Diphenylmethyl)-3-{1-[5-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1H-pyrazol-

5-amine 

[0488] 

[Formula 88] 

F3C

NH 2 N

N

N

N

 

[0489] 

 The title compound (2.55 g, yield: 80%) was obtained 

through the same reaction as in the method described in 

Reference Example 1 using ethyl 1-[5-

(trifluoromethyl)pyridin-3-yl]piperidine-4-carboxylate 

(compound described in the pamphlet of WO2013/187462, 

2.02 g, 6.68 mmol) instead of ethyl 1-[5-

(trifluoromethyl)pyridin-2-yl]piperidine-4-carboxylate. 

[0490] 

 1H-NMR (400MHz, CDCl3) δ: 8.45-8.41 (1H, m), 8.25-

8.22 (1H, m), 7.37-7.14 (11H, m), 6.64 (1H, s), 3.78-3.69 



- 169 - 

(2H, m), 3.25-3.16 (2H, m), 2.94-2.84 (2H, m), 2.78-2.69 

(1H, m), 2.06-1.98 (2H, m), 1.82-1.69 (2H, m). 

[0491] 

 (Reference Example 45) 1-(Diphenylmethyl)-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)pyridin-3-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0492] 

[Formula 89] 

F3C

CF3

O N

N

N

N

N
H

 

[0493] 

 The same reaction as in the method described in 

Reference Example 41 was carried out using 1-

(diphenylmethyl)-3-{1-[5-(trifluoromethyl)pyridin-3-

yl]piperidin-4-yl}-1H-pyrazol-5-amine (2.55 g, 5.34 mmol) 

produced in Reference Example 44 instead of 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-1H-pyrazol-5-amine.  To the obtained 

residue, diisopropyl ether was added, and the mixture was 
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stirred.  The precipitate was collected by filtration to 

obtain the title compound (2.85 g, yield: 89%). 

[0494] 

 1H-NMR (400MHz, CDCl3) δ: 8.45 (1H, d, J=3Hz), 8.31-

8.25 (1H, m), 7.42-7.08 (10H, m), 7.06-6.99 (1H, m), 6.70 

(1H, s), 3.86-3.75 (2H, m), 3.66-3.54 (1H, m), 3.01-2.74 

(5H, m), 2.08-1.84 (4H, m). 

[0495] 

 (Reference Example 46) Methyl 1-(diphenylmethyl)-5-

hydroxy-6-oxo-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-4,5,6,7-

tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-carboxylate 

[0496] 

[Formula 90] 

F3C

MeO2C
CF3

O

OH

N

N

N

N

N
H

 

[0497] 

 The same reaction as in the method described in 

Reference Example 42 was carried out using 1-

(diphenylmethyl)-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-
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tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (2.85 g, 4.7 

mmol) produced in Reference Example 45 instead of 3-{1-

[5-(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one.  To the obtained residue, 

methanol was added, and the mixture was stirred.  The 

precipitate was collected by filtration to obtain the 

title compound (0.980 g, yield: 44%). 

[0498] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.54 (1H, s), 8.58 (1H, 

d, J=3Hz), 8.26-8.23 (1H, m), 7.57-7.53 (1H, m), 7.37-

7.24 (8H, m), 7.22-7.17 (2H, m), 6.88 (1H, s), 4.17-4.07 

(1H, m), 3.97-3.84 (2H, m), 3.74 (3H, s), 2.98-2.78 (3H, 

m), 1.98-1.79 (3H, m), 1.68-1.56 (1H, m). 

[0499] 

 (Example 38) (+)-cis-5-Hydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0500] 

[Formula 91] 

* *

F3C

O

OH

CF3

N

N

N
N
H

N
H
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[0501] 

 Lithium hydroxide monohydrate (0.183 g, 4.36 mmol) 

was added to a mixed solution of methyl 1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-3-

{1-[5-(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate (0.980 g, 1.45 mmol) produced in Reference 

Example 46 in 1,4-dioxane (15 mL) and water (5 mL), and 

the mixture was stirred at 60°C for 1 hour.  To the 

reaction solution, an ammonium chloride aqueous solution 

was added, followed by extraction with ethyl acetate.  

The obtained organic layer was dried over anhydrous 

sodium, and the solvent was distilled off under reduced 

pressure to obtain a crude product (0.911 g). 

[0502] 

 A synthesis intermediate was obtained through the 

same reaction as in the method described in Example 26 

using a portion (0.250 g) of the crude product obtained 

by the procedures described above instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0503] 

 A mixed solution of the synthesis intermediate 

obtained by the procedures described above in ethyl 

acetate and methanol was adsorbed onto a silica gel, and 

the solvent was distilled off under reduced pressure.  
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The obtained powder was purified by flash LC [column: 

Chiralflash IA (30 mm i.d. x 100 mm); manufactured by 

Daicel Corporation, elute: hexane/ethanol = 20/80, flow 

rate: 10 mL/min] to obtain the title compound (63.5 mg, 

yield: 35%, optically active form). 

[0504] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 150 mm); manufactured by 

Daicel Corporation, elute: ethanol, flow rate: 2.0 

mL/min]. 

[0505] 

 Optical purity: 98% (retention time: 5.0 min). 

[0506] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.26 (1H, s), 10.55 (1H, 

s), 8.62 (1H, d, J=3Hz), 8.29-8.26 (1H, m), 7.63-7.59 (1H, 

m), 5.53 (1H, d, J=4Hz), 4.47-4.42 (1H, m), 4.21-4.01 (3H, 

m), 3.03-2.85 (3H, m), 1.90-1.71 (4H, m); 

 MS (ESI) m/z: 450 (M+H)+; 

 [α]D
25 = +5.4° (DMF, c = 1.00). 

[0507] 

 (Reference Example 47) 1-(Diphenylmethyl)-3-[1-(6-

isopropoxypyridin-3-yl)piperidin-4-yl]-1H-pyrazol-5-amine 

[0508] 

[Formula 92] 



- 174 - 

O

NH2 N

N

N

N

 

[0509] 

 The title compound (531 mg, yield: 34%) was obtained 

through the same reaction as in the method described in 

Reference Example 1 using ethyl 1-(6-isopropoxypyridin-3-

yl)piperidine-4-carboxylate (compound described in the 

pamphlet of WO2013/187462, 980 mg, 3.35 mmol) instead of 

ethyl 1-[5-(trifluoromethyl)pyridin-2-yl]piperidine-4-

carboxylate. 

[0510] 

 1H-NMR (CDCl3) δ: 7.81 (1H, d, J=3Hz), 7.37-7.28 (7H, 

m), 7.23-7.20 (4H, m), 6.67 (1H, s), 6.61 (1H, d, J=9Hz), 

5.46 (1H, s), 5.21-5.15 (1H, m), 3.52-3.47 (2H, m), 3.25 

(2H, s), 2.72 (2H, td, J=12Hz, 3Hz), 2.67 (1H, tt, J=12Hz, 

4Hz), 2.05-2.00 (2H, m), 1.88-1.77 (2H, m), 1.32 (6H, d, 

J=7Hz). 

[0511] 
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 (Reference Example 48) 1-(Diphenylmethyl)-3-[1-(6-

isopropoxypyridin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0512] 

[Formula 93] 

CF3

O

O N

N

N

N

N
H

 

[0513] 

 The title compound (512 mg, yield: 81%) was obtained 

through the same reaction as in the method described in 

Reference Example 41 using 1-(diphenylmethyl)-3-[1-(6-

isopropoxypyridin-3-yl)piperidin-4-yl]-1H-pyrazol-5-amine 

(500 mg, 1.07 mmol) produced in Reference Example 47 

instead of 3-{1-[5-(difluoromethoxy)pyridin-2-

yl]piperidin-4-yl}-1-(diphenylmethyl)-1H-pyrazol-5-amine. 

[0514] 

 1H-NMR (CDCl3) δ: 8.32 (1H, brs), 7.80 (1H, d, J=3Hz), 

7.38-7.33 (6H, m), 7.28 (1H, dd, J=9Hz, 3Hz), 7.23-7.18 

(4H, m), 6.67 (1H, s), 6.61 (1H, d, J=9Hz), 5.21-5.15 (1H, 
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m), 3.66-3.57 (1H, m), 3.56-3.48 (2H, m), 2.90-2.85 (2H, 

m), 2.77-2.66 (3H, m), 2.12-1.93 (4H, m), 1.33 (6H, d, 

J=6Hz). 

[0515] 

 (Reference Example 49) Methyl 1-(diphenylmethyl)-5-

hydroxy-6-oxo-3-[1-(6-isopropoxypyridin-3-yl)piperidin-4-

yl}-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate 

[0516] 

[Formula 94] 

MeO2C
CF3

O

O

OH

N

N

N

N

N
H

 

[0517] 

 The title compound (285 mg, yield: 52%) was obtained 

through the same reaction as in the method described in 

Reference Example 42 using 1-(diphenylmethyl)-3-[1-(6-

isopropoxypyridin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (490 mg, 0.831 mmol) produced in 

Reference Example 48 instead of 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-
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(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one. 

[0518] 

 1H-NMR (CDCl3) δ: 7.78 (1H, d, J=3Hz), 7.41-7.36 (6H, 

m), 7.28-7.26 (1H, m), 7.18-7.10 (5H, m), 6.76 (1H, s), 

6.61 (1H, d, J=9Hz), 5.21-5.15 (1H, m), 4.27 (1H, s), 

3.89 (3H, s), 3.83-3.76 (1H, m), 3.55-3.46 (2H, m), 2.76-

2.66 (3H, m), 2.15-1.82 (4H, m), 1.32 (6H, d, J = 6Hz). 

[0519] 

 (Example 39) Optically active form of cis-5-hydroxy-

3-[1-(6-isopropoxypyridin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0520] 

[Formula 95] 

* *

O

O

OH

N

N

N
N
H

N
H

CF3

 

[0521] 

 A crude product was obtained through the same 

reaction as in the method described in Reference Example 

43 using methyl 1-(diphenylmethyl)-5-hydroxy-6-oxo-3-[1-
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(6-isopropoxypyridin-3-yl)piperidin-4-yl}-4-

(trifluoromethyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-

b]pyridine-5-carboxylate (282 mg, 0.425 mmol) produced in 

Reference Example 49 instead of methyl 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate. 

[0522] 

 A synthesis intermediate (187 mg) was obtained 

through the same reaction as in the method described in 

Example 26 using the crude product obtained by the 

procedures described above instead of cis-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0523] 

 Triethylamine (0.0638 mL, 0.461 mmol) and (+)-

menthyl chloroformate (0.107 mL, 0.502 mmol) were added 

at 0°C to a mixed suspension of a portion (184 mg) of the 

synthesis intermediate obtained by the procedures 

described above in THF (15 mL) and ethyl acetate (5 mL), 

and the mixture was stirred at 0°C for 1 hour and then at 

room temperature for 4 hours.  Triethylamine (0.0697 mL, 

0.502 mmol) and (+)-menthyl chloroformate (0.133 mL, 

0.628 mmol) were further added thereto, and the mixture 

was stirred at room temperature for 3 hours.  
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Triethylamine (0.0104 mL, 0.754 mmol) and (+)-menthyl 

chloroformate (0.178 mL, 0.837 mmol) were further added 

thereto, and the mixture was stirred overnight.  To the 

reaction mixture, water was added, followed by extraction 

with ethyl acetate three times.  The obtained organic 

layer was washed with brine and dried over anhydrous 

sodium sulfate, and the solvent was concentrated under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 

acetate = 100/0 - 70/30 (gradient)] to obtain each of a 

compound (70 mg) eluted first and a compound (67 mg) 

eluted second. 

[0524] 

 The title compound (39.3 mg, yield: 22%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 36 using a portion (68 

mg) of the compound eluted first obtained by the 

procedures described above instead of cis-5-hydroxy-3-[1-

(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0525] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 150 mm); manufactured by 

Daicel Corporation, elute: hexane/ethanol = 50/50, flow 

rate: 1.0 mL/min]. 

[0526] 
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 Optical purity: 98% (retention time: 8.9 min); 

 1H-NMR (400MHz, DMSO-d6) δ: 12.28 (1H, s), 10.55 (1H, 

s), 7.80 (1H, d, J=3Hz), 7.44 (1H, dd, J=9Hz, 3Hz), 6.63 

(1H, d, J=9Hz), 5.51 (1H, d, J=4Hz), 5.15-5.09 (1H, m), 

4.46-4.43 (1H, m), 4.19-4.10 (1H, m), 3.63-3.58 (2H, m), 

2.87-2.79 (1H, m), 2.70-2.62 (2H, m), 1.94-1.75 (4H, m), 

1.25 (6H, d, J=6Hz); 

 MS (ESI) m/z: 440 (M+H)+. 

[0527] 

 (Reference Example 50) 3-[1-(2-Cyclopropylpyrimidin-

5-yl)piperidin-4-yl]-1-(diphenylmethyl)-1H-pyrazol-5-

amine 

[0528] 

[Formula 96] 

NH2 N

N
N

N

N

 

[0529] 

 The title compound (0.878 g, yield: 34%) was 

obtained through the same reaction as in the method 

described in Reference Example 1 using ethyl 1-(2-
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cyclopropylpyrimidin-5-yl)piperidine-4-carboxylate 

(compound described in the pamphlet of WO2013/187462, 

1.60 g, 5.81 mmol) instead of ethyl 1-[5-

(trifluoromethyl)pyridin-2-yl]piperidine-4-carboxylate. 

[0530] 

 1H-NMR (CDCl3) δ: 8.25 (2H, s), 7.37-7.28 (6H, m), 

7.22-7.20 (4H, m), 6.67 (1H, s), 5.44 (1H, s), 3.65-3.60 

(2H, m), 3.26 (2H, s), 2.85-2.78 (2H, m), 2.75-2.68 (1H, 

m), 2.19-2.13 (1H, m), 2.06-2.01 (2H, m), 1.85-1.74 (2H, 

m), 1.04-0.95 (4H, m). 

[0531] 

 (Reference Example 51) 3-[1-(2-Cyclopropylpyrimidin-

5-yl)piperidin-4-yl]-1-(diphenylmethyl)-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0532] 

[Formula 97] 

CF3

O N

N
N

N

N

N
H

 

[0533] 
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 The title compound (0.927 g, yield: 84%) was 

obtained through the same reaction as in the method 

described in Reference Example 41 using 3-[1-(2-

cyclopropylpyrimidin-5-yl)piperidin-4-yl]-1-

(diphenylmethyl)-1H-pyrazol-5-amine (0.873 g, 1.94 mmol) 

produced in Reference Example 50 instead of 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-1H-pyrazol-5-amine, followed by the 

purification of the obtained residue by silica gel column 

chromatography [elute: hexane/ethyl acetate = 90/10 - 

20/80 (gradient)]. 

[0534] 

 1H-NMR (400MHz, CDCl3) δ: 8.25 (2H, s), 7.78 (1H, s), 

7.39-7.34 (6H, m), 7.18-7.14 (4H, m), 6.68 (1H, s), 3.69-

3.56 (3H, m), 2.88-2.70 (5H, m), 2.20-2.13 (1H, m), 2.04-

1.90 (4H, m), 1.04-0.96 (4H, m). 

[0535] 

 (Reference Example 52) Methyl 3-[1-(2-

cyclopropylpyrimidin-5-yl)piperidin-4-yl]-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate 

[0536] 

[Formula 98] 
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MeO2C
CF3

O

OH

N

N
N

N

N

N
H

 

[0537] 

 The same reaction as in the method described in 

Reference Example 42 was carried out using 3-[1-(2-

cyclopropylpyrimidin-5-yl)piperidin-4-yl]-1-

(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one (0.927 g, 1.62 mmol) 

produced in Reference Example 51 instead of 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one.  To the obtained residue, 

dichloromethane was added, and the mixture was stirred.  

The precipitate was collected by filtration to obtain the 

title compound (0.404 g, yield: 39%). 

[0538] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.54 (1H, s), 8.34 (2H, 

s), 7.37-7.25 (9H, m), 7.21-7.19 (2H, m), 6.88 (1H, s), 

4.11 (1H, q, J=10Hz), 3.74-3.67 (5H, m), 2.80-2.70 (3H, 

m), 2.11-2.05 (1H, m), 1.94-1.77 (3H, m), 1.67-1.57 (1H, 

m), 0.94-0.84 (4H, m). 
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[0539] 

 (Reference Example 53) cis-3-[1-(2-

Cyclopropylpyrimidin-5-yl)piperidin-4-yl]-1-

(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one 

[0540] 

[Formula 99] 

OH

O N
H

N
N

N
N

N

O

OH

N
N

N

N
NN

H

CF3CF3 +

 

[0541] 

 The title compound (0.307 g, yield: 84%) was 

obtained through the same reaction as in the method 

described in Reference Example 43 using methyl 3-[1-(2-

cyclopropylpyrimidin-5-yl)piperidin-4-yl]-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate (0.400 g, 0.619 mmol) produced in Reference 

Example 52 instead of methyl 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-
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4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate. 

[0542] 

 1H-NMR (400MHz, DMSO-d6) δ: 11.22 (1H, s), 8.35 (2H, 

s), 7.36-7.17 (10H, m), 6.75 (1H, s), 5.80 (1H, d, J=4Hz), 

4.57 (1H, dd, J=7Hz, 4Hz), 4.19-4.10 (1H, m), 3.75-3.68 

(2H, m), 2.81-2.71 (3H, m), 2.11-2.05 (1H, m), 1.97-1.91 

(1H, m), 1.83-1.65 (3H, m), 0.94-0.84 (4H, m). 

[0543] 

 (Example 40) Optically active form of cis-3-[1-(2-

cyclopropylpyrimidin-5-yl)piperidin-4-yl]-5-hydroxy-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0544] 

[Formula 100] 

* *

O

OH

N
N

N

N
N
H

N
H

CF3

 

[0545] 

 A synthesis intermediate was obtained through the 

same reaction as in the method described in Example 26 

using cis-3-[1-(2-cyclopropylpyrimidin-5-yl)piperidin-4-

yl]-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-
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1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (0.302 

g, 0.513 mmol) produced in Reference Example 53 instead 

of cis-1-(diphenylmethyl)-5-hydroxy-4-(trifluoromethyl)-

3-{1-[5-(trifluoromethyl)-1,3,4-thiadiazol-2-

yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0546] 

 (+)-Menthyl chloroformate (0.121 mL, 0.571 mmol) was 

added at 0°C to a mixed suspension of the synthesis 

intermediate obtained by the procedures described above 

and triethylamine (72.6 µL, 0.523 mmol) in THF (6 mL) and 

ethyl acetate (6 mL), and the mixture was stirred at room 

temperature for 2.5 hours.  Triethylamine (19.8 µL, 0.143 

mmol) and (+)-menthyl chloroformate (40.4 µL, 0.190 mmol) 

were further added thereto at 0°C, and the mixture was 

stirred at room temperature for 1 hour.  Triethylamine 

(13.2 µL, 0.0952 mmol) and (+)-menthyl chloroformate 

(30.3 µL, 0.143 mmol) were further added thereto at 0°C, 

and the mixture was stirred at room temperature for 1 

hour.  To the reaction mixture, ethyl acetate was added.  

The organic layer was washed with brine and dried over 

anhydrous sodium sulfate, and the solvent was 

concentrated under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography 

[elute: hexane/ethyl acetate = 93/7 - 40/60 (gradient)] 

to obtain each of a compound (111 mg) eluted first and a 

compound (83.3 mg) eluted second. 
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[0547] 

 The title compound (52.1 mg, yield: 24%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 36 using the compound 

eluted first obtained by the procedures described above 

instead of cis-5-hydroxy-3-[1-(5-isopropoxypyridin-2-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[0548] 

 The optical purity was measured using HPLC [column: 

Chiralpak IA (4.6 mm i.d. x 250 mm); manufactured by 

Daicel Corporation, elute: hexane/ethanol = 10/90, flow 

rate: 1.0 mL/min]. 

[0549] 

 Optical purity: 99% (retention time: 12.5 min); 

 1H-NMR (400MHz, DMSO-d6) δ: 12.26 (1H, s), 10.54 (1H, 

s), 8.38 (2H, s), 5.51 (1H, d, J=4Hz), 4.44 (1H, dd, 

J=7Hz, 4Hz), 4.19-4.10 (1H, m), 3.88-3.79 (2H, m), 2.96-

2.86 (1H, m), 2.82-2.72 (2H, m), 2.12-2.06 (1H, m), 1.90-

1.73 (4H, m), 0.95-0.85 (4H, m); 

 MS (ESI) m/z: 423 (M+H)+. 

[0550] 

 (Reference Example 54) 1-(Diphenylmethyl)-3-[1-(6-

isopropoxypyridazin-3-yl)piperidin-4-yl]-1H-pyrazol-5-

amine 

[0551] 

[Formula 101] 
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[0552] 

 n-Butyllithium (1.6 M solution in hexane, 23 mL, 

36.6 mmol) was added dropwise at -78°C to a solution of 

anhydrous acetonitrile (1.92 mL, 36.6 mmol) in anhydrous 

THF (20 mL), and the mixture was stirred at the same 

temperature as above for 40 minutes.  A solution of ethyl 

1-[6-(isopropyloxy)pyridazin-3-yl]piperidine-4-

carboxylate (compound described in the pamphlet of 

WO2013/187462, 4.30 g, 14.7 mmol) in anhydrous THF (20 

mL) was added dropwise thereto at the same temperature as 

above, and the mixture was stirred for 40 minutes.  Then, 

acetic acid (2.52 mL) was added thereto, and the 

temperature of the mixture was raised to room temperature.  

The reaction solution was separated into organic and 

aqueous layers by the addition of ethyl acetate and brine 

and further subjected to extraction with ethyl acetate 

three times.  The obtained organic layer was dried over 

anhydrous sodium sulfate, and the solvent was distilled 

off under reduced pressure.  The obtained residue was 
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purified by silica gel column chromatography [elute: 

hexane/ethyl acetate = 100/0 - 60/40 (gradient)] to 

obtain a synthesis intermediate (2.1 g). 

[0553] 

 The title compound (2.68 g, yield: 41%) was obtained 

through the same reaction as in the method described in 

Reference Example 12 using a portion (2.00 g) of the 

synthesis intermediate obtained by the procedures 

described above instead of the tert-butyl 4-

(cyanoacetyl)piperidine-1-carboxylate. 

[0554] 

 1H-NMR (400MHz, CDCl3) δ: 7.37-7.28 (6H, m), 7.22-

7.20 (4H, m), 7.03 (1H, d, J=10Hz), 6.75 (1H, d, J=10Hz), 

6.67 (1H, s), 5.44-5.38 (2H, m), 4.20-4.15 (2H, m), 3.23 

(2H, s), 2.97 (2H, td, J=13Hz, 3Hz), 2.79 (1H, tt, J=12Hz, 

4Hz), 2.04-1.98 (2H, m), 1.78-1.68 (2H, m), 1.37 (6H, d, 

J=6Hz). 

[0555] 

 (Reference Example 55) 1-(Diphenylmethyl)-3-[1-(6-

isopropoxypyridazin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0556] 

[Formula 102] 
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[0557] 

 The same reaction as in the method described in 

Reference Example 41 was carried out using 1-

(diphenylmethyl)-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-1H-pyrazol-5-amine (2.28 g, 4.87 mmol) 

produced in Reference Example 50A instead of 3-{1-[5-

(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-1H-pyrazol-5-amine.  To the obtained 

residue, diethyl ether and hexane were added, and the 

mixture was stirred.  The precipitate was collected by 

filtration to obtain the title compound (2.38 g, yield: 

83%). 

[0558] 

 1H-NMR (400MHz, CDCl3) δ: 7.41-7.35 (6H, m), 7.14-

7.10 (4H, m), 7.07 (1H, brs), 7.02 (1H, d, J=9Hz), 6.76 

(1H, d, J=9Hz), 6.70 (1H, s), 5.43-5.36 (1H, m), 4.27-

4.15 (2H, m), 3.65-3.56 (1H, m), 3.02-2.95 (2H, m), 2.86-

2.78 (3H, m), 2.00-1.79 (4H, m), 1.37 (6H, d, J=6Hz). 

[0559] 
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 (Reference Example 56) Methyl 1-(diphenylmethyl)-5-

hydroxy-6-oxo-3-[1-(6-isopropoxypyridazin-3-yl)piperidin-

4-yl}-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate 

[0560] 

[Formula 103] 

MeO2C
CF3

O

OH

N

O

N

N

N

N

N
H

 

[0561] 

 The same reaction as in the method described in 

Reference Example 42 was carried out using 1-

(diphenylmethyl)-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one (2.37 g, 4.01 

mmol) produced in Reference Example 55 instead of 3-{1-

[5-(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one.  To the obtained residue, 

methanol was added, and the mixture was stirred.  The 

precipitate was collected by filtration to obtain the 

title compound (807 mg, yield: 31%). 
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[0562] 

 1H-NMR (400MHz, CDCl3) δ: 7.42-7.36 (6H, m), 7.16-

7.14 (2H, m), 7.09-7.06 (2H, m), 7.01 (1H, d, J=10Hz), 

6.83 (1H, brs), 6.79 (1H, s), 6.75 (1H, d, J=9Hz), 5.43-

5.37 (1H, m), 4.26 (1H, s), 4.24-4.18 (2H, m), 3.90 (3H, 

s), 3.82-3.76 (1H, m), 3.00-2.92 (2H, m), 2.85-2.77 (2H, 

m), 2.03-1.73 (4H, m), 1.36 (6H, d, J=6Hz). 

[0563] 

 (Reference Example 57) cis-1-(Diphenylmethyl)-5-

hydroxy-3-[1-(6-isopropoxypyridazin-3-yl)piperidin-4-yl]-

4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0564] 

[Formula 104] 
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[0565] 

 The title compound (716 mg, yield: 98%) was obtained 

through the same reaction as in the method described in 

Reference Example 43 using methyl 1-(diphenylmethyl)-5-

hydroxy-6-oxo-3-[1-(6-isopropoxypyridazin-3-yl)piperidin-
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4-yl}-4-(trifluoromethyl)-4,5,6,7-tetrahydro-1H-

pyrazolo[3,4-b]pyridine-5-carboxylate (804 mg, 1.21 mmol) 

produced in Reference Example 56 instead of methyl 3-{1-

[5-(difluoromethoxy)pyridin-2-yl]piperidin-4-yl}-1-

(diphenylmethyl)-5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate. 

[0566] 

 1H-NMR (400MHz, CDCl3) δ: 7.42-7.37 (6H, m), 7.12-

7.06 (4H, m), 7.02 (1H, d, J=9Hz), 6.76 (1H, d, J=9Hz), 

6.74-6.72 (2H, m), 5.44-5.37 (1H, m), 4.52 (1H, d, J=7Hz), 

4.28-4.17 (2H, m), 3.97-3.89 (1H, m), 3.69-3.67 (1H, m), 

3.03-2.95 (2H, m), 2.86-2.78 (1H, m), 1.91 (4H, ddd, 

J=45Hz, 15Hz, 11Hz), 1.37 (6H, d, J=6Hz). 

[0567] 

 (Example 41) (+)-cis-5-Hydroxy-3-[1-(6-

isopropoxypyridazin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one 

[0568] 

[Formula 105] 
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[0569] 

 A synthesis intermediate (501 mg) was obtained 

through the same reaction as in the method described in 

Example 26 using cis-1-(diphenylmethyl)-5-hydroxy-3-[1-

(6-isopropoxypyridazin-3-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one (714 mg, 1.18 mmol) produced in Reference 

Example 57 instead of cis-1-(diphenylmethyl)-5-hydroxy-4-

(trifluoromethyl)-3-{1-[5-(trifluoromethyl)-1,3,4-

thiadiazol-2-yl]piperidin-4-yl}-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one. 

[0570] 

 Triethylamine (0.172 mL, 1.24 mmol) and (+)-menthyl 

chloroformate (0.288 mL, 1.36 mmol) were added at 0°C to 

a mixed suspension of a portion (498 mg) of the synthesis 

intermediate obtained by the procedures described above 

in THF (15 mL) and ethyl acetate (5 mL), and the mixture 

was stirred at the same temperature as above for 1 hour 

and then at room temperature for 3 hours.  Triethylamine 
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(23.5 µL, 0.170 mmol) and (+)-menthyl chloroformate (36.0 

µL, 0.170 mmol) were further added thereto at room 

temperature, and the mixture was left overnight.  To the 

reaction mixture, water was added, followed by extraction 

with ethyl acetate three times.  The obtained organic 

layer was washed with brine and dried over anhydrous 

sodium sulfate, and the solvent was concentrated under 

reduced pressure.  The obtained residue was purified by 

silica gel column chromatography [elute: hexane/ethyl 

acetate = 100/0 - 60/40 (gradient)] to obtain each of a 

compound (107 mg) eluted first and a compound (119 mg) 

eluted second. 

[0571] 

 The title compound (64.7 mg, yield: 13%, optically 

active form) was obtained through the same reaction as in 

the method described in Example 36 using a portion (105 

mg) of the compound eluted first obtained by the 

procedures described above instead of cis-5-hydroxy-3-[1-

(5-isopropoxypyridin-2-yl)piperidin-4-yl]-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one. 

[0572] 

 1H-NMR (400MHz, DMSO-d6) δ: 12.23 (1H, s), 10.54 (1H, 

s), 7.40 (1H, d, J=10Hz), 6.94 (1H, d, J=10Hz), 5.51 (1H, 

d, J=4Hz), 5.28-5.21 (1H, m), 4.46-4.43 (1H, m), 4.33-

4.26 (2H, m), 4.19-4.11 (1H, m), 3.02-2.95 (1H, m), 2.92-

2.81 (2H, m), 1.86-1.65 (4H, m), 1.31 (6H, d, J=6Hz); 
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 MS (ESI) m/z: 441 (M+H)+; 

 [α]D
25 = +10° (DMF, c = 1.01). 

[0573] 

 (Test Example 1) LCAT activity measurement (in 

vitro) 

 A fraction composed of HDL3 (1.125 < specific 

gravity < 1.210 g/mL) was obtained from the plasma of a 

healthy person by density gradient centrifugation.  The 

obtained fraction was dialyzed against phosphate-buffered 

saline (pH 7.4) and used as an enzyme source and an 

acceptor for LCAT.  Each test drug was prepared by 

dissolution in dimethyl sulfoxide.  [14C]Cholesterol 

containing DTNB (Ellman's reagent, final concentration: 

0.5 mM), mercaptoethanol (final concentration: 12.5 mM), 

and 0.6% bovine serum albumin was added to phosphate-

buffered saline (pH 7.4) containing 1 mg/mL HDL3, and the 

test drug was further added thereto at varying 

concentrations to adjust the whole amount to 80 µL.  This 

mixture was incubated at 37°C for approximately 16 hours.  

Then, a mixed solution of hexane and isopropanol (mixing 

ratio = 3:2) was added thereto to stop the reaction.  

After stirring, the hexane layer was collected, and this 

layer was evaporated to dryness.  A chloroform solution 

(concentration: 10 mg/mL) was added thereto, and the 

mixture was spotted onto a thin-layer silica gel plate 

and developed using a mixed solution of hexane, diethyl 

ether, and ethyl acetate (mixing ratio = 85:15:2).  The 
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radioactivity of a portion corresponding to cholesterol 

oleate was measured using an imaging analyzer BAS-2500 

(manufactured by Fujifilm Corp.).  A sample non-

supplemented with the test drug was similarly treated and 

assayed.  The EC50 value of LCAT activation was calculated 

according to the expression given below relative to LCAT 

activity in the sample non-supplemented with the test 

drug.  The results are shown in Table 1. 

[0574] 

[Expression 1] 

 

[0575] 

 wherein X represents the logarithm of the 

concentration of the test drug; 

 Y represents the responsiveness (LCAT activity) of 

the test drug; 

 Top represents the maximum value (maximum plateau); 

 Bottom represents the minimum value (minimum 

plateau); and 

 EC50 represents the 50% effective concentration. 

[0576] 

（Ｔｏｐ－Ｂｏｔｔｏｍ）

１＋１０
ＬｏｇＥＣ５０－Ｘ

 Ｙ＝Ｂｏｔｔｏｍ＋



- 198 - 

Table 1 

Test compound EC50(µM) 

Compound of Example 1 0.88 

Compound of Example 2 0.040 

Compound of Example 3 0.013 

Compound of Example 4 0.022 

Compound of Example 5 0.16 

Compound of Example 6 2.22 

Compound of Example 7 0.11 

Compound of Example 8 0.63 

Compound of Example 9 0.027 

Compound of Example 10 0.34 

Compound of Example 11 0.029 

Compound of Example 12 0.035 

Compound of Example 13 0.037 

Compound of Example 14 0.38 

Compound of Example 15 0.29 

Compound of Example 16 0.062 

Compound of Example 17 0.031 

Compound of Example 18 0.009 

Compound of Example 19 0.035 

Compound of Example 20 0.051 

Compound of Example 21 0.018 

Compound of Example 22 0.032 

Compound of Example 23 0.008 

Compound of Example 24 0.030 

Compound of Example 25 0.10 

Compound of Example 26 0.065 

Compound of Example 27 0.037 

Compound of Example 28 0.16 

Compound of Example 29 0.011 

Compound of Example 30 0.063 

Compound of Example 31 0.034 

Compound of Example 32 0.007 

Compound of Example 33 0.057 
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Compound of Example 34 0.004 

Compound of Example 35 0.007 

Compound of Example 36 0.041 

Compound of Example 37 0.094 

Compound of Example 38 0.024 

Compound of Example 39 0.092 

Compound of Example 40 0.070 

Compound of Example 41 0.035 

 

[0577] 

 As seen from these results, the compound of the 

present invention has an excellent LCAT-activating effect 

and is useful as a medicament for the treatment or 

prophylaxis of diseases such as dyslipidemia and 

arteriosclerosis. 

[0578] 

 (Test Example 2) LCAT activity measurement (plasma) 

 The plasma of a human, a cynomolgus monkey, or a 

human LCAT transgenic mouse is used as an enzyme source 

and an acceptor for LCAT.  Each test drug is prepared by 

dissolution in dimethyl sulfoxide.  [14C]Cholesterol 

containing DTNB (Ellman's reagent, final concentration: 

0.5 mM), mercaptoethanol (final concentration: 12.5 mM), 

and 0.6% bovine serum albumin is added to 5 µL of each 

plasma and 45 µL of PBS, and the test drug is further 

added thereto at varying concentrations to adjust the 

whole amount to 80 µL.  This mixture is incubated at 37°C 

for approximately 16 hours.  Then, a mixed solution of 

hexane and isopropanol (mixing ratio = 3:2) is added 
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thereto to stop the reaction.  After addition of water 

and stirring, the hexane layer is collected, and this 

layer is evaporated to dryness.  A chloroform solution 

(concentration: 10 mg/mL) is added thereto, and the 

mixture is spotted onto a thin-layer silica gel plate and 

developed using a mixed solution of hexane, diethyl ether, 

and ethyl acetate (mixing ratio = 85:15:2).  The 

radioactivity of a portion corresponding to cholesterol 

oleate is measured using an imaging analyzer BAS-2500 

(manufactured by Fujifilm Corp.).  A sample non-

supplemented with the test drug is similarly treated and 

assayed.  The EC50 value of LCAT activation is calculated 

according to the expression given below relative to LCAT 

activity in the sample non-supplemented with the test 

drug. 

[0579] 

[Expression 2] 

 

[0580] 

 wherein X represents the logarithm of the 

concentration of the test drug; 

 Y represents the responsiveness (LCAT activity) of 

the test drug; 

 Top represents the maximum value (maximum plateau); 

（Ｔｏｐ－Ｂｏｔｔｏｍ）

１＋１０
ＬｏｇＥＣ５０－Ｘ

 Ｙ＝Ｂｏｔｔｏｍ＋
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 Bottom represents the minimum value (minimum 

plateau); and 

 EC50 represents the 50% effective concentration. 

[0581] 

 (Test Example 3) LCAT activity measurement (ex vivo) 

 LCAT activity in the plasma of a cynomolgus monkey 

or a human LCAT transgenic mouse receiving each test drug 

is measured.  [14C]Cholesterol containing DTNB (Ellman's 

reagent, final concentration: 0.26 mM), mercaptoethanol 

(final concentration: 2 mM), and 0.6% bovine serum 

albumin is added to 25 µL of each plasma to adjust the 

whole amount to 40 µL.  This mixture is incubated at 37°C 

for 1 hour.  Then, a mixed solution of hexane and 

isopropanol (mixing ratio = 3:2) is added thereto to stop 

the reaction.  After addition of water and stirring, the 

hexane layer is collected, and this layer is evaporated 

to dryness.  A chloroform solution (concentration: 10 

mg/mL) is added thereto, and the mixture is spotted onto 

a thin-layer silica gel plate and developed using a mixed 

solution of hexane, diethyl ether, and ethyl acetate 

(mixing ratio = 85:15:2).  The radioactivity of a portion 

corresponding to cholesterol oleate is measured using an 

imaging analyzer BAS-2500 (manufactured by Fujifilm 

Corp.).  The rate of change in LCAT activation at each 

point in time compared with LCAT activity before 

administration is calculated. 

[0582] 
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 (Test Example 4) Drug efficacy test in cynomolgus 

monkeys 

 Each test drug was dissolved in a propylene glycol 

(Sigma-Aldrich Corp.)-Tween 80 (Sigma-Aldrich Corp.) 

mixed solution [4/1 (v/v)] or a 0.5% (w/v) 

methylcellulose aqueous solution, and the solution was 

orally administered to a cynomolgus monkey for 1 or 7 

days.  At day 1 or 7 of the administration period, blood 

was collected before administration and after 

administration, and plasma was obtained.  The content of 

cholesterol in the plasma was measured using a 

commercially available assay kit (Cholesterol-E Wako, 

Wako Pure Chemical Industries, Ltd.).  The lipoprotein 

profile was analyzed by HPLC (column: LipopropakXL, 

manufactured by Tosoh Corp.).  The contents of HDL 

cholesterol and non-HDL cholesterol were calculated 

according to the following calculation expression: 

[0583] 

 Content of HDL cholesterol = Content of cholesterol 

in the plasma × (Peak area of HDL cholesterol / Total sum 

of peaks) 

 Content of non-HDL cholesterol = Content of 

cholesterol in the plasma × (Peak area of non-HDL 

cholesterol / Total sum of peaks) 

 The rate (%) of increase in HDL level after the 

administration of a single dose of 10 mg/kg compared with 

before administration was determined from AUC before 



- 203 - 

administration and 24 hours after administration.  The 

results are shown in Table 2. 

[0584] 

Table 2 

Test compound 

Rate of increase in HDL 

level after administration 

of single dose 

Compound of Example 3 658 

Compound of Example 18 644 

Compound of Example 20 454 

Compound of Example 21 483 

Compound of Example 22 581 

Compound of Example 30 290 

Compound of Example 34 590 

Compound of Example 35 482 

 

[0585] 

 (Test Example 5) Drug efficacy test in human LCAT 

transgenic mice 

 Each test drug is dissolved in a propylene glycol-

Tween 80 mixed solution [4/1 (v/v)] or a 0.5% (w/v) 

methylcellulose aqueous solution, and the solution is 

orally administered to a human LCAT transgenic mouse for 

1, 4, or 7 days.  At day 1, 4, or 7 of the administration 

period, blood is collected before administration and 

after administration, and plasma is obtained.  The 

content of cholesterol in the plasma is measured using a 

commercially available assay kit (Cholesterol-E Wako, 

Wako Pure Chemical Industries, Ltd.).  The lipoprotein 

profile is analyzed by HPLC (column: LipopropakXL, 
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manufactured by Tosoh Corp.).  The contents of HDL 

cholesterol and non-HDL cholesterol are calculated 

according to the following calculation expression: 

[0586] 

 Content of HDL cholesterol = Content of cholesterol 

in the plasma × (Peak area of HDL cholesterol / Total sum 

of peaks) 

 Content of non-HDL cholesterol = Content of 

cholesterol in the plasma × (Peak area of non-HDL 

cholesterol / Total sum of peaks) 

 As seen from these results, the compound of the 

present invention exhibits an excellent LCAT-activating 

effect and is useful as a medicament for the treatment or 

prophylaxis of diseases such as dyslipidemia and 

arteriosclerosis. 

 (Formulation Example 1) Hard capsule 

 Each standard two-piece hard gelatin capsule shell 

is filled with 100 mg of the compound of Example 1 in a 

powder form, 150 mg of lactose, 50 mg of cellulose, and 6 

mg of magnesium stearate to produce a unit capsule, which 

is in turn washed and then dried. 

[0587] 

 (Formulation Example 2) Soft capsule 

 A mixture of the compound of Example 2 put in a 

digestible oil, for example, soybean oil, cottonseed oil, 

or olive oil, is prepared and injected into a gelatin 

shell using a positive displacement pump to obtain a soft 
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capsule containing 100 mg of the active ingredient, which 

is in turn washed and then dried. 

[0588] 

 (Formulation Example 3) Tablet 

 According to a routine method, a tablet is produced 

using 100 mg of the compound of Example 3, 0.2 mg of 

colloidal silicon dioxide, 5 mg of magnesium stearate, 

275 mg of microcrystalline cellulose, 11 mg of starch, 

and 98.8 mg of lactose. 

[0589] 

 If desired, the tablet is coated. 

[0590] 

 (Formulation Example 4) Suspension 

 A suspension is produced to contain 100 mg of the 

compound of Example 4 pulverized into a fine powder, 100 

mg of sodium carboxy methylcellulose, 5 mg of sodium 

benzoate, 1.0 g of a sorbitol solution (Japanese 

Pharmacopoeia), and 0.025 mL of vanillin in 5 mL. 

[0591] 

 (Formulation Example 5) Injection 

 The compound of Example 6 (1.5% by weight) is 

stirred in 10% by weight of propylene glycol, 

subsequently adjusted to a fixed volume with injectable 

water, and then sterilized to prepare an injection. 

 

Industrial Applicability 

[0592] 
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 The compound represented by the general formula (I) 

of the present invention or a pharmacologically 

acceptable salt thereof has an excellent LCAT-activating 

effect and is particularly useful as an active ingredient 

in a therapeutic or prophylactic agent for 

arteriosclerosis, arteriosclerotic heart disease, 

coronary heart disease (including acute coronary 

syndromes, heart failure, myocardial infarction, angina 

pectoris, cardiac ischemia, cardiovascular disturbance, 

and restenosis caused by angiogenesis), cerebrovascular 

disease (including stroke and cerebral infarction), 

peripheral vascular disease (including peripheral 

arterial disease and diabetic vascular complications), 

dyslipidemia, LCAT deficiency, hypo-HDL-cholesterolemia, 

hyper-LDL-cholesterolemia, diabetes mellitus, 

hypertension, metabolic syndrome, Alzheimer's disease, 

cornea opacity, or renal disease, particularly, an anti-

arteriosclerotic agent. 
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Claims 

 

[Claim 1] 

 A compound represented by the general formula (I) or 

a pharmacologically acceptable salt thereof: 

[Formula 1] 

(I)

 

wherein R represents an optionally substituted aryl group 

(the substituent(s) is 1 to 3 identical or different 

groups selected from the group consisting of a halogen 

atom, a C1-6 alkyl group, a C3-7 cycloalkyl group, a 

trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-6 alkoxy group, 

a C3-7 cycloalkoxy group, a phenyl group, a C2-7 

alkoxycarbonyl group, a benzyloxycarbonyl group, a di(C1-6 

alkyl)aminocarbonyl group, and a di(C1-6 alkyl)amino 

group) or 

an optionally substituted heteroaryl group (the 

heteroaryl is a 5- or 6-membered ring; the heteroatom(s) 

on the ring of the heteroaryl group is 1 or 2 nitrogen 

atoms, and the ring optionally further contains one 
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nitrogen atom, oxygen atom, or sulfur atom; and the 

substituent(s) is 1 or 2 identical or different groups 

selected from the group consisting of a halogen atom, a 

C1-6 alkyl group, a C3-7 cycloalkyl group, a 

trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-6 alkoxy group, 

a C3-7 cycloalkoxy group, a phenyl group, a C2-7 

alkoxycarbonyl group, a benzyloxycarbonyl group, a di(C1-6 

alkyl)aminocarbonyl group, and a di(C1-6 alkyl)amino 

group), and R1 represents a hydrogen atom or a hydroxy 

group. 

[Claim 2] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is 

an optionally substituted aryl group (the substituent(s) 

is 1 to 3 identical or different groups selected from the 

group consisting of a halogen atom, a C1-6 alkyl group, a 

C3-7 cycloalkyl group, a trifluoromethyl group, a 

difluoromethoxy group, a trifluoromethoxy group, a cyano 

group, a C1-6 alkoxy group, a C3-7 cycloalkoxy group, a 

phenyl group, a C2-7 alkoxycarbonyl group, a 

benzyloxycarbonyl group, a di(C1-6 alkyl)aminocarbonyl 

group, and a di(C1-6 alkyl)amino group). 

[Claim 3] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted aryl group (the substituent(s) is 1 or 2 
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identical or different groups selected from the group 

consisting of a chlorine atom, a fluorine atom, a C1-3 

alkyl group, a trifluoromethyl group, a difluoromethoxy 

group, a trifluoromethoxy group, a cyano group, and a C1-3 

alkoxy group). 

[Claim 4] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group). 

[Claim 5] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a difluoromethoxy group, a trifluoromethoxy 

group, and a cyano group). 

[Claim 6] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is 

an optionally substituted heteroaryl group (the 

heteroaryl is a 5- or 6-membered ring; the heteroatom(s) 

on the ring of the heteroaryl group is 1 or 2 nitrogen 

atoms, and the ring optionally further contains one 

nitrogen atom, oxygen atom, or sulfur atom; and the 
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substituent(s) is 1 or 2 identical or different groups 

selected from the group consisting of a halogen atom, a 

C1-6 alkyl group, a C3-7 cycloalkyl group, a 

trifluoromethyl group, a difluoromethoxy group, a 

trifluoromethoxy group, a cyano group, a C1-6 alkoxy group, 

a C3-7 cycloalkoxy group, a phenyl group, a C2-7 

alkoxycarbonyl group, a benzyloxycarbonyl group, a di(C1-6 

alkyl)aminocarbonyl group, and a di(C1-6 alkyl)amino 

group). 

[Claim 7] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted heteroaryl group (the heteroaryl is a 5- or 

6-membered ring; the heteroatom on the ring of the 

heteroaryl group is one nitrogen atom, and the ring 

optionally further contains one nitrogen atom, oxygen 

atom, or sulfur atom; the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a halogen atom, a C1-3 alkyl group, a C3-6 

cycloalkyl group, a trifluoromethyl group, a 

difluoromethoxy group, a trifluoromethoxy group, a cyano 

group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl group, 

and a benzyloxycarbonyl group). 

[Claim 8] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, 
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thiadiazolyl, or thiazolyl group (the substituent(s) is 1 

or 2 identical or different groups selected from the 

group consisting of a chlorine atom, a fluorine atom, a 

C1-3 alkyl group, a cyclopropyl group, a trifluoromethyl 

group, a difluoromethoxy group, a trifluoromethoxy group, 

a cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group). 

[Claim 9] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl 

group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of an 

isopropyl group, a trifluoromethyl group, a 

difluoromethoxy group, a cyano group, and an isopropoxy 

group). 

[Claim 10] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

pyridyl, pyrimidyl, pyrazinyl, or thiadiazolyl group 

substituted by a trifluoromethyl group. 

[Claim 11] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

pyridyl, pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group. 

[Claim 12] 
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 The compound according to any one of claims 1 to 11 

or a pharmacologically acceptable salt thereof, wherein 

R1 is a hydrogen atom. 

[Claim 13] 

 The compound according to claim 12 or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-[1-(5-isopropoxypyridin-2-yl)piperidin-

4-yl]-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-{1-[2-isopropyl-6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-4-

(trifluoromethyl)-1,4,5,7-tetrahydro-6H-pyrazolo[3,4-

b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[2-

(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 
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 6-{4-[5-hydroxy-6-oxo-4-(trifluoromethyl)-4,5,6,7-

tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-yl]piperidin-1-

yl}-4-(trifluoromethyl)pyridine-3-carbonitrile, 

 3-{1-[3-chloro-5-(trifluoromethyl)pyridin-2-

yl]piperidin-4-yl}-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[4-

(trifluoromethyl)-1,3-thiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[4-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 3-[1-(5-chloropyridin-2-yl)piperidin-4-yl]-5-

hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 
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 5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 3-[1-(2-cyclopropylpyrimidin-5-yl)piperidin-4-yl]-5-

hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one. 

[Claim 14] 

 The compound according to claim 12 or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridazin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[2-

(trifluoromethyl)pyrimidin-5-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 
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 (+)-cis-6-{4-[5-hydroxy-6-oxo-4-(trifluoromethyl)-

4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-3-

yl]piperidin-1-yl}-4-(trifluoromethyl)pyridine-3-

carbonitrile, 

 (+)-cis-3-[1-(5-chloropyridin-2-yl)piperidin-4-yl]-

5-hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-6H-

pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyridin-3-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-hydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]piperidin-4-yl}-

1,4,5,7-tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-4-(trifluoromethyl)-3-{1-[6-

(trifluoromethyl)pyrimidin-4-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, 

 (+)-cis-5-hydroxy-3-[1-(6-isopropoxypyridazin-3-

yl)piperidin-4-yl]-4-(trifluoromethyl)-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 (+)-cis-3-[1-(2-cyclopropylpyrimidin-5-yl)piperidin-

4-yl]-5-hydroxy-4-(trifluoromethyl)-1,4,5,7-tetrahydro-

6H-pyrazolo[3,4-b]pyridin-6-one. 

[Claim 15] 
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 The compound according to any one of claims 1 to 11 

or a pharmacologically acceptable salt thereof, wherein 

R1 is a hydroxy group. 

[Claim 16] 

 The compound according to claim 15 or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[Claim 17] 

 The compound according to claim 15 or a 

pharmacologically acceptable salt thereof, wherein the 

compound or the salt is selected from the group 

consisting of: 

 (+)-4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyridin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one, and 

 (+)-4,5-dihydroxy-4-(trifluoromethyl)-3-{1-[5-

(trifluoromethyl)pyrazin-2-yl]piperidin-4-yl}-1,4,5,7-

tetrahydro-6H-pyrazolo[3,4-b]pyridin-6-one. 

[Claim 18] 
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 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group), and R1 is a 

hydrogen atom. 

[Claim 19] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a difluoromethoxy group, a trifluoromethoxy 

group, and a cyano group), and R1 is a hydrogen atom. 

[Claim 20] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, 

thiadiazolyl, or thiazolyl group (the substituent(s) is 1 

or 2 identical or different groups selected from the 

group consisting of a chlorine atom, a fluorine atom, a 

C1-3 alkyl group, a cyclopropyl group, a trifluoromethyl 

group, a difluoromethoxy group, a trifluoromethoxy group, 

a cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group), and R1 is a 

hydrogen atom. 

[Claim 21] 
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 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl 

group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of an 

isopropyl group, a trifluoromethyl group, a 

difluoromethoxy group, a cyano group, and an isopropoxy 

group), and R1 is a hydrogen atom. 

[Claim 22] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

pyridyl, pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group, and R1 is a hydrogen atom. 

[Claim 23] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 

consisting of a chlorine atom, a difluoromethoxy group, a 

trifluoromethoxy group, and a cyano group), and R1 is a 

hydroxy group. 

[Claim 24] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted phenyl group (the substituent(s) is 1 or 2 

identical or different groups selected from the group 
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consisting of a difluoromethoxy group, a trifluoromethoxy 

group, and a cyano group), and R1 is a hydroxy group. 

[Claim 25] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, 

thiadiazolyl, or thiazolyl group (the substituent(s) is 1 

or 2 identical or different groups selected from the 

group consisting of a chlorine atom, a fluorine atom, a 

C1-3 alkyl group, a cyclopropyl group, a trifluoromethyl 

group, a difluoromethoxy group, a trifluoromethoxy group, 

a cyano group, a C1-3 alkoxy group, a C2-4 alkoxycarbonyl 

group, and a benzyloxycarbonyl group), and R1 is a 

hydroxy group. 

[Claim 26] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 

substituted pyridyl, pyrimidyl, pyrazinyl, or pyridazinyl 

group (the substituent(s) is 1 or 2 identical or 

different groups selected from the group consisting of an 

isopropyl group, a trifluoromethyl group, a 

difluoromethoxy group, a cyano group, and an isopropoxy 

group), and R1 is a hydroxy group. 

[Claim 27] 

 The compound according to claim 1 or a 

pharmacologically acceptable salt thereof, wherein R is a 
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pyridyl, pyrimidyl, or pyrazinyl group substituted by a 

trifluoromethyl group, and R1 is a hydroxy group. 

[Claim 28] 

 The compound according to any one of claims 1 to 13 

and 15 to 27 or a pharmacologically acceptable salt 

thereof, wherein the trifluoromethyl group at the 4-

position of the pyrazolopyridine ring and the hydroxy 

group at the 5-position thereof are cis to each other. 

[Claim 29] 

 The compound according to any one of claims 1 to 13, 

15, 16, and 18 to 28 or a pharmacologically acceptable 

salt thereof, wherein the optical rotation is (+). 

[Claim 30] 

 A pharmaceutical composition comprising a compound 

according to any one of claims 1 to 29 or a 

pharmacologically acceptable salt thereof as an active 

ingredient. 

[Claim 31] 

 A pharmaceutical composition for the prophylaxis or 

treatment of arteriosclerosis, arteriosclerotic heart 

disease, coronary heart disease, cerebrovascular disease, 

peripheral vascular disease, dyslipidemia, hypo-HDL-

cholesterolemia, hyper-LDL-cholesterolemia, or renal 

disease, comprising a compound according to any one of 

claims 1 to 29 or a pharmacologically acceptable salt 

thereof as an active ingredient. 

[Claim 32] 
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 A prophylactic or therapeutic agent for 

arteriosclerosis, comprising a compound according to any 

one of claims 1 to 29 or a pharmacologically acceptable 

salt thereof as an active ingredient. 

[Claim 33] 

 A prophylactic or therapeutic agent for dyslipidemia, 

comprising a compound according to any one of claims 1 to 

29 or a pharmacologically acceptable salt thereof as an 

active ingredient. 

[Claim 34] 

 A prophylactic or therapeutic agent for a disease 

caused by an increased concentration of LDL cholesterol 

in the blood, comprising a compound according to any one 

of claims 1 to 29 or a pharmacologically acceptable salt 

thereof as an active ingredient. 

[Claim 35] 

 A prophylactic or therapeutic agent for a disease 

caused by a decreased concentration of HDL cholesterol in 

the blood, comprising a compound according to any one of 

claims 1 to 29 or a pharmacologically acceptable salt 

thereof as an active ingredient. 

[Claim 36] 

 An LCAT activator comprising a compound according to 

any one of claims 1 to 29 or a pharmacologically 

acceptable salt thereof as an active ingredient. 

[Claim 37] 
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 A reversible LCAT activator comprising a compound 

according to any one of claims 1 to 29 or a 

pharmacologically acceptable salt thereof as an active 

ingredient. 

[Claim 38] 

 An anti-arteriosclerotic agent comprising a compound 

according to any one of claims 1 to 29 or a 

pharmacologically acceptable salt thereof as an active 

ingredient. 

[Claim 39] 

 A method for activating LCAT, comprising 

administering an effective amount of a compound according 

to any one of claims 1 to 29 or a pharmacologically 

acceptable salt thereof to a human. 

[Claim 40] 

 A method for prophylaxis or treatment of a disease, 

comprising administering an effective amount of a 

compound according to any one of claims 1 to 29 or a 

pharmacologically acceptable salt thereof to a human. 

[Claim 41] 

 A method for prophylaxis or treatment of 

arteriosclerosis, comprising administering an effective 

amount of a compound according to any one of claims 1 to 

29 or a pharmacologically acceptable salt thereof to a 

human. 

[Claim 42] 
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 A method for prophylaxis or treatment of 

dyslipidemia, comprising administering an effective 

amount of a compound according to any one of claims 1 to 

29 or a pharmacologically acceptable salt thereof to a 

human. 

[Claim 43] 

 A method for prophylaxis or treatment of a disease 

caused by an increased concentration of LDL cholesterol 

in the blood, comprising administering an effective 

amount of a compound according to any one of claims 1 to 

29 or a pharmacologically acceptable salt thereof to a 

human. 

[Claim 44] 

 A method for prophylaxis or treatment of a disease 

caused by a decreased concentration of HDL cholesterol in 

the blood, comprising administering an effective amount 

of a compound according to any one of claims 1 to 29 or a 

pharmacologically acceptable salt thereof to a human. 

[Claim 45] 

 The compound according to any one of claims 1 to 29 

or a pharmacologically acceptable salt thereof for use in 

a method for treatment or prophylaxis of arteriosclerosis. 

[Claim 46] 

 The compound according to any one of claims 1 to 29 

or a pharmacologically acceptable salt thereof for use in 

a method for treatment or prophylaxis of dyslipidemia. 

[Claim 47] 
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 The compound according to any one of claims 1 to 29 

or a pharmacologically acceptable salt thereof for use in 

a method for treatment or prophylaxis of a disease caused 

by an increased concentration of LDL cholesterol in the 

blood. 

[Claim 48] 

 The compound according to any one of claims 1 to 29 

or a pharmacologically acceptable salt thereof for use in 

a method for treatment or prophylaxis of a disease caused 

by a decreased concentration of HDL cholesterol in the 

blood. 

 

  




