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DESCRIPTION 

ADAMANTYLMETHYLAMINE DERIVATIVE AND USE THEREOF AS 

PHARMACEUTICAL 

TECHNICAL FIELD 

[0001] The present invention relates to an adamantylmethylamine derivative and a 

pharmaceutically acceptable salt thereof. The present invention further relates to a 

pharmaceutical composition comprising said compound and a method of treating or 

preventing a disease by using said compound. 

BACKGROUND ART 

[0002] ATP-sensitive IC' channels (KATI,  channels) are inwardly rectifying K+  

channels that couple intracellular metabolism with cell-membrane excitability, and are 

known to have a hetero-octamer structure constituted of sulfonyl urea receptors (SURs) 

belonging to the ABC protein family and two-membrane-spanning subunits Kir6.1 or 

Kir6.2. The activity of the KATP channels is controlled by various types of K+  channel 

openers, inhibitors or intracellular nucleotides. All of these drugs react with SUR 

subunits as their sites of action. It has been reported that the reactivity of these drugs 

differ depending on the subtype of SUR (NPL 1). 

[0003] Some of adamantane derivatives having a cage type structure are used as 

medical drugs. Amantadine is used as an antiviral drug and a therapeutic agent for 

Parkinson's disease. Memantine hydrochloride has been approved as a therapeutic 

agent for moderate/severe Alzheimer's dementia in Japan. Memantine is reported to 

be a noncompetitive NMDA-receptor inhibitor having a mechanism of action which 

prevents neuronal cell death due to excessive glutamic acid release caused by ischemia 

(NPL 2). 

[0004] There have been some reports on adamantane derivatives having 

pharmaceutical activity (PTLs 1 to 3). 
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SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0007] Therapeutic and prophylactic methods sufficiently effective against cognitive 

diseases or disorders such as Alzheimer's disease are yet to be established, and thus, 

development of a novel therapeutic and prophylactic agent different in mechanism of 

action from existing medicinal agents has been desired. Further, development of a 

novel therapeutic and prophylactic agent for diabetes has been strongly desired. 

[0008] In one aspect, an object of the present invention is to provide a pharmaceutical 

composition for use in treating or preventing a cognitive disease or disorder. Another 

object of the present invention is to provide a method of treating or preventing a 

cognitive disease or disorder by using a particular adamantane derivative. 

[0009] In one aspect, an object of the present invention is to provide a pharmaceutical 

composition for use in treating or preventing diabetes or a diabetic complication. 

Another object of the present invention is to provide a method of treating or preventing 

diabetes or a diabetic complication by using a particular adamantane derivative. 

[0010] ATP-sensitive K.±  channels (KATP channels) contain subunits Kir6.1 or Kir6.2, 

and are known to serve as a site of action of anti-diabetic and other drugs. 
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[0011] In one aspect, an object of the present invention is to provide an inhibitor of 

Kir6.1 or Kir6.2 channels, which are KATP channels. Another object of the present 

invention is to provide a pharmaceutical composition for use in treating or preventing a 

disease in which Kir6.1 or Kir6.2 KATP channels are involved. Another object of the 

present invention is to provide a method of treating or preventing a disease in which 

Kir6.1 or Kir6.2 KATP channels are involved, by using a particular 

adamantylmethylamine derivative. 

SOLUTION TO PROBLEM 

[0012] The present inventors conducted intensive studies with a view to attaining the 

aforementioned objects. As a result, the inventors found that adamantylmethylamine 

derivatives have a Kir6.2 channel inhibitory activity, a Kir6.1 channel inhibitory 

activity, a therapeutic effect for cognitive diseases or disorders, and a hypoglycemic 

effect; and thus, the inventors has completed the present invention. The present 

disclosure includes the invention as set forth in [1] to [17] below. 

[0013] [1] A compound represented by Formula (I): 

[0014] [Chemical Formula 1] 

Q1
R5,

N
.R2 

R3  
Q2 

R1 	 (I) 

wherein Ql, Q2, Rl , and R4  are each independently selected from a hydrogen atom, a 

halogen atom, C1_6 alkyl optionally substituted with one or more halogen atoms, amino, 

C6-10 aryl optionally substituted with one or more substituents selected from Xl, 

carboxy, -OW, and -SR8; 

R2  represents a hydrogen atom, phenylsulfonyl optionally substituted with one 

or more substituents selected from Xl, (C1_6 alkyl)sulfonyl optionally substituted with 

one or more halogen atoms, or -COYR6; 
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Y represents a direct bond, 0, or NR9; 

R3  represents C3-8 cycloalkyl optionally substituted with one or more 

substituents selected from X', C6-10 aryl optionally substituted with one or more 

substituents selected from X', phenylaminocarboyl optionally substituted with one or 

more substituents selected from X', 5- to 10-membered monocyclic or bicyclic 

heteroaryl optionally substituted with one or more substituents selected from X', 5- to 

10-membered monocyclic or bicyclic non-aromatic heterocyclyl optionally substituted 

with one or more substituents selected from X1 , or -Q3-1213; 

Q3  represents C1-3 alkylene, or C2-3 alkenylene; 

R13  represents C6-10 aryl optionally substituted with one or more substituents 

selected from X'; 

R5  represents a hydrogen atom, or C1 _6 alkyl optionally substituted with one or 

more halogen atoms; 

R6  represents C1-6 alkyl, C6_10 aryl optionally substituted with one or more 

substituents selected from X', or 5- or 6-membered heteroaryl optionally substituted 

with one or more substituents selected from XI, wherein the alkyl is optionally 

substituted with one or more halogen atoms, and/or is optionally substituted with one 

substituent selected from X2; 

R7  represents a hydrogen atom, C1-6 alkyl optionally substituted with one or 

more halogen atoms, C1-6 alkoxyCi_6 alkyl, (C1-6 alkyl)carbonyl optionally substituted 

with one or more halogen atoms, or C6-10 aryl optionally substituted with one or more 

substituents selected from X1; 

R8  represents a hydrogen atom, C1-6 alkyl optionally substituted with one or 

more halogen atoms, or C6-10 aryl optionally substituted with one or more substituents 

selected from X1 ; 

R9  represents a hydrogen atom, or C1-6 alkyl optionally substituted with one or 

more halogen atoms; 
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each X1  is independently selected from C1-6 alkyl, a halogen atom, C1-6 alkoxy, 

hydroxy, nitro, and cyano; 

X2  is selected from C1-6 alkoxy, C2-6 alkenyloxy, C2-6 alkynyloxy, and - 

NR11R12; 

R11  represents a hydrogen atom, C1-6 alkyl, (Ci_6 alkoxy)carbonyl, or [(C6-io 

aryl)Ci _3  alkoxy]carbonyl whose aryl moiety is optionally substituted with one or more 

substituents selected from X', wherein the alkyl or alkoxy moiety is optionally 

substituted with one or more halogen atoms; 

R12  represents a hydrogen atom, or C1-6 alkyl optionally substituted with one or 

more halogen atoms; 

wherein the methylene present in the adamantyl group is optionally substituted 

with one or more groups independently selected from C1-6 alkyl, C1-6 alkoxy, and 

hydroxy, wherein the alkyl or alkoxy is optionally substituted with one or more halogen 

atoms, 

an enantiomer thereof, a diastereomer thereof, or a pharmaceutically acceptable salt 

thereof. 

[0015] [2] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1], wherein the compound is 

represented by Formula (I): 

[0016] [Chemical Formula 2] 

Q1
R5,

N
.R2 

R3  
Q2 

R1 	 (1) 

wherein Q1  represents a hydrogen atom, a halogen atom, C1_6 alkyl optionally 

substituted with one or more halogen atoms, amino, or -0R1°; 

—10 tc. represents a hydrogen atom, C1-6 alkyl optionally substituted with one or 
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more halogen atoms, or (Ci_6 alkyl)carbonyl optionally substituted with one or more 

halogen atoms; 

Q2  represents a hydrogen atom, C1-6 alkyl, or C1-6 alkoxy, wherein the alkyl or 

alkoxy is optionally substituted with one or more halogen atoms; 

R1  represents a hydrogen atom, C1-6 alkyl, or C1-6 alkoxy, wherein the alkyl or 

alkoxy is optionally substituted with one or more halogen atoms; 

R2  represents a hydrogen atom, phenylsulfonyl optionally substituted with one 

or more substituents selected from X', (C1 _6  alkyl)sulfonyl optionally substituted with 

one or more halogen atoms, or -COYR6; 

Y represents a direct bond, 0, or NR9; 

R3  represents C3-8 cycloalkyl, C6-10 aryl optionally substituted with one or more 

substituents selected from X', phenylaminocarboyl optionally substituted with one or 

more substituents selected from X1, 5- to 10-membered monocyclic or bicyclic 

heteroaryl optionally substituted with one or more substituents selected from X', 

or -Q3-R13; 

Q3  represents C1_3 alkylene, or C2-3 alkenylene; 

103  represents C6-10 aryl optionally substituted with one or more substituents 

selected from X1; 

R4  represents a hydrogen atom, a halogen atom, C1-6 alkyl optionally 

substituted with one or more halogen atoms, phenyl optionally substituted with one or 

more substituents selected from X3, carboxy, -OE or -SR8; 

R5  represents a hydrogen atom or C1_6 alkyl; 

R6  represents C1_6 alkyl, phenyl optionally substituted with one or more 

substituents selected from X1, or 5- or 6-membered heteroaryl optionally substituted 

with one or more substituents selected from X1, wherein the alkyl is optionally 

substituted with one or more halogen atoms, and/or is optionally substituted with one 

substituent selected from X2; 
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R7  represents a hydrogen atom, C1-6 alkyl optionally substituted with one or 

more halogen atoms, C1-6 alkoxyCi-6 alkyl, or (C1 _6  alkyl)carbonyl optionally substituted 

with one or more halogen atoms; 

R8  represents C1-6 alkyl, or phenyl optionally substituted with one or more 

substituents selected from X1; 

R9  represents a hydrogen atom or C1_6 alkyl; 

each X1  is independently selected from C1-6 alkyl, a halogen atom, C1-6 alkoxy, 

nitro, and cyano; 

X2  is selected from C1-6 alkoxy, C2_6 alkenyloxy, C2_6 alkynyloxy, 

and -NR11R12; 

each X3  is independently selected from C1-6 alkyl, a halogen atom, C1_6 alkoxy, 

hydroxy, nitro, and cyano; 

R11  represents a hydrogen atom, C1-6 alkyl, (Ci_6 alkoxy)carbonyl, or 

benzyloxycarbonyl whose phenyl moiety is optionally substituted with one or more 

substituents selected from X1 ; 

R12  represents a hydrogen atom or C1-6 alkyl; 

wherein the methylene present in the adamantyl group is optionally substituted 

with one or more groups independently selected from C1.6 alkyl and C1_6 alkoxy, 

wherein the alkyl or alkoxy is optionally substituted with one or more halogen atoms. 

[0017] [3] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1] or [2], wherein the compound 

is represented by Formula (Ia): 

[0018] [Chemical Formula 3] 

R54k ..R2  
Q1 IN 

R3  

(Ia) 

wherein Q1  represents a hydrogen atom, a halogen atom, or -0R111; 

R4  
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R1°  represents a hydrogen atom, or (C1_6 alkyl)carbonyl optionally substituted 

with one or more halogen atoms; 

R2  represents a hydrogen atom, phenylsulfonyl optionally substituted with one 

or more substituents selected from X1 , (Ci_6 alkyl)sulfonyl optionally substituted with 

one or more halogen atoms, or -COYR6; 

Y represents a direct bond, 0, or NR9; 

R3  represents phenyl optionally substituted with one or more substituents 

selected from X1, or 5- or 6-membered heteroaryl optionally substituted with one or 

more substituents selected from X1; 

R4  represents a hydrogen atom, a halogen atom, -OW, or -SR8; 

R5  represents a hydrogen atom or C1 .6 alkyl; 

R6  represents C1-6 alkyl, phenyl optionally substituted with one or more 

substituents selected from X1, or 5- or 6-membered heteroaryl optionally substituted 

with one or more substituents selected from Xl, wherein the C1-6 alkyl is optionally 

substituted with one or more halogen atoms, and/or optionally substituted with one 

substituent selected from X2; 

R7  represents a hydrogen atom, C1_6 alkyl, C1_6 alkoxyCi_6 alkyl, or (C1-6 

alkyl)carbonyl optionally substituted with one or more halogen atoms; 

R8  represents C1-6 alkyl, or phenyl optionally substituted with one or more 

substituents selected from XI; 

R9  represents a hydrogen atom or C1-6 alkyl; 

each X1  is independently selected from C1-6 alkyl, a halogen atom, C1-6 alkoxy, 

nitro, and cyano; 

X2  is selected from C1_6 alkoxy, C2_6 alkenyloxy, C2-6 alkynyloxy, 

and -NR11R12; 

R11  represents a hydrogen atom, C1_6 alkyl, (Ci_6 alkoxy)carbonyl, or 

benzyloxycarbonyl whose phenyl moiety is optionally substituted with one or more 
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substituents selected from X1; 

R12  represents a hydrogen atom or C1-6 alkyl. 

[0019] [4] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [3], wherein Q1  and 

R4  represent hydrogen atoms. 

[0020] [5] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [3], wherein Q1  and 

R4  are selected from halogen atoms. 

[0021] [6] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [3], and [5], 

wherein Q1  and R4  represent chlorine atoms. 

[0022] [7] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [6], wherein R2  

represents phenylsulfonyl optionally substituted with one or more substituents selected 

from X1, (C1-6  alkyl)sulfonyl optionally substituted with one or more halogen atoms, or 

-CORE. 

[0023] [8] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [7], wherein R2  

represents trifluoroacetyl. 

[0024] [9] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [8], wherein R3  

represents phenyl optionally substituted with one or more substituents selected from X1. 

[0025] [10] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1] to [9], wherein R5  

represents a hydrogen atom. 

[0026] [11] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1], wherein the compound is 
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selected from: 

(1 S,2R,3 S,5 S,7S)-5-chloro-24(R)-pheny1(2,2,2- 

trifluoroac etamido)methyl)adamantan- 1 -yl 2,2,2-trifluoroacetate; 

N-((R)-((1 S,2R,3 S,5 S,7 S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)-2,2,2-trifluoroac etamide; 

(1 S,2R,3 S,5R,7 S)-24(R)-pheny1(2,2,2-trifluoroac etamido)methypadamantan- 

1 -y1 2,2,2-trifluoroacetate; 

(1 S,2R,3 S,5 S,7R)-5-(2-methoxyethoxy)-2-((R)-pheny1(2,2,2- 

trifluoroacetamido)methyl)adamantan- 1 -y1 2,2,2-trifluoroacetate; 

N-((R)-((1 S,2R,3 S,5 S,7 S)-5 -chloro- 1 -hydroxyadamantan-2-y1)(pyridin-3 - 

yl)methyl)-2,2,2-trifluoroacetamide; 

2,2,2-trifluoro-N-((R)-(( 1 S,2R,3 S,5R,7S)- 1 -hydroxyadamantan-2- 

yl)(phenyl)methypacetamide; 

(1 S,2R,3 S,5 S,7R)-5-methoxy-2-((R)-phenyl(2,2,2- 

trifluoroacetamido)methyl)adamantan- 1 -y1 2,2,2-trifluoroacetate; 

N-((R)-(( 1 S,2R,3 S,5 S ,7R)- 1,5 -dichloroadamantan-2-y1)(phenyl)methyl)-2,2,2- 

trifluoroacetamide; 

(R)-(( 1 S,2R,3 S,5 S,7R)- 1 ,5-dichloroadamantan-2-y1)(phenyl)methanamine; 

N-((R)-((1 S,2R,3 S,5 S,7R)- 1 ,5-dichloroadamantan-2- 

y1)(phenyl)methypacetamide; 

methyl ((R)-(( 1 S ,2R,3 S,5 S,7R)- 1,5-dichloroadamantan-2- 

yl)(phenyl)methyl)c arb amate; 

1 -((R)-((1 S,2R,3 S,5 S,7R)- 1,5 -dichloroadamantan-2-y1)(phenyl)methyl)-3 - 

phenylurea; 

benzyl (2-(((R)-(( 1 S,2R,3 S,5S,7R)- 1 ,5-dichloroadamantan-2- 

y1)(phenyl)methypamino)-2-oxoethyl)carbamate; 

2-amino-N-((R)-(( 1 S,2R,3S,5S,7R)-1,5-dichloroadamantan-2- 



yl)(phenyl)methyDacetamide; 

N-((R)-((1 S,2R,3 S,5 S,7S)-1,5-dichloroadamantan-2- 

y1)(phenyOmethypmethanesulfonamide; 

2-bromo-N-((R)-(( 1 S,2R,3 S,5 S,7R)- 1, 5-dichloroadamantan-2- 

yl)(phenyl)methyl)acetamide; 

N-((R)-((1 S,2R,3 S,5 S,7R)- 1,5-dichloro adamantan-2-y1)(phenyl)methyl)-2- 

(prop-2-yn- 1 -yloxy)acetamide; 

N-((R)-(( 1 S,2R,3 S,5 S ,7R)- 1,5-dichloro adamantan-2-y1)(phenyl)methyl)- 1, 1 , 1 - 

trifluoromethanesulfonamide; 

N-((R)-(( 1 S,2R,3 S,5 S ,7R)- 1,5 -dichloroadamantan-2-y1)(phenyl)methyl)-2- 

nitrobenzenesulfonamide; 

N-((R)-(( 1 S,2R,3 S,5 S,7R)- 1 ,5-dichloroadamantan-2-y1)(phenyl)methyl)-4- 

nitrobenzenesulfonamide; 

N-((S)-(( 1 S,3 S,55,7S)-adamantan-2-y1)(phenyl)methyl)-2,2,2- 

trifluoroacetamide; 

N-((R)-(( 1 R,3R,5R,7R)-adamantan-2-y1)(phenyl)methyl)-2,2,2- 

trifluoro ac etamide; 

(1 S,2R,3 S,5 S,7S)-2-((R)-phenyl (2,2,2-trifluoro acetamido)methyl)-5- 

(phenylthio)adamantan- 1 -y1 2,2,2-trifluoroacetate; 

N-((R)-(( 1 S,2R,3 S,5 S,7R)-1,5-dichloroadamantan-2- 

y1)(phenyl)methyebenzamide; 

N-((R)-((1 S,2R,3 S,5 S,7R)- 1,5-dichloro adamantan-2- 

yl)(phenyl)methyl)picolinamide; 

N-((R)-(( 1 S,2R,3 S,5 S,7R)- 1 ,5-dichloro adamantan-2- 

yl)(phenyl)methyl)b enzenesul fonamide; 

(1 S,2R,3 S,5 S,7S)-5-chloro-24(S)-pheny1(2,2,2- 

trifluoro acetamido)methyl)adamantan- 1 -y1 2,2,2-trifluoroacetate; 
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N-(( 1R)-(( 1R,2 S ,3 R,5R,7R)-5-chloro- 1 -hydroxyadamantan-2- 

y1)(phenyl)methyl)-2,2,2-trifluoroacetamide; 

(1 R,2 S,3R,5R,7R)-5-chloro-24(R)-pheny1(2,2,2- 

trifluoro ac etamido)methyl) adamantan- 1 -y1 2,2,2-trifluoroacetate; 

(1 S,2R,3 S,5 S,7S)-2((R)-amino(phenyl)methyl)-5-chloroadamantan- 1 -ol; 

N-((R)-(( 1 S,2R,3 S,5 S,7 S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methypacetamide; 

N-((R)-((1 S,2R,3 S, 5 S ,7S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)propionamide; 

N-((R)-(( 1 S,2R,3 S,5S,7S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)butylamide; 

N-((R)-(( 1 S,2R,3 S,5 S,7 S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyphex anamide; 

N-((R)-((1 S,2R,3 S,5 S,7S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)cyclopropanecarboxamide ; 

N-((R)-(( 1 S,2R,3 S,5 S,7S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)isobutylamide; 

N-((R)-((1 S,2R,3 S,5 S ,7 S)-5 -chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)pivalamide; 

N-((R)-((1 S,2R,3 S,5 S,7 S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)cyclobutanecarboxamide; 

N-((R)-(( 1 S,2R,3 S, 5 S,7S)-5-chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)cyclop entanecarboxamide; 

N-((R)-((1 S,2R,3 S,5S,7S)-5-chloro- 1 -hydroxyadamantan-2- 

y1)(phenyl)methyl)-2,2-difluoroacetamide; 

N-((R)-(( 1 S,2R,3 S,5 S ,7 S)-5 -chloro- 1 -hydroxyadamantan-2- 

yl)(phenyl)methyl)-2,2-dimethylbutanamide; and 
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N-((R)-((1 S ,2R,3 S ,5S,7S)-5-chloro-l-hydroxyadamantan-2-

yl)(phenyl)methyl)-3-methylbutanamide. 

[0027] [12] A pharmaceutical composition comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1] to [11]. 

[0028] [13] The pharmaceutical composition as set forth in [12], for use in treating 

or preventing a cognitive disease or disorder. 

[0029] [14] The pharmaceutical composition as set forth in [13], wherein the 

cognitive disease or disorder is selected from Alzheimer's dementia, cerebrovascular 

dementia, Lewy body dementia, frontotemporal dementia, Parkinson's disease, a mental 

disease and a neurodegenerative disease. 

[0030] [15] The pharmaceutical composition as set forth in [12], for use in treating 

or preventing diabetes or a diabetic complication. 

[0031] [16] A Kir6.2 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1] to [11]. 

[0032] [17] A Kir6.1 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1] to [11]. 

[0033] Further, the present disclosure includes the invention relating to an adamantane 

derivative as set forth in [1-1] to [1-14] below. 

[0034] [1-1] A compound represented by Formula (Ib): 

[0035] [Chemical Formula 4] 

(Ib) 

wherein one of Q' and R4  represents a halogen atom, and the other represents a 

R 
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hydrogen atom or a halogen atom; 

R2  represents a hydrogen atom, phenylsulfonyl optionally substituted with one 

or more substituents selected from X1, (C1_6 alkyl)sulfonyl optionally substituted with 

one or more halogen atoms, or -COYR6; 

Y represents a direct bond, 0, or NR7; 

R6  represents C1-6 alkyl, C1-6 alkoxy optionally substituted with one or more 

halogen atoms, phenyl optionally substituted with one or more substituents selected 

from X1, or 5- or 6-membered heteroaryl optionally substituted with one or more 

substituents selected from X1, wherein the C1-6 alkyl is optionally substituted with one 

or more halogen atoms, and/or optionally substituted with one substituent selected from 

X2; 

R7  represents a hydrogen atom or C1-6 alkyl; 

X represents 0 or NR5; 

R3  represents phenyl optionally substituted with one or more substituents 

selected from X', or 5- or 6-membered heteroaryl optionally substituted with one or 

more substituents selected from X1; 

R5  represents a hydrogen atom or C1-6 alkyl; 

each X1  is independently selected from C1-6 alkyl, a halogen atom, C1-6 alkoxy, 

nitro, and cyano; 

X2  is selected from C1 _6  alkoxy, C2_6 alkenyloxy, C2-6 alkynyloxy, 

and -NR11R12; 

R11  represents a hydrogen atom, C1-6 alkyl, (C1.6 alkoxy)carbonyl, or 

benzyloxycarbonyl whose phenyl moiety is optionally substituted with one or more 

substituents selected from X'; 

R12  represents a hydrogen atom or C1-6 alkyl, 

an enantiomer thereof, a diastereomer thereof, or a pharmaceutically acceptable salt 

thereof 
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[0036] [1-2] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1-1], wherein Q1  and R4  are 

selected from halogen atoms. 

[0037] [1-3] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1-1] or [1-2], wherein Q1  and R4  

represent chlorine atoms. 

[0038] [1-4] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1-1] to [1-3], wherein R2  

represents phenylsulfonyl optionally substituted with one or more substituents selected 

from X1, (C1_6  alkyl)sulfonyl optionally substituted with one or more halogen atoms, or 

-COYR6. 

[0039] [1-5] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1-1] to [1-4], wherein R3  

represents phenyl optionally substituted with one or more substituents selected from X1. 

[0040] [1-6] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [1-1] to [1-5], wherein X 

represents NH. 

[0041] [1-7] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [1-1], wherein the compound is 

selected from: 

N-((R)-((1 S ,2R,3 S,5S,7R)-1,5-dichloro adamantan-2-y1)(phenyl)methyl)-2,2,2- 

trifluoroacetamide; 

(R)-((15,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenypmethanamine; 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2- 

y1)(phenyl)methypacetamide; 

methyl ((R)-((lS ,2R,3 S ,5 S ,7R)-1,5-dichloro adamantan-2-

yl)(phenyl)methyl)carbamate; 
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1-((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-3-

phenylurea; 

benzyl (2-4(R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methypamino)-2-oxoethyl)carbamate; 

2-amino-N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methypacetamide; 

N-((R)-((1S,2R,3S,5S,7S)-1,5-dichloroadamantan-2- 

y1)(phenyl)methypmethanesulfonamide; 

2-bromo-N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methypacetamide; 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2-

(prop-2-yn-l-yloxy)acetamide; 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-1,1,1-

trifluoromethanesulfonamide; 

N-((R)-((1S,2R,35,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2-

nitrobenzenesulfonamide; and 

N-((R)-((1 S ,2R,3 S,5 S ,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-4-

nitrobenzenesulfonamide. 

[0042] [1-8] A pharmaceutical composition comprising the compound, enantiomer 

thereof; diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1-1] to [1-7]. 

[0043] [1-9] The pharmaceutical composition as set forth in [1-8], for use in treating 

or preventing a cognitive disease or disorder. 

[0044] [1-10] The pharmaceutical composition as set forth in [1-9], wherein the 

cognitive disease or disorder is selected from Alzheimer's dementia, cerebrovascular 

dementia, Lewy body dementia, frontotemporal dementia, Parkinson's disease, a mental 

disease and a neurodegenerative disease. 
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[0045] [1-11] The pharmaceutical composition as set forth in [1-8], for use in 

treating or preventing diabetes or a diabetic complication. 

[0046] [1-12] A Kir6.2 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1-1] to [1-7]. 

[0047] [1-13] A Kir6.1 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [1-1] to [1-7]. 

[0048] [1-14] A compound represented by Formula (III): 

[0049] [Chemical Formula 5] 

OH N3 

R3  

(III) 

wherein R4  represents a hydrogen atom or a halogen atom; 

R3  represents phenyl optionally substituted with one or more substituents 

selected from XI, or 5- or 6-membered heteroaryl optionally substituted with one or 

more substituents selected from X'; 

each X1  is independently selected from C1-6 alkyl, a halogen atom, C1_6 alkoxy, 

nitro, and cyano, 

an enantiomer thereof, a diastereomer thereof, or a salt thereof. 

[0050] Furthermore, the present disclosure includes the invention relating to an 

adamantane derivative as set forth in [2-1] to [2-12] below. 

[0051] [2-1] A compound represented by Formula (Ic): 

[0052] [Chemical Formula 6] 

0 

HO HN
A 

 R- 
A 

R3  

(Ic) 

R4  

CI 
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wherein R6  is selected from C1_6 alkyl and C3-6 cycloalkyl; 

R3  represents phenyl optionally substituted with one or two halogen atoms, 

an enantiomer thereof, a diastereomer thereof, or a pharmaceutically acceptable salt 

thereof. 

[0053] [2-2] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [2-1], wherein R6  is selected 

from C2-6 alkyl. 

[0054] [2-3] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [2-1] or [2-2], wherein R6  is 

selected from n-propyl, i-propyl, n-butyl, s-butyl, i-butyl, and t-butyl. 

[0055] [2-4] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in any of [2-1] to [2-3], wherein R3  

represents phenyl. 

[0056] [2-5] The compound, or pharmaceutically acceptable salt thereof as set forth 

in any of [2-1] to [2-4], wherein the compound is represented by Formula (Id): 

[0057] [Chemical Formula 7] 

0 
A 

HN R- 
g 

HO H 

R3  

(Id). 

[0058] [2-6] The compound, enantiomer thereof, diastereomer thereof, or 

pharmaceutically acceptable salt thereof as set forth in [2-1], wherein the compound is 

selected from: 

N-((R)-((1S,2R,3S,55,7S)-5-chloro-l-hydroxyadamantan-2- 

y1)(phenyl)methyl)butylamide; and 

N-((R)-((lS,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)piyalamide. 

CI 
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[0059] [2-7] A pharmaceutical composition comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [2-1] to [2-6]. 

[0060] [2-8] The pharmaceutical composition as set forth in [2-7], for use in treating 

or preventing a cognitive disease or disorder. 

[0061] [2-9] The pharmaceutical composition as set forth in [2-8], wherein the 

cognitive disease or disorder is selected from Alzheimer's dementia, cerebrovascular 

dementia, Lewy body dementia, frontotemporal dementia, Parkinson's disease, a mental 

disease and a neurodegenerative disease. 

[0062] [2-10] The pharmaceutical composition as set forth in [2-7], for use in 

treating or preventing diabetes or a diabetic complication. 

[0063] [2-11] A Kir6.2 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [2-1] to [2-6]. 

[0064] [2-12] A Kir6.1 channel inhibitor comprising the compound, enantiomer 

thereof, diastereomer thereof, or pharmaceutically acceptable salt thereof as set forth in 

any of [2-1] to [2-6]. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0065] In one aspect, the present invention provides a pharmaceutical composition for 

use in treating or preventing a cognitive disease or disorder. In another aspect, the 

present invention provides an inhibitor of Kir6.1 channel or Kir6.2 channel, which are 

KATP channels. 

BRIEF DESCRIPTION OF DRAWINGS 

[0066] [Fig. 1] Fig. 1 is a graph showing CaMKII activity enhanced by the 

compound of the present invention in cells (Neuro2A cells) overexpressing Kir6.2 

channels. All significant differences shown in the figure are relative to the control 

group (C: non-drug-treated group of Kir6.2 channel-overexpressing cells). With 
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regard to significant differences shown in the figures presented herein, ** or ++ 

represents P < 0.01, and + or * represents P < 0.05. 

[Fig. 2-1] Fig. 2-1 shows the results of immunoblotting of Kir6.2 channel-

overexpressing cells using an anti-Kir6.2 channel antibody to determine the expression 

of Kir6.2 channels in the N2A cells. A significant difference relative to the non-drug-

treated group (—) is indicated by **. 

[Fig. 2-2] Fig. 2-2 shows the results of a whole-cell patch-clamp assay, 

which demonstrate that TP-014 suppresses outward potassium current in Kir6.2 

channel-overexpressing cells. The results reveal that TP-014 inhibits Kir6.2 channels 

and attenuates potassium current. 

[Fig. 3-1] Fig. 3-1 shows the results of a calcium imaging assay, which 

demonstrate that the treatment with TP-014 increases intracellular calcium 

concentration in Kir6.2 channel-overexpressing cells. Concentration-dependent 

change over time in calcium levels in the groups treated with the inventive compound or 

memantine was measured for four minutes. The results reveal that TP-014 inhibits 

Kir6.2 channels and increases intracellular calcium concentration. 

[Fig. 3-2] Fig. 3-2 shows the results of a calcium imaging assay, which 

demonstrate that the treatment with TP-014 increases intracellular calcium 

concentration in Kir6.2 channel-overexpressing cells. The calcium levels were 

measured at 4 minutes after the treatment with memantine or the inventive compound. 

Significant differences relative to the non-drug-treated group (—) of Kir6.2 channel-

overexpressing cells (Neuro2A cells) were observed. The results reveal that TP-014 

inhibits Kir6.2 channels and increases intracellular calcium concentration. 

[Fig. 4-1] Fig. 4-1 is a graph showing the results of an experiment in which 

Alzheimer's disease model mice (APP23 mice) (12 month-old) were treated with TP-

014 for two months and were analyzed by Y-maze test to determine the cognitive 

function enhancing effect of TP-014 treatment. 
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[Fig. 4-2] Fig. 4-2 is a graph showing the results of an experiment in which 

Alzheimer's disease model mice (APP23 mice) (12 month-old) were treated with TP-

014 for two months and were analyzed by Y-maze test to determine the cognitive 

function enhancing effect of TP-014 treatment. With respect to the correct answer rate 

(alteration) in memory and learning in APP23 mice, a significant difference relative to 

wild-type (WT) is indicated by **, and a significant difference relative to the control 

group (non-treated group) of APP23 mice is indicated by ++. 

[Fig. 4-3] Fig. 4-3 is a graph showing the results of an experiment in which 

Alzheimer's disease model mice (APP23 mice) (12 month-old) were treated with TP-

014 for two months and were analyzed by novel object recognition test to determine the 

cognitive function enhancing effect of TP-014 treatment. A significant difference 

observed by comparing Novel (novel object) with Familiar (same object) in each mouse 

group is indicated by **. 

[Fig. 4-4] Fig. 4-4 is a graph showing the results of an experiment in which 

Alzheimer's disease model mice (APP23 mice) (12 month-old) were treated with TP-

014 for two months and were analyzed by fear conditioning test to determine the 

cognitive function enhancing effect of TP-014 treatment. In retention trials, a 

significant difference relative to WT is indicated by **, and a significant difference 

relative to the control group of APP23 mice is indicated by +. 

[Fig. 4-5] Fig. 4-5 shows the results of an experiment in which Alzheimer's 

disease model mice (APP23 mice) (12 month-old) were treated with TP-014 for two 

months and were analyzed by electrophysiological test regarding long-term potentiation 

phenomenon (LTP) serving as an index of memory formation. 

[Fig. 4-6] Fig. 4-6 shows the results of an experiment in which Alzheimer's 

disease model mice (APP23 mice) (12 month-old) were treated with TP-014 for two 

months and were analyzed by electrophysiological test regarding long-term potentiation 

phenomenon (LTP) serving as an index for memory formation. 
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[Fig. 4-7] Fig. 4-7 shows the results of an experiment in which Alzheimer's 

disease model mice (APP23 mice) (12 month-old) were treated with TP-014 for two 

months and were analyzed by electrophysiological test regarding long-term potentiation 

phenomenon (LTP) serving as an index of memory formation. A significant difference 

relative to WT is indicated by **, and a significant difference relative to the control 

group of APP23 mice is indicated by ++ or +. 

[Fig. 5-1] Fig. 5-1 is a set of bands (band images) obtained by electrophoresis 

of immunoblots, which show the results of protein phosphorylation analysis by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK. 

[Fig. 5-2] Fig. 5-2 shows the results of quantitative analysis of the signal 

intensity of the bands obtained by electrophoresis of immunoblots as shown in Fig. 5-1. 

A significant differences relative to WT (—) (non-drug-treated group) is indicated by **, 

and a significant difference relative to the non-drug-treated group (—) of APP23 mice is 

indicated by +. 

[Fig. 5-3] Fig. 5-3 is a set of bands (band images) obtained by electrophoresis 

of immunoblots, which show the results of protein phosphorylation analysis by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK. 

[Fig. 5-4] Fig. 5-4 shows the results of quantitative analysis of the signal 

intensity of the bands obtained by electrophoresis of immunoblots as shown in Fig. 5-3. 

A significant differences relative to WT (—) (non-drug-treated group) is indicated by **, 

and a significant difference relative to the non-drug-treated group (—) of APP23 mice is 

indicated by +. 

[Fig. 6-1] Fig. 6-1 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with TP-014 for two weeks and were analyzed by Y-maze test to determine 

the cognitive function enhancing effect of TP-014 treatment. 

[Fig. 6-2] Fig. 6-2 is a graph showing the results of an experiment in which 
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olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with TP-014 for two weeks and were analyzed by Y-maze test to determine 

the cognitive function enhancing effect of TP-014 treatment. A significant difference 

in correct answer rate (alteration) in memory and learning between OBX mice and 

Sham-operated (Sham) mice is indicated by **, and a significant difference relative to 

the control group (non-treated group) of OBX mice is indicated by ++. 

[Fig. 6-3] Fig. 6-3 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with TP-014 for two weeks and were analyzed by novel object recognition 

test to determine the cognitive function enhancing effect of TP-014 treatment. A 

significant difference observed by comparing Novel (novel object) with Familiar (same 

object) in each mouse group is indicated by **. 

[Fig. 6-4] Fig. 6-4 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with TP-014 for two weeks and were analyzed by fear conditioning test to 

determine the cognitive function enhancing effect of TP-014 treatment. In retention 

trials, a significant difference relative to Sham is indicated by **, and a significant 

difference relative to the control group of OBX mice is indicated by +. 

[Fig. 6-5] Fig. 6-5 shows the results of an experiment in which olfactory 

bulbectomized mice (OBX mice) used as a neurodegenerative disease model were 

treated with TP-014 for two weeks and were analyzed by electrophysiological test 

regarding long-term potentiation phenomenon (LTP) serving as an index of memory 

formation. 

[Fig. 6-6] Fig. 6-6 shows the results of an experiment in which olfactory 

bulbectomized mice (OBX mice) used as a neurodegenerative disease model were 

treated with TP-014 for two weeks and were analyzed by electrophysiological test 

regarding long-term potentiation phenomenon (LTP) serving as an index of memory 
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formation. 

[Fig. 6-7] Fig. 6-7 shows the results of an experiment in which olfactory 

bulbectomized mice (OBX mice) used as a neurodegenerative disease model were 

treated with TP-014 for two weeks and were analyzed by electrophysiological test 

regarding long-term potentiation phenomenon (LTP) serving as an index of memory 

formation. A significant difference relative to Sham is indicated by **, and a 

significant difference relative to the control group of OBX mice is indicated by ++ or +. 

[Fig. 7-1] Fig. 7-1 is a set of bands (band images) obtained by electrophoresis 

of immunoblots, which show the results of protein phosphorylation analysis by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK. 

[Fig. 7-2] Fig. 7-2 shows the results of quantitative analysis of the signal 

intensity of the bands obtained by electrophoresis of immunoblots as shown in Fig. 7-1. 

[Fig. 7-3] Fig. 7-3 is a set of bands (band images) obtained by electrophoresis 

of immunoblots, which show the results of protein phosphorylation analysis by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK. 

[Fig. 7-4] Fig. 7-4 shows the results of quantitative analysis of the signal 

intensity of the bands obtained by electrophoresis of immunoblots as shown in Fig. 7-3. 

A significant differences relative to Sham (non-drug-treated group) is indicated by **, 

and a significant difference relative to the non-drug-treated group (—) of OBX mice is 

indicated by ++. 

[Fig. 8-1] Fig. 8-1 is a graph showing the results of an experiment in which 

Kir6.2 channel-deficient mice were treated with TP-014 for two months and were 

analyzed by Y-maze test to determine the cognitive function enhancing effect of TP-014 

treatment. 

[Fig. 8-2] Fig. 8-2 is a graph showing the results of an experiment in which 

Kir6.2 channel-deficient mice were treated with TP-014 for two months and were 

analyzed by Y-maze test to determine the cognitive function enhancing effect of TP-014 
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treatment. A significant difference in correct answer rate (alteration) in memory and 

learning observed by comparing Kir6.2-deficient mice with wild-type (WT) is indicated 

by * or **. 

[Fig. 8-3] Fig. 8-3 is a graph showing the results of an experiment in which 

Kir6.2 channel-deficient mice were treated with TP-014 for two months and were 

analyzed by novel object recognition test to determine the cognitive function enhancing 

effect of TP-014 treatment. A significant difference observed by comparing Novel 

(novel object) with Familiar (same object) in each mouse group is indicated by **. 

[Fig. 8-4] Fig. 8-4 is a graph showing the results of an experiment in which 

Kir6.2 channel-deficient mice were treated with TP-014 for two months and were 

analyzed by fear conditioning test to determine the cognitive function enhancing effect 

of TP-014 treatment. In retention trials, a significant difference relative to WT is 

indicated by *. 

[Fig. 8-5] Fig. 8-5 shows the results of an experiment in which Kir6.2 

channel-deficient mice were treated with TP-014 for two months and were analyzed by 

electrophysiological test regarding long-term potentiation phenomenon (LTP) serving 

as an index of memory formation. 

[Fig. 8-6] Fig. 8-6 shows the results of an experiment in which Kir6.2 

channel-deficient mice were treated with TP-014 for two months and were analyzed by 

electrophysiological test regarding long-term potentiation phenomenon (LTP) serving 

as an index of memory formation. 

[Fig. 8-7] Fig. 8-7 shows the results of an experiment in which Kir6.2 

channel-deficient mice were treated with TP-014 for two months and were analyzed by 

electrophysiological test regarding long-term potentiation phenomenon (LTP) serving 

as an index of memory formation. A significant difference relative to WT is indicated 

by ** or *. 

[Fig. 9-1] Fig. 9-1 is a set of bands (band images) obtained by electrophoresis 
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of immunoblots, which show the results of protein phosphorylation analysis by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK. 

[Fig. 9-2] Fig. 9-2 shows the results of quantitative analysis of the signal 

intensity of the bands obtained by electrophoresis of immunoblots as shown in Fig. 9-1. 

A significant difference relative to WT (—) (non-drug-treated group) is indicated by ** 

or*. 

[Fig. 10] Fig. 10 shows the results of staining of sliced brain sections from 

APP23 mice, which demonstrate the effect of the compound of the present invention on 

Afl aggregation. 

[Fig. 11-1] Fig. 11-1 shows the results of a tail suspension test conducted to 

determine the effect of the compound of the present invention to ameliorate a 

depression-like symptom in OBX mice. A significant difference relative to Sham 

(control group) is indicated by **, and a significant difference relative to the control 

group of OBX mice is indicated by +. 

[Fig. 11-2] Fig. 11-2 shows the results of a forced swim test conducted to 

determine the effect of the compound of the present invention to ameliorate a 

depression-like symptom in OBX mice. A significant difference relative to Sham 

(control group) is indicated by **, and a significant difference relative to the control 

group of OBX mice is indicated by +. 

[Fig. 12-1] Fig. 12-1 shows the results of a test conducted to confirm that the 

compound of the present invention exerts a depression ameliorating effect through 

inhibition of Kir6.1 channels. A significant difference relative to WT (control group) 

is indicated by **. 

[Fig. 12-2] Fig. 12-2 shows the results of a test conducted to confirm that the 

compound of the present invention exerts a depression ameliorating effect through 

inhibition of Kir6.1 channels. A significant difference relative to WT (control group) 

is indicated by **. 
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[Fig. 13-1] Fig. 13-1 shows the results of a test conducted to confirm that the 

compound of the present invention exerts a depression ameliorating effect through 

inhibition of Kir6.1 channels and activation of CaMKIV. A significant difference 

relative to WT (control group) is indicated by **. 

[Fig. 13-2] Fig. 13-2 shows the results of a test conducted to confirm that the 

compound of the present invention exerts a depression ameliorating effect through 

inhibition of Kir6.1 channels and activation of CaMKIV. A significant difference 

relative to WT (control group) is indicated by **. 

[Fig. 14] Fig. 14 shows the results of a test conducted to confirm that the 

compound of the present invention has a hypoglycemic effect. The "weeks" refers to a 

time period of chronic treatment. A significant difference relative to ob/ob (vehicle) in 

each week is indicated by *. 

[Fig. 15] Fig. 15 is an illustration depicting the mechanism of action of TP-

014. When the Kir6.2 channel localized in the spine is inhibited, intracellular 

potassium cannot flow out, resulting in depolarization of cell membrane potential. 

Then, the voltage-dependent calcium channel opens, thereby promoting calcium entry 

from outside cells, triggering activation of CaMKII, and activating GluAl (Ser-

831)(AMPA acceptor) downstream of CaMKII, whereby enhancement of cognitive 

function is achieved. Also, TP-014 inhibits the Kir6.1 channel localized in the nerve 

cell body, and calcium enters cells by the same mechanism. The entered calcium 

activates CaMKIV, activates CREB (Ser-133) and induces neurogenesis, whereby 

amelioration of depression is achieved. TP-014 is a novel cognitive function 

enhancing drug having both an enhancing effect on cognitive function (core symptom 

of Alzheimer's disease) through inhibition of Kir6.2 channels and an ameliorating effect 

on depression (peripheral symptom of Alzheimer's disease) through inhibition of Kir6.1 

channels. 

[Fig. 16] Fig. 16 is a diagram depicting the structure of the plasmid vector: 
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pcDNA3.1-Kir6.2. 

[Fig. 17-1] Fig. 17-1 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.2. 

[Fig. 17-2] Fig. 17-2 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.2. 

[Fig. 17-3] Fig. 17-3 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.2. 

[Fig. 17-4] Fig. 17-4 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.2. 

[Fig. 17-5] Fig. 17-5 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.2. 

[Fig. 18-1] Fig. 18-1 is a graph showing CaMKIV activity enhanced by the 

compound of the present invention in Kir6.1 channel-overexpressing cells (Neuro2A 

cells). All significant differences shown in the figure are relative to the control group 

(C: non-drug-treated group of Kir6.1channel-overexpressing cells). 

[Fig. 18-2] Fig. 18-2 shows the results of immunoblotting of Kir6.1 channel-

overexpressing cells using an anti-Kir6.1 channel antibody to determine the expression 

of Kir6.1 channels in the N2A cells. A significant difference relative to the non-drug-

treated group (—) is indicated by **. 

[Fig. 18-3] Fig. 18-3 shows the results of a common patch-clamp assay 

performed on Kir6.1 channel-overexpressing cells to measure potassium current 

discharged out of the cells. 

[Fig. 19-1] Fig. 19-1 shows the results of determining anxiety vulnerability 

of tested mice groups by elevated plus-maze test. With respect to the spending time of 

the mice in open arms, a significant difference relative to WT (—) is indicated by ** or *, 

and a significant difference relative to WT (CORT) is indicated by ++. 

[Fig. 19-2] Fig. 19-2 is a photograph of an apparatus used in an elevated 
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plus-maze test. 

[Fig. 19-3] Fig. 19-3 shows the results of a light/dark test. A significant 

difference relative to WT (—) is indicated by **, and a significant difference relative to 

WT (CORT) is indicated by ++. 

[Fig. 19-4] Fig. 19-4 is a photograph of an apparatus used in a light/dark test. 

[Fig. 19-5] Fig. 19-5 shows the results of a marble burying test. A 

significant difference relative to WT (—) is indicated by **, and a significant difference 

relative to WT (CORT) is indicated by +. 

[Fig. 19-6] Fig. 19-6 is a photograph of an apparatus used in a marble 

burying test. 

[Fig. 19-7] Fig. 19-7 shows the results of an open field test. A significant 

difference relative to WT (—) is indicated by **, and a significant difference relative to 

WT (CORT) is indicated by ++. 

[Fig. 19-8] Fig. 19-8 is a photograph of an apparatus used in an open field 

test. 

[Fig. 19-9] Fig. 19-9 shows the results of a fear conditioning test. A 

significant difference relative to WT (—) is indicated by ** or *, and a significant 

difference relative to WT (CORT) is indicated by ++. 

[Fig. 20] Fig. 20 is a diagram depicting the structure of the plasmid vector: 

pcDNA3.1-Kir6.1. 

[Fig. 21-1] Fig. 21-1 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.1. 

[Fig. 21-2] Fig. 21-2 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.1. 

[Fig. 21-3] Fig. 21-3 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.1. 

[Fig. 21-4] Fig. 21-4 is a diagram showing the sequence of the plasmid 
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vector: pcDNA3.1-Kir6.1. 

[Fig. 21-5] Fig. 21-5 is a diagram showing the sequence of the plasmid 

vector: pcDNA3.1-Kir6.1. 

[Fig. 22-1] Fig. 22-1 shows the results of a tail suspension test conducted to 

determine the effect of the compound of the present invention to ameliorate a 

depression-like symptom in OBX mice. A significant difference relative to Sham 

(control group) is indicated by **, and a significant difference relative to the control 

group of OBX mice is indicated by + or ++. 

[Fig. 22-2] Fig. 22-2 shows the results of a forced swim test conducted to 

determine the effect of the compound of the present invention to ameliorate a 

depression-like symptom in OBX mice. A significant difference relative to Sham 

(control group) is indicated by **, and a significant difference relative to the control 

group of OBX mice is indicated by + or ++. 

[Fig. 22-3] Fig. 22-3 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with a single dose of each of different test compounds like TP-014, and 

thereafter (after 1 h) analyzed by Y-maze test to determine the cognitive function 

enhancing effect of compound treatment. With respect to the total arm entries in OBX 

mice, a significant difference relative to Sham is indicated by **, and a significant 

difference relative to the control group (non-treated group) of OBX mice is indicated by 

+ or ++. 

[Fig. 22-4] Fig. 22-4 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with a single dose of each of different test compounds like TP-014, and 

thereafter (after 1 h) analyzed by Y-maze test to determine the cognitive function 

enhancing effect of compound treatment. With respect to correct answer rate 

(alteration) in memory and learning in OBX mice, a significant difference relative to 
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Sham is indicated by **, and a significant difference relative to the control group (non-

treated group) of OBX mice is indicated by ++. 

[Fig. 22-5] Fig. 22-5 is a graph showing the results of an experiment in which 

olfactory bulbectomized mice (OBX mice) used as a neurodegenerative disease model 

were treated with a single dose of each of different test compounds like TP-014, and 

thereafter (after 1 h) analyzed by novel object recognition test to determine the 

cognitive function enhancing effect of compound treatment. A significant difference 

observed by comparing Novel (novel object) with Familiar (same object) in each mouse 

group is indicated by * or **. 

DESCRIPTION OF EMBODIMENTS 

[0067] On the pages that follow, the present invention will be more specifically 

described. 

[0068] According to one aspect of the present invention, there is provided a 

pharmaceutical composition for treating or preventing a cognitive disease or disorder, 

comprising a compound represented by Formula (I), an enantiomer thereof, a 

diastereomer thereof, or a pharmaceutically acceptable salt thereof More specifically, 

the compound of this invention includes compounds represented by Formula (I) or (II) 

as shown below. 

[0069] [Chemical Formula 8] 

,R2 	 ,R5  
Q1 N 	 91 

Also, the compound of this invention includes compounds represented by 

Formula (Ia) or (Ha) as shown below. 

[0070] [Chemical Formula 9] 
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Further, the compound of this invention includes compounds represented by 

Formula (Ib) or (IIb) as shown below. 

[0071] [Chemical Formula 10] 

Q1 XR2 	XR2 Q1  

Fe 
R4 (IIb) 

[0072] As used herein, the term "C1 _6 alkyl" refers to a linear, branched, cyclic or 

partially cyclic alkyl group having 1 to 6 carbon atoms. Examples thereof include 

methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl, 

3-methylbutyl, 2-methylbutyl, 1-methylbutyl, 1-ethylpropyl, n-hexyl, 4-methylpentyl, 

3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3-ethylbutyl, 2-ethylbutyl, cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl and cyclopropylmethyl. For example, C1-4 alkyl 

and C1-3 alkyl are also included. 

[0073] As used herein, the term "Ci_6 alkoxy" refers to an alkyloxy group [-0-(C1-6 

alkyl)] having, as an alkyl moiety, an alkyl group having 1 to 6 carbon atoms as already 

defined. Examples thereof include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, 

s-butoxy, i-butoxy, t-butoxy, n-pentoxy, 3-methylbutoxy, 2-methylbutoxy, 

1-methylbutoxy, 1-ethylpropoxy, n-hexyloxy, 4-methylpentoxy, 3-methylpentoxy, 

2-methylpentoxy, 1-methylpentoxy, 3-ethylbutoxy, cyclopentyloxy, cyclohexyloxy and 

cyclopropylmethyloxy. For example, C1-4 alkoxy and C1-3 alkoxy are also included. 

As used herein, the term "C1_4 alkoxy" includes, for example, C1_3 alkoxy. 

[0074] As used herein, the term "C2_6 alkenyloxy" refers to an alkenyloxy group [-0-

(C2_6  alkenyl)] having a linear, branched, cyclic or partially cyclic alkenyl group having 

R4  (Ib) 
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2 to 6 carbon atoms. The alkenyl group has one or more, preferably 1 to 3, more 

preferably one double bond. Examples of C2-6 alkenyloxy include vinyloxy, 

2-propenyloxy, 1-propenyloxy, 1-methylvinyloxy, 3-butenyloxy, 2-butenyloxy, and 

1-butenyloxy. 

[0075] As used herein, the term "C2-6 alkynyloxy" refers to an alkynyloxy group [-0-

(C2-6 alkynyl)] having a linear, branched, cyclic or partially cyclic alkynyl group having 

2 to 6 carbon atoms. The alkynyl group has one or more, preferably 1 to 3, more 

preferably one triple bond. Examples of C2-6 alkynyloxy include ethynyloxy, 

2-propynyloxy, 1-propynyloxy, 3-butynyloxy, 2-butynyloxy, and 1-butynyloxy. 

[0076] As used herein, the term "(C1_6 alkyl)sulfonyl" refers to an alkylsulfonyl group 

having, as an alkyl moiety, a C1-6 alkyl group as already defined. Examples thereof 

include methylsulfonyl, ethylsulfonyl, tert-buthylsulfonyl, and (Ci_3  alkyl)sulfonyl. 

[0077] As used herein, the term "(Ci_6  alkoxy)carbonyl" refers to an alkoxycarbonyl 

group having, as an alkoxy moiety, a C1-6 alkoxy group as already defined. Examples 

thereof include methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl, and (C1_3 

alkoxy)carbonyl. 

[0078] As used herein, the term "5- or 6-membered heteroaryl" is not particularly 

limited as long as it is a heteroaryl composed of a 5-membered ring or a 6-membered 

ring having one or more hetero atoms selected from an oxygen atom, a nitrogen atom 

and a sulfur atom. Examples thereof include pyridyl, pyrimidyl, pyridazinyl, pyrazyl, 

furanyl(furyl), thiophenyl(thienyl), oxazolyl, isoxazoyl, oxadiazolyl, thiazolyl, 

isothiazolyl, thiadiazolyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, and tetrazolyl. 

[0079] Examples of halogen atoms include a fluorine atom, a chlorine atom, a 

bromine atom and an iodine atom. 

[0080] Examples of "(C1_6 alkyl)sulfonyl optionally substituted with one or more 

halogen atoms", as used herein, include trifluoromethylsulfonyl, 

difluoromethylsulfonyl, 2,2,2-trifluoroethylsulfonyl, and perfluoroethylsulfonyl. 
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[0081] As used herein, the term "(C1-6 alkyl)carbonyl optionally substituted with one 

or more halogen atoms" refers to that type of (C1_6 alkyl)carbonyl group as defined 

above, wherein the alkyl moiety is optionally substituted with one or more, for example 

1 to 5, specifically 1 to 3, halogen atoms. The alkyl moiety may be unsubstituted. 

Examples thereof include trifluoroacetyl, and pentafluoropropionyl. 

[0082] As used herein, the term "C1_6 alkyl optionally substituted with one or more 

halogen atoms" refers to that type of C1-6 alkyl group as defined above, which is 

optionally substituted with one or more, for example 1 to 5, specifically 1 to 3, halogen 

atoms. The alkyl may be unsubstituted. Examples thereof include trifluoromethyl, 

pentafluoroethyl, and 2,2,2-trifluoroethyl. 

[0083] As used herein, the term "C1_6 alkoxy optionally substituted with one or more 

halogen atoms" refers to that type of C1-6 alkoxygroup as defined above, which is 

optionally substituted with one or more, for example 1 to 5, specifically 1 to 3, halogen 

atoms. The alkoxy may be unsubstituted. Examples thereof include 

trifluoromethoxy, pentafluoroethoxy, and 2,2,2-trifluoroethoxy. 

[0084] As used herein, the term "C3-8 cycloalkyl" refers to a cyclic alkyl group having 

3 to 8 carbon atoms. Examples thereof include cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, cycloheptyl, and cyclooctyl. 

[0085] As used herein, the term "phenylaminocarboyl optionally substituted with one 

or more substituents selected from Xi" refers to a -CONHPh group wherein the phenyl 

moiety may have one or more (for example 1 to 5, specifically 1 to 3) substituents 

selected from Xl. The phenyl moiety may be unsubstituted. 

[0086] As used herein, the term "5- to 10-membered monocyclic or bicyclic heteroaryl 

optionally substituted with one or more substituents selected from Xl" refers to an 

aromatic heterocyclic group containing one or more hetero atoms selected from a 

nitrogen atom, an oxygen atom and a sulfur atom, and includes 5- or 6-membered 

monocyclic heteroaryl groups, and 8- to 10-membered bicyclic heteroaryl groups. The 
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number of substituent(s) selected from X' may be one or more, for example 1 to 5, 

specifically 1 to 3, more specifically one. The heteroaryl may be unsubstituted. 

Examples of 5- or 6-membered monocyclic heteroaryl groups include pyridyl, 

pyrimidyl, pyridazinyl, pyrazyl, furanyl(fury1), thiophenyl(thienyl), oxazolyl, 

isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrrolyl, imidazolyl, 

pyrazolyl, triazolyl, and tetrazolyl. Examples of 8- to 10-membered bicyclic 

heteroaryl groups include benzofuranyl, benzothienyl, benzothiadiazolyl, 

benzothiazolyl, benzooxazolyl, benzooxadiazolyl, benzoimidazolyl, indolyl, isoindolyl, 

indazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, benzodioxolyl, 

indolizinyl, and imidazopyridyl. 

[0087] As used herein, the term "5- to 10-membered monocyclic or bicyclic non-

aromatic heterocyclyl optionally substituted with one or more substituents selected from 

X1" refers to a non-aromatic heterocyclic group containing one or more hetero atoms 

selected from a nitrogen atom, an oxygen atom and a sulfur atom, and may be 

monocyclic or bicyclic heterocyclyl as long as it has 5 to 10 members. The number of 

substituent(s) selected from X' may be one or more, for example 1 to 5, specifically 1 to 

3, more specifically one. The heterocyclyl may be unsubstituted. Examples thereof 

include tetrahydrofuranyl, pyrrolidinyl, piperidinyl, piperazinyl, and morpholinyl. In 

the bicyclic non-aromatic heterocyclyl, it is acceptable that as long as one ring is a non-

aromatic cyclic group, the other ring may be an aromatic cyclic group. Examples of 

such a bicyclic non-aromatic heterocyclyl include 2,3-dihydroindolyl, 

2,3-dihydrobenzofuranyl, and 1,2,3,4-tetrahydroquinolyl. 

[0088] As used herein, the term "C1_3 alkylene" refers to a divalent saturated 

hydrocarbon group having 1 to 3 carbon atoms, which may be linear or branched. 

Examples thereof include methylene, ethylene and propylene. 

[0089] As used herein, the term "Ci_3  alkenylene" refers to a divalent hydrocarbon 

group having 2 or 3 carbon atoms, which has one double bond and may be linear or 
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branched. Examples thereof include ethylene and propylene. Other examples thereof 

include ethenylene and propenylene. 

[0090] As used herein, the term "C6_10 aryl" refers to phenyl, 1-naphthyl, or 

2-naphthyl. When it is optionally substituted by one or more substituents, the number 

of substituent(s) may be, for example 1 to 5, specifically 1 to 3, more specifically one. 

The aryl may be unsubstituted. 

[0091] As used herein, the term "methylene present in the adamantyl group" refers to 

a CH2 group which corresponds to a bridging portion that links bridgehead methines in 

an adamantane structure. When the methylene is substituted with one or more groups 

selected from C1-6 alkyl, C1-6 alkoxy, and hydroxy, the number of substituent(s) is, for 

example 1 to 5, specifically 1 to 3, more specifically one or two. One methylene group 

may have two substituents. All enantiomers, diastereomers and other isomers resulting 

from the substitution are included in the scope of the present invention. The alkyl or 

alkoxy may be substituted with one or more halogen atoms. 

[0092] With regard to the formula -COYR6, when Y is a direct bond, the formula 

represents -CORE, and includes, for example, acetyl, trifluoroacetyl, and benzoyl. 

[0093] If the compound represented by Formula (I) forms a solvate such as a hydrate, 

the present invention can be practiced by use of such a solvate. Furthermore, the 

compound of the present invention can be used as appropriate in the form of a mixture, 

solution, crystal polymorph or the like. 

[0094] As used herein, the term "substituted with one or more substituents" refers to 

substitution with, for example, 1 to 3 substituents. 

[0095] The present invention relating to a compound represented by Formula (I) as 

shown above includes various stereoisomers thereof such as tautomer, geometric isomer 

and optical isomer, diastereomers thereof, and mixtures of these. For example, the 

compound represented by Formula (I) includes compounds represented by Formulas (I-

1) to (I-8) as shown below. 



R4  
R1  

(I-2) 

R5  R2  
\N/  

- 37 - 

[0096] [Chemical Formula 11] 

R5  R2  • • 
Qi N 

R1  
(I-1) 

R5  R2  • • 
Q1 N. 

..• 
R3  

Q2 

RI  
(I-4) 

R5  R2  .
N
/ 

,A. 
R3  

Q2 

R1  
(I-7) 

R3 	 R3  
Q2 R4 Q 

R1  
(I-5) 

R5  R2  S., 11.I 

R311.  
Q2 

R1  
(1-8) 

R4  

R5  R2  \ / 
Q1 N 

...lc 
R3 

R1  
(I-6) 

Q2 

R1  
(L3 ) 

R5‘  ,R2  
r>I 

Also, the compound represented by Formula (I) includes compounds 

represented by Formulas (Ia-1) to (Ia-8) as shown below. 

[0097] [Chemical Formula 12] 
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R5  R2  • I 
Q1 rj 

R4  

R4  

(Ia-5) 

R5  R2  • # 

R3 #1.  
R4  

(Ia-8) 

R4  

(Ia-6) 

(Ia-7) 

Further, the compound represented by Formula (I) includes compounds 

represented by Formulas (lb-1) to (Ib-8) as shown below. 

[0098] [Chemical Formula 13] 
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XR2 	 XR2 	Q1 XR2  
.4k 

R3  

(Ib-4) 

R2X 	1 

R3 
	Q 

(Ib-7) 

(Ib-1) 

Q1 )5R2  
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R2X 	1 
Q

R3 
 

R4  

[0099] As examples of the compounds of the present invention, the compounds 

disclosed in Examples given herein can be used. More specifically, the following 

compounds can be used: 

(1S,2R,3S,55,7S)-5-chloro-24(R)-pheny1(2,2,2-

trifluoroacetamido)methyl)adamantan-1-y1 2,2,2-trifluoroacetate (TP-014); 

N-((R)-((1S,2R,3S,55,75)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)-2,2,2-trifluoroacetamide (TP-048); 

(1S,2R,3S,5R,7S)-24(R)-pheny1(2,2,2-trifluoroacetamido)methypadamantan-

l-y1 2,2,2-trifluoroacetate (TP-049); 

(1 S ,2R,3S,5 S,7R)-5-(2-methoxyethoxy)-24(R)-pheny1(2,2,2- 

trifluoroacetamido)methypadamantan-l-y1 2,2,2-trifluoroacetate (TP-050); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-y1)(pyridin-3- 

yl)methyl)-2,2,2-trifluoroacetamide (TP-051); 

2,2,2-trifluoro-N-((R)-((1S,2R,3S,5R,7S)-1-hydroxyadamantan-2- 

y1)(phenyl)methypacetamide (TP-052); 

(1S,2R,3S,5S,7R)-5-methoxy-24(R)-pheny1(2,2,2- 
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trifluoroacetamido)methyl)adamantan-l-y1 2,2,2-trifluoroacetate (TP-053); 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2,2,2-

trifluoroacetamide (TP-054); 

(R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methanamine 

hydrochloride (TP-055); 

N-((R)-((1S,2R,35,5S,7R)-1,5-dichloroadamantan-2- 

y1)(phenyl)methyl)acetamide (TP-056); 

methyl ((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

yl)(phenyl)methyl)carbamate (TP-057); 

1-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-3-

phenylurea (TP-058); 

benzyl (2-(((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methypamino)-2-oxoethyl)carbamate (TP-059); 

2-amino-N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methypacetamide (TP-060); 

N-((R)-((1S,2R,3S,5S,7S)-1,5-dichloroadamantan-2- 

y1)(phenyl)methypmethanesulfonamide (TP-061); 

2-bromo-N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methyl)acetamide (TP-062); 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2-

(prop-2-yn-1-yloxy)acetamide (TP-063); 

N-((R)-((1S,2R,3S,55,7R)-1,5-dichloroadamantan-2-y1)(phenyemethyl)-1,1,1-

trifluoromethanesulfonamide (TP-064); 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2-

nitrobenzenesulfonamide (TP-065); 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-4-

nitrobenzenesulfonamide (TP-066); 
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N-((S)-((lS,3S,5S,7S)-adamantan-2-y1)(phenyl)methyl)-2,2,2-

trifluoroacetamide (TP-067); 

N-((R)-((1R,3R,5R,7R)-adamantan-2-y1)(phenyl)methyl)-2,2,2-

trifluoroacetamide (TP-068); 

(1 S,2R,3 S,5 S ,7S)-24(R)-pheny1(2,2,2-trifluoro acetamido)methyl)-5 - 

(phenylthio)adamantan-l-y1 2,2,2-trifluoroacetate (TP-069); 

N-((R)-((1S,2R,3S,55,7R)-1,5-dichloroadamantan-2-

y1)(phenyemethypbenzamide (TP-070); 

N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyemethyl)picolinamide (TP-071); 

N-((R)-((1 S,2R,3 S,5 S ,7R)-1,5-dichloroadamantan-2-

yl)(phenyl)methyl)benzenesulfonamide (TP-072); 

(1S,2R,3S,5S,7S)-5-chloro-24(S)-pheny1(2,2,2-

trifluoroacetamido)methyl)adamantan-l-y1 2,2,2-trifluoroacetate (TP-073); 

N-((1R)-((1R,2S,3R,5R,7R)-5-chloro-l-hydroxyadamantan-2-

y1)(phenypmethyl)-2,2,2-trifluoroacetamide (TP-074); 

(1R,2S,3R,5R,7R)-5-chloro-24(R)-pheny1(2,2,2-

trifluoroacetamido)methypadamantan-1-y1 2,2,2-trifluoroacetate (TP-075); 

(1S,2R,3S,5S,75)-24(R)-amino(phenyl)methyl)-5-chloroadamantan-l-ol (TP-

076); 

N-((R)-((1 S,2R,3 S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methypacetamide (TP-077); 

N-((R)-((1 S,2R,3 S,5 S ,7S)-5-chloro-l-hydroxyadamantan-2-

yl)(phenyl)methyl)propionamide (TP-078); 

N-((R)-((1 S,2R,3 S,5 S,7S)-5-chloro-1 -hydroxyadamantan-2 - 

yl)(phenyl)methyl)butylamide (TP-079); 

N-((R)-((1 S,2R,3 S,5 S,7 S)-5-chloro-1 -hydroxyadamantan-2- 
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yl)(phenyl)methyphexanamide (TP-080); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methypcyclopropanecarboxamide (TP-081); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)isobutylamide (TP-082); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)pivalamide (TP-083); 

NAR)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methypcyclobutanecarboxamide (TP-084); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyemethypcyclopentanecarboxamide (TP-085); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)-2,2-difluoroacetamide (TP-086); 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)-2,2-dimethylbutanamide (TP-087); and 

NAR)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methyl)-3-methylbutanamide (TP-088). 

[0100] The "pharmaceutically acceptable salt" of the compound represented by 

Formula (I) is not particularly limited as long as it is a salt that can be used as a 

pharmaceutical product. Examples of a salt formed by the compound of the present 

invention with a base include salts with inorganic bases such as sodium, potassium, 

magnesium, calcium and aluminum; and salts with organic bases such as methylamine, 

ethylamine and ethanolamine. The salt may be an acid addition salt. Examples of the 

acid addition salt include acid addition salts with mineral acids such as hydrochloric 

acid, hydrobromic acid, hydriodic acid, sulfuric acid, nitric acid and phosphoric acid; 

and acid addition salts with organic acids such as formic acid, acetic acid, propionic 

acid, oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid, 
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malic acid, tartaric acid, citric acid, methanesulfonic acid and ethanesulfonic acid. 

[0101] The atoms (for example, hydrogen atom, carbon atom, oxygen atom, nitrogen 

atom and sulfur atom) contained in the compound represented by Formula (I) may be 

isotope atoms other than most frequent naturally occurring isotopes. Such isotope 

atoms may be radioactive isotope atoms. More specifically, according to one aspect of 

the present invention, there is provided a compound represented by Formula (I) as 

already defined herein which is labeled with an isotope atom, or a salt thereof. As 

referred to above, the labelling with an isotope atom may be, for example, labelling with 

a radioactive isotope (e.g., 3H, 14C,  32P). From the viewpoint of the ease of preparing 

the compound, labeling with 3H is preferred. 

[0102] In one embodiment of the present invention, the compound represented by 

Formula (I), an enantiomer thereof, a diastereomer thereof, or a pharmaceutically 

acceptable salt thereof is administered as a prodrug and converted into an active 

compound in vivo. 

[0103] Examples of the treatment of a cognitive disease or disorder, as referred to 

herein, include treatments of Alzheimer's dementia, cerebrovascular dementia, Lewy 

body dementia, frontotemporal dementia, Parkinson's disease, a mental disease and a 

neurodegenerative disease. In the present invention, the pharmaceutical composition 

can be used for amelioration of various brain function impairments, such as those 

impairments caused by cerebral vascular disorder, brain injury, brain tumor, viral 

encephalitis, hypoxic encephalopathy and alcoholic intoxication. The present 

invention can be applied particularly to cognitive function impairments such as memory 

disturbance, attentional deficit, executive function disorder and social behavior disorder. 

Examples of cognitive function impairments include neurodegenerative diseases (e.g., 

Alzheimer's disease, Parkinson's disease, Pick's disease and Huntington's disease), 

mental diseases (e.g., schizophrenia, bipolar disorder, depression, phobia, sleep disorder, 

drug addiction) and pervasive developmental disorders (autism, Asperger's syndrome, 
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mental retardation, hyperactivity disorder, tic disorder). 

[0104] In the present invention, examples of the diabetic complications include 

hyperglycemia, diabetic coma, ketonic coma, nonketonic hyperosmolar coma, lactic 

acidosis, hypoglycemic coma, acute infection, microangiopathy, diabetic retinopathy, 

diabetic nephropathy, diabetic neuropathy, macroangiopathy, cerebral vascular disorder, 

ischemic heart disease, diabetic gangrene, hyperlipidemia, chronic infection, 

cholelithiasis and cataract. 

[0105] In one embodiment of the present invention, the compound represented by 

Formula (I), an enantiomer thereof, a diastereomer thereof, or a pharmaceutically 

acceptable salt thereof is used as a Kir6.2 channel inhibitor or a Kir6.1 channel inhibitor. 

More specifically, the compound represented by Formula (I), an enantiomer thereof, a 

diastereomer thereof, or a pharmaceutically acceptable salt thereof can be used for 

treating or preventing Kir6.2 channel-associated diseases, such as cognitive disease or 

disorder, hyperglycemia, diabetes and diabetic complications, as well as Kir6.1 channel-

associated diseases, such as cognitive disease or disorder, hyperglycemia, diabetes, 

diabetic complications and mental diseases. 

[0106] The pharmaceutical composition of the present invention can be in various 

dosage forms -- for example, oral dosage forms such as tablet, capsule, powder 

medicine, granule, pill, liquid medicine, emulsion, suspension, solution, sprit, syrup, 

extract, and elixir. The pharmaceutical composition of the present invention can also 

be in various parenteral dosage forms, including but not limited to: injections such as 

subcutaneous injection, intravenous injection, intramuscular injection, and 

intraperitoneal injection; patch, ointment or lotion for transdermal administration; 

sublingual formulation and oral patch for intraoral administration; and aerosol for 

transnasal administration. Such dosage forms can be prepared by a known method 

commonly used in drug preparation. 

[0107] The pharmaceutical composition may contain various commonly used 
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components, such as one or more pharmaceutically acceptable excipients, disintegrants, 

diluents, lubricants, flavoring agents, colorants, sweeteners, corrigents, suspending 

agents, wetting agents, emulsifiers, dispersants, adjuvants, preservatives, buffers, 

binders, stabilizers and coating agents. The pharmaceutical composition of the present 

invention may be in a long-acting or sustained-release dosage form. 

[0108] The dose of the therapeutic agent, prophylactic agent or the pharmaceutical 

composition of the present invention can be selected as appropriate depending on, for 

example, the route of administration, the body shape, age or physical condition of the 

patient, the severity of the disease, and/or the time lapsed after disease onset. The 

pharmaceutical composition of this invention can comprise a therapeutically effective 

amount and/or prophylactically effective amount of the compound represented by 

Formula (I). In this invention, the compound represented by Formula (I) can be 

generally used in a dose of 1 to 1000 mg/day/adult or 0.01 to 20 mg/day/kg body weight. 

The pharmaceutical composition can be administered in a single dose or in multiple 

doses. 

[0109] In the composition for oral administration comprising the compound of the 

present invention, the content of said compound per unit dosage form is in the range of, 

for example, 0.001 to 1000 mg, specifically 0.01 to 500 mg, particularly specifically 

0.005 to 100 mg. As referred to above, the compound of the present invention is, for 

example, a compound represented by Formula (I) or a pharmaceutically acceptable salt 

thereof, specifically TP-014 or TP-048, or a pharmaceutically acceptable salt thereof, 

more specifically TP-048 or a pharmaceutically acceptable salt thereof 

[0110] The pharmaceutical composition of the present invention may contain, if 

necessary, known components such as colorant, preservative, flavor, flavoring agent, 

coating agent, antioxidant, vitamin, amino acid, peptide, protein, and mineral (e.g., iron, 

zinc, magnesium, iodine). The therapeutic agent or prophylactic agent of the present 

invention may be prepared in different forms suitable for e.g., pharmaceutical 
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composition, functional food, healthy food, beverage and supplement -- for example, in 

the form of solid preparations such as granule (including dry syrup), capsule (soft 

capsule, hard capsule), tablet (including chewable medicine), powder medicine 

(powder) and pill; or liquid preparations such as internal medicine solution (including 

liquid medicine, suspension, syrup). The therapeutic agent or prophylactic agent of 

this invention can also be used, as it is, as a pharmaceutical composition, functional 

food, healthy food, supplement or the like. 

[0111] Examples of additives used for drug preparation include excipient, lubricant, 

binder, disintegrant, fluidizing agent, dispersant, wetting agent, preservative, thickening 

agent, pH adjustor, colorant, flavoring agent, surfactant and solubilizing agent. When 

the compound is formulated into the form of a liquid medicine, a thickener such as 

pectin, xanthan gum or guar gum can be added. Also, the compound may be 

formulated into a coated tablet using a coating agent, or into a pasty glue. Further, 

when the compound is formulated in other forms, drug preparation can be done by 

following a conventional method. 

[0112] In one aspect of the present invention, there is provided a compound 

represented by Formula (III), which is a synthetic intermediate useful for the synthesis 

of a compound of Formula (I) or the like, an enantiomer thereof, a diastereomer thereof, 

or a salt thereof. More specifically, the compound of this invention includes 

compounds represented by Formulas (III) and (IV) as shown below. 

[0113] [Chemical Formula 14] 

OH N3 	
N3 OH 

R3  

R4 
(IV) 

The present invention relating to the compound represented by Formula (I) as 

shown above includes various stereoisomers thereof such as tautomer, geometric isomer 

and optical isomer, diastereomers thereof, and mixtures of these. For example, the 

(III) 



R 
R4  

(Ma) 

OH N3  
***" 

R-  R- 

(Ind) 

2N3  OH 

R3  

(Me) 

N3  OH 

R3 s*.  
R4  
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compound represented by Formula (I) includes compounds represented by Formulas 

(Ma) to (IIIh) as shown below. 

[0114] [Chemical Formula 15] 

OH N3 OH N3 

R3  
R4  

(Inc) 

N3  OH 

R4  

(IIIg) (IIIh) 

In one embodiment of the present invention, there is provided a compound 

represented by Formula (III), wherein R4  represents a halogen atom, and R3  represents 

optionally substituted phenyl. In a preferred embodiment, said compound is a 

compound represented by Formula (Ina). 

EXAMPLES 

[0115] Hereunder, the present invention will be more specifically described by way of 

working examples, but this invention is not limited to these examples. 

[0116] [Example 1] 

[0117] [Chemical Formula 16] 
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h OH 
PPh3, DIAD 

Ph 	DPPA Ph TiCI4  

CH2Cl2 THF 

NL Ph 
Li 

LiCI, THF; 

PhCHO 

HO H 
 N 

Ph 

CI 

[0118] [Step 1] Preparation of (1S,2R,5R)-24(S)-hydroxy(phenyl)methyl)-7-

methylenebicyclo[3.3.1]nonan-3-one 

To a solution of bis((S)-1-phenylethyl)amine (10.0 mL, 44 mmol) and lithium 

chloride (3.4 g, 80 mmol) in THF (100 mL), a solution of n-butyllithium in hexane 

(1.56 M, 28.2 mL, 44 mmol) was added dropwise under cooling with ice. After 

stirring at the same temperature for 30 minutes, the reaction solution was cooled down 

to a temperature of -78°C. To the reaction mixture, a solution of 7-

methylenebicyclo[3.3.1]nonan-3-one (6.00 g, 40 mmol) in THF (60 mL) was added by 

cannulation. After stirring for one hour, a solution of benzaldehyde (6.1 mL, 60 

mmol) in THF (40 mL) was added by cannulation. After stirring for two hours, acetic 

acid and a saturated aqueous solution of ammonium chloride were added in sequence to 

the reaction solution, and then the mixture was extracted with diethyl ether. The 

resultant organic layer was washed with saturated saline and dried over MgSO4. The 

solvent was distilled off under reduced pressure, and the residues were subjected to 

silica gel chromatography (hexane:ethyl acetate = 4:1) to obtain (1S,2R,5R)-2-((S)-

hydroxy(phenyl)methyl)-7-methylenebicyclo[3.3.1]nonan-3-one (8.3 g, 81%) as a white 

solid. The solid was recrystallized from diethyl ether to afford a colorless needle-like 

crystal. 

[0119] mp 122°C; [a]D21  = -17.9 (c = 0.32, CHC13); 1H-NMR (400 MHz, CDC13): 

87.38-7.25 (m, 5H), 4.79 (d, J = 1.8 Hz, 1H), 4.76 (d, J = 1.8 Hz, 1H), 4.71 (d, J = 6.8 
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Hz, 1H), 2.90 (s, 1H), 2.64 (dd, J = 15.7, 6.8 Hz, 1H), 2.48-2.18 (m, 6H), 2.01 (br d, J = 

14.3 Hz, 1H); 13C-NMR (100 MHz, CDC13): 6211.0, 141.6, 128.8, 127.6, 114.8, 74.6, 

62.7, 45.7, 42.2, 41.3, 32.4, 31.9, 28.4; IR (neat, cm-1): 3390, 1711; MS (EI): m/z 256 

(Mt), 95 (100%); HRMS (EI): calcd for C17H2002 (W) 256.1463, found 256.1450. 

[0120] [Step 2] Preparation of (1S,2R,3S,5S,7S)-2-((R)-azido(phenyl)methyl)-5-

chloroadamantan-l-ol 

To a solution of (1S,2R,5R)-2-((S)-hydroxy(phenyl)methyl)-7- 

methylenebicyclo[3.3.1]nonan-3-one (1.00 g, 3.9 mmol), DPPA (0.93 mL, 4.3 mmol) 

and triphenylphosphine (1.1 g, 4.3 mmol) in THE (20 mL), DIAD (0.85 mL, 4.3 mmol) 

was added under cooling with ice. After stirring for one hour at the same temperature, 

the solvent was distilled off under reduced pressure. The residues were subjected to 

silica gel column chromatography (hexane:ethyl acetate = 30:1 to 8:1) to obtain a crude 

azide. 

[0121] To the resultant crude azide, dichloromethane (18 mL) was added, and TiCl4 

(0.12 mL, 1.1 mmol) was added under cooling with ice. After stirring at room 

temperature for one hour, a saturated aqueous solution of NaHCO3 was added under 

cooling with ice. The reaction solution was filtrated through Celite®, and the filtrate 

was extracted with diethyl ether. The resultant organic layer was washed with saline 

and dried over MgSO4. The residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 8:1 to 4:1) to obtain (1S,2R,3S,5S,7S)-2-((R)-

azido(phenyl)methyl)-5-chloroadamantan-l-ol (969.9 mg, 83%) as a colorless solid. 

[0122] [a]D27  = +154.2 (c = 0.99, CHC13); 111-NMR (400 MHz, CDC13): 67.42-7.24 

(m, 5H), 4.76 (d, J = 9.5 Hz, 1H), 2.57 (s, 1H), 2.34 (s, 1H), 2.13-1.98 (m, 8H), 1.89 (d, 

J = 13.1 Hz, 1H), 1.45 (t, J = 14.3 Hz, 2H), 0.93 (s, 1H); 13C-NMR (100 MHz, CDC13): 

M39.7, 129.1, 128.6, 127.5, 71.8, 66.6, 65.5, 56.8, 53.2, 47.8, 46.5, 38.6, 33.5, 32.0, 

28.8; IR (neat, cm-1): 3418; MS (EI): m/z 275 (MtN3), 104 (100%); HRMS (EI): calcd 

for CI7H200C1 (M+-N3) 275.1295, found 275.1186. 
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[0123] [Chemical Formula 17] 
0 

CI H NH2 	 CI HHN CF3  

1. SOCl2, pyridine, CH2Cl2 	 TFAA, Et3N 
Ph  	- 	Ph  	 Ph 

2. LiAIH4, THF 
	

CH2Cl2 
	

CI CI 

TP-054 

[0124] [Step 3] Preparation of N-((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadatnantan-2-

y1)(phenyl)methyl)-2,2,2--trifluoroacetamide 

To a solution of (1S,2R,3S,5S,7S)-24(R)-azido(phenyl)methyl)-5-

chloroadamantan-l-ol (229 mg, 0.721 mmol) in dichloromethane (7 mL), pyridine (0.15 

mL, 1.8 mmol) and thionyl chloride (0.11 mL, 1.4 mmol) were added under cooling 

with ice. After stirring at room temperature for two hours, thionyl chloride (0.22 mL, 

2.9 mmol) was added. After the reaction solution was refluxed under heating 

overnight, a saturated aqueous solution of NaHCO3  was added under cooling with ice, 

and the mixture was extracted with dichloromethane. The resultant organic layer was 

dried over MgSO4. The solvent was distilled off under reduced pressure, and the 

residues were subjected to silica gel column chromatography (hexane:ethyl acetate = 

15:1) to obtain (1S,2R,3S,5S,7S)-24(R)-azido(phenyl)methyl)-1,5-dichloroadamantan 

(156 mg, 64%) as a colorless oily product. 

[0125] To a solution of the resultant azide compound (156 mg, 0.463 mmol) in THF 

(5 mL), LiA1H4 (26 mg, 0.69 mmol) was added under cooling with ice. After stirring 

at the same temperature for one hour, ammonia water was added to the reaction solution, 

and the mixture was filtrated through Celite®. The residues were subjected to silica 

gel column chromatography (hexane:ethyl acetate = 1:1) to obtain (R)-

((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methanamine as a colorless 

oily product. 

[0126] To a solution of the resultant amine (23.5 mg, 0.0757 mmol) in 

dichloromethane (1 mL), triethylamine (42 ILtL, 3.03 mmol) and trifluoroacetic 

anhydride (TFAA, 21 lit, 0.15 mmol) were added under cooling with ice. After 
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stining at room temperature overnight, a saturated aqueous solution of NaHCO3 was 

added under cooling with ice, and the mixture was extracted with dicWoromethane. 

The resultant organic layer was dried over Na2SO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 10:1) to obtain N-((R)-((lS,2R,3S,5S,7R)-1,5-

dichloroadamantan-2-y1)(phenyl)methyl)-2,2,2-trifluoroacetamide (TP-054, 30.3 mg, 

98%) as a white solid. 

[0127] [a]D23  = +146.6 (c = 0.469, CHC13); 1H-NMR (400 MHz, CDC13): 87.39-7.26 

(m, 5H), 6.49 (br d, J = 9.7 Hz, Hi), 5.52 (dd, J = 9.7, 8.9 Hz, 1H), 2.69 (br d, J = 8.9 

Hz, 1H), 2.53-2.43 (m, 4H), 2.33 (br s, 1H), 2.24-2.15 (m, 2H), 2.09 (br s, 2H), 1.92 (br 

d, J = 13.0 Hz, 1H), 1.77 (br d, J = 13.5 Hz, 1H), 1.46 (br d, J = 12.1 Hz, 1H); 13C-NMR 

(100 MHz, CDC13): 8156.0 (q, J = 37.1 Hz), 141.6, 129.0, 128.2, 127.2, 115.8 (q, J = 

288.4 Hz), 68.2, 65.3, 59.1, 54.1, 52.9, 47.5, 45.8, 40.8, 35.4, 32.7, 28.7; IR (neat, cm-1): 

3308, 2944, 1696, 1552, 1206, 1183; MS (EI): m/z 405 (M-1), 202 (100%); HRMS (El): 

calcd for C19H20C12F3NO (M+) 405.0874, found 405.0864. 

[0128] [Example 2] 

[0129] [Chemical Formula 18] 
ci H  NH2 	 C I NH3C1 H  

Ph 	 Ph 

Me0H 
	

CI 

TP-055 

To a solution of (R)-((1S,2R,3S,55,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (19.6 mg, 0.0632 mmol) in methanol (1 mL), 

chlorotrimethylsilane (TMSC1, 30 pL, 0.24 mL) was added under cooling with ice. 

After stirring at the same temperature for 30 minutes, the solvent was distilled off under 

reduced pressure to obtain (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine hydrochloride (TP-055, 20.1 mg, 92%) as a white solid. 

[0130] [a]D24  = +32.5 (c = 0.2775, Me0H); 1H-NMR (400 MHz, DMSO-d6): 88.33 (br, 

CI 

TMSCI 
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3H), 7.55 (d, J = 6.8 Hz, 1H), 7.38-7.32 (m, 3H), 4.73 (br d, J = 10.6 Hz, 1H), 3.16 (br s, 

1 H), 2.80 (br d, J = 10.6 Hz, 1H), 2.54-2.44 (m, 2H), 2.34-2.14 (m, 4H), 2.06 (br s, 2H), 

1.93 (br d, J = 14.0 Hz, 1H), 1.79 (br d, J = 13.0 Hz, 1H), 1.42 (br d, J =13.0 Hz, 1H); 

13C-NMR (100 MHz, DMSO-d6): 139.8, 128.7, 128.4, 128.2, 68.8, 67.1, 58.4, 54.2, 

51.1, 45.8, 44.9, 33.9, 32.7, 27.5; IR (neat, cm-1): 3299, 2937; HRMS (ESI): calcd for 

C17H22C12N (M+-C1) 310.1129, found 310.1120. 

[0131] [Example 3] 

[0132] [Chemical Formula 19] 

CI 

TP-056 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (23.6 mg, 0.0762 mmol) in dichloromethane (2 mL), 

triethylamine (21 lit, 0.15 mmol) and acetic anhydride (11 lit, 0.11 mmol) were added 

under cooling with ice. After stirring at room temperature for 30 minutes, a saturated 

aqueous solution of NaHCO3 was added under cooling with ice, and the mixture was 

extracted with dichloromethane. The resultant organic layer was dried over MgSO4. 

The solvent was distilled off under reduced pressure, and the residues were subjected to 

silica gel column chromatography (hexane:ethyl acetate = 1:1) to obtain N-((R)-

((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methypacetamide (TP-056, 

16.4 mg, 61%) as a white solid. 

[0133] [a]D23  = +67.9 (c = 0.276, CHC13); 11-1-NMR (400 MHz, CDC13): 67.31 (m, 51I), 

5.61-5.50 (m, 2H), 2.60-2.57 (m, 2H), 2.48-2.44 (m, 3H), 2.31 (br s, 1H), 2.23-2.14 (m, 

2H), 2.08 (br s, 2H), 1.93-1.86 (m, 5H), 1.39 (br d, J = 13.5 Hz, 1H); 13C-NMR (100 

MHz, CDC13): 6168.6, 144.1, 128.7, 127.4, 127.3, 68.8, 66.0, 59.1, 53.1, 52.9, 47.7, 

46.0, 40.8, 35.6, 32.9, 28.7, 23.7; IR (neat, cm-1): 3277, 2942, 1645, 1547; MS (EI): m/z 

351 (Mt), 148 (100%); HRMS (El): calcd for C19H23C12NO (Mt) 351.1157, found 
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351.1167. 

[0134] [Example 4] 

[0135] [Chemical Formula 20] 
0 

CI Fi NH2 	 CI HHN~O~ 
CICO2Me, NaOH aq. 

Ph  	- Ph 

THF 
	

CI 

TP-057 

To a solution of (R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (49.8 mg, 0.161 mmol) in THF (2 mL), an aqueous solution of 

2 M NaOH (1 mL) and methyl chloroformate (25 µL, 0.32 mmol) were added under 

cooling with ice. After stirring at the same temperature for 15 minutes, distilled water 

was added to the reaction solution, and the mixture was extracted with ethyl acetate. 

The resultant organic layer was washed with saturated saline and dried over MgSO4. 

The solvent was distilled off under reduced pressure, and the residues were subjected to 

silica gel column chromatography (hexane:ethyl acetate = 8:1 to 4:1) to obtain methyl 

((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyemethyl)carbamate (TP-

057, 54.4 mg, 92%) as a white solid. 

[0136] [a]D23 = +115.9 (c = 0.272, CHC13); 11I-NMR (400 MHz, CDC13): 67.34-7.23 

(m, 5H), 5.22 (dd, J = 9.7, 8.7 Hz, 1H), 4.91 (br d, J = 9.7 Hz, 1H), 3.63 (s, 3H), 2.58-

2.45 (m, 5H), 2.34 (br s, 1H), 2.20-2.05 (m, 4H), 1.90 (br d, J = 11.6 Hz, 1H), 1.43 (br d, 

J = 13.5 Hz, 1H); 13C-NMR (100 MHz, CDC13): M56.2, 144.1, 128.7, 127.3, 126.9, 

68.9, 66.0, 59.2, 55.3, 53.4, 52.3, 47.8, 46.0, 40.8, 35.1, 32.9, 29.0; IR (neat, cm-1): 3327, 

2943, 1692, 1537; MS (EI): m/z 367 (Mt), 164 (100%); HRMS (EI): ealcd for 

C19H23C12NO2 (M+) 367.1106, found 367.1123. 

[0137] [Example 5] 

[0138] [Chemical Formula 21] 

CI 



PhNCO 

CH2Cl2 CI CI 

CI HHN N 

Ph 

CI HHN 

Ph 

TP-059 

CI 

CI H NH2 	HO 	
NHCbz 

Ph 	
DCC, DMAP 

CH2Cl2 CI 

NHCbz 

Ph 

TP-060 
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0 

TP-058 

To a solution of (R)-((lS,2R,35,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (56.2 mg, 0.181 mmol) in dichloromethane (2 mL), phenyl 

isocyanate (24 pi., 0.22 mmol) was added under cooling with ice. After stirring at the 

same temperature for 15 minutes, distilled water was added to the reaction solution, and 

the mixture was extracted with dichloromethane. The resultant organic layer was dried 

over MgSO4, and the solvent was distilled off under reduced pressure. The resultant 

white solid was recrystallized from methanol-chloroform to afford 1-((R)-

((lS,2R,3S,55,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-3-phenylurea (TP-058, 

63.8 mg, 82%) as a colorless crystal. 

[0139] [a]D23  = +91.8 (c = 0.351, Me0H); 11-1-NMR (400 MHz, CD3OD): 87.88 (s, 

1H), 7.35-7.28 (m, 6H), 7.22-7.18 (m, 3H), 6.94 (t, J = 7.2 Hz, 1H), 5.40 (d, J = 7.2 Hz, 

1H), 2.65-2.60 (m, 2H), 2.52-2.40 (m, 3H), 2.30 (br s, 1H), 2.10 (br s, 2H), 2.08 (br s, 2 

H), 2.00 (br d, J = 13.5 Hz, 1H), 1.89 (br d, J = 13.0 Hz, 111), 1.45 (br d, J = 13.5 Hz, 

1H); 13C-NMR (100 MHz, CD3OD): 8156.9, 146.4, 140.8, 129.8, 129.5, 128.3, 127.9, 

123.5, 120.1, 70.5, 67.3, 60.6, 54.9, 54.5, 49.6, 48.9, 47.2, 42.0, 36.5, 34.5, 29.8; IR 

(neat, cm-1): 3310, 2941, 1642, 1154, 748; MS (EI): m/z 428 (Mt), 132 (100%); HRMS 

(EI): calcd for C24H26C12N20 (M+) 428.1422, found 428.1416. 

[0140] [Example 6] 

[0141] [Chemical Formula 22] 
0 
	

0 	
O 

NH3CI 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2- 
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yl)(phenyl)methanamine (49.1 mg, 0.158 mmol) in dichloromethane (2 mL), 

benzyloxycarbonylglycine (prepared according to the method described in F.-T. Tsai, et 

al., J. Am. Chem. Soc. 2016, 138, 4626.) (50 mg, 0.24 mmol), N,N'-

dicyclohexylcarbodiimide (DCC, 49 mg, 0.24 mmol), and N,N-dimethyl-4-

aminopyridine (DMAP, 2 mg, 0.02 mmol) were added under cooling with ice. After 

stirring at room temperature for 15 minutes, distilled water was added to the reaction 

solution, and the mixture was extracted with diethyl ether. The resultant organic layer 

was washed with saturated saline and dried over MgSO4. The solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 2:1) to obtain benzyl (2-(((R)-

((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)arnino)-2-

oxoethyl)carbamate (TP-059, 55.11 mg, 69%) as a white solid. 

[0142] [a]D25  = +73.1 (c = 0.621, CHC13); 'H-NMR (400 MHz, CDC13): 67.36-7.23 (m, 

10H), 6.52 (br, 1H), 5.52 (dd, J = 9.8, 8.8 Hz, 1H), 5.36 (br, 1H), 5.10 (s, 2H), 3.78 (dd, 

J = 16.3, 5.9 Hz, 1H), 3.70 (dd, J = 16.3, 5.9 Hz, 111), 2.54-2.46 (m, 4H), 2.37 (br s, 1H), 

2.15-2.05 (m, 4H), 1.88-1.78 (m, 2H), 1.31 (m, 1H); 13C-NMR (100 MHz, CDC13): 

M67.7, 156.8, 143.5, 136.0, 128.64, 128.61, 128.4, 128.0, 127.4, 127.2, 68.8, 67.3, 65.9, 

59.1, 53.3, 52.9, 47.7, 45.9, 45.1, 40.8, 35.1, 32.8, 28.8; IR (neat, cm-1): 3306, 2938, 

1712, 1655, 1528, 1262; MS (EI): m/z 392 (MtC7H8O), 189 (100%); HRMS (EI): 

calcd for C20H22C12N2O2 (MtC7H8O) 392.1058, found 392.1043. 

[0143] To a solution of 2-amino-N-((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methyl)acetamide (TP-059, 82.8 mg, 0.165 mmol) in methanol (1.5 mL), 

chlorotrimethylsilane (104 4, 0.83 mmol) and palladium 10% on carbon (10 mg) were 

added. After stirring under hydrogen atmosphere at room temperature overnight, the 

reaction solution was filtrated through Celite®, and the solvent was distilled off under 

reduced pressure to obtain TP-060 (70.6 mg, quant.) as a yellow solid. 

[0144] [a]D25  = +79.5 (c = 0.824, CHC13); I H-NMR (400 MHz, DMSO-d6): 69.13 (br 
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1H), 8.12 (br, 2H), 7.38 (d, J = 7.2 Hz, 2H), 7.26 (dd, J = 7.2, 7.0 Hz, 2H), 7.18 (t, J = 

7.0 Hz, 1H), 5.35 (m, 1H), 3.56 (br d, J = 15.0 Hz, 1H), 3.46 (br d, J = 15.0 Hz, 1H), 

2.70-2.59 (m, 2}1), 2.43-2.37 (m, 2H), 2.24 (br s, 1H), 2.14 (br s, 2H), 2.05 (br s, 2H), 

1.86 (br d, J = 12.1 Hz, 1H), 1.73-1.70 (m, 2H), 1.35 (br d, J = 13.0 Hz, 1H); 13C-NMR 

(100 MHz, DMSO-d6): 8164.4, 144.1, 128.0, 127.8, 126.7, 70.4, 67.7, 58.4, 52.3, 52.2, 

46.6, 45.2, 40.2, 34.6, 32.6, 28.0; IR (neat, cm-1): 3210, 2937, 1684, 1558; HRMS 

(ESI): calcd for C19H25C12N20 (Mt-Cl) 367.1338, found 367.1331. 

[0145] [Example 7] 

[0146] [Chemical Formula 23] 
CI H NH2 	 CI H NHMs 

MsCI, Et3N 
Ph 	 Ph 

CH2Cl2 
	

CI 

TP-061 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (35.2 mg, 0.114 mmol) in dichloromethane (1 mL), 

methanesulfonyl chloride (10.5 uL, 0.14 mmol) and triethylamine (24 jut, 0.17 mmol) 

were added under cooling with ice. After stirring at the same temperature for 30 

minutes, a saturated solution of NaHCO3 was added to the reaction solution, and the 

mixture was extracted with dichloromethane. The resultant organic layer was dried 

over MgSO4. The solvent was distilled off under reduced pressure, and the residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 2:1) to 

obtain N-((R)-((1S,2R,3S,5S,7S)-1,5-dichloroadamantan-2-

y1)(phenyl)methyl)methanesulfonamide (TP-061, 35.8 mg, 81%) as a white solid. 

[0147] [a]D25  = +47.7 (c = 0.380, CHC13); 1H-NMR (400 MHz, CDC13): 87.39-7.28 (m, 

5H), 4.88 (m, 2H), 2.67 (br s, 11-I), 2.58 (br d, J = 12.6 Hz, 11-I), 2.47-2.37 (m, 7H), 

2.21-2.06 (m, 5H), 1.90 (br d, J = 13.0 Hz, 1H), 1.46 (br d, J = 14.0 Hz, 1I-1); 13C-NMR 

(100 MHz, CDC13): 8143.0, 129.0, 128.0, 127.2, 69.0, 65.8, 59.3, 58.4, 54.5, 47.7, 45.9, 

41.7, 40.7, 34.7, 32.9, 28.5; IR (neat, cm-1): 3263, 2941, 1456, 1319, 1157; HRMS 

CI 



- 57 - 

(ESI): calcd for C18H23C12NNa02S (M++Na) 410.0724, found 410.0719. 

[0148] [Example 8] 

[0149] [Chemical Formula 24] 

CI H NH2 HO_Br CI HHN 
DCC, DMAP Ph 	 Ph 

CH2Cl2 	CI 

TP-062 

To a solution of (R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (51.4 mg, 0.166 mmol) in dichloromethane (2 mL), 

bromoacetic acid (27 mg, 0.20 mmol), N,N'-dicyclohexylcarbodiimide (DCC, 41 mg, 

0.20 mmol), and N,N-dimethyl-4-aminopyridine (DMAP, 2 mg, 0.02 mmol) were 

added under cooling with ice. After stirring at room temperature overnight, distilled 

water was added to the reaction solution, and the mixture was extracted with diethyl 

ether. The resultant organic layer was washed with saturated saline and dried over 

MgSO4. The solvent was distilled off under reduced pressure, and the residues were 

subjected to silica gel column chromatography (hexane:ethyl acetate = 4:1 to 2:1) to 

obtain 2-bromo-N-((R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methyl)acetamide (TP-062, 64.3 mg, 90%) as a white solid. 

[0150] [a]D28 = +84.9 (c = 0.256, CHC13); 1H-NMR (400 MHz, CDC13): 67.36-7.27 (m, 

5H), 6.82 (br d, J = 9.3 Hz, 1H), 5.53 (dd, J = 9.3, 9.3 Hz, 1H), 3.87 (d, J = 13.7 Hz, 1H), 

3.81 (d, J = 13.7 Hz, 1H), 2.62-2.33 (m, 5H), 2.21 (br s, 1H), 2.18-2.08 (m, 4H), 1.90 

(br d, J = 12.7 Hz, 1H), 1.84 (br d, J = 13.7 Hz, 1H), 1.45 (br d, J = 13.7 Hz, 1H); 13C-

NMR (100 MHz, CDC13): 6163.8, 142.9, 128.8, 127.6, 127.1, 68.7, 65.7, 59.1, 53.7, 

53.3, 47.8, 45.9, 40.8, 35.1, 32.7, 29.6, 29.0; IR (neat, cm-1): 3276, 2942, 1647; MS 

(EI): m/z 350 (MtBr), 226 (100%); HRMS (EI): calcd for C19H22C12NO (W-Br) 

350.1078, found 350.1075. 

[0151] [Example 9] 

[0152] [Chemical Formula 25] 

CI 
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0 

DCC, DMAP 

 

Ph 

CI CFI2C12 CI 

 

TP-063 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (21.0 mg, 0.0678 mmol) in dichloromethane (1 mL), 2-(2-

propynyloxy)acetic acid (prepared according to the method described in X. Zhang, et al., 

Green Chem. 2011, 13, 397.) (15 mg, 0.13 mmol), N,N'-dicyclohexylcarbodiimide 

(DCC, 20 mg, 0.097 mmol), and N,N-dimethyl-4-aminopyridine (DMAP, 1 mg, 0.008 

mmol) were added under cooling with ice. After stirring at room temperature for 6 

hours, distilled water was added to the reaction solution, and the mixture was extracted 

with diethyl ether. The resultant organic layer was washed with saturated saline and 

dried over MgSO4. The solvent was distilled off under reduced pressure, and the 

residues were subjected to silica gel column chromatography (hexane:ethyl acetate = 

4:1 to 2:1) to obtain N-((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methyl)-2-(prop-2-yn-l-yloxy)acetamide (TP-063, 19.25 mg, 70%) as a 

white solid. 

[0153] [a]D20  = +96.2 (c = 0.283, CHC13); 1 H-NMR (400 MHz, CDC13): 67.33-7.25 (m, 

5H), 6.75 (br d, J = 10.1 Hz, 1H), 5.60 (dd, J = 10.1, 8.7 Hz, 1H), 4.16 (s, 2H), 4.08 (d, J 

= 14.8 Hz, 1H), 3.93 (d, J = 14.8 Hz, 1H), 2.62-2.57 (m, 2H), 2.53-20.45 (m, 3H), 2.38 

(m, 111), 2.33 (br s, 1H), 2.17-2.08 (m, 4H), 1.91-1.88 (m, 2H), 1.41 (br d, J = 13.5 Hz, 

111); 13C-NMR (100 MHz, CDC13): 6167.5, 143.5, 128.7, 127.4, 127.3, 78.0, 75.9, 69.1, 

68.7, 65.9, 59.2, 58.7, 53.3, 52.2, 47.8, 46.0, 40.8, 35.2, 32.9, 28.9; IR (neat, cm-1): 3295, 

2938, 1658, 1528, 1107; MS (EI): m/z 404 (M+-H), 202 (100%); HRMS (EI): calcd for 

C22H24C12NO2 (M+-H) 404.1184, found 404.1201. 

[0154] [Example 10] 

[0155] [Chemical Formula 26] 
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CI H  NH2 	 CI H NHTf 
Tf2O, 2,6-lutidine 

Ph 	 Ph 

CH2Cl2 
	

CI 

TP-064 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (24.2 mg, 0.0781 mmol) in dichloromethane (1 mL), 2,6- 

lutidine (27 uL, 0.23 mmol) and trifluoromethanesulfonic anhydride (15.7 	0.094 

mmol) were added at -78°C. After stirring at the same temperature for 10 minutes, a 

saturated aqueous solution of NaHCO3 was added to the reaction solution, and the 

mixture was extracted with dichloromethane. The resultant organic layer was dried 

over MgSO4. The solvent was distilled off under reduced pressure, and the residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 15:1 to 8:1) 

to obtain N-((R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-1,1,1-

trifluoromethanesulfonamide (TP-064, 27.8 mg, 81%) as a white solid. 

[0156] [a]D29  = +54.1 (c = 0.494, CHC13); 1H-NMR (400 MHz, CDC13): 67.37-7.25 (m, 

5H), 5.42 (br s, 1H), 5.01 (br s, 1H), 2.61 (br s, 1H), 2.48-2.44 (m, 4H), 2.36 (br s, 1H), 

2.23-2.03 (m, 5I-I), 1.90 (br d, J = 12.7 Hz, 1H), 1.50 (br d, J = 13.7 Hz, 1H); 13C-NMR 

(100 MHz, CDC13): M41.2, 128.8, 128.4, 127.0, 120.0 (q, J = 321.7 Hz), 68.6, 65.3, 

60.4, 59.3, 55.0, 47.7, 45.8, 40.5, 34.9, 32.7, 28.5; IR (neat, cm-1): 3263, 2950, 1457, 

1364, 1196; MS (EI): m/z 441 (M1, 238 (100%); HRMS (EI): calcd for 

C18H20C12F3NO2S (Mt) 441.0544, found 441.0521. 

[0157] [Example 11] 

[0158] [Chemical Formula 27] 
CI H NH2 	 CI H NHo-Ns 

o-NsCI, pyridine 
Ph 	 Ph 

CH2Cl2 
	

CI 

TP-065 

To a solution of (R)-((lS,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (26.1 mg, 0.0841 mmol) in dichloromethane (1 mL), pyridine 

(14 gL, 0.19 mmol) and 2-nitrobenzenesulfonyl chloride (22 mg, 0.10 mmol) were 

CI 

CI 
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added under cooling with ice. After stirring at the same temperature for 3 hours, 

distilled water was added to the reaction solution, and the mixture was extracted with 

dichloromethane. The resultant organic layer was dried over MgSO4. The solvent 

was distilled off under reduced pressure, and the residues were subjected to silica gel 

column chromatography (hexane: ethyl acetate = 8:1 to 4:1) to obtain N-((R)-

((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-2-

nitrobenzenesulfonamide (TP-065, 17.1 mg, 41%) as a white solid. 

[0159] [a]D29  = +202.4 (c = 0.290, CHC13); 1}1-NMR (400 MHz, CDC13): 67.80 (d, J = 

7.8 Hz, 1H)), 7.61 (d, J = 7.3 Hz, 1H), 7.51-7.44 (m, 2H), 7.00-6.93 (m, 511), 5.99 (br d, 

J =10.4 Hz, 1H), 4.97 (dd, J = 10.4, 7.8 Hz, 1H), 2.78 (br s, 1H), 2.49 (br d, J = 12.2 Hz, 

1H), 2.46-2.41 (m, 4H), 2.22-2.10 (m, 5H), 1.91 (br d, J = 12.1 Hz, 1H), 1.55 (br d, J = 

13.2 Hz, 1H); 13C-NMR (100 MHz, CDC13): 6146.7, 140.8, 134.5, 132.9, 132.7, 131.0, 

128.1, 127.4, 127.2, 125.2, 69.0, 656.8, 59.5, 54.5, 47.6, 46.0, 40.8, 34.7, 32.9, 38.7; IR 

(neat, cm-1): 3223, 2940, 1537, 1168; HRMS (ESI): calcd for C23H24C12N2Na04S 

(M++Na) 517.0732, found 517.0721. 

[0160] [Example 12] 

[0161] [Chemical Formula 28] 
CI H NH2 	 CI H NHp-Ns 

p-NsCI, pyridine 
Ph 	 - Ph 

CH2Cl2 
	

CI 

TP-066 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (11.7 mg, 0.0363 mmol) in dichloromethane (1 mL), pyridine 

(6.0 lit, 0.073 mmol) and 4-nitrobenzenesulfonyl chloride (10 mg, 0.044 mmol) were 

added under cooling with ice. After stirring at the same temperature for 2 hours, 

distilled water was added to the reaction solution, and the mixture was extracted with 

dichloromethane. The resultant organic layer was dried over MgSO4. The solvent 

was distilled off under reduced pressure, and the residues were subjected to silica gel 

CI 
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column chromatography (hexane:ethyl acetate = 8:1 to 4:1) to obtain N-((R)-

((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-y1)(phenyl)methyl)-4-

nitrobenzenesulfonamide (TP-066, 11.3 mg, 63%) as a white solid. 

[0162] [a]D29  = +21.4 (c = 0.253, CHC13); 'H-NMR (400 MHz, CDC13): 67.98 (d, J = 

8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 7.03-6.97 (m, 3H), 6.86 (d, J = 7.3 Hz, 1H), 5.17 

(m, 11-1), 4.79 (dd, J = 9.8, 85.3 Hz, 111), 2.70 (br s, 1H), 2.52 (br d, J = 12.7 Hz, 1H), 

2.45-2.39 (m, 4H), 2.20-2.09 (m, 5H), 1.90 (br d, J = 12.2 Hz, 1H), 1.52 (br d, J = 13.2 

Hz, 1H); 13C-NMR (100 MHz, CDC13): M49.5, 145.8, 141.5, 128.4, 128.2, 127.6, 126.9, 

123.7, 68.9, 65.5, 59.2, 58.8, 54.7, 47.7, 45.9, 40.7, 34.8, 32.8, 28.6; IR (neat, cm-1): 

3279, 2939, 1159; HRMS (ESI): calcd for C23H24C12N2NaO4S (M++Na) 517.0732, 

found 517.0728. 

[0163] [Example 13] 

[0164] [Chemical Formula 29] 
OH 	1. DIAD, PPh3, DPPA 	NHTFA 	 NHTFA 

ac.

L
. 

 
Ph'' 	 Ph 	 Ph 

THF 	 CHIRALCEL OD Ph 	  

TP-067 	TP-068 

To a solution of 2-adamantyl(phenyl)methanol (prepared according to the 

method described in N. Arunkumar, et al., J. Org. Chem. 2002, 67, 8339.; 944 mg, 3.90 

mmol), diphenylphosphoryl azide (DPPA, 921 µL, 4.29 mmol) and triphenylphosphine 

(1.12 g, 4.29 mmol) in THF (20 mL), diisopropyl azodicarboxylate (DIAD, 841 pt, 

4.29 mmol) was added under cooling with ice. After stirring at room temperature for 2 

hours, the solvent was distilled off under reduced pressure. The residues were 

subjected to silica gel column chromatography (hexane:ethyl acetate = 15:1) to obtain a 

crude azide. To a solution of the resultant crude azide in THF (20 mL), LiA1H4 (222 

mg, 5.84 mmol) was added under cooling with ice. After the temperature was slowly 

elevated to room temperature, followed by stirring overnight, ammonia water was added 

to the reaction solution under cooling with ice. The reaction solution was filtrated 

NHTFA 

2. LiAIH4, THE 
3. TFAA, Et3N, CH2Cl2  
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through Celite®, and the solvent was distilled off under reduced pressure. The 

residues were subjected to silica gel column chromatography 

(chloroform:chlorofolln/methanol = 10:1) to obtain a crude amine. To a solution of 

the resultant crude amine in dichloromethane (15 mL), triethylamine (1.0 mL, 7.8 

mmol) and trifluoroacetic anhydride (TFAA, 0.83 mL, 5.8 mmol) were added under 

cooling with ice. After stirring at the same temperature for 10 minutes, a saturated 

aqueous solution of NaHCO3 was added, and the mixture was extracted with 

dichloromethane. The resultant organic layer was dried over MgSO4. The solvent 

was distilled off under reduced pressure, and the residues were subjected to silica gel 

column chromatography (hexane:ethyl acetate = 15:1) to obtain N-(2-

adamantyl(phenyl)methyl)2,2,2-trifluoroacetamide (379 mg, 29%). Parts of the 

product were subjected to preparative HPLC (CHIRALCEL OD) to obtain N-((S)-

((1S,3S,5S,7S)-adamantan-2-y1)(phenyl)methyl)-2,2,2-trifluoroacetamide (TP-067) and 

N-((R)-((lR,3R,5R,7R)-adamantan-2-y1)(phenyl)methyl)-2,2,2-trifluoroacetamide (TP-

068). 

[0165] 1 H-NMR (400 MHz, CDC13): 67.38-7.29 (m, 511), 6.36 (br d, J = 8.9 Hz, 1H), 

5.30 (dd, J = 11.4 Hz, 8.9 Hz, 1H), 2.12-1.90 (m, 7H), 1.77-1.72 (m, 4H), 1.69-1.58 (m, 

2H), 1.44 (br d, J = 11.1 Hz, 1H), 1.34 (br s, 111); 13C-NMR (100 MHz, CDC13): M56.4 

(q, J = 36.6 Hz), 139.7, 129.0, 128.1, 127.0, 115.9 (q, J = 288.4 Hz), 55.0, 49.0, 38.8, 

38.7, 37.9, 31.6, 31.4, 28.9, 28.7, 27.7, 27.4; IR (neat, cm-1): 3295, 2911, 1695, 1557, 

1186; MS (EI): m/z 337 (Mt), 135 (100%); HRMS (El): calcd for C19H22F3NO (Mt) 

337.1653, found 337.1662. 

[0166] [Example 14] 

[0167] [Chemical Formula 30] 

N3 
Cci1 

Ph 
Sc(0Tf)3, PhSH 

 

0 	0 

HHN'I'CF3  

1. LiAIH4, THE 
Ph 	 - 	Ph 

CH2Cl2 PhS 

 

2. TFAA, Et3N, CH2Cl2 	PhS 

TP-069 
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To a solution of (1S,2R,5R)-24(R)-azido(phenyl)methyl)-7-

methylenebicyclo[3.3.1.]nonan-3-one (88.1 mg, 0.315 mmol) in dichloromethane (3 

mL), thiophenol (97 µL, 0.95 mmol) and scandium trifluoromethanesulfonate (8 mg, 

0.016 mmol) were added under cooling with ice. After stirring at room temperature 

for 24 hours, a saturated aqueous solution of NaHCO3 was added under cooling with ice, 

and the mixture was extracted with dichloromethane. The resultant organic layer was 

dried over MgSO4, and the solvent was distilled off under reduced pressure. The 

residues were subjected to silica gel column chromatography (hexane:ethyl acetate = 

1:10 to 1:4) to obtain (1S,2R,3S,5S,7S)-24(R)-azido(phenyl)methyl)-5-

(phenylthio)adamantan-l-ol (50.7 mg, 41%) as a colorless oily product. 

[0168] To a solution of the resultant azide compound (31.5 mg, 0.085 mmol) in THE 

(1 mL), LiA1H4  (5 mg, 0.13 mmol) was added under cooling with ice. After stirring at 

room temperature for 5 hours, ammonia water was added to the reaction solution under 

cooling with ice. The reaction solution was filtrated through Celite®, and the solvent 

was distilled off under reduced pressure. To the residues, dichloromethane (1 mL) was 

added, and then triethylamine (56 [IL, 0.4 mmol) and trifluoroacetic anhydride (TFAA, 

34 pt, 0.24 mmol) were added under cooling with ice. After stirring at the same 

temperature 40 minutes, a saturated aqueous solution of NaHCO3 was added under 

cooling with ice, and the mixture was extracted with dichloromethane. The resultant 

organic layer was dried over MgSO4. The solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 1:10) to obtain TP-069 (23.6 mg, 52%) as a white solid. 

[0169] [a]D23  = +50.1 (c = 0.357, CHC13); 1H-NMR (400 MHz, CDC13): 87.48-7.46 (m, 

2H), 7.45-7.28 (m, 611), 7.23-7.22 (m, 2H), 6.34 (br d, J = 9.5 Hz, 1H), 5.42 (dd, J = 

11.0, 9.5 Hz, 1H), 3.08 (br d, J = 11.0 Hz, 1H), 2.68 (br d, J = 11.7 Hz, 1H), 2.37-2.36 

(m, 3H), 1.96-1.79 (m, 7H), 1.36 (br d, J = 12.2 Hz, 1H); 13C-NMR (100 MHz, CDC13): 

M56.0 (q, J = 37.1 HZ), 154.9 (q, J = 42.1 Hz), 139.3, 137.7, 129.3, 129.2, 129.1, 128.7, 
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128.6, 127.0, 116.3 (q, J = 288.9 Hz), 115.7 (q, J = 288.1 Hz), 87.2, 53.4, 48.4, 48.1, 

46.8, 43.1, 42.1, 36.0, 33.8, 31.0, 29.0; IR (neat, cm-1): 3302, 2933, 1776, 1697, 1552, 

1222, 1172, 1148; MS (ED: m/z 557 (W), 202 (100%); HRMS (EI): calcd for 

C27f125F6NO3S (W) 557.1459, found 557.1461. 

[0170] [Example 15] 

[0171] [Chemical Formula 31] 
OH 

H 	0 	
N3 H  

PPh3, DIAD 
Ph 	 DPPA 	Ph 

TiC 14  

1. LiAIH4, THE 1:  F3C): NH 

Ph 

CH2Cl2 

O 

C F3  

CI 

THF 

2. (CF3CO)20 
Et3N, CH2Cl2 

Ph 

CI 

TP-013 

To a solution of (1R,2S,5S)-24(R)-hydroxy(phenyl)methyl)-7-

methylenebicyclo[3.3.1]nonan-3-one (prepared according to the method described in J. 

Am. Chem. Soc. 2014, 136, 17591-17600; 750 mg, 2.9 mmol), diphenylphosphoryl 

azide (DPPA, 820 µL, 3.81 mmol) and triphenylphosphine (1.20 g, 4.4 mmol) in THF 

(15 mL), diisopropyl azodicarboxylate (DIAD, 2.2 mL, 4.4 mmol) was added under 

cooling with ice. After stirring at the same temperature for 1 hour, the solvent was 

distilled off under reduced pressure. To the residues, dichloromethane (15 mL) was 

added, and then TiC14 (820 µL, 2.3 mmol) was added under cooling with ice. After 

stirring at room temperature for 4 hours, a saturated aqueous solution of NaHCO3  was 

added under cooling with ice. The reaction solution was filtrated through Celite®, and 

the filtrate was extracted with diethyl ether. The resultant organic layer was washed 

with saturated saline and dried over MgSO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 10:1) to obtain (1R,2S,3R,5R,7R)-2-((S)-azido(phenyl)methyl)- 
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5-chloroadamantan-l-ol (756 mg, 92%) as a white solid. 

[0172] To a solution of the resultant azide compound (750 mg, 2.67 mmol) in THE 

(14 mL), LiA1H4 (300 mg, 8.00 mmol) was added under cooling with ice. After 

stirring at the same temperature for 1 hour, ammonia water was added to the reaction 

solution. The reaction solution was filtrated through Celite®, and the solvent was 

distilled off under reduced pressure. To the residues, dichloromethane (15 mL) was 

added, and then triethylamine (2.2 mL, 16.0 mmol) and trifluoroacetic anhydride 

(TFAA, 1.2 mL, 8.0 mmol) were added under cooling with ice. After stirring at room 

temperature overnight, a saturated aqueous solution of NaHCO3 was added, and the 

mixture was extracted with dichloromethane The resultant organic layer was dried 

over MgSO4. The solvent was distilled off under reduced pressure, and the residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 15:1) to 

obtain TP-013 (871 mg, 56%) as a white solid. 

[0173] mp 83-85°C (colorless needle-like crystal, n-hexane-Et20); [a]D31 = -84.1 (c = 

1.08, CHC13); 1 H-NMR (400 MHz, CDC13): 87.35-7.27 (m, 5H), 6.63 (d, J = 11.1 Hz, 

1H), 5.44 (t, J = 10.4 Hz, 1H), 3.26 (d, J = 11.1 Hz, 1H), 2.99 (d, J = 11.1 Hz, 1H), 

2.45-2.41 (m, 3H), 2.26-2.13 (m, 5H), 1.96 (br d, J = 12.4 Hz, 2H), 1.47 (br d, J = 14.0 

Hz, 1H); 13C-NMR (100 MHz, CDC13): M56.2 (q, J = 37.4 Hz), 154.9 (q, J = 42.3 Hz), 

139.1, 129.2, 128.7, 127.1, 115.8 (q, J = 288.1 Hz), 113.3 (q, J = 287.3 Hz), 86.6, 65.1, 

53.4, 50.2, 48.0, 46.9, 46.1, 35.6, 34.6, 31.7, 28.5; IR (neat, cm-1): 3296, 2945, 1775, 

1698; MS (EI): m/z 483 (Mt), 202 (100%); HRMS (EI): calcd for C21I-120C1F6NO3 (Mt) 

483.1036, found 483.1046. 

[0174] [Example 16] 

[0175] [Chemical Formula 32] 
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CI 

Ph 
1) LiAIH4, THP 

2) TFAA, Et3N 

j 
Ph 	N

1 
 Ph 	

0 H 
OH 

Li   

LiCI, THF; 	 Ph 

PhCHO 

PPh3, DIAD 
DPPA 

THF 

0 

HN)LCF3  

Ph 
H 

CI 

N3 

Ph TiCI4  

 

CH2Cl2 

TP-014 

To a solution of bis((S)-1-phenylethyl)amine (10.0 mL, 44 mmol) and lithium 

chloride (3.4 g, 80 mmol) in THF (100 mL), a solution of n-butyllithium in hexane 

(1.56 M, 28.2 mL, 44 mmol) was added dropwise under cooling with ice. After 

stirring at the same temperature for 30 minutes, the reaction solution was cooled down 

to -78°C. To the reaction mixture, a solution of 7-methylenebicyclo[3.3.1]nonan-3-

one (6.00 g, 40 mmol) in THF (60 mL) was added by cannulation. After stirring for 1 

hour, a solution of benzaldehyde (6.1 mL, 60 mmol) in THF (40 mL) was added by 

cannulation. After stirring for 2 hours, acetic acid and a saturated aqueous solution of 

ammonium chloride were added in sequence to the reaction solution, and then the 

mixture was extracted with diethyl ether. The resultant organic layer was washed with 

saturated saline and dried over MgSO4. The solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 4:1) to obtain (1S,2R,5R)-24(S)-hydroxy(phenyl)methyl)-7-

methylenebicyclo[3.3.1]nonan-3-one (8.3 g, 81%) as a white solid. The solid was 

recrystallized from diethyl ether to afford a colorless needle-like crystal. 

[0176] mp 122°C; [a]D21  = -17.9 (c = 0.32, CHC13); 1H-NMR (400 MHz, CDC13): 

67.38-7.25 (m, 5H), 4.79 (d, J = 1.8 Hz, 1H), 4.76 (d, J = 1.8 Hz, 1H), 4.71 (d, J = 6.8 

Hz, 1H), 2.90 (s, 1H), 2.64 (dd, J = 15.7, 6.8 Hz, 1H), 2.48-2.18 (m, 6H), 2.01 (br d, J = 

14.3 Hz, 1H); 13C-NMR (100 MHz, CDC13): 6211.0, 141.6, 128.8, 127.6, 114.8, 74.6, 

62.7, 45.7, 42.2, 41.3, 32.4, 31.9, 28.4; IR (neat, cm-1): 3390, 1711; MS (EI): m/z 256 
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(W), 95 (100%); HRMS (EI): calcd for Ci7H2002 (W) 256.1463, found 256.1450. 

[0177] To a solution of (1S,2R,5R)-2-((S)-hydroxy(phenyl)methyl)-7-

methylenebicyclo[3.3.1]nonan-3-one (2.00 g, 7.5 mmol), DPPA (2.3 mL, 11 mmol) and 

triphenylphosphine (3.0 g, 11 mmol) in THE (38 mL), DIAD (2.2 mL, 11 mmol) was 

added under cooling with ice. After stirring at the same temperature for 1 hour, the 

solvent was distilled off under reduced pressure. To the residues, dichloromethane (38 

mL) was added, and then TiC14  (0.8 mL, 7.5 mmol) was added under cooling with ice. 

After stirring at room temperature for 4 hours, a saturated aqueous solution of NaHCO3  

was added under cooling with ice. The reaction solution was filtrated through Celite®, 

and the filtrate was extracted with diethyl ether. The resultant organic layer was 

washed with saturated saline and dried over MgSO4. The solvent was distilled off 

under reduced pressure, and tetrahydropyran (THP, 40 mL) was added to the residues. 

To the mixture, LiA1H4  (430 mg, 11 mmol) was added under cooling with ice. After 

stirring at the same temperature for 30 minutes, ammonia water was added to the 

reaction solution. The reaction solution was filtrated through Celite®, and the solvent 

was distilled off under reduced pressure. To the residues, dichloromethane (40 mL) 

was added, and then triethylamine (6.3 mL, 45 mmol) and TFAA (3.2 mL, 23 mmol) 

were added under cooling with ice. After stirring at room temperature overnight, a 

saturated aqueous solution of NaHCO3  was added, and the mixture was extracted with 

dichloromethane. The resultant organic layer was dried over MgSO4. The solvent 

was distilled off under reduced pressure, and the residues were subjected to silica gel 

column chromatography (hexane:ethyl acetate = 15:1) to obtain a crude product as a 

white solid. The solid was recrystallized from diethyl ether/hexane to afford TP-014 

(1.27 g, 35%) as a white solid. 

[0178] mp 89°C; [a]D21 = +89.1 (c = 0.31, CHC13); 111-NMR (400 MHz, CDC13): 

67.35-7.27 (m, 5H), 6.63 (d, J = 11.1 Hz, 1H), 5.44 (t, J = 10.4 Hz, 1H), 3.26 (d, J = 

11.1 Hz, 1H), 2.99 (d, J = 11.1 Hz, 1H), 2.45-2.41 (m, 3H), 2.26-2.13 (m, 511), 1.96 (br 
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d, J = 12.4 Hz, 2H), 1.47 (br d, J = 14.0 Hz, 1H); 13C-NMR (100 MHz, CDC13): 6156.2 

(q, J = 37.4 Hz), 154.9 (q, J = 42.3 Hz), 139.1, 129.2, 128.7, 127.1, 115.8 (q, J = 288.1 

Hz), 113.3 (q, J = 287.3 Hz), 86.6, 65.1, 53.4, 50.2, 48.0, 46.9, 46.1, 35.6, 34.6, 31.7, 

28.5; IR (neat, cm-1): 3296, 2945, 1775, 1698; MS (EI): m/z 483 (Mt), 202 (100%); 

HRMS (EI): calcd for C21f120C1F6NO3 (Mt) 483.1036, found 483.1046; elemental 

analysis: calcd for C21H20C1F6NO3: C, 52.13; H, 4.17; N, 2.89. found C, 52.27; H, 4.18; 

N, 2.88. 

[0179] [Example 17] 

[0180] [Chemical Formula 33] 

0 	0 	 0 

F3CA0 HNCF3 	 'CF 	CF3 H  

Ph 	0.5 M NaOH aq. 	 Ph 

  

THE CI 

TP-048 

To a solution of TP-014 (84.7 mg, 0.175 rnmol) in THE (2 mL), an aqueous 

solution of 0.5 M NaOH (1 mL) was added under cooling with ice. After stirring at 

the same temperature for 15 minutes, a saturated aqueous solution of NH4C1 was added, 

and the mixture was extracted with ethyl acetate. The resultant organic layer was 

washed with saturated saline and dried over MgSO4. The solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 8:1 to 4:1) to obtain TP-048 (65.5 mg, 96%) as 

a white solid. 

[0181] [a]D26 = +109.2 (c = 0.772, CHC13); 11-I-NMR (400 MHz, CDC13): 67.41-7.32 

(m, 5H), 6.98 (br, 1H), 5.34 (t, J = 9.7 Hz, 111), 2.36-2.29 (m, 31-I), 2.19-2.00 (m, 7H), 

1.77 (br d, J = 11.6 Hz, 1I-I), 1.41-1.33 (m, 2H); 13C-NMR (100 MHz, CDC13): 6156.2 

(q, J = 37.1), 140.5, 129.4, 128.6, 127.4, 115.8 (q, J = 288.1 Hz), 72.3, 66.1, 56.7, 54.2, 

52.4, 47.7, 46.3, 38.6, 34.4, 31.8, 28.8; IR (neat, cm-1): 3553, 3297, 2940, 1698, 1552, 

1208, 1183, 1165; MS (EI): m/z 387 (Mt), 202 (100%); HRMS (EI): calcd for 



CI 

TP-014 

O 

Ph 

CF3  
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Ci9H21C1F3NO2 (Mt) 387.1213, found 387.1196. 

[0182] [Example 18] 

[0183] [Chemical Formula 34] 

F3c 	o HEIN CF3 	 r 	H rAn HNACF3  s-o  

Ph 	AIBN, (Me3S03SiH Ph 	
0.5 M NaOH aq. 

toluene, reflux 

TP-049 

THE 

To a solution of TP-014 (30.0 mg, 0.062 mmol) in toluene (2 mL), 

tris(trimethylsilyl)silane (29 	0.095 mmol) and azobisisobutyronitrile (AIBN, 2.0 mg, 

0.012 mmol) were added at room temperature. After the mixture was refluxed under 

heating overnight, the solvent was distilled off under reduced pressure. The residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 15:1) to 

obtain TP-049 (23.0 mg, 83%) as a white solid. 

[0184] [a]D29  = +106.4 (c = 0.385, CHC13); 1H-NMR (400 MHz, CDC13): 67.33-7.27 

(m, 5H), 6.31 (br d, J = 10.1 Hz, 1H), 5.50 (dd, J = 10.9, 10.1 Hz, 1H), 3.20 (br d, J = 

10.9 Hz, 1H), 2.60 (br d, J = 11.6 Hz, 1H), 2.45 (br d, J = 12.1 Hz, 1H), 2.28-2.27 (m, 

311), 2.04-1.80 (m, 611), 1.72 (br s, 2H); 13C-NMR (100 MHz, CDC13): 6156.0 (q, J = 

37.1 Hz), 155.1 (q, J = 41.8 Hz), 139.8, 129.0, 128.4, 127.2, 115.8 (q, J = 288.1 Hz), 

113.5 (q, J = 287.3 Hz), 87.5, 53.6, 49.4, 41.3, 37.2, 36.1, 33.0, 30.6, 30.4, 30.2; IR 

(neat, cm-1): 3335, 2927, 1775, 1700, 1556, 1218, 1169; MS (EI): m/z 449 (W), 202 

(100%); HRMS (EI): calcd for C211-121F3NO3 (Mt) 449.1426, found 449.1447. 

[0185] To a solution of TP-049 (61.5 mg, 0.137 mmol) in THE (1.4 mL), an aqueous 

solution of NaOH (0.5 M, 0.5 mL) was added under cooling with ice. After stirring at 

the same temperature for 5 minutes, 2 M hydrochloric acid was added to the reaction 

solution, and the mixture was extracted with ethyl acetate. The resultant organic layer 

was washed with saturated saline and dried over MgSO4. The solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 
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chromatography (hexane:ethyl acetate = 4:1 to 2:1) to obtain TP-052 (49.4 mg, quant.) 

as a white solid. 

[0186] TP-052: [a]D14  = +130.7 (c = 0.243, CHC13); 1 H-NMR (400 MHz, CDC13): 

67.39-7.31 (m, 5H), 6.77 (br d, J = 8.9 Hz, 1H), 5.40 (dd, J = 9.7, 8.9 Hz, 1H), 2.32 (br 

d, J = 9.7 Hz, 1H), 2.31-2.07 (m, 4H), 1.85-1.79 (m, 2H), 1.72-1.57 (m, 5H), 1.52-1.44 

(m, 2H), 1.29 (br, 1H); .13C-NMR (100 MHz, CDC13): 6156.1 (q, 37.1 Hz), 140.7, 129.4, 

128.5, 127.5, 115.9 (q, 288 Hz), 77.2, 54.3, 53.0, 50.5, 48.5, 41.4, 39.6, 39.4, 33.2, 30.6, 

29.6; IR (neat, cm-1): 3566, 3291, 2919, 1698, 1183; MS (EI): m/z 353 (Mt), 151 

(100%); HRMS (EI): calcd for C19H22F3NO2 (Mt) 353.1603, found 353.1604. 

[0187] [Example 19] 

[0188] [Chemical Formula 35] 

N3 
O 

: Ph 
OH 

Sc(OTf)3  

F3CAO HNICF3 

0 

1. THF 
Ph 	 Ph 

2. TFAA, Et3N, CH2C12 

 

  

CH2Cl2 

 

TP-050 

To a solution of (1S,2R,5R)-2-(R-azido(phenyl)methyl)-7-

methylenebicyclo[3.3.11nonan-3-one (57.4 mg, 0.204 mmol) in dichloromethane (2 

mL), 2-methoxyethanol (78 [IL, 1.0 mmol) and scandium trifluoromethanesulfonate (5.0 

mg, 0.01 mmol) were added in sequence under cooling with ice. After stirring at room 

temperature for 2 days, a saturated aqueous solution of NaHCO3 was added under 

cooling with ice, and the mixture was extracted with dichloromethane. The resultant 

organic layer was dried over MgSO4, and the solvent was distilled off under reduced 

pressure. The residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 1:2 to 1:1) to obtain (1S,2R,3S,5S,7S)-2-((R)-

azido(phenyl)methyl)-5-(2-methoxyethoxy)adamantan-1-ol (41.2 mg, 56%) as a 

colorless oily product. 

[0189] To a solution of the resultant azide compound (39.6 mg, 0.111 mmol) in THF 

(1 mL), LiA1H4 (8.0 mg, 0.21 mmol) was added under cooling with ice. After the 
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MeO 

Ph  1. LiAIH4, THE 

2. TFAA, Et3N, CH2Cl2 	MeO 
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temperature was slowly elevated to room temperature, followed by stirring for 1 hour, 

the reaction solution was cooled with ice, and LiA1H4 (8.0 mg, 0.21 mmol) was added. 

After stirring at room temperature for 1 hour, ammonia water was added to the reaction 

solution under cooling with ice. The reaction solution was filtrated through Celite®, 

the filtrate was dried over Na2SO4, and the solvent was distilled off under reduced 

pressure. To the residues, dichloromethane (1 mL) was added, and then triethylamine 

(77 pi., 0.56 mmol) and trifluoroacetic anhydride (TFAA, 47 pL, 0.33 mmol) were 

added under cooling with ice. After stirring at room temperature for 5 hours, a 

saturated aqueous solution of NaHCO3 was added under cooling with ice, and the 

mixture was extracted with dichloromethane. The resultant organic layer was dried 

over MgSO4. The solvent was distilled off under reduced pressure, and the residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 1:4 to 1:2) 

to obtain TP-050 (31.6 mg, 54%) as a colorless oily product. 

[0190] [a]D25  = +72.1 (c = 0.965, CHC13); 'H-NMR (400 MHz, CDC13): 67.34-7.23 (m, 

5H), 6.33 (br d, J = 9.9 Hz, 111), 5.44 (dd, J = 10.9, 9.9 Hz, 1H), 3.59-3.56 (m, 2H), 

3.51-3.48 (m, 2H), 3.37 (s, 3H), 3.17 (br d, J = 10.9 Hz, Hi), 2.65 (br d, J = 10.6 Hz, 

1H), 2.43-2.37 (m, 3H), 1.95-1.81 (m, 71-I), 1.38 (br d, J = 11.6 Hz, 1H); 13C-NMR (100 

MHz, CDC13): M56.1 (q, J = 37.4 Hz), 154.9 (q, J = 42.1 Hz), 139.4, 129.1, 128.5, 

127.2, 115.8 (q, J = 288.1 Hz), 113.4 (q, J = 287.3 Hz), 87.6, 73.7, 72.3, 60.2, 59.1, 53.5, 

48.5, 45.0, 41.1, 39.9, 36.3, 30.5, 29.2; IR (neat, cm-1): 3303, 2936, 1775, 1698, 1554, 

1221, 1172; MS (EI): m/z 523 (M1, 202 (100%); HRMS (EI): calcd for C24H27F6N05 

(Mt) 523.1793, found 523.1797. 

[0191] [Example 20] 

[0192] [Chemical Formula 36] 

N3 
c)1_cLI 	

Sc(OTf)3 
Ph 	  

Me0H 
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To a solution of (1S,2R,5R)-2-(R-azido(phenyl)methyl)-7-

methylenebicyclo[3.3.11nonan-3-one (238 mg, 0.848 mmol) in methanol (8.5 mL), 

scandium trifluoromethanesulfonate (20 mg, 0.04 mmol) was added under cooling with 

ice. After stirring at room temperature for 18 hours, a saturated aqueous solution of 

NaHCO3 was added under cooling with ice, and the mixture was extracted with ethyl 

acetate. The resultant organic layer was washed with saturated saline and dried over 

MgSO4, and then the solvent was distilled off under reduced pressure. The residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 1:4 to 1:2) 

to obtain (1S,2R,3S,5S,7S)-24(R)-azido(phenyl)methyl)-5-methoxyadamantan-l-ol 

(225 mg, 85%) as a colorless oily product. 

[0193] To a solution of the resultant azide compound (225 mg, 0.716 mmol) in THE 

(4 mL), LiA1H4 (41 mg, 1.1 mmol) was added under cooling with ice. After stirring at 

the same temperature for 1 hour, ammonia water was added to the reaction solution. 

The reaction solution was filtrated through Celite®, and the solvent was distilled off 

under reduced pressure. To the residues, dichloromethane (4 mL) was added, and then 

triethylamine (497 pt, 3.86 mmol) and trifluoroacetic anhydride (TFAA, 299 pt, 2.15 

mmol) were added under cooling with ice. After stirring at room temperature for 40 

hours, a saturated aqueous solution of NaHCO3  was added under cooling with ice, and 

the mixture was extracted with dichloromethane. The resultant organic layer was dried 

over MgSO4. The solvent was distilled off under reduced pressure, and the residues 

were subjected to silica gel column chromatography (hexane:ethyl acetate = 1:8 to 1:2) 

to obtain TP-053 (262 mg, 75%) as a white solid. 

[0194] [a]D14 = +97.2 (c = 0.179, CHC13); 111-NMR (400 MHz, CDC13): 67.33 (m, 5H), 

6.35 (br d, J = 9.9 Hz, 1H), 5.45 (dd, J = 10.6, 9.9 Hz, 114), 3.25 (s, 3H), 3.17 (br d, J = 

10.6 Hz, 1H), 2.61 (br d J = 10.6 Hz, 1H), 2.45-2.37 (m, 311), 1.97-1.73 (m, 7H), 1.39 

(br d, J = 13.5 Hz, 1H); '3C-NMR (100 MHz, CDC13): 6156.0 (q, J = 37.4 Hz), 155.0 (q, 

J = 41.8 Hz), 139.4, 129.1, 128.6, 127.1, 115.8 (q, 288.1 Hz), 113.4 (q, 287.0 Hz), 87.7, 



THF 

-73- 

75.5, 53.5, 48.7, 48.6, 44.5, 40.8, 39.5, 36.3, 33.3, 30.4, 29.3; IR (neat, cm-1): 3299, 

2941, 1776, 1697, 1221, 1172; MS (EI): m/z 479 (Mt), 202 (100%); HRMS (EI): calcd 

for C22H23F6N04 (Mt) 479.1531, found 479.1486. 

[0195] [Example 21] 

[0196] [Chemical Formula 37] 

Ph
),N1Ph 	H OH 

LiCI, THF; 
PPh3, DIAD 

DPPA 
TICI4  

CH2Cl2 

CI 

HO H  N3  
1. LiAIH4, THF 

2. TFAA, Et3N, CH2Cl2  CI 

CHO 

TP-051 

To a solution of bis((S)-1-phenylethyl)amine (2.5 mL, 11 mmol) and lithium 

chloride (850 mg, 20 mmol) in THF (25 mL), a solution of n-butyllithium in hexane 

(1.56 M, 7.1 mL, 11 mmol) was added dropwise under cooling with ice. After stirring 

at the same temperature for 30 minutes, the reaction solution was cooled down to -78°C. 

A solution of 7-methylenebicyclo[3.3.1]nonan-3-one (1.52 g, 10 mmol) in THF (15 mL) 

was added to the reaction mixture by cannulation. After stirring for 30 minutes, a 

solution of nicotinaldehyde (1.1 mL, 12 mmol) in THF (10 mL) was added by 

cannulation. After stirring for 40 minutes, acetic acid and a saturated aqueous solution 

of ammonium chloride were added in sequence to the reaction solution, and the mixture 

was extracted with ethyl acetate. The resultant organic layer was washed with 

saturated saline and dried over K2CO3. The solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:acetone = 3:2 to 1:2) to obtain (1S,2R,5R)-24(S)-hydroxy(pyridin-3-

yl)methyl)-7-methylenebicyclo[3.3.1]nonan-3-one (2.7 g, 81%) as a white solid. The 

solid was recrystallized from ethyl acetate to afford a colorless crystal (99% ee). 

[0197] To a solution of the resultant alcohol (258 mg, 1.0 mmol), diphenylphosphoryl 
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azide (DPPA, 237 4, 1.1 mmol) and triphenylphosphine (239 mg, 1.1 mmol) in THF 

(5 mL), diisopropyl azodicarboxylate (DIAD, 214 4, 1.1 mmol) was added under 

cooling with ice. After the temperature was slowly elevated to room temperature, 

followed by stirring for 5 hours, the solvent was distilled off under reduced pressure. 

The residues were subjected to silica gel column chromatography (hexane:ethyl acetate 

= 4:1 to 2:1) to obtain (1S,2R,5R)-24(R)-azido(pyridin-3-yl)methyl)-7-

methylenebicyclo[3.3.1]nonan-3-one (187 mg, 66%) as a colorless oily product. 

[0198] To a solution of the resultant azide compound (187 mg, 0.66 mmol) in 

dichloromethane (7 mL), TiC14  (300 4, 0.27 mmol) was added under cooling with ice. 

After stirring at room temperature for 3 hours, a saturated aqueous solution of NaHCO3  

was added under cooling with ice, and the filtrate was extracted with diethyl ether. 

The resultant organic layer was washed with saturated saline and dried over MgSO4. 

The solvent was distilled off under reduced pressure, and the resultant solid was washed 

with cool diethylether to obtain (15,2R,3S,5S,7S)-2-((R)-azido(pyridin-3-yOmethyl)-5-

chloroadamantan-l-ol (98.5 mg, 92%). 

[0199] To a solution of the resultant compound (75.4 mg, 0.257 mmol) in THF (2 mL), 

LiA1H4  (23 mg, 0.61 mmol) was added under cooling with ice. After stirring at the 

same temperature for 1 hour, ammonia water was added to the reaction solution under 

cooling with ice. The reaction solution was filtrated through Celite®, and the solvent 

was distilled off under reduced pressure. The residues were subjected to silica gel 

column chromatography (CHC13:methanol =1:0 to 4:1) to obtain a crude amine. 

[0200] To the resultant crude amine, dichloromethane (2 mL) was added, and then 

triethylamine (178 4, 1.28 mmol) and trifluoroacetic anhydride (TFAA, 107 4, 0.76 

mmol) were added under cooling with ice. After the temperature was elevated to room 

temperature, followed by stirring for 4 hours, a saturated aqueous solution of NaHCO3 

was added under cooling with ice, and the mixture was extracted with dichloromethane. 

The resultant organic layer was dried over Na2SO4. The solvent was distilled off under 
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reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1 to 1:4) to obtain TP-051 (48.8 mg, 49%) as a white solid. 

[0201] [u]D20 = +53.9 = 0.379, CHC13); 1H-NMR (400 MHz, CDC13): 68.57 (d, J = 

1.0 Hz, 1H), 8.50 (dd, J = 4.9, 1.5 Hz, 1H), 7.72 (br d, J = 7.8 Hz, 111), 7.41 (br d, J = 

9.8 Hz, 1H), 7.32 (dd, J = 7.8, 4.9 Hz, 1H), 5.35 (dd, J = 9.8, 9.3 Hz, 1H), 2.40-2.38 (m, 

2H), 2.29 (br s, 1H), 2.22-1.99 (m, 7H), 1.75 (br, 111), 1.68 (br d, J = 13.7 Hz, 1H), 1.48 

(br d, J = 13.2 Hz, 1H), 1.42 (br d, J = 13.2 Hz, 111); 13C-NMR (100 MHz, CDC13): 

M56.4 (q, J = 37.1 Hz), 148.2, 147.7, 138.3, 136.5, 124.0, 115.8 (q, J = 287.8 Hz), 71.9, 

66.1, 57.3, 52.6, 51.7, 47.6, 46.3, 38.3, 34.3, 31.6, 28.6; IR (neat, cm-1): 3292, 2938, 

1700, 1558, 1212, 1184, 1161, 759; MS (EI): m/z 388 (W), 203 (100%); HRMS (EI): 

calcd for C18H20C1F3N202 (Mt) 388.1165, found 388.1177. 

[0202] [Example 22] 

[0203] [Chemical Formula 38] 

H 	NH2 	BzCI, Et3N 	 CI H NHBz 

Ph 

	

	 Ph DMAP 

CH2Cl2 
	 CI 

TP-070 

To a solution of (R)-((lS,2R,3S,55,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (25.0 mg, 0.0806 mmol) in dichloromethane (1 mL), 

triethylamine (17 µL, 0.13 mmol), DMAP (1 mg) and benzoyl chloride (11 pt, 0.097 

mmol) were added under cooling with ice. After stirring for 20 minutes, a saturated 

aqueous solution of NaHCO3 was added to the reaction solution under cooling with ice, 

and the mixture was extracted with dichloromethane. The resultant organic layer was 

dried over MgSO4. The solvent was distilled off under reduced pressure, and the 

residues were subjected to silica gel column chromatography (hexane:ethyl acetate = 

4:1) to obtain TP-070 (28.0 mg, 84%) as a yellow solid. 

[0204] 1H-NMR (400 MHz, CDC13): 67.69 (d, J = 7.7 Hz, 2H), 7.49-7.25 (m, 8H), 

6.34 (d, J = 9.5 Hz, 1H), 5.77 (dd, J = 9.5, 9.0 Hz, 1H), 2.73 (d, J = 9.0 Hz, 111), 2.65 (d, 

CI 



- 76 - 

J = 13.0 Hz, 1H), 2.59 (s, 1H), 2.51 (m, 2H), 2.32 (s, 1H), 2.20 (s, 2H), 2.08 (s, 2H), 

1.99 (d, J = 13.5 Hz, 1H), 1.91 (d, J =14.0 Hz, 1H), 1.39 (br d, J = 13.5 Hz, 1H); 13C-

NMR (100 MHz, CDC13): M66.1, 143.9, 134.4, 131.7, 128.8, 128.6, 127.5, 127.3, 126.8, 

69.0, 66.0, 59.2, 53.44, 53.39, 47.8, 46.0, 40.9, 35.8, 32.9, 28.8; IR (neat, cm-1): 3583, 

3290, 2940, 2092, 1631, 1536; MS (El): m/z 413 (10, 210 (100%), HRMS (EI): calcd 

for C24H25C12NO (Mt) 413.1313, found 413.1314. 

[0205] [Example 23] 

[0206] [Chemical Formula 39] 
0 

 

picolinic acid 
DCC, DMAP 

 

CI CH2Cl2 CI 

TP-071 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyl)methanamine (29.6 mg, 0.0955 mmol) in dichloromethane (1 mL), picolinic 

acid (18 mg, 0.14 mmol), DCC (30 mg, 0.14 mmol) and DMAP (1 mg, 10mol%) were 

added under cooling with ice. After stirring under cooling with ice for 1 hour, water 

was added to the reaction solution, and the mixture was extracted with dichloromethane. 

After the resultant organic layer was dried over MgSO4, the solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 2:1) to obtain TP-071 (29.8 mg, 75%) as a 

yellow oily product. 

[0207] 1H-NMR (400 MHz, CDC13): 68.52 (d, J = 4.3 Hz, 1H), 8.46 (d, J = 10.6 Hz, 

1H), 8.17 (d, J = 8.0 Hz, 1H), 7.82 (ddd, J = 8.0, 7.7, 1.4 Hz, 1H), 7.44-7.39 (m, 3H), 

7.33 (dd, J = 7.7, 7.5 Hz, 2H), 7.23 (t, J = 7.5 Hz, 1H), 5.79 (dd, J = 10.6, 7.7 Hz, 1H), 

2.71 (d, J = 7.7 Hz, 111), 2.66 (br d, J = 13.0 Hz, 1H), 2.57-2.48 (m, 3H), 2.34 (s, 1H), 

2.17 (m, 2H), 2.08 (m, 2H), 2.01 (br d, J = 13.5 Hz, 1H), 1.91 (br d, J = 13.0 Hz, 1H), 

1.81 (br d, J = 13.5 Hz, 1H); 13C-NMR (100 MHz, CDC13): M62.8, 149.6, 148.1, 143.7, 



-77- 

137.4, 128.7, 127.24, 127.20, 126.3, 122.5, 69.0, 66.1, 59.3, 53.7, 52.8, 47.9, 46.1, 40.9, 

35.1, 32.9, 29.1; IR (neat, cm-1): 3583, 3369, 2939, 2092, 1673, 1513; MS (EI): m/z 414 

(Mt), 211 (100%); HRMS (EI): calcd for C23H24C12N20 (Mt) 414.1266, found 

414.1279. 

[0208] [Example 24] 

[0209] [Chemical Formula 40] 

CI H  NH2 	 CI  NHSO2Ph 
PhS02C1, pyridine 

H- Ph 	 Ph 
CH2Cl2 
	 CI CI 

TP-072 

To a solution of (R)-((1S,2R,3S,5S,7R)-1,5-dichloroadamantan-2-

y1)(phenyemethanamine (18.8 mg, 0.0604 mmol) in dichloromethane (1 mL), pyridine 

(10 4, 0.12 mmol) and benzenesulfonyl chloride (12 4, 0.091 mmol) were added 

under cooling with ice. After stiffing for 2.5 hours, water was added to the reaction 

solution, and the mixture was extracted with dichloromethane After the resultant 

organic layer was dried over MgSO4, the solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 8:1) to obtain TP-072 (11.1 mg, 41%) as a yellow oily product. 

[0210] 11-1-NMR (400 MHz, CDC13): 67.49 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 

7.20 (t, J = 7.7 Hz, 2H), 7.02-6.98 (m, 3H), 6.84-6.82 (dd, J = 1.4, 1.9 Hz, 2H), 4.76-

4.71 (m, 1H), 2.70 (s, 1H), 2.55 (d, J = 13.5 Hz, 1H), 2.43 (s, 2H), 2.37 (s, 2H), 2.28 (d, 

J = 13.5 Hz, 1H), 2.19 (d, J = 12.6 Hz, 114), 2.10 (s, 3H), 1.86 (d, J = 12.6 Hz, 111), 1.48 

(d, J = 14.0 Hz, 1H), 1.25 (s, 1H); 13C-NMR (100 MHz, CDC13): M42.3, 140.1, 132.2, 

128.7, 128.3, 127.1, 127.0, 126.4, 69.4, 65.9, 59.3, 58.4, 55.0, 47.9, 46.0, 40.6, 34.8, 

33.0, 28.6; IR (neat, cm-1): 3583, 3276, 2938, 1589, 1454; MS (0): m/z 246 (Mt 

C1olli2C12), 246 (100%); HRMS (E1): calcd for Ci3H12NO2S (M+-C1oH12C12) 246.0589, 

found 246.0591. 

[0211] [Example 25] 



Ph 
TiCI4  

CH2Cl2 CI 

0 

1) Fi2 Pd/C CF3 	NFIFi  OH 
Me0H 

Ph 

ci 	2) TFAA, Et3N 
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[0212] [Chemical Formula 41] 

TP-074 
	

TP-075 

To a solution of (1R,2S,5S)-24(S)-azido(phenyl)methyl)-7- 

methylenebicyclo[3.3.1]nonan-3-one (418 mg, 1.48 mmol) in dichloromethane (8 mL), 

titanium tetrachloride (0.10 mL, 0.89 mmol) was added at -30°C. After stirring at the 

same temperature for 1 hour, the reaction solution was diluted with diethylether. The 

reaction was quenched by adding water and extracted with diethylether. The resultant 

organic layer was washed with saturated saline and dried over MgSO4. The solvent 

was distilled off under reduced pressure, and the residues were subjected to silica gel 

column chromatography (hexane:ethyl acetate = 10:1) to obtain (1R,2S,3R,5R,7R)-2-

((R)-azido(phenyl)methyl)-5-chloroadamantan-1-01 (446 mg, 95%) as a colorless oily 

product. 

[0213] To a solution of the resultant alcohol (72.1 mg, 0.227 mmol) in methanol (1 

mL), palladium 10% on carbon (7 mg) was added. After stirring under hydrogen 

atmosphere at room temperature overnight, the reaction solution was filtrated through 

Celite®, and the solvent was distilled off under reduced pressure. To the residues, 

dichloromethane (1 mL) was added, and then triethylamine (157 'IL, 1.14 mmol) and 

TFAA (96 ttL, 0.68 mmol) were added in sequence under cooling with ice. After 

stirring under cooling with ice for 10 minutes, a saturated aqueous solution bf NaHCO3 

was added, and the mixture was extracted with dichloromethane and dried over MgSO4. 

The solvent was distilled off under reduced pressure, and the residues were subjected to 

silica gel column chromatography (hexane:ethyl acetate = 10:1) to obtain TP-074 (20.1 

mg, 18%) and TP-075 (12.7 mg, 12%), respectively, as colorless solids. 

[0214] Also, TP-073 was synthesized from (1S,2R,5R)-24(R)-azido(phenyl)methyl)-

7-methylenebicyclo[3.3.1]nonan-3-one by using the same procedure. 



CI 

[0216] [Chemical Formula 42] 
0111  N3 

Ph 
THF 

CI 

McOH, TMSCI  LIAH4  
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- TP-074 

11-1-NMR (400 MHz, CDC13): 68.94 (s, 1H), 7.37-7.27 (m, 5H), 4.90-4.86 (m, 

1H), 2.36 (s, 1H), 2.26-2.20 (m, 2H), 2.11-2.05 (m, 3H), 2.02 (s, 3I-1), 1.98-1.94 (m, 1H), 

1.87-1.83 (m, 2H), 1.72 (s, 1H), 1.54 (d, J = 12.1 Hz, 111), 1.32 (d, J = 13.5 Hz, 1H) ; 

13C-NMR (100 MHz, CDC13): 6156.6 (q, J = 36.1 Hz), 140.5, 128.8, 127.9, 127.0, 115.8 

(q, 287.5 Hz), 74.1, 65.7, 57.4, 56.3, 51.3, 47.1, 46.3, 38.7, 33.3, 32.0, 28.7; IR (neat, 

cm-1): 3584, 3256, 2938, 1711, 1543; MS (EI): m/z 387 (Mt), 202 (100%). 

- TP-075 

11I-NMR (400 MHz, CDC13): 67.35-7.27 (m, 5H), 6.63 (d, J = 10.1 Hz, 1H), 

5.44 (dd, J = 10.6 Hz, 10.1 Hz, 1H), 3.26 (d, J = 11.1 Hz, 1H), 2.99 (d, J = 11.1 Hz, 111), 

2.45-2.41 (m, 3H), 2.26-2.13 (m, 5H), 1.96 (br d, J = 12.4 Hz, 2H), 1.47 (br d, J = 14.0 

Hz, 1H); 13C-NMR (100 MHz, CDC13): M56.2 (q, 37.4 Hz), 154.9 (q, 42.3 Hz), 139.1, 

129.2, 128.7, 127.1, 115.8 (q, 288.1 Hz), 113.3 (q, 287.3 Hz), 86.6, 65.1, 53.4, 50.2, 

48.0, 46.9, 46.1, 35.6, 34.6, 31.7, 28.5; IR (neat, cm-1): 3296, 2945, 1775, 1698, 1172; 

MS (EI): m/z 483 (Mt), 202 (100%); HRMS (EI): calcd for C21H20C1F6NO3 (Mt), 

483.1036, found 483.1046. 

[0215] [Example 26] 

To a solution of (1S,2R,3S,5S,7S)-24(R)-azido(phenyl)methyl)-5-

chloroadamantane (156 mg, 0.49 mmol) in THF (5 mL), lithium aluminum hydride (26 

mg, 0.74 mmol) was added under cooling with ice. After stirring at the same 

temperature for 1 hour, the reaction was quenched by adding 28% ammonia water; 

thereafter, the reaction solution was filtrated through Celite®, the solvent was distilled 

off under reduced pressure, and the residues were subjected to silica gel column 
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chromatography (chloroform:methanol =10:1) to obtain TP-076 (75 mg, 52%) as a 

colorless oily product. 

[0217] 11-I-NMR (400 MHz, CDC13): 57.38-7.35 (m, 5H), 4.13 (d, J = 10.1 Hz, 1H), 

2.66 (brs, 1H), 2.30 (brs, 1H), 2.21-1.98 (m, 811), 1.80 (brd, J = 13.0 Hz, 111), 1.60-1.46 

(m, 3H), 1.44 (brd, J = 13.5 Hz, 2H); IR (neat, cm1): 3581, 3300, 3359, 2935, 2861, 

1600, 1492, 1453; MS (EI): m/z 291 (Mt), 106 (100%); HRMS (ESI): calcd for 

C17H23NOC1 (Mt-EH), 292.1459, found 292.1463. 

[0218] To a solution TP-076 (62 mg, 0.21 mmol) in methanol (2.6 mL), 

chlorotrimethylsilane (32.6 [tL, 0.74 mmol) was added at room temperature. After 

stirring at the same temperature for 1 hour, the solvent was distilled off under reduced 

pressure to obtain (R)-((1S,2R,3S,5S,75)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (27 mg, 39%) as a white solid. 

[0219] [a]D24  = +18.4 (c = 0.50, Me0H), 11-1-NMR (400 MHz, CD3COCD3): 58.80 

(brs, 2H), 7.65 (d, J = 6.8 Hz, 2I-1), 7.34-7.27 (m, 3H), 4.67 (d, J = 9.7 Hz, 1H), 3.14 (brs, 

1H), 3.00-2.70 (m, 3H), 2.23-1.88 (m, 811), 1.48-1.35 (m, 2H) ; 13C-NMR (100 MHz, 

CD3COCD3): 140.4, 129.7, 129.1, 128.9, 72.2, 68.2, 66.1, 58.2, 52.2, 48.4, 47.3, 38.7, 

34.5, 32.8, 29.8; IR (neat, cm-1): 3583, 3294, 2933, 2864; HRMS (EI): calcd for 

Ci7H23C12NO (Mt-NH4C1), 274.1124 , found 274.1153. 

[0220] [Example 27] 

[0221] [Chemical Formula 43] 
0 

 

0 0 

/IL 	, Et3N 

 

CI DCM 	 CI 

TP-077 

To a solution of (R)-((1S,2R,3S,5S,7R)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methanamine (70.0 mg, 0.240 mmol) in dichloromethane (1 mL), acetic 

anhydride (34.0 ti,L, 0.360 mmol) and triethylamine (100 lit, 0.720 mmol) were added. 



CI 

Et3N 

DCM 	 CI 
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After stirring at room temperature for 1 hour, a saturated aqueous solution of NaHCO3 

was added to the reaction solution, and the mixture was extracted with dichloromethane. 

The resultant organic layer was dried over MgSO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 1:1) to obtain TP-077 (69.7 mg, 87%) as a colorless solid. 

[0222] 1H-NMR (400 MHz, CDC13): 87.39-7.28 (m, 5H), 5.86 (d, J = 2.4 Hz, 1H), 

5.41 (t, J = 9.7 Hz, 1H), 2.34 (d, J = 20.3 Hz, 2H), 2.15 (t, J = 9.4 Hz, 2H), 2.06-2.03 (m, 

6H), 1.95 (s, 3H), 1.68 (s, 2H), 1.50 (d, J = 12.6 Hz, 1H), 1.38 (d, J = 13.5 Hz, 1H); 13C- 

NMR (100 MHz, CDC13): M69.3, 142.2, 129.2, 127.9, 127.2, 71.9, 66.8, 56.3, 53.0, 

52.6, 47.9, 46.5, 38.7, 33.8, 32.0, 29.2, 23.4; IR (neat, cm-1): 3567, 3278, 2935, 2863, 

1645, 1541; MS (EI): m/z 333 (Mt), 148 (100%), HRMS (EI): calcd for C19H24C1NO2 

(Mt) 333.1496, found 333.1496. 

[0223] [Example 28] 

[0224] [Chemical Formula 44] 

TP-078 

To a solution of (R)-((1S,2R,3S,5S,7R)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methanamine (70.0 mg, 0.240 mmol) in dichloromethane (1 mL), propionic 

anhydride (46.4 µL, 0.360 mmol) and triethylamine (100 !IL, 0.720 mmol) were added. 

After stirring at room temperature for 1 hour, a saturated aqueous solution of NaHCO3 

was added to the reaction solution, and the mixture was extracted with dichloromethane. 

The resultant organic layer was dried over MgSO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 1:1) to obtain TP-078 (76.9 mg, 92%) as a colorless solid. 

[0225] 11-1-NMR (400 MHz, CDC13): 87.35-7.28 (m, 5H), 6.21 (d, J = 9.2 Hz, 1H), 
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5.43 (t, J = 9.4 Hz, 1H), 2.33 (d, J = 21.7 Hz, 2H), 2.20-2.09 (m, 4H), 2.06-2.04 (m, 7H), 

1.91 (d, J = 13.5 Hz, 1H), 1.50 (d, J = 13.0 Hz, 1H), 1.37 (d, J = 14.0 Hz, 1H), 1.09 (t, J 

= 7.5 Hz, 3H); 13C-NMR (100 MHz, CDC13): 6173.0, 142.2, 129.2, 127.8, 127.1, 71.9, 

66.8, 56.4, 53.1, 52.4, 48.0, 46.5, 38.7, 33.8, 32.0, 29.8, 29.3, 9.6; IR (neat, cm'): 3550, 

3285, 2937, 2864, 1639, 1543; MS (EI): m/z 347 (M+), 162 (100%), HRMS (EI): calcd 

for C20H26C1NO2 (M+) 347.1652, found 347.1644. 

[0226] [Example 29] 

[0227] [Chemical Formula 45] 

 

0 0 

, Et3N 

 

CI DCM CI 

TP-079 

To a solution of (R)-((1S,2R,3S,5S,7R)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methanamine (100 mg, 0.342 mmol) in dichloromethane (1 mL), butyric 

anhydride (85.4 pL, 0.516 mmol) and triethylamine (144 	1.03 mmol) were added. 

After stirring at room temperature for 1 hour, a saturated aqueous solution of NaHCO3 

was added to the reaction solution, and the mixture was extracted with dichloromethane. 

The resultant organic layer was dried over MgSO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1) to obtain TP-079 (118 mg, 95%) as a colorless solid. 

[0228] 'H-NMR (400 MHz, CDC13): 67.39-7.27 (m, 5I-1), 5.91 (s, 1H), 5.43 (t, J = 9.7 

Hz, 1H), 2.34 (d, J = 19.8 Hz, 2H), 2.18 (d, J = 30.0 Hz, 1H), 2.12 (t, J = 6.3 Hz, 311), 

2.09-2.03 (m, 8H), 1.93 (d, J = 13.5 Hz, 2H), 1.60 (q, J = 16.6 Hz, 2H), 1.50 (d, J = 12.6 

Hz, 1H), 1.38 (d, J = 13.5 Hz, 1H), 1.26 (t, J = 7.2 Hz, 1H); 13C-NMR (100 MHz, 

CDC13): M72.3, 142.4, 129.0, 127.7, 127.1, 71.9, 66.8, 56.4, 52.9, 52.4, 47.9, 46.5, 

38.68, 38.66, 33.8, 31.9, 29.1, 19.0, 13.6; IR (neat, cm-1): 3554, 3289, 3063, 3031, 2936, 

2866, 2246, 1637, 1541; MS (EI): m/z 361 (Mt), 106 (100%), HRMS (EI): calcd for 
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C2a128C1NO2 (W) 361.1809, found 361.1811. 

[0229] [Example 30] 

[0230] [Chemical Formula 46] 

  

Et3N 

 

lor 
DCM 

 

CI 

 

CI 

TP-080 

To a solution of (R)-((1 S,2R,3 S,5 S,7R)-1-chloro-l-hydroxyadamantan-2-

yl)(phenyl)methanamine (60.0 mg, 0.206 mmol) in dichloromethane (1 mL), hexanoic 

anhydride (71.2 tit, 0.308 mmol) and triethylamine (86.0 µL, 0.617 mmol) were added. 

After stirring at room temperature for 1 hour, a saturated aqueous solution of NaHCO3 

was added to the reaction solution, and the mixture was extracted with dichloromethane. 

The resultant organic layer was dried over MgSO4. The solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1) to obtain TP-080 (73.5 mg, 92%) as a colorless solid. 

[0231] 1H-NMR (400 MHz, CDC13): 67.40-7.29 (m, 5H), 5.67 (d, J = 9.7 Hz, 1H), 

5.43 (t, J = 9.7 Hz, 1H), 2.33 (d, J = 15.5 Hz, 2H), 2.18 (s, 1H), 2.14 (t, J = 7.5 Hz, 3H), 

2.05-2.03 (m, 6H), 1.93 (d, J = 13.5 Hz, 1H), 1.78 (s, 1H), 1.60 (d, J = 8.5 Hz, 1H), 1.50 

(d, J = 12.6 Hz, 1H), 1.38 (d, J = 11.6 Hz, 1H), 1.28-1.20 (m, 5H), 0.84 (t, J = 7.0 Hz, 

3H); 13C-NMR (100 MHz, CDC13): 6172.4, 143.2, 129.2, 127.8, 127.1, 71.9, 66.8, 56.4, 

53.0, 52.4, 48.0, 46.5, 38.7, 36.8, 33.8, 32.0, 31.2, 29.2, 25.2, 22.2, 13.8; IR (neat, cm-1): 

3578, 3286, 2932, 2862, 1637, 1542; MS (EI): m/z 389 (Mt), 106 (100%), HRMS (EI): 

calcd for C23H32C1NO2 (Mt) 389.2122, found 389.2107. 

[0232] [Example 31] 

[0233] [Chemical Formula 47] 
0 	 0 0 DCC 
	  >)L0).<1 >-)LOH 	DCM  

To a solution of cyclopropanecarboxylic acid (80 mg, 0.929 mmol) in 
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dichloromethane (1 mL), DCC (105 uL, 0.465 mmol) was added at room temperature. 

After stirring at room temperature for 24 hours, the reaction solution was diluted with 

cool hexane and filtrated through cotton plug. The resultant filtrate was distilled under 

reduced pressure for solvent removal to obtain a crude product of 

cyclopropanecarboxylic anhydride (141 mg). The obtained product was used without 

purification for the reaction shown below. 

[0234] [Chemical Formula 48] 

 

, Et3N 
70- 

 

CI DCM CI 

TP-081 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (60.3 mg, 0.184 mmol) in dichloromethane 

(1 mL), the crude product of cyclopropanecarboxylic anhydride (141 mg) and 

triethylamine (86.8 tit, 0.918 mmol) were added at room temperature. After stirring at 

room temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was 

added to the reaction solution, and the mixture was extracted with dichloromethane. 

After the resultant organic layer was dried over MgSO4, the solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 2:1) to obtain TP-081 (55.7 mg, 84%) as a 

colorless solid. 

[0235] [a]D24 = +51.1 (c = 0.109, CHC13); 111-NMR (400 MHz, CDC13): 67.41-7.29 (m, 

5H), 5.89 (d, J = 9.2 Hz, 1H), 5.46 (t, J = 9.2 Hz, 111), 2.34 (d, J = 24.6 Hz, 2H), 2.15 (d, 

J = 8.7 Hz, 1H), 2.10 (s, 2H), 2.07-2.03 (m, 6H), 1.93 (d, J = 13.5 Hz, 1H), 1.50 (d, J = 

12.6 Hz, 1H), 1.39 (d, J = 13.5 Hz, 1H), 1.34-1.24 (m, 1H), 0.98-0.90 (m, 2H), 0.76-

0.69 (m, 2H); 13C-NMR (100 MHz, CDC13): 6182.1, 142.1, 129.3, 127.9, 127.0, 88.4, 

71.8, 56.4, 53.5, 52.6, 48.2, 46.6, 38.8, 33.6, 32.1, 29.5, 15.1, 7.6, 7.2; 1R (neat, cm-1): 
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3554, 3299, 2937, 2864, 2361, 1637, 1542; MS (EI): m/z 359 (M+), 174 (100%), HRMS 

(EI): calcd for C211-126C1NO2 (M-') 359.1652, found 359.1655. 

[0236] [Example 32] 

[0237] [Chemical Formula 49] 
0 	 0 0 

0H  

DCC 
„Lo), 

DCM 

To a solution of isobutyric acid (80 mg, 0.908 mmol) in dichloromethane (1 

mL), DCC (102 lit, 0.454 mmol) was added at room temperature. After stirring at 

room temperature for 24 hours, the reaction solution was diluted with cool hexane and 

filtrated through cotton plug. The resultant filtrate was distilled under reduced 

pressure for solvent removal to obtain a crude product of isobutyric anhydride (121 mg). 

The obtained product was used without purification for the reaction shown below. 

[0238] [Chemical Formula 50] 

 

0 0 

0 
, Et3N 

 

CI DCM 

 

CI 

TP-082 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (55.1 mg, 0.168 mmol) in dichloromethane 

(1 mL), the crude product of isobutyric anhydride (121 mg) and triethylamine (88.1 1.1L, 

0.839 mmol) were added at room temperature. After stirring at room temperature for 1 

hour, a saturated aqueous solution of sodium bicarbonate was added to the reaction 

solution, and the mixture was extracted with dichloromethane. After the resultant 

organic layer was dried over MgSO4, the solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1) to obtain TP-082 (57.0 mg, 94%) as a colorless solid. 

[0239] [a]D25  = +83.1 (c = 0.234, CHC13); 1 H-NMR (400 MHz, CDC13): 87.28-7.27 (m, 



CI CI DCM 

0 
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3H), 7.25-7.20 (m, 2H), 6.07 (d, J = 9.2 Hz, 1H), 5.35 (t, J = 9.2 Hz, 1H), 2.28-2.23 (m, 

3H), 2.11 (d, J = 8.7 Hz, 111), 2.07 (d, J = 5.8 Hz, 1H), 2.03 (s, 111), 1.99 (d, J = 4.8 Hz, 

3H), 1.95 (s, 3H), 1.81 (d, J = 13.0 Hz, 1H), 1.42 (d, J = 12.6 Hz, 1H), 1.30 (d, J = 13.0 

Hz, 1H), 1.06 (d, J = 6.8 Hz, 3H), 0.98 (d, J = 7.2 Hz, 3H); 13C-NMR (100 MHz, 

CDC13): 8176.2, 142.2, 129.1, 127.7, 127.0, 71.8, 66.9, 56.4, 53.1, 52.2, 48.1, 46.5, 38.6, 

35.6, 33.7, 31.9, 29.2, 19.5, 19.2; IR (neat, cm-1): 3566, 3300, 2934, 2864, 1643, 1540; 

MS (EI): m/z 361 (Mt), 106 (100%), HRMS (EI): calcd for C21H28C1NO2 (M+) 

361.1809, found 361.1818. 

[0240] [Example 33] 

[0241] [Chemical Formula 51] 
0 
	

0 0 
DCC 

DCM 

To a solution of pivalic acid (100 mg, 0.980 mmol) in dichloromethane (1 mL), 

DCC (101 mg, 0.490 mmol) was added at room temperature. After stirring at room 

temperature for 24 hours, the reaction solution was diluted with cool hexane and 

filtrated through cotton plug. The resultant filtrate was distilled under reduced 

pressure for solvent removal to obtain a crude product of pivalic anhydride (156 mg). 

The obtained product was used without purification for the reaction shown below. 

[0242] [Chemical Formula 52] 

TP-083 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (45.0 mg, 0.137 mmol) in dichloromethane 

(1 mL), the crude product of pivalic anhydride (156 mg) and triethylamine (38.9 µL, 

0.279 mmol) were added at room temperature. After stirring at room temperature for 1 
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hour, a saturated aqueous solution of sodium bicarbonate was added to the reaction 

solution, and the mixture was extracted with dichloromethane. After the resultant 

organic layer was dried over MgSO4, the solvent was distilled off under reduced 

pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1) to obtain TP-083 (46.7 mg, 91%) as a white solid. 

[0243] [a]D28  = +89.2 (c = 0.149, CHC13); 1H-NMR (400 MHz, CDC13): 87.34-7.29 (m, 

5H), 6.01 (d, J = 9.2 Hz, 111), 5.44 (t, J = 8.9 Hz, 1H), 2.39 (s, 1H), 2.30 (s, 2H), 2.15 (d, 

J = 8.2 Hz, 1H), 2.11-2.00 (m, 7H), 1.85 (d, J = 13.5 Hz, 1H), 1.51 (d, J = 12.6 Hz, 1H), 

1.39 (d, J = 13.0 Hz, 1H), 1.16 (s, 9H); 13C-NMR (100 MHz, CDC13): 8177.7, 142.1, 

129.2, 127.8, 126.8, 71.7, 66.9, 56.4, 53.4, 52.2, 48.3, 46.6, 38.7, 38.6, 33.5, 32.0, 29.5, 

27.4; 1R (neat, cm-1): 3346, 2934, 2864, 2362, 1638, 1516; MS (EI): m/z 375 (1\4±), 190 

(100%); HRMS (EI): calcd for C22H30C1NO2 (Mt) 375.1965, found 375.1969. 

[0244] [Example 34] 

[0245] [Chemical Formula 53] 
0 

prILOH 

To a solution of cyclobutanecarboxylic acid (100 mg, 0.999 mmol) in 

dichloromethane (1 mL), DCC (112 !IL, 0.499 mmol) was added at room temperature. 

After stirring at room temperature for 24 hours, the reaction solution was diluted with 

cool hexane and filtrated through cotton plug. The resultant filtrate was distilled under 

reduced pressure for solvent removal to obtain a crude product of 

cyclobutanecarboxylic anhydride (120 mg). The obtained product was used without 

purification for the reaction shown below. 

[0246] [Chemical Formula 54] 
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DCM CI 

TP-084 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (43.2 mg, 0.132 mmol) in dichloromethane 

(1 mL), the crude product of cyclobutanecarboxylic anhydride (120 mg) and 

triethylamine (61.9 p,L, 0.658 mmol) were added at room temperature. After stirring at 

room temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was 

added to the reaction solution, and the mixture was extracted with dichloromethane. 

After the resultant organic layer was dried over Mg504, the solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 2:1) to obtain TP-084 (43.8 mg, 89%) as a 

colorless solid. 

[0247] [a]D26  = +87.3 (c = 0.171, CHC13); 1 H-NMR (400 MHz, CDC13): 67.42-7.21 (m 

5H), 5.76 (d, J = 9.2 Hz, 1H), 5.43 (t, J = 9.2 Hz, 1H), 2.96 (quint, 1H), 2.31 (brs, 2H), 

2.26-1.78 (m, 15H), 1.50 (d, J = 12.6 Hz, 1H), 1.38 (d, J = 14.0 Hz, 1H); 13C-NMR (100 

MHz, CDC13): M74.2, 142.2, 129.2, 127.8, 127.0, 71.8, 66.9, 56.4, 53.3, 52.2, 48.1, 

46.5, 39.9, 38.7, 33.7, 32.0, 29.4, 25.3, 24.9, 18.1; IR (neat, cm-1): 3567, 3296, 2938, 

2863, 1637, 1540; MS (EI): m/z 373 (Mt), 106 (100%); HRMS (EI): calcd for 

C22H28C1NO2 (Mt) 373.1809, found 373.1800. 

[0248] [Example 35] 

[0249] [Chemical Formula 55] 
0 	 0 

DCC 

DCM 

To a solution of cyclopentanecarboxylic acid (100 mg, 0.876 mmol) in 

dichloromethane (1 mL), DCC (98 uL, 0.438 mmol) was added at room temperature. 

After stirring at room temperature for 24 hours, the reaction solution was diluted with 
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cool hexane and filtrated through cotton plug. The resultant filtrate was distilled under 

reduced pressure for solvent removal to obtain a crude product of 

cyclopentanecarboxylic anhydride (157 mg). The obtained product was used without 

purification for the reaction shown below. 

[0250] [Chemical Formula 56] 

  

0 

  

 

, Et3N 

 

CI DCM 

 

CI 

TP-085 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (50.0 mg, 0.152 mmol) in dichloromethane 

(1 mL), the crude product of cyclopentanecarboxylic anhydride (157 mg) and 

triethylamine (61.9 µL, 0.658 mmol) were added at room temperature. After stirring at 

room temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was 

added to the reaction solution, and the mixture was extracted with dichloromethane. 

After the resultant organic layer was dried over MgSO4, the solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 2:1) to obtain TP-085 (54.5 mg, 92%) as a 

colorless solid. 

[0251] [a]D26 = +82.5 (c = 0.171, CHC13); 11-1-NMR (400 MHz, CDC13): 67.42-7.19 (m, 

5H), 5.91 (d, J = 9.2 Hz, 1H), 5.43 (t, J = 9.2 Hz, 1H), 2.49 (m, 1H), 2.34 (s, 1H), 2.30 

(s, 1H), 2.19-1.97 (m, 9H), 1.95-1.81 (m, 2H), 1.78-1.62 (m, 5H), 1.62-1.46 (m, 3H), 

1.38 (d, 13.5 Hz, 1H); 13C-NMR (100 MHz, CDC13): 6175.5, 142.2, 129.2, 127.8, 127.0, 

71.8, 66.9, 56.4, 53.3, 52.3, 48.1, 46.6, 46.0, 38.7, 33.7, 32.0, 30.5, 29.9, 29.4, 25.9, 

25.7; 1R (neat, cm-1): 3555, 3303, 2940, 2866, 1638, 1536; MS (EI): m/z 387 (Mt), 106 

(100%); HRMS (EI): calcd for C23H30C1NO2 (Mt) 387.1965, found 387.1959. 

[0252] [Example 36] 
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[0253] [Chemical Formula 57] 

 

0 

TL

O)  
, Et3N 

 

CI DCM 

 

CI 

TP-086 

To a solution of (R)-((1S,2R,3S,5S,75)-5-chloro-l-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (30.0 mg, 0.0914 mmol) in 

dichloromethane (1 mL), difluoroacetic anhydride (34.1 gL, 0.274 mmol) and 

triethylamine (63.7 lit, 0.457 mmol) were added at room temperature. After stirring at 

room temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was 

added to the reaction solution, and the mixture was extracted with dichloromethane. 

After the resultant organic layer was dried over MgSO4, the solvent was distilled off 

under reduced pressure, and the residues were subjected to silica gel column 

chromatography (hexane:ethyl acetate = 4:1) to obtain TP-086 (11.5 mg, 34%) as a 

colorless solid. 

[0254] [a]D29  = +100.2 (c = 0.171, CHC13); 1H-NMR (400 MHz, CDC13): 67.39-7.32 

(m, 5H), 6.64 (d, J = 9.2 Hz, 1H), 5.84 (t, J = 54.1 Hz, 1H), 5.38 (t, J = 9.9 Hz, 111), 

2.32 (t, J = 8.9 Hz, 3H), 2.18 (d, J = 12.1 Hz, 1H), 2.09 (d, J = 12.1 Hz, 3H), 2.04 (s, 

3H), 1.85 (d, J = 13.5 Hz, 1H), 1.51 (d, J = 12.6 Hz, 1H), 1.40 (d, J = 13.5 Hz, 1H), 1.10 

(s, 1H); 13C-NMR (100 MHz, CDC13): M61.5 (t, J = 25.0 Hz), 141.2, 129.5, 128.5, 

127.3, 108.5 (t, J = 252.7 Hz), 72.1, 66.3, 56.6, 53.0, 52.8, 47.8, 46.4, 38.8, 34.2, 31.9, 

29.0; IR (neat, cm-1): 3288, 2931, 2864, 2361, 1678, 1548; MS (El): m/z 369 (Mt), 184 

(100%); HRMS (El): calcd for C19H22C1F2NO2 (Mt) 369.1307, found 369.1285. 

[0255] [Example 37] 

[0256] [Chemical Formula 58] 

To a solution of 2,2-dimethylbutyric acid (200 mg, 1.72 mmol) in 
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dichloromethane (2 mL), DCC (193 µL, 0.861 mmol) was added at room temperature. 

After stirring at room temperature for 24 hours, the reaction solution was diluted with 

cool hexane and filtrated through cotton plug. The resultant filtrate was distilled under 

reduced pressure for solvent removal to obtain a crude product of 2,2-dimethylbutyric 

anhydride (271 mg). The obtained product was used without purification for the 

reaction shown below. 

[0257] [Chemical Formula 59] 

TP-087 

To a solution of (R)-(O S,2R,3S,5S,7S)-5-chloro-l-hydroxyadamantan-2-

yl)(phenyl)methaneammonium chloride salt (83.0 mg, 0.253 mmol) in dichloromethane 

(2 mL), the crude product of 2,2-dimethylbutyric anhydride (271 mg) and triethylamine 

(176 lit, 1.26 mmol) were added at room temperature. After stirring at room 

temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was added 

to the reaction solution, and the mixture was extracted with dichloromethane. After 

the resultant organic layer was dried over MgSO4, the solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 4:1) to obtain TP-087 (83.7 mg, 85%) as a colorless solid. 

[0258] [a]D28  = +100.3 (c = 0.227, CHC13); 1H-NMR (400 MHz, CDC13): 67.36-7.30 

(m, 5H), 5.92 (d, J = 9.2 Hz, 1H), 5.43 (t, J = 9.2 Hz, 1H), 2.31 (s, 2H), 2.18 (d, J = 9.2 

Hz, 1H), 2.08-2.03 (m, 8H), 1.87 (d, J = 13.5 Hz, 1H), 1.51-1.48 (m, 3H), 1.37 (d, J = 

13.5 Hz, 1H), 1.10 (s, 6H), 0.70 (t, J = 7.6 Hz, 3H); 13C-NMR (100 MHz, CDC13): 

M77.0, 142.5, 129.2, 127.8, 126.9, 71.9, 66.8, 56.4, 53.1, 52.3, 48.2, 46.6, 42.4, 38.7, 

33.8, 33.7, 32.0, 29.3, 24.8, 24.7; IR (neat, cm-1): 3574, 3358, 2937, 2865, 1637, 1515; 

MS (EI): m/z 389 (M"), 204 (100%); HRMS (EI): calcd for C23H32C1NO2 (Mt) 
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389.2111, found 389.2135. 

[0259] [Example 38] 

[0260] [Chemical Formula 60] 

 

0 0 

, Et3N 

 

CI DCM CI 

TP-088 

To a solution of (R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

y1)(phenyl)methaneammonium chloride salt (30.0 mg, 0.0914 mmol) in 

dichloromethane (1 mL), isovaleric anhydride (54.8 uL, 0.274 mmol) and triethylamine 

(63.7A, 0.457 mmol) were added at room temperature. After stirring at room 

temperature for 1 hour, a saturated aqueous solution of sodium bicarbonate was added 

to the reaction solution, and the mixture was extracted with dichloromethane. After 

the resultant organic layer was dried over MgSO4, the solvent was distilled off under 

reduced pressure, and the residues were subjected to silica gel column chromatography 

(hexane:ethyl acetate = 2:1) to obtain TP-088 (34.5 mg, 97%) as a colorless solid. 

[0261] [a]D29  = +89.3 (c = 0.191, CHC13); 1H-NMR (400 MHz, CDC13): 67.38-7.27 (m, 

5H), 5.83 (d, J = 9.2 Hz, 111), 5.42 (t, J = 9.7 Hz, 1H), 2.35 (d, J = 25.6 Hz, 2H), 2.19 (d, 

J = 9.7 Hz, 1H), 2.16-1.99 (m, 10H), 1.93 (d, J = 14.0 Hz, 111), 1.66 (s, 1H), 1.50 (d, J = 

12.1 Hz, 11-1), 1.37 (d, J = 13.5 Hz, 1I-I), 0.88 (d, J = 6.3 Hz, 3H), 0.83 (d, J = 6.3 Hz, 

3H); 13C-NMR (100 MHz, CDC13): M71.7, 142.5, 129.2, 127.9, 127.1, 72.0, 66.8, 56.4, 

52.9, 52.4, 48.0, 46.5, 46.3, 38.8, 34.0, 32.1, 29.2, 26.1, 22.4, 22.3; IR (neat, cm-1): 3556, 

3285, 2935, 2867, 1636, 1540; MS (EI): m/z 375 (M-'), 106 (100%); HRMS (EI): calcd 

for C22H30C1NO2 (Mt) 375.1965, found 375.2003. 

[0262] [Test Example 1] 

The plasmid vector having inserted therein Kir6.2 channel cDNA: pcDNA3.1-

Kir6.2, was obtained from Dr. Toru Ishizuka at the Graduate School of Life Sciences, 
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Tohoku University. The plasmid vector, pcDNA3.1-Kir6.2, was prepared using 

GenElute HP Plasmid Maxiprep Kit (produced by Sigma-Aldrich) in accordance with 

the attached manual. A DMEM culture medium (Gibco) (composed of 450 mL of 

DMEM culture medium supplemented with 50 mL of bovine serum and 100 units of 

penicillin/streptomycin), in which Neuro2A cells (N2A cells, National Instituted of 

Biomedical Innovation) were cultured, was replaced with Opti-Mem (Gibco) 

supplemented with the vector pcDNA3.1-Kir6.2 (11,tg/µL) prepared above (containing 

Lipofectamine 82000 at 1µg/1 mL), and cell culture was continued for 5 hours to 

obtain N2A cells engineered to overexpress Kir6.2 channels. The culture medium was 

replaced back with a DMEM culture medium, and cell culture was continued for two 

days. Then, any of memantine (produced by Sigma-Aldrich) and the compounds of 

the present invention (n=4 per group) was added to each aliquot of the culture medium 

(DMEM, Gibco) to give a concentration of 10 nM, and the aliquots were allowed to 

stand for one hour. Thereafter, Kir6.2 channel-overexpressing N2A cells were 

collected, suspended in an SDS sample buffer, and analyzed for CaMKII activation by 

immunoblotting using an anti-phosphorylated CaMKII antibody (Fukunaga K., et al., J. 

Biol. Chem. 1992, 267, 22527-22533) as a primary antibody and an anti-rabbit IgG 

antibody (produced by SouthernBiotech) as a secondary antibody (by following 

conventional immunoblotting conditions except for using the aforementioned 

antibodies). The results are shown in Fig. 1. 

In Fig. 1, the levels of CaMKII activation in the groups treated with the test 

compounds are shown relative to that in the group not treated with a test compound 

(control: c), which is taken as 100%. 

[0263] [Test Example 2] 

The Kir6.2 channel-overexpressing cells obtained in Test Example 1 were used 

to measure potassium current discharged out of the cells by a conventional patch-clamp 

assay. The results are shown in Figs. 2-1 and 2-2. ATP-sensitive potassium channels 
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(Kir6.2 channels) are localized in the cell membranes of nerve cells. When the 

channels are inhibited and closed, the threshold of the nerve cell membranes increases 

to create a condition analogous to temporal generation of action potential, with the 

result that intracellular potassium current is discharged out of the cells and instead 

extracellular calcium current enters the cells. Immunoblotting of Kir6.2 channel-

overexpressing cells (prepared by the aforementioned method) using an anti-Kir6.2 

channel antibody (prepared by a conventional method) (n=5, under the same conditions 

as in Test Example 1, except for using the anti-Kir6.2 channel antibody) confirmed that 

Kir6.2 channels were overexpressed in N2A cells (Fig. 2-1; upper: immunoblot staining 

images; lower: quantitative representations of the signal intensity of staining bands). 

No change was observed in the levels of the housekeeping gene product 13 tubulin (the 

conditions were the same as those for Kir6.2 detection, except for using an anti-13 

tubulin antibody obtained from Sigma-Aldrich). Fig. 2-2 shows the results of a test 

(n=5 per group) confirming that when Kir6.2 channel-overexpressing cells were 

allowed to stand in an electrophysiological analysis buffer supplemented with TP-014 to 

a concentration of 10 nM, outwardly flowing potassium current for shifting the 

membrane potential of nerve cells to positive was suppressed. The results revealed 

that TP-014 inhibited Kir6.2 channels and prevented intracellular potassium current 

from being discharged out of the cells. 

[0264] [Test Example 3] 

The same Kir6.2 channel-overexpressing cells as used in Test Example 1 were 

used to measure, by calcium imaging, the levels of calcium entering the cells after TP-

014 treatment. The results are shown in Figs. 3-1 and 3-2. The calcium imaging is a 

method in which cultured nerve cells are treated with a culture medium supplemented 

with a calcium fluorescent dye (Fura2, produced by Dojindo Laboratories) to a 

concentration of 4 	and measured for the levels of calcium based on fluorescence 

intensity. The imaging was carried out using an imaging apparatus (LAMBDA10-2, 
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produced by Sutter Instrument) in accordance with the attached manual. Fig. 3-1 

shows the results of measurement for 4 minutes of TP-014 concentration-dependent 

change over time in calcium levels in the groups treated with TP-014 (1 to 100 nM) or 

memantine (100 nM). Fig. 3-2 shows the results of measurement of calcium levels at 

4 minutes after the treatment with memantine (100 nM) or TP-014 (1-100 nM) (n=5 per 

group). TP-014 is more potent to enhance calcium levels than memantine. It was 

confirmed that the treatment with TP-014 significantly increased intracellular calcium 

levels through inhibition of potassium discharge out of the cells as observed in Test 

Example 2. 

[0265] [Test Example 4] 

Alzheimer's disease model mice (APP23 mice; Sturchler-Pierrat, et al., Proc. 

Natl. Acad. Sci. U.S.A. 1997, 94, 13287-13292) (12 month-old) were chronically treated 

(orally) with TP-014 (1 mg/kg) once a day for two months, and as a result, a significant 

cognitive function enhancing effect was observed. The results are shown in Figs. 4-1 

to 4-7. The test compound was orally administered in a dissolved state in a 0.5% 

aqueous solution of carboxymethyl cellulose (vehicle) (the same applies hereunder). 

[0266] Figs. 4-1 to 4-4 show the results of behavioral analyses. Figs. 4-1 and 4-2 

show the results of analysis of attentional function in wild-type mice (C57BL/6J, Japan 

SLC) v.s. APP23 mice (n=5 per group) by conventional Y-maze test. It was observed 

that the treatment with TP-014 significantly enhanced the attentional function in mice. 

In the Y-maze test, mice are allowed to freely walk between three arms for 8 minutes. 

Here, the different arms are designated as A, B and C. A mouse positioned in arm A 

can move to arm B or C. If the mouse moves to arm B, then the mouse may move to 

arm C. Such a mouse moving sequentially between arms A, B and C is regarded as a 

mouse giving correct answer. In contrast, a mouse moving from arm A to B then back 

to A and not entering a new arm is regarded as a mouse making wrong answer. The 

arms to which a mouse move are recorded in the order they are chosen by the mouse, 
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and the number of times that a mouse moves between three arms within a specified time 

is counted and regarded as "total arm entries". Further, the number of correct-answers 

(the number of times that a mouse moving sequentially between three different arms) is 

counted and regarded as the number of alternation behaviors ("No. of alternations"). 

The percentage of "No. of alternations" relative to the number obtained by subtracting 2 

from "total arm entries" is expressed as percent alternation (%) which serves as an 

index for normal alternation behavior (correct answer rate in spatial working memory). 

[0267] Mice have a tendency to prefer a novel object. Normal mice show a correct 

answer rate of 70%, whereas APP23 mice show a decrease in correct answer rate down 

to about 50%. The analysis of attentional function (cognitive function) was done using 

this percent alternation as an index. 

[0268] Fig. 4-3 shows the results of analysis of the memory for novel object 

recognition in WT mice v.s. APP23 mice (both, n=5) by conventional novel object 

recognition test. In the novel object recognition test, two building blocks of the same 

shape are placed in a mouse cage, and a mouse is allowed to play with these blocks (for 

10 minutes; this play is called a practice trial). One hour later, one of the building 

blocks is replaced with a different shape of block. A normal mouse shows interest in a 

novel object, and plays a longer time with the different shape of building block. In 

contrast, a mouse with Alzheimer's disease does not recognize a novel object and has 

impaired memory. After the replacement with a different shape of block, the mouse is 

allowed to freely play for another 5 minutes (this play is called a retention trial). 

During the practice and retention trials, the number of times that a mouse contacts with 

each of the two objects is counted. The percentage (%) of the number of contacts with 

the different shape of building block relative to the total number of contacts during the 

retention trial is calculated as a discrimination index. 

[0269] Fig. 4-4 shows the results of fear memory analysis by conventional fear 

conditioning test (n=5 per group). The fear conditioning test is an analysis method that 
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takes advantage of the characteristic preference of mice for a dark place over a bright 

place. On day 1, a mouse is placed in a bright place. The mouse, which prefers 

darkness, enters a dark place (dark box), but then electrical simulation is delivered to 

the mouse. The mouse is surprised, returns to the bright place, and never enters the 

dark place. On day 2, the mouse is placed again in the bright place (the same place as 

on day 1) and observed for 5 minutes to see whether the mouse enters a dark place. If 

the mouse immediately enters the dark place, it is determined that the mouse 

experiences a decline in fear memory. "Latency" refers to the number of seconds until 

the mouse placed in the bright place on day 2 enters a dark place. APP23 mice 

immediately entered a dark place and were observed to experience a decline in fear 

memory. However, those mice treated with TP-014 for two months were observed to 

show an improvement in fear memory. 

[0270] Figs. 4-5 to 4-7 show the results of analysis by electrophysiological test 

regarding long-term potentiation phenomenon (LTP) which serves as an index for 

memory formation. The hippocampus in the brain plays an important role in 

memorization. A hippocampus sample was cut into slices (400 gm thick), and the 

slices were recovered at 34°C for two hours in an artificial cerebrospinal fluid 

(composed of 126 mM NaC1, 5 mM KCL, 26 mM NaHCO3, 1.3 mM MgSO4-7H20, 

1.26 mM KH2PO4, 2.4 mM CaCl2-2H20, and 10 mM glucose) saturated with a 95% 

02/5% CO2  gas. The hippocampal slices were transferred to a measuring chamber and 

perfused with an artificial cerebrospinal fluid supplemented with TP-014. Recording 

of the activity of nerve cells after electrical stimulation and measurement of 

postsynaptic mass potential (fEPSP) were taken to evaluate the degree of improvement 

in LTP. The waveforms recorded are shown in Fig. 4-5. Thereafter, electrical 

stimulation (100 Hz) was applied to produce a plastic change in the hippocampus (it is 

believed that memory is formed by a plastic change in the hippocampus). It was 

observed that the percent increase in the excitability of nerve cells decreased in APP23 
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mice but was improved in those mice chronically treated with TP-014, which 

demonstrates that memory and learning are enhanced by improvement in LTP. 

[0271] [Test Example 5] 

Hippocampus samples were excised from APP23 mice, and hippocampal slices 

were suspended in an SDS sample buffer and analyzed for protein phosphorylation by 

immunoblotting using antibodies against CaMKII, CaMKIV and ERK (CaMKII: 

Fukunaga, et al., J. Biol. Chem. 1992, 267, 22527-22533; CaMKIV: Kasahara, et al., J. 

Biol. Chem. 2001, 276, 24044-24050; ERK: produced by Sigma-Aldrich). The results 

are shown in Figs. 5-1 and 5-2. CaMKII, CaMKIV and ERK are all considered as 

molecules playing an important role in memory formation. As a result of the analysis, 

decreased CaMKII phosphorylation was observed in untreated APP23 mice, whereas 

increased CaMKII phosphorylation was observed in APP23 mice chronically treated 

orally with TP-014 (the treatment conditions were the same as in Test Example 4). 

The results demonstrate that activation of CaMKII is important in the effect of TP-014 

treatment to improve memory in APP23 mice. 

[0272] Hippocampal slices were suspended in an SDS sample buffer and analyzed by 

immunoblotting for G1uA1 (Ser-831), Synapsin I (Ser-603) and CREB (Ser-133), which 

are known as molecules that are activated by activation of CaMKII. The antibodies 

against these molecules were all obtained from Millipore. The results are shown in 

Figs. 5-3 and 5-4. The results show that activation of GluAl (Ser-831) and CREB 

(Ser-133) was induced by activation of CaMKII. Figs. 5-1 and 5-3 show bands (band 

images) actually obtained by electrophoresis of immunoblots. Figs. 5-2 and 5-4 show 

the results of quantitative analysis of the signal intensity of the bands shown in Figs. 5-1 

and 5-3. 

[0273] [Test Example 6] 

The same experiment as in Test Example 4 was carried out using olfactory 

bulbectomized mice (OBX mice) as a neurodegenerative disease model. The results 
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are shown in Figs. 6-1 to 6-7. Cognitive function impairment in the OBX mice was 

significantly improved by chronic oral treatment with TP-014 (for 2 weeks). The 

OBX mice were prepared from 10-week-old DDY male mice (Nippon SLC, 

Hamamatsu, Japan). Olfactory bulbectomy surgery was carried out under anesthesia 

with pentobarbital sodium (50 mg/kg i.p.; Dainippon, Osaka, Japan). The mice were 

fixed on a stereotaxic apparatus to drill a 1 mm diameter hole in the skull above the 

olfactory bulb. The olfactory bulb was aspirated without causing damage to the 

prefrontal cortex. A sham group was prepared by the same procedure as that for the 

OBX group, without aspiration of olfactory bulb. One week was allowed for recovery 

from surgery, and behavioral analyses were performed on the day following the 

treatment with the test compound for 14 days (2 weeks). 

[0274] The same model mice as described above were orally treated with a single dose 

of each of the test compounds (1 mg/kg), and analyzed after 1 hour by Y-maze test and 

novel object recognition test. The results are shown in Figs. 22-3 and 22-4 (Y-maze 

test), and Fig. 22-5 (novel object recognition test). The results shown in Figs. 22-4 (Y-

maze test) and 22-5 (novel object recognition test) confirmed that all the test 

compounds exhibited a significant cognitive function enhancing effect in the OBX 

groups as compared with the sham group. 

[0275] [Test Example 7] 

The intracellular mechanism of cognitive function impairment in OBX mice 

was investigated by the same procedure as in Test Example 5. The results are shown 

in Figs. 7-1 to 7-4. It was found that activation of CaMKII and CaMKIV is important 

in the hippocampus which plays an important role in memory formation. Also, it was 

confirmed that activation of G1uA1 (Ser-831) and CREB (Ser-133), which are 

molecules downstream of CaMKII and CaMKIV activation, is likewise important in the 

hippocampus. The antibodies against GluAl (Ser-831) and CREB (Ser-133) were 

both obtained from Millipore. The results obtained in Test Examples 4 to 7 revealed 
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that increased CaMKII and CaMKIV activities are important for the cognitive function 

enhancing effect of TP-014. In view of the fact that no cognitive function impairment 

is observed in CaMKIV gene-deficient mice, CaMKII is considered important for 

enhancement of cognitive function. 

[0276] [Test Example 8] 

In order to confirm that TP-014 acts to inhibit Kir6.2 channels, Kir6.2 channel-

deficient mice were analyzed by the same behavioral tests as in Test Example 4 (Figs. 

8-1 and 8-2: Y-maze test; Fig. 8-3: new object recognition test; Fig. 8-4: fear 

conditioning test; Figs. 8-5 to Fig. 8-7: LTP improvement evaluation; n=5 per group) to 

identify the action site of TP-014. The results shown in Figs. 8-1 to 8-7 confirmed that 

cognitive function impairment was induced in the Kir6.2-deficient mice. This fact 

suggests that Kir6.2 channels are important for memory formation. It was also found 

that memory impairment and LTP attenuation in the Kir6.2-deficient mice are not 

improved by chronic treatment with TP-014 (two months). This fact suggests that 

Kir6.2 channels are the action site of TP-014. The analysis methods were the same as 

in Test Examples 4 to 7. Kir6.2-deficient mice were obtained from Professor Susumu 

Seino, School of Medicine of Kobe University (Miki T., et al., Proc. Natl. Acad. Sci. 

U.S.A. 1998, 95, 10402-10406). 

[0277] [Test Example 9] 

By following the same procedure as in Test Examples 4 to 7, hippocampal 

slices were suspended in an SDS sample buffer and analyzed by immunoblotting for 

G1uA1 (Ser-831), which is known as a molecule that is activated by activation of 

CaMKII and CaMKIV, to thereby investigate the intracellular mechanism of cognitive 

function impairment in Kir6.2-deficient mice. The results are shown in Figs. 9-1 and 

9-2 (Fig. 9-1: band images obtained by immunoblotting; Fig. 9-2: results of 

quantification of the signal intensity of bands). In the hippocampus of the Kir6.2-

deficient mice, increased CaMKII activation was seen and no effect was found of 
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chronic treatment with TP-014. Deficiency in Kir6.2 channels resulted in abnormality 

in intracellular/extracellular calcium homeostasis (balance), leading to increased 

CaMKII phosphorylation. It was demonstrated that TP-014 has no effect on activation 

of CaMKII, and that Kir6.2 channels are the action site of TP-014. 

[0278] [Test Example 10] 

The amyloid-P (AP) hypothesis regarding the pathogenesis of Alzheimer's 

disease has still been of great importance. It has been confirmed by immunostaining 

that AP aggregation occurs in APP23 mice (14 month-old). 50 pm brain slices were 

prepared from each of WT (control) and APP23 mice, and stained with 6E10 (anti-A(3 

antibody, produced by Abcam) and thioflavin. The results (index to reflect 

aggregates) are shown in Fig. 10. The other conditions were in line with conventional 

immunostaining methods. It was found that AP aggregation was enhanced in the 

APP23 mice -- in particular, many AP aggregates were observed in the cerebral cortex 

(PFC). In contrast, little aggregation was observed in the hippocampus (CA1). AP 

aggregation was suppressed by chronic treatment with TP-014 (chronic oral treatment 

for 2 months (1 mg/kg)). This fact suggests that TP-014 has a suppressing effect on 

AP aggregation. 

[0279] [Test Example 11] 

OBX mice were used as a depression model to determine the effect of TP-014 

(chronic oral treatment for 2 weeks (1 mg/kg)) to ameliorate a depression-like symptom. 

The results are shown in Figs. 11-1 and 11-2. OBX mice are reported to show a 

decline in cognitive function, but have originally been established as a depression model. 

Depression analysis was done by tail-suspension test and forced swim test. In the tail-

suspension test, mice are hung upside-down by their tail. If the hung mice are affected 

by depression, they show a longer immobility time. The immobility time of normal 

mice is shorter since they move actively when hung. In the forced swim test, mice are 

forced to swim in a beaker filled with water. Depression mice neither swim nor move 
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(just float). The time (immobility time(s)) for which mice stay still in such a way is 

measured. The OBX mice showed an increase in immobility time in the tail-

suspension test (Fig. 11-1) and the forced swim test (Fig. 11-2), but the immobility time 

was improved in those mice chronically treated with TP-014 (for 2 weeks by the same 

procedure as in the preceding examples). These results revealed that TP-014 has an 

ameliorating effect on a depression-like symptom in OBX mice (n=5 per group). 

[0280] The same model mice were orally treated with a single dose of each of the test 

compounds (1 mg/kg), and analyzed after 1 hour by tail-suspension test and forced 

swim test. The results are shown in Figs. 22-1 (tail-suspension test) and 22-2 (forced 

swim test). The results shown in Figs. 22-1 and 22-2 revealed that TP-079 and TP-083 

showed a higher ameliorating effect on a depression-like symptom than TP-014. 

[0281] [Test Example 12] 

Kir6.1-deficient mice (heterozygous, n=5 per group) were used to measure 

immobility time by tail-suspension test (Fig. 12-1) and forced swim test (Fig. 12-2) 

according to the same procedure as in Test Example 11. The heterozygous mice are 

those with half expression of Kir6.1 channels, unlike homozygous mice (complete 

Kir6.1-deficient mice) (homozygous mice die of arrhythmia after birth). The results 

are shown in Figs. 12-1 and 12-2. The Kir6.1-deficient mice showed an exacerbated 

depression-like symptom -- this fact indicates that Kir6.1 plays an important role in 

depression. Also, the chronic treatment with TP-014 took no effect in the Kir6.1-

deficient mice -- this demonstrated that TP-014 (chronic oral treatment for 2 weeks (1 

mg/kg)) exhibits a depression ameliorating effect through inhibition of Kir6.1 channels. 

The Kir6.1-deficient mice were obtained from Professor Susumu Seino, School of 

Medicine of Kobe University (Miki T., et al., Nature Medicine, 2002, 8, 466-472). 

[0282] [Test Example 13] 

By following the same procedure as in Test Example 12, CaMKIV-deficient 

mice (n=5* per group) were analyzed for CaMKIV induced by Kir6.1 channels. The 



- 103 - 

results are shown in Figs. 13-1 and 13-2. The CaMKIV-deficient mice were also 

observed to show an exacerbated depression-like symptom -- this fact indicates that 

CaMKIV also plays an important role in the mechanism of depression development. 

TP-014 (chronic oral treatment for 2 weeks (1 mg/kg)) took no effect on a depression-

like symptom associated with CaMKIV (increased immobility time) -- this 

demonstrated that TP-014 exhibits a depression ameliorating effect through inhibition 

of Kir6.1 channels and activation of CaMKIV. The CaMKIV-deficient mice were 

obtained from professor Hiroyuki Sakagami, Kitasato University School of Medicine 

(Takao K., et al., PLoS One 2010, 5, e9460). 

[0283] [Test Example 14] 

In order to determine the hypoglycemic effect of TP-014, ob/ob mice were 

measured for blood glucose levels using an assay kit (produced by Technicon 

International Inc.). The results are shown in Fig. 14. The measurement was taken for 

4 weeks, and chronic treatment with TP-014 (1 mg/kg) was continued for 4 weeks. As 

a result, it was observed that blood glucose levels significantly decreased on and after 

week 3. Tolbutamide was used as a control drug. Kir6.2 channels bind to SUR1 

(urea receptors) on the cell membrane to form channels. The mechanism of action is 

considered to be inhibition of Kir6.2 channels. Tolbutamide inhibits Kir6.2 channels 

by binding to SUR1. 

[0284] [Test Example 15] 

The plasmid vector having inserted therein Kir6.1 channel cDNA: pcDNA3.1-

Kir6.1, was obtained from professor Toru Ishizuka at the Graduate School of Life 

Sciences, Tohoku University. Except that the aforementioned plasmid was used, N2A 

cells engineered to overexpress Kir6.1 channels were obtained by the same procedure as 

that for preparing Kir6.2 channel-overexpressing N2A cells as adopted in Test Example 

1. 

[0285] The obtained Kir6.1 channel-overexpressing cells were analyzed for CaMKIV 
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activation. The analysis was made by immunoblotting in the same manner as in Test 

Example 1 using an anti-phosphorylated CaMKIV antibody (Kasahara J., et al., J. Biol. 

Chem. 2001, 276, 24044-50) as a primary antibody and an anti-rabbit IgG antibody 

(produced by SouthernBiotech) as a secondary antibody. 

[0286] Further, the obtained Kir6.1 channel-overexpressing cells were used to 

measure potassium current discharged out of the cells by a conventional patch-clamp 

assay. The results are shown in Figs. 18-1 to 18-3. ATP-sensitive potassium 

channels (Kir6.1 channels) are localized in the cell membranes of nerve cells. If the 

channels are inhibited and closed, the threshold of the nerve cell membranes rises to 

create a condition analogous to temporal generation of action potential, with the result 

that intracellular potassium current is discharged out of the cells and instead 

extracellular calcium current enters the cells. Immunoblotting of Kir6.1 channel-

overexpressing cells (prepared by the aforementioned method) using an anti-Kir6.1 

channel antibody (prepared by a conventional method) (n=5, under the same conditions 

as in Test Example 1, except for using the anti-Kir6.1 channel antibody) confirmed that 

Kir6.1 channels were overexpressed in N2A cells (Fig. 18-2; upper: immunoblot 

staining images; lower: quantitative representations of the signal intensity of staining 

bands). No change was observed in the levels of the housekeeping gene product 13 

tubulin (the conditions were the same as those for Kir6.1 detection, except for using an 

anti-(3 tubulin antibody obtained from Sigma-Aldrich). Fig. 18-3 shows the results of a 

test (n=5 per group) confirming that when Kir6.1 channel-overexpressing cells were 

allowed to stand in an electrophysiological analysis buffer supplemented with TP-014 to 

a concentration of 10 nM, outwardly flowing potassium current for shifting the 

membrane potential of nerve cells to positive was suppressed. The results revealed 

that TP-014 inhibited Kir6.1 channels and prevented intracellular potassium current 

from being discharged out of the cells. 

[0287] [Test Example 16] 
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Wild-type mice (C57BL/6J, Japan SLC, two month-old) treated with 

corticosterone (at a dose of 5 mg/kg once a day for 2 weeks) and Kir6.1-deficient mice 

treated with corticosterone were used as disease models showing anxiety-like symptoms, 

to perform five behavioral tests regarding anxiety-related behaviors. The Kir6.1-

deficient mice were obtained from Professor Susumu Seino, School of Medicine of 

Kobe University (Miki T., et al., Nature Medicine 2002, 8, 466-472). 

[0288] When the corticosterone-treated WT mice and Kir6.1-deficient mice were 

chronically treated (orally) with TP-014 (1 mg/kg) once a day for 2 weeks, significant 

amelioration of exacerbated anxiety symptoms was obtained. The results are shown in 

Figs. 19-1 to 19-9. 

[0289] Fig. 19-1 shows the results of determining anxiety vulnerability of the different 

mice groups (n=5 per group) by elevated plus-maze test (as shown in Fig. 19-2). The 

apparatus used in this test consists of four arms arranged in a cross shape at an elevated 

position, which are either open or closed. Mice vulnerable to anxiety stay in the closed 

arms for a longer time, whereas those resistant to anxiety stay in the open arms. In Fig. 

19-1, the time spent in the open arms is shown on the vertical axis. 

[0290] Fig. 19-3 shows the results of a light/dark test (n=5 per group) (as shown in Fig. 

19-4). Mice placed in a black box (dark place) feel anxious about light. The time 

spent until mice began to come out of the box (to a bright place) was measured. In Fig. 

19-3, the time until mice begin to come out ("entry of open compartment(s)") is shown 

on the vertical axis. 

[0291] Fig. 19-5 shows the results of a marble burying test (n=5 per group) (as shown 

in Fig. 19-6). In a cage with a mouse, wood chips are spread over the cage floor and 

20 marbles are placed thereon in a manner that is visible to the mouse. The mouse is 

allowed to freely explore for 30 minutes, and the number of marbles buried and hidden 

by the mouse in wood chips is counted. Since mice do not like a glowing object, those 

resistant to anxiety handle more marbles. In Fig. 19-5, the number of marbles buried 
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is shown on the vertical axis. 

[0292] Fig. 19-7 shows the results of an open field test (n=5 per group) (as shown in 

Fig. 19-8). A mouse is placed in a square box and allowed to explore the box for 30 

minutes. In general, mice are highly anxious and have a habit of walking along the 

edges of the box. However, those resistant to anxiety tend more frequently to walk 

through the center of the box. This tendency is used as a measure of anxiety-related 

behavior. The time of staying in the center of the box is indicated in Fig. 19-7. 

[0293] Fig. 19-9 shows the results of a fear conditioning test (n=5 per group). The 

test apparatus used in this test was the same as used in the light/dark test method. A 

mouse is placed in a dark place, and sound (high-pitched) is emitted for 30 seconds and 

then electrical stimulation is applied for 3 seconds. This cycle of sound emission 

followed by electrical stimulation is repeated three times to make the mouse aware that 

sound emission is followed by electrical stimulation. On the following day, when 

sound is emitted for 5 minutes, the mouse is immobilized with a sense of fear and 

anxiety. Such an immobility time of mice is measured. In Fig. 19-9, the immobility 

time is shown on the vertical axis. 

[0294] The results of all the tests described above confirmed that chronic treatment 

with TP-014 (for 2 weeks) ameliorates exacerbated anxiety-like symptoms. Further, 

Kir6.1-deficient mice developed anxiety-like symptoms following treatment with 

corticosterone, but no ameliorating effect was observed in those mice receiving 

treatment with TP-014. This fact demonstrated that the effect of the compound of the 

present invention to ameliorate exacerbated anxiety-like symptoms is mediated by 

Kir6.1. 

[0295] With regard to significant differences shown in the figures presented herein, ** 

or ++ represents P < 0.01, and + or * represents P < 0.05. 
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Claims 

1.  The compound, enantiomer thereof, diastereomer thereof, or pharmaceutically 

acceptable salt thereof, wherein the compound is selected from: 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)butylamide; 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)hexanamide; 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)cyclopropanecarboxamide; 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)isobutylamide; 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)pivalamide; and 

N-((R)-((1S,2R,3S,5S,7S)-5-chloro-1-hydroxyadamantan-2-

yl)(phenyl)methyl)cyclopentanecarboxamide. 

2.  The compound, enantiomer thereof, diastereomer thereof, or pharmaceutically 

acceptable salt thereof, wherein the compound is represented by Formula (Ic): 

(Ic) 

wherein R6 is selected from C3-6 cycloalkyl; 

R3 represents phenyl optionally substituted with one or two halogen atoms. 
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3.  A pharmaceutical composition comprising the compound, enantiomer thereof, 

diastereomer thereof, or pharmaceutically acceptable salt thereof according to Claim 1 

or 2.    

4.  The pharmaceutical composition according to Claim 3, for use in treating or 

preventing a cognitive disease or disorder. 

5.  The pharmaceutical composition according to Claim 4, wherein the cognitive 

disease or disorder is selected from Alzheimer’s dementia, cerebrovascular dementia, 

Lewy body dementia, frontotemporal dementia, Parkinson’s disease, a mental disease 

and a neurodegenerative disease. 

6.  The pharmaceutical composition according to Claim 3, for use in treating or 

preventing diabetes or a diabetic complication. 

7.  A Kir6.2 channel inhibitor comprising the compound, enantiomer thereof, 

diastereomer thereof, or pharmaceutically acceptable salt thereof according Claim 1 or 

2.    

8.  A Kir6.1 channel inhibitor comprising the compound, enantiomer thereof, 

diastereomer thereof, or pharmaceutically acceptable salt thereof according to Claim 1 

or 2.    


