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DESCRIPTION 

CYCLOPENTYLACRYLIC ACID AMIDE DERIVATIVE 

TECHNICAL FIELD 

[0001] 

 The present invention relates to an activator of glucokinase 5 

(which may be abbreviated as GK).  The present invention also relates 

to a pharmaceutical composition for the treatment or prevention 

of diabetes, obesity, and the like that contain the GK activator 

as an active ingredient. 

BACKGROUND ART 10 

[0002] 

 According to a patient survey conducted by the Japanese 

Ministry of Health, Labor and Welfare in Heisei 14 (2002), the total 

number of diabetes patients in Japan was 2.28 million.  Moreover, 

according to a diabetes survey conducted in the same year, the total 15 

number of people “strongly suspected of having diabetes” and people 

in whom “the possibility of diabetes cannot be denied” had increased 

to 16.20 million, and this increase has been perceived as a problem. 

[0003] 

 Since the insulin secretory capacity of Japanese is low due 20 

to genetic factors, the Japanese domestic market is mainly for 

impaired insulin secretion.  However, due to the westernization of 

Japanese dietary habits, the number of patients with insulin 

resistance is gradually increasing in recent years.  Accordingly, 

there is a demand for drugs that are expected to be effective for 25 

DESCRIPTION CYCLOPENTYLACRYLIC ACID AMIDE DERIVATIVE
TECHNICAL FIELD [0001] 5The present invention relates to an activator
of glucokinase  ( which may be abbreviated as GK) . The pre sent
invention also relates to a pharmaceutical composition for the treatment or
prevention of diabetes, obesity, and the like that contain the GK activator
as an active ingredient. 10 BACKGROUND ART [0002]         According to
a patient survey conducted by the Japanese Ministry of Health, Labor and
Welfare in Heisei 14 (2002), the total number of diabetes patients in Japan
was 2.28 million. Moreover, 15 according to a diabetes survey conducted
in the same year, the total number of people "strongly suspected of having
diabetes" and people in whom "the possibility of diabetes cannot be
denied" had increased to 16.20 million, and this increase has been
perceived as a problem. [0003] 20Since the insulin secretory capacity of
Japanese is low due to genetic factors, the Japanese domestic market is
mainly for impaired insulin secretion. However, due to the westernization
of Japanese dietary habits, the number of patients with insulin resistance
is gradually increasing in recent years. Accordingly, 25 there is a demand
for drugs that are expected to be effective for  both impaired insulin
secretion and insulin resistance. [0004]        Glucokinase (GK), which
catalyzes the phosphorylation of glucose, functions as a glucose sensor in
the body and increases 5 glucose utilization in the liver and the secretion
of insulin in a high glucose state. In diabetes patients, the homeostasis of
glucose concentration in the body is not maintained in a normal state.
Therefore, by activating GK, insulin secretion from the pancreas, which
depends on the concentration of glucose, is 10 facilitated. In the lever , the
activation of GK increase s the gluco se utilization and suppre s se s
glucose output. This dual action reduce s the blood glucose level
(Non-Patent Documents 1 to 3). Therefore, it is desirable to provide GK
activators useful as diabetes drugs that are effective for both impaired
insulin secretion (action in 15 the pancreas) and insulin resistance (action
in the liver). [0005]        Various amide compounds are known as GK
activators. Examples of such amide compounds include: aryl cycloalkyl
propionamides (Patent Document 1); 2,3-di-substituted trans olefinic 20
N-heteroaromatic or ureido propionamides (Patent Document 2);
alkynylphenylheteroaromaticamides(PatentDocument3); hydantoins
(Patent Document 4); substitutedphenylacetamides (Patent Document 5);
para-alkyl, aryl, cycloheteroalkyl or heteroaryl (carbonyl or sulfonyl) amino
substituted phenyl amides (Patent Document 6); 25 alpha-acyl and
alpha-heteroatom-substituted benzene acetamides   (Patent Document 7);
tetrazolyl-phenylacetamides (Patent Document 8); fused heteroaromatic
compounds (Patent Document 9); phenylacetamides having a cycloalkane
with a single carbon atom substituted or a heterocycle (Patent Document
10); and other amide 5 compounds (Patent Documents 11 to 21).
However, these patent documents do not disclose acrylamide compounds
in which two fluorine atoms are attached to different carbon atoms of a
cyclopentyl group. PRIOR ART DOCUMENT 10 PATENT DOCUMENT
[0006]     [Patent Document 1]  W02000/058293 pamphlet  [Patent
Document 2]  W02001/044216 pamphlet 
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both impaired insulin secretion and insulin resistance. 

[0004] 

 Glucokinase (GK), which catalyzes the phosphorylation of 

glucose, functions as a glucose sensor in the body and increases 

glucose utilization in the liver and the secretion of insulin in 5 

a high glucose state.  In diabetes patients, the homeostasis of 

glucose concentration in the body is not maintained in a normal 

state.  Therefore, by activating GK, insulin secretion from the 

pancreas, which depends on the concentration of glucose, is 

facilitated.  In the lever, the activation of GK increases the glucose 10 

utilization and suppresses glucose output.  This dual action reduces 

the blood glucose level (Non-Patent Documents 1 to 3).  Therefore, 

it is desirable to provide GK activators useful as diabetes drugs 

that are effective for both impaired insulin secretion (action in 

the pancreas) and insulin resistance (action in the liver). 15 

[0005] 

 Various amide compounds are known as GK activators.  Examples 

of such amide compounds include: aryl cycloalkyl propionamides 

(Patent Document 1); 2,3-di-substituted trans olefinic 

N-heteroaromatic or ureido propionamides (Patent Document 2); 20 

alkynyl phenyl heteroaromatic amides (Patent Document 3); hydantoins 

(Patent Document 4); substituted phenylacetamides (Patent Document 

5); para-alkyl, aryl, cycloheteroalkyl or heteroaryl (carbonyl or 

sulfonyl) amino substituted phenyl amides (Patent Document 6); 

alpha-acyl and alpha-heteroatom-substituted benzene acetamides 25 

[Patent Document 3]  W02001/083465 pamphlet  [Patent Document 4]
W02001/083478 pamphlet 15 [Patent Document 5]  W02001/085706
pamphlet  [Patent Document 6]  W02001/085707 pamphlet  [Patent
Document 7]  W02002/008209 pamphlet  [Patent Document 8]
W02002/014312 pamphlet  [Patent Document 9]  W02002/046173
pamphlet 
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(Patent Document 7); tetrazolyl-phenyl acetamides (Patent Document 

8); fused heteroaromatic compounds (Patent Document 9); 

phenylacetamides having a cycloalkane with a single carbon atom  

substituted or a heterocycle (Patent Document 10); and other amide 

compounds (Patent Documents 11 to 21).  However, these patent 5 

documents do not disclose acrylamide compounds in which two fluorine 

atoms are attached to different carbon atoms of a cyclopentyl group. 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0006] 10 

 [Patent Document 1] WO2000/058293 pamphlet 

 [Patent Document 2] WO2001/044216 pamphlet 

 [Patent Document 3] WO2001/083465 pamphlet 

 [Patent Document 4] WO2001/083478 pamphlet 

 [Patent Document 5] WO2001/085706 pamphlet 15 

 [Patent Document 6] WO2001/085707 pamphlet 

 [Patent Document 7] WO2002/008209 pamphlet 

 [Patent Document 8] WO2002/014312 pamphlet 

 [Patent Document 9] WO2002/046173 pamphlet 

 [Patent Document 10] WO2003/095438 pamphlet 20 

 [Patent Document 11] WO2004/052869 pamphlet 

 [Patent Document 12] WO2004/072031 pamphlet 

 [Patent Document 13] WO2004/072066 pamphlet 

 [Patent Document 14] WO2005/103021 pamphlet 

 [Patent Document 15] WO2006/016174 pamphlet 25 

20 [Patent Document 10]  W02003/095438 pamphlet  [Patent Document
11]  W02004/052869 pamphlet  [Patent Document 12]  W02004/072031
pamphlet  [Patent Document 13]  W02004/072066 pamphlet  [Patent
Document 14]  W02005/103021 pamphlet 25 [Patent Document 15]
W02006/016174 pamphlet  [Patent Document 16] W02006/016178
pamphlet [Patent Document 17] W02006/016194 pamphlet [Patent
Document 18] W02006/059163 pamphlet [Patent Document 19] U.S.
Patent No. 6911545 5[Patent Document 20] W02007/026761 pamphlet 
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 [Patent Document 16] WO2006/016178 pamphlet 

 [Patent Document 17] WO2006/016194 pamphlet 

 [Patent Document 18] WO2006/059163 pamphlet 

 [Patent Document 19] U.S. Patent No. 6911545 

 [Patent Document 20] WO2007/026761 pamphlet 5 

 [Patent Document 21] WO2008/012227 pamphlet 

NON-PATENT DOCUMENT 

[0007] 

 [Non-Patent Document 1] Diabetes 45, 223-241 (1996) 

 [Non-Patent Document 2] Diabetes 41, 792-806 (1992) 10 

 [Non-Patent Document 3] FASEB J.10, 1213-1218 (1996) 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0008] 

 It is an object of the present invention to provide compounds 15 

having an excellent GK activating effect or an excellent hypoglycemic 

effect and to make use of the compounds for the treatment or prevention 

of diabetes, obesity, and the like. 

MEANS FOR SOLVING THE PROBLEMS 

[0009] 20 

 The present inventors have conducted extensive studies to solve 

the above problems and found that, among acrylamide compounds having 

a 3,4-difluorocyclopentyl group at 3-position thereof, compounds 

having specific stereo structures have excellent GK activating and 

hypoglycemic effects.  Thus, the present invention has been 25 

[Patent Document 21] W02008/012227 pamphlet NON-PATENT
DOCUMENT [0007] [Non-Patent Document 1] Diabetes 45, 223-241
(1996) 10[Non-Patent Document 2] Diabetes 41, 792-806 (1992)
[Non-Patent Document 3] FASEB J.10, 1213-1218 (1996) SUMMARY OF
THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0008] 15It is an object of the present invention to provide compounds
having an excellent GK activating effect or an excellent hypoglycemic
effectandtomakeuseofthecompoundsforthetreatmentorprevention of
diabetes, obesity, and the like. MEANS FOR SOLVING THE PROBLEMS
20[0009]         The pre sent inventor s have conducted extens ive studie s
to solve the above problems and found that, among acrylamide
compounds having a 3,4-difluorocyclopentyl group at 3-position thereof,
compounds having specific stereo structures have excellent GK activating
and 25 hypoglycemic effects. Thus, the present invention has been
completed. [0010] Accordingly, the present invention relates to the
following:              (1) A compound represented by the general formula (1)
or a 5 pharmaceutically acceptable salt thereof: [0011] [Chemical formula
1]  [0012] 10(wherein R1 and R2 are each independently a hydrogen
atom, a halogen atom, an amino group, a hydroxyl group, a hydroxyamino
group, a nitro group, a cyano group, a sulfamoyl group, a C1 to 06 alkyl
group, a C1 to C6 alkoxy group, a Ci to 06 alkylsulfanyl group, a Ci to 06
alkylsulfinyl group, a Ci to 06 alkylsulfonyl group, or a Ci to 06 15
alkoxy-01 to 06 alkylsulfonyl group, and A is a substituted or unsubstituted
heteroaryl group). [0013]              (2) The compound according to (1) or a
pharmaceutically       acceptable salt thereof, wherein R2 and R2 are each
independently 20 a hydrogen atom, a halogen atom, or a Ci to 06
alkylsulfonyl group. [0014]              (3) The compound according to (1) or a
pharmaceutically acceptable  salt thereof, wherein R1 is a hydrogen atom
or a halogen atom, and R2 is a Ci to 06 alkylsulfonyl group. [0015]
(4) The compound according to (1) or a pharmaceutically 5 acceptable
salt thereof, wherein R1 is a hydrogen atom and R2 is a Ci to 06
alkylsulfonyl group. [0016]            (5) The compound according to (1) or a
pharmaceutically acceptable salt thereof, wherein R1 is a hydrogen atom,
and R2 is 10 a cyclopropylsulfonyl group. [0017]         (6) The compound
according to (1) or a pharmaceutically acceptable salt thereof, wherein R1
is a hydrogen atom, and R2 is a methylsulfonyl group. 15[0018]         (7)
The compound according to any of (1) to (6) or a pharmaceutically
acceptable salt thereof, wherein the compound is represented by the
general formula (la): 



 

 5 

completed. 

[0010] 

 Accordingly, the present invention relates to the following: 

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

pharmaceutically acceptable salt thereof: 5 

[0011] 

[Chemical formula 1] 

 

[0012] 

(wherein R1 and R2 are each independently a hydrogen atom, a halogen 10 

atom, an amino group, a hydroxyl group, a hydroxyamino group, a 

nitro group, a cyano group, a sulfamoyl group, a C1 to C6 alkyl group, 

a C1 to C6 alkoxy group, a C1 to C6 alkylsulfanyl group, a C1 to C6 

alkylsulfinyl group, a C1 to C6 alkylsulfonyl group, or a C1 to C6 

alkoxy-C1 to C6 alkylsulfonyl group, and A is a substituted or 15 

unsubstituted heteroaryl group). 

[0013] 

 (2) The compound according to (1) or a pharmaceutically 

acceptable salt thereof, wherein R1 and R2 are each independently 

a hydrogen atom, a halogen atom, or a C1 to C6 alkylsulfonyl group. 20 

[0014] 

(3) The compound according to (1) or a pharmaceutically acceptable 

[0019] 20[Chemical formula 2] 1    H(la) WN 'A R2 [0020]  (wherein RI,
R2, and A are as defined in (1)). [0021] (8) The compound according to
any of (1) to (6) or a     pharmaceutically acceptable salt thereof, wherein
the compound is 5 represented by the general formula (lb): [0022]
[Chemical formula 3]    RI [0023] 10(wherein RI, R2, and A are as defined
in (1)). [0024]         (9) The compound according to any of (1) to (8) or a
pharmaceutically acceptable salt thereof, wherein A is an unsubstituted
heteroaryl group or a heteroaryl group that is 15 mono-substituted with a
halogen atom, a Ci) to C6 alkyl group optionally substituted with a halogen
atom or a hydroxyl group, a C1 to 06 alkoxy group optionally substituted
with a halogen atom or a hydroxyl group, a nitro group, a cyano group, or
a group represented by the formula of -(0)p(CH2)mC(0)0R3 (wherein R3
is a hydrogen atom or a Ci to 06 20alkyl group, m is an integer of 0 to 2,
and p is 0 or 1). [0025]           (10) The compound according to any of (1)
to (8) or a pharmaceutically acceptable salt thereof, wherein A is a
heteroaryl group that is mono-substituted with a halogen atom, a alto 06
alkyl group, or a Ci to 06 hydroxyalkyl group. 5[0026]  (11) The compound
according to any of (1) to (8) or a pharmaceutically acceptable salt
thereof, wherein A is a heteroaryl group that is mono-substituted with a
alto 06alkoxy group optionally substituted with a halogen atom or a
hydroxyl group, or a Ci to 03 alkoxy-Ci 10 to 03 alkoxy group. [0027]
12)The compound according to any of (1) to (8) or a pharmaceutically
acceptable salt thereof, wherein A is a heteroaryl group that is
mono-substitutedwith aCi to 06 alkylsulfanyl group that is optionally 15
substituted with a halogen atom or a hydroxyl group. [0028]         (13) The
compound according to any of (9) to (12) or a pharmaceutically
acceptable salt thereof, wherein A is an unsubstituted or mono-substituted
five- or six-membered 20 heteroaromatic ring, the heteroaromatic ring
containing 1 to 3 heteroatoms selected from a sulfur atom, an oxygen
atom, and a nitrogen atom, one of which is a nitrogen atom adjacent to a
ring-connecting atom. [0029] 25(14) The compound according to any of
(9) to (12) or a 
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salt thereof, wherein R1 is a hydrogen atom or a halogen atom, and 

R2 is a C1 to C6 alkylsulfonyl group. 

[0015] 

 (4) The compound according to (1) or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom and R2 is 5 

a C1 to C6 alkylsulfonyl group. 

[0016] 

 (5) The compound according to (1) or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom, and R2 is 

a cyclopropylsulfonyl group. 10 

[0017] 

 (6) The compound according to (1) or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom, and R2 is 

a methylsulfonyl group. 

[0018] 15 

 (7) The compound according to any of (1) to (6) or a 

pharmaceutically acceptable salt thereof, wherein the compound is 

represented by the general formula (1a): 

[0019] 

[Chemical formula 2] 20 

 

[0020] 

pharmaceutically acceptable salt thereof, wherein A is an unsubstituted or
mono-substituted fused heterocycle having a five-or six-membered
heteroaromatic ring, the heteroaromatic ring containing 1 to 3 heteroatoms
selected from a sulfur atom, an oxygen 5 atom, and a nitrogen atom, one
of the heteroatoms being a nitrogen atom adjacent to a ring-connecting
atom. [0030]         (15) The compound according to any of (9) to (12) or a
pharmaceutically acceptable salt thereof, wherein A is an 10
unsubstitutedor substitutedheteroaromaticringselectedfromthe following
rings: [0031] [Chemical formula 4]     IN/I       [0032] (16)
Ihecompoundaccordingto(1),orapharmaceuticallyacceptable salt thereof,
selected from the group consisting of (E)-3-[(1a, 53U,
4a)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-y1)-2-(4-(me
thylsulfonyl)phenyl)acrylamide, (E)-N-(5-chlorothiazol-2-y1)-3-[(1a, 3a,
4a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)phenyl)acryl  amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(4
-methyithiazo1-2-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(5
5-methyithiazo1-2-yflacryiamide, (+)-(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dioxoian-4
-y1)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (-)-(E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dioxoian-4
10-y1)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (+)-(E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-[4-(1,2-dihydroxyethy1)thiazo1-
2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (-)-(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(1,2-dihydroxyethy1)thiazoi-
152-y1]-2-(4-(methyisuifonyflphenyflacryiamide,
(E)-N-[4-tert-butyithiazo1-2-y1]-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-{4 20
-[2-(tetrahydro-2H-pyran-2-y1oxy)ethyi]thiazo1-2-yilacryiamide, (E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-[4-(2-hydroxyethy1)thiazo1-2-y1
1-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(N,N-dimethyisuifamoy1)thiaz
25(51-2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty11-N-[5-(4-methyipiperazine-1-yisuif
onyi)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(1 
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(wherein R1, R2, and A are as defined in (1)). 

[0021] 

 (8) The compound according to any of (1) to (6) or a 

pharmaceutically acceptable salt thereof, wherein the compound is 

represented by the general formula (1b): 5 

[0022] 

[Chemical formula 3] 

 

[0023] 

(wherein R1, R2, and A are as defined in (1)). 10 

[0024] 

 (9) The compound according to any of (1) to (8) or a 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted heteroaryl group or a heteroaryl group that is 

mono-substituted with a halogen atom, a C1 to C6 alkyl group optionally 15 

substituted with a halogen atom or a hydroxyl group, a C1 to C6 alkoxy 

group optionally substituted with a halogen atom or a hydroxyl group, 

a nitro group, a cyano group, or a group represented by the formula 

of -(O)p(CH2)mC(O)OR
3 (wherein R3 is a hydrogen atom or a C1 to C6 

alkyl group, m is an integer of 0 to 2, and p is 0 or 1). 20 

[0025] 

5,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(3
methy1-1,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)
2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
104a)-3,4-difiuorocyciopenty1]-N-(3-methoxy-1,2,4-thiadiazo1-5-y
1)-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(p
yridin-2-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(5-fiuoropyridin-2-y1)-2-(4-(me 15
thyisuifonyflphenyflacryiamide, (E)-N-(5-chioropyridin-2-y1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-[5 20
-(methyithio)pyridin-2-yi]acryiamide,
(E)-N-(5-cyciopropyipyridin-2-y1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(hydroxymethy1)pyridin-2-y1)
25-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty11-N-[5-(N,N-dimethy1su1famcy1)pyrid
in-2-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-2-(4-(methy1sulfcnyflpheny1)-N-(p
yrazin-2-y1)acry1amide, (E)-3-[(1a, 3U,
54a)-3,4-dif1ucrocyc1cpenty1]-N-(5-methy1pyrazin-2-y1)-2-(4-(me
thy1sulfcny1)phenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(5-ethy1pyrazin-2-y1)-2-(4-(met
hy1sulfcny1)phenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(5-methcxypyrazin-2-y1)-2-(4-(m
10ethy1sulfcny1)phenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methy1ethcxy)pyrazin-2-y1
]-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methcxyethcxy)pyrazin-2-y
1]-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
154a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(3-methcxyprcpcxy)pyrazin-2-
y1]-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-ethcxyethcxy)pyrazin-2-y1
]-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-2-(4-(methy1sulfcnyflpheny1)-N-{5
20-[2-(methy1thic)ethcxy]pyrazin-2-y1lacry1amide,
(E)-2-(4-(methy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-hydroxyethy1thic)pyrazin2-y1]acry1
amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-2-(4-(methy1sulfcnyflpheny1)-N-{5 25
-[2-(tetrahydrc-2H-pyran-2-y1cxy)ethcxy]icyrazin-2-y1lacry1amid  e,
(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-diono
5lan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono
Jan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,
3U, 104a)-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl 155-{(E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-yl)methylphosphonate, (E)-3-[(1a, 3U,
204a)-3,4-difluorocyclopenty1]-N-[1-methy1-1H-pyrazol-3-y1]-2-(4
-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-ethy1-1H-pyrazol-3-y1]-2-(4-
(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(difluoromethyl)-1H-pyrazol-
253-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty11-N-[1-(2-flucrcethy1)-1H-pyrazc1-3
y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-2-(4-(methy1sulfcnyflpheny1)-N-[1
(2,2,2-triflucrcethy1)-1H-pyracc1-3-y1]acry1amide, (E)-3-[(1a, 
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 (10) The compound according to any of (1) to (8) or a 

pharmaceutically acceptable salt thereof, wherein A is a heteroaryl 

group that is mono-substituted with a halogen atom, a C1 to C6 alkyl 

group, or a C1 to C6 hydroxyalkyl group. 

[0026] 5 

(11) The compound according to any of (1) to (8) or a pharmaceutically 

acceptable salt thereof, wherein A is a heteroaryl group that is 

mono-substituted with a C1 to C6 alkoxy group optionally substituted 

with a halogen atom or a hydroxyl group, or a C1 to C3 alkoxy-C1 

to C3 alkoxy group. 10 

[0027] 

12) The compound according to any of (1) to (8) or a pharmaceutically 

acceptable salt thereof, wherein A is a heteroaryl group that is 

mono-substituted with a C1 to C6 alkylsulfanyl group that is optionally 

substituted with a halogen atom or a hydroxyl group. 15 

[0028] 

 (13) The compound according to any of (9) to (12) or a 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted or mono-substituted five- or six-membered 

heteroaromatic ring, the heteroaromatic ring containing 1 to 3 20 

heteroatoms selected from a sulfur atom, an oxygen atom, and a nitrogen 

atom, one of which is a nitrogen atom adjacent to a ring-connecting 

atom. 

[0029] 

 (14) The compound according to any of (9) to (12) or a 25 

53U, 4a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxyethy1)-1H-pyrazc1-
3-y11-2-(4-(methy1sulfcny1)phenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxy-2-methy1propy1)-1
H-pyracc1-3-y1]-2-(4-(methy1sulfcnyflphenyflacry1amide, 10(E)-3-[(1a,
3U, 4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-dicx
c1an-4-y1]methy11-1H-pyracc1-3-y1)-2-(4-(methy1sulfcnyflphenyl
)acry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
15c1an-4-y1]methy11-1H-pyracc1-3-y1)-2-(4-(methy1sulfcnyflpheny1
)acry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyracc1-3-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
204a)-3,4-dif1ucrocyc1cpenty1]-N-{1-[(20)-2,3-dihydroxypropy1]-1
H-pyracc1-3-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(iscxacc1-3-y1)-2-(4-(methy1su1
fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
254a)-3,4-dif1ucrocyc1cpenty1]-N-(6-methcxybenzo[d]thiazc1-2-y1)
-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[6-(difluoromethoxy)benzo[d]thi
azol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3u,
54a)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,
4-b]pyridin-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, and ethyl
(E)-2-{2-[(R)-2-(4-(methylsulfonyl)pheny1)-3-[(1a, 3U, 4a) -3,
4-difluorocyclopentyl] acrylamide] thiazolo [5, 4-b] pyridin- 2-yloxy}
acetate. 10[0033] (17)
Ihecompoundaccordingto(1),orapharmaceuticallyacceptable salt thereof,
selected from the group consisting of
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yflacrylamid 15e,
(E)-N-(5-bromothiazol-2-y1)-2-(4-(cyclopropylsulfonyl)pheny1)- 3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]-N-(4-methylthiazol-2-yl)acrylamid 20e,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]-N-(5-methylthiazol-2-yl)acrylamid e,
(+)-(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethy1-1,3-dioxolan-4
-yl)thiazol-2-yl]acrylamide,
25(-)-(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difiuorocyciopenty11-N-[4-(2,2-dimethy1-1,3-dionoian-4
-y1)thiazo1-2-yi]acryiamide,
(E)-N-(4-tert-butyithiazo1-2-y1)-2-(4-(cyciopropyisuifonyflphe ny1)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopentyi]acryiamide,
5(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazin-1-yisuifo
nyi)thiazo1-2-yi]acryiamide, methyl
3-{2-[(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyi]acryiamidelthiazo1-4-y1] propionate,
10(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami de,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1
)acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,  15
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1) acryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-pheny1-1,2,4-thiadiazo1-5-y1
)acryiamide, (E)-2-(4-(cyciopropyisuifonyijphenyij-3-[(la, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(pyridin-2-yflacryiamide,
20(E)-2-(4-(cyciopropyisuifonyflpheny1j-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(methyithio)pyridin-2-y1]acr yiamide,
(E)-N-(5-cyciopropyipyridin-2-y1)-2-(4-(cyciopropyisuifonyflph
eny1)-3-[(1a, 3U, 4a)-3,4-difiuorocyciopentyi]acryiamide,
25(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4W-3,4-dif1ucrocyc1cpenty11-N-[5-(hydroxymethy1)pyridin-2-y1]
acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(N,N-dimethy1su1famcy1)pyrid
in-2-y3]acry1amide, 5(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-(pyrazin-2-y1)acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-(5-methy1pyrazin-2-y1)acry1amid e,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
104W-3,4-diflucrocyclopenty1]-N-(5-ethylpyrazin-2-yflacrylamide, 
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pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted or mono-substituted fused heterocycle having a five- 

or six-membered heteroaromatic ring, the heteroaromatic ring 

containing 1 to 3 heteroatoms selected from a sulfur atom, an oxygen 

atom, and a nitrogen atom, one of the heteroatoms being a nitrogen 5 

atom adjacent to a ring-connecting atom. 

[0030] 

 (15) The compound according to any of (9) to (12) or a 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted or substituted heteroaromatic ring selected from the 10 

following rings: 

[0031] 

[Chemical formula 4] 

(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(5-methcxypyrazin-2-y1)acry1ami de,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(methy1thic)pyrazin-2-y1]acr
15y1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methy1ethcxy)pyrazin-2-y1
]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methcxyethcxy)pyrazin-2-y
1]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,  20
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(3-methcxyprcpcxy)pyrazin-2-
y1]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-ethcxyethcxy)pyrazin-2-y1
]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-{5-[2-(methy1thic)ethcxy]pyrazi
25n-2-y1lacry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-difluorocyclopenty11-N-{5-[2-(tetrahydro-2H-pyran-2-y1
oxy)ethoxy]pyrazin-2-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
54W-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-diono
lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
104W-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono
lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, 15(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, diethyl
5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1 phosphonate,
20diethyl (5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1 methylphosphonate,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-(1-methy1-1H-pyrazol-3-yl)acryl 25amide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4a)-3,4-dif1ucrocyc1cpenty11-N-(1-ethy1-1H-pyracc1-3-y1)acry1a mide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-(2-flucrcethy1)-1H-pyrazc1-3
-y1)acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
54a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxyethy1)-1H-pyrazc1-
3-y11acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxy-2-methy1propy1)-1
H-pyracc1-3-y3]acry1amide,
10(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-dicx
c1an-4-y1]methy11-1H-pyracc1-3-y1lacry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
15c1an-4-y1]methy11-1H-pyracc1-3-y1lacry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyracc1-3-y1lacry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la,
3U, 204a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
c1an-4-y1]methy11-1H-pyracc1-3-y1lacry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(iscxacc1-3-y1)acry1amide,
(E)-N-(benzo[d]thiarc1-2-y1)-2-(4-(cyc1cpropy1sulfcny1)pheny1)
25-3-[(1a, 3U, 4a)-3,4-dif1ucrocyc1cpenty1]acry1amide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(6-methoxybenzo[d]thiazol-2-y1)
acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-[6-difluoromethoxy]benzo[d]thia
5zol-2-y3]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(6-fluorobenzo[d]thiazol-2-yl)a crylamide,
2-methylethyl 2-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
104a)-3,4-difluorocyclopentyl]acrylamidelbenzo[d]thiazol-6-carbo xylic
acid, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(thiazolo[5,4-b]pyridin-2-yl)ac rylamide,
(E)-N-(5-butoxythiazolo[5,4-b]pyridin-2-y1)-2-(4-(cyclopropyls
15ulfonyl)pheny1)-3-[(1a, 3U, 
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. 

[0032] 

(16) The compound according to (1), or a pharmaceutically acceptable 

salt thereof, selected from the group consisting of (E)-3-[(1α, 

3α, 5 

4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, 

(E)-N-(5-chlorothiazol-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

4a)-3,4-difluorocyclopentyl]acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-[5-(2-methoxyethoxy)thiazolo[5,
4-b]pyridin-2-yl)acrylamide, and ethyl
202-{2-[(R)-2-(4-(cyclopropylsulfonyl)pheny1j-3-[(la, 3U, 4a) -3,
4-difluorocyciopentyi] acryiamide] thiazoio [5, 4-b] pyridin5-yioxy} acetate.
[0034]       (18)
Ihecompoundaccordingto(1),orapharmaceuticallyacceptable 25salt
thereof, selected from the group consisting of (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyll-N-(th
iazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)pheny11-N-(5- 5
methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(1-
methyl-1H-pyrazol-3-yl)acrylamide. [0035] (19)
Ihecompoundaccordingto(1),orapharmaceuticallyacceptable 10salt
thereof, selected from the group consisting of (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
15y3l-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(1-methy1-1H-pyrazol-3-yl)acrylamide. [0036]            (20) A method
for treating or preventing diabetes, comprising 20administering the
compound according to any of (1) to (19) or a pharmaceutically
acceptable salt thereof. [0037]            (21) Use of a compound according
to any of (1) to (19) or a pharmaceutically acceptable salt thereof for
manufacturing a 25 pharmaceutical for treatment or prevention of
diabetes.  [0038]         (22) A pharmaceutical composition, comprising the
compound according to any of (1) to (19), or a pharmaceutically
acceptable      salt thereof, and a pharmaceutically acceptable carrier.
5[0039]         (23) A compound represented by the general formula (2):
[0040] [Chemical formula 5]    10[0041]  (wherein Aland R2 are each
independently a hydrogen atom, a halogen atom, an amino group, a
hydroxyl group, a hydroxyamino group, a nitro group, a cyano group, a
sulfamoyl group, a alto 06 alkyl group, a Ci to 06 aikoxy group, a Ci to 06
alkylsulfanyl group, a Ci to 06 15alkylsulfinyl group, a Ci to 06 alkylsulfonyl
group, or a Ci to 06 alkoxy-Ci to 06 alkylsulfonyl group). [0042]          (24)
The compound according to (23), whereinAi-is a hydrogen atom, and R2
is a cyclopropylsulfonyl group. 20[0043]          (25) The compound
according to (23) , wherein R2 is a hydrogen atom, and R2 is a
methylsulfonyl group.  ADVANTAGES OF THE INVENTION [0044]
According to the present invention, compounds having an excellent GK
activating or hypoglycemic effect and few side effects 
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amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(4

-methylthiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(5

-methylthiazol-2-yl)acrylamide, (+)-(E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 10 

(+)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-

2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-

2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 15 

(E)-N-[4-tert-butylthiazol-2-yl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{4

-[2-(tetrahydro-2H-pyran-2-yloxy)ethyl]thiazol-2-yl}acrylamide, 20 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2-hydroxyethyl)thiazol-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)thiaz

ol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 25 

5(such as Q-I interval prolongation (relating to hERG current suppression)
and insulin-induced hypoglycemia) are provided, and therefore
pharmaceuticals excellent for the treatment or prevention of diabetes,
obesity, and the like can be provided. BEST MODE FOR CARRYING
OUT THE INVENTION 10[0045]         The term "halogen atom" refers to a
fluorine atom, a chlorine atom, a bromine atom, or an iodine atom. [0046]
The term "C1 to C6 alkyl group" is a linear or branched alkyl 15 group
having 1 to 6 carbon atoms or a cyclic alkyl group having 3 to 6 carbon
atoms. Examples of the C1 to C6 alkyl group include a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a cyclopropyl group, and a
cyclobutyl group. 20[0047] The term "alto C6 alkoxy group" is a linear or
branched alkoxy group having 1 to 6 carbon atoms or a cyclic alkoxy
group having 3 to 6 carbon atoms. Examples of the C1 to C6 alkoxy group
include a methoxy group, an ethoxy group, a propoxy group, an
isopropoxy 25 group, a butoxy group, an isobutoxy group, a sec-butoxy
group, a  tert-butoxy group, a cyclopropoxy group, and a cyclobutoxy
group. [0048] The term"Cito 06 alkylsulfanyl group" is a linear or branched
alkylsulfanyl group having 1 to 6 carbon atoms or a cyclic 5 alkylsulfanyl
group having 3 to 6 carbon atoms. Examples of the Ci to 06 alkylsulfanyl
group include a methylsulfanyl group, an ethylsulfanyl group, a
propylsulfanyl group, an isopropylsulfanyl group, a butylsulfanyl group, an
isobutylsulfanyl group, a sec-butylsulfanyl group, a tert-butylsulfanyl
group, a 10 cyclopropylsulfanyl group, a cyclobutylsulfanyl group, and a
cyclopentylsulfanyl group. [0049] The term"Cito 06 alkylsulfinyl group" is a
linear or branched alkylsulfinyl group having 1 to 6 carbon atoms or a
cyclic 15 alkylsulfinyl group having 3 to 6 carbon atoms. Examples of the
Ci to 06 alkylsulfinyl group include a methylsulfinyl group, an ethylsulfinyl
group, a propylsulfinyl group, an isopropylsulfinyl group, a butylsulfinyl
group, an isobutylsulfinyl group, a sec-butylsulfinyl group, a
tert-butylsulfinyl group, a 20 cyclopropylsulfinyl group, a cyclobutylsulfinyl
group, and a cyclopentylsulfinyl group. [0050] The term"Cito
06alkylsulfonyl group" is a linear or branched alkylsulfonyl group having 1
to 6 carbon atoms or a cyclic 25 alkylsulfonyl group having 3 to 6 carbon
atoms. Examples of the  Ci to 06 alkylsulfonyl group include a
methylsulfonyl group, an ethylsulfonyl group, a propylsulfonyl group, an
isopropylsulfonyl group, a butylsulfonyl group, an isobutylsulfonyl group, a
secbutylsulfonyl group, a tert-butylsulfonyl group, a 5 cyclopropylsulfonyl
group, a cyclobutylsulfonyl group, and a cyclopentylsulfonyl group. [0051]
The term "Ci to 06 alkoxy-01 to 06 alkylsulfonyl group" is a linear or
branched alkylsulfonyl group having 1 to 6 carbon atoms 10 that is
substituted with a linear or branched alkoxy group having 1 to 6 carbon
atoms or with a cyclic alkoxy group having 3 to 6 carbon atoms. Examples
thereof include a methoxymethylsulfonyl group,
amethoxyethylsulfonylgroup, amethoxypropylsulfonylgroup, an
isopropoxymethylsulfonyl group, and a cyclopropoxy 15 methylsulfonyl
group. [0052]         The term "heteroaryl group" is a five- or six-membered
heteroaromatic ring containing 1 to 3 heteroatoms selected from a sulfur
atom, an oxygen atom, and a nitrogen atom as the constituent 20 atom of
the ring, and the heteroaromatic ring may optionally form a fused ring with
a benzene ring or a five- or six-membered heteroaromatic ring. Preferred
examples of the heteroaryl group include a group in which the
heteroaromatic ring contains 1 to 3 heteroatoms selected from a sulfur
atom, an oxygen atom, and a nitrogen 25 atom and in which one of the
heteroatoms is a nitrogen atom adjacent 
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4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazine-1-ylsulf

onyl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(1

,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(3

-methyl-1,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-methoxy-1,2,4-thiadiazol-5-y10 

l)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yridin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluoropyridin-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, 15 

(E)-N-(5-chloropyridin-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[5

-(methylthio)pyridin-2-yl]acrylamide, 20 

(E)-N-(5-cyclopropylpyridin-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 25 

to a ring-connecting atom. The ring-connecting atom is an atom in the ring
that is involved in the bond to the nitrogen atom in the amide group, and a
carbon atom is preferred as the ring-connecting atom. 5[0053]
Preferred examples of the heteroaryl group include a thiaz 01171 group, a
thiadiazoly1 group, a pyrazoly1 group, a pyridyl group, a pyrazinyl group,
a pyrimidinyl group, a pyridazinyl group, an
oxazolylgroup,anisoxazolylgroup,animidazolylgroup,atriazinyl 10 group, a
benzothiazoly1 group, a benzoxazoly1 group, a benzimidazoly1 group, a
pyridothiazoly1 group, and a guinolinyl group. More preferably,
theheteroarylgroup is a thiazoly1 group, a pyrazoly1 group, a pyrazinyl
group, a pyridyl group, a thiazolo[5,4-b]pyridinyl group, a thiadiazoly1
group, or a 15 pyridothiazoly1 group. [0054]         Preferably, the
"substituted or unsubstutited heteroaryl group" in A i s an unsubstituted or
mono- substituted heteroaryl group. Examples of the substituent include:
halogen atoms; Ci to 06 alkyl 20 groups optionally substituted with a
halogen atom or a hydroxyl group (such as a methyl group, a tert-butyl
group, a cyclopropyl group, a fluoroethyl group, a difluoromethyl group,
and a 1,2-dihydroxyethyl group); Ci to 06 alkoxy groups optionally
substituted with a halogen atom or a hydroxyl group; Ci to 03 alkoxy-Ci 25
to 03 alkoxy groups; alto 03 alkoxycarbonyl-Ci to 03 alkoxy groups;  Ci to
03 alkoxycarbonyl-C1 to 06 alkylsulfanyl groups; C1 to 06 alkylsulfanyl
groups; alto 06 aminoalkyisulfanyi group optionally substituted with a C1
to 03 alkyl group; C1 to 06 alkylsulfanyl-C1 to 06alkoxy groups; aryl
groups (such as a phenyl group) , heteroaryl 5 groups; aliphatic
heterocyclyl groups optionally substituted with a C1 to 06 alkyl group
(such as a morpholino group and a dioxolyl group); aliphatic
heterocyclylcarbonyl groups; aliphatic heterocyclylsulfonyl groups;
aliphatic heterocyclyl-C1 to 03 alkyl groups; aliphatic heterocyclyl-C1 to 03
alkoxy group; aliphatic 10 heterocyclyloxy-C1 to 03 alkoxy groups;
aminosulfonyl groups optionally substituted with a C1 to 03 alkyl group;
C1 to 06 hydroxyalkylsulfanyl groups; a nitro group; a cyano group;
groups represented by the formula of -(0)p(C518)mC(0)0R3 15(wherein
R3 is a hydrogen atom, a C1 to 06 alkyl group, or a C1 to 03 alkoxy-C1 to
03 alkyl group, m is an integer of 0 to 2, and p is 0 or 1); and groups
represented by the formula of -(CH2)mP(0)R4R5     (wherein R4 and R5
are each independently a hydroxyl group, a C1 20 to 03 alkyl group, or a
C1 to 03 alkoxy group, and m is an integer of 0 to 2). [0055]
Examplesofthepharmaceuticallyacceptablesaltincludesalts of inorganic
and organic acids such as hydrochloric acid, hydrobromic 25acid, nitric
acid, sulfuric acid, phosphoric acid, citric acid,  formic acid, maleic acid,
acetic acid, succinic acid, and tartaric acid. [0056]          Specific examples
of the compound according to the present 5 invention include the following
compounds and pharmaceutically acceptable salts thereof.  (E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-y1)-2-(4-(me
thylsulfonyl)phenyl)acrylamide, 10(E)-N-(5-chlorothiazol-2-y1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)phenyl)acryl amide,
(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-(4
methylthiazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
154a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-(5
methylthiazol-2-yl)acrylamide, (+)-(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethy1-1,3-dioxolan-4
yl)thiazol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(1a, 3U,
204a)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethy1-1,3-dioxolan-4
yl)thiazol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (+)-(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol2-y11-2-(4-(me
thylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(1a, 3U,
254a)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-
2-y1]-2-(4-(methyisuifonyflphenyflacryiamide,
(E)-N-[4-tert-butyithiazo1-2-y1]-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
54a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-{4
-[2-(tetrahydro-2H-pyran-2-y1oxy)ethyi]thiazo1-2-yilacryiamide, (E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-[4-(2-hydroxyethy1)thiazo1-2-y1
1-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
104a)-3,4-difiuorocyciopenty1]-N-[5-(N,N-dimethyisuifamoy1)thiaz 
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4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid

in-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yrazin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)-2-(4-(me5 

thylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)-2-(4-(met

hylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)-2-(4-(m

ethylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-15 

yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{5

-[2-(methylthio)ethoxy]pyrazin-2-yl}acrylamide, 20 

(E)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-hydroxyethylthio)pyrazin-

2-yl]acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{5

-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]pyrazin-2-yl}acrylamid25 

(51-2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazine-1-yisuif
onyi)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
154a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(1
,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(3
-methy1-1,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)
20-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methoxy-1,2,4-thiadiazo1-5-y
1)-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(p
yridin-2-yflacryiamide, (E)-3-[(1a, 3U,
254a)-3,4-difiuorocyciopenty1]-N-(5-fiuoropyridin-2-y1)-2-(4-(me
thy1su1fony1)phenyflacry1amide, (E)-N-(5-ch1oropyridin-2-y1)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-2-(4-(methy1suffonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
54W-3,4-dif1uorocyclopenty1]-2-(4-(methy1su1fonyflpheny1)-N-[5
-(methy1thio)pyridin-2-y1]acry1amide,
(E)-N-(5-cyclopropy1pyridin-2-y1)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-2-(4-(methy1suffonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
104W-3,4-dif1uorocyclopenty1]-N-[5-(hydroxymethy1)pyridin-2-y1)
-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(N,N-dimethy1su1famoyflpyrid
in-2-y11-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-2-(4-(methy1su1fonyflpheny1)-N-(p
15yrazin-2-yflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-(5-methy1pyrazin-2-y1)-2-(4-(me
thy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-(5-ethy1pyrazin-2-y1)-2-(4-(met
hy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
204W-3,4-dif1uorocyclopenty1]-N-(5-methoxypyrazin-2-y1)-2-(4-(m
ethy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(2-methy1ethoxy)pyrazin-2-y1
]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(2-methoxyethoxy)pyrazin-2-y
251]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty11-N-[5-(3-methoxypropoxy)pyrazin-2-
y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(2-ethoxyethoxy)pyrazin-2-y1
]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
54W-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-{5
-[2-(methylthio)ethoxy]pyrazin-2-y3lacrylamide,
(E)-2-(4-(methylsulfonyl)pheny1)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(2-hydroxyethylthio)pyrazin2-y3]acrylami
de, (E)-3-[(1a, 3U,
104W-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-{5
-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]pyrazin-2-yllacrylamid e,
(E)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
154W-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-dioxo
Jan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,
3U, 4W-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-dioxo
Jan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide,
20(E)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
25azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl
5-{(E)-3-[(1a, 3a,
4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1a, 3a,
4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
5amidelpyrazin-2-yl)methylphosphonate, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-methy1-1H-pyrazol-3-y1]-2-(4
-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-ethy1-1H-pyrazol-3-y1]-2-(4-
(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-N-[1-(difluoromethyl)-1H-pyrazol-
3-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-fluoroethyl)-1H-pyrazol-3
-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-[1
15-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]acrylamide, (E)-3-[(1a, 
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e, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-

yl)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 5 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr10 

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl 

5-{(E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl

amide}pyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl

amide}pyrazin-2-yl)methylphosphonate, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-methyl-1H-pyrazol-3-yl]-2-(420 

-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-ethyl-1H-pyrazol-3-yl]-2-(4-

(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(difluoromethyl)-1H-pyrazol-

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 25 

3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-hydroxyethyl)-1H-pyrazol3-y11-2-(4-(
methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-hydroxy-2-methylpropyl)-1
20H-pyrazol-3-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-diox
olan-4-y3]methyll-1H-pyrazol-3-y1)-2-(4-(methylsulfonyl)phenyl
)acrylamide, (E)-3-[(1a, 3U,
254a)-3,4-difluorocyclopenty1]-N-(1-{[(40)-2,2-dimethyl-1,3-diox
olan-4-y3lmethy11-1H-pyrazol-3-y1)-2-(4-(methylsulfonyl)phenyl
)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyrazol-3-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, 5(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{1-[(20)-2,3-dihydroxypropy1]-1
H-pyrazol-3-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(isonazol-3-y1)-2-(4-(methylsul
10fonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(6-methoxybenzo[d]thiazol-2-y1)
-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[6-(difluoromethoxy)benzo[d]thi
azol-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 153U,
4a)-3,4-difluorocyclopenty1]-N-[5-(2-methoxyethoxy)thiazolo[5,
4-b]pyridin-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, ethyl
(E)-2-{2-[(R)-2-(4-(methylsulfonyl)pheny1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelthiazolo[5,4-b]pyridin-
202-yloxylacetate, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(5-fluorothiazol-2-yl)acrylamid e,
(E)-N-(5-bromothiazol-2-y1)-2-(4-(cyclopropylsulfonyl)pheny1)- 253-[(1a,
3U, 4a)-3,4-difluorocyclopentyl]acrylamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(4-methyithiazo1-2-yflacryiamid e,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(5-methyithiazo1-2-yflacryiamid 5e,
(+)-(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4
-y1)thiazo1-2-yi]acryiamide,
(-)-(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4
10-y1)thiazo1-2-yi]acryiamide,
(E)-N-(4-tert-butyithiazo1-2-y1)-2-(4-(cyciopropyisuifonyflphe ny1)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopentyi]acryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazin-1-yisuifo 15
nyi)thiazo1-2-yi]acryiamide, methyl
3-{2-[(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyi]acryiamidelthiazo1-4-y1] propionate,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami 20de,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1
)acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1) acryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
254a)-3,4-difiuorocyciopenty1]-N-(3-pheny1-1,2,4-thiadiazo1-5-y1
)acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(pyridin-2-y1)acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(methy1thic)pyridin-2-y1]acr 5
y1amide, (E)-N-(5-cyc1cpropy1pyridin-2-y1)-2-(4-(cyc1cpropy1sulfcnyflph
eny1)-3-[(1a, 3U, 4a)-3,4-dif1ucrocyc1cpenty1]acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(hydroxymethy1)pyridin-2-y1]
10acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(N,N-dimethy1su1famcy1)pyrid
in-2-y3]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(pyrazin-2-y1)acry1amide,
15(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(5-methy1pyrazin-2-y1)acry1amid e,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(5-ethy1pyrazin-2-y1)acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
204a)-3,4-dif1ucrocyc1cpenty1]-N-(5-methcxypyrazin-2-y1)acry1ami de,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(methy1thic)pyrazin-2-y1]acr 
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4α)-3,4-difluorocyclopentyl]-N-[1-(2-fluoroethyl)-1H-pyrazol-3

-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[1

-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]acrylamide, (E)-3-[(1α, 

3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl15 

)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2S)-2,3-dihydroxypropyl]-120 

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)-2-(4-(methylsul

fonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)25 

y1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methy1ethcxy)pyrazin-2-y1
25]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-difluorocyclopenty11-N-[5-(2-methoxyethoxy)pyrazin-2-y
l]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(3-methoxypropoxy)pyrazin-2-
yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
54W-3,4-difluorocyclopenty1]-N-[5-(2-ethoxyethoxy)pyrazin-2-y1
]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[2-(methylthio)ethoxy]pyrazi
n-2-yllacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
104W-3,4-difluorocyclopenty1]-N-{5-[2-(tetrahydro-2H-pyran-2-y1
oxy)ethoxy]pyrazin-2-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
154W-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-dioxo
lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-dioxo
lan-4-y3]pyrazin-2-y3lacrylamide,
20(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
25azin-2-y3lacrylamide, diethyl
5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1 phosphonate, diethyl
(5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1 5 methylphosphonate,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(1-methy1-1H-pyrazol-3-yl)acryl amide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(1-ethy1-1H-pyrazol-3-yl)acryla 10nide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(1-(2-fluoroethyl)-1H-pyrazol-3
-yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-hydroxyethyl)-1H-pyrazol3-yllacrylami
de, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 153U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-hydroxy-2-methylpropyl)-1
H-pyrazol-3-yllacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la,
3U, 4a)-3,4-difluorocyclopenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-diox
20olan-4-y3]methyll-1H-pyrazol-3-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty1]-N-(1-{[(40)-2,2-dimethyl-1,3-diox
olan-4-yl]methyll-1H-pyrazol-3-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
254a)-3,4-difluorocyclopenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyracc1-3-y3lacryiamide, (E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U,
3U, 4W-3,4-difiucrocycicpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
cian-4-yi]methy11-1H-pyracc1-3-yilacryiamide,
5(E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
4W-3,4-difiucrocycicpenty1]-N-(ischazci-3-y1)acryiamide,
(E)-N-(benzo[d]thiaz(51-2-y1)-2-(4-(cycicpropyisuifony1)pheny1) -3-[(1a,
3U, 4W-3,4-difiucrocycicpentyi]acryiamide,
(E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
104W-3,4-difiucrocycicpenty1]-N-(6-methcxybenzo[d]thiazci-2-y1)
acryiamide, (E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
4W-3,4-difiucrocycicpenty1]-N-[6-difiucromethcxy]benzo[d]thia
z(51-2-y3]acryiamide, (E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
154W-3,4-difiucrocycicpenty1]-N-(6-fiucrobenzo[d]thiazci-2-yfla cryiamide,
2-methyiethy1 2-{(E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
4W-3,4-difiucrocycicpentyi]acryiamidelbenzo[d]thiazci-6-carbc xylic acid,
(E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,
204W-3,4-difiucrocycicpenty1]-N-(thiazcic[5,4-b]pyridin-2-y1)ac ryiamide,
(E)-N-(5-butchythiazcic[5,4-b]pyridin-2-y1)-2-(4-(cycicpropyis
uifony1)pheny1)-3-[(1a, 3U, 4W-3,4-difiucrocycicpentyi]acryiamide,
25(E)-2-(4-(cycicicropyisuifony1)pheny1)-3-[(1U, 3U,  



 

 16 

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[6-(difluoromethoxy)benzo[d]thi

azol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,5 

4-b]pyridin-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, and 

ethyl (E)-2-{2-[(R)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-

2-yloxy}acetate. 

[0033] 10 

(17) The compound according to (1), or a pharmaceutically acceptable 

salt thereof, selected from the group consisting of 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)acrylamid

e, 15 

(E)-N-(5-bromothiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)-

3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(4-methylthiazol-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-(5-methylthiazol-2-yl)acrylamid

e, (+)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]acrylamide, 

(-)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

4a)-3,4-difluorocyclopenty1]-N-[5-(2-methoxyethoxy)thiazolo[5,
4-b]pyridin-2-yl)acrylamide, ethyl
2-{2-[(R)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-
55-yloxylacetate, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(5-
methylpyrazin-2-yl)acrylamide, (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(1-
methyl-1H-pyrazol-3-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
15y1]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(1-methy1-1H-pyrazol-3-yl)acrylamide. [0057] The compound
represented by the general formula (1) of the 20 present invention can be
produced by, for example, the following production process with the
compound represented by the general formula (2) as an intermediate:
[0058] [Chemical formula 6]  [0059] (wherein RI, R2, and A are as defined
above). In this process, the compound represented by the general 5
formula (2) is reacted with a heteroarylamine in the presence of a suitable
reagent to produce the compound represented by the general formula (1).
[0060] This reaction may be performed using an appropriate method 10
such as a method using a general condensation agent, the active ester
method, the mixed anhydride method, the acid halide method, or the
carbodiimide method. Examples of the reagent used in the above reaction
include thionyl chloride, oxaly1 chloride, N,N'-dicyclohexylcarbodiimide,
N,N'-diisopropylcarbodiimide, 15 1-methy1-2-bromopyridinium iodide,
N,N'-carbonyldiimidazole, diphenylphosphoryl chloride,
diphenylphosphoryl azide, N,N'-disuccinimidyl carbonate,
N,N'-disuccinimidyl oxalate,
1-ethy1-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, ethyl
chloroformate, isobutyl chloroformate, 20
benzotriazo-1-y3-oxy-tris(dimethylamino)phosphonium
hexafluorophosphate, and N-bromosuccinimide/triphenylphosphine.  In
this process, abase and a condensation aid may be used together with the
above reagent. Any base can be used in this process, so Jong as it is not
involved in the reaction. The reaction can be performed in the presence of
such a base. Examples of the base 5 include: alkali metal alkoxides such
as sodium methoxide and sodium ethoxide; alkalimetal hydrides such as
sodium hydride and potassium hydride; alkali metal organic bases such as
n-butyllithium, lithium bis(trimethylsilyl)amide, sodium
bis(trimethylsilyl)amide, and potassium bis(trimethylsilyl)amide; tertiary
organic bases such 10 as triethylamine, diisopropylethylamine, pyridine,
N-methylmorpholine, imidazole, N-methylpyrrolidine, N-methylpiperidine,
1,5-diazabicyclo[4.3.0]non-5-ene, and 1,8-diazabicyclo[5.4.0]undec-7-ene;
and inorganic bases such as potassium carbonate and s odium hydrogen
carbonate. Examples of the 15 condensation aid include
N-hydroxybenzotriazole hydrate, N-hydroxysuccinimide,
N-hydroxy-5-norbornene-2,3-dicarboxyimide,
3-hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazole, and pentafluorophenol.
Any solvent can be used as the reaction solvent, so long as it is not
involved in the reaction. Preferred examples 20 of such a solvent include:
hydrocarbon solvents such as pentane, hexane, cyclohexane, benzene,
toluene, and xylene; halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloroethane, chloroform, and carbon
tetrachloride; ether solvents such as diethyl ether, tetrahydrofuran, and
1,4-dioxane; and aproticpolar solvents 25such as acetonitrile, propionitrile,
nitromethane, nitroethane,  N,N-dimethylformamide, N-methylpiperidone,
sulfolane, and dimethyl sulfoxide. The reaction typically proceeds
smoothly at -78C to 200C. [0061] 5Furthermore, the compounds
represented by the formulae (1) and (2) of the present invention can also
be produced based on the following production steps. [Formula 7]
10(wherein R6 represents an optionally substituted alkoxy group or an
optionally substituted amino group, R2 represents a boric acid derivative,
a halogen atom, or a trifluoromethanesulfonyloxy group, and X represents
a halogen atom; R2 and R2 are as defined above) [0062] 
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4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]acrylamide, 

(E)-N-(4-tert-butylthiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phe

nyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazin-1-ylsulfo

nyl)thiazol-2-yl]acrylamide, methyl 

3-{2-[(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazol-4-yl] propionate, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(1,2,4-thiadiazol-5-yl)acrylami

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-methyl-1,2,4-thiadiazol-5-yl

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)15 

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-phenyl-1,2,4-thiadiazol-5-yl

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(pyridin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyridin-2-yl]acr

ylamide, 

(E)-N-(5-cyclopropylpyridin-2-yl)-2-(4-(cyclopropylsulfonyl)ph

enyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

15(First Step) This step is for producing an acrylic acid derivative (4) by
reacting the compound represented by the formula (3) with a
glyoxylaldehyde in the presence of a base. Examples of the base used in
this reaction include alkali metal amides such as lithium diisopropylamide,
lithium bis(trimethylsilyl)amide, sodium 5 bis (trimethylsilyl) amide,
andpotassiumbis (trimethylsily1) amide, metal hydrides such as
lithiumhydride, sodiumhydride, and potassium hydride, potassium
carbonate, tert-butoxy potassium, and n-butyllithium. In this reaction,
lithium bis(trimethylsilyl)amide is preferred. 10Any solvent can be used as
the solvent used in this reaction, as long as it is not involved in the
reaction. Examples of such a solvent include hydrocarbon solvents such
as pentane, hexane, cyclohexane, benzene, toluene, and xylene,
halogenated hydrocarbon solvents such as dichloromethane,
1,2-dichloroethane, chloroform, 15 and carbon tetrachloride, and ether
solvents such as diethyl ether, tetrahydrofuran, and 1,4-dioxane. The
reaction proceeds smoothly at -80C to 80C. [0063] (Second Step) 20This
step is for producing a 3-(3,4-difluorocyclopenty1)-2-halogeno acrylic acid
derivative by halogenating the 3-(3,4-difluorocyclopentyl)acrylic acid
derivative represented by the formula (4) obtained in the above first step
with molecular halogen, and then reacting with the base. 25Examples of
the base used in this reaction include carbonic acid salts such as sodium
carbonate, potassium carbonate, calcium carbonate, cesium carbonate,
and barium carbonate, or organic bases such as triethylamine,
diisopropylethylamine, N,N,N,N-tetramethylethylenediamine,
diazabicyclo[5.4.0]-7- 5 undecene, diazabicyclo[4.3.0]-5- nonene,
phosphazene bases, and pentaisopropylguanidine. However, in this
reaction, triethylamine is preferred.         Any solvent can be used as the
solvent used in this reaction, as long as it is not involved in the reaction.
Examples of such 10 a solvent include hydrocarbon solvents such as
pentane, hexane, cyclohexane, benzene, toluene, and xylene,
halogenated hydrocarbon solvents such as dichloromethane,
1,2-dichloroethane, chloroform, and carbon tetrachloride, and ether
solvents such as diethyl ether, tetrahydrofuran, and 1,4-dioxane. The
reaction proceeds smoothly 15at -80C to 80C. [0064] (Third Step)
This step is for producing a 3-(3,4-difluorocyclopenty1)-2-(substituted
phenyl) acrylic acid 20 derivative by reacting a compound represented by
the formula (6) with the 3-(3,4-difluorocyclopenty1)-2-halogeno acrylic acid
derivative represented by the formula (5) obtained in the above second
step in the presence of a catalyst and a base. In the formula, if R7 is a
halogen atom or a 25 trifluoromethanesulfonyloxy group, for example,
boric acid,  pinacolato diboron or the like can be reacted to convert the
compound into a boric acid derivative for use in the presence of a
palladium complex, such as
1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride, 5 and an
acetic acid s alt , such as potas s ium acetate . Thethus-obtained boric
acid derivative is used after isolated and purified, or is prepared in the
reaction system. As the catalyst used in this reaction,
tetrakis(triphenylphosphine)palladium, palladium acetate, or a palladium
complex such as 101,1-bis(diphenylphosphino)ferrocene-palladium(II)
dichloride, can be used.        As the base used in this reaction, a carbonic
acid salt such as s odium carbonate, potassium carbonate, calcium
carbonate, cesium carbonate, and barium carbonate, or an acetic acid salt
such as 15 potassium acetate and sodium acetate, can be used.        Any
solvent can be used as the reaction solvent, so long as it is not involved in
the reaction. Examples of such a solvent include: hydrocarbon solvents
such as pentane, hexane, cyclohexane, benzene, toluene, and xylene;
halogenated hydrocarbon solvents such 20 as dichloromethane,
1,2-dichloroethane, chloroform, and carbon tetrachloride; ether solvents
such as diethyl ether , tetrahydrofuran, and 1,4-dioxane; aprotic polar
solvents such as acetonitrile, propionitrile, nitromethane, nitroethane,
N,N-dimethylformamide, and dimethyl sulfoxide; alcohol solvents such as
methanol, ethanol, 251-propanol, 2-propanol, 1-butanol, 2-butanol,
2-methyl-1-propanol, 2-methy1-2-propanol, and benzyl alcohol; and water.
One kind of solvent, or two or three kinds of solvents in combination, may
be used. The reaction proceeds smoothly at -80C to 150C. [0065] 5One
embodiment of the present invention relates to a pharmaceutical
containing, as an active ingredient, the compound represented by the
formula (1) or a pharmaceutically acceptable salt thereof. The
pharmaceuticals of the present invention have a GK activating effect or a
hypoglycemic effect and therefore is 10 useful for the treatment or
prevention of type I diabetes, type II diabetes, hyperlipemia (hyper LDL
cholesterolemia, hypertriglyceridemia, and hypo HDL cholesterolemia),
obesity, insulinresistance,impairedglucosetolerance,metabolicsyndrome,
and the like. 
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4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl]

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid

in-2-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-(pyrazin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)acrylamide, 10 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)acrylami

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyrazin-2-yl]acr

ylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-20 

yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(methylthio)ethoxy]pyrazi

n-2-yl}acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 25 

15[0066]         The pharmaceutical of the pre sent invention may be admini
stered orally orparenterally, for example, intrarectally, subcutaneously,
intravenously, intramuscularly, or percutaneously. [0067] 20The
compound of the present invention or a pharmaceutically acceptable salt
thereof may be used as pharmaceuticals in any form (for example, a solid
composition, a liquid composition, or other type of composition). An
optimal form is selected in accordance with need. The pharmaceutical of
the present invention can be 25 produced by adding a pharmaceutically
acceptable carrier to the compound of the pre sent invention. More
specifically, commonly used additives such as excipient, extender, binder,
disintegrator, coating, sugar-coating agent, pH modifier, and solubilizing
agent and an aqueous or non-aqueous solvent are added to the
compound 5 of the present invention, and the mixture can be formed into
various forms such as tablets, pills, capsules, granules, powders,
powdered drugs, liquid formulations, emulsions, suspensions, and
injections by any commonly used formulation method. [0068] 10The dose
of the compound of the present invention or a pharmaceutically
acceptable salt thereof depends on the type of disease, the condition,
weight, age, and sex of a patient, the route of administration, and the like.
The oral dose for an adult is preferably about 0.01 to about 1000 mg/kg
body weight/day, and more 15 preferably about 0 . 5 to about 200 mg/kg
body weight/day . This amount may be administered in a single dose or in
divided doses throughout the day. [0069] If necessary, the compound of
the present invention or a 20 pharmaceutically acceptable salt thereof
may be used together with one or more compounds other than GK
activators. For example, the compound of the present invention or a
pharmaceutically acceptable salt thereof may be used in combination with
one or more of anti-obesity agents and antidiabetic (or hypoglycemic)
agents 25 including sulfonylureas, biguanides, glucagon antagonists,
a-glucosidase inhibitors, insulin secretion promoters, insulin sensitizers,
and the like. [0070] Examples of the sulfonylureas include glyburide,
glimepiride, 5 glipiride, glipizide, chlorpropamide, gliclazide, glisoxepide,
acetohexamide, glibornuride, tolbutamide, tolazamide, carbutamide,
gliguidone,glyhexamide, phenbutamide, andtolcyclamide. Examples of the
biguanides include metformin, phenformin, and buformin. Examples of the
glucagon antagonists include peptide and non-peptide 10 glucagon
antagonists. Examples of the a-glucosidase inhibitors include acarbose,
voglibose, andmiglitol. Examples of the insulin sensitizers include
troglitazone, rosiglitazone,pioglitazone, and ciglitazone. Examples of the
anti-obesity agents include sibutramine and orlistat. The compound of the
present invention 15 or a pharmaceutically acceptable salt thereof may be
administered simultaneously, sequentially or separately with other
antidiabetic, hypoglycemic, and anti-obesity agents. [0071] Example 1
203-[(1a, 3a,  4a)-3,4-Difluorocyclopenty1]-2-[4-(methylthio)phenyl]acrylic
acid ethyl ester  [0072] [Chemical formula 8]  [0073]         (la, 3U,
4a)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide 5(2.67 g)
was suspended in tetrahydrofuran (10 mL). Lithium
bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 5.30 mL) was
added to the suspension at -40C in an argon atmosphere, and the mixture
was stirred at -40C for 2 hours. Subsequently, a solution of
2-[(4-methylthio)phenyl]oxoacetic acid ethyl ester  10 (1.12 g) in
tetrahydrofuran (3.70 mL) was added dropwise to the reaction mixture
cooled to -40C, and the resultant mixture was stirred at -40C for 2 hours
and further stirred at room temperature for 18 hours. Water (10 mL) was
added to the reaction mixture, and the pH of the mixture was adjusted to 2
with 3 mol/L hydrochloric 15 acid. Tetrahydrofuran was evaporated under
reduced pressure, and the residue was extracted with ethyl acetate (20
mL x 2). The ethyl acetate extracts were combined, washed with saturated
brine (10 mL), dried over anhydrous sodium sulfate, filtrated, and
concentrated under reduced pressure. The residue was purified by 20
silica gel column chromatography (eluent; hexane : ethyl acetate = 4:1) to
give 3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylthio)phenyl]acrylic  acid ethyl
ester (1.54 g). 
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3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(tetrahydro-2H-pyran-2-yl

oxy)ethoxy]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-5 

yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo10 

lan-4-yl]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

azin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr

azin-2-yl}acrylamide, diethyl 

5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl phosphonate, 

diethyl (5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl 

methylphosphonate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-methyl-1H-pyrazol-3-yl)acryl

amide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

151 NMR (400 MHz, 0D013) 6 1.27 (t, J = 7.3 Hz, 3H), 1.30 (t, J = 7.3 Hz,
3H), 1.84-2.19 (m, 6H), 2.28-2.42 (m, 2H), 2.49 (s, 3H), 2.50 (s, 3H),
2.55-2.69 (m, 1H), 3.17-3.31 (m, 1H), 4.21 (q, J =  5 7.3 Hz, 2H), 4.27 (q,
J = 7.3 Hz, 2H), 4.68-5.04 (m, 4H), 6.13 (d, J= 9.8 Hz, 1H), 7.00 (d, J=
10.4Hz, 1H), 7.03-7.08 (m, 2H), 7.22-7.25 (m, 6H). MS (ESE) m/z: 327
(M512). [0074] 10 Example 2 3-[(1a, 3U,
4a)-3,4-Difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl  ic acid
ethyl ester  [0075] 15[Chemical formula 9]    [0076] 3-[(1a, 3U,
4a)-3,4-Difluorocyclopenty1]-2-[4-(methylthio)phenyl]acrylic 20acid ethyl
ester (3.00 g) was dissolved in dichloromethane (31 mL).
m-Chloroperoxybenzoic acid (5.37 g) was added to the prepared  solution
cooled in an ice bath, and the mixture was stirred for 0.5 hours while
cooled in the ice bath and further stirred at room temperature for 1.5
hours. Insoluble materials in the reaction mixture were removed by
filtration, and the filtrate was diluted 5 with dichloromethane (42 mL). The
obtained dichloromethane solution was washed with a 10% aqueous
sodium sulfite solution (20 mL x 2), a saturated aqueous sodium hydrogen
carbonate solution (20 mL x 2), and saturated brine (20 mL), dried over
anhydrous sodium sulfate, filtrated, and concentrated under reduced
pressure to give 103-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl 15 ic acid
ethyl ester(3.41g). 151 NMR(400 MHz,CDC13)61.30(t,J
=7.3Hz,3H),1.31(t,J =
7.3Hz,3H),1.86-2.20(m,6H),2.30-2.56(m,3H),3.06(s,3H),
3.10(s,3H),3.35-3.48(m,1H),4.24(q,J=7.3Hz,2H),4.29 (q,J
=7.3Hz,2H),4.69-5.10(m,4H),6.29(d,J =9.8Hz,1H),
7.09(d,J=10.4Hz,1H),7.33-7.38(m,2H),7.48-7.53(m,2H),
7.89-7.93(m,2H),7.93-7.97(m,2H).  MS (El) m/z: 358 (M2). 20[0077]
Example 3  (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid
methyl ester  25[0078] [Chemical formula 101    [0079] 3-[(1a, 3U, 



 

 20 

4α)-3,4-difluorocyclopentyl]-N-(1-ethyl-1H-pyrazol-3-yl)acryla

mide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-(2-fluoroethyl)-1H-pyrazol-3

-yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-5 

3-yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 15 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox20 

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)acrylamide, 

(E)-N-(benzo[d]thiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)

-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 25 

54a)-3,4-Difluorocyclopenty1]-2-[4-(methylsu1fonyl)phenyl]acryl ic acid
ethyl ester (5.00 g) was suspended in methanol (26 mL). A sodium
methoxide solution prepared from 460 mg of sodium and 20 mL of
methanol was added dropwise to the obtained suspension at room
temperature, and the resultant mixture was stirred at room 10 temperature
for 3 hours. Methanol was evaporated under reduced pressure, and the
resultant residue was collected by filtration and washed with methanol (50
mL) to give (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid
methyl ester (3.98 g). 151H NMR (400MHz, CDC13) (s, 3H), 3.78 (s, 3H),
1H), 7.34 (d, J = 7.9 MS (El) m/z: 344 (M2). [0080] 20 Example 4
(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid
[0081] [Chemical formula 11]    [0082]         A mixed solution of
concentrated sulfuric acid (6.89 mL), acetic acid (37.1 mL), and water
(22.5 mL) was added to (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid
methyl ester (3.95 g), and the mixture was stirred under heating at 103C
(internal temperature) for 3 hours. After allowed to cool, the reaction
mixture was evaporated under reduced pressure. Water (37 mL) was
added to the residue, and the precipitate was 15 collectedby filtration
andwashedwithwater ( 100 mL) . The collected precipitate was dissolved
in a saturated aqueous sodium hydrogen carbonate solution and extracted
with dichloromethane (15 mL x 2). Concentrated hydrochloric acid was
added to the aqueous layer, while cooled in an ice bath, to make it acidic.
The resultant precipitate 20 was collected by filtration and washed with
water (100 mL) to give (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid (3.26
g).      1H NMR (400MHz, CDC13) 51.88-2.21 (m, 4H), 2.47-2.62 (m, 1H),
3.09 (s, 3H), 4.73-4.97 (m, 2H), 7.24 (d, J = 10.4 Hz, 1H), 7.34-7.39 5(m,
2H), 7.94-7.99 (m, 2H). MS (El) m/z: 330 (M2). [0083] Example 5
(E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]-N-(t
hiazol-2-yl)acrylamide (compound lA of the present invention)  [0084]
[Chemical formula 12]  15[0085]         Thionyl chloride (3.43 mL) was
added to (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid (343
mg) , and the mixture was heated to reflux for 45 minutes. After the
mixture was cooled to room temperature, thionyl chloride 20 was removed
by evaporation. Toluene (3 mL x 3) was added to the mixture, and the
resultant mixture was evaporated under reduced  pressure. A solution of
2-aminothiazole (104 mg) in pyridine (1.37 mL) was added to the resultant
residue in a salted ice bath, and thexdxturewas stirred at room
temperature for lhour. The reaction
mixturewasdilutedwithethylacetate(30mL)andwashedsequentially 5 with 1
mol/L hydrochloric acid (30 mL x 2), a saturated aqueous
sodiumhydrogencarbonatesolution (30mL x 2) andsaturatedbrine(30 mL),
dried over anhydrous sodium sulfate, and filtrated, and the
solventwasevaporatedunderreducedpressure. Iheobtainedresidue was
purified by silica gel column chromatography (eluent; 10 chloroform :
methanol = 50:1), and the obtained compound was washed with diethyl
ether to give (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)pheny11-N-(t
hiazol-2-yl)acrylamide (154 mg). MS (ESI2) m/z: 413 (M512). 15HAMS
(ESI2) for Ci/9540F2N203S2(MH2): calcd., 413.08051; found, 
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(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[6-difluoromethoxy]benzo[d]thia

zol-2-yl]acrylamide, 5 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-fluorobenzo[d]thiazol-2-yl)a

crylamide, 2-methylethyl 

2-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}benzo[d]thiazol-6-carbo10 

xylic acid, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(thiazolo[5,4-b]pyridin-2-yl)ac

rylamide, 

(E)-N-(5-butoxythiazolo[5,4-b]pyridin-2-yl)-2-(4-(cyclopropyls

ulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,

4-b]pyridin-2-yl)acrylamide, and ethyl 

2-{2-[(R)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-

5-yloxy}acetate. 

[0034] 

(18) The compound according to (1), or a pharmaceutically acceptable 

salt thereof, selected from the group consisting of (E)-3-[(1α, 25 

413.08048. 151 NMR (400 MHz, CDC13) 6 1.82-2.01 (m, 2H), 2.07-2.25
(m, 2H), 2.48-2.60 (m, 1H), 3.25 (s, 3H), 4.84-5.08 (m, 2H), 7.83 (d, J =
10.4 Hz, 1H), 7.21 (brs, 1H), 7.47 (d, J = 8.6 Hz, 2H), 7.51 (d, 20J = 3.1
Hz, 1H), 7.94 (d, J = 8.6 Hz, 2H), 12.4 (brs, 1H). [0086] Example 6
Compounds 2A to 62A of the present invention were produced according
to the same procedure as in Example 5.
25InthefollowingIables,theopticalrotationsofthecompounds 7A, 8A, 40A,
41A, 53A, and 54A of the present invention were measured us
ingmethanol as a solvent, and the optical rotations of the compounds 51A
and 52A of the present invention were measured using dichloromethane.
The optical rotations of the rest of the compounds 5 of the present
invention were measured using chloroform. [0087] [Chemical formula 13]
[0088] 10[Table 1]  Compound No  Structure (A) 1H NMR (400 MHz)MS
Cm/z) P11"I rotation    (C0C13)61.93-2.15 (m, 4H), 238-2.48 (m, 1H)
ESI+) 431.1    N 3.17 (s, 3H), 4.75-4.80 (m, 1H), 4.88-4.93 (in, 1H), MN+)
.....,u3.... F 6.99 (d, J r- 2.5 Hz, 1 H), 7.25 (d, J = 9.2 Hz, 1H)   2A  S 
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3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th

iazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(5-

methylpyrazin-2-yl)acrylamide, and (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(1-

methyl-1H-pyrazol-3-yl)acrylamide. 

[0035] 

(19) The compound according to (1), or a pharmaceutically acceptable 

salt thereof, selected from the group consisting of (E)-3-[(1α, 10 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(1-methyl-1H-pyrazol-3-yl)acrylamide. 

[0036] 

 (20) A method for treating or preventing diabetes, comprising 

administering the compound according to any of (1) to (19) or a 20 

pharmaceutically acceptable salt thereof. 

[0037] 

 (21) Use of a compound according to any of (1) to (19) or a 

pharmaceutically acceptable salt thereof for manufacturing a 

pharmaceutical for treatment or prevention of diabetes. 25 

7.45 (d, J = 8.6 Hz, 211), 8.08 (d, J = 8.6 Hz, 2H),      8.13(s, 1H).
(DMSO-d6)a1.80-2.00 (m, 2H), 2.04-2.25 (m. ESI+) 447.1    N 2H).
2.47-2.70 (in, 1H), 3.25 (s, 3H), 4.78-5.12 (m, M11+)           a 2H), 6.88 (d.
J = 10.4 Hz, 1H), 7.47 (d, J = 8.6 Hz.   3A   
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[0038] 

 (22) A pharmaceutical composition, comprising the compound 

according to any of (1) to (19), or a pharmaceutically acceptable 

salt thereof, and a pharmaceutically acceptable carrier. 

[0039] 5 

 (23) A compound represented by the general formula (2): 

[0040] 

[Chemical formula 5] 

 

[0041] 10 

(wherein R1 and R2 are each independently a hydrogen atom, a halogen 

atom, an amino group, a hydroxyl group, a hydroxyamino group, a 

nitro group, a cyano group, a sulfamoyl group, a C1 to C6 alkyl group, 

a C1 to C6 alkoxy group, a C1 to C6 alkylsulfanyl group, a C1 to C6 

alkylsulfinyl group, a C1 to C6 alkylsulfonyl group, or a C1 to C6 15 

alkoxy-C1 to C6 alkylsulfonyl group). 

[0042] 

 (24) The compound according to (23), wherein R1 is a hydrogen 

atom, and R2 is a cyclopropylsulfonyl group. 

[0043] 20 

 (25) The compound according to (23), wherein R1 is a hydrogen 

atom, and R2 is a methylsulfonyl group. 

2H), 7.56 (s, 1H). 7.94 (d, J = 8.6 Hz, 2H), 12.7 Cs.      1H).
(CDC13)a1.71-2.18(m,4H),2.30(s,3H), ESI+) 427.1    rjMe 2.35-2.48 (m,
111), 3.18 (s, 3H), 4.71-4.95 (m, 2H), MN+)   4A  1 6.57 (d, J = 12 Hz,
1H), U7 (d, J = 10.4 Hz, 1H),      7.43-7.48(m,211),8.05-8.10 (m,2H),8.36
(brs,      
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ADVANTAGES OF THE INVENTION 

[0044] 

 According to the present invention, compounds having an 

excellent GK activating or hypoglycemic effect and few side effects 

(such as Q-T interval prolongation (relating to hERG current 5 

suppression) and insulin-induced hypoglycemia) are provided, and 

therefore pharmaceuticals excellent for the treatment or prevention 

of diabetes, obesity, and the like can be provided. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0045] 10 

 The term “halogen atom” refers to a fluorine atom, a chlorine 

atom, a bromine atom, or an iodine atom. 

[0046] 

 The term “C1 to C6 alkyl group” is a linear or branched alkyl 

group having 1 to 6 carbon atoms or a cyclic alkyl group having 15 

3 to 6 carbon atoms.  Examples of the C1 to C6 alkyl group include 

a methyl group, an ethyl group, a propyl group, an isopropyl group, 

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

group, a cyclopropyl group, and a cyclobutyl group. 

[0047] 20 

 The term “C1 to C6 alkoxy group” is a linear or branched alkoxy 

group having 1 to 6 carbon atoms or a cyclic alkoxy group having 

3 to 6 carbon atoms.  Examples of the C1 to C6 alkoxy group include 

a methoxy group, an ethoxy group, a propoxy group, an isopropoxy 

group, a butoxy group, an isobutoxy group, a sec-butoxy group, a 25 

1H).      (C0C13)a1.92-2,19 (m, 4H), 2.35-2.48 (m, 1H) ESI) 427.1    N
2.41 (d, J = 1.2 Hz, 3H), 3.17 (s, 3H), 4.72-4.95 (m,'MH+)     Me 2H), 7.04
(d, J = 12 Hz, 1H), 725 (d, J = 11.0 Hz,   5A
111),7.44-7.47(m,2H),8.04-8.10(m,2H),8.3      rbrs. 1H).      
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tert-butoxy group, a cyclopropoxy group, and a cyclobutoxy group. 

[0048] 

 The term “C1 to C6 alkylsulfanyl group” is a linear or branched 

alkylsulfanyl group having 1 to 6 carbon atoms or a cyclic 

alkylsulfanyl group having 3 to 6 carbon atoms.  Examples of the 5 

C1 to C6 alkylsulfanyl group include a methylsulfanyl group, an 

ethylsulfanyl group, a propylsulfanyl group, an isopropylsulfanyl 

group, a butylsulfanyl group, an isobutylsulfanyl group, a 

sec-butylsulfanyl group, a tert-butylsulfanyl group, a 

cyclopropylsulfanyl group, a cyclobutylsulfanyl group, and a 10 

cyclopentylsulfanyl group. 

[0049] 

 The term “C1 to C6 alkylsulfinyl group” is a linear or branched 

alkylsulfinyl group having 1 to 6 carbon atoms or a cyclic 

alkylsulfinyl group having 3 to 6 carbon atoms.  Examples of the 15 

C1 to C6 alkylsulfinyl group include a methylsulfinyl group, an 

ethylsulfinyl group, a propylsulfinyl group, an isopropylsulfinyl 

group, a butylsulfinyl group, an isobutylsulfinyl group, a 

sec-butylsulfinyl group, a tert-butylsulfinyl group, a 

cyclopropylsulfinyl group, a cyclobutylsulfinyl group, and a 20 

cyclopentylsulfinyl group. 

[0050] 

 The term “C1 to C6 alkylsulfonyl group” is a linear or branched 

alkylsulfonyl group having 1 to 6 carbon atoms or a cyclic 

alkylsulfonyl group having 3 to 6 carbon atoms.  Examples of the 25 

0DC13) 61.43 (s, 3H), 1.47 (s, 3H), 1.96-2.20 (m, ESI+) 513.1 Hi    4H),
2.37-2.49 (m, 1H), 3.19 Cs, 3H), 3.93 (dd, JMH+)     MeMe      is.
7.9,6.7Hz,1H), 4.27(dd. J= 7.9,6.7Hz,1H)     00       (m, 1H), 4.87-4.93 (m,
1H), 5.07 (t, J .74-4.80   6A        
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C1 to C6 alkylsulfonyl group include a methylsulfonyl group, an 

ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl 

group, a butylsulfonyl group, an isobutylsulfonyl group, a sec- 

butylsulfonyl group, a tert-butylsulfonyl group, a 

cyclopropylsulfonyl group, a cyclobutylsulfonyl group, and a 5 

cyclopentylsulfonyl group. 

[0051] 

 The term “C1 to C6 alkoxy-C1 to C6 alkylsulfonyl group” is a 

linear or branched alkylsulfonyl group having 1 to 6 carbon atoms 

that is substituted with a linear or branched alkoxy group having 10 

1 to 6 carbon atoms or with a cyclic alkoxy group having 3 to 6 

carbon atoms.  Examples thereof include a methoxymethylsulfonyl 

group, a methoxyethylsulfonyl group, a methoxypropylsulfonyl group, 

an isopropoxymethylsulfonyl group, and a cyclopropoxy 

methylsulfonyl group. 15 

[0052] 

 The term “heteroaryl group” is a five- or six-membered 

heteroaromatic ring containing 1 to 3 heteroatoms selected from 

a sulfur atom, an oxygen atom, and a nitrogen atom as the constituent 

atom of the ring, and the heteroaromatic ring may optionally form 20 

a fused ring with a benzene ring or a five- or six-membered 

heteroaromatic ring.  Preferred examples of the heteroaryl group 

include a group in which the heteroaromatic ring contains 1 to 3 

heteroatoms selected from a sulfur atom, an oxygen atom, and a nitrogen 

atom and in which one of the heteroatoms is a nitrogen atom adjacent 25 

6.7 Hz, 111), 6.94 (s, 1H), 726 (d, J = 11.0 Hz, 1 1-1),     N       7.46 (d, J =
8.0 Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H)      :39 (s, 1H).    1       [0089] [Table
2]    MeMe , 2C. 00 0D013) a 1.43 (s, 3H), 1.47 (s, 3H), 1.96-2.20 (m,H),
2.37-2.49 (m, 1H), 3.19 (s, 3H), 3.93 (dd, J 7.9,6.7Hz,1H), 4.27(dd,J=7.9,
6.7Hz,1H), (ESL+) (MH+) 513.1 
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to a ring-connecting atom.  The ring-connecting atom is an atom in 

the ring that is involved in the bond to the nitrogen atom in the 

amide group, and a carbon atom is preferred as the ring-connecting 

atom. 

[0053] 5 

 Preferred examples of the heteroaryl group include a thiazolyl 

group, a thiadiazolyl group, a pyrazolyl group, a pyridyl group, 

a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, an 

oxazolyl group, an isoxazolyl group, an imidazolyl group, a triazinyl 

group, a benzothiazolyl group, a benzoxazolyl group, a 10 

benzimidazolyl group, a pyridothiazolyl group, and a quinolinyl 

group.  More preferably, the heteroaryl group is a thiazolyl group, 

a pyrazolyl group, a pyrazinyl group, a pyridyl group, a 

thiazolo[5,4-b]pyridinyl group, a thiadiazolyl group, or a 

pyridothiazolyl group. 15 

[0054] 

 Preferably, the “substituted or unsubstutited heteroaryl 

group” in A is an unsubstituted or mono-substituted heteroaryl group.  

Examples of the substituent include: halogen atoms; C1 to C6 alkyl 

groups optionally substituted with a halogen atom or a hydroxyl 20 

group (such as a methyl group, a tert-butyl group, a cyclopropyl 

group, a fluoroethyl group, a difluoromethyl group, and a 

1,2-dihydroxyethyl group); C1 to C6 alkoxy groups optionally 

substituted with a halogen atom or a hydroxyl group; C1 to C3 alkoxy-C1 

to C3 alkoxy groups; C1 to C3 alkoxycarbonyl-C1 to C3 alkoxy groups; 25 

C-)     .74-4.80 (m, 1H), 4.87-4.93 (m, 1H), 5.07 (t, J =-            7A          N
6.7 Hz, 1H), 6.94 (s, 1H), 726 (d, J = 11.0 Hz. 1 H),        7.46 (d, J = 8.0
Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H),     
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C1 to C3 alkoxycarbonyl-C1 to C6 alkylsulfanyl groups; C1 to C6 

alkylsulfanyl groups; C1 to C6 aminoalkylsulfanyl group optionally 

substituted with a C1 to C3 alkyl group; C1 to C6 alkylsulfanyl-C1 

to C6 alkoxy groups; aryl groups (such as a phenyl group), heteroaryl 

groups; aliphatic heterocyclyl groups optionally substituted with 5 

a C1 to C6 alkyl group (such as a morpholino group and a dioxolyl 

group); aliphatic heterocyclylcarbonyl groups; aliphatic 

heterocyclylsulfonyl groups; aliphatic heterocyclyl-C1 to C3 alkyl 

groups; aliphatic heterocyclyl-C1 to C3 alkoxy group; aliphatic 

heterocyclyloxy-C1 to C3 alkoxy groups; aminosulfonyl groups 10 

optionally substituted with a C1 to C3 alkyl group; C1 to C6 

hydroxyalkylsulfanyl groups; a nitro group; a cyano group; groups 

represented by the formula of 

-(O)p(CH2)mC(O)OR
3 

(wherein R3 is a hydrogen atom, a C1 to C6 alkyl group, or a C1 to 15 

C3 alkoxy-C1 to C3 alkyl group, m is an integer of 0 to 2, and p 

is 0 or 1); and groups represented by the formula of 

-(CH2)mP(O)R
4R5 

(wherein R4 and R5 are each independently a hydroxyl group, a C1 

to C3 alkyl group, or a C1 to C3 alkoxy group, and m is an integer 20 

of 0 to 2). 

[0055] 

 Examples of the pharmaceutically acceptable salt include salts 

of inorganic and organic acids such as hydrochloric acid, hydrobromic 

acid, nitric acid, sulfuric acid, phosphoric acid, citric acid, 25 

8.40 (s, 1H).        CD013)a1.93-2.19(m,4H),2.36(brs,1H), ESL+) 437.1 ( +)
HO 01.1 2.40-2.52 (m, 1H), 3.07-3.14 (m, 1H), 3.18 (s, 3H) MH+)     N
3.69-3.84 (al, 2H), 4.67-4.74 (m, 1H), 4.74-4.82 (m,   8A  \  1H), 4.86-4.96
(m,1H), 6.91(s, 1H), 7.24 (d, .1       11.2 Hz, 1H), 7.46 (d, J = 8.6 Hz,
11-1), 8.08 (d, J  
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formic acid, maleic acid, acetic acid, succinic acid, and tartaric 

acid. 

[0056] 

 Specific examples of the compound according to the present 

invention include the following compounds and pharmaceutically 5 

acceptable salts thereof. 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, 

(E)-N-(5-chlorothiazol-2-yl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(4

-methylthiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(515 

-methylthiazol-2-yl)acrylamide, (+)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-420 

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(+)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-

2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-25 

8.6 Hz, 2H), 8.75 (s, 1H)       C00I3)a1.93-2.19(m,4H),2.36(brs,1H) ESI+)
437.1 (-)   HO 0        2.40-2.52 (m, 1H), 3.07-3.14 (m, 1H), 3.18 (s, 3H)
MH+)     N  3.69-3.84 (m, 2H), 4.67-4.74 (m, 1H), 4.74-4.82 (m   9A    1H),
4.86-4.96 (m,1H), 6.91(s,1H), 7.24 (d, J  
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2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-N-[4-tert-butylthiazol-2-yl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{45 

-[2-(tetrahydro-2H-pyran-2-yloxy)ethyl]thiazol-2-yl}acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2-hydroxyethyl)thiazol-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)thiaz10 

ol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazine-1-ylsulf

onyl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(115 

,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(3

-methyl-1,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-(3-methoxy-1,2,4-thiadiazol-5-y

l)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yridin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluoropyridin-2-yl)-2-(4-(me25 

11.2 Hz, 1H), 146 (d, J = 8.6 Hz, 1H), 8.08 (d, J       8.6 Hz, 2H). 8.75 (s,
1H)       CDCI3)81.26(s,9H),1.90-2.19(m,4H) ESI+) 469.1     1-13u
2.37-2.52 (m, 1H), 3.18 (s, 3H), 4.71-4.96 (m, 2H). MH+)   10A         N X   
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thylsulfonyl)phenyl)acrylamide, 

(E)-N-(5-chloropyridin-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[55 

-(methylthio)pyridin-2-yl]acrylamide, 

(E)-N-(5-cyclopropylpyridin-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl)10 

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid

in-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yrazin-2-yl)acrylamide, (E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)-2-(4-(met

hylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)-2-(4-(m20 

ethylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 25 

6.58 (s,1H), 7.19 (d, J = 10.4 Hz, 1H), 7.44-7.49       m, 2H), 8.05-8.11 (m,
2H), 8.46 (brs, 1H).       CDCI3)a1.42-1.85 (m, 6H), 1.90-2.19 (m, 4H)
ESI+) 541.2      .36-2.49 (m, 1H), 2.91 (t, J = 6.7 Hz, 2H), 3.18 (s MH+)
H), 3.41-3.50 (m, 1H), 3.65 (td, J = 9.8, 6.7 Hz  11A    1H),
3.71-3.81(m,1H), 3.97 (td, J = 9.8, 6.7 Hz,  
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4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-

yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{55 

-[2-(methylthio)ethoxy]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-hydroxyethylthio)pyrazin-

2-yl]acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{510 

-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]pyrazin-2-yl}acrylamid

e, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-

yl)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo15 

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl 25 

N   1H), 4.57 (t, J = 4.3 Hz, 1H), 4.72-4.95 (m, 2H),       6.71 (s, 1H), 7.25
(d, J = 9.8 Hz, 1H), 7.44-7.48 (m,       2H). 8.08 (d, J = 7.9 Hz, 2H), 8.43
(brs, 1H).    [0090] [Table 3]  12A OH CDCI3)81.91-2.19 (m, 4H),
2.36-2.50 (m, 1H) ESI+)457.1 2.55 (brs, 1H), 2.85 (t, J = 5.5 Hz, 2H), 3.18
(s, 3H) MH+) 3.85 (q, J = 5.5 Hz, 2H), 4.72-4.96 (m, 2H), 6.69 (s 1H), 7.25
(d, J = 11.6 Hz, 1H), 7.44-7.49 (m, 2H) 8.06-8.11 (m, 2H), 8.48 (brs, 1H).
13A N ......k.3. ,...,NMe     ,S4.0 Sor (0D013)a1.93-2.19 Cm. 4H),
2.41-2.54 (m, 1H) ES1+)520.1  2.79 (s, OH), 3.18 (s, 3H), 4.74-4.97 (m,
2H), 7.31 MW-) (d, J = 10.4 Hz, 1H), 7.45-7.49 (m, 2H), 7.83 (s 1H),
8.07-8.12 (m, 2H), 8.67 (brs, 1H).  14A rNMe N-5.....,.3 
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5-{(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl

amide}pyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl

amide}pyrazin-2-yl)methylphosphonate, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[1-methyl-1H-pyrazol-3-yl]-2-(4

-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-ethyl-1H-pyrazol-3-yl]-2-(4-

(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(difluoromethyl)-1H-pyrazol-10 

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-fluoroethyl)-1H-pyrazol-3

-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[1

-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]acrylamide, (E)-3-[(1α, 15 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 20 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox25 

'S.P40 0 (nM30-d6)a182-1.99 Cm, 2H). 2.10-2.20 (m. ESI+)575.1
2H).2.39-2.41(m,4H),2.51-2.65(m,1H) MH+) 2.90-3.00 (m, 4H), 3.26 (s,
3H), 4.86-4.95 (m, 1H), 5.00-5.07 (m, 1H), 6.95 (d, J = 10.4 Hz, 1H), 7.48
d, J = 7.9 Hz, 2H), 7.95 (d, J = 8.6 Hz, 2H), 8.02 (s, 1H), 13.1 (s, 1H)-
15A  0003)51.93-2.22 (m, 4H), 2.42-2.56 (m, 1H). ESI+)414.1 3.19 (s,
3H), 4.75-4.97 Cm, 2H), 7.32-7.38 (m, 1H), MH+) 7 46-7 50 (m, 2W,
8.11(dd, J = 8.6, 1.8 Hz, 2H). 8.29 (d, J = 1.2 Hz, 1H), 8.91-9.05 (m, 1H).
N -;\ _J, N S   16A Me N-( .....4. r N S CDCI3)61.92-2.20 (m, 4H),
2.39-2.56 (m, 1H), ESI+)428.1 2.51(s, 3H), 3.18 (s, 3H), 4.73-4.97 (m,
2H), 7.3" MH+) d, J = 10.4 Hz, 1H), 7.44-7.50 (m, 2H), 8.08-8.1  m, 2H),
8.76 (brs, 1H).  17A Et N-- .--htst,N 00013) a1.33 (t, J = 7.9 Hz, 3H),
1.94-2.20 (m, ESI )442.1  H), 2.42-2.55 (m, 1H), 2.85 (q, J = 7.9 Hz, 2H),
MH+) 3.20 (s, 3H), 4.75-4.98 (m, 2H), 7.35 (d, J = 10., Hz, 1H), 7.45-7.51
(m, 2H), 8.09-8.14 (m, 2H), 8.7. brs, 1H).  18A OMe CD0I3)51.93-2.18 (m,
4H), 2.42-2_52 (m, 1H), ESI+)444.1
3.18(s,3H),4.01(s,3H),4.74-4.83(m,1H), MH+) 
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olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2S)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)-2-(4-(methylsul

fonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[6-(difluoromethoxy)benzo[d]thi

azol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 

3α, 15 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,

4-b]pyridin-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, ethyl 

(E)-2-{2-[(R)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-

2-yloxy}acetate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 20 

3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)acrylamid

e, 

(E)-N-(5-bromothiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)-

3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 25 

.88-4.96 (m, 1H), 7.32 (d, J =10.4 Hz, 1H), 7.46 (d, J = 7.9 Hz, 2H), 8.10
(d, J = 8.6 Hz, 2H), 8.74 Cs 1H).   N -( ...--4 t,N S    [0091] [Table 4]  19A q
(0D013)61.90-2.20 (m, 4H), 2.37-2.46 (m, 1H) 3.16 (s, 3H), 4.70-4.82 (m,
1110, 4.88-4.93 (m, 1H) 7.06 (dd, J = 6.7, 4.9 Hz, 1H). 7.13 (d, J = 10.4
Hz, 1H), 7.48 (d, J = 7.9 Hz, 2H), 7.64 (s, 1H), 7.74 (t, J ESI+) MH+) 407.2
= 7.9 Hz, 1H), 8.06 (d, J = 8.6 Hz, 211), 8.21 (d, J =      3.7 Hz, 1H), 8.30
(d, J = 7.9 Hz, 1H).      (CDCI3)a1.91-2.19 (m, 4H), 2.35-2.50 (m,
1FIYES1+)  425.1    3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.13 (d, J = 104MH+)



 

 35 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(4-methylthiazol-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylthiazol-2-yl)acrylamid

e, (+)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]acrylamide, 

(-)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]acrylamide, 10 

(E)-N-(4-tert-butylthiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phe

nyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazin-1-ylsulfo

nyl)thiazol-2-yl]acrylamide, methyl 15 

3-{2-[(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazol-4-yl] propionate, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1,2,4-thiadiazol-5-yl)acrylami

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-(3-methyl-1,2,4-thiadiazol-5-yl

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-phenyl-1,2,4-thiadiazol-5-yl25 

20A  Hz,1H),7.43-7.51(m,3H),7.64(brs,1H)     8.04-8.10 (m, 3H), 8.32 (dd,
J = 9.2, 4.3 Hz, 1H).      CDC13)51.92-2.20 (m, 4H), 2.36-2.50 (m, 1H)
ES1+) 441.1    .16 (s, 3H), 4.72-4.95 (m, 2H), 7.13 (d, J = 11.0(MH+)
Hz, 1H). 7.44-7.51 (m, 211), 7.64 (brs, 1H), 7.70 (dd,   21A       = 8.6, 2.4
Hz, 1H), 8.04-8.10 (m, 2H), 8.16 (d, J =     
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)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(pyridin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyridin-2-yl]acr

ylamide, 5 

(E)-N-(5-cyclopropylpyridin-2-yl)-2-(4-(cyclopropylsulfonyl)ph

enyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl]

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid

in-2-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(pyrazin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)acrylami20 

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyrazin-2-yl]acr

ylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

1.8 Hz, 1H), 8.29 (d, J = 9.8 Hz, 1H).    H ,nne13)6192-2.19 (m, 4H),
2.35-2.47 (m, 1H),I(ESIH-) 453.1    2.47 (s, 3H), 3.16 (s, 3H), 4.72-4.95
(m, 2H), 7.12 MH+)     d, J = 10.4 Hz, 111), 7.45-7.50 (m, 2H), 7.62 (brs,
22A  1H), 7.66 (dd. J = 8.6, 2.4 Hz, 1H), 8.04-8.09 (m,     2H), 8.13 (d, J =
1.8 Hz, 1H), 8.25 (d, J = 8.6 Hz,     1H).     CDC13)60.61-0.71 (m, 2H),
0.94-1.04 (m, 2H). ESI+) 447.2    1.77-1.90 (m, 1H), 1.91-2.19 (m, 4H),
2.33-2.48 (m. MH+)  
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4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-

yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl5 

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(methylthio)ethoxy]pyrazi

n-2-yl}acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(tetrahydro-2H-pyran-2-yl10 

oxy)ethoxy]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-

yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo15 

lan-4-yl]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

azin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr

azin-2-yl}acrylamide, diethyl 25 

1H), 3.16 (s, 3H), 4.70-4.95 (m, 2H), 7.11(d, J   23A
10.4Hz,1H),7.35(dd,J=8.6,2.4Hz,1H),     7.44-7.50 (m, 211), 7.59 (brs,
11-), 8.01(d, J = 2..     Hz, 1H), 8.09-8.08 (m, 9H), 8.18 (d, I = 8.6 H.111).
= (CDCI3)61.70 (t, J = 5.8 Hz, 111), 1.90-2.30 (m,(ESI+) 437.1    4H),
2.40-2.47 (m. 1H), 3.16 (s, 3H), 4.69 (d, J = 5.8(MH+)     Hz, 2H),
4.74-4.80 (m, 1H), 4.87-4.93 (m, 1H), 7.13   24A 
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5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl phosphonate, 

diethyl (5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl 

methylphosphonate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 5 

3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-methyl-1H-pyrazol-3-yl)acryl

amide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-ethyl-1H-pyrazol-3-yl)acryla

mide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(1-(2-fluoroethyl)-1H-pyrazol-3

-yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-

3-yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 15 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 20 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-125 

(d. J = 10.4 Hz, 1 H), 7.48 (d, J = 8.6 Hz, 1H), 7.68     (s, 1H), 7.76 (dd, J
= 8.6 Hz, 2.4 Hz, 1H), 8.06 (d, J     = 8.6 Hz, 2H), 8.20 (d, J = 2.4 Hz, 1H),
8.30 (d, J =     8.6 Hz, 11-1).    [0092] [Table 5] 25A SO2NMe2 ? ,
(CDCI3)6'1.90-2.17 (m, 4H), 2.40-2.50 (m, 1H) 2.73 (s, 6H), 3.17 (s, 3H),
4.75-4.81 (m, 1H) 4.90-4.95 (m, 1H), 7.17 (d, J = 10.4 Hz, 1 H), 7.49 'd, j =
8.0 Hz, 211O, 7.87 (s, Ill), 8.06-8.10 (in, 3H) 8.47 (d, J = 9.8 Hz, 1H), 8.59
(d, J = 2.4 Hz, 1H). ES1+)514.1 MH+)    (CDCI3)ri1.95-2.14 (m, 4H),
2.39-2.50 (m, 1H) ESI+)408.1    3.16 (s, 3H), 4.75-4.95 (m, 2H), 7.18 (d, J
= 10. MH+)    
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H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)acrylamide, 

(E)-N-(benzo[d]thiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)

-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)10 

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[6-difluoromethoxy]benzo[d]thia

zol-2-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-fluorobenzo[d]thiazol-2-yl)a15 

crylamide, 2-methylethyl 

2-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}benzo[d]thiazol-6-carbo

xylic acid, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(thiazolo[5,4-b]pyridin-2-yl)ac20 

rylamide, 

(E)-N-(5-butoxythiazolo[5,4-b]pyridin-2-yl)-2-(4-(cyclopropyls

ulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.57 (brs, 1H),  26A _ ? =     8.08 (d, J =
8.0 Hz, 2H), 8.19 (d, J = 1.8 Hz, 1H),    8.37 (d, J = 2.5 Hz, 1H), 9.63 (d, J
= 1.2 Hz, 1H).     CDCI3)51.94-2.18 (m, 4H), 2.37-2.50 (m, 1H),
ESI+)422.1   NMe 2.53 (s, 3H), 3.16 (s, 3H), 4.73-4.94 (re 1H), 7.16,MH+)
27A 6 l' ,,?rsi%  d, J = 10.4 Hz, 1I-1), 7.49 (d, J = 8.6 Hz, 2H), 7.50 (brs,
1H), 8.05 (d, J a 1.2Hz, 2H), 8.08 (d, J = 8.7     Hz, 2H), 9.49 (d, J = 1.2
Hz, 1H).     CDCI3)61.31 (t, J = 7.3 Hz, 3H), 1.93-2.20 (m, ESI+)436.2 
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4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,

4-b]pyridin-2-yl)acrylamide, ethyl 

2-{2-[(R)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-

5-yloxy}acetate, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th

iazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(5-

methylpyrazin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(1-10 

methyl-1H-pyrazol-3-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(1-methyl-1H-pyrazol-3-yl)acrylamide. 

[0057] 

 The compound represented by the general formula (1) of the 

present invention can be produced by, for example, the following 20 

production process with the compound represented by the general 

formula (2) as an intermediate: 

[0058] 

[Chemical formula 6] 

NEl H), 2.37-2.51(m, 1H), 2.82 (q, J = 7.3 Hz, 2H), MH+)    3.16 (s, 3H),
4.71-4.96 (m, 2H), 7.16 (d, J = 11  28A     N
1H),7.46-7.51(m,2H),7.52(brs,1H),    8.04-8.10 (m, 3H), 9.51 (d, J = 1.2
Hz, 1H).    0 m 0 )7?\ z z \==c CDCI3)61.92-2.20 (m, 4H), 2.37-2.48 (re
1H) ,ES1+)438.1    .15(s,3H),4.00(s,3H),4.74-4.80(m,1H),(MH+)
.89-4.93 (m, 1H), 7.15 (d, J = 10.4 Hz, 1 H), 7.42   29A 
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[0059] 

(wherein R1, R2, and A are as defined above). 

 In this process, the compound represented by the general 

formula (2) is reacted with a heteroarylamine in the presence of 5 

a suitable reagent to produce the compound represented by the general 

formula (1). 

[0060] 

 This reaction may be performed using an appropriate method 

such as a method using a general condensation agent, the active 10 

ester method, the mixed anhydride method, the acid halide method, 

or the carbodiimide method.  Examples of the reagent used in the 

above reaction include thionyl chloride, oxalyl chloride, 

N,N’-dicyclohexylcarbodiimide, N,N’-diisopropylcarbodiimide, 

1-methyl-2-bromopyridinium iodide, N,N’-carbonyldiimidazole, 15 

diphenylphosphoryl chloride, diphenylphosphoryl azide, 

N,N’-disuccinimidyl carbonate, N,N’-disuccinimidyl oxalate, 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 

ethyl chloroformate, isobutyl chloroformate, 

benzotriazo-1-yl-oxy-tris(dimethylamino)phosphonium 20 

hexafluorophosphate, and N-bromosuccinimide/triphenylphosphine.  

s, 1H), 7.48 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 1.8 Hz     H), 8.07 (d, J = 8.6
Hz, 2H), 9.11 (d. J = 1.8 Hz     H).     CDCI3) 61.35 (d, J = 6.1 Hz, 6H),
1.98-2.15 (m (ESI+)466.2    4H), 2.36-2.47 (m, 1H), 3.16 (s, 3H),
4.74-4.79 (m (MH+)   NMe ,.s.".0      1H), 4.87-4.92 (m, 1H), 5.26 (sep, J =
6.1Hz, 1H)   30A .....4 ...,,JMe N 7.15 (ri. LI = 10.4 117, 1H).38 Ks, 1H),
7.48 (d, J =   
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In this process, a base and a condensation aid may be used together 

with the above reagent.  Any base can be used in this process, so 

long as it is not involved in the reaction.  The reaction can be 

performed in the presence of such a base.  Examples of the base 

include: alkali metal alkoxides such as sodium methoxide and sodium 5 

ethoxide; alkali metal hydrides such as sodium hydride and potassium 

hydride; alkali metal organic bases such as n-butyllithium, lithium 

bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide, and 

potassium bis(trimethylsilyl)amide; tertiary organic bases such 

as triethylamine, diisopropylethylamine, pyridine, 10 

N-methylmorpholine, imidazole, N-methylpyrrolidine, 

N-methylpiperidine, 1,5-diazabicyclo[4.3.0]non-5-ene, and 

1,8-diazabicyclo[5.4.0]undec-7-ene; and inorganic bases such as 

potassium carbonate and sodium hydrogen carbonate.  Examples of the 

condensation aid include N-hydroxybenzotriazole hydrate, 15 

N-hydroxysuccinimide, N-hydroxy-5-norbornene-2,3-dicarboxyimide, 

3-hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazole, and 

pentafluorophenol.  Any solvent can be used as the reaction solvent, 

so long as it is not involved in the reaction.  Preferred examples 

of such a solvent include: hydrocarbon solvents such as pentane, 20 

hexane, cyclohexane, benzene, toluene, and xylene; halogenated 

hydrocarbon solvents such as dichloromethane, 1,2-dichloroethane, 

chloroform, and carbon tetrachloride; ether solvents such as diethyl 

ether, tetrahydrofuran, and 1,4-dioxane; and aprotic polar solvents 

such as acetonitrile, propionitrile, nitromethane, nitroethane, 25 

.6 Hz, 2H), 7.77 (d, J -= 1.2 Hz, 1H), 8.07 (d, J =     8.6 Hz, 2H), 9.08 (d, J
= 1.2 Hz, 1H).    [0093] [Table 6]  31A N0.........^. ir yOMe -."'".14.#
000I3)a1.93-2.18 (m, 4H), 2.36-2.48 (m, 1H) 3.15 (s, 3H), 3.43 Is, 3H),
3.73-3.76 (m, 2H) 48-4.50 (m, 2H), 4.74-4.93 (m, 2H), 7.15 (d, J 11.4 Hz,
1H), 7.42 (brs, MX 7.48 (dt, J = 8.6, 1.: Hz, 2H), 7.91 (d, J r 1.2 Hz, 1H),
8.08 (dt, J = 8.6 ESI+)482.2 MH+)    1.8 Hz, 2H), 9.09 (d, J = 1.8 Hz, 1H).
CD0I3)81.92-2.19 (m, 6H), 2.35-2.48 (m, 1H) ESI+)496.2    C.16 (s, 3H).
3.35 (s, 3H), 3.53 (t, J = 6.7 Hz, 2H) MH+)    N..................0OMe .40 (t, .1
= 6.7 Hz, 2H), 4.71-4.95 (m, 2H), 7.15 (d  
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N,N-dimethylformamide, N-methylpiperidone, sulfolane, and 

dimethyl sulfoxide.  The reaction typically proceeds smoothly at 

-78°C to 200°C. 

[0061] 

 Furthermore, the compounds represented by the formulae (1) 5 

and (2) of the present invention can also be produced based on the 

following production steps. 

[Formula 7] 

 

(wherein R6 represents an optionally substituted alkoxy group or 10 

an optionally substituted amino group, R7 represents a boric acid 

derivative, a halogen atom, or a trifluoromethanesulfonyloxy group, 

and X represents a halogen atom; R1 and R2 are as defined above) 

[0062] 

(First Step) 15 

 This step is for producing an acrylic acid derivative (4) by 

32A ..- -N = 11.0 Hz, 1H), 7.41 (brs, 1H), 7.45-7.51 Cm, 2F1),     .83 (d, J
= 1.8 Hz, 1H). 8.05-8.10 (m, 2H), 9.09 (d,     = 1.2 Hz, 1H).
CDCI3)61.23 a, .1 = 7.3 Hz, 3H), 1.92-2.19 (m, ESI+)496.2    H),
2.35-2.48 (m, 1H), 3.15 (s, 3H), 3.58 (q, J = 7.3 MH+)   N0.,,,....    33A
'y-,.OR ..I N Hz,2H),3.75-3.81(m,2H),4.44-4.51(m,2H), ' .72-4.94 (m. 2H),
7.15 (d, J r 10.4 Hz, 1H), 7.41     brs,1H), 7.46-7.50 (m, 2H), 7.90 (d, J =
1.2 Hz,  
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reacting the compound represented by the formula (3) with a 

glyoxylaldehyde in the presence of a base.  Examples of the base 

used in this reaction include alkali metal amides such as lithium 

diisopropylamide, lithium bis(trimethylsilyl)amide, sodium 

bis(trimethylsilyl)amide, and potassium bis(trimethylsilyl)amide, 5 

metal hydrides such as lithium hydride, sodium hydride, and potassium 

hydride, potassium carbonate, tert-butoxy potassium, and 

n-butyllithium.  In this reaction, lithium 

bis(trimethylsilyl)amide is preferred. 

 Any solvent can be used as the solvent used in this reaction, 10 

as long as it is not involved in the reaction.  Examples of such 

a solvent include hydrocarbon solvents such as pentane, hexane, 

cyclohexane, benzene, toluene, and xylene, halogenated hydrocarbon 

solvents such as dichloromethane, 1,2-dichloroethane, chloroform, 

and carbon tetrachloride, and ether solvents such as diethyl ether, 15 

tetrahydrofuran, and 1,4-dioxane.  The reaction proceeds smoothly 

at -80°C to 80°C. 

[0063] 

(Second Step) 

 This step is for producing a 20 

3-(3,4-difluorocyclopentyl)-2-halogeno acrylic acid derivative by 

halogenating the 3-(3,4-difluorocyclopentyl)acrylic acid 

derivative represented by the formula (4) obtained in the above 

first step with molecular halogen, and then reacting with the base. 

 Examples of the base used in this reaction include carbonic 25 

1H), 8.05-8.09 (m, 2H), 9.08 (d, J = 1.2 Hz, 1H).
CDCI3)81.94-2.17(m,4H),2.20(s,3H), ESN-)498.1    2.37-2.48 (m, 1H),
2.88 a, J = 6.7 Hz, 2H), 3.16 a, MH+)   _ffNT,..........sme -NI: 3H), 4.51(t, J
= 6.7 Hz, 2H), 4.73-4.81(m,1H), 4.86-4.94 (m, 1H), 7.15 (d, j= 10.4 Hz,
'IHi, 7.42   34A       (s. 1H), 7.48 (d, J = 8.6 Hz, 2H). 7.86 (d, J = 1.2 Hz,
1F1), 8.07 (d. J = 8.0 Hz, 2H), 9.09 (d, J = 1.2 Hz,     1H).  
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acid salts such as sodium carbonate, potassium carbonate, calcium 

carbonate, cesium carbonate, and barium carbonate, or organic bases 

such as triethylamine, diisopropylethylamine, 

N,N,N,N-tetramethylethylenediamine, diazabicyclo[5.4.0]-7- 

undecene, diazabicyclo[4.3.0]-5- nonene, phosphazene bases, and 5 

pentaisopropylguanidine.  However, in this reaction, triethylamine 

is preferred. 

 Any solvent can be used as the solvent used in this reaction, 

as long as it is not involved in the reaction.  Examples of such 

a solvent include hydrocarbon solvents such as pentane, hexane, 10 

cyclohexane, benzene, toluene, and xylene, halogenated hydrocarbon 

solvents such as dichloromethane, 1,2-dichloroethane, chloroform, 

and carbon tetrachloride, and ether solvents such as diethyl ether, 

tetrahydrofuran, and 1,4-dioxane.  The reaction proceeds smoothly 

at -80°C to 80°C. 15 

[0064] 

(Third Step) 

 This step is for producing a 

3-(3,4-difluorocyclopentyl)-2-(substituted phenyl)acrylic acid 

derivative by reacting a compound represented by the formula (6) 20 

with the 3-(3,4-difluorocyclopentyl)-2-halogeno acrylic acid 

derivative represented by the formula (5) obtained in the above 

second step in the presence of a catalyst and a base. 

 In the formula, if R7 is a halogen atom or a 

trifluoromethanesulfonyloxy group, for example, boric acid, 25 

(00013)a1.92-2.20 (m, 4H), 2.37-2.51(m, 1H), ES1+)484.1    3.07 a, J =
5.5 Hz, 11-1), 3.16 (s, 3H), 3.36 (t, J =(MH+)   N.S''',."......OH 5.5 Hz, 2H),
3.92 (q, J = 5.5 Hz, 2H), 4.72-4.96 (m,   35AN 2H), 7.16 (d, J = 10.4 Hz,
1H), 7.44-7.52 (m, 311),    8.08 (d, J = 7.9 Hz, 2H), 8.15 (d, J = 1.8 Hz,
111),    9.40 (d, J = 1.2 Hz, 1H).    [0094] [Table 7]    N ,0 0 N
(00013)a1.51-1.62 (m, 4H), 1.70-1.83 (m, 2H), 2.00-2.13 (m, 4H),
2.37-2.47 (m, 1H), 3.16 (s, 3H), 3.49-3.53 (m, 1H), 3.78-3.82 (m, 1H),
3.82-3.91 (m, 1H), 4.03-4.09 (m, 1H), 4.45-4.56 (m, 1H). 4.68 (t,
ESI+)552.2 MH+)  
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pinacolato diboron or the like can be reacted to convert the compound 

into a boric acid derivative for use in the presence of a palladium 

complex, such as 

1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride, 

and an acetic acid salt, such as potassium acetate.  The thus-obtained 5 

boric acid derivative is used after isolated and purified, or is 

prepared in the reaction system.  As the catalyst used in this 

reaction, tetrakis(triphenylphosphine)palladium, palladium 

acetate, or a palladium complex such as 

1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride, 10 

can be used. 

 As the base used in this reaction, a carbonic acid salt such 

as sodium carbonate, potassium carbonate, calcium carbonate, cesium 

carbonate, and barium carbonate, or an acetic acid salt such as 

potassium acetate and sodium acetate, can be used. 15 

 Any solvent can be used as the reaction solvent, so long as 

it is not involved in the reaction.  Examples of such a solvent 

include: hydrocarbon solvents such as pentane, hexane, cyclohexane, 

benzene, toluene, and xylene; halogenated hydrocarbon solvents such 

as dichloromethane, 1,2-dichloroethane, chloroform, and carbon 20 

tetrachloride; ether solvents such as diethyl ether, tetrahydrofuran, 

and 1,4-dioxane; aprotic polar solvents such as acetonitrile, 

propionitrile, nitromethane, nitroethane, N,N-dimethylformamide, 

and dimethyl sulfoxide; alcohol solvents such as methanol, ethanol, 

1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol, 25 

36A  J = 3.7 Hz, 1H), 4.70-4.80 (m, 1H), 4.87-4.92 (m     1H), 7.15 (d, J =
WA Hz, 1H), 7.42 (s, 1H), 7.48 (d,     J = 8.0 Hz, 2H), 7.89 (d, J = 1.8 Hz,
1H), 8.07 (d, J     = 8.6 HZ, 2H), 9.09 (d, J = 1.8 Hz, 1H).
(pmso-d6)a1.85-2.00 (m, 2H), 2.05-2.25 (m ESI+)468.1   .-4, 2H),
2.52-2.56 (m, 1H), 3.24 (s, 3H), 3.70 (dd, JMH+)   --OH ....iN". 5.5 Hz, 4.9
Hz, 2H). 4.28 (t, J = 4.9 Hz, 2H), 4.85 (t  37A N J = 5.5 Hz, 1H), 4.83-4.95
(m, 1FI), 4.96-5.06 (m, 1H). 6.70 (d, J = 10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz
2H), 7.79 (d, J = 8.6 Hz, 2H), 8.24 (d, J = 1.8 Hz  
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2-methyl-2-propanol, and benzyl alcohol; and water.  One kind of 

solvent, or two or three kinds of solvents in combination, may be 

used.  The reaction proceeds smoothly at -80°C to 150°C. 

[0065] 

 One embodiment of the present invention relates to a 5 

pharmaceutical containing, as an active ingredient, the compound 

represented by the formula (1) or a pharmaceutically acceptable 

salt thereof.  The pharmaceuticals of the present invention have 

a GK activating effect or a hypoglycemic effect and therefore is 

useful for the treatment or prevention of type I diabetes, type 10 

II diabetes, hyperlipemia (hyper LDL cholesterolemia, 

hypertriglyceridemia, and hypo HDL cholesterolemia), obesity, 

insulin resistance, impaired glucose tolerance, metabolic syndrome, 

and the like. 

[0066] 15 

 The pharmaceutical of the present invention may be administered 

orally or parenterally, for example, intrarectally, subcutaneously, 

intravenously, intramuscularly, or percutaneously. 

[0067] 

 The compound of the present invention or a pharmaceutically 20 

acceptable salt thereof may be used as pharmaceuticals in any form 

(for example, a solid composition, a liquid composition, or other 

type of composition).  An optimal form is selected in accordance 

with need.  The pharmaceutical of the present invention can be 

produced by adding a pharmaceutically acceptable carrier to the 25 

1H), 8.75 (d, J = 1.8 Hz, 1H), 10.6 (s, 1H).    00013) a1.49 (s, 3H), 1.52 (s,
3H), 1.92-2.21 (m, ESI+)508.2 (-)  Me?,_ 4H), 2.38-2.52 (m, 1H), 3.16 (s,
3H), 4.01 (dd, JMI-I+)   0"\-- me    Ncse#70133...do e. 8.6,6.1Hz,1H),
4.45(dd,J= 8.6,6.7Hz,1H),   38A 11 _A ne (-nu )5.21 (4.I - al U-11_1)110
r,.:   N J = 10.4 Hz, 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.61 (brs,    1H), 8.08 (d,
J = 7.9 Hz, 2H), 8.38 (d, J = 1.2 Hz,    1H). 9.53 (d, J = 1.2 Hz, 1H).
00013) a1.49 (s, 3H), 1.51 (s, 3H), 1.92-2,21 (m ESI+)508.2 (+) 



 

 48 

compound of the present invention.  More specifically, commonly used 

additives such as excipient, extender, binder, disintegrator, 

coating, sugar-coating agent, pH modifier, and solubilizing agent 

and an aqueous or non-aqueous solvent are added to the compound 

of the present invention, and the mixture can be formed into various 5 

forms such as tablets, pills, capsules, granules, powders, powdered 

drugs, liquid formulations, emulsions, suspensions, and injections 

by any commonly used formulation method. 

[0068] 

 The dose of the compound of the present invention or a 10 

pharmaceutically acceptable salt thereof depends on the type of 

disease, the condition, weight, age, and sex of a patient, the route 

of administration, and the like.  The oral dose for an adult is 

preferably about 0.01 to about 1000 mg/kg body weight/day, and more 

preferably about 0.5 to about 200 mg/kg body weight/day.  This amount 15 

may be administered in a single dose or in divided doses throughout 

the day. 

[0069] 

 If necessary, the compound of the present invention or a 

pharmaceutically acceptable salt thereof may be used together with 20 

one or more compounds other than GK activators.  For example, the 

compound of the present invention or a pharmaceutically acceptable 

salt thereof may be used in combination with one or more of 

anti-obesity agents and antidiabetic (or hypoglycemic) agents 

including sulfonylureas, biguanides, glucagon antagonists, 25 

Met.me , H), 2.38-2.52 (m, 1H), 3.16 (s, 3H), 4.01 (dd, JMH+)   9- A    o
8.6, 6.7Hz,1H), 4.45 (dd, J = 8,6,6.7Hz,1H)   (s) .73-4.97 (m, 2H), 5.21 a,
J = 6.7 Hz, 1H), 7.18 (d  39A ...    N = 104 Hz, 1H), 7.46-7.51 (m, 2H),
7.60 (brs, 1H)    :.06-8.10 (m. 21-1). 8.38 (s, 1H). 9.53 (d, J = 1.2 Hz,
1H).     (cosoo) a1.85-2.05 (m, 2H), 2.08-2.28 (m, 2H),(ESI+) 468.1 C-)
OH 2.56-2.70 (m, 1H), 3.16 (s, 3H), 3.74 (dd, J = 11.6,(MH+)  
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α-glucosidase inhibitors, insulin secretion promoters, insulin 

sensitizers, and the like. 

[0070] 

 Examples of the sulfonylureas include glyburide, glimepiride, 

glipiride, glipizide, chlorpropamide, gliclazide, glisoxepide, 5 

acetohexamide, glibornuride, tolbutamide, tolazamide, carbutamide, 

gliquidone, glyhexamide, phenbutamide, and tolcyclamide.  Examples 

of the biguanides include metformin, phenformin, and buformin.  

Examples of the glucagon antagonists include peptide and non-peptide 

glucagon antagonists.  Examples of the α-glucosidase inhibitors 10 

include acarbose, voglibose, and miglitol.  Examples of the insulin 

sensitizers include troglitazone, rosiglitazone, pioglitazone, and 

ciglitazone.  Examples of the anti-obesity agents include 

sibutramine and orlistat.  The compound of the present invention 

or a pharmaceutically acceptable salt thereof may be administered 15 

simultaneously, sequentially or separately with other antidiabetic, 

hypoglycemic, and anti-obesity agents. 

[0071] 

Example 1 

3-[(1α, 3α, 20 

4α)-3,4-Difluorocyclopentyl]-2-[4-(methylthio)phenyl]acrylic 

acid ethyl ester 

[0072] 

[Chemical formula 8] 

?OH ?(F 5.5Hz,1H),3.85(dd,J=11.6,4.9Hz,1H),   40A N
4.73-4.97(m,3H),6.85(d.J=10.4Hz,1H),     7.53-7.58 (m, 2H), 8.00-8.05 (m,
2H), 8.48 (d, J =     1.2 Hz, 1H), 930 (d, J = 1.8 Hz, 1H).    [0095] [Table 8]
41A OH 'OH (s N (CD30D) 31.86-2.06 (m, 2H), 2.09-2.29 (m, 2H).;ESI+)
2.56-2.71 Cm, 1H), 3.16 (s, 3H), 3.74 (dd, J = 11.6,(MH+)
6.1Hz,1H),3.85(dd,J=11.6,4.9Hz,1H), 4.74-5.01 (m, 3H), 6.86 (d, J = 10.4
Hz, 1H), 7.54-7.58 (m, 2H), 8.00-8.06 (rn, 2H), 8.48 (d, J = 1.2 Hz, 1H),
9.30 (d, J = 1.8 Hz, 1H). 468.1 (+) 42A 0      LI,OEt NF.... if ...y.OR +""..N
(CDCI3)61.36 (t, J = 7.3 Hz, 6H), 1.93-2.22 (m, iH), 2.39-2.53 (m. 1H),
3.17 (s, 3H), 4.15-4.33 (m, H), 4.74-4.97 (m, 2H), 7.21(d, ,.1 = 10.4 Hz,
1H) 
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[0073] 

 (1α, 3α, 

4α)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide 

(2.67 g) was suspended in tetrahydrofuran (10 mL).  Lithium 5 

bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 5.30 

mL) was added to the suspension at -40°C in an argon atmosphere, 

and the mixture was stirred at -40°C for 2 hours.  Subsequently, 

a solution of 2-[(4-methylthio)phenyl]oxoacetic acid ethyl ester 

(1.12 g) in tetrahydrofuran (3.70 mL) was added dropwise to the 10 

reaction mixture cooled to -40°C, and the resultant mixture was 

stirred at -40°C for 2 hours and further stirred at room temperature 

for 18 hours.  Water (10 mL) was added to the reaction mixture, and 

the pH of the mixture was adjusted to 2 with 3 mol/L hydrochloric 

acid.  Tetrahydrofuran was evaporated under reduced pressure, and 15 

the residue was extracted with ethyl acetate (20 mL x 2).  The ethyl 

acetate extracts were combined, washed with saturated brine (10 

mL), dried over anhydrous sodium sulfate, filtrated, and 

concentrated under reduced pressure.  The residue was purified by 

silica gel column chromatography (eluent; hexane : ethyl acetate 20 

= 4:1) to give 3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylthio)phenyl]acrylic 

7.45-7.51(m,2H),7.74(brs,1H),8.06-8.12(m, 2H), 8.71-8.73 (m, 1H), 9.78
(d, J = 1.2 Hz, 1H). (ESI+)544.2 NM+)  43A N0 .....i4-P. " .. NEt0 OB
CDCI3)61.85 (t, J = 7.3 Hz, 6H), 1.98-2.17 (rn, ESI+)558.2  H), 2.39-2.50
(m, 1H), 3.16 (s, 3H), 3.39 (d, JMH+) 21.4 Hz, 2H), 4.06-4.13 (m, 4H),
4.75-4.80 (rn, 1H) d .88-4.94 (m. 1H), 7.18 (d, J = 10.4 Hz, 1H), 7.4' d, J =
8.0 Hz, 2H), 7.57 (s, 1H), 8.08 (d, J = 8.0 Hz, 2H), 8.23 (t, J = 2.4 Hz, 1H),
9.54 (s, 1H).  44A  CDCI3)6191-2.14 (m, 4H), 2.32-2.43 Cm, 1H),
ESI+)410.1 3.i5 is, 3H), 3.76 (s, 3H), 4.71-4.92 Cm, 2H), 6.76(MH+) d, J =
2.5 Hz, 1H), 7.13 (d, J = 10.4 Hz, 1H), 7.26 d, J = 3.7 Hz, 1H), 7.44 (brs,
1H), 7.45 (dt, J = 8.6 1.8 Hz, 2H), 8.03 iclt, J = 8.6, 1.8 Hz, 2H).   _   45A
n_ Nm CDCI3) 61.41 (t, J = 7.3 Hz, 3H), 1.88-2.18 (m, ESI+)424.2 H),
2.30-2.45 (m, 1H), 3.16 (s, 3H), 4.01 (q, J = 7.3 MH+) Hz, 2H), 4.69-4.94
(m, 2H), 6.76 (d, J = 1.8 Hz, 1H), 7.12 (cl, J = 10.4 Hz, 1H), 7.30 (d, J =
2.4 Hz, 1H), 7.43-7.50 (m, 3H), 8.04 (d, J = 8.6 Hz, 1H).  46A
0D0I3)61.93-2.17 (m, 4H), 2.35-2.46 (m, 1H) .16 (s. 3H), 4.72-4.92 (m,
2H), 7.05 (d, J = 3.0 Hz, .. 1H), 7.10 (brs,III), 7.15 id, j = 10.4 Hz, 1H), 7.46
dt, J = 8.0, 1.8 Hz, 21H), 7.71 (d, J = 2.9 Hz, 1H) 8.06 (dt, J = 8.6, 1.8 Hz,
2H). 



 

 51 

acid ethyl ester (1.54 g). 

1H NMR (400 MHz, CDCl3) δ 1.27 (t, J = 7.3 Hz, 3H), 1.30 (t, J = 

7.3 Hz, 3H), 1.84-2.19 (m, 6H), 2.28-2.42 (m, 2H), 2.49 (s, 3H), 

2.50 (s, 3H), 2.55-2.69 (m, 1H), 3.17-3.31 (m, 1H), 4.21 (q, J = 

7.3 Hz, 2H), 4.27 (q, J = 7.3 Hz, 2H), 4.68-5.04 (m, 4H), 6.13 (d, 5 

J = 9.8 Hz, 1H), 7.00 (d, J = 10.4 Hz, 1H), 7.03-7.08 (m, 2H), 7.22-7.25 

(m, 6H). 

MS (ESI+) m/z: 327 (MH+). 

[0074] 

Example 2 10 

3-[(1α, 3α, 

4α)-3,4-Difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid ethyl ester 

[0075] 

[Chemical formula 9] 15 

 

[0076] 

 3-[(1α, 3α, 

4α)-3,4-Difluorocyclopentyl]-2-[4-(methylthio)phenyl]acrylic 

acid ethyl ester (3.00 g) was dissolved in dichloromethane (31 mL).  20 

m-Chloroperoxybenzoic acid (5.37 g) was added to the prepared 

ESI+)446.1 MH+)   ...--N,N.N.....te F     [0096] [Table 9]  47A ....CN....7.-"F
N. ;cow) (d, a1.93-2.15 (m, 4H), 2.34-2.42 (m, 1H) ,ES1+) 3.19 (s, 3H),
4.21 (t, J = 4.9 Hz, 1H), 4.28 (t, J 4.9 Hz, 1H), 4.61 (t, J = 4.3 Hz, 1H),
4.72 a, J = 4.3 Hz, WO, 4.71-4.78 (m, 1H), 4.85-4.90 (m, 1H), 6.81 J = 2.5
Hz, 11-), 7.12 (d, J = 10.4 Hz, 1 H), 7.37 MH-t) 442.1    (d, J = 2.5 Hz, 1H),
7.45-7.47 (m, 1H), 7.46 (d, J     8.0 Hz, 2H), 8.05 (d, J = 8.6 Hz, 2H).
(CDCI3)81.92-2.13 (m, 4H), 2.33-2.46 (m, 2H), ES1+) 478.1    3.10 (s,
3H), 4.52 (q, J = 8.6 Hz, 2H), 4.72-4.92 (m, MH-1)  
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solution cooled in an ice bath, and the mixture was stirred for 

0.5 hours while cooled in the ice bath and further stirred at room 

temperature for 1.5 hours.  Insoluble materials in the reaction 

mixture were removed by filtration, and the filtrate was diluted 

with dichloromethane (42 mL).  The obtained dichloromethane 5 

solution was washed with a 10% aqueous sodium sulfite solution (20 

mL x 2), a saturated aqueous sodium hydrogen carbonate solution 

(20 mL x 2), and saturated brine (20 mL), dried over anhydrous sodium 

sulfate, filtrated, and concentrated under reduced pressure to give 

3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid ethyl ester (3.41 g). 

1H NMR (400 MHz, CDCl3) δ 1.30 (t, J = 7.3 Hz, 3H), 1.31 (t, J = 

7.3 Hz, 3H), 1.86-2.20 (m, 6H), 2.30-2.56 (m, 3H), 3.06 (s, 3H), 

3.10 (s, 3H), 3.35-3.48 (m, 1H), 4.24 (q, J = 7.3 Hz, 2H), 4.29 15 

(q, J = 7.3 Hz, 2H), 4.69-5.10 (m, 4H), 6.29 (d, J = 9.8 Hz, 1H), 

7.09 (d, J = 10.4 Hz, 1H), 7.33-7.38 (m, 2H), 7.48-7.53 (m,2H), 

7.89-7.93 (m, 2H), 7.93-7.97 (m, 2H). 

MS (EI) m/z: 358 (M+). 

[0077] 20 

Example 3 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid methyl ester 

[0078] 25 

.......C.T,T.N..../CF3 2H), 6.94 (d, J = 2.5 Hz, 1H), 7.12 (d, J = 10.4 Hz,
48A N 111), 7.41(d, J = 2.5 Hz, 1H), 7.46 (dt, J = 8.0, 1.:     Hz, 211),
7.51(brs,1H), 8.05 (dt, J = 9.0,1.8 Hz,     2H).     (CDCI3)a1.91-2.16 (m,
4H), 2.33-2.45 (m, 1H), ES1+) 440.1    2.47 (t, J = 5.5Hz, 1H), 3.16 (s,
3H), 3.90 (q, JMN+)     4.89Hz,2H),4.10(dd,J=4.9,6.1Hz,2H),    N
4.72-4.93 (m, 2H), 6.80 (d, J = 2.5 Hz, 1H), 7.12 (d,   49A 
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[Chemical formula 10] 

 

[0079] 

 3-[(1α, 3α, 

4α)-3,4-Difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl5 

ic acid ethyl ester (5.00 g) was suspended in methanol (26 mL).  

A sodium methoxide solution prepared from 460 mg of sodium and 20 

mL of methanol was added dropwise to the obtained suspension at 

room temperature, and the resultant mixture was stirred at room 

temperature for 3 hours.  Methanol was evaporated under reduced 10 

pressure, and the resultant residue was collected by filtration 

and washed with methanol (50 mL) to give (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid methyl ester (3.98 g). 

1H NMR (400 MHz, CDCl3) δ 1.87-2.20 (m, 4H), 2.43-2.58 (m, 1H), 3.10 15 

(s, 3H), 3.78 (s, 3H), 4.69-4.95 (m, 2H), 7.12 (d, J = 11.0 Hz, 

1H), 7.34 (d, J = 7.9 Hz, 2H), 7.96 (d, J = 7.9 Hz, 2H). 

MS (EI) m/z: 344 (M+). 

[0080] 

Example 4 20 

(E)-3-[(1α, 3α, 

J z-- 10.4 Hz, 1H), 7.35 (d, J = 2.5 Hz, 1H), 7.45 (brs,     1H), 7.46 (dt, J =
8.6, 1.8 Hz, 2H), 8.05 (dt, J = 8.0,     1.8 Hz, 2H).
(OD013)81.13(s,6H),1.92-2.16(m,4H),(ES1+) 468.2    2.32-2.42 (m, 111),
3.16 (s, 3H), 3.28 (brs, 1H), 3.91(MH+)   50A ,.....47N.,)LOH N (s, 2H),
4.72-4.80 (m, 1H), 4.84-4.92 (m, 1H), 6.82 (d, J = 2.4 Hz, 1 H), 7.12 (d, J
= 11.0 Hz, 1 H), 7.32     (d, J = 2.4 Hz, 1H), 7.46 (m, 2H), 8.06 (d, J = 7.9
Hz, 1H).     
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4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid 

[0081] 

[Chemical formula 11] 

 5 

[0082] 

 A mixed solution of concentrated sulfuric acid (6.89 mL), 

acetic acid (37.1 mL), and water (22.5 mL) was added to (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl10 

ic acid methyl ester (3.95 g), and the mixture was stirred under 

heating at 103°C (internal temperature) for 3 hours.  After allowed 

to cool, the reaction mixture was evaporated under reduced pressure.  

Water (37 mL) was added to the residue, and the precipitate was 

collected by filtration and washed with water (100 mL).  The collected 15 

precipitate was dissolved in a saturated aqueous sodium hydrogen 

carbonate solution and extracted with dichloromethane (15 mL x 2).  

Concentrated hydrochloric acid was added to the aqueous layer, while 

cooled in an ice bath, to make it acidic.  The resultant precipitate 

was collected by filtration and washed with water (100 mL) to give 20 

(E)-3-[(1α, 3α, 

CDCI3) 81.32 (s, 3H), 1.36 (s, 3H), 1.96-2.11 (m,(ES1+) 510.2 (+)  Me H),
2.33-2.44 (m, 1H), 3.16 (s, 3H), 3.68 (dd, J =(MH+)    O) Me 8.6 Hz,
6.1Hz, 1H), 4.01(dd, J = 8.6 Hz, 6.1Hz,   51A ,..47N...(,---1 N
H),4.06-4.08(m,21-),4.32-4.38(m,1H), 4.71-4.79 (m, 1H), 4.84-4.93 (m,
111), 6.79 (d, J =     2.4 Hz, 1H), 7.11 (d, J = 10.4 Hz, 1H), 7.37 (d, J =
2.4 Hz, 1H), 7.44 (m, 3H), 8.05 (d, J = 6.1 Hz, 2H).     [0097]  [Table 10]
52A Me 0)CMe 171,.. (9-..."O '''''N'''' coci3) a1.32 (s, 3H), 1.36 (s, 31-1),
1.91-2.16 (m,(ESI+) 4H), 2.31-2.46 (m, 1H), 3.16 (s, 3H), 3.68 (dd, J
=(MH+) 8.6, 6.1 Hz, 1H), 4.01 (dd, J = 8.6, 6.1 Hz, 1H), 4.05-4.09 (m, 2H),
4.31-4.40 (m, 1H), 4.70-4.94 (m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 7.11 (d, J =
10.4 Hz, 111), 7.37 (d, J = 1.8 Hz, 1H), 7.42-7.49 (m, 3H), 397.1 (-) 
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4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid (3.26 g). 

1H NMR (400 MHz, CDCl3) δ 1.88-2.21 (m, 4H), 2.47-2.62 (m, 1H), 3.09 

(s, 3H), 4.73-4.97 (m, 2H), 7.24 (d, J = 10.4 Hz, 1H), 7.34-7.39 

(m, 2H), 7.94-7.99 (m, 2H). 5 

MS (EI) m/z: 330 (M+). 

[0083] 

Example 5 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(t10 

hiazol-2-yl)acrylamide (compound 1A of the present invention) 

[0084] 

[Chemical formula 12] 

 

[0085] 15 

 Thionyl chloride (3.43 mL) was added to (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl

ic acid (343 mg), and the mixture was heated to reflux for 45 minutes.  

After the mixture was cooled to room temperature, thionyl chloride 

was removed by evaporation.  Toluene (3 mL x 3) was added to the 20 

mixture, and the resultant mixture was evaporated under reduced 

8.02-8.07 (m, 2H).    CO30D) 6 1.83-2.01 (m, 2H), 2.09-2.24 (m,
2H4ESI+)470.2 (+)   .54-2.66 (m, 1H), 3.15 (s, 3H), 3.45 (d, J = 5.5
Hz,kMH+)   HO     2H), 3.89-3.94 (m, 1H), 4.00 (dd, J = 13.4, 7.4 Hz,
N H), 4.16 (dd, J = 13.4, 4.0 Hz, 1H), 4.73-4.95 (m,  53A      2H), 6.52 (d, J
= 2.4 Hz, 1H), 6.78 (d, J = 10.4 Hz, 1    H), 7.51(d, J = 2.4 Hz, 1H), 7.52
(d, J = 8.6 Hz,    
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pressure.  A solution of 2-aminothiazole (104 mg) in pyridine (1.37 

mL) was added to the resultant residue in a salted ice bath, and 

the mixture was stirred at room temperature for 1 hour.  The reaction 

mixture was diluted with ethyl acetate (30 mL) and washed sequentially 

with 1 mol/L hydrochloric acid (30 mL x 2), a saturated aqueous 5 

sodium hydrogen carbonate solution (30 mL x 2) and saturated brine(30 

mL), dried over anhydrous sodium sulfate, and filtrated, and the 

solvent was evaporated under reduced pressure.  The obtained residue 

was purified by silica gel column chromatography (eluent; 

chloroform : methanol = 50:1), and the obtained compound was washed 10 

with diethyl ether to give (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(t

hiazol-2-yl)acrylamide (154 mg). 

MS (ESI+) m/z: 413 (MH+). 

HRMS (ESI+) for C18H19F2N2O3S2(MH
+): calcd., 413.08051; found, 15 

413.08048. 

1H NMR (400 MHz, CDCl3) δ 1.82-2.01 (m, 2H), 2.07-2.25 (m, 2H), 

2.48-2.60 (m, 1H), 3.25 (s, 3H), 4.84-5.08 (m, 2H), 7.83 (d, J = 

10.4 Hz, 1H), 7.21 (brs, 1H), 7.47 (d, J = 8.6 Hz, 2H), 7.51 (d, 

J = 3.1 Hz, 1H), 7.94 (d, J = 8.6 Hz, 2H), 12.4 (brs, 1H). 20 

[0086] 

Example 6 

 Compounds 2A to 62A of the present invention were produced 

according to the same procedure as in Example 5. 

 In the following Tables, the optical rotations of the compounds 25 

H), 8.02 (d, J = 8.6 Hz, 2H).    "CD30D) 61.81-2.01 (m, 2H), 2.08-2.26 (m,
2H)I(ES1+) (MH+) H)   2.52-2.67 (m, 1H), 3.15 (s, 3H), 3.45 (d, J = 5.5 Hz
HO    r-Th".._"OH 2H), 3.88-3.95 (m, 1H), 4.00 (dd, J = 14.1, 6.7 Hz  54A
.....A.,`,...,1'1..../t sre N 1H), 4.16 (dd, J = 14.1, 4.3 Hz, 1H), 4.73-4.96 (m
2H), 6.52 (d, J = 2.4 Hz, 1H), 6.78 (d, J = 10.4 Hz    1H), 7.49-7.55 (m,
3H), 7.99-8.05 (m, 2H).    (CDCI3)61.92-2.20 (m, 4H), 2.36-2.50 (m, 1H),
ES1+)397.1    3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.14 (d, J = 1.8 Hz MH+)   I
\ 1H), 7.17 (d, J = 10.4 Hz, 1H), 7.44-7.49 (m, 2H) 
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7A, 8A, 40A, 41A, 53A, and 54A of the present invention were measured 

using methanol as a solvent, and the optical rotations of the compounds 

51A and 52A of the present invention were measured using 

dichloromethane.  The optical rotations of the rest of the compounds 

of the present invention were measured using chloroform. 5 

[0087] 

[Chemical formula 13] 

 

[0088] 

[Table 1] 10 

55A N.0 7.88-7.99 (m, 1H), 8.07 (d, J = 8.6 Hz, 2H), 8.31 (d    J = 1.8 Hz,
1H).    (DMSO-d6)61.85-2.02 (m, 2H), 2.10-2.25 (m, ESI+)493.1    2H),
2.50-2.60 (m, 1H), 3.26 (s, 3H), 4.87-4.93 (m, MH+)   N /10 OMe 1H),
5.00-5.05 (m, 1H), 6.92 (d, J =10.4 Hz,1H),  56A  7.03 (dd, J = 9.2, 2.4 Hz,
1H), 7.50 (d, J = 8.6 Hz,    1H), 7.56 (d, J = 2.4 Hz, 1H), 7.64 (d, J =
9.2Hz,    1H), 7.96 (d, J = 8.6 Hz, 2H), 12.6 (s, 1H).   [0098] [Table 11]
......al . OCHF2 DMSO-d6)81.82-2.15 (m, 2H), 2.15-2.25 (m,,ESI+)529.1
2H), 2.53-2.60 (m, 1H), 3.26 (s, 3H), 4.85-4.95 (m,(MH-0 1H), 5.00-5.07
(m, 19), 6.96 (d, J =10.4 Hz, 1H) 
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[0089] 

[Table 2] 

7n1  IsI - nen LJ_11J)/ 11, /AAI - OCOA u..  57A         1H), 7.50 (d, J = 7.9
Hz, 1H), 7.77 (d, J = 7.9 Hz,      1H), 7.88 (s, 1H), 7.96 (d, J = 8.6 Hz, 2H),
12.7 (s      1H).      (DMSO-d6)61.95-2.17 (m, 411), 2.39-2.51(m
ESI+)538.1     1H), 3.19 (s, 3H), 3.45 (s, 3H), 3.77-3.79 (m, 2H) MH+)
me 4.54-4.67 (m, 2H), 4.75-4.95 (m, 2H), 6.88 (d, J   



 

 59 

 

[0090] 

[Table 3] 

58A ...../4 s  8.6 Hz, 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (4, J      8.6 Hz,
2H), 7.79 (d, J = 9.2 Hz, 1H), 8.10 (d, J      1.8 Hz, 2H), 8.41 (brs, 19).
(CDCI3)81.30 (t, J = 7.3 Hz, 39), 1.91-2.20 (m,(ESI-1-)566.1     4H),
2.38-2.52 (m, 1H), 3.19 (s, 39), 4.26 (q, J = 7.3(MH+)    rCO Et Hz 2H) 4
74-4 99 (m 29) 4.96 (s 29) 6.95 (d J  59A S  = 8.6 Hz, 1H), 7.32 (d, J =
10.4 Hz, 19), 7.49 (d, J =     
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[0091] 

[Table 4] 

8.6 Hz, 1H), 7.84 (d, J = 8.6 Hz, 19), 8.10 (d, J =      8.6 Hz, 19), 8.42 (brs,
1H).    [0099] [Table 12]   No. Structure (A) 1H NMR (400 MHz) MS (m/z)
(CDCI3) 5 1.16-1.22 (m, 2H), 1.46-1.50 (m, 2H), 1.98-2.20 (m, 4H),
2.44-2.54 (m, (ESI+) 516.2 (MH+)  Ph 1H), 2.57-2.63 (m, 1H), 4.77-4.83
(m,  60A N7( 1H), 4.90-4.93(m, 1H), 7.36(d, J = 11.0   st Hz, 1H),
7.42-7.45 (m, 3H), 7.48 (d, J =    8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H),
8.11-8.14(m, 2H), 8.88(s, 1H).  
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[0092] 

[Table 5] 

(CDCI3) 6 1.41 (t, J = 7.3 Hz, 3H), (ESI+) 451.2 (MH+)   1.91-2.19 (m,
4H), 2.33-2.48 (m, 1H),    3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H),   OR
4.71-4.94 (m, 2H), 7.11 (d, J = 10.4 Hz,  61A n 1H), 7.27 (dd, J = 9.2, 3.1
Hz, 1H),    7.45-7.50 (m, 2H), 7.54 (brs, 1H), 7.88    (d, J = 3.1 Hz, 1H),
8.03-8.08 (m, 2H),    8.22 (d, J = 9.2 Hz, 1H).    (CDCI3) 5 1.93-2.20 (m,
4H), 2.29-2.53 (ESI+) 551.2 (MH+)   (m, 1H), 2.35 (s, 6H), 2.74 (t, J = 5.5
Hz,    
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[0093] 

[Table 6] 

2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H),   N-H. ... rt ,,,0 O Me24.73-4.96
(m, 2H), 6.86 (d, J = 9.2 H z, 1H), 7.32(d, J = 10.4 Hz, 1H), 7.49(d, J    =
8.6 Hz, 2H), 7.78 (d, J = 9.2 Hz, 1H),    8.10(d, J = 8.6 Hz, 2H).    [0100]
Example 7 (E)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,
54a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester [0101] [Chemical
formula 14]  Ft    [0102]         (la, 3U,
4a)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide 5(60.9 g)
was suspended in tetrahydrofuran (186 mL). Lithium
bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 120 mL) was
added to the suspension cooled in an ice bath, and the mixture was stirred
for 1 hour while cooled in the ice bath. A solution of
[(4-cyclopropylthio)phenyl]oxoacetic acid ethyl ester (25.0 g) 10 in
tetrahydrofuran ( 1 2 0 ) was added dropwi se to the reaction mixture
cooled in an ice bath, and the resultant mixture was stirred for 1 hour
while cooled in the ice bath and further stirred at room temperature for 5
hours. Water (230 mL) was added to the reaction mixture, and the pH of
the mixture was adjusted to 6 with 1 mol/L 15 hydrochloric acid. Then,
tetrahydrofuran was evaporated under reduced pressure, and the residue
was extracted with ethyl acetate (2 x 540 mL). The ethyl acetate extracts
were combined, washed with saturated brine (180 mL), dried over
anhydrous sodium sulfate, filtrated, and concentrated under reduced
pressure. The residue 20 was purified by silica gel column
chromatography (eluent; hexane : ethyl acetate = 4:1) to give
(E)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (12.2 g),
(Z)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,  4a) -3 ,
4-difluorocyclopentyl] acrylic acid ethyl ester (7.71g), and
2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,
54a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (14.5 g) (a mixture of
E-form and Z-form). Of these, only the title compound was used in the
next step. MS (El) m/z: 352 (Mt). 
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[0094] 

[Table 7] 

HAMS (El) for 0195188F8N8025 (Mt): calcd., 352.1309; found, 352.1302.
10 tH NMR (400MHz, CDC13) 50.69-0.73 (m, 2H), 1.04-1.11 (m, 2H),
1.28 (t, J= 7.3 Hz, 3H), 1.89-2.03 (m, 2H), 2.06-2.21 (m, 3H), 2.58-2.69
(m, 1H), 4.22 (q, J =7.3 Hz, 2H), 4.73-4.92 (m, 2H), 6.97 (d, J = 10.4 Hz,
1H), 7.03-7.37 (m, 2H). [0103] 15 Example 8
(E)-2-[4-(cyclopropylsulfonyl)pheny1]-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester  [0104] [Chemical
formula 15] 20  CO2Et  [0105]
(E)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (8.81 g) was dissolved
in dichloromethane (90 mL). m-Chloroperoxybenzoic acid (14.6 g) was
added to the prepared solution cooled in an ice bath, 5 and the mixture
was stirred for 1 hour while cooled in the ice bath and further stirred at
room temperature for 1 hour. Insoluble materials in the reaction mixture
were removed by filtration, and the filtrate was diluted with
dichloromethane ( 1 5 0 ) . The obtained dichloromethane s citation was
washed with a 10% aqueous s odium sulfite 10 solution (2 x 35 mL), a
saturated aqueous sodium hydrogen carbonate solution (2 x 35 mL), and
water (35 mL), dried over anhydrous sodium sulfate, filtrated, and
concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (eluent; hexane : ethyl acetate = 1:1) to give
15(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (9.54 g). MS (El) m/z:
384 (Mt). HAMS (El) for C195188F8N8045 (Mt): calcd, 384.1207; found,
384.1163. tH NMR (400 MHz, CDC13) 6 1.03-1.10 (m, 2H), 1.30 (t, J =
7.3 Hz, 20 3H),1.34-1.41 (q,J =7.3 Hz, 7.32-7.35(m, (m,2H),1.91-2.17
2H),4.74-4.94(m, 2H),7.87-7.92(m, (m,4H),2.47-2.58  2H),7.08(d,J = 2H).
(m,2H), 10.4 Hz, 4.24 1H),  [0106] Example 9
25(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyllacrylic acid [0107] [Chemical formula 16]   
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[0095] 

[Table 8] 

5[0108]         A mixed solution of concentrated sulfuric acid (15.0 mL),
acetic acid (80.0 mL) and water (48.0 mL) was added to
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U, 4a) -3,
4-difluorocyclopentyl] acrylic acid ethyl ester (9.54g), and 10 the mixture
was stirred under heating at 98C (internal temperature) for 6 hours. After
allowed to cool, the reaction mixture was evaporated under reduced
pressure. Water (80 mL) was added to the residue, and the precipitate
was collected by filtration and washed with water. The collected
precipitate was dissolved in a saturated 15 aqueous sodium hydrogen
carbonate solution (200 mL) and washed with dichloromethane (50 mL x
2). Concentrated hydrochloric acid was added to the aqueous layer, while
cooled in an ice bath, to make it acidic (pH = 1), and the precipitate was
collected by filtration. The collected precipitate was washed with water
(100 mL) to give 20(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4(L)-3,4-difluorocyclopentyllacrylic acid (7.79 g).  MS (El) m/z: 356 (Mt).
HAMS (El) for C875319F8N8045 (Mt): calcd., 356.0894; found, 356.0870.
tH NMR (400 MHz, CDC13) 6 1.05-1.10 (m, 2H), 1.30-1.41 (m, 2H),
1.91-2.19 (m, 4H), 2.46-2.62 (m, 2H), 4.76-4.94 (m, 2H), 7.24 (d, 5J =
11.0 Hz, 1H), 7.34-7.36 (m,2H), 7.91-7.93 (m, 2H). [0109] Example 10
(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(thiazol-2-yl)acrylamide  10(compound 1B
of the present invention)  [0110] [Chemical formula 17]  [0111] 15Thionyl
chloride (1.00 mL) was added to
(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylic acid (108 mg), and the mixture was
heated to reflux for 1.5 hours. After the mixture was cooled to room
temperature, thionyl chloride was removed by evaporation. 20 Toluene
(0.5 mL) was added to the mixture, and the resultant mixture was
evaporated under reduced pressure. The obtained residue was  dissolved
in anhydrous tetrahydrofuran (0.4 mL). A solution of 2-aminothiazole (30.3
mg) in pyridine (0.40 mL) was added to the prepared solution cooled in a
salted ice bath, and the mixture was stirred at room temperature for 1
hour. The reaction mixture was 5 diluted with ethyl acetate (5 mL) and
washed sequentially with 1 mol /L hydrochloric acid ( 8 mL x 2 ) , a s
aturated aqueous s odium hydrogen carbonate solution (3 mL), and
saturated brine(3 mL), dried over anhydrous sodium sulfate, and filtrated,
and the solvent was evaporated under reduced pressure. The obtained
residue was 10 purified by silica gel column chromatography (eluent;
chloroform : acetone = 20:1), and the obtained compound was washed
with diethyl ether to give (E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-(thiazol-2-yl)acrylamide (66.5 mg). 15MS
(ESL) m/z: 439.1 (M512). HAMS (EST) for 0805181E2N20358(MH2):
calcd., 439.09616; found, 439.09701. 151 NMR (400 MHz, CDC13) 6 1.17
(ddd, J = 13.4, 6.7, 2.5 Hz, 2H), 1.45 (ddd, J = 10.4, 6.1, 1.8 Hz, 2H),
1.93-2.17 (m, 4H), 2.37-2.17 20 (m, 1H), 2.57 (tt, J = 8.0, 4.9 Hz, 1H),
4.73-4.94 (m, 2H), 7.03 (d, J = 3.7 Hz, 1H), 7.27 (d, J = 9.4 Hz,1H), 7.41
(d J = 3.67 Hz, 1H), 7.45 (dt, J = 8.6, 1.8 Hz, 2H), 8.03 (dt, J = 8.5, 1.8 Hz,
2H), 8.51 (brs, 1H). [0112] 25 Example 11           Compounds 2B to 109B
of the present invention were produced according to the same procedure
as in Example 10.         In the following Table s , the optical rotations of
the compounds 6B and 7B of the present invention were measured using
methanol 5 as a solvent, and the optical rotations of the rest of the
compounds of the present invention were measured using chloroform.
[0113] [Chemical formula 18] Ft, 



 

 65 

 

[0096] 

[Table 9] 

10[0114] [Table 13]   Compound E2: Structure (A) 1H NMR (400 MHz) his
(rn/z) Ptical r0S3  .. .....e.N.Thl si."-F (C0CI3)81.13-1.20 (m, 2H),
1.42-1.48 (m, 2H) 1.89-2.18 (m, 4H), 2.34-2.48 (In, 1H), 2.52-2.61 (m 1H),
4.72-4.94 (m, 2H), 7.00 (d, J = 2.4 Hz, 1H) ESI+)457.1 MH+)
7.26(d,J=10AHz,IH),7.40-7.45(in,2H),     8.01-8.06 (m, 2W, 8.15 (s, 1H).
(C0C13)81.13-1.21(m, 2H), 1.42-1.48 (m, 2H), (ESI+)517.0    1.92-2.18
(m, 4H), 2.36-2.48 (m, 1H), 2.52-2.61 (m(MH+)    
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[0097] 

N r'.      1H), 4.72-4.95 (m, 2H), 7.26-7.30 (m, 1H), 7.33 (s,  38       1H),
7.41-7.45 (m, 2H), 8.01-8.06 (m, 2H), 8.42 (s,     1 H).    Me N
(CDC13)a1.12-1.21 (m, 2H), 1.42-1.49 (m, 2H),(ES1+)  1.90-2.16 (m, 4H),
2.29 (s, 3H), 2.37-2.47 (m, 1H),MH+) (453.1   .... m-5 2.53-2.62 (m, 1H),
4.69-4.94 (m, 2H), 6.57 (d, J =  48 S 1.2 Hz, 1H), 7.27 (d, J = 10.4 Hz,
1H), 7.40-7.54 (m    H), 7.99-8.05 (m, 2H), 8.40 (brs, 1H). 
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[Table 10] 

 

[0098] 

[Table 11] 

(DMSO-d6)150.99-1.20 (m, 4H),1.81-2.00 (m,r(ES1+)453.1  5B N .......e3,
Me S 2H), 2.07-2.25 (m, 2H), 2.33 (d, J = 1.2 Hz, 3H),I(MH+) 2.42-2.60
(m, 1H), 2.85-2.94 (m, 1H), 4.83-5.09 (m,    2H), 6.80 (d, J = 10.4 Hz, 1H),
7.18 (d, J = 1.2 Hz,    1H), 7.43-7.48 (m, 2H), 7.88-7.93 (m, 2H).
(CDC13)a1.14-1.20(n,2H),1.43(s,3H), I ES1+)539.1 (+)  MeMe 1.45-1.47
(m, 2H), 1.47 (s, 3H), 1.93-2.16 (m, 4H),MH+)   00 2.36-2.47 (m. 1H).
2.55-2.62 (m, 1H), 3.93 (dd, J =   N 8.0,6.7Hz,1H), 4.27(dd,
J=8.0,6.7Hz,1H),  6B  4.73-4.81 (m, 1H), 4.84-4.94 (m, 1H), 5.08 a, J =  
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[0099] 

[Table 12] 

6.7 Hz, 1H), 6,94 (s, 1H), 7.27 (d, J = 10.4 Hz, 1 H),    7.43 (d, J = 8.6 Hz,
2H), 8.04 (d, J -r 8.6 Hz, 2H),    8.45 (s, 1H).   [0115] [Table 14]   MeMe
..K., 00 CDCI3)61.14-1.20(m,2H),1.43(s,3H), 1.45-1.47 (m, 2H), 1.47 (s,
3H), 1.93-2.16 (m, 4H), 2.36-2.47 (m, 1H), 2.55-2.62 (m, 1H), 3.93 (dd, J
8.0,6.7Hz,1H), 4.27(dd, J= 8.0,6.7Hz,1H), ESI+)539.1 MH+) (-) 78 N
.73-4.81(m, 1H), 4.84-4.94 (m, 1H), 5.08 (t, J     6.7 Hz, 1H), 6.94 (s, 1H),
7.27 (d, J = 10.4 Hz, 1 H),     7.43 (d, J = 8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz,
2H),     8.45 (s, 1H). 
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 No.No.No.No.    StructureStructureStructureStructure    (A)(A)(A)(A)    1H NMR (400 MHz)1H NMR (400 MHz)1H NMR (400 MHz)1H NMR (400 MHz)    MS (m/z)MS (m/z)MS (m/z)MS (m/z)    
60A60A60A60A        

((((CDCl3) δCDCl3) δCDCl3) δCDCl3) δ     1.161.161.161.16----1.22 (m, 2H), 1.461.22 (m, 2H), 1.461.22 (m, 2H), 1.461.22 (m, 2H), 1.46----1.50 1.50 1.50 1.50 (m, 2H), 1.98(m, 2H), 1.98(m, 2H), 1.98(m, 2H), 1.98----2.20 (m, 4H), 2.442.20 (m, 4H), 2.442.20 (m, 4H), 2.442.20 (m, 4H), 2.44----2.54 (m, 2.54 (m, 2.54 (m, 2.54 (m, 1H), 2.571H), 2.571H), 2.571H), 2.57----2.63 (m, 1H),2.63 (m, 1H),2.63 (m, 1H),2.63 (m, 1H),    4.774.774.774.77----4.83 4.83 4.83 4.83 (m, (m, (m, (m, 1H), 4.901H), 4.901H), 4.901H), 4.90----4.93 (m, 1H), 7.36 (d, J = 11.0 4.93 (m, 1H), 7.36 (d, J = 11.0 4.93 (m, 1H), 7.36 (d, J = 11.0 4.93 (m, 1H), 7.36 (d, J = 11.0 Hz, 1H), 7.42Hz, 1H), 7.42Hz, 1H), 7.42Hz, 1H), 7.42----7.45 (m, 3H), 7.48 (d, J = 7.45 (m, 3H), 7.48 (d, J = 7.45 (m, 3H), 7.48 (d, J = 7.45 (m, 3H), 7.48 (d, J = 8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.118.118.118.11----8.14 (m, 2H), 8.88 (s, 1H).8.14 (m, 2H), 8.88 (s, 1H).8.14 (m, 2H), 8.88 (s, 1H).8.14 (m, 2H), 8.88 (s, 1H).        
(ESI+) 516.2(ESI+) 516.2(ESI+) 516.2(ESI+) 516.2    (MH+)(MH+)(MH+)(MH+)    

61A61A61A61A        
((((CDCl3) δCDCl3) δCDCl3) δCDCl3) δ     1.41 (t, J = 7.3 Hz, 3H), 1.41 (t, J = 7.3 Hz, 3H), 1.41 (t, J = 7.3 Hz, 3H), 1.41 (t, J = 7.3 Hz, 3H), 1.1.1.1.91919191----2.19 (m, 4H), 2.332.19 (m, 4H), 2.332.19 (m, 4H), 2.332.19 (m, 4H), 2.33----2.48 (m, 1H), 2.48 (m, 1H), 2.48 (m, 1H), 2.48 (m, 1H), 3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H), 3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H), 3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H), 3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H), 4.714.714.714.71----4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 1H), 7.27 (dd, J = 9.2, 3.1 Hz, 1H), 1H), 7.27 (dd, J = 9.2, 3.1 Hz, 1H), 1H), 7.27 (dd, J = 9.2, 3.1 Hz, 1H), 1H), 7.27 (dd, J = 9.2, 3.1 Hz, 1H), 7.457.457.457.45----7.50 (m, 2H), 7.54 (b7.50 (m, 2H), 7.54 (b7.50 (m, 2H), 7.54 (b7.50 (m, 2H), 7.54 (brrrrs, 1H), 7.88 s, 1H), 7.88 s, 1H), 7.88 s, 1H), 7.88 (d, J = 3.1 Hz, 1H), 8.03(d, J = 3.1 Hz, 1H), 8.03(d, J = 3.1 Hz, 1H), 8.03(d, J = 3.1 Hz, 1H), 8.03----8.08 (m, 2H), 8.08 (m, 2H), 8.08 (m, 2H), 8.08 (m, 2H), 8.22 (d, J = 9.2 Hz, 18.22 (d, J = 9.2 Hz, 18.22 (d, J = 9.2 Hz, 18.22 (d, J = 9.2 Hz, 1H).H).H).H).        

(ESI+) 451.2(ESI+) 451.2(ESI+) 451.2(ESI+) 451.2    (MH+)(MH+)(MH+)(MH+)    

62A62A62A62A    
 

((((CDCl3) δCDCl3) δCDCl3) δCDCl3) δ     1.931.931.931.93----2.20 (m, 4H), 2.292.20 (m, 4H), 2.292.20 (m, 4H), 2.292.20 (m, 4H), 2.29----2.53 2.53 2.53 2.53 (m, 1H), 2.35 (s, 6H), 2.74 (t, J = 5.5 Hz, (m, 1H), 2.35 (s, 6H), 2.74 (t, J = 5.5 Hz, (m, 1H), 2.35 (s, 6H), 2.74 (t, J = 5.5 Hz, (m, 1H), 2.35 (s, 6H), 2.74 (t, J = 5.5 Hz, 2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H), 2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H), 2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H), 2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H), 4.734.734.734.73----4.96 (m, 2H), 6.86 (d, J = 9.2 Hz, 4.96 (m, 2H), 6.86 (d, J = 9.2 Hz, 4.96 (m, 2H), 6.86 (d, J = 9.2 Hz, 4.96 (m, 2H), 6.86 (d, J = 9.2 Hz, 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (d, J 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (d, J 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (d, J 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 9.2 Hz, 1H), = 8.6 Hz, 2H), 7.78 (d, J = 9.2 Hz, 1H), = 8.6 Hz, 2H), 7.78 (d, J = 9.2 Hz, 1H), = 8.6 Hz, 2H), 7.78 (d, J = 9.2 Hz, 1H), 8.10 8.10 8.10 8.10 (d, J = 8.6 Hz, 2H).(d, J = 8.6 Hz, 2H).(d, J = 8.6 Hz, 2H).(d, J = 8.6 Hz, 2H).        
(ESI+) 551.2(ESI+) 551.2(ESI+) 551.2(ESI+) 551.2    (MH+)(MH+)(MH+)(MH+)    

[0100] 

Example 7 

(E)-2-[4-(cyclopropylthio)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester 5 

[0101] 

[Chemical formula 14] 

C00I3)61.13-1.20(m,2H),1.26(s,9H), ES!'-)495.2   1-Bu 1.41-1.49 (m, 2H),
1.91-2.19 (m, 4H), 2.37-2.50 (m MI-1+)   1?1175 1H), 2.53-2.63 (m, 1H),
4.71-4.95 (m. 2H), 6.59 (s   BB S 1H), 7.20 (d, J = 10.4 Hz, 1H), 7.42-7.47
(m, 2H)     8.01-8.06 (m, 2H), 8.44 (brs, 1H).     CDCI3)61.12-1.20 (m, 2H),
1.44-1.48 (m, 2H),  1.95-2.17 (m, 4H), 2.30 (s, 3H), 2.43-2.54 (m, 6H),
ESE+)601.1 MH+)  913 Ns "',S., 0'O 3.07-3.16 (m, 4H), 4.74-4.97 (m, 2H),
7.30 (d, J 10.4 Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.81 (s, 1H),     
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[0102] 

 (1α, 3α, 

4α)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide 

(60.9 g) was suspended in tetrahydrofuran (186 mL).  Lithium 5 

bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 120 

mL) was added to the suspension cooled in an ice bath, and the mixture 

was stirred for 1 hour while cooled in the ice bath.  A solution 

of [(4-cyclopropylthio)phenyl]oxoacetic acid ethyl ester (25.0 g) 

in tetrahydrofuran (120 mL) was added dropwise to the reaction mixture 10 

cooled in an ice bath, and the resultant mixture was stirred for 

1 hour while cooled in the ice bath and further stirred at room 

temperature for 5 hours.  Water (230 mL) was added to the reaction 

mixture, and the pH of the mixture was adjusted to 6 with 1 mol/L 

hydrochloric acid.  Then, tetrahydrofuran was evaporated under 15 

reduced pressure, and the residue was extracted with ethyl acetate 

(2 x 540 mL).  The ethyl acetate extracts were combined, washed with 

saturated brine (180 mL), dried over anhydrous sodium sulfate, 

filtrated, and concentrated under reduced pressure.  The residue 

was purified by silica gel column chromatography (eluent; hexane : 20 

ethyl acetate = 4:1) to give 

(E)-2-[4-(cyclopropylthio)phenyl]-3-[(1α, 3α, 

8.05 (d, J = 8.6 Hz, 2H).     CDCI3)a1.14-1.21 (m, 2H),1.43-1.49 (m, 2H),
ESI+)525.2   CO,Me 1.91-2.17 (m, 4H), 2.35-2.49 (m, 1H), 2.54-2.68 (m,
MH+)   N 3H), 2.94 (t, J = 7.6 Hz, 2H). 3.65 (s, 3H), 4.71-4,9   10B 1      m,
2H), 6.63 (s, 1H), 7.23-7.26 (m, 1H), 7.41-7.45     m, 2H), 8.01-8.06 (m,
2H), 8.41 (s, 1H).     DMSO-d6)61.01-1.19 (m, 4H),1.82-2.26 (m,
H),2.42-2.69(m,1H),2.86-2.95(m,1H) ESE+)440.1 MH+)   ./Nri7' 
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4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (12.2 g), 

(Z)-2-[4-(cyclopropylthio)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (7.71 g), and 

2-[4-(cyclopropylthio)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (14.5 g) (a 5 

mixture of E-form and Z-form).  Of these, only the title compound 

was used in the next step. 

MS (EI) m/z: 352 (M+). 

HRMS (EI) for C19H22F2N2O2S (M
+): calcd., 352.1309; found, 352.1302. 

1H NMR (400 MHz, CDCl3) δ 0.69-0.73 (m, 2H), 1.04-1.11 (m, 2H), 1.28 10 

(t, J = 7.3 Hz, 3H), 1.89-2.03 (m, 2H), 2.06-2.21 (m, 3H), 2.58-2.69 

(m, 1H), 4.22 (q, J =7.3 Hz, 2H), 4.73-4.92 (m, 2H), 6.97 (d, J 

= 10.4 Hz, 1H), 7.03-7.37 (m, 2H). 

[0103] 

Example 8 15 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester 

[0104] 

[Chemical formula 15] 

 20 

[0105] 

11B ---..sS'N .84-5.10 (m, 2H), 7.06 (d, J = 10.4 Hz, 1H), 7.56     d, J = 8.6
Hz, 2H), 7.90-7.94 (m, 2H), 8.51 (s, 1H),     13.3 (brs, 1H).
CDCI3)a1.12-1.22 (m, 2H), 1.41-1.50 (m, 2H), ES[-F)454.1  Ma 1.93-2.18
(m, 4H), 2.40-2.51 (m, 1H), 2.51 (s, 3H) MH-F)   NI     "Ars ,N 2.53-2.62
(m, 1H), 4.73-4.96 (m, 2H), 7.34 (d, J   128 S 10.4 Hz, 1H), 7.42-7.46 (m,
2H), 8.03-8.07 (m, 2H)  
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 (E)-2-[4-(cyclopropylthio)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (8.81 g) was 

dissolved in dichloromethane (90 mL).  m-Chloroperoxybenzoic acid 

(14.6 g) was added to the prepared solution cooled in an ice bath, 

and the mixture was stirred for 1 hour while cooled in the ice bath 5 

and further stirred at room temperature for 1 hour.  Insoluble 

materials in the reaction mixture were removed by filtration, and 

the filtrate was diluted with dichloromethane (150 mL).  The obtained 

dichloromethane solution was washed with a 10% aqueous sodium sulfite 

solution (2 x 35 mL), a saturated aqueous sodium hydrogen carbonate 10 

solution (2 x 35 mL), and water (35 mL), dried over anhydrous sodium 

sulfate, filtrated, and concentrated under reduced pressure.  The 

residue was purified by silica gel column chromatography (eluent; 

hexane : ethyl acetate = 1:1) to give 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (9.54 g). 

MS (EI) m/z: 384 (M+). 

HRMS (EI) for C19H22F2N2O4S (M
+): calcd, 384.1207; found, 384.1163. 

1H NMR (400 MHz, CDCl3) δ 1.03-1.10 (m, 2H), 1.30 (t, J = 7.3 Hz, 

3H), 1.34-1.41 (m, 2H), 1.91-2.17 (m, 4H), 2.47-2.58 (m, 2H), 4.24 20 

(q, J = 7.3 Hz, 2H), 4.74-4.94 (m, 2H), 7.08 (d, J = 10.4 Hz, 1H), 

7.32-7.35 (m, 2H), 7.87-7.92 (m, 2H). 

[0106] 

Example 9 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 25 

8.72 (brs, 1H).    [0116] [Table 15]  13B Et N-C .....241,111 S
(00013)61.15-1.22 (m, 2H), 1.31 et, J = 7.9 Hz,
3H),1.43-1.50(m,2H),1.91-2.19(m,4H) 2.39-2.52 (m, 1H), 2.53-2.63 (m,
1H), 2.83 (q, J 7.9 Hz, 2H), 4.72-4.96 (m, 2H), 7.34 (d, J = 10.4 Hz,
ESI+)468.1 M H+)    1H),7.42-7.47(m,21-),8.03-8.08(m,2H),8.73     (brs,
1H).    Ph (CDC13)a1.16-1.22 (m, 2H), 1.46-1.50 (m, 2H),I(ESI+)516.2
N-C 1.98-2.20 (m, 4H), 2.44-2.54 (m, 1H), 2.57-2.63 (m MH+)   -IN .jg The
1H), 4.77--4.83 (m, 11-1), 4.90-4.93 (m, 111), 7.36 (d 
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4α)-3,4-difluorocyclopentyl]acrylic acid 

[0107] 

[Chemical formula 16] 

 

[0108] 5 

 A mixed solution of concentrated sulfuric acid (15.0 mL), 

acetic acid (80.0 mL) and water (48.0 mL) was added to 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid ethyl ester (9.54 g), and 

the mixture was stirred under heating at 98°C (internal temperature) 10 

for 6 hours.  After allowed to cool, the reaction mixture was 

evaporated under reduced pressure.  Water (80 mL) was added to the 

residue, and the precipitate was collected by filtration and washed 

with water.  The collected precipitate was dissolved in a saturated 

aqueous sodium hydrogen carbonate solution (200 mL) and washed with 15 

dichloromethane (50 mL ｘ 2).  Concentrated hydrochloric acid was 

added to the aqueous layer, while cooled in an ice bath, to make 

it acidic (pH = 1), and the precipitate was collected by filtration.  

The collected precipitate was washed with water (100 mL) to give 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]acrylic acid (7.79 g). 

14B  J =11.0 Hz, 1H), 7.42-7.45 (m, 3H), 7.48 (d, J    8.0 Hz, 21-1), 8.09
(d, J = 8.0 Hz, 2H), 8.11-8.14 (m,    2H), 8.88 (s, 1H)    (CDCI3)61.09-1.18
(m, 2H), 1.40-1.47 (m, 2H) ESI+)433.2    1.92-2.18 (m, 4H), 2.34-2.48 (m,
1H), 2.51-2.60 (m, MH+)    1FD, 4.71-4.94 (in, 2F1), 7.05 (ddd, J = 8.3,
4.9, 1.2  15B =< Hz, 1H), 7.13 (d, J = 10.4 Hz, 1F1), 7.43-7.48 (m    2H),
7.66 (s, 1H), 7.70-7.77 (in, 1H), 7.99-8.04 (m,    21-1), 8.21 (dd, J = 4.9,
1.2 Hz, 1F), 8.30 (d, J = 8.6    Hz, 1H).   
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MS (EI) m/z: 356 (M+). 

HRMS (EI) for C17H18F2N2O4S (M
+): calcd., 356.0894; found, 356.0870. 

1H NMR (400 MHz, CDCl3) δ 1.05-1.10 (m, 2H), 1.30-1.41 (m, 2H), 

1.91-2.19 (m, 4H), 2.46-2.62 (m, 2H), 4.76-4.94 (m, 2H), 7.24 (d, 

J = 11.0 Hz, 1H), 7.34-7.36 (m,2H), 7.91-7.93 (m, 2H). 5 

[0109] 

Example 10 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(thiazol-2-yl)acrylamide 

(compound 1B of the present invention) 10 

[0110] 

[Chemical formula 17] 

 

[0111] 

 Thionyl chloride (1.00 mL) was added to 15 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylic acid (108 mg), and the mixture 

was heated to reflux for 1.5 hours.  After the mixture was cooled 

to room temperature, thionyl chloride was removed by evaporation.  

Toluene (0.5 mL) was added to the mixture, and the resultant mixture 20 

was evaporated under reduced pressure.  The obtained residue was 

0D013)61.08-1.21(m, 21-1). 1.37-1.48 (m, 2H) ESI+)479.2   SMe 1 91-2
19 (m 4H) 2 35-2 49 (in1F1) 2.47 (s 3H) MH+)  16B e 2.50-2.60 (m, 1H),
4.69-4.96 (m, 2F1), 7.12 (d, J   N 10.4 Hz, 1F1), 7.43-7.47 (m, 2H), 7.64
(brs, 11-1), 7.66    dd, J = 8.6, 2.4 Hz, 111), 7.98-8.04 (m, 2H), 8.13 (d,
= 2.4 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H).    00013)a0.60-0.73 (m, 2H),
0.93-1.04 (m, 2H), ESI+)473.2    .08-1.20 (m, 2F1), 1.39-1.47 (m, 2F1),
1.79-1.90 (in, MH+)    H),1.91-2.18(m,4F1),2.33-2.47(m,1F)    .50-2.60 (m,
1H), 4.70-4.94 (m, 2H), 7.10 (d, J  17B   
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dissolved in anhydrous tetrahydrofuran (0.4 mL).  A solution of 

2-aminothiazole (30.3 mg) in pyridine (0.40 mL) was added to the 

prepared solution cooled in a salted ice bath, and the mixture was 

stirred at room temperature for 1 hour.  The reaction mixture was 

diluted with ethyl acetate (5 mL) and washed sequentially with 1 5 

mol/L hydrochloric acid (8 mL x 2), a saturated aqueous sodium hydrogen 

carbonate solution (3 mL), and saturated brine(3 mL), dried over 

anhydrous sodium sulfate, and filtrated, and the solvent was 

evaporated under reduced pressure.  The obtained residue was 

purified by silica gel column chromatography (eluent; chloroform : 10 

acetone = 20:1), and the obtained compound was washed with diethyl 

ether to give (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(thiazol-2-yl)acrylamide (66.5 

mg). 

MS (ESI+) m/z: 439.1 (MH+). 15 

HRMS (ESI+) for C20H21F2N2O3S2(MH
+): calcd., 439.09616; found, 

439.09701. 

1H NMR (400 MHz, CDCl3) δ 1.17 (ddd, J = 13.4, 6.7, 2.5 Hz, 2H), 

1.45 (ddd, J = 10.4, 6.1, 1.8 Hz, 2H), 1.93-2.17 (m, 4H), 2.37-2.17 

(m, 1H), 2.57 (tt, J = 8.0, 4.9 Hz, 1H), 4.73-4.94 (m, 2H), 7.03 20 

(d, J = 3.7 Hz, 1H), 7.27 (d, J = 9.4 Hz,1H), 7.41 (d J = 3.67 Hz, 

1H), 7.45 (dt, J = 8.6, 1.8 Hz, 2H), 8.03 (dt, J = 8.5, 1.8 Hz, 

2H), 8.51 (brs, 1H). 

[0112] 

Example 11 25 

0.4H7,1 H,),7.35(dr!,J=8.6,2.4Hz,1F1).     .42-7.46
(in,2H),7.62(brs,W),7.98-8.03(m,     H), 8.18 (d, J = 8.6 Hz, 1H).    [0117]
[Table 16]  18B I o DMSO-d6)a1.03-1.16 (m, 4H), 1.87-2.01(m,
2H),2.08-2.22(m,2H),2.50-2.57(m,1H)
2.86-2.93(m,1H),4.47(d,J=5.5Hz,2H),  .85-5.05 (m, 2H), 5.24 (t, J = 5.8
Hz, 1H), 6.67 (d, J = 10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.71 (dd
ESI+)463.2 MH+)    J = 8.6, 2.4 Hz, 1H), 7.91 (d, J = 8.6 Hz, 2H), 8.01
d, J = 8.6 Hz, 1H), 8.27 (a J = 1.8Hz, 1H), 10.5(8     1H). 
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 Compounds 2B to 109B of the present invention were produced 

according to the same procedure as in Example 10. 

 In the following Tables, the optical rotations of the compounds 

6B and 7B of the present invention were measured using methanol 

as a solvent, and the optical rotations of the rest of the compounds 5 

of the present invention were measured using chloroform. 

[0113] 

[Chemical formula 18] 

 

[0114] 10 

[Table 13] 

CDCI3)&1.12-1.18 (m, 2H), 1.43-1.47 (m, 2H) ESI+)540.1    1.96-2.17 (m,
4H), 2.41-2.50 (m, 1H), 2.53-2.59 (m MH+)   SO2NMe2      1H), 2.73 (s,
6H), 4.75-4.96 (m, 2H), 7.17 (d, J    N 10.4 Hz, 1H), 7.46 (d, J = 8.6 Az,
2H), 7.90 (s, 1H),   198       8.04 (d, J = 8.6 Hz, 2H), 8.08 (dd, J = 8.6, 2.4
Hz     1H), 8.48 (d, J = 9.2 Hz, 1H), 8.59 (d, J = 2.4 Hz,   
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[0115] 

[Table 14] 

11-1).    Cx' z z \--c 0DCI3)61.11-1.18 (m, 21-0,1.42-1.47 (m, 2H)
ESI+)434.2    1.93-2.20 (m, 4H), 237-2.60 (m, 2H), 4.73-4.95 (m MH+)
2H), 7.18 (d, J = 10.4 Hz, 1H), 7.45-7.49 (m, 2H)   20B       7.60 Cs. 1H),
8.02-836 (m, 2H), 8.18-8.20 (m, 1H),     8.37 (d, J = 2.4 Hz, 1H), 9.63 (d, J
= 1.8 Hz, 1H).     CDCI3)61.14 (ddd, J = 14,1, 6.1, 2.3 Hz, 2H),
ESI+)448.2  
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[0116] 

[Table 15] 

NMe 1.45 (ddd, J = 113, 6.1, 1.8 Hz, 2H), 1.94-2_18 (m, MH+)  21B 1.. .N
H), 2.39-2.50 (m, 1H), 2.53 (s, 3H), 2.52-2.59 (m,  1H), 4.74-4.94 (m, 2H),
7.16 (d, J = 10.4 Hz, 1H),     7.46 (d, J = 8.0 Hz, 2H), 7.52 (brs, 1H), 8.03
(d, J     8.6 Hz, 2H), 8.05 (s, 1H), 9.50 (d, J = 1.2 Hz, IH).
CDCI3)61.10-1.18 (m, 2H), 1.31 (t, J = 7.9 Hz, ESI+)462.2   NEt ,
3H),1.41-1.47(m,2H),1.91-2.19(m,4H) MNI-)  22B ...X1. N 2.37-2.50 (m,
1H), 2.51-2.60 (m, 1H), 2.82 (q, J  7.9 Hz, 2H), 4.71-4.95 (m, 2H), 7.16 (d,
J = 10.4 Hz,     1H), 7.44-7.48 (m, 2H),7.54 (brs,1H), 8.00-8.07  
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[0117] 

[Table 16] 

m, 3H), 932 (d, J = 1.8 Hz, 1H).    [0118] [Table 17]  23B NOMe ....
(CDCI3)a1.11-1.17 (m, 2H), 1.42-1.46 (m, 2HVESI+)464.2 1.94-2.17 (m,
4H), 2.37-2.48 (m, 1H), 2.52-2.59 (m,,(MH+) 1H), 3.97 (s, 3H), 4.73-4.93
(m, 2H), 7.15 (d, J = 10.4 Hz, 1H), 7.47-7.44 (m, 3H), 7.85 (d, J = 1.2 Hz,
1H), 8.02 (d, J = 8.6 Hz, 2H), 9.12 (d, J = 1.2 Hz,     111).
l(CDC13)a1.10-1.17 (m. 2H). 1.41-1.48 (m, 2H),CESI+)480.1   NSMe
1.91-2.19 (m, 4H), 2.36-2.49 (m, 1H), 2.51-2.65 (m, MH+)    4H)4.71-4.95
(m, 2H), 7.16 (d, J = 10.3 Hz, 1H), ,    24B A 17# 
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[0118] 

[Table 17] 

7.43-7.49 (m, 3H), 8.01-8.09 (m, 3H), 9.44 (d, J     1.2 Hz, 1H).
(CDC13) a1.11-1.18 Cm, 2H), 1.35 (d, J r 6.1Hz, ESI+)492.2
6H),1.41-1.48(m,2H),1.91-2.18(m,4H) MH+)   N0Me   25B Me N 2.35-2.48
(m, 1H), 2.51-2.60 (m, 1H), 4.71-4.94 (m, 2H), 5.26 (see, J = 6.1Hz, 1H),
7.15 (d, J = 10.     Hz, 1H), 7.40 (s, 1H), 7.43 (m, 2H), 7.77 (d, J = 1.2
Hz, 1H), 7.99-8.04 (m, 2H), 9.09 (d, J = 1.2 Hz, 1H).     CDCI3)a1.14 (ddd,
.1 =14.1, 6.1,1.2 Hz, 2H), ESI+)508.2    
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[0119] 

[Table 18] 

1.44 (ddd, J = 9.8, 6.7, 1.8 Hz, 2H), 1.94-2.18 (m, MH+)   N.0.....0"...ome
.. ..,J ,  N2.36-2.47 (m, 1H), 2.52-2.59 (m, 1H), 3.43 (s,
H),3.73-3.77(m,2H),4.47-4.51(m,2H)   268  .72-4.91 (m, 2H), 7.15 (d, J =
10.4 Hz, 1H), 74     brs, 1H), 7.46 (dt, J = 3.6, 1.8 Hz, 2H), 7.91 (d, J    1.2
Hz, 1H), 8.02 (dt, J = 8.6 Hz, 1.8 Hz, 2H), 9.09    d, J= 1.2 Hz, 1H).
CDCI3)81.08-1.18 (m, 2H), 1.37-1.48 (m, 2H) ESI+)522.2
1,4,0...............,,OMe 1.92-2.18 (m, 6H), 2.35-2.48 (m, 1H), 2_50-2.60 (m,
MH+) I H), 3.35 (s, 3H), 3.53 (t, J = 6.7 Hz, 2H), 4.41 (t, J    
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[0120] 

[Table 19] 

6.7 Hz, 2H), 4.72-4.94 (m, 2H), 7.15 (d, J = 10.'   27B       Hz, 1H), 7.43
(brs, 1 H), 7.44-7.49 fr.,9H), 7." (14     J = 1.8 Hz, 1H), 8.00-8.04 (m, 2H),
9.10 (d, J = 1 .     Hz, 1H).    [0119] [Table 18]   288  N,O.....7%. OEt j N
0DCI3)a1.11-1.17 (m, 2H), 1.24 a, J = 7.3 Hz  H), 1.41-1.47 (m, 2H),
1.91-2.19 (m, 4H) .34-2.48 (m, 1H), 2.50-2.60 (m, 1H), 3.58 (0, ,-I = 7.3
Hz, 2H), 3.76-3.81 (m, 2H), 4.44-4.51 (m, 2H) .72-4.94 (m, 2H), 7.15 (d, J
= 10.4 Hz, 1H) 7.41-7.48(m,3H),7.90(d,J=1.8Hz,1H) ES1+) MH+) 522.2    
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[0121] 

[Table 20] 

.00-8.05 (m, 2H), 9.09 (d, J = 1.2 Hz, 1H).       (CD013)a1.12-1.17 (m, 2H),
1.42-1.46 (m, 2H), (ES1+) 524.1     1.94-2.17 (m, 4H), 2.20 (s, 3H),
2.37-2.48 (m, 1H), MH+)     %.7^ThMe 2.52-2.59 (m, 1H), 2.88 (t, J = 7.0
Hz, 2H), 4.51 (t,      = 6.7 Hz, 2H), 4.72-4.93 (m, 2H), 7.15 (d, J =   29B
10.4 Hz, 1H), 7.47-7.45 (m, 3H), 7.86 (d, J = 1.2 Hz,      1H), 8.02 (d, J =
8.6 Hz, 2H), 9.10 (d, J = 1.2 Hz,  
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[0122] 

[Table 21] 

1H).      (0DO13)a1.09-1.18 (m, 2H), 1.37-1.48 (m, 2H), ES1+) 578.2
1.48-1.67 (m, 4H), 1.68-1.89 (m, 2H), 1.91-2.21 (m, MH+)     N%-'4"-I i
.N-- CI00 H),2.35-2.48(m,1H),2.51-2.59(m,1H)    I ) 3.46-3.56 (m, 1H),
3.75-3.94 (m, 2H). 4.02-4.10 (m     N       1 H), 4.45-4.56 (m, 2H), 4.68 (t, J
= 3.3 Hz, 1H) 
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[0123] 

[Table 22] 

30B         ,.71-4.95(m,2H),7.15(d,J=10.4Hz,1H)      7.14-7.48 (m, 3H), 7.89
(d, J -= 1.2 Hz, 1H), 8.02 (d,      J = 8.6 Hz, 2H), 9.09 (d, J = 1.2 Hz, 1H).
CDC13)611.09-1.18 (m, 2H), 1.40-1.48 (m, 2H), ES1+) 494.2
1.92-2.19(m,4H),2.32(t,J=6.1Hz,1H), MH+)     rtylD%-"*".%0H 2.36-2.50
(m, 1H), 2.51-2.60 (m, 1H), 3.94-4.02 (m 
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[0124] 

[Table 23] 

..)    31B  N 2H), 4.44-4.51 (m, 2H), 4.71-4.95 (m. 2H), 7.15 (d,      ' = 10.4
Hz,1H), 7.41-7.50 (m, 3H), 7.91(d, J      1.2 Hz, 1H), 8.03 (d, J = 8.8 Hz,
2H), 9.10 (d, J =      1.8 Hz, 1H).    [0120] [Table 19]     Me 0-1/4-Me o
,DMSO-d6) 
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[0125] 

[Table 24] 

a1.03-1.10(m,3H),1.12-1.16(m, 2H),1.40 (s, 3H),1.44 (s, 3H),1.86-2.01(m,
2H), 2.10-2.23 (m 2H) 2.52-2.59 (m 1H) 2.87-2.93 (m ES1+) MH+) 534.2 (
- )  i ? .... IF') 1H), 3.95 (dd, Jr 7.9, 6.7 Hz, 1H), 4.35 (dd, J = 7.9    32B  N
6.7 Hz, 1H), 4.86-5.05 (m, 2H), 5.18 (t, J = 6.7 Hz,       1H), 6.76 (d, J =
10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz,       2H), 7.91(d, J = 8.6 Hz, 2H), 8.49 (d,
J = 1.2 Hz,       1H), 9.22 (d, Jr 1.2Hz, 1H), 11.0 (s, 1H). 
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[0126] 

[Table 25] CompounCompounCompounCompoundddd    No.No.No.No.    StructureStructureStructureStructure    (A)(A)(A)(A)    1H NMR (400 MHz)1H NMR (400 MHz)1H NMR (400 MHz)1H NMR (400 MHz)    MS (m/z)MS (m/z)MS (m/z)MS (m/z)    OpticalOpticalOpticalOptical    rotationrotationrotationrotation    
57B57B57B57B        

((((DMSODMSODMSODMSO----d6d6d6d6) δ) δ) δ) δ     1.041.041.041.04----1.09 (m, 2H), 1.09 (m, 2H), 1.09 (m, 2H), 1.09 (m, 2H), 1.131.131.131.13----1.18 (m, 2H), 1.841.18 (m, 2H), 1.841.18 (m, 2H), 1.841.18 (m, 2H), 1.84----2.00 (m, 2H), 2.00 (m, 2H), 2.00 (m, 2H), 2.00 (m, 2H), 2.092.092.092.09----2.24 (m, 2H), 2.502.24 (m, 2H), 2.502.24 (m, 2H), 2.502.24 (m, 2H), 2.50----2.60 (m, 1H), 2.60 (m, 1H), 2.60 (m, 1H), 2.60 (m, 1H), 2.882.882.882.88----2.93 (m, 1H), 3.422.93 (m, 1H), 3.422.93 (m, 1H), 3.422.93 (m, 1H), 3.42----3.51 (m, 3.51 (m, 3.51 (m, 3.51 (m, 1H),3.621H),3.621H),3.621H),3.62----3.71 (m, 1H), 4.543.71 (m, 1H), 4.543.71 (m, 1H), 4.543.71 (m, 1H), 4.54----4.58 (m, 4.58 (m, 4.58 (m, 4.58 (m, 1H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.86----4.94 (m, 4.94 (m, 4.94 (m, 4.94 (m, 1H), 4.981H), 4.981H), 4.981H), 4.98----5.07 (m, 1H),5.25.07 (m, 1H),5.25.07 (m, 1H),5.25.07 (m, 1H),5.26 (d, J = 4.9 6 (d, J = 4.9 6 (d, J = 4.9 6 (d, J = 4.9 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 (s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, (s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, (s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, (s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).        

(ESI+) 499.1(ESI+) 499.1(ESI+) 499.1(ESI+) 499.1    (MH+)(MH+)(MH+)(MH+)    （＋）（＋）（＋）（＋） 

58B58B58B58B        
((((DMSODMSODMSODMSO----d6d6d6d6) δ) δ) δ) δ     1.041.041.041.04----1.09 (m, 2H), 1.09 (m, 2H), 1.09 (m, 2H), 1.09 (m, 2H), 1.131.131.131.13----1.18 (m, 2H), 1.841.18 (m, 2H), 1.841.18 (m, 2H), 1.841.18 (m, 2H), 1.84----2.00 (m, 2H), 2.00 (m, 2H), 2.00 (m, 2H), 2.00 (m, 2H), 2.092.092.092.09----2.22.22.22.24 (m, 2H), 2.504 (m, 2H), 2.504 (m, 2H), 2.504 (m, 2H), 2.50----2.60 (m, 1H), 2.60 (m, 1H), 2.60 (m, 1H), 2.60 (m, 1H), 2.882.882.882.88----2.93 (m, 1H), 3.422.93 (m, 1H), 3.422.93 (m, 1H), 3.422.93 (m, 1H), 3.42----3.51 (m, 3.51 (m, 3.51 (m, 3.51 (m, 1H),3.621H),3.621H),3.621H),3.62----3.71 (m, 1H), 4.543.71 (m, 1H), 4.543.71 (m, 1H), 4.543.71 (m, 1H), 4.54----4.58 (m, 4.58 (m, 4.58 (m, 4.58 (m, 

(ESI+) 499.1(ESI+) 499.1(ESI+) 499.1(ESI+) 499.1    (MH+)(MH+)(MH+)(MH+)    （－）（－）（－）（－） 

(DMSO-d6) 8 1.03-1.16 (m, 5H), 1.40 (s, 3H), 1.4ES1+) 534.2 (A-)
Mev_m 0-"\- -n (s,3H),1.86-2.01(m,2H),2.10-2.22(m,2H)(MH+) 2.53-2.60
(m, 1H), 2.87-2.93 (m, 1H), 3.95 (dd, J =     ? P
7.9,6.7Hz,1H),4.35(dd,J=7.9,6.7Hz,1H)   338    .85-5.06 (m, 2H), 5.18 (t, J
= 6.4 Hz, 1H), 6.76 (d       J = 10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.91
(d      
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1H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.861H),4.65 (t, J = 5.8 Hz, 1H), 4.86----4.94 (m, 4.94 (m, 4.94 (m, 4.94 (m, 1H), 4.981H), 4.981H), 4.981H), 4.98----5.07 (m, 1H),5.26 (d, J = 4.9 5.07 (m, 1H),5.26 (d, J = 4.9 5.07 (m, 1H),5.26 (d, J = 4.9 5.07 (m, 1H),5.26 (d, J = 4.9 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95 (s, 1H), 7.46 (d, J = 8.6 Hz, 2(s, 1H), 7.46 (d, J = 8.6 Hz, 2(s, 1H), 7.46 (d, J = 8.6 Hz, 2(s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, H), 7.90 (d, H), 7.90 (d, H), 7.90 (d, J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).J = 8.6 Hz, 2H).        
59B59B59B59B        

((((CDCl3) δCDCl3) δCDCl3) δCDCl3) δ     1.131.131.131.13----1.19 (m, 2H), 1.45 (s, 1.19 (m, 2H), 1.45 (s, 1.19 (m, 2H), 1.45 (s, 1.19 (m, 2H), 1.45 (s, 3H), 1.453H), 1.453H), 1.453H), 1.45----1.47 (m, 2H), 1.47 (s, 3H), 1.47 (m, 2H), 1.47 (s, 3H), 1.47 (m, 2H), 1.47 (s, 3H), 1.47 (m, 2H), 1.47 (s, 3H), 1.931.931.931.93----2.17 (m, 4H), 2.382.17 (m, 4H), 2.382.17 (m, 4H), 2.382.17 (m, 4H), 2.38----2.50 (m, 1H), 2.50 (m, 1H), 2.50 (m, 1H), 2.50 (m, 1H), 2.542.542.542.54----2.61 (m, 1H), 3.042.61 (m, 1H), 3.042.61 (m, 1H), 3.042.61 (m, 1H), 3.04----3.12 (m, 1H), 3.12 (m, 1H), 3.12 (m, 1H), 3.12 (m, 1H), 4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04 4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04 4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04 4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04 (dd, J = 22.0, 10.4 Hz(dd, J = 22.0, 10.4 Hz(dd, J = 22.0, 10.4 Hz(dd, J = 22.0, 10.4 Hz, 2H), 4.73, 2H), 4.73, 2H), 4.73, 2H), 4.73----4.83 (m, 4.83 (m, 4.83 (m, 4.83 (m, 1H), 4.861H), 4.861H), 4.861H), 4.86----4.95 (m, 1H), 6.79 (s, 1H), 7.24 4.95 (m, 1H), 6.79 (s, 1H), 7.24 4.95 (m, 1H), 6.79 (s, 1H), 7.24 4.95 (m, 1H), 6.79 (s, 1H), 7.24 (d, J = 10.4 Hz, 1 H), 7.44 (d, J = 7.9 Hz, (d, J = 10.4 Hz, 1 H), 7.44 (d, J = 7.9 Hz, (d, J = 10.4 Hz, 1 H), 7.44 (d, J = 7.9 Hz, (d, J = 10.4 Hz, 1 H), 7.44 (d, J = 7.9 Hz, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.40 (s, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.40 (s, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.40 (s, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.40 (s, 1H).1H).1H).1H).        

(ESI+) 553.2(ESI+) 553.2(ESI+) 553.2(ESI+) 553.2    (MH+)(MH+)(MH+)(MH+)     

 

[0127] 

[Table 26] 

J = 8.6 Hz, 2H), 8.49 (d, J = 1.8 Hz, 1H), 9.22 (d,       1.8Hz, 1H), 11.0 (s,
1H).       DMSO-d6)81.03-1.16 (m, 4H),1.89-2.01(m, ES1+) 494.2 C-)
OH 2H),2.09-2.20(m,2H),2.52-2.60(m,1H) MH+)      (ROH 2.87-2.93 (m,
1H), 3.53-3.59 (m, 1H), 3.65-3.71 (m,       1H), 4.63 (q, J = 5.1Hz, 1H),
4.72 (t, J = 5.8 Hz,   34B   
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[0128] 

[Table 27] 

1H), 4.86-5.06 (m. 2H), 5.54 (d, J = 4.9 Hz, 1H)       6.75 (d, J = 10.4 Hz,
1H), 7.49 (d, J = 8.6 Hz, 2H),       7.91(d, J = 8.6 Hz, 2H), 8.46 (d, Jr 1.2
Hz, 1H),       .17 (d, Jr 1.8Hz, 1H), 10.9 (s, 1H).       DM80-d6)a1.03-1.16
(m, 4H),1.85-2.01(m (ES1+) 494.2 (+)    gH
2H),2.10-2.23Cm,2H),2.53-2.60(m,1H) (MH+)      
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[0129] 

'OH s 2.86-2.93 (m, 1H), 3.53-3.59 Cm, 1H), 3.65-3.71 (m       1H), 4.63
(q, J = 5.1 Hz, 1H), 4_72 (t, J = 5.8 Hz   358  N  1H), 4.85-5.07 (m, 2H),
5.53 (d, J = 4.9 Hz, 1H)       6.75 (d, J = 10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz,
2H)       7.91 (d, J = 8.6 Hz, 2H), 8.46 (d, J = 1.2 Hz, 1H)       9.17 (d, J =
1.8Hz, 1H), 10.9 (s, 1H).    [0121] [Table 20] 



 

 92 

[Table 28] 

[0130] 

368      0 N14..0Et ..1 T sOEt N (00013)61.11-1.19 (m, 2H), 136 (t, J = 7.3
Hz, 6H),1.42-1.48(m,2H),1.90-2.21(nn,4H). 2 37-2.62 (m, 2H), 4.13-4.34
(m, 4H), 4.73-4.97 (m. '  2H), 7.21 (d, J = 10.4 Hz, 1 H), 7.46 (d, ..1 = 8.6
Hz. 2H). 7.77 (brs, 1H), 8.05 (d, J = 8.6 Hz, 2H), 8.72 (s. 1H), 9.78 (s, 1H).
ES1+)570.2 MN+)  37B Nie****P.."P .  ...Et0 OEt ,I N
(CDCI3)a1.10-1.18(m. 2H), 1.29 (t, J = 7.3 Hz
6H),1.41-1.48(m,2H),1.92-2.20(m,4H) 2.37-2.61 (m, 2H), 3.36 (s. 1H),
3.42 (s, 1H) 4.04-4.16 (m, 4H), 4.71-4.96 (m, 2H), 7.17 (d, J 10.4 Hz, 1H),
7.46 (d, J = 7.9 Hz, 2H), 7.60 (brs, 1H), 8.03 (d, J = 8.6 Hz, 2H), 8.23 (t, J
= 1.8 Hz, 1H), 9.55 (s, 1M). ES1+)584.2 MH+)  38B ,....--n.. NMe
(0D013)a1.15 (ddd, J = 13.4. 5.5,1.2 Hz, 2H) 1.44 (ddd, J = 11.4, 5.5, 1.2
Hz, 2H), 1.91-2.14 (m H), 2.31-2.42 (m, 1H), 2.52-2.59 (m, 1H), 3.76 (s
H), 4.70-4.91 (m, 2H), 6.77 (d, J = 2.5 Hz, 1H), 7.13 (d, J = 10.4 Hz, 1H),
7.26 (d, J = 2.4 Hz, 11-1). 7.43 (d, J = 8.6 Hz, 2H), 7.47 (brs, 1H), 7.99 (d,
J 8.0 Hz, 2H). ES1+)436.2 MH+)  39B .......-CM:-.N..- Ntt
(0DC13)(51.12-1.18 (m, 2H), 1.39-1.46 (m, 5H), 1.91-2.14 (m, 4H),
2.32-2.43 (m, 1H), 2.53-2.59 (m. 1H), 4.01 (q, J = 7.1 Hz, 2H), 4.70-4.92
Cm, 2H), 6.77 (d, ..1 = 1.8 Hz, 1H). 7.12 (d, J = 10.4 Hz, 1H), 7.30 (d, J =
1.8 Hz, 1H), 7.43 (d, J = 8.6 Hz, 1H) 7.51 (s. 1H), 7.99 (d, J = 8.6 Hz, 2H).
ESI+)450.2 MH+)  40B ,.....-C'TN.....,rF N 
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[Table 29] 

[0131] 

(CDC13)61.12-1.17 (m, 2H), 1.42-1.46 (m, 2H), 1.92-2.14 (m, 4H),
2.33-2.44 (m, 1H), 2.52-2.59 (m, 1H), 4.25 (dt, J = 26.5, 4.7 Hz, 2H), 4.67
(dt, J 47.1, 4.9 Hz, 2H), 4.71-4.92 (m, 21-0, 6.82 (d, J 2.4 Hz, 1 H), 7.12
(d, J = 10.4 Hz, 1H), 7.37 (d, J 2.4 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.49
(s. 1H) 8.00 (d, J = 8.6 Hz, 2H). ES1+)468.2 MH+)   [0122] [Table 21]
?DMSO-d6)61.01-1.17 (m, 4H), 1.81-1.97 (m,
2H72.07-2.21(m,2H),2.48-2.57(m,1H), ESI+)466.2 MH+)   rrl- 2. 85-2. 91
(mIH) 3.70 (q, J = 5.5 Hz, 2H), 4.03 (t, "     N J = 5.5 Hz, 2H7 4.84-5.05
(m, 3H), 6.44 (d, J r 2.4   41B  Hz, 1H), 6.57 (d, J = 10.4 Hz, IH), 7.44 (d, J
= 8.6     Hz, 2H), 7.56 (d, J = 2.4 Hz, 1H), 7.89 (d, J = 8.6     Hz, 2H), 10.6
(s, 1H7    
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[Table 30] 

[0132] 

CDCI3)61.09-1.17 (m, 8H), 1.41-1.46 (m, 2H),(ES1+)494.2    1.92-2.15
(m, 41-1), 2.33-2.44 (m, 1H), 2.53-2.60 (m,(MH+)   r=r?\I M..."en0H ....4.;
1H), 3.27 (s, 1H), 3.91(s, 2H), 4.72-4.92 Cm, 2H),   N 6.83 (d, J = 2.4 Hz,
IH), 7.12 (d, J = 10.4 Hz, 1H),  42B      7.33 (d, J = 2.4 Hz, 1H), 7.44 (d, J
= 7.9 Hz, IH),    7.51 (s, 1H), 8.01 (d, Jr 7.9 Hz, 2H)    CDCI3) a1.12-1.17
(m, 2H), 1.32 (s, 3H), 1.37 (s, ESI+)536.2 (+)  Me
3H),1.42-1.47(m,2H),1.91-2.13(m,4H) MH+)    0)( Me n,0 2.32-2.41 (m,
1H), 2.52-2.59 (m, 1H), 3.68 (dd, J   
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[Table 31] 

[0133] 

8.9,6.4HzIH),4.01(dd,J=8.6,6.4Hz1H),    , .06-4.08 (m. 2H), 4.33-4.39 (m,
1H), 4.72-4.92 (m,  43B      2H), 6.80 (d, J = 2.4 Hz, 1H7 7.11 (d, J = 11.0
Hz,    1H), 7.37 (d, J = 2.4 Hz, 1H7 7.43 (d, J = 8.6 Hz    1H), 7.47 (s, IN),
8.00 (d, J = 7.9 Hz, 2H).    CD0I3) 61.12-1.17 (m, 2H), 1.32 (s, 3H), 1.36
(sESI+)536.2 C)  Me Or\m e 3H),1.42-1.47(m,2H71.91-2.15(m,4H) MH+)
2.33-2.43 (m, 1H), 2.52-2.59 (m, 1H), 3.68 (dd, J
8.6,6.1HzIN),4.01(dd,J=8.6,6.1Hz1H7  44B  .06-4.08 (m, 2H), 4.33-439
(m, 1H), 4.72-4.91 (m,   
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[Table 32] 

[0134] 

2H), 6.80 (d, J = 2.4 Hz, IH), 7.11 (d, J = 10.4 Hz,    1H), 7.37 (d, J = 2.4
Hz, 1H), 7.43 (d, J = 8.6 Hz,   IH), 7.47 (s, 1H), 8.00 (d, J = 7.9 Hz, 2H).
[0123] [Table 22]    HO F-711._....OH ...A.Z.....N......etr-r N
DMSO-d6)61.03-1.16(m,4H),1.81-1.98(m, 2H), 2.06-2.21 (m, 2H),
2.51-2.55 (m, H) Z85-2.91 (m, 1H), 3.25-3.35 (m, 2H), 3.73-3.80 (m, 111),
3.87 (cH, j = 13.4, 7.9 Hz 1H), 4.09 (dd, J ESI+)496.2 MH+) (+) 458  13.8,
4.0 Hz 1H), 4.69 (t, J = 5.5 Hz, 1H), 4.85-5.05     Cm, 3H), 6.44 (d, J = 1.8
Hz, 1H), 6.58 (d, J = 10     Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 2
Hz, IH), 7.89 (d, J = 8.6 Hz, 2H), 10.6 (s, 1H).  
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[Table 33] 

[0135] 

"DMSO-d6)61.03-1.16 (m, 4H), 1.81-1.98 (m ESL+)496.2 (-)
2H),2.08-2.23(m,2H),2.48-2.56(m,1H) M H+)   HO     OH
.......CfetN......air."-- 2.85-2.92 (m, 1H), 3.24-3.35 (m, 2H), 3.73-3.81 (m
N 1H), 3.87 (dd, J = 13.4, 7.9 Hz 1H), 4.09 (dd, J   46B  13.8, 4.0 Hz 1H),
4.69 (t, J = 5.8 Hz, 1H), 4.85-5.05     Cm, 3H), 6.44 (d, J = 2.4 Hz, 1H),
6.58 (d, J = 10.     Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 9..   
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[Table 34] 

[0136] 

Hz, 1H), 7.89 (d, J = 8.6 Hz, 2H), 10.6 (s, 1H).     ,CDC13)51.13-1.19 (m,
2H), 1.42-1.47 (m. 2H)(ESI+) 423.1    1.91-2.15 (m, AH), 2.36-2.47 (m,
1H), 2.53-9.60 (m OM+)   NIT. 1H), 4.73-4.94 (m, 2H), 7.14 (d, J = 1.8
Hz.1H)  47B N-0 7.18 (d, J = 10.4 Hz, 1H), 7.43 (d, J = 8.6 Hz, 2H)    7.80
(s, 1H), 8.02 (d, J = 7.6 Hz, 1H), 8.31 (d, J =    1.8 Hz, 9H).   c4    co zcx
,CDC13)a1.17-1.22 (m, 2H), 1.45-1.50 (m, 2H)(ESI+)489.1    1.95-2.17
(m, 4H), 2.39-2.50 (m, 1H), 4.74-4.95 (m MH+)    
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[Table 35] 

[0137] 

[Table 36] 

9H), 7.19-7.38 (m, 9H), 7.43 (rld, J = 7.9 H7, 19 H7  48B  1H), 7.47 (d, J =
8.6 Hz, 2H), 7.69 (d, J = 8.6 Hz    1H), 7.85 (d, J = 7.9 Hz, 1H), 8.06 (d, J
= 8.6 Hz    2H), 8.60 (s, 1H).    (ODC13)a1.16-1.22 (m, 2H), 1.45-1.49 (m,
2H), ESI+)519.1    1.95-2.17 (m, 4H), 2.38-2.49 (m, 1H), 2.56-2.62 (m,
MH+)   * ome 1H), 3.87 (s, 3H), 4.74-4.94 Cm, 2H), 7.03 (dd, J  49R s 9.2,
2.4 Hz, 1H), 7.33-7.30(m. 2H), 7.46 (d. J = 7.9    Hz, 2H), 7.57 (d, J = 8.6
Hz, 1H), 8.05 (d, J = 7.9    Hz, 2H), 8.53 (s, 1H).   [0124] [Table 23]  50B 
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[0138] 

Example 12 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 5 

acid ethyl ester 

N * ocHF1H). 2 1(CDC13) a1.16-1.22 (m, 2H), 145-1.50 (m, 2H),
1.95-2.17 (m, 4H), 2.40-2.50 (m, 1H), 2.56-2.63 (m,      3.87 (s, 3H),
4.74-4.94 (m, 2H), 6.54 (t, J  73.7 Hz, 1H), 7.23 (dd, J = 8.6, 2.4 Hz, 1H),
7.34 (d J = 10.4 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H), 7.62 (d, = 2.4 Hz, 1H).
7.65 (d, J = 9.2 Hz, 1H), 8.06 (d, J ES1+) MH+) 555.1     = 8.6 Hz, 2H),
8.56 (s, 1H).       CDCI3)81.16-1.22 (m, 2H), 1.45-1.50 (m, 2H), ES1+)
507.1     1.97-2.13 (m, 4H), 2.39-2.50 (m, 1H), 2.56-2.62 (m, MH+)     N *F
1H), 4.75-4.95 (m, 2H), 7.16 (td, J = 9.0; 2.6 Hz,    51B  
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[0139] 

[Chemical formula 19] 

 

[0140] 

 According to the method described in Example 1, (E)-3-[(1α, 5 

3α, 4α)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 

acid ethyl ester (773 mg), (Z)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 

acid ethyl ester (498 mg), and 3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 10 

acid ethyl ester (249 mg) (a mixture of E-form and Z-form) were 

obtained from (1α, 3α, 

4α)-(3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide 

(3.00 g) and  2-[(4-ethylthio)phenyl]oxoacetic acid ethyl ester 

(1.34 g).  Of these compounds, only the title compound was used in 15 

the next step. 

1H NMR (400 MHz, CDCl3) δ 1.28 (t, J = 7.3 Hz, 3H), 1.35 (t, J = 

7.3 Hz, 3H), 1.88-2.18 (m, 4H), 2.55-2.68 (m, 1H), 2.97 (q, J = 

7.3 Hz, 2H), 4.22 (q, J = 7.3 Hz, 2H), 4.70-4.96 (m, 2H), 6.97 (d, 

J = 10.4 Hz, 1H), 7.05 (d, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 20 

2H). 

MS (ESI+) m/z: 341.1 (MH+). 

1H), 7.33 (d, J = 10.4 Hz, 1H), 7.47 (d, J = 7.9 Hz,       2H), 7.53 (dd, J =
7.9, 2.4 Hz, 1H), 7.62 (dd, J = 9.2,       .3 Hz, 1H), 8.06 (d, J = 8.6 Hz, 2H),
8.56 (s, 1H).       CDC13)61.17-1.22 (m, 2H), 1.40 (d, J = 6.1 Hz, ES1+)
575.2     .H),1.45-1.50(m,2H),1.96-2.20(m,4H) MH+)    N *me
2.40-2.51(m,1H), 2.56-2.60 (m,1H), 4.76--4.81      
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[0141] 

Example 13 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid ethyl ester 5 

[0142] 

[Chemical formula 20] 

 

[0143] 

 According to the method described in Example 2, (E)-3-[(1α, 10 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid ethyl ester (665 mg) was obtained from (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 

acid ethyl ester (730 mg) obtained in Example 12. 15 

1H NMR (400 MHz, CDCl3) δ 1.18-1.40 (m, 6H), 1.90-2.20 (m, 4H), 

2.45-2.58 (m, 1H), 3.16 (q, J = 7.3 Hz, 2H), 4.24 (q, J = 7.3 Hz, 

2H), 4.71-4.95 (m, 2H), 7.09 (d, J = 10.4 Hz, 1H), 7.35 (d, J = 

7.9 Hz, 2H), 7.92 (d, J = 7.9 Hz, 2H). 

MS (ESI+) m/z: 373.1 (MH+). 20 

[0144] 

me m, 1H), 4.89-4.95 (m, 1H), 5.28 (sep, J = 6.1Hz,    52B   1H), 7.36 (d,
J = 11.0 Hz, 1H), 7.48 (d, J = 8.0 Hz,       2H), 7.70 (d, J = 8.6 Hz, 1H),
8.07 (d, J = 8.0 Hz,       2H), 8.12 (dd, J = 8.3, 1.5 Hz, 1H), 8.56 (d, J = 1.5
Hz, 1H), 8.62 (s. 1H).       CDC13)61.14-1.22 (m, 2H), 1.44-1.50 (m, 2H),
ESI+) 490.1    
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Example 14 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid 

[0145] 5 

[Chemical formula 21] 

 

[0146] 

 According to the method described in Example 4, (E)-3-[(1α, 

3α, 10 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid (420 mg) was obtained from (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid ethyl ester (634 mg) obtained in Example 13. 

1H NMR (400 MHz, CDCl3) δ 1.33 (t, J = 7.3 Hz, 3H), 1.88-2.21 (m, 15 

4H), 2.47-2.62 (m, 1H), 3.15 (q, J = 7.3 Hz, 2H), 4.71-4.99 (m, 

2H), 7.24 (d, J = 10.4 Hz, 1H), 7.36 (d, J = 7.9 Hz, 2H), 7.93 (d, 

J = 7.9 Hz, 2H). 

MS (ESI+) m/z: 345.1 (MH+). 

[0147] 20 

Example 15 

(E)-3-[(1α, 3α, 

1.94-2.20 (m, 4H), 2.39-2.53 (m, 1H), 2.55-2.63 (m, (MH+)   53B
1H),4.73-4.96(m,2H),7.32-7.40(m,2H),       7.45-7.50 (m, 2H), 7.92 (d, J =
7.9, 1.5 Hz,1H),       8.04-8.08 (m, 2H), 8.46-8.54 (m, 2H).       CD300) a
0.99 (t, J = 7.3 Hz, 3H), 1.03-1.17 (m,F(ESI+)  562.2
2H),1.20-1.33(m,2H),1.42-1.57(m,2H)kMH+)     0 u 
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4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th

iazol-2-yl)acrylamide (compound 1C of the present invention) 

[0148] 

[Chemical formula 22] 

 5 

[0149] 

 According to the method described in Example 5, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th

iazol-2-yl)acrylamide (47.4 mg) was obtained from (E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli

c acid (100 mg) obtained in Example 14 and 2-aminothiazole (29.0 

mg). 

1H NMR (400 MHz, CDCl3) δ 1.42 (t, J = 7.3 Hz, 3H), 1.90-2.19 (m, 

4H), 2.31-2.45 (m, 1H), 3.23 (q, J = 7.3 Hz, 2H), 4.69-4.97 (m, 15 

2H), 7.02 (d, J = 3.3 Hz, 1H), 7.26 (d, J = 10.4 Hz, 1H), 7.42 (d, 

J = 3.3 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H),8.04 (d, J = 8.6 Hz, 2H), 

8.54 (brs, 1H). 

MS (ESI+) m/z: 427.1 (MH+). 

HRMS (ESI+) for C19H21F2N2O3S2 (MH
+): calcd., 427.09616; found, 20 

1.69-1.84 (m, 2H), 1.89-2.07 (m, 2H), 2.12-2.28 (m,     N 2H), 2.61-2.77
(m, 2H), 4.33 (t, J = 6.7 Hz, 2H),   54B         .77-4.97 Cm, 2H), 6.82 (d, J =
8.6 Hz, 1H), 6.92 (d,      J = 10.4 Hz, 1H), 7.51-7.58 (m, 2H), 7.92 (d, J =
8.6 Hz, 1H), 7.92-8.02 (m, 2H).    [0125] [Table 24]   me ....../J,e
(CDCI3)61.15-1.22 (m, 2H). 1.43-1.50 (in, 2H),(ESI+) 1.92-2.19 (m, 4H),
2.37-2.50 (n, 1H), 2.54-2.63 (m,(MH-r) 1H), 3.45 (s, 3H), 3.76-3.80 (m,
2H), 4.52-4.58 (m, 2H), 4.73-4.95 (m, 2H), 6.88 (d, J = 9.2 Hz, 1H), 564.2 
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427.09624. 

[0150] 

Example 16 

 Compounds 2C and 3C of the present invention were produced 

according to the same procedure as in Example 15. 5 

[0151] 

[Chemical formula 23] 

 

[0152] 

[Table 37] 10 

 

[0153] 

Example 17 

553       7.32 (d, J = 10.4 Hz, 1H), 7.44-7.49 (in, 2H), 7.79     (d, J = 9.2
Hz, 1H), 8.03-8.08 (m, 2H), 8.39 (brs,     1H).     CDCI3)a1.15-1.22 (m,
2H), 1.30 (t, J = 7.3 Hz, (ESI+)592.1
H),1.44-1.50(m,2H),1.92-2.19(n,4H), (MH+)   rCO2Et 2.36-2.50 (in. 1H),
2.55-2.63 (m, 1H), 4.26 (4. J =     7.3 Hz, 2H), 4.73-4.98 (m, 4H), 6.95 (d,
J = 8.6 Hz,   56B 
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2-[4-(2-Methoxyethylthio)phenyl]-2-oxoacetic acid ethyl ester 

[0154] 

[Chemical formula 24] 

 

[0155] 5 

 Ethyl chloroglyoxylate (8.76 mL) was added dropwise to a 

suspension of aluminum chloride (13.2 g, crushed) in methylene 

chloride (127 mL) under stirring and cooling with ice, and 

(2-methoxyethyl)phenylsulfide (12.0 g) was added dropwise thereto.  

The mixture was stirred at room temperature for 2 hours.  The reaction 10 

mixture was poured into ice water (200 mL), and the mixture was 

stirred for 10 minutes.  The organic layer was separated, washed 

with a saturated aqueous sodium hydrogen carbonate solution (40 

mL x 3), and washed with saturated brine (60 mL).  The washed organic 

layer was dried over anhydrous sodium sulfate, filtrated, and 15 

evaporated under reduced pressure.  The obtained residue was 

purified by column chromatography (silica gel, hexane : ethyl acetate 

= 4:1) to give 2-[4-(2-methoxyethylthio)phenyl]-2-oxoacetic acid 

ethyl ester (1.98 g). 

1H NMR (400 MHz, CDCl3) δ 1.42 (t, J = 7.0 Hz, 3H), 3.23 (t, J = 20 

6.7 Hz, 2H), 3.39 (s, 3H), 3.65 (t, J = 6.7 Hz, 2H), 4.44 (q, J 

= 7.0 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H). 

H), 7.32 (d, J = 10.4 Hz, 1H), 7.45-7.49 (n, 2H),     7.84 (d, J = 8.6 Hz,
1H), 8.03-8.08 (m, 2H), 8.39     brs, 1H).    [0126] [Table 25] Compoun d
No. Structure (A) 1H NMR (400 MHz) MS (m/z) Optical rotation 57B
HOOH N* ......k % S (DMSO-d6) 5 1.04-1.09 (m, 2H), 1.13-1.18(m, 2H),
1.84-2.00 (m, 2H), 2.09-2.24 (m, 2H), 2.50-2.60 (m, 1H), 2.88-2.93 (m,
1H), 3.42-3.51 (m, 1H),3.62-3.71 (m, 1H), 4.54-4.58 (m, 1H),4.65 (t, J =
5.8 Hz, 1H), 4.86-4.94 (m, 1H), 4.98-5.07 (m, 1H),5.26 (d, J = 4.9 Hz, 1H),
6.81 (d, J = 10.4 Hz, 1H), 6.95 (a, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, J
= 8.6 Hz, 2H). (ESI+) 499.1 (MH+) () 58B HOOH (DMSO-d6) 5 1.04-1.09
(m, 2H), 1.13-1.18 (m, 2H), 1.84-2.00 (m, 2H), 2.09-2.24 (m, 2H),
2.50-2.60(m, 1H), 2.88-2.93 (m, 1H), 3.42-3.51 (m, 1H),3.62-3.71 (m, 1H),
4.54-4.58 (m, (ESI+) 499.1 (MH+) (-) 
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MS (ESI+) m/z: 269.1 (MH+). 

[0156] 

Example 18 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr5 

ylic acid ethyl ester 

[0157] 

[Chemical formula 25] 

 

[0158] 10 

 According to the method described in Example 1, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr

ylic acid ethyl ester (639 mg), (Z)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr15 

ylic acid ethyl ester (67 mg), and 3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr

ylic acid ethyl ester (1.01 g) (a mixture of E form and Z form) 

were obtained from (1α, 3α, 

4α)-(3,4-difluorocyclopentyl)methylphosphonium iodide (3.00 g) 20 

and 2-[4-(2-methoxyethylthio)phenyl]-2-oxoacetic acid ethyl ester 

(1.51 g) obtained in Example 17.  Of these compounds, only the title 

N ..--(P/ S       1H),4.65 (t, J = 5.8 Hz, 1H), 4.88-4.94 (m, 1H), 4.98-5.07
(m, 1H),5.26 (d, J = 4.9 Hz, 1H), 8.81 (d, J = 10.4 Hz, 1H), 8.95     (s, 1H),
7.46 (d, J = 8.6 Hz, 2H), 7.90 (d,     J = 8.8 Hz, 2H).     (CDCI3) 6
1.13-1.19 (m, 2H), 1A5 (s, (ESI+) 553.2    3H), 1.45-1.47 (m, 2H), 1.47 (s,
3H), (MH+)    1.93-2.17 (m, 4H), 2.38-2.50(m, 1H),     2.54-2.61 (m, 1H),
3.04-3.12 (m, 1H),  
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compound was used in the next step. 

1H NMR (400 MHz, CDCl3) δ 1.28 (t, J = 7.1 Hz, 3H), 1.86-2.19 (m, 

4H), 2.54-2.67 (m, 1H), 3.14 (t, J = 6.7 Hz, 2H), 3.38 (s, 3H), 

3.61 (t, J = 6.7 Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.71-4.94 (m, 

2H), 6.97 (d, J = 10.4 Hz, 1H), 7.06 (d, J = 8.6 Hz, 2H), 7.34 (d, 5 

J = 8.6 Hz, 2H). 

MS (ESI+) m/z: 339.1 (MH+). 

[0159] 

Example 19 

(E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]acrylic acid ethyl ester 

[0160] 

[Chemical formula 26] 

 15 

[0161] 

 According to the method described in Example 2, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]acrylic acid ethyl ester (573 mg) was obtained from (E)-3-[(1α, 20 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr

4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04   59B  (dd, J = 22.0, 10.4 Hz, 2H),
4.73-4.83 (m,    k'. ztc      1H), 4.86-4.95 (m, 1H), 6.79 (s, 1H), 7.24     (d, J
= 10.4 Hz, 1 H), 7.44(d, J = 7.9 Hz,     2H), 8.05 (d, J = 7.9 Hz, 2H), 8A0
(s,     1H).    [0127] [Table 26]  60B OH1.94-2.18 
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ylic acid ethyl ester (600 mg) obtained in Example 18. 

1H NMR (400 MHz, CDCl3) δ 1.29 (t, J = 7.1 Hz, 3H), 1.90-2.18 (m, 

4H), 2.45-2.57 (m, 1H), 3.26 (s, 3H), 3.42 (t, J = 6.4 Hz, 2H), 

3.79 (t, J = 6.4 Hz, 2H), 4.23 (q, J = 7.1 Hz, 2H), 4.73-4.95 (m, 

2H), 7.09 (d, J = 10.4 Hz, 1H), 7.34 (d, J = 8.6 Hz, 2H), 7.92 (d, 5 

J = 8.6 Hz, 2H). 

MS (CI+) m/z: 403.1 (MH+). 

[0162] 

Example 20 

(E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]acrylic acid 

[0163] 

[Chemical formula 27] 

 15 

[0164] 

 According to the method described in Example 4, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]acrylic acid (428 mg) was obtained from (E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

OH (CDCI3) 61.12-1.19 (m, 2H), 1.42-1.48 (m, 2H),(ESI+)513.1          (m,
4H), 2.39-2.52 (m, 11-1). 2.54-2.62 (m (MH+) 1H), 3.02-3.10 (m, 1H), 3.94
(s, 2H), 3.95 (s, 2H), 4.74-4.82 (m, 1H), 4.87-4.96 (m, 111), 6.79 (s, 1H),
7.24 (d, J = 10.4 Hz, 1 H), 7.45 (d, J = 7.9 Hz, 2H),    S 8.05 (d, J = 8.6
Hz, 2H), 8.52 (s, 11-1).     (ODOM) 6 1.15-1.20 (m, 2H), 1.44-1.81 (m,
10H),(ESI+)567.2    1.96-2.17 (m, 4H), 2.36-2.48 (m, 1H), 2.55-2.61 (m,
MH+)    1H), 2.91(t, J = 6.7 Hz, 21-1), 3.43-3.48 (1H, m)   OTH P .62-3.68
(m, 1H), 3.73-3.79 (m, 1H), 3.94-4.00 (1H  61B N I' m), 4.57 (t, J = 3.7 Hz,
1H), 4.73-4.94 (m, 2H), 6.71    
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yl]acrylic acid ethyl ester (550 mg) obtained in Example 19. 

1H NMR (400 MHz, CDCl3) δ 1.91-2.19 (m, 4H), 2.49-2.61 (m, 1H), 3.26 

(s, 3H), 3.42 (t, J = 6.1 Hz, 2H), 3.79 (t, J = 6.1 Hz, 2H), 4.74-4.96 

(m, 2H), 7.23 (d, J= 10.4 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.93 

(d, J = 7.9 Hz, 2H). 5 

MS (CI+) m/z: 375.1 (MH+). 

[0165] 

Example 21 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen10 

yl]-N-(thiazol-2-yl)acrylamide 

[0166] 

[Chemical formula 27] 

 

[0167] 15 

 According to the method described in Example 5, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(thiazol-2-yl)acrylamide (44.8 mg) was obtained from 

(E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]acrylic acid (100 mg) obtained in Example 20 and 2-aminothiazole 

S (s, 1H), 7.25 (d, J = 9.2 Hz, 1H), 7.44 (d, J = 8.6 Hz,     2H), 8.03 (d, J =
8.6 Hz, 2H), 8.51 (11-1, 5).     DMSO-d6)61.04-1.10 (m, 2H), 1.12-1.16
(m, ESI+)483.1    2H), 1.90-1.98 (m, 21-1), 2.53-2.62 (m, 1H), 2.75 (t, J
MH+)   OH = 6.7 Hz, 2H), 2.86-2.93 (1H, m), 3.67 (q, J = 6.5 Hz,   62B
2H), 4.62 (t, J = 5.1Hz, 111), 4.85-5.08 (m, 2H)      N -V-71-1        ....-5'
6.83-6.79 (m, 2H), 7.46 (d, J = 8.5 Hz, 1H), 7.90 (d     J = 8.5 Hz, 2H),
12.4 (s, 1H).   
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(26.7 mg). 

1H NMR (400 MHz, CDCl3) δ 1.90-2.20 (m, 4H), 2.38-2.52 (m, 1H), 3.31 

(s, 3H), 3.48 (t, J = 5.8 Hz, 2H), 3.87 (t, J = 5.8 Hz, 2H), 4.72-4.95 

(m, 2H), 7.01 (d, J 

= 3.7 Hz, 1H), 7.26 (d, J = 10.4 Hz, 1H), 7.40 (d, J = 3.7 Hz, 1H), 5 

7.45 (d, J = 7.9 Hz, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.63 (brs, 1H). 

MS (ESI+) m/z: 457.1 (MH+). 

HRMS (ESI+) for C20H23F2N2O4S2 (MH
+): calcd., 457.10673; found, 

457.10653. 

[0168] 10 

Example 22 

 Compounds 2D and 3D of the present invention were produced 

according to the same procedure as in Example 21. 

[0169] 

[Chemical formula 29] 15 

 

[0170] 

[Table 38] 

CDC13)61.15-1.20 (m, 2H), 1.44-1.48 (m, 2H), ESI+)546.1   0 ....5)
1.94-2.17 (m, 4H), 2.41-2.50 (m, 1 H ), 2.54-2.61 (m, MH+)  63B
`S.-NMe2 1H), 2.79 (s, 611), 4.75-4.96 (m, 21-1), 7.31(d, J    Ni-35 10.4
Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.84 (s, 1H),    S 8.06 (d, J = 8.6 Hz,
2H), 8.69 (s, 1H).    (CD013) 61.17-1.26 (m, 2H), 1.31 (t, J = 6.7 Hz,
ESI+)575.1    6H), 1.44-1.51 (m, 211), 1.89-2.17 (m, 4H), 2.33-2.48 MH+)
P(0)(0E0 (m,1H),2.57-2.68(m,1H),4.04-4.24(m,4H),
4.71-4.96(m,2H),7.32(d,J=10.4Hz,1H)   64B   iii--'c ....-^?s?
7.40-7.45(m,2H),7.76(d,J=4.9Hz,1H)    
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[0171] 

Example 23 

Ethyl 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yloxy)acetate 5 

First Step 

5-(4-Methoxybenzyloxy)pyrazin-2-amine 

[0172] 

[Chemical formula 30] 

 10 

[0173] 

 Sodium hydride (60% oily product) (78.8 mg) was added to 

4-methoxybenzyl alcohol (2.14 mL) at a room temperature in an argon 

8.03-8.08 (m, 2H), 8.57 (brs, 1H).    [0128] [Table 27]    (CDCI3) 16H), km,
61.13-1.21 (m, 2H), 1.35 (t, J = 7.3 Hz (ES1+)   1.42-1.49 (m, 2H),
1.89-2.21 (m, 4H), 2.37-2.52(MH+) 1H),2.52-2.64(m,1H),4.06-4.25(m,4H)
4.71-4.97 (m, 2H), 7.29 (d, .1= 10.4 Hz, 1H), 7.44 (d  575.1        658
P(0)(0E02 J = 7.9 Hz, 2H), 7.91 (d, J = 4.9 Hz, 1H), 8.04 (d, J =      7.9 Hz,
2H), 8.79 (brs, 1H).      (DMSO-d6)61.02-1.18 (m, 4H), 1.79-2.01(m (   
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atmosphere, and the mixture was stirred for 30 minutes under the 

same conditions.  Next, the reaction mixture was transferred to a 

metal seal tube.  A copper powder (146 mg) and 

2-amino-5-bromopyrazine (300 mg) were added, and the resultant 

mixture was heated and stirred at 160°C for about 6 hours.  After 5 

cooling, 25% aqueous ammonia and water were poured into the reaction 

solution.  The reaction mixture was stirred for 1 hour at room 

temperature, and then filtrated through Celite.  Water (20 mL) was 

added to the filtrate, and the resultant mixture was extracted with 

ethyl acetate (20 mL × 3).  The organic layer was washed with saturated 10 

brine (50 mL).  The washed organic layer was dried over anhydrous 

sodium sulfate and filtrated, and then the solvent was removed under 

reduced pressure.  The obtained residue was purified by silica gel 

column chromatography (elution solvent; hexane : ethyl acetate = 

3:1) to give 5-(4-methoxybenzyloxy)pyrazin-2-amine (104 mg). 15 

1H NMR (CHCl3, 400 MHz) ･3.81 (s, 3H), 4.12 (brs, 2H), 5.21 (s, 2H), 

6.90 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 

1.2 Hz, 1H), 7.79 (d, J = 1.2 Hz, 1H). 

MS (EI) m/z: 231.1 (M+). 

HRMS (EI+) for C12H13N3O2 (M
+): calcd., 231.1008; found, 231.0988. 20 

[0174] 

Second Step 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methoxybenzyloxy)pyrazin-

2-yl]acrylamide 25 

2H), 2.06-2.27 (m, 2H), 2.38-2.64 (m, 1H), 2.83-2.95(     N (m, 1H),
4.83-5.09 (m, 2H), 6.88 (d, J = 10.4 Hz, 1H)    668 sX CI 7.47 (d, J = 8.6
Hz, 2H), 7.55 (d, J = 4.9 Hz, 1H)      7.91 (d, J = 7.9 Hz, 2H), 12.7 (brs,
1H).      k0DC13)61.14-1.19 (m, 2H), 1.42-1.48 (m, 2H)      1.92-2.16 (m,
4H), 2.36-2.48 (m, 1H), 2.53-2.61 (m      1H), 3.02 (t..1 = 6.1 Hz, 2H), 3.86
(q, J = 5.5 Hz, 2H)   
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[0175] 

[Chmical formula 31] 

 

[0176] 

 A solution of 5-(4-methoxybenzyloxy)pyrazin-2-amine (90 mg) 5 

in anhydrous pyridine (0.49 mL) was added dropwise at a room 

temperature in an argon atmosphere into a solution  of an acid 

chloride (146 mg) of the 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide obtained in Example 10 in 10 

anhydrous tetrahydrofuran (0.49 mL), and the resultant mixture was 

stirred for about 2 hours at room temperature.  Ethyl acetate was 

added to the reaction mixture, and the mixture was then washed with 

a 10% citric acid aqueous solution.  The organic layer was washed 

with a saturated sodium hydrogen carbonate aqueous solution (10 15 

mL × 2), and then washed with saturated brine (10 mL).  The washed 

organic layer was dried over anhydrous sodium sulfate and filtrated, 

and then the solvent was removed under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography (elution 

solvent; hexane : ethyl acetate = 1:1) to give 20 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

N ,     67B ....1z-3......."--OH 4.73-4.94 (m, 2H), 7.17 (s, 1H), 7.24 (m, 1H),
7.4     S (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H), 8.42 (s      1H).
CDCI3) 6 1.15-1.20 (m, 2H), 1.32 a, J = 7.0 Hz      6H), 1.42-1.48 (m, 2H),
1.92-2.16 (m, 4H), 2.34-2.48      (m, 1H), 2.52-2.61 (m, 1H), 3.27 (d, J =
20.8 Hz, 2H),  
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4α)-3,4-difluorocyclopentyl]-N-[5-(4-methoxybenzyloxy)pyrazin-

2-yl]acrylamide (160 mg). 

1H NMR (CHCl3, 400 MHz) ･1.10-1.17 (m, 2H), 1.40-1.48 (m, 2H), 1.94-2.20 

(m, 4H), 2.36-2.49 (m, 1H), 2.51-2.59 (m, 1H), 3.81 (s, 3H), 4.72-4.94 

(m, 2H), 5.32 (s, 2H), 6.90 (d, J = 8.5 Hz, 2H), 7.15 (d, J = 10.3 5 

Hz, 1H), 7.38 (d, J = 8.5 Hz, 2H), 7.44 (brs, 1H), 7.46 (d, J = 

8.5 Hz, 2H), 7.86 (d, J = 1.2 Hz, 1H), 8.02 (d, J = 8.5 Hz, 2H), 

9.13 (d, J = 1.2 Hz, 1H). 

MS (ESI+) m/z: 570.2 (MH+). 

HRMS (ESI+) for C29H30F2N3O5S (MH
+): calcd., 570.18742; found, 10 

570.18681. 

[0177] 

Third Step 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yl)acrylami15 

de 

[0178] 

[Chemical formula 32] 

 

[0179] 20 

 Trifluoroacetic acid (1 mL) was added at a room temperature 

.10 (dd, J = 7.0 Hz, 2H), 4.13 (dd, J = 7.0 Hz, 2H)    68B 7(0)(0E02
4.73-4.82 (m, 1H), 4.85-4.95 (m, 1H), 7.26 (d, J =     10.4 Hz, 1H), 7.43 (d,
J = 7.9 Hz, 2H), 8.03 (d, .1 =     8.6 Hz, 2H), 8.43 (s, 1H).
DMSO-d6)(51.15-1.18 (m, 2H),1.43-1.47 (m,(ES1+) 551.2   Me 2H),
1.92-2.17 (m, 4H), 2.29 (s, 3H), 2.33-2.70 (m,(MH+)    (,-.N 8H), 3.67 (s,
2H), 4.73-4.81 (m, 1H), 4.85-4.95 (m,   698 N-:) ......,,X ......./N ...) U 
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in an argon atmosphere to a solution  of 

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methoxybenzyloxy)pyrazin-

2-yl]acrylamide (100 mg) in anhydrous dichloromethane (1 mL), and 

the resultant mixture was stirred for 5 minutes.  A saturated sodium 5 

hydrogen carbonate aqueous solution was added to the reaction mixture 

to adjust the pH to 8.  The reaction mixture was then extracted with 

chloroform (20 mL × 2).  The organic layer was washed with saturated 

brine (20 mL).  The washed organic layer was then dried over anhydrous 

sodium sulfate and filtrated, and then the solvent was removed under 10 

reduced pressure.  The obtained residue was purified by silica gel 

column chromatography (elution solvent; chloroform : acetone = 5:1) 

to give (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yl)acrylami

de (41 mg). 15 

1H NMR (CHCl3, 400 MHz) ･1.11-1.18 (m, 2H), 1.41-1.48 (m, 2H), 1.92-2.18 

(m, 4H), 2.36-2.49 (m, 1H), 2.52-2.60 (m, 1H), 4.74-4.95 (m, 2H), 

7.11 (d, J = 10.9 Hz, 1H), 7.28 (brs, 1H), 7.44 (d, J = 8.5 Hz, 

2H), 7.95 (d, J = 1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz, 2H), 8.48 (d, 

J = 1.2 Hz, 1H). 20 

MS (ESI+) m/z: 450.1 (MH+). 

HRMS (ESI+) for C21H22F2N3O4S (MH
+): calcd., 450.12991; found, 

450.12959. 

[0180] 

Fourth Step 25 

S 1H), 7.19 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H), 7.43 (d, J     = 8.6 Hz, 2H),
8.02 (d, J = 8.6 Hz, 2H).     [0129]  [Table 28] 70B NHBoc ......k. 2..... sr--"
S (CD0I3) 81.16-1.19 (m, 2H), 1.44-1.48 (m, 11H), 1.92-2.19 (m, 4H),
2.34-2.50 (m, 1H), 2.53-2.62 (m, 1H), 2.84 (t, J = 6,1 Hz, 2H), 3.30 (t, Jr
6,1 Hz, 2H) 4.73-4.96 (m, 3H), 7.26-7.28 (m, 1H), 7.41 (s, 1H), 7.43 (d, J
= 8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H), ESI+)558.1 MH+)    8.43 (s, 1H).
(CDCI3)81.17-1.18 (m, 2H), 1.44-1.46 (m, 2H),(ESI+) 513.1    1.91-2.18
(m, 4H), 2.37-2.49 (m, 1H), 2.52-2.61 (m,(MH+)   71B N  ar.-, NH2 1H),
2.78-2.91 (m, 4H), 4.73-4.96 (m, 2H), 7.27 (d, J 
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Ethyl 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yloxy)acetate 

[0181] 

[Chemical formula 33] 

 5 

[0182] 

 Ethyl bromoacetate (74 µL) and silver oxide (92.9 mg) were 

added at a room temperature in an argon atmosphere to a solution 

of (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yl)acrylami10 

de (150 mg) in anhydrous toluene (5 mL), and the resultant mixture 

was heated and stirred for about 22 hours at 100°C in an argon 

atmosphere.  The reaction mixture was cooled, and then filtrated 

through Celite.  After filtration, the solvent was removed under 

reduced pressure.  The obtained residue was purified by silica gel 15 

column chromatography (elution solvent; chloroform : acetone = 5:1) 

to give ethyl 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yloxy)acetate 

(35 mg).  IR (ATR) 3300, 2983, 1746, 1666, 1603, 1519, 1400, 1375, 20 

1353, 1316, 1292, 1208,1186, 1140, 1087, 1044, 1025, 994, 972 cm-1. 

nS = 10.4 Hz, 1H), 7.40 (s, 1H), 7.40 (d, J = 8.6 Hz, 2H),     8.03 (d, J =
8.6 Hz, 2H).     (CD0I3)81.14-1.20 (m, 2H), 1.44-1.47 (m, 2HVES1+)
542.1    1.92-2.17 (m, 4H), 2.24 (s, 6H), 2.37-2.46 (m, 1H) (MH+)
2.51-2.60(m,2H),2.85(t,J=7.5Hz,2H)  72B ......(Nri)...srs,NMe24.73-4.81
(m, 1H), 4.86-4.94 (m, 1H), 7.27 (d, J =   S 9.8 Hz, 1H), 7.43 (d, J = 7.9
Hz, 2H), 8.03 (d, J = 7.9    Hz, 214), 8.45 (s, 1H).    (CDCI3)8 0.95-1.05
(m, 6H), 1.14-1.20 (m, 2H), ESI+)570.2  
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1H NMR (CHCl3, 400 MHz) ･1.11-1.18 (m, 2H), 1.29 (t, J = 7.3 Hz, 

3H), 1.41-1.48 (m, 2H), 1.92-2.20 (m, 4H), 2.35-2.48 (m, 1H), 

2.52-2.60 (m, 1H), 4.24 (q, J = 7.3 Hz, 2H), 4.73-4.95 (m, 2H), 

4.90 (s, 2H), 7.15 (d, J = 10.3 Hz, 1H), 7.45 (d, J = 8.5 Hz, 2H), 

7.47 (brs, 1H), 7.98 (d, J = 1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz, 2H), 5 

9.08 (d, J = 1.2 Hz, 1H). 

MS (ESI+) m/z: 536.2 (MH+). 

HRMS (ESI+) for C25H28F2N3O6S (MH
+): calcd., 536.16696; found, 

536.16654. 

[0183] 10 

Example 24 

2-(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yloxy)acetic 

acid 

[0184] 15 

[Chemical formula 34] 

 

[0185] 

IR (ATR) 3304, 2942, 2535, 1729, 1665, 1609, 1520, 1469, 1437, 1360, 

1314, 1288, 1239, 1200, 1177, 1141, 1071, 1048, 1028, 994, 973 cm-1. 20 

1H NMR (DMSO, 400 MHz) ･1.00-1.18 (m, 4H), 1.81-2.00 (m, 2H), 2.06-2.25 

1.42-1.48 (m, 2H), 1.93-2.18 (m, 4H), 2.36-2.48 (m, MH+)    1H),
2.48-2.61 (m, 5H), 2.66-2.76 (m, 2H), 2.78-2.8'  73B .."....Q..7)....."----' SS
2H), 4.73-4.94 (m, 2H), 7.26-7.29 (m. 1H), 73' (s, 1H), 7.43 (d, J = 8.6 Hz,
2H), 8.03 (d, J = 8.6 Hz    2H), 8.40 (s. 1H).    (CD0I3)a1.13-1.21 (m, 214),
1.43-1.49 (m, 2H),(ESI+)568.2    1.79 (brs, 4H), 1.92-2.18 (m, 4H),
2.35-2.62 (m, 6H),(MH+)  74B N0
2.72(s,2H),2.89(s,211),4.72-4.95(m,2H),   r-di'l ......11')-... 7.26-7.29 (m,
1H), 7.39 (s, 1H), 7.43 (d, J = 8.6 Hz,   SS     2H), 8.03 (d, ..1 = 8.6 Hz,
2H), 8.38 (s, 1H).  
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(m, 2H), 2.45-2.60 (m, 1H), 2.85-2.92 (m, 1H), 4.83 (s, 2H), 4.83-5.06 

(m, 2H), 6.69 (d, J = 10.3 Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.89 

(d, J = 8.5 Hz, 2H), 8.21 (d, J = 1.2 Hz, 1H), 8.72 (d, J = 1.2 

Hz, 1H), 10.7 (s, 1H), 13.0 (brs, 1H). 

MS (ESI+) m/z: 508.1 (MH+). 5 

HRMS (ESI+) for C23H24F2N3O6S (MH
+): calcd., 508.13539; found, 

508.13523. 

[0186] 

Reference Example 1 

(1α, 3α, 4α)-3,4-Difluorocyclopentylmethyltriphenylphosphonium 10 

iodide 

First step 

[(1α, 3β, 4β)-3,4-Dihydroxycyclopentyl]methyl benzoate 

[0187] 

[Chemical formula 35] 15 

 

[0166] 

 N-methylmorpholine N-oxide (a 50% aqueous solution, 22.0 mL) 

and osmium tetroxide (a 2.5% t-butanol solution, 1.90 mL) were 

dissolved in acetone (190 mL).  A solution of 20 

(3-cyclopenten-1-yl)methyl benzoate (WO93/18009, Japanese 

Translation of PCT International Application No. Hei 7-506816)(20.2 

[0130]  [Table 29]   ;CD013) a1.14-1.20 (m, 2H), 1.42-1.48 (m, 2H),
1.93-2.18 (m, 4H), 2.30 (s, 3H), 2.36-2.66 (m, 12H)2.86 (dd, J = 8.9, 6.4
Hz, 2H), 4.73-4.95 (m, 2H) ESI+)597.2 (MH+)  75B N 1i 7.26-7.29 (m,
1H), 7.43 (d, J = 8.6 Hz. 2H), 8.03 (d.   ,..._,---,    $, J = 8.6 Hz, 2H), 8.39
(s, 1H).   (0D013)a1.14-1.20 (m, 2H), 1.43-1.48 (m, 2H),(ESI+)586.1 C-)
1.92-2.21 (m, 6H), 2.36-2.52 (m, 2H), 2.53-2.61 (m (MN+)   F    2.71-2.91
(m, 7H), 4.73-4.94 (m, 2H), 5.06-5.25 61H).   76B 
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g) in acetone (125 mL) was added dropwise to the prepared solution 

over 105 minutes under stirring, and the mixture was stirred at 

room temperature for 15 hours.  Chloroform (310 mL) and water (190 

mL) were added to the reaction mixture, and the organic layer was 

collected.  The collected organic layer was washed sequentially with 5 

1 mol/L hydrochloric acid (2×90 mL), water (90 mL), and a saturated 

aqueous sodium hydrogen carbonate solution (60 mL), dried over 

anhydrous sodium sulfate, and concentrated under reduced pressure.  

Toluene (120 mL) was added to the residue, and the precipitated 

crystals were collected by filtration to give [(1α, 3β, 10 

4β)-3,4-dihydroxycyclopentyl]methyl benzoate (16.9 g). 

1H NMR (CDCl3) δ 1.71-1.78 (m, 2H), 1.95-2.02 (m, 2H), 2.27 (br, 

2H), 2.75-2.87(m, 1H), 4.19-4.23 (m, 4H), 7.43-7.47 (m, 2H), 

7.55-7.59 (m, 1H), 8.01-8.04 (m,2H). 

 The filtrate was concentrated under reduced pressure to give 15 

a mixture of [(1α, 3β, 4β)-3,4-dihydroxycyclopentyl]methyl benzoate 

and [(1β, 3β, 4β)-3,4-dihydroxycyclopentyl]methyl benzoate (4.23 

g, a ratio of about 1:2 determined by the integration ratio of 1HNMR). 

1H NMR (CDCl3) δ 1.58-1.65 (m, 1.3H), 1.71-1.78 (m, 0.7H), 1.96-2.17 

(m, 2H), 2.75-2.85 (m, 1H), 4.09-4.32 (m, 4H), 7.42-7.46 (m, 2H), 20 

7.54-7.59 (m, 1H), 8.01-8.06 (m, 2H). 

[0189] 

Second step 

(3aα, 5α, 

6aα)-(Tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl 25 

(m, 1H), 7.26-7.29 (m, 1H), 7.40 (s, 1H), 7.43 (d, J =    8.6 Hz, 2H), 8.04
(d, J = 8.6 Hz, 2H), 8.38 (s, 1H).   (00013)a1.14-1.20 (m, 2H), 1.43-1.48
(m. 2H) ESI)586.1 (+)  1.92-2.21 (m, 6H), 2.36-2.52 (m, 2H), 2.53-2.61 (m,
MH+)   f 1 H). 2.71-2.91 (m, 7H), 4.73-4.94 (m, 2H), 5.06-5.25 77B Nm,
1H), 7.26-7.29 (m, 1H), 740 (s, 1H), 7.43 (d, J    is8.6 Hz, 2H), 8.04 (d, J =
8.6 Hz, 2H), 8.38 (s, 1H).    n3    (CDCI3)6'1.14-1.20 (In, 2H), 1.42-1.48
(m, 2H), ESI+)584.2   1.91-2.18 (m, 4H), 2.40-2.48 (m, 5H), 2.53-2.63 (m,
MH+)   J.,,,..3H), 2.87 (dd, J = 8.3, 6.4 Hz, 2H), 3.70 (t, J = 4.6    03 ( Hz,
4H), 4.73-4.95 (m, 2H), 7.26-7.29 (m, 1H), 7.39  
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benzoate S,S-dioxide 

[0190] 

[Chemical formula 36] 

 

[0191] 5 

 [(1α, 3β, 4β)-3,4-Dihydroxycyclopentyl]methyl benzoate (5.00 

g) was suspended in carbon tetrachloride (75 mL).  Thionyl chloride 

(1.90 mL) was added to the suspension, and the mixture was heated 

for reflux under stirring for 1.5 hours.  Thionyl chloride (0.50 

mL) was further added to the reaction mixture, and the mixture was 10 

heated for reflux under stirring for 1 hour.  The reaction mixture 

was concentrated under reduced pressure, and toluene (25 mL) was 

added to the residue.  The mixture was concentrated under reduced 

pressure and dried under reduced pressure to give (3aα ,5α, 

6aα)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl 15 

benzoate S-oxide (6.09 g).  The obtained (3aα, 5α, 

6aα)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl 

benzoate S-oxide (4.27 g) was mixed with acetonitrile (30 mL) and 

carbon tetrachloride (30 mL).  Sodium periodate (6.46 g), ruthenium 

chloride hydrate (31.3 mg), and then water (30 mL) were added to 20 

the mixture, and the resultant mixture was stirred at room temperature 

for 30 minutes.  Dichloromethane (50 mL) was added to the reaction 

78B      N ....."      (s, 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz,
n$    2H), 8.42 (s, 1H).   (CDCI3)4:51.13-1.21 (m, 2H), 1.41-1.49 (m,
4H),F(ESI+)582.2   1.53-1.57 (in, 4H), 1.92-2.22 (m, 4H), 2.37-2.49
(m,I(MH+)   5H), 2.50-2.60 (m, 3H), 2.87 (dd, J = 8.9, 6.4 Hz,    H),
4.72-4.97 (m, 2H), 7.26-7.29 (m, 1H), 7.38 (s,   79B     
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mixture, and insoluble materials were removed by filtration.  Then, 

the organic layer of the filtrate was separated, and the aqueous 

layer was extracted with dichloromethane (50 mL).  The organic layer 

and the dichloromethane extract were combined.  The combined 

solution was washed with a 1 mol/L aqueous sodium thiosulfate solution 5 

(2 x 40 mL) and then with water (2×40 mL), dried over anhydrous 

sodium sulfate, and concentrated under reduced pressure.  The 

residue was dried under reduced pressure to give (3aα, 5α, 

6aα)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl 

benzoate S,S-dioxide (4.35 g). 10 

MS (CI+) m/z: 299 (MH+). 

HRMS (CI+) for C13H15O6S (MH
+): calcd., 299.0589; found, 299.0593. 

[0192] 

Third step 

[(1α, 3α, 4β)-3-Fluoro-4-hydroxycyclopentyl]methyl benzoate 15 

[0193] 

[Chemical formula 37] 

 

[0194] 

 Tetrabutylammonium fluoride hydrate (571 mg) was dissolved 20 

in anhydrous acetonitrile (5 mL), and the prepared solution was 

concentrated under reduced pressure.  The same procedure was 

H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz,    2H), 8.41 (s, 1H).
[0131]  [Table 30] 80B t F A s CDCI3)61.14-1.20 (m, 2H), 1.43-1.48 (m,
2H) 1.90-2.18 (m, 8H), 2.36-2.49 (m, 1H), 2.50-2.61 (m 5H), 2.65 (t, J =
7.3 Hz, 2H), 2.86 (t, J = 7.3 Hz, 2H) 4.73-4.95 (m, 2H), 7.26-7.29 (m, 114).
7.39 (s, 1H) 7.43 (d, J = 8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H) 8.41 (s, 1H).
(ESI+)618.2 (MH+)  818 N '_,0 H ."").473......----- SS CDCI3)61.14-1.21
(m, 2H), 1.42-1.49 (m, 2H) 1.91-2.17 (m, 5H), 2.37-2.49 (m, 1H),
2.53-2.61 (m 1H), 2.92 (t, J = 5.9 Hz, 2H), 3.75 (q, J = 5.9 Hz, 2H)
4.73-4.95 (m, 2H), 7.26-7.29 (m, 1H), 7.42 (s, 1H) 7.43 (d, J = 7.9 Hz,
2H), 8.03 (d, J = 7.9 Hz, 2H) 8.45 (s, 1H). (ESI+)515.1 (MH+)  82B NN
/13....           S ---ThSHo (CDCI3) 614-1.20 (m, 2H), 1.42-1.48 (m, 2H)
1.70-1.91 (in, 4H), 1.91-2.18 (m, 4H), 2.23-2.32 (m 1H), 2.36-2.49 Cm,
1H), 2.53-2.68 (m, 3H), 2.84-2.9: (m, 3H), 3.13-3.20 (m, 1H), 3.38 (ad, J =
11.0, 3.1 Hz, 1H), 3.60 (dd, J = 11.0, 3.7 Hz, IH), 4.73-4.9 Cm, 2H),
7.26-7.29 (m, 1H), 7.41 (s, 1H), 7.43 (d, J 7.9 Hz, 2H), 8.03 (d. J = 8.6 Hz,
2H), 8.43 (s, 1H). ESI+)598.2 MH+)  838 '14\N II?113.... "......"N-2) 
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repeated additional two times, and the residue was dried under reduced 

pressure at 40°C for 45 minutes.  The resultant residue was dissolved 

in dehydrated acetonitrile (5 mL).  (3aα, 5α, 

6aα)-(Ttetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl 

benzoate S,S-dioxide (500 mg) was added to the prepared solution, 5 

and the mixture was heated to reflux under stirring for 45 minutes.  

Then, the reaction mixture was concentrated under reduced pressure.  

The residue was dissolved in ethanol (5 mL), and sulfuric acid (0.15 

mL) was added thereto.  The mixture was heated to reflux under 

stirring for 10 minutes, and the reaction mixture was concentrated 10 

under reduced pressure.  The residue was dissolved in ethyl acetate 

(40 mL).  The resultant solution was washed with a saturated aqueous 

sodium hydrogen carbonate solution (5 mL) and then with saturated 

brine (5 mL), dried over anhydrous sodium sulfate, and concentrated 

under reduced pressure.  The residue was purified by silica gel column 15 

chromatography (eluent : hexane/ethyl acetate = 1:1) to give [(1α, 

3α, 4β)-3-fluoro-4-hydroxycyclopentyl]methyl benzoate (342 mg). 

MS (EI) m/z: 238 (M+). 

HRMS (EI) for C13H15FO3(M
+): calcd., 238.1005; found, 238.1046. 

[0195] 20 

Fourth step 

[(1α, 3α, 4α)-3,4-Difluorocyclopentyl]methyl benzoate 

[0196] 

[Chemical formula 38] 

----%8S (0ne13)61.16-1.20 (m, 2H), 1.44-1.48 (In, 2H), 1.91-2.18 (m, 4H),
2.37-2.50 (in, 1H), 2.52-2.61 (m 1H),3.06 (t, J = 7.0 Hz, 2H), 4.14 (t, J =
7.0 Hz, 2H) .77-4.92 (m, 2H), 6.91 (t, J = 1.2 Hz, 1H), 7.06 (s 1H),
7.26-7.30 (in, 1H), 7.39 (s, 1H), 7.44 (d, J = 6. Hz, 21-1), 8.04 (d, J = 6.7
Hz, 2H), 8.60 (s, 1H). ESI+)565.1 MH+)   [0132]  [Table 31]  co,et
?CDCI3) a1.13-1.21 (m, 2H), 1.25 (t, J = 7.1 Hze?ESI+) 3H), 1.42-1.48
(m. 2H), 1.67-1.79 (m, 2H), 1.83-1.83(MH+) (in, 2H), 1.92-2.18 (in, 6H),
2.20-2.30 (m, IH), 2.35-2.48 (m, 1H), 2.53-2.61 (m, 3H), 2.78-2.89 (m,
4H), 4.12 (q, J = 7.1 Hz, 2H), 4.73-4.95 (m, 2H), 654.2  848      ......Lls,--...,
7.26-7.30 (m, 1H), 7.38 (s, 1H), 7.43 (d, J = 8.6 Hz,     2H), 8.03 (d, J = 8.6
Hz, 2H), 8.40 (s, 1H).     (CDCI3) a1.14-1.20 (m, 2H), 1.42-1.49 (m,
2H),(ESI+) 626.2 C-)   1.76-2.19 (m, 8H), 2.36-2.48 (m, 1H), 2.57 (tt, J
=NH+)    
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[0197] 

 [(1α, 3α, 4β)-3-Fluoro-4-hydroxycyclopentyl]methyl benzoate 

(326 mg) was dissolved in anhydrous tetrahydrofuran (5 mL).  A 

solution of bis(2-methoxyethyl)aminosulfur trifluoride (455 mg) 5 

in anhydrous tetrahydrofuran (2 mL) was added to the prepared mixture, 

and the mixture was heated to reflux under stirring for 1.5 hours.  

The reaction mixture was added to a saturated aqueous sodium hydrogen 

carbonate solution (10 mL), and the resultant solution was extracted 

with ethyl acetate (2 x 30 mL).  The ethyl acetate extracts were 10 

combined, washed with saturated brine (2 x 10 mL), dried over anhydrous 

sodium sulfate, and concentrated under reduced pressure.  The 

residue was purified by silica gel column chromatography (eluent : 

hexane/ethyl acetate = 4:1) to give [(1α, 3α, 

4α)-3,4-difluorocyclopentyl]methyl benzoate (233 mg). 15 

MS (CI+) m/z: 241 (MH+). 

HRMS (CI+) for C13H15F2O2(MH
+): calcd., 241.1040; found, 241.1043. 

[0198] 

Fifth step 

[(1α, 3α, 4α)-3,4-difluorocyclopentyl]methanol 20 

[0199] 

[Chemical formula 39] 

7.9, 3.7 Hz, 1H), 2.67-2.73 (m, 1H), 2.86 (t, J = 7.    Hz, 2H), 2.92-2.98 (m,
1H), 3.72 (s, 3H), 4.73-4.95    Cm, 2H), 7.27 (d, .1 = 10.4 Hz, 1H), 7.39 (s,
1H), 7.43  858 Airsi),,s J = 8.6 Hz, 211), 8.03 (d, J = 8.6 Hz, 2H), 8.42 (s
1H).    (CD013)a1.14-1.21 (m, 2H), 1.42-1.48 (m, 2H),(ES1+)556.2    1.74
(tt, J = 6.7, 6.7 Hz, 2H), 1.92-2.17 (m. 4H), 2.19(MH+)    (s, 6H), 2.34 (t, J
= 7.3 Hz, 2H), 2.36-2.47 (m, 1H),    2.57 (tt, J = 7.9, 3.8 Hz, 1H), 2.78 (t, J
= 7.3 Hz, 2H),   N ."..,"_ 4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.37 (s,
1H),  868 ,/^-'1"1` 
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[0200] 

 [(1α, 3α, 4α)-3,4-Difluorocyclopentyl]methyl benzoate (221 

mg) was dissolved in ethanol (3 mL).  A solution of potassium 

carbonate (191 mg) in water (1 mL) was added to the prepared solution, 5 

and the mixture was heated to reflux under stirring for 4 hours.  

The reaction mixture was concentrated under reduced pressure, and 

the residue was purified by silica gel column chromatography (eluent : 

hexane/ethyl acetate = 1:2) to give [(1α, 3α, 

4α)-3,4-difluorocyclopentyl]methanol (123 mg). 10 

MS (CI+) m/z: 137 (MH+). 

HRMS (CI+) for C6H11F2O (MH
+): calcd., 137.0778; found, 137.0801. 

[0201] 

Sixth step 

(1α, 3α, 4α)-3,4-Difluorocyclopentylmethyl iodide 15 

[0202] 

[Chemical formula 40] 

 

[0203] 

 Iodine (120 mg) was added to a solution of imidazole (64.5 20 

mg) and triphenylphosphine (124 mg) in dichloromethane (2.0 mL) 

"A!.    $' 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H),    8.37 (s, 1H).
(DMSO-d6)a1.00-1.18 (m, 4H), 1.62-1.78 (m,(ES1+)612.1 C-)   1H),
1.79-2.01 (m, 4H), 2.06-2.25 (m, 3H). 2.84-3.04(MH)    ?ni, 4H), 4.82-5.10
(m, 2H), 6.86 (d, J = 10.4 Hz, 1H)  878 ......11,..../......R0 H 7.47 (d, J = 8.6
Hz, 2H), 7.63 (s, 1H), 7.91 (d, J = 8.6   2 Hz, 2H).   [0133]  [Table 32]
..-13--- 7--I SN DMSO-d6)o51.01-1.20 (m, 4H), 1.42-1.52 (m 2H), 1.73
(dd, J a- 13.1, 3.4 Hz, 2H), 1.82-2.01 (m,MH+) 4H), 2.08-2.24 (m, 3H),
2.73 (d, J = 11.0 Hz, 2H) 2.83 (t, J = 7.3 Hz, 2H), 2.85-2.94 Cm, 1H)
"ES1+) 648.1  
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under cooling with ice, and the mixture was stirred at room temperature 

for 30 minutes.  Then, a solution of [(1α, 3α, 

4α)-3,4-difluorocyclopentyl]methanol (43.0 mg) in dichloromethane 

(0.5 mL) was added to the resultant mixture, and the mixture was 

stirred at room temperature for 4 hours, and insoluble materials 5 

were removed by filtration.  The residue obtained by concentrating 

the filtrate was purified by silica gel column chromatography to 

give (1α, 3α, 4α)-3,4-difluorocyclopentylmethyl iodide (28.0 mg). 

MS (EI) m/z: 246 (M+). 

HRMS (EI) for C6H9F2I (M
+): calcd., 245.9717; found, 245.9741. 10 

[0204] 

Seventh step 

(1α, 3α, 4α)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium 

iodide 

[0205] 15 

[Chemical formula 41] 

 

[0206] 

 (1α, 3α, 4α)-(3,4-difluorocyclopentyl)methyl iodide (9.84 

g), triphenylphosphine (12.6 g), and acetonitrile (3 mL) were mixed 20 

and stirred at 90 to 95°C for 4 hours.  Acetonitrile (2 mL) was further 

added to the reaction mixture, and the mixture was further stirred 

at 90 to 95°C for 20 hours.  After cooling, diethyl ether (50 mL) 

888           4.84-5.08 (m, 2H), 6.85 (d, J = 10.4 Hz, 1H), 7.46 (d,
CO2Na J = 8.6 Hz, 2H), 7.54 (s, 1H), 7.90 (d, J = 8.6 Hz,       2H).
(C0C13)a1.15-1.20 (m, 211), 1.43-1.48 Cm, 2H),(ES1+) 604.1
1.91-2.19 (m, 6H), 2.35-2.50 (m, 11-1), 2.53-2.60 (m,(MH-F)   
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was added to the reaction mixture, and the precipitated crystals 

were collected by filtration.  The collected crystals were suspended 

in diethyl ether (50 mL), and the suspension was filtrated to collect 

the crystals.  The collected crystals were washed with an appropriate 

amount of diethyl ether and dried under reduced pressure to give 5 

the title compound (20 g). 

1H NMR (400 MHz, CDCl3) δ 1.72-1.85 (m, 2H), 2.17-2.29 (m, 2H), 

2.69-2.82 (m, 1H), 3.86 (dd, J = 7.3, 2.4 Hz, 1H), 3.89 (dd, J = 

7.3, 2.4 Hz, 1H), 4.74-4.92 (m, 2H), 7.31-7.90 (m, 15H). 

[0207] 10 

Reference Example 2 

2-(5-Aminopyrazin-2-ylthio)ethanol 

[0208] 

[Chemical formula 42] 

 15 

[0209] 

 According to the method described in WO2004/052869, 

2-hydroxy-1-ethanethiol (0.93 mL) and 

tetrakis(triphenylphosphine)palladium (3.39 g) were added to a 

solution of 2-amino-5-bromopyrazine (1.00 g, 5.75 mmol) in 20 

N,N-dimethylformamide (15.1 mL), and the mixture was heated and 

stirred at 120°C in a sealed tube for about 3 hours.  After cooling, 

the reaction mixture was diluted with water and extracted with a 

mixed solution (dichloromethane : ethanol = 5:1) (100 mL x 6).  The 

F 1H), 2.74-2.92 (m, 6H), 3.04-3.12 (m, 2H), 4.71-5.11      r-04,F(m, 4H),
5.06-5.25 (m, 1H), 7.26-7.29 (m, 1H), 7.39    898          s. 1H), 7.43 (d, J =
7.9 Hz, 2H), 8.04 (d, J = 8.6 Hz    '-'s s  2H), 8.42 Cs, 1F1).
(CDC13)81.14-1.20(m.2H),1.31(s,3H),(ESI+) 640.2  
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organic layer was dried over anhydrous sodium sulfate and then 

filtrated, and the solvent was evaporated under reduced pressure.  

The residue was purified by column chromatography (hexane : ethyl 

acetate = 1:1, then ethyl acetate, and then ethyl acetate : methanol 

= 10:1) and was recrystallized (using chloroform) to give the title 5 

compound as yellow needle crystals (470 mg, yield: 44%). 

MS (EI+) m/z: 171 (M+). 

HRMS (EI+) for C6H9N3OS (M
+): calcd., 171.0466; found, 171.0451. 

[0210] 

Reference Example 3 10 

5-[2-(Methylthio)ethoxy]pyrazin-2-amine 

[0211] 

[Chemical formula 43] 

 

[0212] 15 

 According to the method described in WO2007007886, sodium 

hydride (50% oily product)(314 mg) was added to methylthioethanol 

(7.88 mL) under cooling with ice and stirring, and then copper (490 

mg) and 2-amino-5-bromopyrazine (1.00 g) were added thereto.  The 

reaction mixture was placed in an autoclave and heated and stirred 20 

at 160°C for about 5 hours.  After cooling, the reaction mixture 

was diluted with water (50 mL) and ethyl acetate (50 mL), and 25% 

aqueous ammonia (2 mL) was added to the mixture to make it basic.  

The reaction mixture was filtrated through Celite, and the organic 

1.42-1.48 (m, 2H), 1.51 (s, 3H), 1.92-2.19 Cm, 6H),(MH+)       2.36-2.48
(m, 1H), 2.53-2.61 (m, 1H), 2.66 (dd, J =       A 8.9, 6.4 Hz, 2H), 2.85 (dd,
J = 8.9, 6.4 Hz, 2H), 3.05    90B     J =11.6 Hz,2H), 4.63 (q, J =1.4 Hz,
2H),       4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.39 (s, 1H),     ---1?-ss
7.43 (d, J = 8.6 Hz, 2H), 8.03 (d. J = 8.6 Hz, 2H), 
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layer and the aqueous layer were separated.  The aqueous layer was 

extracted with ethyl acetate (50 mL x 2), and the extracts and the 

organic layer were combined, dried over anhydrous sodium sulfate, 

and filtrated.  The solvent was evaporated under reduced pressure.  

The residue was purified by silica gel chromatography (hexane : 5 

ethyl acetate = 1:1) and then by preparative TLC (chloroform : methanol 

= 10:1, then NH silica gel, hexane : acetone = 3:1) to give the 

title compound as white powder crystals (59.2 mg, yield: 6%). 

MS (EI+) m/z: 185 (M+). 

HRMS (EI+) for C7H11N3OS (M
+): calcd., 185.0623; found, 185.0613. 10 

[0213] 

Reference Example 4 

5-(2-Ethoxyethoxy)pyrazin-2-amine 

[0214] 

[Chemical formula 44] 15 

 

[0215] 

 According to the method described in Reference Example 3, the 

title compound was obtained as yellow crystals (1.50ｇ, yield: 41%) 

from 2-amino-5-bromopyrazine (3.48 g) and ethoxyethanol (36.0 g). 20 

MS (EI+) m/z: 183 (M+). 

HRMS (EI+) for C8H13N3O2(M
+): calcd., 183.1008; found, 183.0996 

[0216] 

Reference Example 5 

8.40 (s, 1H).        (CDCI3) 81.14-1.20 (m, 2H), 1.37-1.49 (m, 11H),(ES1+)
572.1      1.92-2.17 (m, 4H), 2.36-2.49 (m, 1H), 2.54-2.60 (m,(MH+)
1H), 2.83-2.86 (m, 5H), 3.33-3.46 (m, 2H). 4.73-4.95     N  NMeBoc    
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5-(3-Methoxypropoxy)pyrazin-2-amine 

[0217] 

[Chemical formula 45] 

 

[0218] 5 

 According to the method described in Reference Example 3, the 

title compound was obtained as yellow crystals (644 mg, yield: 18%) 

from 2-amino-5-bromopyrazine (3.48 g) and methoxypropanol (18.0 

g). 

MS (EI+) m/z: 183 (M+). 10 

HRMS (EI+) for C8H13N3O2(M
+): calcd., 183.1008; found, 183.1011. 

[0219] 

Reference Example 6 

5-[2-(Dimethylamino)ethoxy]pyrazin-2-amine 

[0220] 15 

[Chemical formula 46] 

 

[0221] 

 According to the method described in Reference Example 3, the 

title compound was obtained as a yellow oil (121 mg, yield: 23%) 20 

from 2-amino-5-bromopyrazine (500 mg) and 2-(dimethylamino)ethanol 

(2.56 g). 

91B ....% ..1.4   (m, 2H), 7.26-7.29 (m, 1H), 7.41 (s, 1H), 7.43 (d, J =
8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H), 8.41 (s, 1H).        (CDCI3)a1.13-1.20
(m, 2H), 1.42-1.48 (m, 2H) (ES1+) 600.1      1.91-2.17 (m, 4H), 2.36-2.50
(m, 1H), 2.50-2.62 (m (MH+)      riti ohi 3H), 2.63-2.75 (m, 6H), 2.83 (dd, J
= 7.6, 5.8 Hz Cs, 2K),4.73 -4.957.26 -7.20    
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MS (CI) m/z: 183 (MH+). 

HRMS (CI) for C8H15N4O (MH
+): calcd., 183.1246; found, 183.1242. 

1H NMR (400 MHz, CDCl3) δ 2.33 (s, 6H), 2.70 (t, J = 5.8 Hz, 2H), 

4.12 (brs, 2H), 4.31 (t, J = 5.8 Hz, 2H), 7.53 (d, J = 1.2 Hz, 1H), 

7.80 (d, J = 1.2 Hz, 1H). 5 

IR (ATR): 1280, 1630, 3330 cm-1. 

[0222] 

Reference Example 7 

5-[2-Methyl-2-(tetrahydro-2H-pyran-2-yloxy)propoxy]pyrazin-2-a

mine 10 

[0223] 

[Chemical formula 47] 

 

[0224] 

 According to the method described in Reference Example 3, the 15 

title compound was obtained as brown powder crystals (60 mg, yield: 

13%) from 2-amino-5-bromopyrazine (299 mg) and 

2-methyl-2-[(tetrahydro-2H-pyran-2-yl)oxy]-1-propanol (1.50 g). 

MS (CI) m/z: 268 (MH+). 

HRMS (CI) for C13H22N3O3 (MH
+): calcd., 268.1661; found, 268.1645. 20 

1H NMR (400 MHz, CDCl3) δ 1.35 (s, 6H), 1.46-1.52 (m, 4H), 1.59-1.72 

(m, 1H), 1.76-1.88 (m, 1H), 3.43 (td, J = 8.3, 4.3 Hz, 1H), 3.94 

(ddd, J = 11.6, 5.2, 3.7 Hz, 1H), 4.11 (d, J = 10.4 Hz, 1H), 4.16 

928 t }  tq_d '... al), 4.19,Mil, 41 u,     s   1H), 7.39 (s, 1H), 7.43 (d, J = 7.9
Hz, 2H), 8.03 (d,        = 7.9 Hz, 2H), 8.45 (s, 1H).     [0134]  [Table 33] 938
N-\ni, 4---- "1x ''r..." Ss CDCI3)61.13-1.21(m,2H),1.34(s,1H),(ESI-F)529.1
.42-1.49 (m, 2H), 1.82-1.89 (m, 2H), 1.91-2.18 (m,.(MH+) H), 2.34-2.50
(m, 1H), 2.52-2.61 (m, 1H), 2.86 (t, j   7'1.Hz, 2H), 3.76 (q, J = 4.0 Hz, 9H),
4.7n-4.9s (m.! 2H), 7.26-7.29 (m, 1H), 7.42 (s, 1H), 7.43 (d, J = 7.9.   Hz,
2H), 8.03 (d, Jr 7.9 Hz, 2H), 8.43 (s, 1H). 
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(d, J = 10.4 Hz, 1H), 4.21 (s, 2H), 4.88 (q, J = 2.9 Hz, 1H), 7.54 

(d, J = 1.8 Hz, 1H), 7.79 (d, J = 1.8 Hz, 1H). 

IR (ATR): 1620, 1487, 1379 cm-1. 

[0225] 

Reference Example 8 5 

1-[2-(Dimethylamino)-2-methylpropyl]-1H-pyrazol-3-amine 

[0226] 

[Chemical formula 48] 

 

[0227] 10 

 Sodium hydride (156 mg) was added to a solution of 

3-nitro-1H-pyrazole (196 mg) in anhydrous DMF (2 mL) under cooling 

with ice, and the mixture was stirred at room temperature for 15 

minutes.  A solution of 1-chloro-N,N,2-trimethylpropan-2-amine in 

DMF (0.52 mL) was added to the resultant mixture, and the mixture 15 

was stirred at room temperature for about 24 hours.  A saturated 

aqueous ammonium chloride solution (25 mL) and ethyl acetate (25 

mL) were added to the reaction mixture and stirred under cooling 

with ice.  The organic layer was separated, washed with saturated 

brine (100 mL), dried over anhydrous sodium sulfate, and filtrated, 20 

and the filtrate was concentrated under reduced pressure.  The 

obtained residue was purified by silica gel column chromatography 

(neutral spherical silica gel, ethyl acetate : hexane = 1:1) to 

give N,N,2-trimethyl-1-(3-nitro-1H-pyrazol-1-yl)propan-2-amine 

(0DCI3) 31.14-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz,(ES1+)534.2 C-)  3H),
1.42-1.48 (m, 2H),1.74-2.19 (m, 8H), 2.36-2.49(MH+)    m, 2H), 2.52-2.62
(m, 1H), 2.66-2.75 (rn, 1H), 2.87    t, J = 7.3 Hz, 2H), 2.92-2.99 (m, 1H),
3.15 (td, J =   94B 8.3, 3.6 Hz, 1H). 3.22 (td, J = 9.4, 5.2 Hz, 1H), 4.17 Q
IJ = 7.1, 1.8 Hz, 1H), 4.73-4.94 (m, 2H), 7.26 (d CO2Et qd,    J = 11.0 Hz,
1H), 7.39 (s, 1H), 7.43 (d, J = 8.5 Hz    9H), 8.04 (ri, I = 8.5 H7, 2H), 8.29
(n, 1 H).    (CDC13)a1.14-1.20 (m, 2H), 1.42-1.49 (m, 2H), ES1+)528.1
1.92-2.19 (m, 4H), 2.38-2.51 (m, 1H), 2.38 (s, 3H), (MH+)  
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as yellow powder crystals (90.9 mg, yield: 25%). 

MS (CI) m/z: 213 (MH+). 

HRMS (CI) for C9H17N4O2 (MH
+): calcd, 213.1352; found, 213.1314. 

 N,N,2-trimethyl-1-(3-nitro-1H-pyrazol-1-yl)propan-2-amine 

(70.6 mg) was dissolved in a mixed solution (ethanol-ethyl acetate, 5 

4:1, 5 mL).  Then, 10% palladium-carbon (7 mg) was added to the 

prepared solution, and the solution was subjected to catalytic 

reduction at 101 kPa for about 2 hours.  The reaction mixture was 

filtrated through Celite, and the filtrate was evaporated under 

reduced pressure.  The obtained residue was purified by silica gel 10 

column chromatography (silica gel NH, ethyl acetate : hexane = 1:1) 

to give the title compound as a yellow oil (56.8 mg, yield: 94%). 

MS (CI) m/z: 183 (MH+). 

HRMS (CI) for C9H14N4 (MH
+): calcd., 183.1610; found, 183.1615. 

1H NMR (400 MHz, CDCl3) δ 1.50 (s, 6H), 2.03 (s, 6H), 2.53 (s, 2H), 15 

3.59 (s, 2H), 5.56 (d, J = 2.4 Hz, 1H), 7.28 (d, J = 2.4 Hz, 1H). 

IR (ATR): 1617, 1541, 1492 cm-1. 

[0228] 

Reference Example 9 

5-(2-Bromoethylthio)thiazol-2-amine 20 

[0229] 

[Chemical formula 49] 

 

[0230] 

2.53-2.61 (m, 1H), 2.79 (t, J = 6.1 Hz, 2H), 2.89 (t, J    NNHMe   958
k.5'-'= 6.1 Hz, 2H), 4.73-4.95 (m. 2H), 7.26-7.30 (m, 1H), - 'S    7.39 (s,
1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J a- 8.6    Hz, 2H).    (C0CI3)
a1.14-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz, (ES1+)640.2 ( -)  3H), 1.42-1.48
(m, 2H),1.74-2.19 (m, 8H), 2.36-2.49 (MH+)   (m, 2H), 959-232 (m, 1H),
2.66-2_75 Cm, 1FO, 237    (t, J = 7.3 Hz, 2H), 2.92-2.99 Cm, 1H), 3.15
(td, J =   96B 8.3, 3.6 Hz, 1H), 3.22 (td, J = 9.4, 5.2 Hz, 1H), 4.1 }1N   
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 Triphenylphosphine (12.1 g), imidazole (3.86 g), and carbon 

tetrabromide (4.44 g) were added to a suspension of 

5-(2-hydroxyethylthio)thiazol-2-amine (2.00 g) in methylene 

chloride (74.6 mL) under cooling with ice, and the mixture was stirred 

under cooling with ice for 4 hours.  Methylene chloride (200 mL) 5 

and water (100 mL) were added to the reaction mixture, and the mixture 

was extracted.  The organic layer was washed with saturated brine 

(100 mL), dried over anhydrous sodium sulfate, and filtrated, and 

the filtrate was concentrated under reduced pressure.  The obtained 

residue was purified by silica gel column chromatography (neutral 10 

spherical silica gel, ethyl acetate : hexane = 1:10 and then 1:2) 

and washed with hexane to give the title compound as white powder 

crystals (1.06 g, yield: 39%). 

MS (EI) m/z: 238 (M+). 

HRMS (EI) for C5H7BrN2S2 (M
+): calcd, 237.9234; found, 237.9212. 15 

[0231] 

Reference Example 10 

5-(3-Bromopropylthio)thiazol-2-amine 

[0232] 

[Chemical formula 50] 20 

 

 According to the method described in Reference Example 9, the 

title compound was obtained as a yellow oil (450 mg, yield: 7%) 

from 5-(3-hydroxypropylthio)thiazol-2-amine (5.00 g). 

SCO2El(qd, J = 7.1, 1.8 Hz, 1H), 4.73-4.94 (m, 2H), 7.26 (d HCI    J =
11.0 Hz, 1H), 7.39 (s, 1H), 7.43 (d, J = 8.5 Hz    2H), 8.04 (d, J = 8.5 Hz,
2H), 8.39 (s, 1H).    [0135]  [Table 34]   :CDC13)61.10-1.18 (m, 2H),
1.41-1.48 (m, 2H),(ESI+) 1.91-2.19 (m, 4H), 2.35-2.49 (m, 1H), 2.51-2.61
(m,(MH+) 467.1    1H), 4.70-4.96 (rn, 2H), 7.13 (d, J = 10.4 Hz, 1H),
7.42-7.48 (rn, 2H), 7.67 (rs, 1H), 7.70 (dd, J = 8.6,   97B Th.2 2.4 Hz, 1H),
8.00-8.05 (m, 2H). 8.16 (d, J = 2.4 Hz,     1H), 830 (d, J = 8.6 Hz, 1H).  
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MS (ESI) m/z: 253 (MH+). 

HRMS (ESI) for C6H10BrN2S2 (M
+): calcd, 252.94688; found, 252.94629. 

[0233] 

Reference Example 11 

5-[2-(4-Methylpiperazin-1-yl)ethylthio]thiazol-2-amine 5 

[0234] 

[Chemical formula 51] 

 

[0235] 

 1-Methylpiperazine (3.47 mL) was added to the compound obtained 10 

in Reference Example 9 (150 mg), and the mixture was heated and 

stirred at 60°C for 2 hours.  After cooling, the reaction mixture 

was concentrated under reduced pressure.  Methylene chloride (10 

mL) and a saturated aqueous sodium hydrogen carbonate solution (10 

mL) were added to the residue, and the mixture was extracted.  The 15 

extraction was repeated twice, and the combined organic layers were 

washed with saturated brine (7 mL), dried over anhydrous sodium 

sulfate, filtrated, and evaporated under reduced pressure.  The 

obtained amorphous was washed with diisopropyl ether to give the 

title compound as white powder crystals (137 mg, yield: 84%). 20 

Melting point 106-108°C 

EIMS m/z: 258 (M+). 

HRMS (EI) for C10H18N4S2 (M
+): calcd., 258.0973; found, 258.0978. 

(CDCI3)61.09-1.19 (m, 2H), 1.40-1.48 (rn, 2H) ESI+)451.1    1.89-2.20 (m,
4H), 2.35-2.49 (m, 1H), 2.50-2.61 (m MH+)    1H), 4.71-4.95 (m, 2H), 7.13
(d, J = 10.4 Hz, 1H),  98B  7.43-7.51 (m, 3H), 7.67 (brs, 1H), 7.99-8.05 (m,
2H)    8.06 (d, J = 3.1 Hz, 1H), 8.33 (dd, J = 9.2, 4.3 Hz     1H).
(CDC13) a1.41 (t, J 7 73 Hz, 3H), 1.91-2.19 (m,(ESI+) 451.2    4H),
2.33-2.48 Cm. 1H), 3.15 (s, 3H). 4.04 (q, J = 7.3(MH+)     Hz, 2H),
4.71-4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 1H)   
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1H NMR (400 MHz, CDCl3) δ 2.28 (s, 3H), 2.35-2.57 (m, 8H), 2.61 (dd, 

J = 8.0, 4.3 Hz, 2H), 2.77 (dd, J = 8.0, 4.3 Hz, 2H), 4.95 (s, 2H), 

7.09 (s, 1H). 

IR (ATR): 1653, 1527, 1485 cm-1. 

[0236] 5 

Reference Example 12 

(S)-5-[2-(3-Fluoropyrrolidin-1-yl)ethylthio]thiazol-2-amine 

[0237] 

[Chemical formula 52] 

 10 

[0238] 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (82.3 mg, 

yield: 40%) from the compound obtained in Reference Example 9 (200 

mg), (S)-3-fluoropyrrolidine hydrochloride (210 mg), and 15 

triethylamine (0.50 mL). 

Melting point 144-145°C 

[α]D
24 -4° (c0.41, DMSO) 

EIMS m/z: 247 (M+). 

HRMS (EI) for C9H14FN3S2 (M
+): calcd, 247.0613; found, 247.0646. 20 

1H NMR (400 MHz, CDCl3) δ 1.94-2.22 (m, 2H), 2.42-2.51 (m, 1H), 

2.70-2.91 (m, 7H), 4.99 (s, 2H), 5.06-5.25 (m, 1H), 7.10 (s, 1H). 

IR (ATR): 1649, 1533, 1491 cm-1. 

OEt %., 7.27 (dd, J = 9.2, 3.1Hz, 1H), 7.45-7.50 Cm, 2H)   99B I.., N  7.54
(brs, 1H), 7.88 (d, J = 3.1 Hz, 1H), 8.03-8.08     (m, 2H), 8.22 (d, J = 9.2
Hz, 1H).     (CDCI3)a1.09-1.19 Cm. 2H), 1.40-1.48 (m, 2H),(ESI+)510.1
1.91-2.19 (m, 4H), 2.36-2.50 (m, 1H), 2.50-2.60 (m MH+)    1H), 3.08 (t, J
= 6.1 Hz, 1H), 3.36 (t, J = 6.1 Hz, 2H),   NS N....a. 0 .92 (q, J = 6.1 Hz,
2H), 4.71-4.95 (m, 2H), 7.16 (d,  100B T J = 11.0 Hz, 1H), 7.43-7.48 (m,
2H), 7.51 (brs, 1H).   N 8.01-8.05 (m, 2H), 8.15 (d, J = 1.8 Hz, 1H), 9.41
(d,   
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[0239] 

Reference Example 13 

(R)-5-[2-(3-Fluoropyrrolidin-1-yl)ethylthio]thiazol-2-amine 

[0240] 

[Chemical formula 53] 5 

 

[0241] 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (98.8 mg, 

yield: 48%) from the compound obtained in Reference Example 9 (200 10 

mg), (R)-3-fluoropyrrolidine hydrochloride (210 mg), and 

triethylamine (0.50 mL). 

Melting point 147°C 

[α]D
23 +3° (c0.43, DMSO) 

EIMS m/z: 247 (M+). 15 

HRMS (EI) for C9H14FN3S2 (M
+): calcd., 247.0613; found, 247.0622. 

1H NMR (400 MHz, CDCl3) δ 1.94-2.22 (m, 2H), 2.42-2.51 (m, 1H), 

2.70-2.91 (m, 7H), 4.99 (s, 2H), 5.06-5.25 (m, 1H), 7.10 (s, 1H). 

IR (ATR): 1649, 1533, 1491 cm-1. 

[0242] 20 

Reference Example 14 

5-[2-(4,4-Difluoropiperidin-1-yl)ethylthio]thiazol-2-amine 

[0243] 

J = 1.8 Hz, 1H).    CDC13)81.07-1.17 (m, 2H), 1.41-1.47 (m, 2H),
ESI+)521.2    1.93-2.17 (m, 4H), 2.33 (s, 6H), 2.33-2.46 (m, 1H), MH+)
2.51-2.59 (m, 1H), 2.71 (t, J = 5.5 Hz, 2H), 4.42 (t. J   ..." N ......., 0
%NMe2 - 5.5 Hz, 2H), 432-4.94 Cm, 2H), 7.15 (d, J = 10  101B I II
....es..C,- N Hz, 1H), 7.42 (s, 1H), 7.45 (d, j = 7.9 Hz, 2H), 7.9v    (d, J =
1.2 Hz, 1H), 8.02 (d, J = 7.9 Hz, 2H), 9.09 (d    J = 1.2 Hz, 1H).   [0136]
[Table 35] 102B 



 

 138 

[Chemical formula 54] 

 

[0244] 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (68.9 mg, 5 

yield: 30%) from the compound obtained in Reference Example 9 (200 

mg), 4,4-difluoropiperidine hydrochloride (263 mg), and 

triethylamine (0.50 mL). 

Melting point 127°C (diisopropyl ether) 

EIMS m/z: 279 (M+). 10 

HRMS (EI) for C10H15F2N3S2 (M
+): calcd., 279.0675; found, 279.0679. 

1H NMR (400 MHz, CDCl3) δ 1.93-2.06 (m, 4H), 2.56 (t, J = 5.5 Hz, 

4H), 2.64 (dd, J = 8.9, 5.8 Hz, 2H), 2.76 (dd, J = 8.9, 5.8 Hz, 

2H), 5.21 (s, 2H), 7.08 (s, 1H). 

IR (ATR): 1609, 1519, 1478 cm-1. 15 

[0245] 

Reference Example 15 

1-[2-(2-Aminothiazol-5-ylthio)ethyl]piperidine-4-carboxylic 

acid ethyl ester 

[0246] 20 

[Chemical formula 55] 

NCU<OTHP ,..1 7 N (0D013) (m. 61.11-1.17 (m, 2H), 1.34 (s, 31-1), 1.35
(s 3H), 1.42-1.54 (m, 6H), 1.59-1.68 (m, 1H), 1.82-1.93(MH-F)    1H),
1.93-2.18 (m, 4H), 2.36-2.48 (m, 1H) 9.51-2.60 (m, 1H), 9.97-1.95 Cm,
1H), 3.88-3.95 (m H), 4.26 (dd, J = 15.6, 10.7 Hz, 2H), 4.73-4.94 (m H),
7.15 (d, J = 10.4 Hz, 1H), 7.44-7.47 (m, 3H) .89 (d, J = 1.2 Hz, 1H), 8.02
(d, J = 7.9 Hz, 2H) .09 (d, J = 1.2 Hz, 1H). 'ES1+) 606.2
CDCI3)81.11-1.18(m,2H),1.33(s,6H) (ES1+) 521.2    1.41-1.48 (m, 2H),
1.93-2.18 (m, 41-1), 2.32 (s, 1H) (MH+)     2.36-2.49 (m, 1H), 2.52-2.60
(m, 1 H), 4.21 (s, 2H)    103B N0.,,,YOH
4.73-4.95(m,2H),7.15(d,J=11.0Hz,1H)     -)" . 7.49-7.47 (m, 3H), 7.92 (d, J
= 1.2 Hz, 1H), 8.03 (d     
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[0247] 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (150 mg, 

yield: 76%) from the compound obtained in Reference Example 9 (150 5 

mg) and piperidine-4-carboxylic acid ethyl ester (4.83 mL). 

Melting point 80-81°C 

MS (CI) m/z: 316 (MH+). 

HRMS (CI) for C13H22N3O2S2 (MH
+): calcd., 316.1153; found, 316.1141. 

1H NMR (400 MHz, CDCl3) δ 1.25 (t, J = 7.1 Hz, 3H), 1.68-1.80 (m, 10 

2H), 1.82-1.92 (m, 2H), 2.04-2.10 (m, 2H), 2.21-2.31 (m, 1H), 

2.55-2.59 (m, 2H), 2.75-2.80 (m, 2H), 2.80-2.88 (m, 2H), 4.13 (q, 

J = 7.1 Hz, 2H), 5.00 (s, 2H), 7.08 (s, 1H). 

IR (ATR): 1707, 1524, 1448 cm-1. 

[0248] 15 

Reference Example 16 

(S)-[1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidin-2-yl]metha

nol 

[0249] 

[Chemical formula 56] 20 

 

N I = R.6 H7, 7H), 9.10 (d, J = 1.2 Hz. 1H).     CDCI3)a1.09-1.19 (m, 2H),
1.34-1.49 Cm, 2H), ES1-1-) 565.2   1.42 (s, 9H), 1.89-2.18 (m, 4H),
2.31-2.46 (m, 1H), MH-F)    2.50-2.60 (m, 1H), 3.45 (q, J = 5.5 Hz, 2H),
4.07 (t, J    - 5.5 Hz, 2H), 4.65 (brs, 1H), 4.71-4.95 (m, 2H), 6.78   104B
:-.NNTh-(d, J = 2.4 Hz, 1H), 7.11 (d, J = 10.4 Hz, 1H), 7.29 (d     N HBoc J
= 2.4 Hz, 1H), 7.42-7.46 (m, 2H), 7.50 (brs, IH),     7.98-8.02 (m, 2H).
CDCI3)61.09-1.20 (m. 2H), 1.37-1.48 (m, 2H),KES1+) 465.2   
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[0250] 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (130 mg, 

yield: 80%) from the compound obtained in Reference Example 9 (150 

mg) and (S)-pyrrolidin-2-ylmethanol (3.10 mL). 5 

Melting point 98-99°C 

[α]D
24 -90° (c0.54, CHCl3). 

MS (CI) m/z: 260 (MH+). 

HRMS (CI) for C10H18N3OS2 (MH
+): calcd., 260.0891; found, 260.0892. 

1H NMR (400 MHz, CDCl3) δ 1.70-1.95 (m, 4H), 2.27 (q, J = 8.6 Hz, 10 

1H), 2.53-2.60 (m, 1H), 2.60-2.68 (m, 1H), 2.75-2.83 (m, 2H), 

2.90-2.97 (m, 1H), 3.14-3.20 (m, 1H), 3.38 (dd, J = 11.0, 2.4 Hz, 

1H), 3.62 (dd, J = 11.0, 3.7 Hz, 1H), 4.96 (s, 2H), 7.12 (s, 1H). 

IR (ATR): 3161, 1516, 1498 cm-1. 

[0251] 15 

Reference Example 17 

5-[2-[cis-3,4-Difluoropyrrolidin-1-yl]ethylthio]thiazol-2-amin

e 

[0252] 

[Chemical formula 57] 20 

 

[0253] 

 According to the method described in Reference Example 11, 

1.89-2.18 (m, 4H), 2.30-2.46 (m, 1H), 2.50-2.61 (m,I(MH+)     1H), 3.07 (t,
J = 5.5 Hz, 2H), 4.02 (t. J = 5.5 Hz, 2H)         105B '4.69-4.94 (m. 2H),
6.79 (d, J = 2.4 Hz, 1H), 7.11 (d -1N'NTh- NH2J = 10.4 Hz, 1H), 7.35 (d, J
= 2.4 Hz, 1H), 7.40-7.47     Kim 2H), 7.60 (brs, 1H), 7.96-8.03 (m, 2H).
[0137] [Table 36]   106B :.NIM-- NNkol ez CDC13) 81.12- 1.18 (m, 2H),
1.42-147 (m, 2H) 1.91-2.15 (m, 4H), 2.23 (s, 6H), 2.31-2.43 (m, 1H),
2.52-2.60 (m, 1H), 2.65 (t, J = 6.7 Hz, 2H), 4.05 (t, J = 6.7 Hz, 2H),
4.71-4.79 (m, 1H), 4.84-4.92 (m. 1H), 6.77 (d, J = 2.4 Hz, 1H), 7.12 (d, J =
11.0 Hz, 1H), 7.36 (d, J = 2.4 Hz, 1H), 7.43 (d, J = 8.6 Hz, 2H), (ESI+)
MH-F) 493.2     7.51 (s, 114), 7.99 (d, J = 8.6 Hz. 2H).  
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the title compound was obtained as white powder crystals (35.0 mg, 

yield: 19%).  More specifically, the compound obtained in Reference 

Example 9 (200 mg), cis-3,4-difluoropyrrolidine hydrochloride (100 

mg), and diisopropylamine (141 mg) were used for the reaction, and 

potassium iodide (12 mg) was added during the reaction. 5 

MS (CI) m/z: 266 (MH+). 

HRMS (CI) for C9H14F2N3S2 (MH
+): calcd., 266.0597; found, 266.0577. 

1H NMR (400 MHz, CDCl3) δ 2.71-2.80 (m, 4H), 2.81-2.94 (m, 2H), 

3.04-3.14 (m, 2H), 4.89-5.12 (m, 2H), 5.00 (s, 2H), 7.09 (s, 1H). 

IR (ATR): 1645, 1530, 1490 cm-1. 10 

[0254] 

Reference Example 18 

5-[2-(cis-2,2-Dimethyltetrahydro-5H-1,3-dioxolo[4,5-C]pyrrol-5

-yl)ethylthio]thiazol-2-amine 

[0255] 15 

[Chemical formula 58] 

 

 According to the method described in Reference Example 11, 

the title compound was obtained as white powder crystals (127 mg, 

yield: 30%) from the compound obtained in Reference Example 9 (330 20 

mg) and  

cis-2,2-dimethyltetrahydro-5H-1,3-dioxolo[4,5-c]pyrrole (280 

mg). 

(SDC13) a1.12- 1.17 (m, 2H), 1.42-1.46 (m, 2H),(ES1+)  521.2
1.49(s,6H),1.91-2.16Cm.4H),1.97(s,6H),(MH)       2.34-2.43 (m, 1H), 2.47
(s, 2H), 2.53-2.60 (m, 1 H),    107B .:  4.72-4.80 (m, 1H), 4.85-4.93 (m,
1H), 6.75 (d, J = 2.4 Hz, 1H), 7.05 (d, J = 10.4 Hz, 114), 7.05 (d, J =
.....N X N -_Nme2        8.6 Hz, 2H), 7.43 (s, 1H), 7.57 (s, 1H), 8.00 (d, J = 
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MS (ESI) m/z: 302 (MH+). 

HRMS (ESI) for C12H20N3O2S2 (MH
+): calcd., 302.09969; found, 302.09926. 

1H NMR (400 MHz, CDCl3) δ 1.31 (s, 3H), 1.52 (s, 3H), 2.10-2.17 (m, 

2H), 2.62-2.66 (m, 2H), 2.74-2.78 (m, 2H) 3.06 (d, J = 11.6 Hz, 

2H), 4.62-4.65 (m, 2H), 4.96 (s, 2H), 7.08 (s, 1H). 5 

IR (ATR): 1644, 1513, 1483 cm-1. 

[0256] 

Reference Example 19 

(S)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl

ic acid methyl ester 10 

[0257] 

[Chemical formula 59] 

 

[0258] 

 According to the method described in Reference Example 11, 15 

the title compound was obtained as a yellow oil (85.7 mg, yield: 

36%) from the compound obtained in Reference Example 9 (200 mg), 

(S)-pyrrolidine-2-carboxylic acid methyl ester hydrochloride (277 

mg), and triethylamine (0.50 mL). 

[α]D
25 -85° (c0.25, CHCl3). 20 

MS (CI) m/z: 288 (MH+). 

HRMS (CI) for C11H18N3O2S2 (MH
+): calcd., 288.0840; found, 288.0837. 

1H NMR (400 MHz, DMSO-d6) δ 1.74-1.87 (m, 1H), 1.87-2.00 (m, 2H), 

2.04-2.18 (m, 1H), 2.41 (q, J = 8.2 Hz, 1H), 2.66-2.72 (m, 1H), 

8.6 Hz, 2H).       (S0C13)a1.11-1.23 (m, 2H), 1.40-1.51(m, 2H) (ES1+)
577.2     1.91-2.20 (m, 5H), 2.29-2.53 (m, 1H), 2.35 (s, 6H), MH+)     2.74
a, J = 5.5 Hz, 2H), 4.49 a, J = 5.5 Hz, 2H),     Ne24.72-4.96 (m, 2H), 6.87
(d, J = 8.6 Hz, 1H). 7.32 (d,   108B i, ---?.sN J = 10.4 Hz, 1H), 7.47 (d, J =
8.6 Hz, 2H), 7.78 (d, J     
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2.77 (dd, J = 7.9, 6.7 Hz, 2H), 2.90-2.96 (m, 1H), 3.15 (td, J = 

8.3, 3.1 Hz, 1H), 3.23 (dd, J = 8.6, 5.5 Hz, 1H), 3.71 (s, 3H), 

5.00 (s, 2H), 7.10 (s, 1H). 

IR (ATR): 3293, 3124, 2949, 2815, 1732, 1517, 1484 cm-1. 

[0259] 5 

Reference Example 20 

(S)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl

ic acid ethyl ester 

[0260] 

[Chemical formula 60] 10 

 

[0261] 

 According to the method described in Reference Example 11, 

the title compound was obtained as a yellow oil (580 mg, yield: 

58%) from the compound obtained in Reference Example 9 (800 15 

mg),(S)-pyrrolidine-2-carboxylic acid ethyl ester hydrochloride 

(15 g), and isopropylamine (9.00 g). 

[α]D
25 -61° (c0.28, CHCl3). 

MS (CI) m/z: 302 (MH+). 

HRMS (CI) for C12H20N3O2S2 (MH
+): calcd., 302.0997; found, 302.1012. 20 

1H NMR (400 MHz, DMSO-d6) δ 1.27 (t, J = 6.7 Hz, 3H), 1.74-1.85 (m, 

1H), 1.85-2.00 (m, 2H), 2.05-2.18 (m, 1H), 2.38-2.48 (m, 1H), 

2.66-2.72 (m, 1H), 2.77 (t, J = 7.3 Hz, 2H), 2.90-2.97 (m, 1H), 

3.13-3.22 (m, 2H), 4.17 (qd, J = 7.3, 1.2 Hz, 2H), 5.35 (s, 2H), 

= 8.6 Hz, 1H), 8.05 (d, J = 7.9 Hz, 2H).     (CDC13)81.15-1.22 (m, 214),
1.44-1.50 (m, 2H) E81+) 577.2    1.95-2.20 (m, 4H), 2.40-2.52 (m, 1H),
2.55-2.62 (m MH+)     1H), 2.92 (s. 614), 3.44-3.54 (m, 214),4.75-4.96 (m
- NMe24H), 6.90 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 10.4 Hz   1098 ...../.z\ S
NCI1H), 7.48 (d, J = 8.6 Hz, 2H), 7.84 (d, J = 8.6 Hz      1H), 8.06 (d, J =
8.6 Hz, 2H), 8.53 (s, 1H).     [0138] Example 12 (E)-3-[(1a, 3U,
54a)-3,4-diflucrocyclopentyl]-2-[4-(ethylthic)phenyl]acrylic  acid ethyl ester
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7.07 (s, 1H). 

IR (ATR): 1728, 1619, 1517 cm-1. 

[0262] 

Reference Example 21 

5-[3-(Dimethylamino)propylthio]thiazol-2-amine 5 

[0263] 

[Chemical formula 61] 

 

[0264] 

 According to the method described in Reference Example 11, 10 

the title compound was obtained as colorless powder crystals (53.5 

mg, yield: 62%) from the compound obtained in Reference Example 

10 (100 mg) and dimethylamine (a 2M methanol solution, 9.90 mL). 

MS (APCI) m/z: 216 (MH+). 

HRMS (APCI) for C8H14N3S2 (MH
+): calcd., 216.06291; found, 216.06354. 15 

1H NMR (400 MHz, CDCl3) δ 1.72-1.79 (m, 2H), 2.20 (s, 6H), 2.35 (t, 

J = 7.3 Hz, 2H), 2.68 (t, J = 7.3 Hz, 2H), 5.26 (s, 2H), 7.07 (s, 

1H). 

IR (ATR): 1647, 1514, 1493 cm-1. 

[0265] 20 

Reference Example 22 

Ethyl (Z)-3-(1α, 3α, 4α)-3,4-(difluorocyclopentyl)acrylate 

[0266] 

[Chemical formula 62] 

[0139] [Chemical formula 19]    [0140] 5According to the method
described in Example 1, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylthio)phenyl]acrylic acid ethyl ester
(773 mg), (Z)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylthio)phenyl]acrylic acid ethyl ester
(498 mg), and 3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(ethylthio)phenyl]acrylic acid ethyl
ester (249 mg) (a mixture of E-form and Z-form) were obtained from (la,
3U, 4a)-(3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide (3.00
g) and 2-[(4-ethylthio)phenyl]oxoacetic acid ethyl ester 15(1.34 g). Of
these compounds, only the title compound was used in the next step. 151
NMR (400 MHz, 0D012) 6 1.28 (t, J = 7.3 Hz, 3H), 1.35 (t, J = 7.3 Hz, 3H),
1.88-2.18 (m, 4H), 2.55-2.68 (m, 1H), 2.97 (q, J = 7.3 Hz, 2H), 4.22 (q, J =
7.3 Hz, 2H), 4.70-4.96 (m, 2H), 6.97 (d, 20J = 10.4 Hz, 1H), 7.05 (d, J =
8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H). MS (ESI2) m/z: 341.1 (M512).
[0141] Example 13 (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli 5 c acid ethyl
ester  [0142] [Chemical formula 20]    [0143] 10According to the method
described in Example 2, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli c acid ethyl
ester (665 mg) was obtained from (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylthio)phenyl]acrylic 15acid ethyl
ester (730 mg) obtained in Example 12. 151 NMR (400 MHz, CDC12) 6
1.18-1.40 (m, 6H), 1.90-2.20 (m, 4H), 2.45-2.58 (m, 1H), 3.16 (q, J = 7.3
Hz, 2H), 4.24 (q, J = 7.3 Hz, 2H), 4.71-4.95 (m, 2H), 7.09 (d, J = 10.4 Hz,
1H), 7.35 (d, J = 7.9 Hz, 2H), 7.92 (d, J = 7.9 Hz, 2H). 20MS (ESE) m/z:
373.1 (M512). [0144]  Example 14 (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli c acid
5[0145] [Chemical formula 21]  
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[0267] 

 Lithium bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran 

solution, 41.1 mL. 41.1 mmol) was added in an argon atmosphere at 

4°C to a solution of the [(1α, 3α, 5 

4α)-(3,4-difluorocyclopentyl)methyl]triphenylphosphonium iodide 

(20.3 g, 40 mmol) synthesized in Reference Example 1 in anhydrous 

tetrahydrofuran (70 mL), and the resultant mixture was stirred for 

1 hour at about the same temperature.  Next, a solution of ethyl 

glyoxylate (4.24 g, 41.5 mmol) in anhydrous tetrahydrofuran (50 10 

mL) was added at 4°C, and the resultant mixture was stirred at room 

temperature for 24 hours.  Next, water (20 mL) was added at 4°C, 

then 1 mol/L hydrochloric acid aqueous solution was added, and the 

organic layer was concentrated under reduced pressure.  The obtained 

residue was extracted with ethyl acetate.  The organic layer was 15 

washed with saturated brine.  The washed organic layer was dried 

over anhydrous sodium sulfate, and then concentrated under reduced 

pressure.  The obtained residue was isolated and purified by silica 

gel column chromatography (ethyl acetate : hexane = 1:4) to give 

5.25 g of the title compound as a pale yellow oily substance. 20 

MS (EI+) m/z: 204 (M+). 

HRMS (EI+) for C10H14F2O2 (M
+): calcd., 204.0962; found, 204.0942. 

1H NMR (400 MHz, CDCl3) δ1.29 (t, J = 7.1Hz, 3H), 1.74-1.90 (m, 2H), 

[0146] According to the method described in Example 4, (E)-3-[(1a, 103a,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli c acid (420
mg) was obtained from (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli c acid ethyl
ester (634 mg) obtained in Example 13. 15151 NMR (400 MHz, CDC12) 6
1.33 (t, J = 7.3 Hz, 3H), 1.88-2.21 (m, 4H), 2.47-2.62 (m, 1H), 3.15 (q, J =
7.3 Hz, 2H), 4.71-4.99 (m, 2H), 7.24 (d, J = 10.4 Hz, 1H), 7.36 (d, J = 7.9
Hz, 2H), 7.93 (d, J = 7.9 Hz, 2H). MS (ESE) m/z: 345.1 (M512). 20[0147]
Example 15 (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide (compound 10 of the present invention)  [0148]
[Chemical formula 22] [0149] According to the method described in
Example 5, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]-N-(th 10
lazol-2-yl)acrylamide (47.4 mg) was obtained from (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli c acid (100
mg) obtained in Example 14 and 2-aminothiazole (29.0 mg) 151 NMR
(400 MHz, CDC13) 6 1.42 (t, J = 7.3 Hz, 3H), 1.90-2.19 (m, 15 4H),
2.31-2.45 (m, 1H), 3.23 (q, J = 7.3 Hz, 2H), 4.69-4.97 (m, 2H), 7.02 (d, J =
3.3 Hz, 1H), 7.26 (d, J = 10.4 Hz, 1H), 7.42 (d, J = 3.3 Hz, 1H), 7.47 (d, J
= 8.6 Hz, 2H),8.04 (d, J = 8.6 Hz, 2H), 8.54 (brs, 1H). MS (ESE) m/z:
427.1 (M512). 20HAMS (ESI+) for 0195181E8N80358 (M512): calcd.,
427.09616; found,  427.09624. [0150] Example 16            Compounds 20
and 30 of the present invention were produced 5 according to the same
procedure as in Example 15. [0151] [Chemical formula 23]    [0152]
10[Table 37] Compound No. Structure (A) 1H NMR (400 MHz) MS (m/z)
(CDC13)a1.39 (t, J = 7.3 Hz, 31-1), 1.91-2.21m 
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2.26-2.42 (m, 2H), 3.84-3.98 (m, 1H), 4.16 (q, J =7.1 Hz, 2H), 

4.80-4.90 (m, 1H), 4.92-5.02 (m, 1H), 5.74 (dd, J = 11.6, 1.2 Hz,1H), 

6.22 (dd, J = 11.0, 9.8 Hz, 1H). 

[0268] 

Reference Example 23 5 

Ethyl (Z)-2-bromo-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylate 

[0269] 

[Chemical formula 63] 

 10 

[0270] 

 Bromine (1.19 mL, 23.2 mmol) was added in an argon atmosphere 

at -6°C to a solution of the compound (5.00 g, 24.5 mmol) of Reference 

Example 22  in carbon tetrachloride (15 mL), and the resultant mixture 

was then stirred for 7 hours at room temperature.  The reaction 15 

mixture was concentrated under reduced pressure, and anhydrous 

dichloromethane (40 mL) was added to the obtained residue.  Next, 

in an argon atmosphere, triethylamine (4.10 mL, 29.4 mmol) was added 

at 4°C, and the resultant mixture was stirred for 12 hours at room 

temperature.  Water was added to the reaction mixture, whereby 20 

separate layers formed.  Then, the aqueous layer was extracted with 

dichloromethane, and the obtained organic layers are collected.  

ESI+)436.2   H), 2.35-2.49 (m, 1H), 2.53 (s, 3H), 3,21 (q, J = 7. MH+)
NMe     Hz, 2H), 4.71-4.97 (m, 2H), 7.15 (d, J = 10.4 Hz,  20 A N.#.7 1H),
7.49 (d, J = 7.9 Hz, 2H), 7.53 (s, 1H), 8.04 (d,    J = 7.9 Hz, 2H), 8.05 (s,
11-0, 9.49 (s, 1H).    (0DC13) a1.40 (t, J = 7.3 Hz. 3H), 1.85-2.17 (m,
ESI+)424.2   4H), 2.29-2.44 (m, 1H), 3.20 (q, J = 7.3 Hz, 2H), MH+) 3C
.N. N -Me 3.75 (s, 3H), 4.66-4.95 (m, 2H), 6.75 (d, J = 2.4 Hz,    1H),
7.11(d, J = 10.4 Hz, 1H), 7.41-7.50 (m, 311),    8.00 (d, J = 7.9 Hz, 2H).  
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The combined mixture was washed with 1 mol/L hydrochloric acid aqueous 

solution, and then washed with saturated brine.  The washed mixture 

was dried over anhydrous sodium sulfate, and then concentrated under 

reduced pressure.  The obtained residue was isolated and purified 

by silica gel column chromatography (ethyl acetate : hexane = 1:5) 5 

to give 7.33 g of the title compound as a colorless oily substance. 

MS (EI+) m/z: 282 (M+). 

HRMS (EI+) for C10H13BrF2O2 (M
+): calcd., 282.0067; found, 282.0081. 

1H NMR (400 MHz, CDCl3) δ1.34 (t, J = 7.3Hz, 3H), 1.86-2.02 (m, 2H), 

2.28-2.44 (m, 2H), 3.08-3.20 (m, 1H), 4.29 (q, J =7.3 Hz, 2H), 10 

4.84-4.94 (m, 1H), 4.96-5.06 (m, 1H), 7.29 (d, J = 9.2 Hz, 1H). 

[0271] 

Reference Example 24 

Ethyl (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl15 

ate 

[0272] 

[Chemical formula 64] 

 

[0273] 20 

 Pinacolato diboron (88.0 mg, 0.35 mmol), 

[0153] Example 17  2-[4-(2-Methoxyethylthio)pheny1]-2-oxoacetic acid
ethyl ester [0154] [Chemical formula 24] 0    5[0155]        Ethyl
chloroglyoxylate (8.76 mL) was added dropwise to a suspension of
aluminum chloride (13.2 g, crushed) in methylene chloride (127 mL) under
stirring and cooling with ice, and (2-methoxyethyl)phenylsulfide (12.0 g)
was added dropwise thereto. 10 The mixture was stirred at room
temperature for 2 hours. The reaction mixture was poured into ice water
(200 mL), and the mixture was stirred for 10 minutes. The organic layer
was separated, washed with a saturated aqueous sodium hydrogen
carbonate solution (40 mL x 3), and washed with saturated brine (60 mL).
The washed organic 15 layer was dried over anhydrous sodium sulfate,
filtrated, and evaporated under reduced pressure. The obtained residue
was purifiedbycolumn chromatography (silicagel,hexane :ethylacetate =
4:1) to give 2-[4-(2-methoxyethylthio)pheny1]-2-oxoacetic acid ethyl ester
(1.98 g). 20151 NMR (400 MHz, 0D012) 6 1.42 (t, J = 7.0 Hz, 3H), 3.23 (t,
J = 6.7 Hz, 2H), 3.39 (s, 3H), 3.65 (t, J = 6.7 Hz, 2H), 4.44 (q, J = 7.0 Hz,
2H), 7.36 (d, J = 8.6 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H).  MS (ESI2) m/z:
269.1 (M512).  [0156] Example 18 (E)-3-[(1a, 3U,
54a)-3,4-difluorocyclopenty1]-2-[4-(methoxyethylthio)phenyl]acr ylic acid
ethyl ester  [0157] [Chemical formula 25]    10[0158] According to the
method described in Example 1, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methoxyethylthio)phenyl]acr ylic acid
ethyl ester (639 mg), (Z)-3-[(1a, 3U,
154a)-3,4-difluorocyclopenty1]-2-[4-(methoxyethylthio)phenyl]acr ylic acid
ethyl ester (67 mg), and 3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methoxyethylthio)phenyl]acr ylic acid
ethyl ester (1.01 g) (a mixture of E form and Z form) were obtained from
(la, 3a, 204a)-(3,4-difluorocyclopentyl)methylphosphonium iodide (3.00 g)
and2-[4-(2-methoxyethylthio)pheny1]-2-oxoaceticacidethylester (1.51g)
obtained in Example 17. Of these compounds, onlythetitle  compound was
used in the next step. 151 NMR (400 MHz, CDC12) 6 1.28 (t, J = 7.1 Hz,
3H), 1.86-2.19 (m, 4H), 2.54-2.67 (m, 1H), 3.14 (t, J = 6.7 Hz, 2H), 3.38
(s, 3H), 3.61 (t, J = 6.7 Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.71-4.94 (m,
52H), 6.97 (d, J = 10.4 Hz, 1H), 7.06 (d, J = 8.6 Hz, 2H), 7.34 (d, 
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1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride (8 

mg), and potassium acetate (98.0 mg, 1.00 mmol) were added to a 

solution of 4-bromomethylsulfonylbenzene (79.0 mg, 0.33 mmol) in 

dimethylformamide (1 mL), and the resultant mixture was stirred 

in an argon atmosphere for 80 minutes at 120°C.  Next, ethyl 5 

(Z)-2-bromo-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylate 

(100.0 mg, 0.33 mmol), 

1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride (10 

mg), and 2 mol/L sodium carbonate aqueous solution (1 mL) were added, 

and the resultant mixture was stirred in an argon atmosphere for 10 

2 hours at 80°C.  Water was added to the reaction mixture.  Extraction 

was carried out with ethyl acetate, and the organic layer was washed 

with water and then saturated brine.  The washed organic layer was 

dried over anhydrous sodium sulfate, and then concentrated under 

reduced pressure.  The obtained residue was isolated and purified 15 

by silica gel column chromatography (ethyl acetate : hexane = 1:1) 

to give 39.3 g of the title compound. 

[0274] 

Reference Example 25 

(E)-3-[(1β, 3α, 20 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(t

hiozol-2-yl)acrylamide (Comparative Compound 1) 

[0275] 

[Chemical formula 65] 

J = 8.6 Hz, 2H). MS (ESE) m/z: 339.1 (M512). [0159] Example 19
10(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen yl]acrylic
acid ethyl ester  [0160] [Chemical formula 26]  CO2Et 1501'0 [0161]
According to the method described in Example 2, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
20yl]acrylic acid ethyl ester (573 mg) was obtained from (E)-3-[(1a,
4a)-3,4-difluorocyclopenty1]-2-[4-(methoxyethylthio)phenyl]acr  ylic acid
ethyl ester (600 mg) obtained in Example 18. 151 NMR (400 MHz,
CDC12) 6 1.29 (t, J = 7.1 Hz, 3H), 1.90-2.18 (m, 4H), 2.45-2.57 (m, 1H),
3.26 (s, 3H), 3.42 (t, J = 6.4 Hz, 2H), 3.79 (t, J = 6.4 Hz, 2H), 4.23 (q, J =
7.1 Hz, 2H), 4.73-4.95 (m, 52H), 7.09 (d, J = 10.4 Hz, 1H), 7.34 (d, J = 8.6
Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H). MS (Cl2) m/z: 403.1 (M512). [0162]
Example 20 10(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen yl]acrylic
acid  [0163] [Chemical formula 27] 15  CO2H  [0164] According to the
method described in Example 4, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
20yl]acrylic acid (428 mg) was obtained from (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen  yl]acrylic
acid ethyl ester (550 mg) obtained in Example 19. 1H NMR (400MHz,
CDC13) 51.91-2.19 (m, 4H), 2.49-2.61 (m, 1H), 3.26 (s, 3H), 3.42 (t, J=
6.1 Hz, 2H), 3.79 (t, J= 6.1 Hz, 2H), 4.74-4.96 (m, 2H), 7.23 (d, J= 10.4
Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.93 5(d, J = 7.9 Hz, 2H). MS (Cl2) m/z:
375.1 (M512). 
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[0276] 

 Using the [(1β, 3β, 4β)-3,4-dihydroxycyclopentyl]methyl 

benzoate obtained in the first step of Reference Example 1, the 

same reactions as in the second to seventh steps of Reference Example 5 

1 were carried out to synthesize (1β, 3α, 

4α)-(3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide.  

Further, the conversions of from Example 1 to Example 5 were carried 

out to obtained the title compound. 

[0277] 10 

Reference Example 26 

(E)-3-[(3α, 

4β)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(th

iozol-2-yl)acrylamide (Comparative Compound 2), and 

(E)-3-[(3β, 15 

4α)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(t

hiozol-2-yl)acrylamide (Comparative Compound 3) 

[0278] 

[Chemical formula 66] 

[0165] Example 21 (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(thiazol-2-yl)acrylamide  [0166] [Chemical formula 27]  15[0167]
According to the method described in Example 5, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(thiazol-2-yl)acrylamide (44.8 mg) was obtained from 20(E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
yl]acrylicacid (100 mg) obtained in Example 20 and2-aminothiazole  (26.7
mg). 1H NMR (400MHz, CDC13) 51.90-2.20 (m, 4H), 2.38-2.52 (m, 1H),
3.31 (s, 3H), 3.48 (t, J= 5.8 Hz, 2H), 3.87 (t, J= 5.8 Hz, 2H), 4.72-4.95 (m,
2H), 7.01 (d, J 5= 3.7 Hz, 1H), 7.26 (d, J = 10.4 Hz, 1H), 7.40 (d, J = 3.7
Hz, 1H), 7.45 (d, J = 7.9 Hz, 2H), 8.05 (d, J = 7.9 Hz, 2H), 8.63 (brs, 1H).
MS (ESE) m/z: 457.1 (M512). HAMS (ESI+) for C805183E2N20458
(M512): calcd., 457.10673; found, 457.10653. 10[0168] Example 22
Compounds 2D and 3D of the present invention were produced according
to the same procedure as in Example 21. [0169] 15[Chemical formula 29]
[0170] [Table 38]  Compound No. Structure (A) 1H NMR (400 MHz) MS
(m/z)   (CDC13)&1.90-2.22 (m, 4H). 2.36-2.50 (m, 1H) 2.52 (s, 3H), 3.27
(s, 3H), 3.47 (t, J = 5.8 Hz, 2H) ESE+)466.2 (MN+)  



 

 150 

 

[0279] 

 Using the [(1α, 3α, 4β)-3-fluoro-4-hydroxycyclopentyl]methyl 

benzoate obtained in the third step of Reference Example 1, 

stereoinversion based on a Mitsunobu reaction of a hydroxyl group 5 

was carried out, followed by the same fluorination as in the fourth 

step of Reference Example 1.  Then, the resultant product underwent 

hydrolysis of the ester group, and oxidation of the hydroxymethyl 

group to convert the product into a carboxylic acid.  This carboxylic 

acid was condensed with (S)-4-phenyloxazolidinone, the diastereomer 10 

was then separated, the asymmetric auxiliary group was removed, 

the resultant product was then reduced to methanol compound, and 

the reactions of from the sixth and subsequent steps of Reference 

Example 1 were carried out in order to obtain the title compound. 

[0280] 15 

Test Example 1 

GK activity measurement 

 The GK activity was determined not by direct measurement of 

the amount of glucose-6-phosphate produced by the enzyme reaction 

but by measurement of the amount of NADH produced by a 20 

glucose-6-dehydrogenase-coupled reaction. 

NMe     3.84, J = 5.8 Hz, 2H), 4.70-4.95 (m. 2H), 7.17 (d  2D i     ft N.:Y. J
= 10.4 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.50 (brs    1H), 8.03 (brs, 1H),
8.05 (d, J = 7.9 Hz, 2H), 9.48 (s    1H).    (CDCI3)a1.88-2.16 (m, 4H),
2.30-2.46 (m, 1H) ES1+)454.2   3.31 (s, 3H), 3.46 (t, J = 5.8 Hz, 2H), 3.75
(s, 3H) MH+)      -     3.85 (t, J = 5.8 Hz, 2H), 4.66-4.96 (m, 2H), 6.74 (d
3D  
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[0281] 

(Preparation of recombinant GK) 

Cloning of human hepatic GK and human pancreas GK and acquisition 

of recombinant proteins 

 Based on a human hepatic GK sequence available from GeneBank 5 

(Accession Number: NM_033507) and a human pancreas GK sequence 

(Accession Number: NM_000162), PCR cloning was performed using 

Pyrobest DNA Polymerase (product of Takara Bio Inc.) with human 

hepatic cDNA (product of Clontech Laboratories, Inc.) and human 

pancreas cDNA (product of Clontech Laboratories, Inc.) used as 10 

templates.  The enzymes were expressed in a soluble form in E. coli 

as His-tagged fusion proteins (tagged with six His residues at the 

C-terminus.  The E. coli cells were sonicated and centrifuged, and 

the supernatant was collected.  The collected supernatant was 

purified by metal chelate affinity chromatography. 15 

[0282] 

 After purification, the enzymes were stored in 12.5 mM HEPES 

(pH 7.3), 75 mM KCl, 0.5 mM MgCl2, 0.5 mM DTT, 2.5 mM glucose, and 

50% glycerol at -80°C. 

[0283] 20 

(Measurement of GK activity) 

 The assay was performed at 25°C using a half-area flat-bottom 

96-well plate (product of Costar).  The incubation mixture was 

prepared such that the final mixture contained a 25 mM HEPES buffer 

solution (pH 7.1) (product of Invitrogen Corporation), 25 mM KCl 25 

J = 2,4 Hz, 1H), 7.11 (d, J = 11.0 Hz, 1H), 7.25 (d,    J = 24 Hz, 1H), 7.44
(d, J = 7.9 Hz, 2H), 7.47 (brs.    1H), 8.02 (d, J = 7.9 Hz, 2H).   [0171]
Example 23   Ethyl 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1a, 3U,
54a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-yloxy)acetate  First Step
5-(4-Methoxybenzyloxy)pyrazin-2-amine  [0172] [Chemical formula 30]
OMe  [0173]        Sodium hydride (60% oily product) (78.8 mg) was added
to 4-methoxybenzyl alcohol (2.14 mL) at a room temperature in an argon
atmosphere, and the mixture was stirred for 30 minutes under the same
conditions. Next, the reaction mixture was transferred to a metal seal tube.
A copper powder (146 mg) and 2-amino-5-bromopyrazine (300 mg) were
added, and the resultant 5 mixture was heated and stirred at 160C for
about 6 hours. After cooling, 25% aqueous ammonia and water were
poured into the reaction solution. The reaction mixture was stirred for 1
hour at room temperature, and then filtrated through Celite. Water (20 mL)
was added to the filtrate, and the resultant mixture was extracted with 10
ethyl acetate (2OmL x 3) . The organic layer was washed with saturated
brine (50 mL). The washed organic layer was dried over anhydrous
sodium sulfate and filtrated, and then the solvent was removed under
reduced pressure. The obtained residue was purified by silica gel column
chromatography (elution solvent; hexane : ethyl acetate = 153:1) to give
5-(4-methoxybenzyloxy)pyrazin-2-amine (104 mg). 151 NMR (CHC13,
400 MHz) .3.81 (s, 3H), 4.12 (brs, 2H), 5.21 (s, 2H), 6.90 (d, J = 8.5 Hz,
2H), 7.37 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 1.2 Hz, 1H), 7.79 (d, J = 1.2 Hz,
1H). MS (El) m/z: 231.1 (M2). 20HAMS (ET) for C125313N302 (Mt):
calcd., 231.1008; found, 231.0988. [0174] Second Step
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[5-(4-methoxybenzyloxy)pyrazin252-y3]acry
lamide  [0175] [Chmdcal formula 31]  [0176] 5A solution of
5-(4-methoxybenzyloxy)pyrazin-2-amine (90 mg) in anhydrous pyridine
(0.49 mL) was added dropwise at a room temperature in an argon
atmosphere into a solution of an acid chloride (146 mg) of the
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
104a)-3,4-difluorocyclopentyl]acrylamide obtained in Example 10 in
anhydrous tetrahydrofuran (0.49 mL), and the resultant mixture was
stirred for about 2 hours at room temperature. Ethyl acetate was added to
the reaction mixture, and the mixture was then washed with a 10% citric
acid aqueous solution. The organic layer was washed 
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(product of Wako Pure Chemical Industries, Ltd.), 2 mM MgCl2 (product 

of Wako Pure Chemical Industries, Ltd.), 5 mM D-glucose (product 

of Wako Pure Chemical Industries, Ltd.), 1 mM ATP (product of Roche), 

1 mM NAD (product of Sigma), 1 mM dithiothreitol (product of Wako 

Pure Chemical Industries, Ltd.), 5 Unit/mL G6PDH (product of Sigma), 5 

0.1% BSA (product of Sigma), GK, and a test compound or 5% DMSO. 

[0284] 

 The test compound was dissolved in DMSO in advance, and 2 µL 

of the prepared solution was added to 20 µL of a solution containing 

the HEPES buffer solution (pH 7.1), KCl, MgCl2, D-glucose, ATP, NAD, 10 

and dithiothreitol.  Subsequently, 18 µL of a solution containing 

the G6PDH, BSA, and recombinant GK was added to the mixture to initiate 

the reaction.  The GK was added such that an increase in absorbance 

per minute in the presence of 5% DMSO was between 0.002 to 0.003.  

After the reaction was initiated, the increase in absorbance at 15 

340 nm was measured for 15 minutes using a SPECTRAmax 190 microplate 

spectrophotometer (product of Molecular Devices Corporation), and 

the activity was evaluated using the increase in the first 10 minutes. 

[0285] 

 When the compounds 1A, 26A, 27A, 31A, 44A, 49A, 1B, 2B, 4B, 20 

31B, 38B, 41B, 53B, 21B, and 26B of the present invention were added 

in an amount of 10 µM, the effect of activating the human hepatic 

GK was found to be 200% or more that of a well not containing the 

compounds.  Especially, in the compound 1A of the present invention, 

EC50 was shown to be 1 μM or less.  On the other hand, in the comparative 25 

15 with a saturated sodium hydrogen carbonate aqueous solution (10 mL
x 2), and then washed with saturated brine (10 mL). The washed organic
layer was dried over anhydrous sodium sulfate and filtrated, and then the
s olvent was removed under reduced pre s sure . The obtained residue
was purified by silica gel column chromatography (elution 20solvent;
hexane : ethyl acetate = 1:1) to give
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[5-(4-methoxybenzyloxy)pyrazin2-y3]acryla
mide (160 mg). 15INMR (CHC13, 400MHz) .1.10-1.17(m,2H),
1.40-1.48(m, 2H), 1.94-2.20 (m, 4H), 2.36-2.49 (m, 1H), 2.51-2.59 (m,
1H), 3.81 (s, 3H), 4.72-4.94  5 (m, 2H), 5.32 (s, 2H), 6.90 (d, J = 8.5 Hz,
2H), 7.15 (d, J = 10.3 Hz, 1H), 7.38 (d, J = 8.5 Hz, 2H), 7.44 (brs, 1H),
7.46 (d, J = 8.5 Hz, 2H), 7.86 (d, J = 1.2 Hz, 1H), 8.02 (d, J = 8.5 Hz, 2H),
9.13 (d, J = 1.2 Hz, 1H). MS (EST) m/z: 570.2 (M512). 10HAMS (EST) for
0895130F8N3055 (M512): calcd., 570.18742; found, 570.18681. [0177]
Third Step (E)-2-[4-(cyclopropylsulfonyl)pheny1]-3-[(1a, 3U,
154a)-3,4-difluorocyclopenty1]-N-(5-hydroxypyrazin-2-yl)acrylami  de
[0178] [Chemical formula 32]    20[0179] Trifluoroacetic acid (1 mL) was
added at a room temperature  in an argon atmosphere to a solution of
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[5-(4-methoxybenzyloxy)pyrazin-
2-y3]acrylamide (100 mg) in anhydrous dichloromethane (1 mL), and 5 the
resultant mixture was stirred for 5minutes. A saturated sodium hydrogen
carbonate aqueous s citation was added to the reaction mixture to adjust
the pH to 8. The reaction mixture was then extracted with chloroform (20
mL x 2). The organic layer was washed with saturated brine ( 2 0 mL ) .
The washed organic layer was then dried over anhydrous 10 sodium
sulfate and filtrated, and then the solvent was removed under reduced
pressure. The obtained residue was purified by silica gel column
chromatography (elution solvent; chloroform: acetone = 5:1) to give
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yflacrylami 15de (41
mg). 15INMR (CHC13, 400MHz) .1.11-1.18(m,2H), 1.41-1.48(m, 2H),
1.92-2.18 (m, 4H), 2.36-2.49 (m, 1H), 2.52-2.60 (m, 1H), 4.74-4.95 (m,
2H), 7.11 (d, J = 10.9 Hz, 1H), 7.28 (brs, 1H), 7.44 (d, J = 8.5 Hz, 2H),
7.95 (d, J = 1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz, 2H), 8.48 (d, 20J = 1.2 Hz,
1H). MS (EST) m/z: 450.1 (M512). HAMS (EST) for 0215122F2N3045
(M512): calcd., 450.12991; found, 450.12959. [0180] 25 Fourth Step
Ethyl 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-yloxy)acetate  [0181]
[Chemical formula 33]  5 [0182]        Ethyl bromoacetate (74 RI) and silver
oxide (92.9 mg) were added at a room temperature in an argon
atmosphere to a solution of (E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a,
3U, 104a)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yflacrylami 
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compound 1-3, each EC50 found to be more than 10 μM. 

[0286] 

Test Example 2 

Hypoglycemia activity test 

 The effects of the test compounds on blood glucose levels were 5 

measured using ICR mice (male, 7 to 9 weeks of age, Charles River 

Laboratories Japan, Inc.).  Each of the compounds was dissolved in 

a mixture of Gelucire 44/14 (trade name, product of Gattefosse) 

and PEG 400 (60:40), and was orally administered to the animal after 

2-hour fasting period (30 mg/kg, 10 mL/kg).  Blood was collected 10 

from the caudal vein immediately before the administration (Pre 

value) and 0.5, 2, and 4 hours after the administration using a 

blood-collecting tube coated with dipotassium 

ethylenediaminetetraacetate and was centrifuged (4°C, 3,600 x g, 

3 minutes) to obtain a plasma sample. 15 

[0287] 

 Each sample was diluted five-fold with physiological saline, 

and the blood glucose level was measured using Glucose CII-Test 

Wako (trade name, product of Wako Pure Chemical Industries, Ltd.).  

More specifically, the samples and a glucose standard solution (100 20 

mg/dL) (obtained by diluting a glucose standard solution (200 mg/dL) 

two-fold with physiological saline) were placed in the wells of 

a flat-bottom 96-well plate in an amount of 10 µL/well, and 150 µL 

of a color reagent was added to each well.  The plate was left to 

stand at 37°C for 5 minutes to allow color development.  The 25 

de (150 mg) in anhydrous toluene (5 mL), and the resultant mixture was
heated and stirred for about 22 hours at 100C in an argon atmosphere.
The reaction mixture was cooled, and then filtrated through Celite. After
filtration, the solvent was removed under 15 reduced pressure. The
obtained residue was purified by silica gel column chromatography
(elution solvent; chloroform: acetone = 5:1) to give ethyl 2- (5- { (E) -2- [4-
(cyclopropylsulfonyl) phenyl] -3- [ ( 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-yloxy)acetate 20(35 mg).
IR (AIR) 3300, 2983, 1746, 1666, 1603, 1519, 1400, 1375, 1353, 1316,
1292, 1208,1186, 1140, 1087, 1044, 1025, 994, 972 cm71.  5
151NMR(CHC13,400MHz).1.11-1.18(m,2H),1.29(t,J =7.3Hz,
3H),1.41-1.48(m,2H),1.92-2.20(m,4H),2.35-2.48(m,1H),
2.52-2.60(m,1H),4.24(q,J=7.3Hz,2H),4.73-4.95(m,2H),
4.90(s,2H),7.15(d,J =10.3Hz,1H),7.45(d,J =8.5Hz,2H),
7.47(brs,1H),7.98(d,J = 1.2 Hz,1H),8.03(d,J = 8.5 Hz,2H),
9.08(d,J=1.2Hz,1H).  MS (ESI2) m/z: 536.2 (M512). HAMS (ESI2) for
085H89F8N3065 (M512): calcd., 536.16696; found, 536.16654. 10[0183]
Example 24 2-(5-{(E)-2-[4-(cyclopropylsulfonyl)pheny1]-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-yloxy)acetic acid
15[0184] [Chemical formula 34]  [0185] IR (AIR) 3304, 2942, 2535, 1729,
1665, 1609, 1520, 1469, 1437, 1360, 201314, 1288, 1239, 1200, 1177,
1141, 1071, 1048, 1028, 994, 973 cm71. iHNMR (DMSO, 400MHz)
.1.00-1.18 (m, 4H), 1.81-2.00 (m, 2H), 2.06-2.25  (m, 2H), 2.45-2.60 (m,
1H), 2.85-2.92 (m, 1H), 4.83 (s, 2H), 4.83-5.06 (m, 2H), 6.69 (d, J = 10.3
Hz, 1H), 7.47 (d, J = 8.5 Hz, 2H), 7.89 (d, J = 8.5 Hz, 2H), 8.21 (d, J = 1.2
Hz, 1H), 8.72 (d, J = 1.2 Hz, 1H), 10.7 (s, 1H), 13.0 (brs, 1H) 5MS (ESE)
m/z: 508.1 (M512). HAMS (ESE) for 023H24F2N3065 (M512): calcd.,
508.13539; found, 508.13523. [0186] Reference Example 1 10(la, 3U,
4a)-3,4-Difluorocyclopentylmethyltriphenylphosphonium  iodide  First step
[(la, 313, 413)-3,4-Dihydroxycyclopentyl]methyl benzoate  [0187]
15[Chemical formula 35] HO HOrb'44-00  0 [0166] 
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measurement of OD at 505 nm was performed using En Vision 2103 

Multilabel Reader (trade name, product of PerkinElmer Inc.).  The 

reduction ratio of the blood glucose level at each sampling point 

relative to the Pre value was determined, and a glucose reduction 

ratio (the average of the determined reduction ratios) was computed. 5 

[0288] 

 In the compounds 1A, 26A, 27A, 31A, 44A, 1B, 2B, 11B, 12B, 

21B, 26B, 62A, 31B, 79B, 103B, 108B, 4B, 38B, 53B, 46A, 58A, and 

41B of the present invention, the glucose reduction ratio was found 

to be 35% or more.  Especially, in the compound 1A of the present 10 

invention, the reduction ratio was shown to be 50% or more.  On the 

other hand, in the comparative compound 1-3, the each reduction 

ratio found to be less than 30%. 

[0289] 

Test Example 3 15 

Dosage Dependence of Hypoglycemia and Insulin Secretion Promotion 

Tests 

 The effects of the test compounds on blood glucose levels and 

insulin secretion were measured using ICR mice (male, 7 to 9 weeks 

of age, Charles River Laboratories Japan, Inc.).  Each of the 20 

compounds was dissolved in a mixture of Gelucire 44/14 (trade name, 

product of Gattefosse) and PEG 400 (60:40), and was orally 

administered to the animal after a 2-hour fasting period (30 mg/kg, 

10 mL/kg).  Blood was collected from the caudal vein immediately 

before the administration (Pre value) and 0.5, 1, 2, and 4 hours 25 

N-methylmorpholine N-oxide (a 50% aqueous solution, 22.0 mL) and
osmium tetroxide (a 2.5% t-butanol solution, 1.90 mL) were 20dissolved in
acetone (190 mL). A solution of (3-cyclopenten-1-yl)methyl benzoate
(W093/18009, Japanese Translation of POI International Application No
Hei 7-506816) (20.2 g) in acetone (125 mL) was added dropwise to the
prepared solution over 105 minutes under stirring, and the mixture was
stirred at room temperature for 15 hours. Chloroform (310 mL) and water
(190 mL) were added to the reaction mixture, and the organic layer was 5
collected. The collected organic layer was washed sequentially with 1
mol/L hydrochloric acid (2X90 mL) , water (90 mL), and a saturated
aqueous sodium hydrogen carbonate solution (60 mL), dried over
anhydrous sodium sulfate, and concentrated under reduced pressure.
Toluene (120 mL) was added to the residue, and the precipitated
10crystals were collected by filtration to give [(la, 313,
413)-3,4-dihydroxycyclopentyl]methyl benzoate (16.9 g). 151 NMR
(CDC13) 6 1.71-1.78 (m, 2H), 1.95-2.02 (m, 2H), 2.27 (br, 2H),
2.75-2.87(m, 1H), 4.19-4.23 (m, 4H), 7.43-7.47 (m, 2H), 7.55-7.59 (m,
1H), 8.01-8.04 (m,2H). 15The filtrate was concentrated under reduced
pressure to give a mixture of [(la, 313, 413) -3 , 4-dihydroxycyclopentyl]
methyl benzoate and [(113, 313, 413)-3,4-dihydroxycyclopentyl]methyl
benzoate (4.23 g, a ratio of about 1:2 determined by the integration ratio
of iHNMR) . 1H NMR (CDC13) 51.58-1.65 (m, 1.3H), 1.71-1.78 (m, 0.7H),
1.96-2.17 20(m, 2H), 2.75-2.85 (m, 1H), 4.09-4.32 (m, 4H), 7.42-7.46 (m,
2H), 7.54-7.59 (m, 1H), 8.01-8.06 (m, 2H). [0189] Second step (3aa, 5U,
256aa)-(Tetrahydro-4H-cyclopenta-1,3,2-dioxathio1-5-yl)methyl
benzoate S,S-dioxide  [0190] [Chemical formula 36] 0' 0 H Ork. n_ 0
5[0191]         [(la, 313, 413) -3, 4-Dihydroxycyclopentyl] methyl benzoate
(5.00 g) was suspended in carbon tetrachloride (75 mL). Thionyl chloride
(1.90 mL) was added to the suspension, and the mixture was heated for
reflux under stirring for 1.5 hours. Thionyl chloride (0.50 10 mL) was
further added to the reaction mixture, and the mixture was heated for
reflux under stirring for 1 hour. The reaction mixture was concentrated
under reduced pressure, and toluene (25 mL) was added to the residue.
The mixture was concentrated under reduced pressure and dried under
reduced pressure to give (3aa ,5a,
156aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathio1-5-yl)methyl benzoate
S-oxide (6.09 g). The obtained (3aa, 5a,
6aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathio1-5-yl)methyl benzoate
S-oxide (4.27 g) was mixed with acetonitrile (30 mL) and carbon
tetrachloride (30 mL). Sodiumperiodate (6.46g), ruthenium  20 chloride
hydrate (31.3 mg), and then water (30 mL) were added to the mixture ,
and the re sultant mixture was stirred at room temperature for 30 minutes.
Dichloromethane (50 mL) was added to the reaction  mixture,
andinsolublematerialswereremovedby filtration. Then, the organic layer of
the filtrate was separated, and the aqueous
layerwasextractedwithdichloromethane (50mL). Theorganiclayer and the
dichloromethane extract were combined. The combined 5 s citation was
washed with a 1 mol /L aqueous s odium thio sulfate solution (2 x 40 mL)
and then with water (2X40 mL), dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was dried under
reduced pressure to give (3aa, 5a,
6aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathio1-5-yl)methyl 10benzoate
5,5-dioxide (4.35 g). MS (Cl2) m/z: 299 (M512). HAMS (Cl2) for
0135315065 (M512): calcd., 299.0589; found, 299.0593. [0192] Third step
15[(la, 3U, 413)-3-Fluoro-4-hydroxycyclopentyllmethyl benzoate  [0193]
[Chemical formula 37]  0 
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after the administration using a blood-collecting tube coated with 

dipotassium ethylenediaminetetraacetate and was centrifuged (4°C, 

3,600 × g, 3 minutes) to obtain a plasma sample. 

 Each sample was diluted five-fold with physiological saline, 

and the blood glucose level was measured using Glucose CII-Test 5 

Wako (trade name, product of Wako Pure Chemical Industries, Ltd.).  

More specifically, the samples, physiological saline, and a glucose 

standard solution (100 mg/dL) (obtained by diluting a glucose 

standard solution (200 mg/dL) two-fold with physiological saline) 

were placed in the wells of a flat-bottom 96-well plate in an amount 10 

of 10 µL/well, respectively, and 150 µL of a color reagent was added 

to each well.  The plate was left to stand at 37°C for 5 minutes 

to allow color development.  The measurement of OD at 505 nm was 

performed using En Vision 2103 Multilabel Reader (trade name, product 

of PerkinElmer Inc.).  The glucose area under the curve0.5 – 4 hr (Glucose 15 

AUC0.5 – 4 hr) was calculated from the blood glucose level at each blood 

collection point. 

 The insulin concentration was measured using an undiluted 

solution of each sample with a Morinaga insulin measurement kit 

(trade name, product of Morinaga Institute of Biological Science 20 

Inc.).  The insulin area under the curve0.5 – 4 hr (Insulin AUC0.5 – 4 

hr) was calculated from the insulin level at each blood collection 

point. 

[0290] 

Test Example 4 25 

[0194] 20Tetrabutylammonium fluoride hydrate (571 mg) was dissolved in
anhydrous acetonitrile (5 mL), and the prepared solution was
concentrated under reduced pressure. The same procedure was
repeated additional two times, and the residue was dried under reduced
pressure at 40C for 45 minutes. The resultant residue was dissolved in
dehydrated acetonitrile (5 mL) . (3aa, 6a.a) -
(Itetrahydro-4H-cyclopenta-1,3,2-dioxathio1-5-y1 ) methyl 5 benzoate S,
S-dioxide (500 mg) was added to the prepared solution, and the mixture
was heated to reflux under stirring for 45 minutes. Then, the reaction
mixture was concentrated under reduced pressure. The residue was
dissolved in ethanol (5 mL) , and sulfuric acid (0.15 mL) was added
thereto. The mixture was heated to reflux under 10 stirring for 10 minutes,
and the reaction mixture was concentrated under reduced pressure. The
residue was dissolved in ethyl acetate (40 mL) . The resultant solution
was washed with a saturated aqueous sodium hydrogen carbonate
solution (5 mL) and then with saturated brine (5 mL) , dried over
anhydrous sodium sulfate, and concentrated 15 under reducedpres sure .
The residue was purifiedby silica gel column chromatography (eluent :
hexane/ethyl acetate = 1:1) to give [ 3a, 413)
-3-fluoro-4-hydroxycyclopentyl] methyl benzoate (342 mg) . MS (El) m/z :
238 (M2) .       HRMS (El) f or C135315F03 (M+) : calcd. , 238.1005;
found, 238.1046. 20[0195] Fourth step [(la, 3a, 4a)
-3,4-Difluorocyclopentyl] methyl benzoate  [0196] [Chemical formula 38]
0 [0197]         [(la, 3U, 413) -3-Fluoro-4-hydroxycyclopentyl] methyl
benzoate (326 mg) was dissolved in anhydrous tetrahydrofuran (5 mL). A
5 solution of bis(2-methoxyethyl)aminosulfur trifluoride (455 mg) in
anhydrous tetrahydrofuran ( 2 mi ) was added to the prepared mixture ,
and the mixture was heated to reflux under stirring for 1.5 hours. The
reaction mixture was added to a saturated aqueous s odium hydrogen
carbonate solution (10 mL) , and the resultant solution was extracted 10
with ethyl acetate (2 x 30 mL). The ethyl acetate extracts were combined,
washed withsaturated brine (2x10mL) , dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent : hexane/ethyl
acetate = 4:1) to give [(la, 3U, 154a)-3,4-difluorocyclopentyl]methyl
benzoate (233 mg). MS (Cl2) m/z: 241 (M512). HAMS (CI+) for
C135315F808(MH2): calcd., 241.1040; found, 241.1043. [0198] Fifth step
20[(la, 3U, 4a)-3,4-difluorocyclopentyl]methanol  [0199] [Chemical formula
39]   [0200]         [(la, 3U, 4a)-3,4-Difluorocyclopentyl]methyl benzoate
(221 mg) was dissolved in ethanol (3 mL). A solution of potassium 5
carbonate (191 mg) in water (1 mL) was added to the prepared solution,
and the mixture was heated to reflux under stirring for 4 hours. The
reaction mixture was concentrated under reduced pressure, and the re s
idue was purified by s ilica gel column chromatography (eluent :
hexane/ethyl acetate = 1:2) to give [(la, 3U,
104a)-3,4-difluorocyclopentyl]methanol (123 mg). MS (Cl2) m/z: 137
(M512). HAMS (Cl2) for 06H11F20 (M512): calcd., 137.0778; found,
137.0801. [0201] Sixth step 15(la, 3U, 4a)-3,4-Difluorocyclopentylmethyl
iodide  [0202] [Chemical formula 40] 
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Effects on Abnormal Glucose Tolerance of Severe Diabetes db/db Mice 

 The effects on the abnormal glucose tolerance of severe 

diabetes db/db mice were tested by a method based on the Fyfe method 

(Diabetologia. 2007 Jun; 50 (6): 1277-87).  The effects of the test 

compounds on abnormal glucose tolerance were measured using db/db 5 

mice (male, 7 weeks of age, Charles River Laboratories Japan, Inc.).  

Each of the compounds was dissolved in a mixture of Gelucire 44/14 

(trade name, product of Gattefosse) and PEG 400 (60:40), and was 

orally administered to the animal after a 16 to 20-hour fasting 

period.  A glycemic load was applied by administering a 5 g/kg glucose 10 

solution 1 hour after administration of the drug solution.  Blood 

was collected from the caudal vein 1 hour before the drug solution 

administration, before the glycemic load, and 0.25, 0.5, 1, 2, and 

4 hours after the glycemic load using a blood-collecting tube coated 

with dipotassium ethylenediaminetetraacetate and was centrifuged 15 

to obtain a plasma sample.  Each sample was diluted ten-fold with 

physiological saline, and the blood glucose level was measured using 

Glucose CII Kit (trade name, product of Wako Pure Chemical Industries, 

Ltd.).  The blood glucose level AUC 0.25 to 4 hours after glycemic 

load was calculated as the “Blood glucose after glycemic load”. 20 

 EC50 and ED50 were calculated using the test compound blood 

concentration (Cmax) and the dosage amount on the basis of the blood 

glucose rate of decrease for each group as an index of drug efficacy 

when the data for the control group was taken as 0. 

[0291] 25 

[0203] 20Iodine (120 mg) was added to a solution of imidazole (64.5 mg)
and triphenylphosphine (124 mg) in dichloromethane (2.0 mL)  under
cooling with ice, and the mixture was stirred at room temperature for 30
minutes. Then, a solution of [(la, 3U, 4a)-3,4-difluorocyclopentyl]methanol
(43.0 mg) in dichloromethane (0.5 mL) was added to the resultant mixture,
and the mixture was 5 stirred at room temperature for 4 hours, and
insoluble materials were removed by filtration. The residue obtained by
concentrating the filtrate was purified by silica gel column chromatography
to give (la, 3U, 4a)-3,4-difluorocyclopentylmethyl iodide (28.0 mg). MS (El)
m/z: 246 (Mt). 10HAMS (El) for 06H9F8I (Mt): calcd., 245.9717; found,
245.9741. [0204] Seventh step  (la, 3U,
4a)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide  15[0205]
[Chemical formula 41] F'"Cl.**.,P+Ph31- [0206]              (la, 3U,
4a)-(3,4-difluorocyclopentyl)methyl iodide (9.84 20g), triphenylphosphine
(12.6 g), and acetonitrile (3 mL) were mixed and stirredat 90 to 95Cfor 4
hours . Acetonitrile (2 mL) was further added to the reaction mixture, and
the mixture was further stirred at 90 to 95C for 20 hours. After cooling,
diethyl ether (50 mL) was added to the reaction mixture, and the
precipitated crystals werecollectedbyfiltration.
Thecollectedcrystalsweresuspended indiethylether (50mL),
andthesuspensionwasfiltratedto collect thecrystals.
Thecollectedcrystalswerewashedwithanappropriate 5 amount of diethyl
ether and dried under reduced pressure to give the title compound (20 g).
151 NMR (400 MHz, CDC13) 6 1.72-1.85 (m, 2H), 2.17-2.29 (m, 2H),
2.69-2.82 (m, 1H), 3.86 (dd, J = 7.3, 2.4 Hz, 1H), 3.89 (dd, J = 7.3, 2.4 Hz,
1H), 4.74-4.92 (m, 2H), 7.31-7.90 (m, 15H). 10[0207] Reference Example
2 2-(5-Aminopyrazin-2-ylthio)ethanol  [0208] [Chemical formula 42]
H2N,eNc", Li s0 H 15 [0209]        According to the method described in
W02004/052869, 2-hydroxy-1-ethanethiol (0.93 mL) and
tetrakis(triphenylphosphine)palladium (3.39 g) were added to a 20solution
of 2-amino-5-bromopyrazine (1.00 g, 5.75 mmol) in
N,N-dimethylformamide (15.1 mL), and the mixture was heated and stirred
at 120C in a sealed tube for about 3 hours. After cooling, the reaction
mixture was diluted with water and extracted with a mixed solution
(dichloromethane : ethanol = 5:1) (100 mL x 6). The  organic layer was
dried over anhydrous sodium sulfate and then filtrated, and the solvent
was evaporated under reduced pressure. The residue was purified by
column chromatography (hexane : ethyl acetate = 1:1, then ethyl acetate,
and then ethyl acetate : methanol 5 = 10:1) and was recrystallized (using
chloroform) to give the title compound as yellow needle crystals (470 mg,
yield: 44%). MS (EIt) m/z: 171 (Mt). HAMS (EIt) for 06H9N305 (Mt):
calcd., 171.0466; found, 171.0451. [0210] 
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Test Example 5 

hERG Current Suppression Test 

 Using a HEK 293 cell transfected with a human 

ether-a-go-go-related gene (hERG), the hERG current which passed 

through the whole cell membrane under a voltage clamp was recorded 5 

by a whole-cell patch clamp method.  To confirm the hERG current 

of the cell, a depolarization pulse was periodically applied while 

maintaining the membrane potential at -80 mV.  After the generated 

current stabilized, the cell was perfused with a perfusate (applying 

solution) in which the test substance was dissolved for 10 minutes.  10 

The effects of the test substance on the hERG channel were evaluated 

on the basis of the change in the tail current induced by a +20 

mV depolarization pulse for 1.5 seconds followed by another 

depolarization pulse of -50 mV for 1.5 seconds.  Stimulation was 

performed at a frequency of once every 10 seconds.  The test was 15 

carried out at 34°C.  The absolute value of the maximum tail current 

was determined on the basis of the current value at the maintained 

membrane potential, and the rate of change (suppression rate) 10 

minutes after application in the maximum tail current from before 

application of the test substance was calculated. 20 

 The hERG when 30 µM of the inventive compounds 1A, 12A, 44A, 

18B, 31B, 41B, 71B, 103B, 4B, 31A, 38B, and 68B was 50% or less 

in all cases. 

INDUSTRIAL APPLICABILITY 

[0292] 25 

10 Reference Example 3 5-[2-(Methylthio)ethoxy]pyrazin-2-amine  [0211]
[Chemical formula 43] H2N W 15[0212] According to the method
described in W02007007886, sodium hydride (50% oily product) (314 mg)
was added to methylthioethanol (7.88 mL) under cooling with ice and
stirring, and then copper (490 mg) and 2-amino-5-bromopyrazine (1.00 g)
were added thereto. The 20 reaction mixture was placed in an autoclave
and heated and stirred at 160C for about 5 hours. After cooling, the
reaction mixture was diluted with water (50 mL) and ethyl acetate (50 mL),
and 25% aqueous ammonia (2 mL) was added to the mixture to make it
basic. The reaction mixture was filtrated through Celite, and the organic
layer and the aqueous layer were separated. The aqueous layer was
extracted with ethyl acetate (50 mL x 2), and the extracts and the organic
layer were combined, dried over anhydrous sodium sulfate, and filtrated.
The solvent was evaporated under reduced pressure. 5 The residue was
purified by silica gel chromatography (hexane : ethyl acetate = 1 : 1) and
then by preparative TLC (chloroform: methanol = 10:1, then NH silica gel,
hexane : acetone = 3:1) to give the title compound as white powder
crystals (59.2 mg, yield: 6%). MS (EIt) m/z: 185 (Mt). 10HAMS (EIt) for
075381N305 (Mt): calcd., 185.0623; found, 185.0613. [0213] Reference
Example 4 5-(2-Ethoxyethoxy)pyrazin-2-amine [0214] 15[Chemical
formula 44] I-42NT N4,...1 N0A. "0%40,0 Et [0215]        According to the
method described in Reference Example 3, the title compound was
obtained as yellow crystals (1.50g, yield: 41%) 20from
2-amino-5-bromopyrazine (3.48 g) and ethoxyethanol (36.0 g). MS (EIt)
m/z: 183 (Mt). HAMS (EIt) for C95313N302(Mt): calcd., 183.1008; found,
183.0996 [0216] Reference Example 5
5-(3-Methoxypropoxy)pyrazin-2-amine [0217] [Chemical formula 45] H2N
x N 5[0218]        According to the method described in Reference Example
3, the title compound was obtained as yellow crystals (644 mg, yield:
18%) from 2-amino-5-bromopyrazine (3.48 g) and methoxypropanol (18.0
g) 10MS (EI2) m/z: 183 (M2). 
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 The glucokinase activators of the present invention have an 

excellent GK activating or hypoglycemic effect and few side effects 

(such as Q-T interval prolongation (relating to hERG current 

suppression) and insulin-induced hypoglycemia) and are therefore 

useful as pharmaceuticals for the treatment or prevention of diabetes, 5 

obesity, and the like. 

HAMS (EI2) for C95113N308(M2): calcd., 183.1008; found, 183.1011.
[0219] Reference Example 6 5-[2-(Dimethylamino)ethoxy]pyrazin-2-amine
15[0220] [Chemical formula 46] HN1 0? NMe2 )' N [0221] According to the
method described in Reference Example 3, the 20 title compound was
obtained as a yellow oil (121 mg, yield: 23%)
from2-amino-5-bromopyrazine (500mg) and2-(dimethylamino)ethanol
(2.56 g).  MS (CI) m/z: 183 (M512). HAMS (CI) for C95315N40 (M512):
calcd., 183.1246; found, 183.1242. 151 NMR (400 MHz, CDC13) 6 2.33
(s, 6H), 2.70 (t, J = 5.8 Hz, 2H), 4.12 (brs, 2H), 4.31 (t, J = 5.8 Hz, 2H),
7.53 (d, J = 1.2 Hz, 1H), 57.80 (d, J = 1.2 Hz, 1H). IR (AIR): 1280, 1630,
3330 cm71. [0222]    Reference Example 7
5-[2-Methy1-2-(tetrahydro-2H-pyran-2-yloxy)propoxy]pyrazin-2-a 10 mine
[0223] [Chemical formula 47] H2NI NOTHP [0224] 15According to the
method described in Reference Example 3, the title compound was
obtained as brown powder crystals (60 mg, yield: 13%) from
2-amino-5-bromopyrazine (299 mg) and
2-methy1-2-[(tetrahydro-2H-pyran-2-yl)oxy]-1-propanol (1.50 g). MS (CI)
m/z: 268 (M512). 20HAMS (CI) for Ci3H22N303 (M512): calcd., 268.1661;
found, 268.1645. 1H NMR (400MHz, CDC13) 51.35 (s, 6H), 1.46-1.52 (m,
4H), 1.59-1.72 (m, 1H), 1.76-1.88 (m, 1H), 3.43 (td, J = 8.3, 4.3 Hz, 1H),
3.94 (ddd, J = 11.6, 5.2, 3.7 Hz, 1H), 4.11 (d, J = 10.4 Hz, 1H), 4.16  (d, J
= 10.4 Hz, 1H), 4.21 (s, 2H), 4.88 (q, J = 2.9 Hz, 1H), 7.54 (d, J = 1.8 Hz,
1H), 7.79 (d, J = 1.8 Hz, 1H). IR (AIR): 1620, 1487, 1379 cm71. [0225] 5
Reference Example 8
1-[2-(Dimethylamino)-2-methylpropy1]-1H-pyrazol-3-amine [0226]
[Chemical formula 48] 5:\ N-,- . . H2NNNMe2 10[0227]        Sodium
hydride (156 mg) was added to a solution of 3-nitro-1H-pyrazole (196 mg)
in anhydrous DMF (2 mL) under cooling with ice, and the mixture was
stirred at room temperature for 15 minutes. A solution of
1-chloro-N,N,2-trimethylpropan-2-amine in 15 DMF (0.52 mL) was added
to the resultant mixture, and the mixture was stirred at room temperature
for about 24 hours. A saturated aqueous ammonium chloride solution (25
mL) and ethyl acetate (25 mL) were added to the reaction mixture and
stirred under cooling with ice. The organic layer was separated, washed
with saturated 
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CLAIMS 

 

1. A compound represented by the general formula (1) or a 

pharmaceutically acceptable salt thereof: 

[Chemical formula 1] 5 

 

(wherein R1 and R2 are each independently a hydrogen atom, a halogen 

atom, an amino group, a hydroxyl group, a hydroxyamino group, a 

nitro group, a cyano group, a sulfamoyl group, a C1 to C6 alkyl group, 

a C1 to C6 alkoxy group, a C1 to C6 alkylsulfanyl group, a C1 to C6 10 

alkylsulfinyl group, a C1 to C6 alkylsulfonyl group, or a C1 to C6 

alkoxy-C1 to C6 alkylsulfonyl group, and A is a substituted or 

unsubstituted heteroaryl group). 

 

2. The compound according to claim 1 or a pharmaceutically 15 

acceptable salt thereof, wherein R1 and R2 are each independently 

a hydrogen atom, a halogen atom, or a C1 to C6 alkylsulfonyl group. 

 

3. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom or a halogen 20 

atom, and R2 is a C1 to C6 alkylsulfonyl group. 

 

20 brine (100 mL), dried over anhydrous sodium sulfate, and filtrated, and
the filtrate was concentrated under reduced pressure. The obtained
residue was purified by silica gel column chromatography (neutral
spherical silica gel, ethyl acetate : hexane = 1:1) to give
N,N,2-trimethy1-1-(3-nitro-1H-pyrazol-1-y1)propan-2-amine as yellow
powder crystals (90.9 mg, yield: 25%). MS (CI) m/z: 213 (M512). HAMS
(CI) for C95117N408 (M512): calcd, 213.1352; found, 213.1314.
N,N,2-trimethy1-1-(3-nitro-1H-pyrazol-1-y1)propan-2-amine  5 (70.6 mg)
was dissolved in a mixed solution (ethanol-ethyl acetate, 4:1, 5 mL). Then,
10% palladium-carbon (7 mg) was added to the prepared solution, and the
solution was subjected to catalytic reduction at 101 kPa for about 2 hours.
The reaction mixture was filtrated through Celite, and the filtrate was
evaporated under 10 reduced pressure. The obtained residue was purified
by silica gel column chromatography (silica gel NH, ethyl acetate : hexane
= 1:1) to give the title compound as a yellow oil (56.8 mg, yield: 94%). MS
(CI) m/z: 183 (M512). HAMS (CI) for CO5314N4 (M512): calcd.,
183.1610; found, 183.1615.  15 151 NMR (400 MHz, CDC13) 6 1.50 (s,
6H), 2.03 (s, 6H), 2.53 (s, 2H), 3.59 (s, 2H), 5.56 (d, J = 2.4 Hz, 1H), 7.28
(d, J = 2.4 Hz, 1H). IR (AIR): 1617, 1541, 1492 cm71. [0228] Reference
Example 9 20 5-(2-Bromoethylthio)thiazol-2-amine  [0229] [Chemical
formula 49] NBr H2NM S [0230]         Triphenylphosphine (12.1 g),
imidazole (3.86 g), and carbon tetrabromide (4.44 g) were added to a
suspension of 5-(2-hydroxyethylthio)thiazol-2-amine (2.00 g) in methylene
chloride (74.6 mL) under cooling with ice, and the mixture was stirred 5
under cooling with ice for 4 hours. Methylene chloride (200 mL) and water
(100 mL) were added to the reaction mixture, and the mixture was
extracted. The organic layer was washed with saturated brine (100 mL),
dried over anhydrous sodium sulfate, and filtrated, and the filtrate was
concentrated under reduced pressure. The obtained 10 residue was
purified by silica gel column chromatography (neutral spherical silica gel,
ethyl acetate : hexane = 1:10 and then 1:2) and washed with hexane to
give the title compound as white powder crystals (1.06 g, yield: 39%). MS
(El) m/z: 238 (Mt). 15HAMS (El) for C557BrN2S2 (Mt): calcd, 237.9234;
found, 237.9212. [0231] Reference Example 10
5-(3-Bromopropylthio)thiazol-2-amine  [0232] 20[Chemical formula 50]
According to the method described in Reference Example 9, the title
compound was obtained as a yellow oil (450 mg, yield: 7%) from
5-(3-hydroxypropylthio)thiazol-2-amine (5.00 g).  MS (ESI) m/z: 253
(M51+). HAMS (ESI) for C65310BrN8S8 (Mt): calcd, 252.94688; found,
252.94629. [0233] Reference Example 11 5
5-[2-(4-Methylpiperazin-1-yflethylthio]thiazol-2-amine  [0234] [Chemical
formula 51] Me H2N s sN?d) [0235]
101-Methylpiperazine(3.47mL)wasaddedtothecompoundobtained in
Reference Example 9 (150 mg), and the mixture was heated and stirred at
60C for 2 hours. After cooling, the reaction mixture was concentrated
under reduced pressure. Methylene chloride (10 mL) and a saturated
aqueous sodium hydrogen carbonate solution (10 
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4. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom and R2 is 

a C1 to C6 alkylsulfonyl group. 

 

5. The compound according to claim 1 or a pharmaceutically 5 

acceptable salt thereof, wherein R1 is a hydrogen atom, and R2 is 

a cyclopropylsulfonyl group. 

 

6. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, wherein R1 is a hydrogen atom, and R2 is 10 

a methylsulfonyl group. 

 

7. The compound according to any of claims 1 to 6 or a 

pharmaceutically acceptable salt thereof, wherein the compound is 

represented by the general formula (1a): 15 

[Chemical formula 2] 

 

(wherein R1, R2, and A are as defined above). 

 

8. The compound according to any of claims 1 to 6 or a 20 

pharmaceutically acceptable salt thereof, wherein the compound is 

represented by the general formula (1b): 

15 mL) were added to the residue, and the mixture was extracted. The
extraction was repeated twice, and the combined organic layers were
washed with saturated brine (7 mL), dried over anhydrous sodium sulfate,
filtrated, and evaporated under reduced pressure. The obtained
amorphous was washed with diisopropyl ether to give the 20title
compound as white powder crystals (137 mg, yield: 84%). Melting point
106-108C EIMS m/z: 258 (Mt). HAMS (El) for C105118N452 (Mt): calcd.,
258.0973; found, 258.0978.  151 NMR (400 MHz, CDC13) 6 2.28 (s, 3H),
2.35-2.57 (m, 8H), 2.61 (dd, J = 8.0, 4.3 Hz, 2H), 2.77 (dd, J = 8.0, 4.3 Hz,
2H), 4.95 (s, 2H), 7.09 (s, 1H). IR (AIR): 1653, 1527, 1485 cm71. 5[0236]
Reference Example 12
(S)-5-[2-(3-Fluoropyrrolidin-l-yflethylthio]thiazol-2-amine  [0237] [Chemical
formula 52] 10 N. r?IN H2N'Ths S  [0238]        According to the method
described in Reference Example 11, the title compound was obtained as
white powder crystals (82.3 mg, yield: 40%) from the compound obtained
in Reference Example 9 (200 15 mg), (S)-3-fluoropyrrolidine hydrochloride
(210 mg), and triethylamine (0.50 mL). Melting point 144-145C [U]s244
(c0.41, DMSO) EIMS m/z: 247 (M2). 20HAMS (El) for C0S14FN302 (M2):
calcd, 247.0613; found, 247.0646. 151 NMR (400 MHz, CDC13) 6
1.94-2.22 (m, 2H), 2.42-2.51 (m, 1H), 2.70-2.91 (m, 7H), 4.99 (s, 2H),
5.06-5.25 (m, 1H), 7.10 (s, 1H). IR (AIR): 1649, 1533, 1491 cm71.  [0239]
Reference Example 13
(R)-5-[2-(3-Fluoropyrrolidin-l-yflethylthio]thiazol-2-amine [0240]
5[Chemical formula 53] H2 NS rd [0241]        According to the method
described in Reference Example 11, the title compound was obtained as
white powder crystals (98.8 mg, 10 yield: 48%) from the compound
obtained in Reference Example 9 (200 mg), (R)-3-fluoropyrrolidine
hydrochloride (210 mg), and triethylamine (0.50 mL). Melting point 147C
Mon +- (c0.43, DMSO) 15EIMS m/z: 247 (M2). HAMS (El) for
C95314FN3S8 (M2): calcd., 247.0613; found, 247.0622. 151 NMR (400
MHz, CDC13) 6 1.94-2.22 (m, 2H), 2.42-2.51 (m, 1H), 2.70-2.91 (m, 7H),
4.99 (s, 2H), 5.06-5.25 (m, 1H), 7.10 (s, 1H). IR (AIR): 1649, 1533, 1491
cm71. 20[0242] Reference Example 14
5-[2-(4,4-Ddfluoropdperddln-1-yflethylthdo]thdazol-2-amlne [0243] 
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[Chemical formula 3] 

 

(wherein R1, R2, and A are as defined above). 

 

9. The compound according to any of claims 1 to 8 or a 5 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted heteroaryl group or a heteroaryl group that is 

mono-substituted with a halogen atom, a C1 to C6 alkyl group optionally 

substituted with a halogen atom or a hydroxyl group, a C1 to C6 alkoxy 

group optionally substituted with a halogen atom or a hydroxyl group, 10 

a nitro group, a cyano group, or a group represented by the formula 

of -(O)p(CH2)mC(O)OR
3 (wherein R3 is a hydrogen atom or a C1 to C6 

alkyl group, m is an integer of 0 to 2, and p is 0 or 1). 

 

10. The compound according to any of claims 1 to 8 or a 15 

pharmaceutically acceptable salt thereof, wherein A is a heteroaryl 

group that is mono-substituted with a halogen atom, a C1 to C6 alkyl 

group, or a C1 to C6 hydroxyalkyl group. 

 

11. The compound according to any of claims 1 to 8 or a 20 

pharmaceutically acceptable salt thereof, wherein A is a heteroaryl 

[Chemical formula 54] N H2 N S S   [0244] According to the method
described in Reference Example 11, 5 the title compound was obtained as
white powder crystals (68.9 mg, yield: 30%) from the compound obtained
in Reference Example 9 (200 mg), 4,4-difluoropiperidine hydrochloride
(263 mg), and triethylamine (0.50 mL). Melting point 127C (diisopropyl
ether) 10EIMS m/z: 279 (M2). HAMS (El) for C105315E8N3S8 (Mt):
calcd., 279.0675; found, 279.0679. 151 NMR (400 MHz, CDC13) 6
1.93-2.06 (m, 4H), 2.56 (t, J = 5.5 Hz, 4H), 2.64 (dd, J = 8.9, 5.8 Hz, 2H),
2.76 (dd, J = 8.9, 5.8 Hz, 2H), 5.21 (s, 2H), 7.08 (s, 1H). 15IR (AIR): 1609,
1519, 1478 cm71. [0245] Reference Example 15
1-[2-(2-Aminothiazol-5-ylthio)ethyl]piperidine-4-carboxylic  acid ethyl ester
20[0246] [Chemical formula 55]  N 0".43 H2 N S S   [0247]        According
to the method described in Reference Example 11, the title compound
was obtained as white powder crystals (150 mg, 5 yield: 76%) from the
compound obtained in Reference Example 9 (150 mg) and
piperidine-4-carboxylic acid ethyl ester (4.83 mL). Melting point 80-81C
MS (CI) m/z: 316 (M512). HAMS (CI) for C135188N30858 (M512): calcd.,
316.1153; found, 316.1141. 10151 NMR (400 MHz, CDC13) 6 1.25 (t, J =
7.1 Hz, 3H), 1.68-1.80 (m, 2H), 1.82-1.92 (m, 2H), 2.04-2.10 (m, 2H),
2.21-2.31 (m, 1H), 2.55-2.59 (m, 2H), 2.75-2.80 (m, 2H), 2.80-2.88 (m,
2H), 4.13 (q, J = 7.1 Hz, 2H), 5.00 (s, 2H), 7.08 (s, 1H). IR (AIR): 1707,
1524, 1448 cm71. 15[0248] Reference Example 16
(S)-[1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidin-2-yl]metha  nol [0249]
20[Chemical formula 56] N H2 N r'ss S   [0250]         According to the
method described in Reference Example 11, the title compound was
obtained as white powder crystals (130 mg, yield: 80%) from the
compound obtained in Reference Example 9 (150 5 mg) and
(S)-pyrrolidin-2-ylmethanol (3.10 mL). 
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group that is mono-substituted with a C1 to C6 alkoxy group optionally 

substituted with a halogen atom or a hydroxyl group, or a C1 to C3 

alkoxy-C1 to C3 alkoxy group. 

 

12. The compound according to any of claims 1 to 8 or a 5 

pharmaceutically acceptable salt thereof, wherein A is a heteroaryl 

group that is mono-substituted with a C1 to C6 alkylsulfanyl group 

that is optionally substituted with a halogen atom or a hydroxyl 

group. 

 10 

13. The compound according to any of claims 9 to 12 or a 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted or mono-substituted five- or six-membered 

heteroaromatic ring, the heteroaromatic ring containing 1 to 3 

heteroatoms selected from a sulfur atom, an oxygen atom, and a nitrogen 15 

atom, one of which is a nitrogen atom adjacent to a ring-connecting 

atom. 

 

14. The compound according to any of claims 9 to 12 or a 

pharmaceutically acceptable salt thereof, wherein A is an 20 

unsubstituted or mono-substituted fused heterocycle having a five- 

or six-membered heteroaromatic ring, the heteroaromatic ring 

containing 1 to 3 heteroatoms selected from a sulfur atom, an oxygen 

atom, and a nitrogen atom, one of the heteroatoms being a nitrogen 

atom adjacent to a ring-connecting atom. 25 

Melting point 98-99C [U]s2490 (c0.54, CHC13) . MS (CI) m/z: 260 (M512).
10 HAMS(CI)for C1053i9N3052(M512):calcd.,260.0891;found,260.0892.
151 NMR(400 MHz,CDC13)61.70-1.95(m,4H),2.27(q,J =8.6Hz,
1H),2.53-2.60(m,1H),2.60-2.68(m,1H),2.75-2.83(m,2H),  2.90-2.97
(m,1H),3.14-3.20(m, 1H), 3.38 (dd, J = 11.0, 2.4 Hz,  1H),3.62 (dd,J
=11.0,3.7Hz, 1H), 4.96 (s, 2H), 7.12 (s, 1H).  IR(AIR):
3161,1516,1498cm71.        15 [0251]   
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15. The compound according to any of claims 9 to 12 or a 

pharmaceutically acceptable salt thereof, wherein A is an 

unsubstituted or substituted heteroaromatic ring selected from the 

group consisting of: 5 

[Chemical formula 4] 

. 

16. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, selected from the group consisting of 

(E)-3-[(1α, 3α, 10 

Reference Example 17
5-[2-[cis-3,4-Difluoropyrrolidin-1-y3]ethylthio]thiazol-2-amin [0252]
20[Chemical formula 57] osst F H2Nns S [0253] According to the method
described in Reference Example 11, the title compound was obtained as
white powder crystals (35.0 mg, yield: 19%). More specifically, the
compound obtained in Reference Example 9 (200 mg),
cis-3,4-difluoropyrrolidine hydrochloride (100 mg), and diisopropylamine
(141 mg) were used for the reaction, and 5 potassium iodide (12 mg) was
added during the reaction. MS (CI) m/z: 266 (M512). HAMS (CI) for
C95314F8N358 (M512): calcd., 266.0597; found, 266.0577. 151 NMR
(400 MHz, CDC13) 6 2.71-2.80 (m, 4H), 2.81-2.94 (m, 2H), 3.04-3.14 (m,
2H), 4.89-5.12 (m, 2H), 5.00 (s, 2H), 7.09 (s, 1H). 10IR (AIR): 1645, 1530,
1490 cm71. [0254] Reference Example 18
5-[2-(cis-2,2-Dimethyltetrahydro-5H-1,3-dioxolo[4,5-C]pyrrol-5
-yl)ethylthio]thiazol-2-amine 15[0255] [Chemical formula 58] N(5# 0
H2N--.s s        According to the method described in Reference Example
11, the title compound was obtained as white powder crystals (127 mg, 20
yield: 30%) from the compound obtained in Reference Example 9 (330
mg) and cis-2,2-dimethyltetrahydro-5H-1,3-dioxolo[4,5-c]pyrrole (280 mg)
MS (ESI) m/z: 302 (M512). HAMS (ESI) for C125120N302S2
(MH2):calcd., 302.09969; found, 302.09926.  851 NMR(400
MHz,CDC13)6 1.31(s,3H), 1.52 (s,3H),2.10-2.17 (m,  2H),2.62-2.66 (m,
2H), 2.74-2.78 (m, 
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4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, 

(E)-N-(5-chlorothiazol-2-yl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(4

-methylthiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(5

-methylthiazol-2-yl)acrylamide, (+)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-410 

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(+)-(E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-

2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(1,2-dihydroxyethyl)thiazol-

2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-N-[4-tert-butylthiazol-2-yl]-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{4

-[2-(tetrahydro-2H-pyran-2-yloxy)ethyl]thiazol-2-yl}acrylamide, 

(E)-3-[(1α, 3α, 25 

2H) 3.06 (d,J=11.6Hz, 5 2H),4.62-4.65 (m, 2H), 4.96(s, 2H), 7.08 (s, 1H).
IR (AIR): 1644, 1513, 1483 cm71. [0256] Reference Example 19
(5)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl 10 ic acid
methyl ester  [0257] [Chemical formula 59] H2Nns Sri:CO2Me [0258]
15According to the method described in Reference Example 11, the title
compound was obtained as a yellow oil (85.7 mg, yield: 36%) from the
compound obtained in Reference Example 9 (200 mg),
(S)-pyrrolidine-2-carboxylic acid methyl ester hydrochloride (277 mg), and
triethylamine (0.50 mL). 20[a]5258- s(c0.25, CHC13) . MS (CI) m/z: 288
(MH2) . HAMS (CI) for C1153i9N30858 (MH2) : calcd., 288.0840; found,
288.0837. 8H NMR (400 MHz, DMSO-d6) 5 1.74-1.87 (m, 1H), 1.87-2.00
(m, 2H), 2.04-2.18 (m, 1H), 2.41 (q, J = 8.2 Hz, 1H), 2.66-2.72 (m, 1H),
2.77 (dd, J = 7.9, 6.7 Hz, 2H), 2.90-2.96 (m, 1H), 3.15 (td, J = 8.3, 3.1 Hz,
1H), 3.23 (dd, J = 8.6, 5.5 Hz, 1H), 3.71 (s, 3H), 5.00 (s, 2H), 7.10 (s, 1H).
IR (AIR): 3293, 3124, 2949, 2815, 1732, 1517, 1484 cm71. 5[0259]
Reference Example 20
(5)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl  ic acid ethyl
ester  [0260] 10[Chemical formula 60] N H2 N "1?3-'s Sr--/QCO2 Et [0261]
According to the method described in Reference Example 11, the title
compound was obtained as a yellow oil (580 mg, yield: 15 58%) from the
compound obtained in Reference Example 9 (800 mg),
(S)-pyrrolidine-2-carboxylic acid ethyl ester hydrochloride (15 g), and
isopropylamine (9.00 g). [U]p25 -61 (c0.28, CHC13). 
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4α)-3,4-difluorocyclopentyl]-N-[4-(2-hydroxyethyl)thiazol-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)thiaz

ol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazine-1-ylsulf5 

onyl)thiazol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(1

,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(310 

-methyl-1,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-methoxy-1,2,4-thiadiazol-5-y

l)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yridin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluoropyridin-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, 

(E)-N-(5-chloropyridin-2-yl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[5

-(methylthio)pyridin-2-yl]acrylamide, 

(E)-N-(5-cyclopropylpyridin-2-yl)-3-[(1α, 3α, 25 

MS (CI) m/z: 302 (M512). 20HAMS (CI) for C185180N308S8 (M512):
calcd., 302.0997; found, 302.1012. 1H NMR (400 MHz, DMSO-d6) 6 1.27
(t, J = 6.7 Hz, 3H), 1.74-1.85 (m, 1H), 1.85-2.00 (m, 2H), 2.05-2.18 (m,
1H), 2.38-2.48 (m, 1H), 2.66-2.72 (m, 1H), 2.77 (t, J = 7.3 Hz, 2H),
2.90-2.97 (m, 1H), 3.13-3.22 (m, 2H), 4.17 (qd, J = 7.3, 1.2 Hz, 2H), 5.35
(s, 2H), 7.07 (s, 1H). IR (AIR): 1728, 1619, 1517 cm71. [0262] Reference
Example 21 55-[3-(Dimethylamino)propylthio]thiazol-2-amine [0263]
[Chemical formula 61] H2N Ths S [0264] 10According to the method
described in Reference Example 11, the title compound was obtained as
colorless powder crystals (53.5 mg, yield: 62%) from the compound
obtained in Reference Example 10 (100 mg) and dimethylamine (a 2M
methanol solution, 9.90 mL). MS (APCI) m/z: 216 (M512). 15HAMS
(APCI) for C95314N3S8 (M512): calcd., 216.06291; found, 216.06354. 1H
NMR (400 MHz, CDC13) 6 1.72-1.79 (m, 2H), 2.20 (s, 6H), 2.35 (t, J = 7.3
Hz, 2H), 2.68 (t, J = 7.3 Hz, 2H), 5.26 (s, 2H), 7.07 (s, 1H). IR (AIR): 1647,
1514, 1493 cm. 20[0265] Reference Example 22 Ethyl (3)-3-(1a, 3U,
4a)-3,4-(difluorocyclopentyl)acrylate  [0266] [Chemical formula 62]
si.),1011.:1,101Et F,H    Plphsr   [0267]         Lithium
bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 41.1 mL. 41.1
mmol) was added in an argon atmosphere at 54C to a solution of the [(la,
3U, 4a)-(3,4-difluorocyclopentyl)methyl]triphenylphosphonium iodide (20.3
g, 40 mmol) synthesized in Reference Example 1 in anhydrous
tetrahydrofuran (70 mL), and the resultant mixture was stirred for 1 hour at
about the same temperature. Next, a solution of ethyl  10 glyoxylate (4.24
g, 41.5 mmol) in anhydrous tetrahydrofuran (50 mL) was added at 4C, and
the resultant mixture was stirred at room temperature for 24 hours. Next,
water (20 mL) was added at 4C, then 1 mol/L hydrochloric acid aqueous
solution was added, and the organic layer was concentrated under
reduced pre s sure . The obtained 15 residue was extracted with ethyl
acetate. The organic layer was washed with saturated brine. The washed
organic layer was dried over anhydrous sodium sulfate, and then
concentrated under reduced pressure. The obtained residue was isolated
and purified by silica gel column chromatography (ethyl acetate : hexane
= 1:4) to give 20 5.25 g of the title compound as a pale yellow oily
substance. MS (EI2) m/z: 204 (M2). HAMS (EI+) for C105314E202 (Mt):
calcd., 204.0962; found, 204.0942. 151 NMR (400 MHz, CDC13) 81.29 (t,
J = 7.1Hz, 3H), 1.74-1.90 (m, 2H),  2.26-2.42 (m, 2H), 3.84-3.98 (m, 1H),
4.16 (q, J =7.1 Hz, 2H), 4.80-4.90 (m, 1H), 4.92-5.02 (m, 1H), 5.74 (dd, J=
11.6, 1.2 Hz,1H), 6.22 (dd, J = 11.0, 9.8 Hz, 1H). 
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4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl

amide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid5 

in-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-(p

yrazin-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)-2-(4-(me

thylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)-2-(4-(met

hylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)-2-(4-(m

ethylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl15 

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-

yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{5

-[2-(methylthio)ethoxy]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 25 

[0268] 5 Reference Example 23 Ethyl (3)-2-bromo-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]acrylate  [0269] [Chemical formula 63]    0 10
[0270]         Bromine (1.19 mL, 23.2 mmol) was added in an argon
atmosphere at -6C to a solution of the compound (5.00g, 24.5 mmol) of
Reference Example 2 2 in carbon tetrachloride ( 1 5 ) , and the re sultant
mixture 15 was then stirred for 7 hours at room temperature. The reaction
mixture was concentrated under reduced pressure, and anhydrous
dichloromethane (40 mL) was added to the obtained residue. Next, in an
argon atmosphere, triethylamine (4.10 mL, 29.4 mmol) was added at 4C,
and the resultant mixture was stirred for 12 hours at room 20 temperature.
Water was added to the reaction mixture, whereby separate layers
formed. Then, the aqueous layer was extracted with dichloromethane, and
the obtained organic layers are collected.  The combined mixture was
washed with 1 mol /L hydrochloric acid aqueous solution, and then
washed with saturated brine. The washed mixture was dried over
anhydrous sodium sulfate, and then concentrated under reduced
pressure. The obtained residue was isolated and purified 5 by silica gel
column chromatography (ethyl acetate : hexane = 1:5) to give 7.33 g of
the title compound as a colorless oily substance. MS (EI2) m/z: 282 (M2).
HAMS (EI+) for C1053)(313rE202 (Mt): calcd., 282.0067; found,
282.0081. 151 NMR (400 MHz, CDC13) 81.34 (t, J = 7.3Hz, 3H),
1.86-2.02 (m, 2H), 102.28-2.44 (m, 2H), 3.08-3.20 (m, 1H), 4.29 (q, J =7.3
Hz, 2H), 4.84-4.94 (m, 1H), 4.96-5.06 (m, 1H), 7.29 (d, J = 9.2 Hz, 1H).
[0271] Reference Example 24 Ethyl (E)-3-[(1a, 3U,
154a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl  ate
[0272] [Chemical formula 64]    20[0273] Pinacolato diboron (88.0 mg,
0.35 mmol),  1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride
(8 mg), and potassium acetate (98.0 mg, 1.00 mmol) were added to a
solution of 4-bromomethylsulfonylbenzene (79.0 mg, 0.33 mmol) in
dimethylformamide (1 mL), and the resultant mixture was stirred 5 in an
argon atmosphere for 80 minutes at 120C. Next, ethyl (Z)-2-bromo-3-[(1a,
3U, 4a)-3,4-difluorocyclopentyl]acrylate (100.0 mg, 0.33 mmol),
1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride (10 mg), and
2 mol/L sodium carbonate aqueous solution (1 mL) were added, 10 and
the resultant mixture was stirred in an argon atmosphere for 2 hour s at
80C. Water was added to the reaction mixture . Extraction was carried out
with ethyl acetate, and the organic layer was washed with water and then
saturated brine. The washed organic layer was dried over anhydrous
sodium sulfate, and then concentrated under 15 reduced pressure. The
obtained residue was isolated and purified by silica gel column
chromatography (ethyl acetate : hexane = 1:1) to give 39.3 g of the title
compound. [0274] Reference Example 25  20(E)-3-[(113, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)pheny11-N-(t
hiozol-2-yl)acrylamide (Comparative Compound 1) 
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4α)-3,4-difluorocyclopentyl]-N-[5-(2-hydroxyethylthio)pyrazin-

2-yl]acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-{5

-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]pyrazin-2-yl}acrylamid

e, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-

yl)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 15 

3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr

azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl 

5-{(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl20 

amide}pyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenyl)]acryl

amide}pyrazin-2-yl)methylphosphonate, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-methyl-1H-pyrazol-3-yl]-2-(4

-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 25 

[0275] [Chemical formula 65]   [0276]         Using the [(113, 313,
413)-3,4-dihydroxycyclopentyl]methyl benzoate obtained in the first step of
Reference Example 1, the 5 same reactions as in the second to seventh
steps of Reference Example 1 were carried out to synthesize (113, 3U,
4a)-(3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide. Further,
the conversions of from Example 1 to Example 5 were carried out to
obtained the title compound. 10[0277] Reference Example 26  (E)-3-[(3a,
413)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]-N-(th
iozol-2-yl)acrylamide (Comparative Compound 2), and 15(E)-3-[(313,
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]-N-(t
hiozol-2-yl)acrylamide (Comparative Compound 3) [0278] [Chemical
formula 66]   [0279] Usingthe [(la, 3U,
413)-3-fluoro-4-hydroxycyclopentyllmethyl benzoate obtained in the third
step of Reference Example 1, 5 stereoinversion based on a Mitsunobu
reaction of a hydroxyl group was carried out, followed by the same
fluorination as in the fourth step of Reference Example 1. Then, the
resultant product underwent hydrolysis of the ester group, and oxidation of
the hydroxymethyl group to convert the product into a carboxylic acid. This
carboxylic 10 acid was condensed with (S)-4-phenyloxazolidinone, the
diastereomer was then separated, the asymmetric auxiliary group was
removed, the resultant product was then reduced to methanol compound,
and the reactions of from the sixth and subsequent steps of Reference
Example 1 were carried out in order to obtain the title compound. 15[0280]
Test Example 1 GK activity measurement        The GK activity was
determined not by direct measurement of the amount of
glucose-6-phosphate produced by the enzyme reaction 20 but by
measurement of the amount of NADH produced by a
glucose-6-dehydrogenase-coupled reaction.  [0281] (Preparation of
recombinant GK) Cloning of human hepatic GK and human pancreas GK
and acquisition of recombinant proteins 5Based on a human hepatic GK
sequence available from GeneBank (Accession Number: NM_033507)
and a human pancreas GK sequence (Accession Number: NM_000162),
PCR cloning was performed using Pyrobest DNA Polymerase (product of
Takara Bio Inc.) with human hepatic cDNA (product of Clontech
Laboratories, Inc.) and human 10 pancreas cDNA (product of Clontech
Laboratories, Inc.) used as templates. The enzymes were expressed in a
soluble form in E. coli as His-tagged fusion proteins (tagged with six His
residues at the C-terminus. The E. coli cells were sonicated and
centrifuged, and the supernatant was collected. The collected supernatant
was 15 purified by metal chelate affinity chromatography. [0282]        After
purification, the enzymes were stored in 12.5 mMHEPES (pH 7.3), 75 mM
KC1, 0.5 mM MgC18, 0.5 mM DTI, 2.5 mM glucose, and 50% glycerol at
-80C. 20[0283] (Measurement of GK activity)         The assay was
performed at 25C using a half-area flat-bottom 96-well plate (product of
Costar). The incubation mixture was prepared such that the final mixture
contained a 25 mMHEPES buffer 25solution (pH 7.1) (product of
Invitrogen Corporation), 25 mM KC1 (product of Wako Pure Chemical
Industries, Ltd.), 2 mMMgC12 (product of Wako Pure Chemical Industries,
Ltd.), 5 mM D-glucose (product of Wako Pure Chemical Industries, Ltd.), 1
mMAIP (product of Roche) , 1 mM NAD (product of Sigma), 1 mM
dithiothreitol (product of Wako 
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4α)-3,4-difluorocyclopentyl]-N-[1-ethyl-1H-pyrazol-3-yl]-2-(4-

(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(difluoromethyl)-1H-pyrazol-

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-fluoroethyl)-1H-pyrazol-35 

-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)-N-[1

-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]acrylamide, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-10 

3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox15 

olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 

(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2S)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, 25 

5 Pure Chemical Industries, Ltd.), 5 Unit/mL G6PDH (product of Sigma),
0.1% BSA (product of Sigma), GK, and a test compound or 5% DMSO.
[0284]        The test compound was dissolved in DNS() in advance, and 2
!IL of the prepared solution was added to 20 !IL of a solution containing 10
the HEPES buffer solution (pH 7.1), KC1, MgC18, D-glucose, ATP, NAD,
and dithiothreitol. Subsequently, 18 !IL of a solution containing the
G6PDH, BSA, and recombinant GKwas addedto the mixture to initiate the
reaction. The GK was added such that an increase in absorbance per
minute in the presence of 5% DNS() was between 0.002 to 0.003. 15 After
the reaction was initiated, the increase in absorbance at 340 nmwas
measured for 15 minutes using a SPECTRAmax 190 microplate
spectrophotometer (product of Molecular Devices Corporation), and the
activity was evaluated us ing the increase in the first 10minutes. [0285]
20When the compounds 1A, 26A, 27A, 31A, 44A, 49A, 1B, 2B, 4B, 31B,
38B, 41B, 53B, 21B, and 26B of the present invention were added in an
amount of 10 JIM, the effect of activating the human hepatic GK was
found to be 200% or more that of a well not containing the compounds.
Especially, in the compound lA of the present invention, 25 EC50 was
shown to be 1 Li. M or less . On the other hand, in the comparative
compound 1-3, each E050 found to be more than 10 p.M. [0286] Test
Example 2 Hypoglycemia activity test 5The effects of the test compounds
on blood glucose levels were measured using ICA mice (male, 7 to 9
weeks of age, Charles River Laboratories Japan, Inc.). Each of the
compounds was dissolved in a mixture of Gelucire 44/14 (trade name,
product of Gattefosse) and PEG 400 (60:40), and was orally administered
to the animal after 102-hour fasting period (30 mg/kg, 10 mL/kg). Blood
was collected from the caudal vein immediately before the administration
(Pre value) and 0.5, 2, and 4 hours after the administration using a
blood-collecting tube coated with dipotassium
ethylenediaminetetraacetate and was centrifuged (4C, 3,600 x g, 15 3
minutes) to obtain a plasma sample. [0287]        Each sample was diluted
five-fold with physiological saline, and the blood glucose level was
measured using Glucose 011-Test Wako (trade name, product of Wako
Pure Chemical Industries, Ltd.). 20 More specifically, the samples and a
glucose standard solution (100 mg/dL) (obtained by diluting a glucose
standard solution (200 mg/dL) two-fold with physiological saline) were
placed in the wells of a flat-bottom 96-well plate in an amount of 10
RL/well, and 150 !IL of a color reagent was added to each well. The plate
was left to 25 stand at 37C for 5 minutes to allow color development. The
measurement of OD at 505 nm was performed using En Vision 2103
Multilabel Reader (trade name, product of PerkinElmer Inc.). The
reduction ratio of the blood glucose level at each sampling point relative to
the Pre value was determined, and a glucose reduction 5 ratio (the
average of the determined reduction ratios) was computed. [0288]         In
the compounds 1A, 26A, 27A, 31A, 44A, 1B, 2B, 11B, 12B, 21B, 26B,
62A, 31B, 79B, 103B, 108B, 4B, 38B, 53B, 46A, 58A, and 41B of the
present invention, the glucose reduction ratio was found 10 to be 35% or
more. Especially, in the compound lA of the present invention, the
reduction ratio was shown to be 50% or more. On the other hand, in the
comparative compound 1-3, the each reduction ratio found to be less than
30%. [0289] 15 Test Example 3 Dosage Dependence of Hypoglycemia
and Insulin Secretion Promotion Tests        The effects of the test
compounds on blood glucose levels and insulin secretion were measured
using ICR mice (male, 7 to 9 weeks 20of age, Charles River Laboratories
Japan, Inc.). Each of the compounds was dissolved in a mixture of
Gelucire 44/14 (trade name, product of Gattefosse) and PEG 400 (60:40),
and was orally administered to the animal after a 2-hour fasting period (30
mg/kg, 10 mL/kg). Blood was collected from the caudal vein immediately
25 before the administration (Pre value) and 0.5, 1, 2, and 4 hours after
the administration using a blood-collecting tube coated with
dipotassiumethylenediaminetetraacetate and was centrifuged (4C, 3,600
X g, 3 minutes) to obtain a plasma sample. Each sample was diluted
five-fold with physiological saline, 5 and the blood glucose level was
measured using Glucose 011-Test Wako (trade name, product of Wako
Pure Chemical Industries, Ltd.). More specifically, the samples,
physiological saline, and a glucose standard solution (100 mg/dL)
(obtained by diluting a glucose standard solution (200 mg/dL) two-fold with
physiological saline) 
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(E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)-2-(4-(methylsul

fonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)

-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-[6-(difluoromethoxy)benzo[d]thi

azol-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,

4-b]pyridin-2-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide, and 10 

ethyl (E)-2-{2-[(R)-2-(4-(methylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-

2-yloxy}acetate. 

 

17. The compound according to claim 1 or a pharmaceutically 15 

acceptable salt thereof, selected from the group consisting of 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-yl)acrylamid

e, 

(E)-N-(5-bromothiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)-20 

3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(4-methylthiazol-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylthiazol-2-yl)acrylamid25 

10 were placed in the wells of a flat-bottom 96-well plate in an amount of
10R1J/well, respectively, and 150 pi of a color reagent was added to each
well. The plate was left to stand at 37C for 5 minutes to allow color
development. The measurement of OD at 505 nm was performed us ing
En Vi s ion 2 1 0 3 Multilabel Reader ( trade name , product 15 of
PerkinElmer Inc. ) . The gluco se area under the curve 5 _ hr (Glucose
AUC0.5-410) was calculated from the blood glucose level at each blood
collection point.        The insulin concentration was measured using an
undiluted solution of each sample with a Morinaga insulin measurement
kit 20 (trade name, product of Morinaga Institute of Biological Science
Inc.). The insulin area under the curve0L5 _ '4 hr (Insulin PIDC0.5 -4 hr)
was calculated from the insulin level at each blood collection point. [0290]
25 Test Example 4  Effects on Abnormal Glucose Tolerance of Severe
Diabetes db/db Mice        The effects on the abnormal glucose tolerance
of severe diabetes db/db mice were tested by a method based on the Fyfe
method (Diabetologia. 2007 Jun; 50 (6): 1277-87). The effects of the test 5
compounds on abnormal glucose tolerance were measured using db/db
mice (male, 7 weeks of age, Charles River Laboratories Japan, Inc.).
Each of the compounds was dissolved in a mixture of Gelucire 44/14
(trade name, product of Gattefosse) and PEG 400 (60:40), and was orally
administered to the animal after a 16 to 20-hour fasting 10 period.
Aglycemic loadwas appliedby administering a 5 g/kg glucose solution 1
hour after administration of the drug solution. Blood was collected from the
caudal vein 1 hour before the drug solution administration, before the
glycemic load, and 0.25, 0.5, 1, 2, and 4 hours after the glycemic load
using a blood-collecting tube coated 15 with dipotassium
ethylenediaminetetraacetate and was centrifuged to obtain a plasma
sample. Each sample was diluted ten-fold with physiological saline, and
the blood gluco se level was measured us ing Gluco se CI I Kit ( trade
name , product of Wako Pure Chemical Industries, Ltd.). The blood
glucose level AUC 0.25 to 4 hours after glycemic 20 load was calculated
as the "Blood glucose after glycemic load".         EC50 and ED50 were
calculated using the test compound blood concentration (Cmax) and the
dosage amount on the basis of the blood glucose rate of decrease for
each group as an index of drug efficacy when the data for the control
group was taken as 0. 25[0291]  Test Example 5 hERG Current
Suppression Test        Using a HEK 293 cell transfected with a human
ether-a-go-go-related gene (hERG), the hERG current which passed 5
through the whole cell membrane under a voltage clamp was recorded by
a whole-cell patch clamp method. To confirm the hERG current of the cell,
a depolarization pulse was periodically applied while maintaining the
membrane potential at -80 mV. After the generated current stabilized, the
cell was perfused with a perfusate (applying 10solution) in which the test
substance was dissolved for 10 minutes. The effects of the test substance
on the hERG channel were evaluated on the basis of the change in the tail
current induced by a +20 mV depolarization pulse for 1.5 seconds
followed by another depolarization pulse of -50 mV for 1.5 seconds.
Stimulation was 15 performed at a frequency of once every 10 seconds.
The test was carried out at 34C. The absolute value of the maximum tail
current was determined on the basis of the current value at the maintained
membrane potential, and the rate of change (suppression rate) 10 minutes
after application in the maximum tail current from before 20 application of
the test substance was calculated.        The hERG when 30 11M of the
inventive compounds 1A, 12A, 44A, 18B, 31B, 41B, 71B, 103B, 4B, 31A,
38B, and 68B was 50% or less in all cases. INDUSTRIAL APPLICABILITY
25[0292]          The glucokinase activators of the present invention have
an excellent GK activating or hypoglycemic effect and few side effects
(such as Q-I interval prolongation (relating to hERG current suppression)
and insulin-induced hypoglycemia) and are therefore 5 useful as
pharmaceutical s for the treatment or prevention of diabetes, obesity, and
the like.  CLAIMS 1.A compound represented by the general formula (1)
or a pharmaceutically acceptable salt thereof: 5[Chemical formula 1]
(wherein Aland R2 are each independently a hydrogen atom, a halogen
atom, an amino group, a hydroxyl group, a hydroxyamino group, a nitro
group, a cyano group, a sulfamoyl group, a alto C6 alkyl group, 10a C1 to
C6 alkoxy group, a C1 to C6 alkylsulfanyl group, a C1 to C6 alkylsulfinyl
group, a C1 to C6 alkylsulfonyl group, or a C1 to C6 alkoxy-C1 to C6
alkylsulfonyl group, and A is a substituted or unsubstituted heteroaryl
group). 15 2.The compound according to claim 1 or a pharmaceutically 
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e, (+)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4

-yl)thiazol-2-yl]acrylamide, 

(-)-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-45 

-yl)thiazol-2-yl]acrylamide, 

(E)-N-(4-tert-butylthiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phe

nyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(4-methylpiperazin-1-ylsulfo10 

nyl)thiazol-2-yl]acrylamide, methyl 

3-{2-[(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazol-4-yl] propionate, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1,2,4-thiadiazol-5-yl)acrylami15 

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-methyl-1,2,4-thiadiazol-5-yl

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(3-ethyl-1,2,4-thiadiazol-5-yl)

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-(3-phenyl-1,2,4-thiadiazol-5-yl

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(pyridin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyridin-2-yl]acr25 

acceptable salt thereof, wherein R2 and R2 are each independently a
hydrogen atom, a halogen atom, or a C1 to C6 alkylsulfonyl group. 3.The
compound according to claim 1 or a pharmaceutically 20 acceptable salt
thereof, wherein R2 is a hydrogen atom or a halogen atom, and R2 is a
C1 to C6 alkylsulfonyl group.  4.The compound according to claim 1 or a
pharmaceutically acceptable salt thereof, wherein R2 is a hydrogen atom
and R2 is a Ci to 06 alkylsulfonyl group. 5 5.The compound according to
claim 1 or a pharmaceutically acceptable salt thereof, wherein R2 is a
hydrogen atom, and R2 is a cyclopropylsulfonyl group.     6. The
compound according to claim 1 or a pharmaceutically 10 acceptable salt
thereof, wherein R2 is a hydrogen atom, and R2 is a methylsulfonyl group.
7. The compound according to any of claims 1 to 6 or a pharmaceutically
acceptable salt thereof, wherein the compound is 15 represented by the
general formula (la): [Chemical formula 2]    (wherein RI, R2, and A are as
defined above). 20 8.The compound according to any of claims 1 to 6 or a
pharmaceutically acceptable salt thereof, wherein the compound is
represented by the general formula (lb):  [Chemical formula 3]  Ri (wherein
R2, R2, and A are as defined above) . 5 9.The compound according to
any of claims 1 to 8 or a pharmaceutically acceptable salt thereof, wherein
A is an unsubstituted heteroaryl group or a heteroaryl group that is
mono-substituted with a halogen atom, a Ci) to C6 alkyl group optionally
substituted with a halogen atom or a hydroxyl group, a Ci) to 06 alkoxy 10
group optionally substituted with a halogen atom or a hydroxyl group, a
nitro group, a cyano group, or a group represented by the formula of - (0)p
(C512)",C (0) OR3 (wherein R3 is a hydrogen atom or a Ci) to 06 alkyl
group, m is an integer of 0 to 2, and p is 0 or 1) . 15 10.The compound
according to any of claims 1 to 8 or a pharmaceutically acceptable salt
thereof, wherein A is a heteroaryl group that is mono-substituted with a
halogen atom, a Ci) to 06 alkyl group, or a Ci) to 06 hydroxyalkyl group.
20 11.The compound according to any of claims 1 to 8 or a
pharmaceutically acceptable salt thereof, wherein A is a heteroaryl  group
that is mono-substituted with a Ci to 06 alkoxy group optionally substituted
with a halogen atom or a hydroxyl group, or a al to 03 alkoxy-C1 to 03
alkoxy group. 5 12.The compound according to any of claims 1 to 8 or a
pharmaceutically acceptable salt thereof, wherein A is a heteroaryl group
that is mono-substituted with a al to 06 alkylsulfanyl group that is
optionally substituted with a halogen atom or a hydroxyl group. 10  13.
The compound according to any of claims 9 to 12 or a pharmaceutically
acceptable salt thereof, wherein A is an unsubstituted or mono-substituted
five- or six-membered heteroaromatic ring, the heteroaromatic ring
containing 1 to 3 15 heteroatoms selected from a sulfur atom, an oxygen
atom, and a nitrogen atom, one of which is a nitrogen atom adjacent to a
ring-connecting atom.  14. The compound according to any of claims 9 to
12 or a 20 pharmaceutically acceptable salt thereof, wherein A is an
unsubstituted or mono-substituted fused heterocycle having a five-or
six-membered heteroaromatic ring, the heteroaromatic ring containing 1 to
3 heteroatoms selected from a sulfur atom, an oxygen atom, and a
nitrogen atom, one of the heteroatoms being a nitrogen 25 atom adjacent
to a ring-connecting atom.  15.The compound according to any of claims 9
to 12 or a   pharmaceutically acceptable salt thereof, wherein A is an
unsubstitutedor substitutedheteroaromaticringselectedfromthe 5 group
consisting of: 
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ylamide, 

(E)-N-(5-cyclopropylpyridin-2-yl)-2-(4-(cyclopropylsulfonyl)ph

enyl)-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(hydroxymethyl)pyridin-2-yl]5 

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(N,N-dimethylsulfamoyl)pyrid

in-2-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(pyrazin-2-yl)acrylamide, 10 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-methylpyrazin-2-yl)acrylamid

e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(5-ethylpyrazin-2-yl)acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-(5-methoxypyrazin-2-yl)acrylami

de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(methylthio)pyrazin-2-yl]acr

ylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-yl20 

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)pyrazin-2-y

l]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(3-methoxypropoxy)pyrazin-2-

yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 25 

[Chemical formula 4]          16.The compound according to claim 1 or a
pharmaceutically       acceptable salt thereof, selected from the group
consisting of 10(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty11-N-(5-fiuorothiazo1-2-y1)-2-(4-(me
thyisuifonyflphenyflacryiamide, (E)-N-(5-chiorothiazo1-2-y1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 5amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(4
methyithiazo1-2-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(5
methyithiazo1-2-yflacryiamide, (+)-(E)-3-[(1a, 3U,
104a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dioxoian-4
y1)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (-)-(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dioxoian-4
y1)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, 15(+)-(E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-[4-(1,2-dihydroxyethy1)thiazo1-
2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (-)-(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(1,2-dihydroxyethy1)thiazo1-
2-y1]-2-(4-(methyisuifonyflphenyflacryiamide,
20(E)-N-[4-tert-butyithiazo1-2-y1]-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-{4
[2-(tetrahydro-2H-pyran-2-y1oxy)ethyi]thiazo1-2-yilacryiamide,
25(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty11-N-[4-(2-hydroxyethy1)thiazo1-2-y1
1-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(N,N-dimethyisuifamoy1)thiaz
(51-2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
54a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazine-1-yisuif
onyi)thiazo1-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(1
,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
104a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(3
methy1-1,2,4-thiadiazo1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)
2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methoxy-1,2,4-thiadiazo1-5-y
151)-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-(p
yridin-2-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(5-fiuoropyridin-2-y1)-2-(4-(me
thyisuifonyflphenyflacryiamide, 20(E)-N-(5-chioropyridin-2-y1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-2-(4-(methyisuifonyflpheny1)-N-[5 
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4α)-3,4-difluorocyclopentyl]-N-[5-(2-ethoxyethoxy)pyrazin-2-yl

]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(methylthio)ethoxy]pyrazi

n-2-yl}acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 5 

4α)-3,4-difluorocyclopentyl]-N-{5-[2-(tetrahydro-2H-pyran-2-yl

oxy)ethoxy]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-(hydroxyethoxy)pyrazin-2-

yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4R)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(4S)-2,2-dimethyl-1,3-dioxo

lan-4-yl]pyrazin-2-yl}acrylamide, 15 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

azin-2-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-{5-[(2S)-1,2-dihydroxyethyl]pyr20 

azin-2-yl}acrylamide, diethyl 

5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl phosphonate, 

diethyl (5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl 25 

(methyithio)pyridin-2-yi]acryiamide,
25(E)-N-(5-cyciopropyipyridin-2-y1)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty11-2-(4-(methy1suffonyflphenyflacry1 amide,
(E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(hydroxymethy1)pyridin-2-y1)
-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U, 5
4W-3,4-dif1uorocyclopenty1]-N-[5-(N,N-dimethy1su1famoyflpyrid
in-2-y11-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-2-(4-(methy1su1fonyflpheny1)-N-(p
yrazin-2-yflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-(5-methy1pyrazin-2-y1)-2-(4-(me
10thy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-(5-ethy1pyrazin-2-y1)-2-(4-(met
hy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-(5-methoxypyrazin-2-y1)-2-(4-(m
ethy1su1fony1)phenyflacry1amide, (E)-3-[(1a, 3U,
154W-3,4-dif1uorocyclopenty1]-N-[5-(2-methy1ethoxy)pyrazin-2-y1
]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(2-methoxyethoxy)pyrazin-2-y
1]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(3-methoxypropoxy)pyrazin-2-
20y1]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-N-[5-(2-ethoxyethoxy)pyrazin-2-y1
]-2-(4-(methy1su1fonyflphenyflacry1amide, (E)-3-[(1a, 3U,
4W-3,4-dif1uorocyclopenty1]-2-(4-(methy1su1fonyflpheny1)-N-{5
-[2-(methy1thio)ethoxy]pyrazin-2-y1lacry1amide,
25(E)-2-(4-(methy1su1fonyflpheny1)-3-[(la, 3U,
4a)-3,4-difluorocyclopenty11-N-[5-(2-hydroxyethylthio)pyrazin2-y3]acrylam
ide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-{5
-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]pyrazin-2-yllacrylamid 5e,
(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-diono
lan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide,
10(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono
Jan-4-yl]pyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
15azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
azin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, diethyl 5-{(E)-3-[(1a,
3U, 204a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-yl)methylphosphonate, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-[1-methy1-1H-pyrazol-3-y1]-2-(4
25-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty11-N-[1-ethy1-1H-pyracc1-3-y1]-2-(4-
(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(dif1ucromethy1)-1H-pyracc1-
3-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
54a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-flucrcethy1)-1H-pyrazc1-3
y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-2-(4-(methy1sulfcnyflpheny1)-N-[1
(2,2,2-triflucrcethy1)-1H-pyracc1-3-y1]acry1amide, (E)-3-[(1a, 3U,
104a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxyethy1)-1H-pyrazc1-
3-y11-2-(4-(methy1sulfcny1)phenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-[1-(2-hydroxy-2-methy1propy1)-1
H-pyracc1-3-y1]-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
154a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-dicx
c1an-4-y1]methy11-1H-pyracc1-3-y1)-2-(4-(methy1sulfcnyflphenyl
)acry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
c1an-4-y1]methy11-1H-pyracc1-3-y1)-2-(4-(methy1sulfcnyflpheny1
20)acry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyracc1-3-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, (E)-3-[(1a, 3U,
4a)-3,4-dif1ucrocyc1cpenty1]-N-{1-[(20)-2,3-dihydroxypropy1]-1 25
H-pyracc1-3-y11-2-(4-(methy1sulfcnyflphenyflacry1amide, 
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methylphosphonate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 

3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-methyl-1H-pyrazol-3-yl)acryl

amide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-ethyl-1H-pyrazol-3-yl)acryla5 

mide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-(2-fluoroethyl)-1H-pyrazol-3

-yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-

3-yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 10 

3α, 

4α)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1

H-pyrazol-3-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4R)-2,2-dimethyl-1,3-diox15 

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 20 

4α)-3,4-difluorocyclopentyl]-N-{1-[(2R)-2,3-dihydroxypropyl]-1

H-pyrazol-3-yl}acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(1-{[(4S)-2,2-dimethyl-1,3-diox

olan-4-yl]methyl}-1H-pyrazol-3-yl}acrylamide, 25 

(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-N-(isonazol-3-y1)-2-(4-(methylsul
fonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
41)-3,4-difluorocyclopenty1]-N-(6-methoxybenzo[d]thiazol-2-y1)
5-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
41)-3,4-difluorocyclopenty1]-N-[6-(difluoromethoxy)benzo[d]thi
azol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
41)-3,4-difluorocyclopenty1]-N-[5-(2-methoxyethoxy)thiazolo[5,
104-b]pyridin-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, and ethyl
(E)-2-{2-[(R)-2-(4-(methylsulfonyl)pheny1)-3-[(11L, 3U, 4L) -3,
4-difluorocyciopentyi] acryiamide] thiazoio [5, 4-b] pyridin- 2-yioxy}
acetate. 15 17.The compound according to claim 1 or a pharmaceutically
acceptable salt thereof, selected from the group consisting of
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(11L, 31L,
4(L)-3,4-difluorocyclopenty11-N-(5-fluorothiazol-2-yflacrylamid e,
20(E)-N-(5-bromothiazol-2-y1)-2-(4-(cyclopropylsulfonyl)pheny1)- 3-[(la,
31L, 4(L)-3,4-difluorocyclopentyllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(11L, 3,
4(L)-3,4-difluorocyclopenty11-N-(4-methylthiazol-2-yl)acrylamid e,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3,
2541L)-3,4-difluorocyclopenty1]-N-(5-methylthiazol-2-yl)acrylamid e,
(+)-(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4
y1)thiazo1-2-yi]acryiamide,
(-)-(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
54a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4
y1)thiazo1-2-yi]acryiamide,
(E)-N-(4-tert-butyithiazo1-2-y1)-2-(4-(cyciopropyisuifonyflphe ny1)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopentyi]acryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
104a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazin-1-yisuifo
nyi)thiazo1-2-yi]acryiamide, methyl
3-{2-[(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyi]acryiamidelthiazo1-4-y1] propionate,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
154a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami de,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1
)acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)
20acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-pheny1-1,2,4-thiadiazo1-5-y1
)acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(pyridin-2-yflacryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
254a)-3,4-difiuorocyciopenty1]-N-[5-(methyithio)pyridin-2-yi]acr  y1amide,
(E)-N-(5-cyc1cpropy1pyridin-2-y1)-2-(4-(cyc1cpropy1sulfcnyflph
eny1)-3-[(1a, 3U, 4W-3,4-dif1ucrocyc1cpenty1]acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
54W-3,4-dif1ucrocyc1cpenty1]-N-[5-(hydroxymethy1)pyridin-2-y1]
acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(N,N-dimethy1su1famcy1)pyrid
in-2-y3]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
104W-3,4-dif1ucrocyc1cpenty1]-N-(pyrazin-2-y1)acry1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-(5-methy1pyrazin-2-y1)acry1amid e,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-(5-ethy1pyrazin-2-y1)acry1amide,
15(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-(5-methcxypyrazin-2-y1)acry1ami de,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(methy1thic)pyrazin-2-y1]acr y1amide,
(E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,  20
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methy1ethcxy)pyrazin-2-y1
]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(2-methcxyethcxy)pyrazin-2-y
1]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-dif1ucrocyc1cpenty1]-N-[5-(3-methcxyprcpcxy)pyrazin-2-
25y1]acry1amide, (E)-2-(4-(cyc1cpropy1sulfcnyflpheny1)-3-[(la, 3U,
4W-3,4-difluorocyclopenty11-N-[5-(2-ethoxyethoxy)pyrazin-2-y1
]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[2-(methylthio)ethoxy]pyrazi
n-2-yllacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 53U,
4W-3,4-difluorocyclopenty1]-N-{5-[2-(tetrahydro-2H-pyran-2-y1
oxy)ethoxy]pyrazin-2-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-[5-(2-(hydroxyethoxy)pyrazin-2-
10yflacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U, 
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(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-(isoxazol-3-yl)acrylamide, 

(E)-N-(benzo[d]thiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl)

-3-[(1α, 3α, 4α)-3,4-difluorocyclopentyl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-N-(6-methoxybenzo[d]thiazol-2-yl)

acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[6-difluoromethoxy]benzo[d]thia

zol-2-yl]acrylamide, 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 10 

4α)-3,4-difluorocyclopentyl]-N-(6-fluorobenzo[d]thiazol-2-yl)a

crylamide, 2-methylethyl 

2-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide}benzo[d]thiazol-6-carbo

xylic acid, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-N-(thiazolo[5,4-b]pyridin-2-yl)ac

rylamide, 

(E)-N-(5-butoxythiazolo[5,4-b]pyridin-2-yl)-2-(4-(cyclopropyls

ulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide, 20 

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[5,

4-b]pyridin-2-yl)acrylamide, and ethyl 

2-{2-[(R)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]pyridin-25 

4W-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-diono
lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono
15lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
204W-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, diethyl
5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
4W-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1 phosphonate, diethyl
(5-{(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U, 25
4W-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-y1  methyiphosphonate,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1-methy1-1H-pyrazo1-3-yflacry1 amide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
54a)-3,4-difiuorocyciopenty1]-N-(1-ethy1-1H-pyrazo1-3-yflacryia mide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1-(2-fiuoroethy1)-1H-pyrazo1-3
-y1)acryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[1-(2-hydroxyethy1)-1H-pyrazoi-
103-yilacryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[1-(2-hydroxy-2-methyipropy1)-1
H-pyrazo1-3-yilacryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a,
3U, 154a)-3,4-difiuorocyciopenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-diox
oian-4-yi]methy11-1H-pyrazo1-3-yilacryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-diox
oian-4-yi]methy11-1H-pyrazo1-3-yilacryiamide,
20(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyrazo1-3-y3lacryiamide, (E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-diox
25oian-4-y3]methy11-1H-pyrazo1-3-y3lacryiamide,
(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(iscxaccl-3-yflacrylamide,
(E)-N-(benzo[d]thiazcl-2-y1)-2-(4-(cyclopropylsulfcnyl)phenyl) -3-[(1a, 3U,
4W-3,4-diflucrocyclopentyl]acrylamide,
5(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(6-methcxybenzo[d]thiazcl-2-y1)
acrylamide, (E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-[6-diflucromethcxy]benzo[d]thia
zcl-2-y3]acrylamide, 10(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(6-flucrobenzo[d]thiazcl-2-yfla crylamide,
2-methylethyl 2-{(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopentyl]acrylamidelbenzo[d]thiazcl-6-carbc 15xylic
acid, (E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(thiazolc[5,4-b]pyridin-2-yl)ac rylamide,
(E)-N-(5-butcxythiazolc[5,4-b]pyridin-2-y1)-2-(4-(cyclopropyls
ulfcnyl)pheny1)-3-[(1U, 3U, 204W-3,4-diflucrocyclopentyl]acrylamide,
(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-[5-(2-methcxyethcxy)thiazolc[5,
4-b]pyridin-2-yl)acrylamide, and ethyl
2-{2-[(R)-2-(4-(cyclopropylsulfcnyl)phenyl)-3-[(la, 3U,
254W-3,4-diflucrocyclopentyl]acrylamidelthiazolc[5,4-b]pyridin-
5-yloxylacetate.  18. The compound according to claim 1 or a
pharmaceutically acceptable salt thereof, selected from the group
consisting of 
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5-yloxy}acetate. 

 

18. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, selected from the group consisting of 

(E)-3-[(1α, 3α, 5 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th

iazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(5-

methylpyrazin-2-yl)acrylamide, and (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(1-10 

methyl-1H-pyrazol-3-yl)acrylamide. 

 

19. The compound according to claim 1 or a pharmaceutically 

acceptable salt thereof, selected from the group consisting of 

(E)-3-[(1α, 3α, 15 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

yl]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1α, 3α, 

4α)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen20 

yl]-N-(1-methyl-1H-pyrazol-3-yl)acrylamide. 

 

20. Use of a compound according to any of claims 1 to 19 or a 

pharmaceutically acceptable salt thereof for manufacturing a 

pharmaceutical for treatment or prevention of diabetes. 25 

5(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)pheny11-N-(th
iazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)pheny11-N-(5-
methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopenty1]-2-[4-(ethylsulfonyl)pheny11-N-(1-
methy1-1H-pyrazol-3-yl)acrylamide.  19. The compound according to
claim 1 or a pharmaceutically acceptable salt thereof, selected from the
group consisting of 15(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
204a)-3,4-difluorocyclopenty1]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(1-methy1-1H-pyrazol-3-yl)acrylamide.     20. Use of a compound
according to any of claims 1 to 19 or a pharmaceutically acceptable salt
thereof for manufacturing a 25 pharmaceutical for treatment or prevention
of diabetes.   21. A pharmaceutical composition, comprising: the
compound according to any of claims 1 to 19, or a pharmaceutically
acceptable salt thereof ; and a pharmaceutically acceptable carrier.  22. A
compound represented by the general formula (2): [Chemical formula 5]
(wherein Aland R2 are each independently a hydrogen atom, a halogen
10 atom, an amino group, a hydroxyl group, a hydroxyamino group, a nitro
group, a cyano group, a sulfamoyl group, a Cito 06 alkyl group, a Ci to 06
alkoxy group, a Ci to 06 alkylsulfanyl group, a Ci to 06 alkylsulfinyl group,
a Ci to 06 alkylsulfonyl group, or a Ci to 06 alkoxy-Ci to 06 alkylsulfonyl
group). 15  23. The compound according to claim 22, wherein R2 is a
hydrogen atom, and R2 is a cyclopropylsulfonyl group.       24. The
compound according to claim 22, wherein R2 is a hydrogen 20 atom, and
R2 is a methylsulfonyl group. 
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21. A pharmaceutical composition, comprising: the compound 

according to any of claims 1 to 19, or a pharmaceutically acceptable 

salt thereof; and a pharmaceutically acceptable carrier. 

 5 

22. A compound represented by the general formula (2): 

[Chemical formula 5] 

 

(wherein R1 and R2 are each independently a hydrogen atom, a halogen 

atom, an amino group, a hydroxyl group, a hydroxyamino group, a 10 

nitro group, a cyano group, a sulfamoyl group, a C1 to C6 alkyl group, 

a C1 to C6 alkoxy group, a C1 to C6 alkylsulfanyl group, a C1 to C6 

alkylsulfinyl group, a C1 to C6 alkylsulfonyl group, or a C1 to C6 

alkoxy-C1 to C6 alkylsulfonyl group). 

 15 

23. The compound according to claim 22, wherein R1 is a hydrogen 

atom, and R2 is a cyclopropylsulfonyl group. 

 

24. The compound according to claim 22, wherein R1 is a hydrogen 

atom, and R2 is a methylsulfonyl group. 20 


