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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 BA ROUND™ART [0002] According to
a patient survey conducted by the Japanese Ministry of Health, Labor and
Welfare in#—\(&%g% g,%%]é%gta HuMmber of dia Ee%elsvg’gtile%%s in Japan
TECH f% .2% ?Mlgn Moreover, 15 according to z?ldiabetes survey conducte_d
In the same year, the total number of people "strongly suspected of having
[ooogi betes" and people in whom "the possibility of diabetes cannot be
nied" had increased to 16.20 million, and this increase has been
peieived as 8 prablem, 199031, 208ince the insulin. secrelory CAPAGN. 0% nase
Japanege IS low due to genefllc]%actors,?he Japanese domestic market is
(uns TR TOLITpATEq insullg secrgtion. bipwayer, due (0. WesigmIZalON 1 1o
of Japanese dietary habits, the number of%atlents with insulin resistance
to a'zp%gs%g' e Sl”%%‘mr@eg‘é%‘ﬁ% rSf’é%coéﬁgg%.ezét%%%'so%ﬂ?@é‘\rz‘gntion
for drugs that are expected to be eftective for both impaired insuli
ot afggefian andjosyiiresisiance, J0OOAL ., Glucolinase, (@) Wichce ivator
catalyzes the phosphorylation of glucose, functions as a glucose sensor in
as aWea%qu,gnqm%%slees& glucose utilization in the liver and the secretion
of insulin in a high glucose state. In diabetes patients, the homeostasis of
sACKEI/SHRS cRpeentration in the body is not maintained in a normal state.
Therefore, by activating GK, insulin secretion from the pancreas, which
[0008¢pends 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 oytp. Thisdugl action reduces theplagd glueose 1evel sapanese

(Non-Patent Documents 1 to 3). Therefore, it is desirable to provide GK

Minigfeti\?@fsft@gﬂms fdiabetes drugs that-are gfiective for hoth ingpairedne total

insulin secretion (action in 15 the pancreas) and insulin resistance (action

numb¥theelivery 03] 14t Varieus amigdeLompaunds age knownas Glioreover,
activators. Examples of such amide compounds include: aryl cycloalkyl
accoPropienamides; (Ratent-Documnent b dd-dicsubstituteddrans plefinic 20 total
N-heteroaromatic or ureido propionamides (Patent Document 2);
numb@kyylphepylbeteroargrpaticamidastPatentbocumentd); Bydantainsnd people
(Patent Document 4); substitutedphenylacetamides (Patent Document 5);
in wHsaalkyl ryk cyeloheteroalkyl-ordhatereanyhcambonyd o sHfonyh amineased
substituted phenyl amides (Patent Document 6); 25 alpha-acyl and
to 1@lphatheteroatgmesubstituted henzene acetamidaspdPateniddpeumept b lem.
tetrazolyl-phenylacetamides (Patent Document 8); fused heteroaromatic
[000809mpounds (Patent Document 9); phenylacetamides having a cycloalkane
with a single carbon atom substituted or a heterocycle (Patent Document
10} sanekothies amigde bicompeunds (Rateap BocumetsddutonZlde is low due
However, these patent documents do not disclose acrylamide compounds
to génhwhich twadtuorine aibmseaie attacbed tmdiferentrcarken atomsefaly for
cyclopentyl group. PRIOR ART DOCUMENT 10 PATENT DOCUMENT
impaf0086]injRatent2ectumentrl] WO2000/058293 pamphtetvfRatenhization of
Document 2] W02001/044216 pamphlet

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
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[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]

o WOZD0PIDLISE2 paprphit, [Pt Doctent o] WO0021p4E1 3

[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
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, 1is
facilitated. Inthelever, theactivationofGKincreasestheglucose
utilization and suppresses glucose output. Thisdual actionreduces
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).
[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);
alkynyl phenyl hetercaromaticamides (Patent Document 3) ; hydantoins
(Patent Document 4); substituted phenylacetamides (Patent Document
5); para-alkyl, aryl, cyclohetercalkyl or heteroaryl (carbonyl or
sulfonyl) amino substituted phenyl amides (Patent Document 6);

alpha-acyl and alpha-heteroatom-substituted benzene acetamides
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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]
o tW02006/016174 7pggm hlet EFf’g]tent_Docum(int 16 WO_2006/?16%78t b .
(PatGRmpietiatént bocimeRr 1 \WoR006/616192 FaMpMmat [Patert t Pocumen
ocument 18] W02006/059163 pamphlet [Patent Document 19] U.S.
)7 PRGN E0i18k5 B AtnE DURHENS 20] A20b T 7o Partarie

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
documents do not disclose acrylamide compounds in which two fluorine
atoms are attached todifferent carbon atoms of a cyclopentyl group.
PRIOR ART DOCUMENT
PATENT DOCUMENT
[0006]

[Patent Document 1] WO2000/058293 pamphlet

[Patent Document 2] W02001/044216 pamphlet

[Patent Document 3] WO2001/083465 pamphlet

[Patent Document 4] WO2001/083478 pamphlet

[Patent Document 5] WO02001/085706 pamphlet

[Patent Document 6] WO2001/085707 pamphlet

[Patent Document 7] WO2002/008209 pamphlet

[Patent Document 8] W02002/014312 pamphlet

[Patent Document 9] W02002/046173 pamphlet

[Patent Document 10] WO2003/095438 pamphlet

[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
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[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 S BY THE INVENTION
(00087 151t's 3R OBject of ﬁ?’\g p%%%?? ﬁw@;ggr? to BASWRdE ESmpounds
having an excellent GK activatin tar cellent hypoglycemic
eff gta}:]afbm%}e%%%%ﬂﬁeééyrﬁpgﬁr?@gg%ﬁé@%ﬁn&?&n@%{v@etntion of

diapetes, obesity, and the like. LVING THE PROBLEMS
ZO[B%%%fnt Bﬂclfél %?en%e&téfﬁv%@%%gg%%gﬁ% ugtaelap&%ﬁcs ive studie s
to salvethe ajoue problems and found that, among agpylamide
compounds having a 3,4-difluorocyclopentyl group at 3-position thereof,
compounds having specific ste r ve excellent GK activating
g o St TR LR e RS been
completed. [0010] Accardingly, ' tign relates, to the
foIIrI)]L\?v??]C&nt BOCL(T)GRQCCO%AOJB?? %E%%z%{n%gg Eﬁﬁéﬂ %l@%grtal formula (1)
3 28h ically acceptable salt thereof: [0011] [Chemical formula
NON %?TOOlZ]a}:{LO w erﬁgﬁ R1 and R2 are each independently a hydrogen
[Ooogt]om, 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
0rup. 3. &1 10,66 Fkapdiaun: 2 g0 aloisulfany) group, a,GHig)o
alkylsulfinyl group, a Ci to 06 alkylsulfonyl group, or a Cito 06 1
alkowy;01:40,06 alkylsulfanyl grouyp.2d A fs.a substituted nynsubsgtted
heteroaryl group). [0013] (2) The compound according to (1) or a
phasmacautically. noacseRiabls pajdhetecl whereinR3 and32 pre sash

independently 20 a hydrogen atom, a halogen atom, or a Ci to O

summakylsyHorylgreur-Q91 4l (3) The compound according to (1) or a
pharmaceutically acceptable salt thereof, wherein R1 is a hydrogen atom

proBPERNAIQYE-AORY, @nd R& ispa i i@l@ﬁhﬁﬁﬂdﬁ”fonﬂ group. [0015]
(4) The compound according to (1) or a pharmaceutically 5 acceptable

[0008alt 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

pharmasesitically asceptablesalt thereef, whergini Bl isa bydiogen atomounds
and R2 is 10 a cyclopropylsulfonyl group. [0017] (6) The compound

haviAgCoRARG-to (19.0F apharmaceuticgllyracceptablersalt thereeh wherig Rlkemic
is a hydrogen atom, and R2 is a methylsulfonyl group. 15[0018] (7)

ef fedhe gompatkdagserding te arynebiln de ) or adhawmaceumtically prevention
acceptable salt thereof, wherein the compound is represented by the

of dgameratformitafaly, and the like.
MEANS FOR SOLVING THE PROBLEMS
[0009]

Thepresent inventorshave conductedextensive studiestosolve
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



[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) ora pharmaceutically acceptable salt thereof, wherein

the compound is 5 represented by the general formula (Ib): [0022]

Chemical formula 3] RI [0023] 10(wherein RI, R2, and A are as defined
comp; e(ﬁr)g.[ [0024] (9) The compound according to any of (1) to (8) or a
(00 lEharmaceutically acceptable salt thereof, wherein A is an unsubstituted

éteroaryl group or a heteroaryl group that is 15 mono-substituted with a
halogen atom, a Ci) to C6 alkyl group optionally substjtuted with a halogen .
TR T ST O GerATREey o0g DBt el Shemaoving:

with_a halogen atom or a hydroxyl gr a nitro grou cyano group
2 01Up eprASBRrAA by THE formula ot (OR(CHAMCOTORS (hsrein R °F 2
is_a hydrogen_.atom or a Ci to 06 20alkyl grou |is an integer of 0 to 2,
> pharrgﬁ % % 309&5_‘ ?’[c?o"z%Tpgagolﬁof % c%%ﬁtﬁjbn%'according to any of (1)
(0011 (8) or a pharmaceutically acceptable salt thereof, wherein A is a
eteroaryl group that is mono-substituted with a halogen atom, a alto 06
[Che%q%g%roggr%m\acqci 06 hydroxyalkyl group. 5[0026] (11) The compound
according to any of (1) to (8) or a pharmaceutically acceptable salt
F;hereof, wherein A is a heteroaryl group that is mono-substituted with a
alto O6alkoxy group optionally substituted with a halogen atom or a

rupound ording to any of (1) to (8) or a pharmaceutically

R\ C ensg|t theredf, wherein A is a heteroaryl group that is
l[n o-sulbstititedwith aCi to 06 alkylsulfanyl group that is optionally 15
R2 VB titut®d with a halogen atom or a hydroxyl group. [0028] (13) The

compound according to any of (9) to (12) or a pharmaceutically
[0018§ceptable salt thereof, wherein A is an unsubstituted or mono-substituted
five- or six-membered 20 heteroaromatic ring, the heteroaromatic ring

10 (whe?%ritﬁi@m%%&%g heteroatams %_@1&%19 %deqiegbﬁ%emea halogen
atom, and a nitrogen atom, one of which is a nitrogen atom adjacent to a

atomlING1ICOBREEING; a0 [0029]25(14), The £omMPOURdIARePElNG #0 8BY §Foup, a
(9) to (12) or a

nitro group, a cyano group, a sulfamoyl group, a C; to C¢ alkyl group,

a C; to C¢ alkoxy group, a C; to Cs alkylsulfanyl group, a C; to Cq

alkylsulfinyl group, a C; to C¢ alkylsulfonyl group, or a C; to Cg
15 alkoxy—-C; to Cg 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 R' and R? are each independently

20 a hydrogen atom, a halogen atom, or a C; to C¢ alkylsulfonyl group.

[0014]

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



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 het roatgms beir;l%a nitrogen I%ialtom adjacentto ari onnectizglgoéln 2nd

581t L AIRTf6050] "TCT fib) The CornBnd LGRS Shybl (6] EYEE)

, . pharmaceutically acc pta%l salt thereof, wherein Ais an 10
R l%n%ulgétittu?e or gljit%gs\{i Ute fggtréy&ar%ﬁloalf%ﬁngselectedfromthe following
ﬁ?gs: [0031] [Chemical formula 4] IN/I [0032] (16)

ecompoundaccordingto(1),orapharmaceuticallyacceptable salt thereof,
selected from the group, consisting of (E)-3-[(1a, 53U, .
o) a0 e R P oth e .y (R aceut Leal Ly
5 accetth'lj Uifg n
Ray-3:4%di V]
( %;3- la,,3U
2 & 4% -3?[ -uﬁf}%c}’r%éfclugﬁé%l]gﬁ-?ﬁmethyisuifonyf|pheny1)-N-(4
[OO1-6:’ﬁ1ethyithiazol-2-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflpheny1)-N-(5

5'm%t)hygﬂlgzggjﬁ?é%%caﬁylg%%%éf kéi)tlfégiﬁ?)’ 3, c?o pharmaceutically

4a)-3,4-difiuorocyciopenty1]-N-[4-(2, y1-1,3-dioxoian-4

[001

uorocyclopen 4- rﬁenthylsujﬁ%)nyl)pr\{eny) cryl amide,

yiphenylzeniamide, LG CrlonsEoL 2 {030, o2

acce%:)@iaezoéa%—)(lé}?é@é@%‘?théﬂ%y8%f'@Pe”iléf'%Crxkgé_*%g%eﬁi)'g@a%'[(%d R? is

4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dioxoian-4
10 a Cyggy&@@P;ﬁ-yékgiﬁém@{isuifonyflph(-?-nyflacryiamide, (+)-(E)-3-[(1a,
3U, 4a)-3,4-difiuorocyciopentyl]-N-[4-(1,2-dihydroxyethy1)thiazol-
[OO1g]yll-z-(4-(methyisuifonyﬂphenyflacryiamide, (-)-(E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[4-(1,2-dihydroxyethyl)thiazoi-

15%'6/)1]"gh(él'@&%BX%HEO%LE)Qg&Kfr@:Wi@mM% or a pharmaceutically

(E)-N-[4-tert-butyithiazo1-2-y1]-3-[(1a, 3U,

acce @B%f@diéié@'EO%QP@QEXJ-]Vﬁi&@ﬂﬁtwsgi@%ﬁmf‘%fﬂ;@qyi%geand R? is

E)-3-[(1a, 3U,
a mefid);34adifidarocygiopgpty1]-2-(4-(methyisuifonyflpheny1)-N-{4 20
-[2-(tetrahydro-2H-pyran-2-yloxy)ethyi]thiazo1-2-yilacryiamide, (E)-3-[(1a,
15  [0018Y, 4a)-3,4-difiuorocyciopenty1]-N-[4-(2-hydroxyethyl)thiazol-2-y1
1-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3 A-difisorasyciopentydd-Ns [t -dinethyisuifamoeylithjiazs) or a
25(51-2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,

pharfia)3itdifidorogygiopeptyldrN-Ba@-metbyipiperazinerkyisuifhe compound is

onyi)thiazol-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
repréak3dedifidgroeyeiogentyd }-2-(dmethyisyifenyflpheny1)-N-(1

[0019]

20 [Chemical formula 2]

[0020]
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5,2,4-thiadiazol-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflpheny1)-N-(3
methyl1-1,2,4-thiadiazol1-5-yflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyl1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)

2-(4-(methyisuifon phen lacryi E) la, 3U,
(Whey§4%).5 4-dffivord éc@perﬁ)‘?l]%\si-(rg?‘fét%ﬁ% J[1%2,zi-]‘:bl)ﬂ)atjiazol-5-y
OOZ%Z (4-(methyisuifonyflphenyflacryiamide, (E) -3-[(1a, 3U,
[ )-3,4-difiuorocyciopenty1]-2-(4- (methylswfonyflphenyl) -N-(p

yri cryiamide, (E)-3-[(1a
4a§z§) glfuorgocy%ope{r%yalf- -@jﬁ ugropyn&l%yz yf) é](4 (me 1(§ ) or a
|5U|fon fl enyflac E ChIOI’O yridin-2-y1 la 3U
phar%a%ﬁ él u%tr1 yC|op g}i ((Zf% thylsw?ongyﬂ %ny%a(%ry Kaml mpound is
repr% e§£4 § flugrocy(:lo% teyﬁ-%-(ﬁo(rme%fgylsdH‘or%y’flphenyl) N-[5 20

[Oozg(énethylthlo)pyndln -2-yilacryiamide,
)-N-(5-cyciopropyipyridin-2-y1)-3-[(1a, 3U,

(Ch 624&) §ft %lﬂu%roi:gmgﬁ)entyl] -2-(4-(methyisuifonyflphenyflacryl amide,

4a)-3,4- d|f|uorocy(:|openty1] -N-[5-(hydroxymethy1)pyridin-2-y1)
25 -2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4- dlflucrocyclcpentyll N-[5-(N,N- dlmethylsulfamcyl)pyrld

oty lamide, (E)- 3 [(1a 3U,

i ; 1ucrocyclcpenty1] N-(5-methylpyrazin-2-y1)-2-(4-(me

th suIfcnyl)phenyflacrylamlde (E)-3-[(1a, 3U,
4a)33,4-diflucrocyclcpentyl]-N-(5-ethy1pyrazin-2-y1)-2-(4-(met
hylsulfcnyl)phenyflacrylamide, (E)-3-[(1a, 3U,

[0024@)-3,4-diflucrocyclcpentyl]-N-(5-methcxypyrazin-2-y1)-2-(4-(m
10ethylsulfcnyl)phenyflacrylamide, (E)-3-[(1a, 3U,

(whef@)r 3.4=difluerocyglepenty H-N{5{2metbylethcxy)pyrazin-2-yl
]1-2-(4-(methylsulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,

[ 0024a)-3,4-diflucrocyclcpentyl1]-N-[5-(2-methcxyethcxy)pyrazin-2-y
1]-2-(4-(methylsulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,
154a)y 3 Andif lusreeyedgpertyd - N+ S 3-methexyBrEPeXY) PYFRZIBR- or a
y1]-2-(4-(methylsulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,

pharfid)3iddifbucrocycdepentyd - N-[Sa(Prethexyetbexy)pyi@zi2-Yd is an
]-2-(4-(methyl1sulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,

unsuBar3daditbucreeyclspenty 1 2dd(mathyl sulfeayfiphepy 1) No{lp that is
20-[2-(methylthic)ethcxy]pyrazin-2-yllacrylamide,

mono (Ea2-44-metyd sultchyflphesy t3rf(tan 3Y.Cc, to Cg alkyl group optionally
4a)-3,4-diflucrocyclcpentyl]-N-[5-(2-hydroxyethylthic)pyrazin2-yl]acryl

subsamide, &34t a 8logen atom or a hydroxyl group, a C; to Cs alkoxy
4a)-3,4-diflucrocyclcpentyl]-2-(4-(methylsulfcnyflphenyl1)-N-{5 25

groug&ftetrahydres2Espyrant2ry dexy jethexylicy eagin- 24ydlacty kamjidrexyl group,
(E)-3-[(1a, 3U,

a ni#a)yJadiftyorocyctopenty blaN;[Se@-fhydroxyethaxydpyrazine?by the formula
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,

of -—4a)-3(4wdiflucrocycpentydN{5-[@R)-2, 2xdinyethytrn3-giono or a C; to Cg
5lan-4-yllpyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,

alky3Ug4a):B8 A-difliercoyclopeatydNof5-[(40p2 2-diavethyl- 1, 3-diona: 1) .
Jan-4-yllpyrazin-2-y11-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,

[0028UW, 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-difluorocyclopentyl-2-(4-(methylsulfonyl)phenylLacryl
amidelpyrazin-2-ylphosphonate, diethyl (5-{(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenylLacryl

amidelnvrazin-2-vi\methvinhoenhonate (F\)-2_-[(1a 1]



10

15

20

25

53U, 4a)-3,4-diflucrocyclcpentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazcl-
3-y11-2-(4-(methylsulfcnyl)phenyflacrylamide, (E)-3-[(1a, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1
H-pyraccl-3-y1]-2-(4-(methylsulfcnyflphenyflacrylamide, 10(E)-3-[(1a,
3U, 4a)-3,4-diflucrocyclcpentyl]-N-(1-{[(4R)-2,2-dimethy1-1,3-dicx
R R el e v R o P o e P R
acrylamide, (E)-3-[(1a, 3U, . .

pharﬁ%)c-ﬁ}ﬁt-&i?f‘ulcréfzz?/c?%ce&etn?;éf]%5(31%&(58)6-5,%?&%’ F15L3-gigy¢ @ hetercaryl

grou%:g%g%‘ ;Ar%‘ge)%{% }%}f}!&%‘é‘:&'%1%@'%‘%5%%‘2}413%@%nyélpﬁ?“é/% Ce alkyl
4a)-3,4-diflucrocyclcpentyl]-N-{1-[(2R)-2,3-dihydroxypropy1]-1

grouﬁipﬁgcgl- 3yff—2-(64-%r%éﬁ1€ﬁ¥é#cﬂn(§z‘hp%%/]fFabrylamide, (E)-3-[(1a, 3U,

002 94a)-3,4-dif1ucrocyclcpentyl]-N-{l-[(20)-2,3-dihydroxypropy1]-1

-pyraccl-3-y11-2-(4-(methylsulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,
(11) ?‘&ﬁ%ﬁ%ﬁnﬁ%‘%ﬁ éi%c?o i:”ééls] %’\_éié'fgc’r’fgcffl'(?i'}’@éz( @rmethylsul . coutically
-3,4-diflucrocyclcpentyl]-N-(6-methgxybenzo[d]thiazcl-2- :

acce%—%ﬁ%e%%%u%%y ééegﬁylgl%%lg%?(% (IE%-3a-[ 165%6%3&3% %%L%p that is
4a)-3.4-diflyor entyl]-N-[6<(dif 0 i .

o 4. ety LTy oy Dach e, (64 (1a. 3y, cubasituted

vienSASAOOoREn YN G eonelontiagdlol, o akony-c;
4-b)pyridin-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, and ethyf

to CgEggk{gg[&R)jg-C(ﬂgr_nethylsuIfo'nyl)ph.enyl)-3-[(1a, 3U,_4_a) -3,
4-difluorocyclopentyl] acrylamide] thiazolo [5, 4-b] pyridin- 2-yloxy}

[00296etate. 10[0033] (17)
Ihecompoundaccordingto(1),orapharmaceuticallyacceptable salt thereof,

12) Se@ﬁ@@éﬁ%@ﬁb@%@é@ﬁ?ﬁ@ﬁ%ﬁy of (1) to (8) orapharmaceutically
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3U,

accefkBAsdiflugrocyglopenty!l-Nrosflugrotiazol2-ylacrylamid 15, oup that is
E)-N-(5-bromothiazol-2-y1)-2-(4-(cyclopropylsulfonyl)pheny1)- 3-[(la, 3U,

mono4a)iB&-diflueracyclepentyllastylamide; su1fanyl groupthat isoptionally
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,

subsfar3dsdiflyorocyelopentyl-(41aethylthiazel2ryhacrylamid g0e,
(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la, 3U,

[ 0024a)-3,4-difluorocyclopentyl]-N-(5-methylthiazol-2-yl)acrylamid e,
(+)-(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1a, 3U,
4a)-3 - difinerasyglopentyl]Nd4+£2.2ndimathylrl, -dioxolan4d (12) or a
-ylthiazol-2-yllacrylamide,

phardacEE)r244-1(¢yclopopylspifenylphenyt):3dda, Sbherein A is an
4a)-3,4-difiuorocyciopenty11-N-[4-(2,2-dimethy1-1,3-dionoian-4

unsubEthtazodd2-yilaglytasnidebst ituted five- or six-membered
(E)-N-(4-tert-butyithiazo1-2-y1)-2-(4-(cyciopropyisuifonyflphe ny1)-3-[(1a,

hete3Uada)ndidrdifiverogyciopentydaetyiaipicieatic ring containing 1 to 3
5(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,

het eéa)3drdiiuarecyeiameniyld-MNa[be(d-raethyipipetaziardryisuite, and anitrogen
nyi)thiazol-2-yiJacryiamide, methyl

at om3-EhEE)24A-{eycioprapyisuifonyfiphernyd Jad-jdas3Y,to a ring-connecting
4a)-3,4-difiuorocyciopentyilacryiamidelthiazol-4-y1] propionate,

atoml10(E)-2-(4-(cyciopropyisuifonyflphenyl1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami de,

[ 002€H)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1
)actyiamidé,o E)<2nie (oydiopropyisuifonyfiphemyl )<3:[(18,)3WUp 1612) or a
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazol-5-y1) acryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopentyl]-N-(3-pheny1-1,2,4-thiadiazol-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,

AA)-R A-difitiorocvveionentyv11-N-I&B-(methvithio\pvridin-2-v11acr viamide
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(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4W-3,4-diflucrocyclopenty1]-N-(5-methcxypyrazin-2-y1l)acrylami de,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4W-3,4-diflucrocyclcpentyl]-N-[5-(methylthic)pyrazin-2-y1]Jacr

15y1am|de )-2- (4% clc opy1sulfcnyfl he 1) 3 la, 3U,
ohas JRr S aithich ot } B Shitogats o
unsu%é\:}gélglrgg uo(Jle)mzo & (Csy N_glsglfg yfé)cP 1(2r3 L( av1ng a five-

crocyc cpen (2 met cxye xy)py A

d 4-(cycl 1sulfcnyfl 1):3- _
or A At ol iebeRG TR ;rze%zzxggsggggy)pgggm% 20 ¢ ing
Contéﬁgrﬁgﬁqde (Eg - (4- g:é/%%%lpr ylsﬁ1fg1¥ oheny1)-3:[(la, 3U atldm, an oxygen

1ucrocyc cpenty CXye hcxy?)pyrazm 2
]acr amid 1cpro n hen¥1

atom 4dIPl ’t<:E<) Ci(i %%%1)/1]% 59[ %étﬁ)%.%hlc)e)ﬁgéga %eing a nitrogen

ucro cpen cxy|pyrazi

25 1Ia ry amlde (E -2-(4- CRrop sulfcnyflphenyl) -3-[(la, 3U,
atom tlEJo;%ocyclopen %—Cé-](te?ra%/dro 2H-pyran-2-y1
(003 y)ethoxy]pyrazm -2- yIIacryIamlde

? )-2-(4-(cyclopropylsulfonyl)pheny1)-3- [(1U 3U,

54Wl§ A-difluorg @ﬁ’@%tyﬁi%ﬁd% %ﬁ&h@%’)%ﬁ'@o (12) or a

yhacry amlde (E 4-(cyclopropylsulfonyl)pheny1)-3

pharrAnX\’céu%Q'ﬂgﬁ?ﬁ%Fyg'é’BSB‘cy&i%{% {4R) 2z Aimethylh3diong, s an

lan-4-y3]pyrazin-2-y3lacrylamide,

unsu@t%éﬁé%@?@gﬂ?ﬂg@}@@@%ﬁ%]?’o[g:]:lc!m%lé:Lc ring selected from the
104W-3,4- dlfluorocyclopentyl] N-{5-[(40)-2,2-dimethyl-1,3-diono

fo11lan4-y3lpygazin-2-y3lacrylamide,
(E)-2 %4 (cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,

[ 0034YV-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, 15(E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,

[ chefYV=3 A-diflugrocyclppentyl1]-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-diflucrocyclcpentyl1-N-(1-ethyl-1H-pyraccl-3-yl)acryla mide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-(1-(2-flucrcethyl)-1H-pyrazcl-3
-yl)acrylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
54a)-3,4-diflucrocyclcpentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazcl-
3-yllacrylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(1a, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1
H-pyraccl-3-y3]acrylamide,
10(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-(1-{[(4R)-2,2-dimethy1-1,3-dicx
clan-4-yllmethy11-1H-pyraccl-3-yllacrylamide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
15clan-4-yl]lmethyl1-1H-pyraccl-3-yllacrylamide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-{1-[(2R)-2,3-dihydroxypropy1]-1
H-pyraccl-3-yllacrylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la,
3U, 204a)-3,4-diflucrocyclcpentyl]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx
clan-4-yllmethyl1-1H-pyraccl-3-ylfacrylamide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-(iscxaccl-3-yl)acrylamide,
(E)-N-(benzo[d]thiarc1-2-y1)-2-(4-(cyclcpropylsulfcnyl)phenyl)
YB_2A_(1a R AaN-R A-dif1iicrocvvel enentyvy11acrvl amide



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-difluorocyciopentyé] acryiamide] thiazoio [5, 4-b] pyridin5-yioxy} acetate.

[O(F34 ) (18) N =
n@ poundacco@ng/\\)(l) ora ceNncaIIyaccep le. @5salt
thekeot, selected froNthe group conS|ang of (E)-3-[(1a, S‘U

4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyll-N-(th

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

4a)g3,4-diflucrocy entyi]-2-
ethyyrazin- yI)a\l’ lamidd
a) -3,4rdifluorocyclopgntyl]-

I-1H-pyrazol¥$-yl)acrylamide. [00 5] (19)

Ihecompoundaccordlngto(l) orapharmaceuticallyacceptable 10salt

thgreof,sglected from the isting of (E)-3-[(Ae

ethoxyeth nyl

_ﬁ;)

y g20l-2-yl)acrylamide la, 3U, 0

4 -3,4-|f|uorocyclopentylsf-z-[4- -methoxyethylsulfonyl)phen
15y3I-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,

4a)-3,4-difluorocyclopentyl]-2-[4-(2- methoxyethylsulfqpyl)phen

y1]-8l-(1-pmethy1-1H-p Qz0 "\ AT m|de [OO A method

ptabl salt thereof. [0037] N (21) Use of a compound according
to any of (1) to (19) or a pharmaceutically acceptable salt thereof for
manufacturlng a 25 pharmaceutjcal for treatment o preventlon of
0538] (22) A aceutical compagsiti prising the
gording to any §f (1) tp (19), or a phgfma utlca ly
27" salt thereof, and a armaceutlcally\g able carrier.
5[0039] (23) A compound represented by the generaH‘ormuIa (2):
[0040] Chemical formula 5] 10[0041] (wherein Aland R2 are each
tly a hydrogen gen atom, an aAMIiRo group, a
hydrixyl grpup, a hydr ming group, a nitro g X Cyano group, a
roup, a alto 06 aN&T ; 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)
[0037lpe compound according to (23), whereinAi-is a hydrogen atom, and R2
is a cyclopropylsulfonyl group. 20[0043] (25) The compound
(16) accordingrip 423, e Rg tsoahydregenmtiammand R2 58 1y acceptable
methylsulfonyl group. ADVANTAGES OF THE INVENTION [0044]
saltAceEingrto thepresendt investion, sompewpds baving-amexestlent Gk — [ (1a,
activating or hypoglycemic effect and few side effects

3a,

4) -3, 4-difluorocyclopentyl] -N—-(5-fluorothiazol-2-y1l)-2-(4-(me
thylsulfonyl)phenyl)acrylamide,

(E) -N-(5-chlorothiazol-2-yl)-3-[(la, 3aq,

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

10
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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

amidguorife atdnt, @ Bhlorfe atom, a bromine atom, or an iodine atom. [0046]

The term "C1 to C6 alkyl group" is a linear or branched alkyl 15 group
49 ~Raving 1“6 QDR HEM3 o a cyciié B grouip idving 31b e earboh) - (4

atoms. Examples of the C1 to C6 aIkyIS%roug include a_ methyl group, an

“IetRUEGrote A propyl Grots A sSpropyt broup, aButyr§toup, an isobutyl

) et 0[O0 THE o o 6 o o oy~ (2
e GO WAVIG 310 6 Ao BB ExarmpIeL o he £ 106 oy aroup
oSS MR g, S o P, PRI
) IR foodal The (o I 06 SkoIsuary orotp" o & hiear o brandfed

() _g%yl_s%lljmyil(grog having 1 to 6 carbon atoms or a cyclic 5 alkylsulfanyl

roup having 3 t0 6'carbon atoms. Examples of the Ci to 06 alkylsulfanyl

400) —9"OHP i_[i‘%i’gg aorgeglyésuelgla{%qr_%p,[ n ethylsultanyl group, a; _ 4; . 01204
prfopylsulfa X Zul

nyl group, an isopropylsulfanyl gfoup, a butylsulfanyl group, an

—y1) i9bytylsulfanyh grosip, %—Sfﬁ' y/sulfany) Q%H%ppﬁetﬁ#lk} utylsyfanyl g,
group, a 10 cyclopropylsulfanyl group, a cyclobutylsulfanyl group, and a

(+) _?%Ig%e_qg(lf&lfa group. [0049] The term"Cito 06 alkylsulfinyl group” is a
linear or branc¢hed alkylsulfinyl group having 1 to 6 carbon atoms or a

aar) -§ySlicoralkuisuliinyh group having,3 10,6 carbon;atams. Lxamples pLhe, ;o) -

Cito 06 alkylsulflnyl group mcludg a methylsu_lflnyl group, an ethyls.ulflnyl
2-y19roHP 2 Prapyisyiioyhgronn, an iSopreRyIsyling group, @ utylsylfinyl; (14 34,

group, an Isobutylsulfinyl group, a sec-butylsulfinyl group, a

4a1) -%eitz;bafyﬁﬂfw&ggp&%ﬁe?r&_%%@w'_sgﬁlny'_@rpwde&gg@pwﬁ%mygz ol-
group, and a cyclopentylsulfinyl group. [0 5(')] The term"Cito

2-y106alkylsulfaryl igraur:1is sdineas R Rranched alkyisuifonyl group having 1
to 6 carbon atoms or a cyclic 25 alkylsulfonyl group having 3 to 6 carbon

(E) —Rloms.xamplgs of the: £ de 06_alkylsulfonyl grougginclude a
methylsulfonyl group, an ethylsulfonyl group, a propylsulfonyl group, an

a0,) -t50RIQPYISUionyLgrougpa husulionyl group: ap ﬂ%qﬁ%wﬁyliq%@@m, Feryl
sechutylsulfonyl group, a tert-butylsulfonyl group, a 5 cyclopropylsulfonyl

amid@roups aeyclopugylsulipnyl group, and a cyclopentylsulfonyl group. [0051]
The term "Ci to 06 alkoxy-01 to 06 alkylsulfonyl group” is a linear or

400) -Branched alkyisyifonybgrowpshaving % 10 enearbon atoms A0 thatdsny 1) -n- (4
substituted with a linear or branched alkoxy group having 1 to 6 carbon

- [ 2-atoms enwith &-cyclie atkoxy proup hayingh3 o) 6 garkon atomsl Examplesiide,
thereof include a methoxymethylsulfonyl group,

(E) —amethexyetty)sulfonylgroup, amethoxypropylsulfonylgroup, an
isopropoxymethylsulfonyl group, and a cyclopropoxy 15 methylsulfonyl

4au) —groupd [Q082) r o cy Ehe terim yheterparyl-groupyvisreofiye-1atsix-aerbered2 -y 1
heteroaromatic ring containing 1 to 3 heteroatoms selected from a sulfur

] -2 -atom &t Bxygen &eny; anedha hifrgenatoandsithe canstituent 26 ,atam, of
the ring, and the heteroaromatic ring may optionally form a fused ring with

4ov) —a benzeme ningof wclives @f sixkmembered eter@aremayd Bng.fRiefsrmed hiaz
examples of the heteroaryl group include a group in which the

o1-2heterearomatictinchgantainsdntpl 3 hetetgatpms-saleacteddronea safur( 1o, 3a,
atom, an oxygen atom, and a nitrogen 25 atom and in which one of the
heteroatoms is a nitrogen atom adjacent

11
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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. 5[0053]

Preferred examples of the heteroaryl group include a thiaz 01171 group, a
thiadiazol;r{ll group, a pyrazolyl_Jl1 froup, a pyridyl group, a pyrazinyl g

I
400) —§’p§/ﬁﬂ'ﬁiéi yPgﬁﬁﬁF&Wﬁaéiifu | é\tal[‘a’—a{#—myet ylplpera21ne—r109$isulf
lyl ,ani I imi lyl ,atriazinyl 10 ,
oy L SRSy groah. 4 BeASB SN GrotEy & PRPSIMARZ L Sy

l;_ghyridothiazol 1 group, and a guinolinyl group. More preferably,
(E) - —ehé%é)f‘()a%roup is a thiazolyl group, a pyrazolyl group, a pyrazinyl

roup, a pyridyl group, a thiazolo[5,4-b]pyridinyl group, a thiadiazolyl
100 g e SR 0ILE b0, (OO T ORIy e v D) 8= (1
"sybstituted or upsuhstutited heteroaryl group in A i s an unsubstituted or
12 4r_ntt%%)@éjﬁSsztﬂl‘rht_e%_léfteatiraocarr\y/llgar%ﬁéeExagEn%E:%é_oﬂ @8‘ Suggﬁtuent include:

40 R R o 3 OB hos ok I8 B eeRoT Gy & B

alogen a roup (such as a methyl'group; a

—metgr%upl aﬁcygl_o r?_%)g%ﬁrg)z/:éq’—%ﬂ% rfi)%h%)!ég%%(l)ipd a dif %zrggleﬂ;il roup,

a 1,2°dihydroxyethyl group alkoxy droups optionally
_substituted with a halogen atom or_a hydroxyl group; Cj tq 03 alkoxy-Ci 25
0 O s Bt S G Kby Caromgr cTo 0 ko Grata G v

3 alk bonyl-C1 to 06 alkylsulf ; C1to 06 alkylsulfanyl
2 S AN oy o0 Sotacaly Ebstringd 1
3 alk . C1t0 06 alkyl -C1 10 06alk  aryl
) o (R & GIOT oup) . heteroLRI B Groune. Aiphege 0 27015
het jonall it ith A.C1 t Kk
e S T ROING 1ol i Mool Grach): alghae | Tk 20

_heterogy, Aliphatic het ! snyl) —N-
) et hetSto0/OL A T 05 i ooun lphat NterSy Y 1958~

yria@koxy gigup: Aphalic; 10 heterogydlylogy-Ciato 03 alkoxy groups;

aminosulfonyl groups optionally substituted with a C1 to 03 alkyl group;

401) —@}4%&%%%@‘8&'%?@%@9'@0—%—5'( 3.nio,g 'Pi%VPIQQZg???:;—Z ~ (4- (me
groups represented by the formula of -(0)p(C518)mC(0)OR3 15(wherein

thy 1 B318 &Rydyegen atom,a ¢i-tq06-alkyl group, or a C1 to 03 alkoxy-C1 to
03 alkyl group, mis an integer of 0 to 2, and p is 0 or 1); and groups

(E) -fepresented by dhe farmula of 1(CHOMA@)R4RS  (wherein R4 and R5
are each independently a hydroxyl group, a C1 20 to 03 alkyl group, or a

a0,) -§14003ralkengralP, 8ad 1 is)an integer 9yt 20, {0033} ) pheny1) acryl
Examplesofthepharmaceuticallyacceptablesaltincludesalts of inorganic

amidand pgganic agigg sugh as hydrochloric acid, hydrobromic 25acid, nitric
acid, sulfuric acid, phosphoric acid, citric acid, formic acid, maleic acid,

401) —8¢etic;agid; sucsinie aside and fartaric acidynl0096] su1 £ Specifisraxamples— 5
of the compound according to the present 5 invention include the following

- (me€ORpoUnds ppd pharmaceutically pceeptable salts thereof. (E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopentyl]-N-(5-fluorothiazol-2-y1)-2-(4-(me

(2) -thytsuliepyhphenydaceyjamices 10(E)N-(5-chiorgshiaggl-2-y1)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl amide,

4a) -B)a8-f1a1 8Yrocyclopentyl] -2 (4- (methylsulfonyl)phenyl)acryl
4a)-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl1)-N-(4

amidethylthiazof-2ty)aceyglamide, (E)-3-[(1a, 3U,
154a)-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-(5

4a) —Bethylthfazob-2ey)acraeids; (+)-(E)r3-[(Lay o xymethyl) pyridin-2-y1)
4a)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethy1-1,3-dioxolan-4

-2 (yhthiezohr23yeh]-Pf (G (rae thiytsulfonyiphenyh acky)amiele; 6)- ()85 (1eq 3V,
204a)-3,4-difluorocyclopentyl]-N-[4-(2,2-dimethy1-1,3-dioxolan-4
ylhthiazol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (+)-(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[4-(1,2-glihydroxyethyl)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,
(EY_-N-TA-teart-bi1itvvithiaz01-2-v11-2_[(1a |



10

15

20

25

(51-2-y11-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
4a)-3,4-difiuorocyciopenty1]-N-[5-(4-methyipiperazine-1-yisuif
onyi)thiazol-2-y1]-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,
154a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflpheny1)-N-(1
2,4-thiadiazol1-5-yflacryiamide, (E -3-%1&, 3U, ,

100~ T GILOTO OB Ay HOFDRE Ry Famoy 1) Py id

_ -methyl-1,2 4-thiadiazol-5-yflacryiamide, (E)-3-[(1a, 3U

1023 i GRS PP A L R To 3 e asb sy ) -3 [ (10 3o,
20-2-%1_—%methyisuifonyﬂphenyflacr ilamide, (E)-B-&%a 3U,

400 ~ 44y i3 iﬁHSr%%%’iSEaSﬁ@&fw(%t%éfh%‘xvﬂﬁ’i% Adidgbyklphenyl) -N-(p
1)-2-(4-(methyisuifonyflphenyflacryiamide, (E)-3-[(1a, 3U,

YT azihy 3 A ditieGrok 8ir8bg§fyl]eé2(1§(ﬁ$e(tﬁﬁ5ui? yflpheny1)-N-(p
ridin-2-yflacryiamide, (E)-3-[(1a, 3U, .

o) Y ot BB L R A2 R et ) -2 (4- (me
thylsulfonyl)phenyflacrylamide, (E)-N-(5-chloropyridin-2-y1)-3-[(1a, 3U,

) Sy ORey B Aoty ouiom e Gacry s amice,

)-3-[(1a, 3U .

100 g A S AR AL S TR R A s 2 (4 (et
-(methy1thi ridin-2-y1]acrylamide,

hylsfg%eﬁzj()g-g}% oprf&;}fp%i%%g}y%-?,-[EH,— —,[(1(1’ 3¢, _

sa AV STOTORYEIORIIA (eSO IRNETY AL ATES. (5

Q4W:3,4-difluorocyclopent 1]-N- 5-(hydroxym )pwidin-2-y1)
ot R R e (B3 (2 308
_4W3 dedi clopenty11-N{55(N N-dime famovloyrid, -, i 0 o
00 T ety S TR iAany By A () g G2
o _4W-3,4-di ty1]-2-(4- yflphenyl)-N-
1-2 igrgrgien@;%%g%@nggg%% fg%yﬂ%’ HeoyfiphenyUNAB, 3,
4W;3 40 N-(5xmethy 1pYrazin:2-yd )2 aMe v 2 pin-_o-
) e oy ey Tty ainide, (Y3 ((ra. B0, BBy oz in-2-y
_>4\W3,4-di r ty1}-N-(5-at in-2-y1):2+(4-{m
oy Do A Al (a0 ) er T, sa,
_204W;3 ArdiELULoCyCIoRanty LNy (5-methoxypyazin:2s¥ 525y By razin—2 -
o gthylgu1f%)@n§il;cgéhenyﬂacry1§%?de, (Ep)%-&(@la}f%,% Y% 33}38 %H& azin-e
y1] -4We3.4cdiflugrocyclopenty JsNdasf2ymethyigthoxypyiagin 2=yl 1o, 3a,
]-2-(4-(methyIsulfonyflphenyflacrylamide, (E)-3-[(1a, 3U,
a0) ~4Wr3hdifluar Q%QJ:Q%BMHEN1[51\(2%3“"9%@@8&&)@&%@/'?@&r azin-2-yl
251]-2-(4-(methy1sulfonyflphenyflacrylamide, (E)-3-[(1a, 3U,
] -2-=3d-diflyoracy elope niyd N[ 3nethaxyRropoXy) pyrazin2y, 3a,
y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
s0) ~4Ws 34 diflueracyslopeptydd-INr[b-(2-ethoxyethexy)pyiazinrgiboheny 1) -N-{ 5
]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
- [ 2-34\AEB4rdifluonosyalopentyti-2A4n(nrethylsulienylpheay] )-N-{5
-[2-(methylthio)ethoxy]pyrazin-2-y3lacrylamide,
(E) —(BE)2-A-Amethylstfonyhphemylrd i(1a33Y, (10, 3a,
4W-3,4-difluorocyclopenty1]-N-[5-(2-hydroxyethylthio)pyrazin2-y3]acrylami
400) -9€ 4B iF[(Ear3dyy clopentyl ] -N-[5- (2-hydroxyethylthio)pyrazin-
104W-3,4-difluorocyclopenty1]-2-(4-(methylsulfonyl)pheny1)-N-{5
2 -y 1i2d(teinakydie- 2H¢pyran-2ryloay)etlagxy]pyrazin-2-yllacrylamid e,
(E)-3-[(1a, 3U,
4a) -3\We3dkdifluotosyglopeptyd i-INt[5-(2- (hydiaxyethiopyrazinidpheny 1) -N—{ 5
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
- [ 2-154WE3 Mydifluoidityclopenty2 N <4 R)-B2<dinpethy £-1r3-dioxb} acrylamid
Jan-4-yllpyrazin-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-(methylsutfonyl)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,
AW/ -2 A-difliioraocvelonenty/11-NIB_T(20)-1 2-dihvvAdrovyvethvIilnyvr
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3U,
4a)-3,4-difluorocyclopenty1]-N-[1-(2-hydroxyethyl)-1H-pyrazol3-y11-2-(4-(
methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl)-1
20H- yrazoI-B(;%l -2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,

e (BaygaldififorotYelopenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-diox
olan-4-y3]methyll-1H-pyrazol-3-y1)-2-(4-(methylsulfonyl)phenyl

40) —)%(C%)ﬂgy (]]éxctﬁé%ym}g%ﬁﬁltyl ?/—?\l— [(5—(( 2- (%ydroxyy)eptho¥y) pyrazin-2-
254a)-3,4-dif|uoroc¥clopent§1FN-(1- (40)-2,2-dimethyl-1,3-diox

Y1) B a-JAiEthy LA FPBY LBl S P @t triéthy RGoryphényl 1% 3%

40C)_Ziacrylamlde, (E)-3-[(1a, 3

SR L2 2 A ARGy L 3-tiono

H-pyrazol-3-y11-2s(4-(methylsulfonyl)phenyl)acrylamide, 5(E)-3-[(1a, 3U, .
et Q%E%ﬁﬁgrlo%yzéaﬁééﬂ/ T—ﬁg{‘ﬁ[‘éé%fg_yg,ﬁ%f&%%@%ﬂ% K32y 3ehiae,
. _thy ?zoI-%-&l1-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,
(E) a)-£,4qdifIuor’ocyclopentyl]-N-(isonazol-3-y1)-2-(4-(methylsuI

00 oy S0, G ekt LENLE elhex betboTara gy 1 3-ciono
2-(4- f | -3- .
1an-j%%’%ggyﬁ%%y%ﬁe-@)%wlﬁ@ﬁ%i'élﬁﬁ f)}JphTél]}/hll )acrylamide,

ifluorocyclopenty1]-N-[6-(dif uo’romethoxy benzo
(E) _igql-%-&ll-g&m-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 153U,
a)-é,4-difIuor’ocyclopentyl]-N-[5-(2-methoxyethoxy)thiazolo[S,

<o) - e R 8 B oy oye
L S Tacbiars (B8 A T spy o TR 3 Jia, 483 (20

4a)-3,4-difluorocyclopenty1]-N-(5-fluorothiazol-2-yl)acrylamid e,
" (E)-N-(5-bromothiazol-2-y1)-2-(4-(cyclopropylsulfonyl)pheny1)- 253-[(1a,
a0y -3Y448) 3Adifluarocyclopgatyllacrylamide, 55 1 5 ginyd thyl
) (E)-Z-(4-(cyciopro%)yisw onyfphinyl?@-[( él, 30, rhydroxyethyllpyr

azin4@)-3Ardifiuqrocygiopantyd: Ne(hmeihyitiazols2-yflachyiamid i ethy1
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,

5-{ (ﬁ@)_-gA[Qiﬁ&orog&c,:iopentyl]-N-(5-methyithiazol-2-yf|acryiamid 5e,
(+)-(E)-2-(4-(cyciopropyisuifonyflphenyl)-3-[(1a, 3U,

aq) —42u3 41 difiuerocyciopepyAl-hirl4-2 Z-dimethy il 3dionpian¥heny1) Jacryl
-y1l)thiazol-2-yilacryiamide,

amid& k2 44{cycionropyisyifonyinhenyd)dH(ka, 8. (5) —3-[ (1a, 3a,
4a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4

a0) -20-y1ithiazed ryijacryigaide.) —2— (4- (methylsulfonyl)phenyl) Jacryl
(E)-N-(4-tert-butyithiazo1-2-y1)-2-(4-(cyciopropyisuifonyflphe ny1)-3-[(1a,

amiddYpdal3difiugrocyeiopentyilasyirimides, ()-3-1(1a, 3a,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,

4a0) -49):3 drdifiveresygiepeptydl-Nr[p-(d-methydpinerazing LiysuitooctS 3 —y11-2- (4
nyi)thiazol-2-yilacryiamide, methyl

~ (me 8H{Z AR dfayGivrrapyisuderylipheay])-34(laz 3Y(1a, 3a,
4a)-3,4-difiuorocyciopentyilacryiamidelthiazol-4-y1] propionate,

4a) -(B)a2-44-{ayciorrepyisdifenmiiphenyl)i3-[den3U, 1H-pyrazol-3-y1]1-2- (4~
4a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami 20de,

(met )t 2-(4-{eyojanropyisyifonyfipheayiss-[(lee 8- (1, 3a,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1

4a) - ppctyiamide  Ep2y(@r(eyeioprapyisuifonyfiphenyl)Ssita 3, -1H-pyrazol—-
4a)-3,4-difiuorocyciopentyl]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1) acryiamide,

3-y1(E)2-(4-{ayciapropyisuifomyfiphenyh)y3-{dear BUamide, (E)-3-[(la, 3a,
254a)-3,4-difiuorocyciopentyl1]-N-(3-pheny1-1,2,4-thiadiazo1-5-y1
)acrylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-(pyridin-2-y1l)acrylamide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-[5-(methylthic)pyridin-2-yl]acr 5
ylamide, (E)-N-(5-cyclcpropylpyridin-2-y1)-2-(4-(cyclcpropylsulfcnyflph

anvl1)-2_-I[(1a A1 A23)-R A-dif1i1icrocvel ecnentyvy11acrvy1 amide
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ylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4a)-3,4-diflucrocyclcpentyl]-N-[5-(2-methylethcxy)pyrazin-2-y1
25]acrylamide, (E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4W-3,4-difluorocyclopenty11-N-[5-(2-methoxyethoxy)pyrazin-2-y
[lacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,

10 ~ o SR BTGP ERG LK e RSl iy hH Py azo1 -3
yliacrylamide, @-2-%1-(cyclo ropylsulfonyl)pheny1)-3-[(1U, 3U,

~Y 1 5anA3 2l dinborocel E@H%&E%@@émﬁﬁm& pyrazin-23yal (1o 3o

aq) _%acrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U

WAL Aitt6rosy EIohRREA FE{5- - (Methyirio) ﬁ&%ﬁsﬁ? phenyl) -N-[1
-2-yll lamide, (E)-2-(4- | Isulf; Dph 1)-3-[(1U, 3
(2, A e I B Or Ao B () -3~ [ (1c,

oxy)ethoxy]pyrazin-2-yllacrylamide,
" (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,

W-3,4-difl | ty1]-N-[5-(2-(hyd th in-2-
L KT
3—y1?r§§w(' ,4-9“@gg@fyg%gg@@#{;%'\%;{e5ﬁg§ﬁ;;ggy-?gpﬁtgg}-1(%-9'_ O (1a, 3a,

an-4-y3]pyrazin

o oy g vstesoo)

_ -4-y3lpyrazin-2-y3la ' u n n r mi
: py%aé](é-yz-l()cd)f- ?ﬁclg‘;ré%ylg%%r?y%%she%lglo)-g-l[el%}f%&l)ac ylamide,

(E) _é;yv[-:é -difIg&rocycIopentyl]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr
azin-2-y3lacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(1U, 3U,
_4W; 3 4-diflugrocycl -Nrf5-[(20) 1.2-dihydroxyethyllpyr 1 1 -1 3_giox

o)L PO SN Ry, 3

1an24(E A« eyclopropyisylianylphenyl)-3-(13,,3 hylsulfonyl)phenyl
° an4a)- ,42}-difluo)rg/gc?/clope&r?t%j/l]acrylami(?/éIp»yraziil}-z-';/{in Eﬁogphsounatg,nc}{]iet)h@l =

) acr (PrifR=(4-(Gyploprapyspifonyhpheny1)-3-[(la, 3U,
a)-3,4-difluorocyclopentyf]acrylamidelpyrazin-2-y1 5 methylphosphonate,

aq) - E)2AHYEION. 89%‘?8@%’?@@‘ y1)3-008, 34 2, 2-dimethyl-1,3-diox
4a)-3,4-difluorocyclopenty1]-N-(1-methyl-1H-pyrazol-3-yl)acryl amide,

olan(B)-2{4-{exaignropylsulignyipheny1),34(2, 3U,- (methylsulfonyl)phenyl
4a)-3,4-difluorocyclopenty1]-N-(1-ethy1l-1H-pyrazol-3-yl)acryla 10nide,

) acrgﬁ)a%’iﬁ'é?ycl@gm@w?l('E%yl)ﬂgenyl)'g"[(la’ 3U,
4a)-3,4-difIuorocyclopentyl]-N-(1-(2-f|uoroethyl)-1H-pyrazo|-3

a) —3\6')@9!%%@{@% §E)r21(4x{eylopropyisuifonylyzheny1)-34({la, 8V xypr opyl]-1
4a)-3,4-d|f|uorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazo|3-yl?élcrylam|

H-py€dezEE)-2@4 - (cyctoprapyisuifonyl)phenyhyd-{dae 453Yacryilamide,
4a)-3,4-difluorocyclopentyl1]-N-[1-(2-hydroxy-2-methylpropyl)-1

() - Bl=pyragol-3yllacrylamide, (E)-2-(4-(cyclopropylsulfonyl)pheny1)-3-[(la,
3U, 4a)-3,4-difluorocyclopenty1]-N-(1-{[(4R)-2,2-dimethy1-1,3-diox

4a1) —-20alap 4y 3nesbylk-15-yrazali3-y3lacrylamigde. 2, 3-dihydroxypropyl] -1
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 3U,

H-py#a)3h-difluaroeyelopentyd -y (1s{{(40)2;2-dimethyl-L Z=dipXamide,
olan-4-yllmethyll-1H-pyrazol-3-yllacrylamide,

(E) —B)2-(é(cyxdgpropylsulfonyl)pheny1)-3-[(la, 3U,
254a)-3,4-difluorocyclopenty1]-N-{1-[(2R)-2,3-dihydroxypropy1]-1

40) - By pyracel-3o3bagryinside () 12-(4- (cysisicrepyisifgnylypheny 1) rd=f{ &1 sul
3U, 4W-3,4-difiucrocycicpenty1]-N-(1-{[(40)-2,2-dimethy1-1,3-dicx

fony Cippkdeyiimethydst s Hi-pysqgccle3-ydadryemide o,
5(E)-2-(4-(cycicicropyisuifonyl)phenyl1)-3-[(1U, 3U,

4o) -3V 3dkdifiuerosycicpentytl-ii(isahazei-ayd)actyipetide, [d] thiazol-2-y1)
(E)-N-(benzo[d]thiaz(51-2-y1)-2-(4-(cycicpropyisuifonyl)phenyl) -3-[(1a,
3U, 4W-3,4-difiucrocycicpentyilacryiamide,
(E)-2-(4-(cycicicropyisuifonyl)pheny1}-3-[(1U, 3U,
104W-3,4-difiucrocycicpenty1]-N-(6-methcxybenzo[d]thiazci-2-y1)
acryiamide, (E)-2-(4-(cycicicropyisuifonyl)phenyl)-3-[(1U, 3U,
4W-3,4-difiucrocycicpenty1]-N-[6-difiucromethcxy]benzo[d]thia

2(R1-2-vRlacrviamide (F\-2-(A-(cveiciceronvieinfonvy1Ynhenv1)-2-I(111 1]

30
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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]lacrylamide]thiazolo[5,4-b]pyridin-
-yloxylacetate, (E)-3-'£(1a,

25 3U
~2- () BAtddsioryEbBeni AT 2 T eyiubhT fphe AN 1 30

iazol-2-yé)acrylamide (E)-3-[(1a, 3U, , ,
400 4 3 HLdifHGroeG EIop R 3 - B suldhyipramialgxy) benzo [d) thi

methylpyrazin-2- rIga(:r lamide E)-3-g(1a, 3U _
22011643013 42 dor LS AOBURY L2 (e OB (%) 3~ L (ou
a methyl-1H-pyrazol-3-yl)acrylamide, (E)-3-[(1a, 3U,

" 4a)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen
1]-N-(thiazol-2-yhacrylamide,_(E)-3-[(1a, 3U, :
100 BT ROOEA 510 Cornahbey By RSISRyeR Ehiazolo (s,
.+ 15y1]-N-(5-methylpyrazjn-2-yl)acrylamide, a -3-[(1a,.3U .
) o ey T2 e et S b TLG Tonofen e, and
1]-N-<(1-methyl-1H-pyrazpl-3-yl)acrylamide. [0057] The coampo
ethy?ep?%! er%gg%yﬁﬁ?ge%eé)fc?ﬁrﬁﬁé%fg}l ?ﬁ%ﬁé e%%ﬂ %%ergtigr?%grﬁ b%a’
_produce for example, the following production.process with t e
0 T ey oy e gt TR o) B8 S By 7 16
2—y1[>@9§§$£%*%%”853?‘| formula 6] [0059] (wherein RI, R2, and A are as defined
above). In this process, the compound represented by the general 5
[oo3gojrmula (2) is reacted with a heteroarylamine in the presence of a suitable
reagent to produce the compound represented by the general formula (1).

(17 (006801 Thiztsaction pay beperormed ysi %%%%PHBEOQE"@R% method-1Q o ap e

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

sa1tMetked, Jhe mixed aphydride, methed, dhe acid-halidesmethod, er the

carbodiimide method. Examples of the reagent used in the above reaction

e) -Bickugie dbiony chigrde oxaivt, chipifien iy hioyclahpxylagrbodimide,

N,N'-diisopropylcarbodiimide, 15 1-methyl1-2-bromopyridinium iodide,

aq) -M;N-carbonyldimidazole. din I{lﬁ"yip—h sphorylchloride, o121 lamid

) diphenylphosphor%zi?g, N, '-disucginimidyl carbona’%g, yh)acrytant

e, N,N'-disuccinimidyl oxalate,
1-ethy1-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, ethyl

(£) —ghlorofgrmate: isobutyl chloyaformates 20-yc1opropylsulfonyl) phenyl) —
benzotriazo-1-y3-oxy-tris(dimethylamino)phosphonium

3-1 ('ﬂ@_c’faf%?,r onﬁwsp@@@@{l@lﬂ-@f@@géy%gm9@%@@&/&%@@@ne- In
this process, abase and a condensation aid may be used together with the

(E) —abque reagent Any.hase ¢an he useddR $his pragessy so JQng as it is not
involved in the reaction. The reaction can be performed in the presence of

401) -SYch-a baseocExamplesfithe base 5inclidenatkali metahalkoxides sugh amiq
as sodium methoxide and sodium ethoxide; alkalimetal hydrides such as

e, (89dium(Bydride-ang pefassiim hydrde; aikaliymetal organic basgs such as
n-butyllithium, lithium bis(trimethylsilyl)amide, sodium

ao) -bis@trimethylsibd)apride pand potassiuns bisgrmethyisiydlamide;tertiaryy1amid
organic bases such 10 as triethylamine, diisopropylethylamine, pyridine,

e, (Nymethylmorpholingcinygdazeleldnetivipyrishiding) N-methylioipendine,
1,5-diazabicyclo[4.3.0]non-5-ene, and 1,8-diazabicyclo[5.4.0Jundec-7-ene;

40,) —and indrganiehases sueh @sypotassium-carbonatenanchs, odiups hydrogenan -4
carbonate. Examples of the 15 condensation aid include

-y 1) Nehydroxylienzotriazole hydrate, N-hydroxysuccinimide,
N-hydroxy-5-norbornene-2,3-dicarboxyimide,

(-) —3hydroxy43, degibydiordox0<hy2 Sebenzattiazofe, jark-pantaflucr@phenol.
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 A-diovane: and anroticnolar eolvvente 2G<ci1ich ac acetonitrile nronionitrile



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,

énép&éééﬂﬁfb%cefﬁﬂn%ﬂ?ﬂ&m abhidé, métaf RYdftad gdchlas ~d1oxolan—4
B lumh):Ldr%d jEﬁdrum drldg and potassium hydride, potassium

car ona er¥ ryypéaiassrur’n and n- butyllrthrum In this reactron

thium bis(tri e Namide i rr d Ivent can
&egiaGeré%urs%d %J?rj%élreact%n3 ek)e E |t |§ r¥6 mV%fve%ym%h ffonyaf )phe
reaction. Example of sgch a solvent mclud hydrocarbon solvents such

ny1) as et b e b e et

haI ated_hydrocar on solven ch a |c Io meth ne,
?(%CE%Sfoeltﬁ/ pé’h 510 c])?rm @ Ecé{ onte cl%br%e "and ether

oI e ts uch as diethyl ether, t t ran 4 droxane The
%a)&.%n By li(ygt%fly o ThE AT e ot o
1) tep s qu%de i |ﬂu%r cIi)pentyl) -2-halogeno acrylic acid
Y Eerji)\?até/e by ha %iggﬁ trng %%3 -(3, 4 P(uorocyclopentyl)acrylrc acid

B TGRS e a4 Bass. 2oL Camelis o

gt1e baiseflised in thrcslrgactrcgn in]clude (iaarrgogrc achd sal(gsisgich a sodruml onate

carbonate, potas Urn carbona te, “caldium car onate cesium o%atep ’
3 ariym arbonate, o anic bases h as |tyIa e,

(5 2rrso%rop)¥e§hyi)amr%%lN, ]ﬁb Cl? ?lnet L"Ic)eth%/lengldtrkam%}g1

glaraahcrfi'e[%b Q1 saunesene digabiondlols, 3012, BONGNCL) acrylam

phosphazene pe taisopropylguanidine. However, In hrs

, gaction, etyanine s prsferedsn, 1) S agpnLoar bg user as the

solvent used in"this reac#{;n as long-as it is not involved in the reaction.

) - Examples of; %@Q&%ﬁQW@?E incipdeshydrogarpon SS'VAF“E%%EH 2%01-5-y1

pentane, hexane, cyclohexane, benzene, toluene, and xylene,

acrg@gg?a@ted (ydrocarbon solvents-such as dichioremethans, ) _ 3,

2 drchloroethane chloroform, and carbon tetrachloride, and ether

o) -Solventssych.asdiethyl.e ’1t?tfﬁh¥@r0é%r@?la@d 4,4-digxang Ihe1-5-y1)
reaction proceeds smoothly 15at -80C to 80 [0064] (Thrrd Step)

acryTBisiSiep is(or psodueing @ 3r(hd-difluaragyciopantyt)=2- L;Q%ILLrterqa
phenyl) acrylrc acid 20 derivative by reacting a compoun epresented
) —thesformula (6) d‘@fyhctb@ge (é-di flq@rq%q)}gerq}il)lz-@ alngenoAcryl g:oaer@ vyl
derivative represented by the formula (5) obtained in the above second
) acr$tERINdRe presence of acatalyshang abases inthe)forpuly FRZis@ o, 3a,
halogen atom or a 25 trifluoromethanesulfonyloxy group, for example,
-boric geid; pinacolatogdiberopiorthe (ike can he reagtertoconyettthe
compound into a boric acid derivative for use in the presence of a
- palladiymyconplexssichas ony 1) phenyl) -3- [ (1o, 30,
1,1-bis(diphenylphosphino)ferrocene-palladium(ll) dichloride, 5 and an
) —3¢eticacid salb suchogspetas 1s-inm acetate: nThethus-obained hopcy1jacr
acid derivative is used after isolated and purified, or is prepared in the
vy lamtehetion system. As the catalyst used in this reaction,
tetrakis(triphenylphosphine)palladium, palladium acetate, or a palladium
) ~Nemplexystichras £Q1,dshis(@iphenyiphosphind)feapcenespatiadism(ipny 1) ph
dichloride, can be used. As the base used in this reaction, a carbonic
enylacig-spltisuchzas, s adiyns carbenate; potassillnmsaniorate.ccaltibnm de ,
carbonate, cesium carbonate, and barium carbonate, or an acetic acid salt
(E) —suaqhiag dbqiotassivpinlacetdterand) sodinmlgcetate ( can beased. 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, cyclohexare, 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
cnlvvente cr1ich ac acaetonitrile nronionitrile nitromethane nitroethane

400)
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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
40) ~ormpdsition °a fiGuia ConTposition, ' bthettypE oF éBimpbEitioRy At in—2-v 1]
optimal form is selected in accordance with need. The pharmaceutical of
ACTY fdipréSent fvention cair e LEroauced by Hadimd A phirmaceutitafly 3%
A acceptable carrier to the compound of theﬁere sent invention. More ,
%) - gpécificallyeommbnly Bsad Blditives sudh' a8 excipidnty tBndéer Bindery 19
. disintegratar, coating, sugar-coating agent, pH modifier, and solubilizing
H 2aggﬁtaa%r¥dy%r?rgﬁ%teaéus or non-aqueous solvent are added to the
ompound 5_of the present jnvention, and le ixture can, be formed into
() s fOF LR S rRBIER Bhfs RABLYGL. GrahUIE; pottiers
owd r.etd]éiru s, liguid formulations, emulsions, suspensions, and
o) e By g Camont tead orrHOIAoA Hothod (0068 10TRE Sose
f the compqund of the present inyention ar.a pharmaceutically
(5 A oty e Lty o S e o teads, tidlconditon,
_weight,.age, and sex of a patient, the route ng ministration, and the like. .
o0 e R i Koot Sl a0t LS B 7000 kg L=
dy, weight/day, and more 15 preferably, about 0 .5 ut.200 mg/kg
© (Egdé Wg%%h{fd%§l i 8%%%%%%“ t%)g/ rer1r|lr¥ilgt)er<-:-3d itlg(g%?ng e dose orin
_divided.dases throu outthgqhx 0069] If necessary, the compound of _ .
s e e B, B LRt 2ot hidbaby Lamide.

(E) —5‘—‘3‘)’4*3—9(%?_/%%%059%%%}‘@ ?8%32![ . rgfg]]p—%“—“ﬂf'ﬁberﬂa” CK

activato e, the compoun e present invention or a

aar) -BhAMAGeYtically acceptable salt thereof May be, 9&%‘} in,GoMbination with ., ;

one or more of anti-obesity agents and antidiabetic (or hypoglycemic)

de, {@§NI52p,nclding sylfgaylureas Higuanifss, glycagon aragegsts,

a-glucosidase inhibitors, insulin secréetion promoters, insulin sensitizers,

aor) -804 the bike, {0070 BExamples pf the sulfonylureas E?H%@%WQHE@QQ —yllacr

glimepiride, 5 glipiride, glipizide, chlorpropamide, gliclazide, glisoxepide,

y1am@Getohexgmide, gﬂhemyﬂgsrwémi%ﬁg@ amide, carhutamide, sq,
gI|gU|done,eghexam|(§[e, phenbutamide, andtolcyclamide. Examples of the

40,) ~Bigwagides include metfarmin, phapfqrin ,and buformin, Exaypples of they 1
glucagon antagonists include peptide and non-peptide 10 glucagon

] acr3Ntagonists. @%@PJ‘?%D? the-a- .%H@BMQBSP'H@W@&C@@%, 3a,
voglibose, andmiglitol. Examples of the insulin sensitizers include

aa)) -H0glitazene,Jpsiglitazepe pigglitazenes and ciglitazone. Examples,ekthen -2 -y
anti-obesity agents include sibutramine and orlistat. The compound of the

1] acPkesent wentien 15-of 2 pharmageutisglysacceptahle saltthereot maylee 3a,
administered simultaneously, sequentially or separately with other

a0 —3ntidiabetic; hypeglycemis: endianii-qbesity agents, {08 FHdexamplerkhz in-2-
203-[(1a, 3a, 4a)-3,4-Difluorocyclopentyl]-2-[4-(methylthio)phenyl]acrylic

v1] aaeidiethyleste(P072) [Chemicaldforvpkndlu 0073} 1) phda3Y,—3-[ (1o, 3a,
4a)-(3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide 5(2.67 g)

400) -B/As-suspended i tetrapydrofuran10 sl Lihiekyet hoxy) pyrazin-2-y1
bis(trimethylsilyl)amide (a 1 mol/L tetrahydrofuran solution, 5.30 mL) was

] acradded t:thesuspension @iy40Cdn apyargan admespheren ang the mixtire 3o,
was stirred at -40C for 2 hours. Subsequently, a solution of

4a) -2-[@A-methylthie)phenyioxoacetic-acidethyl-estert A0 (L 120)dBhoxy ] pyrazi
tetrahydrofuran (3.70 mL) was added dropwise to the reaction mixture

n-2-0¢00ledte 140G dand tte resultant(mixdurepras stied abr40Q0 forehhayrs3—[ (1a,
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. Tateahydrofuran 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 1inder rediiced nrecciire The recidiie wae niirified by 20
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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 (g, 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

3G, (M512). [0074] 10 Example 2 3-[(1a, 3U,

4a) -3,4-Difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl acryl |c acid
) - ey Aot 0070 SCHRHIEA oA 0y TOBFAF B 0L 302H -CyEan-2-y1

-3 ifluorocyclopentyl meth Ithlo)phenyl]acryllc 20aC|d ethyl
oxy) Sg er 5(?%83@3 wa%/ dlé)sgl\il 51 %ﬂl)ror%ethane (31 mL).

hloro erox benzojc acid (5.37 g) was added to the prepared solution
8o§éd fﬁ Bawjaﬁ]diﬁg ;(I)LJ% tirred fé)ﬁ' 5 Rlirs while

ooIe he ice bath and furt rstlr g m temperatyre for 1.5
§0urs fnsoll]quﬁéD At SIS ¥ rea(:{e ?T‘IIX'[ (\%ere eml{?)veé pyyrazin-2-

o S T f%;%e M, s

I ro fionwas she ous

o flte soluti 2), a gueou ydr gen
o) - ona soqutloﬁ/é]ﬁj%n arzlgl (S%Jnaﬁg%rmé 21 mnl]_e) ed ovgr dioxo
lan— gngyﬂr&)% §9%‘”} sk}lﬁtgtgé;%%gl @Qd concentrated under reduced

pressure to give 103-

%) Gighedet(3 A1cy Lo8 UIR(I00 WHL OB 0 o
@ _§'3€|H&§§;%%§% tﬁjﬁ% RE 302 56 31y 3loets gy ety L oL, S-dioxo

lan-3-10(S; ﬁg‘)éﬁ%% my1H).4 %(&AJ 3Hz,2H),4.29 (q.J
-73 )46951(m4H)629(dJ £9.8Hz,1H),

ggd 53% 55‘%%%175’5’%@2@’2%}" él? ;/5%3 gl 58 (MZ) S0[0077]

§X§mcﬁ’£ef§u@o3b[ﬂé%§>lént 1]-N-{5-[(2 2-dihydroxyethyl]pyr
4a) -3,4-difluorocyClopentyl]- [4 (methylsuIfonyl)phenyl]acryl ic acid

azinmethyl ester,23[0048] [Chemical formula 101 [0079] 3-[(1a, 3U,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4) -3, 4-difluorocyclopentyl] -N-{5-[(2S)-1,2-dihydroxyethyl]pyr
azin-2-ylltacrylamide, diethyl
5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

40) -3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl phosphonate,
diethyl (5-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1a, 30,
4a) -3,4-difluorocyclopentyl]acrylamide}pyrazin-2-yl
methylphosphonate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la,
3a,

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

amide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

19
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54a)-3,4-Difluorocyclopenty1]-2-[4-(methylsulfonyl)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
40 ~for B Fgurs “Nfetiatiol Wk evaborated undel Yedudddpressite, dnd thecryla

.. resultant residue was collected by filtration and washed with methanol (50
mldeml_ﬁ& —gR/—e((ﬂE)_(sc_P/(Eé’o%’opylsulfonyl )phenyl)-3-[(1la, 30,
~4a)-3,4-difluorocyclo en't%lll-é-[4-_(m_ethxlsuIf_orgl)ghenmgﬁ) lic acid ~

10 ~rivethyl BStet (3987 g). IBTHNMR hobMHz, EDE13Y T '8H)) 3.78 @Y3AFC1 3

-v1) %gﬁé%l(dggj =(E.)9_|\2/|_S ((4E —I)(Q//Zc::lscf'ér(%zy)l [501918 Pérzlgllz)xﬁk@%f )-3-[ (1o, 30,
a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyllacryl ic acid

100 o TR AR H {00k L (AR OR o i 8 Pyrazol-
oncentrated sulfuric acid (.89 mL), acetic acid (37.1 , and water

’ ‘Ylﬁfzc.éﬁL S added o ¢ )%-?ﬁ%? GBS ShI YR (10,

104a)-3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]acryl ic acid

methyl ester (3.95 g), and the mixture was stirred under heating at 103C
_({nternal tem eraturg? for 3 hours. After allgwed to cool, the reaction _
10 R0 S e Toc o e aler (37 Al o) -1

H—py?QQ%q tostt 1?&@3‘?1 QH? Cli'}ge precipitate was 15 collectedby filtration

andwashedwithwater ( 100 mL) . The collected precipitate was dissolved

(-2 i anapys sooh Jsisgen el spkigp and e

3a,

with dichloromet trated hydrochloric acid was

dded,t layer, while.cooled in an.ice bath, it acidic. 5.

0 AT Yoot T8 s oSlected by Miiatch msd ahdd wih-

olanWal l(il-lqgmly)lt?—gli\ﬂe—@)f%i@@+§uyl}acrylamide, _ _
4a)-3,4-difluorocyclopenty1]-2-[4-(methylsulfonyl)phenyl]acryl ic acid (3.26

g o HANMB (400WHz, CDG13) 51,8231 {m 4 247:262 (m, 1H)

®) 3.0534(51,( 3%&%3-48 7 (m, 2H),§77.£% (d, 32%%10.4 hi, 1H), 7.34-7.39 5(m,

aq) —%Sbgzﬁ(?l%fg%% 4o, 2 MR(EDmiz: 380 (M2)[PO83LEXamPI8 91 -1, 3-diox

- a’ ,

01an1Q43):r3A-diflyarocyelopentylls2-[4-(nethydsulfonybabenyl]-N-(t
hiazol-2-yl)acrylamide (compound IA of the present invention) [0084]

(E) —@Wﬁl{ﬂi@@%’@ la,Loh 4310085] 1) prnEhignylchigride(3-43,mL) was
added to E)-??l![jl(lag,%u, " y (

10,) —4a)3 41 difluerocyclopepyl-24-(Mmethylsylianyphenyiacryiic a6t (3431 1 -1
mg) , and the mixture was heated to reflux for 45 minutes. After the

H-py Mixyie was coglectodeonstemperature, thionyl chloride 20 was removed
by evaporation. Toluene (3 mL x 3) was added to the mixture, and the

(E) —resultantrixture-was evapersted ypderreduced pregsuregA solution of
2-aminothiazole (104 mg) in pyridine (1.37 mL) was added to the resultant

40) —rESidue i salted icedath-and thexdxturgwas stired afi kF@Mhy1-1, 3-diox
temperature for Ihour. The reaction

olanmixtytemasdilutedwithetiytaceiatef3gmi jJandwashedsequentially 5 with 1
mol/L hydrochloric acid (30 mL x 2), a saturated aqueous

() -sodiumbydroganeapgonatesalution (30mk, x 12) andsatdratedbrine(30 mL),
dried over anhydrous sodium sulfate, and filtrated, and the

40) —SolrentnEseyaperatadipnderreducadpresste: theabtainedresiduenwas ,
purified by silica gel column chromatography (eluent; 10 chloroform :

(E) —methanol =[50: 1) iaawcthe ohtdined -€oinpoundlwas washed Withrdiéthyheny 1)
ether to give (E)-3-[(1a, 3U,

-3- [4ap3, Bdifluamrycppenty f 2444 methydsuwfonyl) penyllNide,
hiazol-2-yl)acrylamide (154 mg). MS (ESI2) m/z: 413 (M512). 15HAMS
(ESI2) for Ci/9540F2N203S2(MH2): calcd., 413.08051; found,

20
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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 groduced according
(E) g5 thi <o HE HPBLaRRN 2 bt EREPRERY 1) - 3= [ (161, 30
25Inthefollowinglables,theopticalrotationsofthecompounds 7A, 8A, 40A,
400 ~ 41 A7 B3A L 54X OF BRE Preseht thvehtiBiy Wers Wisdktirdd P +az01=2-v 1)
ingmethanol_as a solvent, and the optical rotations of the compounds 51A
BCTY 52 of the present MVENtioR Ware msadurd st déhlorométhahe. 2%
he optical rotations of the rest of the compounds 5 of the present ,
40) ~jhudntion WErs RiGksLPEE ISy cHibrbforth: 100871 TERBRCAY formUia 13 €72

2ol %&//3%] él%‘l:y@le 1]jeCompound No Structure (A) 1H NMR (400 MHz)MS

I'Totation’ (COC13)61.93-2.15 (m, 4H), 238-2.48 (m, 1H)

o S e DR P 7O (] o= 0 e, 1y 2 S
4a) -3,4-difluorocyclopentyl] -N-(6-fluorobenzo[d]thiazol-2-yl)a
crylamide, 2-methylethyl
2—{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1a, 30,

4) -3, 4-difluorocyclopentyllacrylamide}benzo[d]thiazol-6-carbo
xylic acid, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 3,
4) -3,4-difluorocyclopentyl]-N-(thiazolo[5,4-b]lpyridin-2-yl)ac
rylamide,
(E)-N-(5-butoxythiazolo[5,4-b]lpyridin-2-yl)-2-(4-(cyclopropyls
ulfonyl)phenyl)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl]acrylamide,
(E)-=2—-(4—-(cyclopropylsulfonyl)phenyl)-3-[(lo, 30,

4) -3, 4-difluorocyclopentyl] -N-[5-(2-methoxyethoxy)thiazolo[5,
4-b]lpyridin-2-yl)acrylamide, and ethyl
2—-{2-[(R)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

40) -3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]lpyridin-

5-yloxylacetate.

[0034]
(18) Thecompoundaccordingto (1), orapharmaceuticallyacceptable
salt thereof, selected from the group consisting of (E)-3-[(la,

21
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7.45 (d, J = 8.6 Hz, 211), 8.08 (d, J = 8.6 Hz, 2H),  8.13(s, 1H).
(DMSO-d6)al.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

3a,

400) -3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]-N-(5-
methylpyrazin-2-yl)acrylamide, and (E)-3-[(la, 3d,

4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]-N-(1-
methyl-1H-pyrazol-3-yl)acrylamide.

[0035]

(19) Thecompoundaccordingto (1), orapharmaceuticallyacceptable
salt thereof, selected from the group consisting of (E)-3-[(la,
3a,

4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen
y1l]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1la, 30,

4a) -3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(la, 30,

4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(l-methyl-1H-pyrazol-3-yl)acrylamide.

[0036]

(20) Amethod for treating or preventing diabetes, comprising
administering 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

pharmaceutical for treatment or prevention of diabetes.
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2H), 7.56 (s, 1H). 7.94 (d, J = 8.6 Hz, 2H), 12.7Cs.  1H).
(CDC13)al.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 16.57 (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
r003 8

(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]

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

[0040]

[Chemical formula 5]

[0041]
(wherein R' and R? 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 C; to Cs alkyl group,
a C; to C¢ alkoxy group, a C; to Cs alkylsulfanyl group, a C; to Cq
alkylsulfinyl group, a C; to Ce¢ alkylsulfonyl group, or a C; to Cg
alkoxy-C; to Cg alkylsulfonyl group).
[0042]

(24) The compound according to (23), wherein R' is a hydrogen
atom, and R® is a cyclopropylsulfonyl group.
[0043]

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

atom, and R? is a methylsulfonyl group.
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1H).  (COC13)al.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).

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
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]

The term “halogen atom” refers to a fluorine atom, a chlorine
atom, a bromine atom, or an iodine atom.
[0046]

The term “C; to Ce¢ alkyl group” is a linear or branched alkyl
group having 1 to 6 carbon atoms or a cyclic alkyl group having
3 to 6 carbon atoms. Examples of the C; to Cg 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]

The term “C; to Cg 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 C; to C¢ alkoxy group include
a methoxy group, an ethoxy group, a pPropoxy group, an 1sopropoxy

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

tert-butoxy group, a cyclopropoxy group, and a cyclobutoxy group.
[0048]

The term “C; to Cs 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
C; to C¢ 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
cyclopentylsulfanyl group.

[0049]

The term “C; to Cs 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
C; to C¢ 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
cyclopentylsulfinyl group.

[0050]

The term “C; to Cs 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
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6.7 Hz, 111), 6.94 (s, 1H), 726 (d, J=11.0 Hz,11-1), 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,

. + + .
C1 tg-ggzgfpyg%%&f%g&q éé%%é 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
cyclopentylsulfonyl group.

[0051]

The term “C; to Cg alkoxy-C; to Cq4 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
1 to 6 carbon atoms or with a cyclic alkoxy group having 3 to 6
carbon atoms. Examples thereof include a methoxymethylsulfonyl
group, amethoxyethylsulfonyl group, amethoxypropylsulfonyl group,
an isopropoxymethylsulfonyl group, and a cyclopropoxy
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
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 heterocaromatic ring contains 1 to 3
heteroatoms selected fromasulfur atom, anoxygenatom, andanitrogen

atom and in which one of the hetercatoms is a nitrogen atom adjacent
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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),

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]

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, animidazolyl group, atriazinyl
group, a benzothiazolyl group, a benzoxazolyl group, a
benzimidazolyl group, a pyridothiazolyl group, and a quinolinyl
group. More preferably, the heterocaryl group is a thiazolyl group,
a pyrazolyl group, a pyrazinyl group, a pyridyl group, a
thiazolo[5,4-blpyridinyl group, a thiadiazolyl group, or a
pyridothiazolyl group.

[0054]

Preferably, the “substituted or unsubstutited heteroaryl
group” inAisanunsubstituted or mono-substituted heterocaryl group.
Examples of the substituent include: halogen atoms; C; to Cg alkyl
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); C; to Cs alkoxy groups optionally
substitutedwith a halogen atomor a hydroxyl group; C; to Cz alkoxy—-C;

to C3 alkoxy groups; C; to C3 alkoxycarbonyl-C; to C3 alkoxy groups;
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8.40 (s, 1H).  CDO013)al.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
Cy to Cg)algogycarbonyl—cl to Cg¢ alkylsulfanyl groups; C; to Cqg

alkylsulfanyl groups; C; to Cs aminoalkylsulfanyl group optionally
substituted with a C; to C3 alkyl group; C; to C¢ alkylsulfanyl-C;
to Cg alkoxy groups; aryl groups (such as a phenyl group), heteroaryl
groups; aliphatic heterocyclyl groups optionally substituted with
a C; to Cg alkyl group (such as a morpholino group and a dioxolyl
group); aliphatic heterocyclylcarbonyl groups; aliphatic
heterocyclylsulfonyl groups; aliphatic heterocyclyl-C; to C3 alkyl
groups; aliphatic heterocyclyl-C; to C;3 alkoxy group; aliphatic
heterocyclyloxy—-C; to C3 alkoxy groups; aminosulfonyl groups
optionally substituted with a C; to C; alkyl group; Ci to Cg
hydroxyalkylsulfanyl groups; a nitro group; a cyano group; groups
represented by the formula of
~(0) p (CH;) nC (0) OR’
(wherein R’ is a hydrogen atom, a C; to C4 alkyl group, or a C; to
C; alkoxy-C; 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
~ (CHz) wP (O)R*R’
(wherein R* and R’ are each independently a hydroxyl group, a Ci
to C; alkyl group, or a C; to C3 alkoxy group, and m is an integer
of 0 to 2).
[0055]

Examples of the pharmaceutically acceptablesalt includesalts
of inorganicandorganicacids suchas hydrochloricacid, hydrobromic

acid, nitric acid, sulfuric acid, phosphoric acid, citric acid,
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8.6 Hz, 2H), 8.75 (s, 1H)  CO00I3)a1.93-2.19(m,4H),2.36(brs,1H) ESI+)
437.1() HOO  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

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
acceptable salts thereof.

(E)-3-[(la, 3o,

4) -3,4-difluorocyclopentyl] -N-(5-fluorothiazol-2-yl)-2-(4-(me
thylsulfonyl)phenyl)acrylamide,

(E) -N-(5-chlorothiazol-2-y1)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]—-2-(4- (methylsulfonyl)phenyl)acryl
amide, (E)-3-[(la, 30,

4a) -3,4-difluorocyclopentyl]-2-(4- (methylsulfonyl)phenyl)-N- (4
-methylthiazol-2-yl)acrylamide, (E)-3-[(la, 3,

4a) -3,4-difluorocyclopentyl]-2-(4- (methylsulfonyl)phenyl)-N-(5
-methylthiazol-2-yl)acrylamide, (+)—-(E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl] -N-[4-(2,2-dimethyl-1, 3-dioxolan-4
-yl)thiazol-2-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide,
(-)—(E)-3-[(la, 3a,

4) -3,4-difluorocyclopentyl] -N-[4- (2, 2-dimethyl-1,3-dioxolan-4
-yl)thiazol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide,
(+)-(E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]-N-[4- (1, 2-dihydroxyethyl)thiazol-
2-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)—-(E)-3-[(lQ, 30,

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

2-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide,

(E) -N-[4-tert-butylthiazol-2-y1]-3-[(la, 3,

4a) -3,4-difluorocyclopentyl]-2-(4- (methylsulfonyl)phenyl)acryl
amide, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]—-2-(4- (methylsulfonyl)phenyl)-N-{4
-[2-(tetrahydro-2H-pyran-2-yloxy)ethyl]thiazol-2-yl}acrylamide,
(E)-3-[(1la, 30,

4a) -3,4-difluorocyclopentyl] -N-[4-(2-hydroxyethyl)thiazol-2-y1l
]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 3,

4) -3,4-difluorocyclopentyl] -N-[5-(N,N-dimethylsulfamoyl)thiaz
0l-2-y1l]-2—-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(lQ, 3,
4) -3, 4-difluorocyclopentyl] -N-[5-(4-methylpiperazine-1-ylsulf
onyl)thiazol-2-yl1]-2-(4- (methylsulfonyl)phenyl)acrylamide,
(E)-3-[(la, 30,

4a) -3,4-difluorocyclopentyl]-2-(4- (methylsulfonyl)phenyl)-N-(1
;,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]—-2-(4- (methylsulfonyl)phenyl)-N-(3
-methyl-1,2,4-thiadiazol-5-yl)acrylamide, (E)-3-[(la, 30,

40) -3,4-difluorocyclopentyl] -N-(3-ethyl-1,2,4-thiadiazol-5-y1)
—2—(4—- (methylsulfonyl)phenyl)acrylamide, (E)-3-[(lQo, 30,

4a) -3,4-difluorocyclopentyl] -N-(3-methoxy-1,2,4-thiadiazol-5-y
1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 30,

4) -3,4-difluorocyclopentyl]—-2-(4- (methylsulfonyl)phenyl)-N-(p
yridin-2-yl)acrylamide, (E)-3-[(la, 3,

4) -3,4-difluorocyclopentyl] -N-(5-fluoropyridin-2-y1l)-2-(4-(me
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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)al.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),

thylsuff% 81£m ]hHQnE’)/)lg?a rylan?l%lef: 7 Hz,

(E) -N-(5-chloropyridin-2-yl1)-3-[(la, 3,

o) —-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl
amide, (E)-3-[(loa, 30,

4) -3,4-difluorocyclopentyl]—-2-(4- (methylsulfonyl)phenyl)-N-[5
—(methylthio)pyridin-2-yl]lacrylamide,

(E) -N-(5-cyclopropylpyridin-2-yl)-3-[ (1o, 30,

o) —-3,4-difluorocyclopentyl]-2-(4-(methylsulfonyl)phenyl)acryl
amide, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl] -N-[5- (hydroxymethyl)pyridin-2-y1)
—-2—(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(lo, 30,

4a) -3, 4-difluorocyclopentyl] -N-[5- (N, N-dimethylsulfamoyl)pyrid
in-2-y1]-2-(4- (methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 3,
o) —-3,4-difluorocyclopentyl]—-2-(4-(methylsulfonyl)phenyl)-N-(p
yrazin-2-yl)acrylamide, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl] -N—-(5-methylpyrazin-2-y1l)-2-(4-(me
thylsulfonyl)phenyl)acrylamide, (E)-3-[(lo, 3,

4) -3,4-difluorocyclopentyl]-N—-(5-ethylpyrazin-2-yl)-2-(4-(met
hylsulfonyl)phenyl)acrylamide, (E)-3-[(lo, 30,

o) —-3,4-difluorocyclopentyl] -N-(5-methoxypyrazin-2-yl)-2-(4-(m
ethylsulfonyl)phenyl)acrylamide, (E)-3-[(lo, 30,

4a) -3, 4-difluorocyclopentyl] -N-[5-(2-methylethoxy)pyrazin-2-yl
]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 30,

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

11-2-(4- (methylsulfonyl)phenyl)acrylamide, (E)-3-[(1la, 30,
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N 1H), 457 (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 (g, J = 5.5 Hz, 2H), 4.72-4.96 (m, 2H). 6.69 (s 1H), 7.25
4a) -%u, 4935 QT TNy PRET A0 (i NHP S 06813 LR SR OB A8Y(bRY 1R 1N 2
13A N ......k.3. ,.....NMe S4.0 Sor (0D013)al.93-2.19 Cm. 4H),
v11-32045 EASMHH ES PABLON 977 (& B HiglEs, 3H)) 2 7al4 8% (e
2H), 7.31 MW-) (d, J = 10.4 Hz, 1H), 7.45-7.49 (m, 2H), 7.83 gsle

20) ~8 07-8 A5 (HE ZH)Y B BT AH) . Tan ke N80 2Y - hoxy Yikzin-2-y1

]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 30,

4) -3,4-difluorocyclopentyl]—-2-(4-(methylsulfonyl)phenyl)-N-{5
—[2-(methylthio)ethoxy]lpyrazin-2-yl}tacrylamide,

(E)-2-(4— (methylsulfonyl)phenyl)-3-[(la, 3,

4a) -3,4-difluorocyclopentyl] -N-[5-(2-hydroxyethylthio)pyrazin-
2-yllacrylamide, (E)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl]—-2-(4-(methylsulfonyl)phenyl)-N-{5
-[2-(tetrahydro-2H-pyran-2-yloxy)ethoxy]lpyrazin-2-yl}lacrylamid
e, (E)-3-[(la, 30,

4a) -3,4-difluorocyclopentyl] -N-[5-(2- (hydroxyethoxy)pyrazin-2-
y1l)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1la, 30,
4a) -3,4-difluorocyclopentyl] -N-{5-[ (4R) -2, 2-dimethyl-1, 3-dioxo
lan-4-yl]lpyrazin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide,
(E)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl] -N-{5-[(4S)-2,2-dimethyl-1, 3-dioxo
lan-4-yl]pyrazin-2-yl1}-2-(4-(methylsulfonyl)phenyl)acrylamide,
(E)-3-[(la, 3o,

4a) -3,4-difluorocyclopentyl] -N-{5-[ (2R) -1, 2-dihydroxyethyl]pyr
azin-2-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(lq,
3a,

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

azin-2-yl}-2-(4- (methylsulfonyl)phenyl)acrylamide, diethyl
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'S.P40 0 (nM30-d6)al182-1.99 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=7.9Hz, 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,
S~ LBy 3178097 €%, 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).
400 ~Rr A BN BOUBA N L4 TN Sleeasfei e a st Ay ny L) Tacryl

. 2.39-2.56 (m, 1H)1E§I+)428.1 2.51(s, 3H), 3.18 (s, 3H), 4.73-4,97 (m
amidsieyy 324 o, FLIOWRDATAY, 7457750 (M 21) 8088 1 Ty 2Hf
.7% %)rs 1H). 17A Et N-- .--htst,N §013) al.33 (t,J=7.9 Hz %Eg/
00 -4 g .bék&?féﬁ%ﬁ&@ﬁeﬁs;&z%rz? 5 (% 179 28511 Y P8 DHyPerv!
) MH? 3.20és, 3? 4.75-4.98 (m, 2H), 7.35 (d, %@: 1 .’[F 1H),.7.45-7.51
At P g o' 14 (RS, 7 e b T8A Gl CoO5L 892,18 (m,
H), 2 4%— 52 (m, , ES|+)444

400 b AP (s i A Ao T, AR Py ezl 3yl -2 (4
—(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 3,
4) -3,4-difluorocyclopentyl]-N-[l-ethyl-1H-pyrazol-3-yl]-2-(4-
(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 3,
4) -3,4-difluorocyclopentyl] -N-[1-(difluoromethyl)-1H-pyrazol-
3-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 30,
4) -3, 4-difluorocyclopentyl]-N-[1-(2-fluorocethyl)-1H-pyrazol-3
-y1l]-2-(4- (methylsulfonyl)phenyl)acrylamide, (E)-3-[(lo, 30,
4a) -3,4-difluorocyclopentyl]-2-(4—- (methylsulfonyl)phenyl)-N-[1
—(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]acrylamide, (E)-3-[(1lqQ,
30,
4) -3, 4-difluorocyclopentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazol-
3-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 30,
4) -3,4-difluorocyclopentyl]-N-[1-(2-hydroxy-2-methylpropyl) -1
H-pyrazol-3-yl]-2-(4-(methylsulfonyl)phenyl)acrylamide,
(B)-3-[ (1o, 30,
4) -3,4-difluorocyclopentyl]-N-(1-{[ (4R)-2,2-dimethyl-1, 3-diox
olan-4-yl]lmethyl}-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)phenyl

)acrylamide, (E)-3-[(la, 3,

4a0) -3,4-difluorocyclopentyl ] -N-(1-{[(4S)-2,2-dimethyl-1,3-diox
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.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-(..-4tNS [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,
1110,488493(m 1H) 7.06 (dd, J = 6.7, 4.9 Hz, 1H). 713(d J=10.4

S S B

= 7.9 Hz, 1H CDCIS a1.91-2.19 (m, 4H), 2.35-2.50 (m,
acri#ﬁ?éé*ﬁ) 45513~ 8. 4e%s, 3%, 4.72-4.95 (m, 2H), 7.13 (d, J = 104MH-+)

4) -3,4-difluorocyclopentyl]-N-{1-[ (2R) -2, 3-dihydroxypropyl] -
H-pyrazol-3-yl}-2-(4-(methylsulfonyl)phenyl)acrylamide,
(E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl] -N-{1-[(2S)-2,3-dihydroxypropyl]-1
H-pyrazol-3-yl1}-2-(4-(methylsulfonyl)phenyl)acrylamide,
(E)-3-[(1la, 30,

40) -3,4-difluorocyclopentyl] -N-(isoxazol-3-y1l)-2-(4- (methylsul
fonyl)phenyl)acrylamide, (E)-3-[(la, 3,

4) -3, 4-difluorocyclopentyl] -N-(6-methoxybenzo[d]thiazol-2-y1)
—-2—(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(lca, 30O,

4a) -3,4-difluorocyclopentyl] -N-[6—-(difluoromethoxy)benzo[d]thi
azol-2-yl]-2-(4- (methylsulfonyl)phenyl)acrylamide, (E)-3-[ (1l
3a,

4) -3, 4-difluorocyclopentyl] -N-[5-(2-methoxyethoxy)thiazolo[5,
4-blpyridin-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide, ethyl
(E)-2-{2-[(R)-2-(4-(methylsulfonyl)phenyl)-3-[(la, 30,

4a) -3,4-difluorocyclopentyl]acrylamide]thiazolo[5,4-b]lpyridin-
2-yloxylacetate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1ld
3a,

4) -3,4-difluorocyclopentyl] -N-(5-fluorothiazol-2-yl)acrylamid
e,
(E)-N-(5-bromothiazol-2-yl)-2-(4-(cyclopropylsulfonyl)phenyl) -

-[(la, 30, 4a)-3,4-difluorocyclopentyl]acrylamide,
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20A Hz,1H),7.43-7.51(m,3H),7.64(brs,1H)  8.04-8.10 (m, 3H), 8.32 (dd,
J=9.2,43Hz 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), 816 (d. J
(E) -2-(4-"cyclopropylsulfonyl) phenyl) -[(la, 3o,

o) —-3,4-difluorocyclopentyl] -N-(4-methylthiazol-2-yl)acrylamid
e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl] -N—-(5-methylthiazol-2-yl)acrylamid
e, (+)—-(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(lo, 30,

4) -3,4-difluorocyclopentyl]-N-[4-(2,2-dimethyl-1,3-dioxolan-4
-yl)thiazol-2-yl]acrylamide,

(=)—(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,
4a0) -3,4-difluorocyclopentyl] -N-[4- (2, 2-dimethyl-1,3-dioxolan-4
-yl)thiazol-2-yl]lacrylamide,
(B)-N-(4-tert-butylthiazol-2-yl)—-2-(4-(cyclopropylsulfonyl)phe
nyl)-3-[(la, 3o, 4o)-3,4-difluorocyclopentyl]lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

o) -3,4-difluorocyclopentyl] -N-[5-(4-methylpiperazin-1-ylsulfo
nyl)thiazol-2-yl]lacrylamide, methyl
3-{2-[(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,
4a) -3, 4-difluorocyclopentyllacrylamide]thiazol-4-yl] propionate,
(E)-2—-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,

o)—-3,4-difluorocyclopentyl]-N-(1,2,4-thiadiazol-5-yl)acrylami
de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

o)—-3,4-difluorocyclopentyl] -N-(3-methyl-1,2,4-thiadiazol-5-y1

)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(lQ, 3d,
4) -3, 4-difluorocyclopentyl] -N-(3-ethyl-1,2,4-thiadiazol-5-y1)
acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1lQ, 3d,

o)—-3,4-difluorocyclopentyl] -N-(3-phenyl-1,2,4-thiadiazol-5-y1
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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)
) acrg i §a(m( DH)2E &) SHE2 OPE IR YLEE tho 1K) POFY 19 i 4G 3%

2.33-2.48 (m. MH+) o .
4) -3, 4-difluorocyclopentyl] -N-(pyridin-2-yl)acrylamide,

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4) -3,4-difluorocyclopentyl] -N-[5-(methylthio)pyridin-2-yl]acr
ylamide,
(E)-N—-(5-cyclopropylpyridin-2-yl)-2-(4-(cyclopropylsulfonyl)ph
enyl)-3-[(la, 3, 4a)-3,4-difluorocyclopentyl]acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4a) -3,4-difluorocyclopentyl] -N-[5- (hydroxymethyl)pyridin-2-y1]
acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(lQ, 3d,
4) -3, 4-difluorocyclopentyl] -N-[5-(N,N-dimethylsulfamoyl)pyrid
in-2-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

400) -3,4-difluorocyclopentyl]-N-(pyrazin-2-yl)acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4) -3, 4-difluorocyclopentyl] -N—-(5-methylpyrazin-2-yl)acrylamid
e, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl] -N—-(5-ethylpyrazin-2-yl)acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

4a) -3,4-difluorocyclopentyl] -N-(5-methoxypyrazin-2-yl)acrylami
de, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

4) -3,4-difluorocyclopentyl] -N-[5-(methylthio)pyrazin-2-yl]acr
ylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 3,

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

Jacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,
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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, | = 8.6 H.111).

= (CDCI3)61.70 (t, J = 5.8 Hz, 111), 1.90-2.30 (m,(ESI+) 437.1 4H),

| 240-2.47 (m. 1H), 3.16 (5, 3H), 4.69 (d, I =5.8(MH+) _ Hz, 2H)

o) ~4 78 85 (O ARA)Y & BIRA BV, Ty |7 162 B hoxyethoxy) pyrazin-2-y

llacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1Qa, 3,
o) —-3,4-difluorocyclopentyl] -N-[5-(3-methoxypropoxy)pyrazin-2-
yl]lacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1lo, 3,
4) -3,4-difluorocyclopentyl] -N-[5-(2-ethoxyethoxy)pyrazin-2-yl
Jacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 3,

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

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

3a,

4) -3,4-difluorocyclopentyl] -N-{5-[2-(tetrahydro-2H-pyran-2-yl
oxy)ethoxylpyrazin-2-yl}lacrylamide,
(E)=2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,

o) —-3,4-difluorocyclopentyl] -N-[5-(2- (hydroxyethoxy)pyrazin-2-
yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,
o) —-3,4-difluorocyclopentyl] -N-{5-[ (4R)-2,2-dimethyl-1,3-dioxo
lan-4-yl]lpyrazin-2-yl}tacrylamide,
(E)=2—-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,

4) -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-[ (1o, 30,

o) —-3,4-difluorocyclopentyl] -N-{5-[ (2R)-1,2-dihydroxyethyl]pyr
azin-2-ylltacrylamide,
(E)=2—-(4-(cyclopropylsulfonyl)phenyl)-3-[(lo, 30,

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

azin-2-yllacrylamide, diethyl
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(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= 8.6Hz 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 E) 7.49'd, ] =

5-{ (BloHz, (Gr1GYF 8IRE MY, 'S06-8210 (PR 8 47 @ J E1¢'8 HP1H), 8.59
%d, J =24 Hz, 1H). ES1+)514.1 MH+)  (CDCI3)ri1.95-2.14 (m, 4H),

40) =3 3-8 5H I HO AR ST T @.‘i@@,@%ﬂ%%’-ﬁ%ﬂﬁ?ﬂ% Figpphpnate,

H+)

dietlzlyllo' I(\/\LI_)_? (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 3a,
4) -3, 4-difluorocyclopentyl]acrylamide}lpyrazin-2-yl
methylphosphonate, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1lq,
3a,

4a) -3,4-difluorocyclopentyl] -N-(1l-methyl-1H-pyrazol-3-yl)acryl
amide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1lQa, 30,

4a0) -3,4-difluorocyclopentyl] -N-(l-ethyl-1H-pyrazol-3-yl)acryla
mide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 3,

4) -3, 4-difluorocyclopentyl] -N-(1-(2-fluoroethyl)-1H-pyrazol-3
-yl)acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 3Q,
4a) -3,4-difluorocyclopentyl] -N-[1-(2-hydroxyethyl)-1H-pyrazol-
3-yl]acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la,
3a,

4) -3, 4-difluorocyclopentyl] -N-[1-(2-hydroxy-2-methylpropyl)-1
H-pyrazol-3-yllacrylamide,
(E)=2-(4-(cyclopropylsulfonyl)phenyl)-3-[(lo, 30,

4a) -3,4-difluorocyclopentyl] -N-(1-{[ (4R)-2,2-dimethyl-1,3-diox
olan-4-yl]lmethyl}-1H-pyrazol-3-yl}acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

4) -3,4-difluorocyclopentyl] -N-(1-{[(4S)-2,2-dimethyl-1,3-diox
olan-4-yl]lmethyl}-1H-pyrazol-3-yl}acrylamide,

(E) =2—-(4-(cyclopropylsulfonyl)phenyl)-3-[(lo, 30,

4) -3,4-difluorocyclopentyl]-N-{1-[ (2R)-2,3-dihydroxypropyl]-1
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Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.57 (brs, 1H), 26A 2= 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
=12 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+)
27A6 I, 21si% d. J = 10,4 Hz, 11-1), 7.49 (d, J = 8.6 Hz, 2H), 7.50 (brs,
H‘pyiﬁiosl.c‘)g‘(&ii 3T IHI ™5 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
(E)-2-(4-(cyclopropylsulfonyl)phenyl)=3-[ (1o, 3,

4a0) -3,4-difluorocyclopentyl ] -N-(1-{[(4S)-2,2-dimethyl-1,3-diox
olan-4-yl]lmethyl}-1H-pyrazol-3-yl}acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,

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

(E) -N-(benzo[d]thiazol-2-y1l)—-2-(4-(cyclopropylsulfonyl)phenyl)
-3-[(1la, 3o, 4a)-3,4-difluorocyclopentyl]acrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4) -3, 4-difluorocyclopentyl] -N-(6—-methoxybenzo[d]thiazol-2-y1)
acrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(lQ, 3d,
4) -3,4-difluorocyclopentyl]-N-[6-difluoromethoxy]benzo[d]thia
zol-2-yllacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (1o, 30,

4a) -3,4-difluorocyclopentyl] -N-(6-fluorobenzo[d]thiazol-2-yl)a
crylamide, 2-methylethyl
2-{(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl]lacrylamide}benzo[d]thiazol-6-carbo
xylic acid, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1a, 30,
4a) -3,4-difluorocyclopentyl]-N-(thiazolo[5,4-b]pyridin-2-yl)ac
rylamide,
(E)-N-(5-butoxythiazolo[5,4-blpyridin-2-y1l)-2-(4-(cyclopropyls
ulfonyl)phenyl)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl]acrylamide,

(E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,
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NEI H), 2.37-2.51(m, 1H), 2.82 (g, 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). 0m 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+)

40) ~Bolg GBI MPIHT A5 RED =/ 10,41, T g, Frgbhogacthoxy ) thiazolo (5,

4-b]lpyridin-2-yl)acrylamide, ethyl
2—-{2-[(R)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[ (10, 30,

4) -3,4-difluorocyclopentyllacrylamide]thiazolo[5,4-blpyridin-
5-yloxylacetate, (E)-3-[(la, 30,

4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide, (E)-3-[(1la, 30,

4a) -3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(5-
methylpyrazin-2-yl)acrylamide, (E)-3-[(1la, 30,

4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]-N-(1-
methyl-1H-pyrazol-3-yl)acrylamide, (E)-3-[(lQ, 3d,

4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen
y1l]-N-(thiazol-2-yl)acrylamide, (E)-3-[(1la, 30,

4a) -3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen
y1]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(la, 30,
4) -3,4-difluorocyclopentyl]—-2-[4—-(2-methoxyethylsulfonyl)phen
y1]-N-(l-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
production process with the compound represented by the general
formula (2) as an intermediate:

[0058]

[Chemical formula 6]
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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=1.8Hz 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),
.48 (d,J = F

HN~p

[0059]
(wherein R!, R?, 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
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
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,
l-methyl-2-bromopyridinium iodide, N,N’-carbonyldiimidazole,
diphenylphosphoryl chloride, diphenylphosphoryl azide,
N,N’-disuccinimidyl carbonate, N,N’-disuccinimidyl oxalate,
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride,
ethyl chloroformate, isobutyl chloroformate,
benzotriazo-l-yl-oxy—-tris(dimethylamino)phosphonium

hexafluorophosphate, and N-bromosuccinimide/triphenylphosphine.
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.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 NO......... A ir yOMe -."".14 #
00013)al1.93-2.18 (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,

n t%ll-gé 7.42 gbsrs, MX 7.48 (dt, J = 8'61"1%': HZ,tZHé, 791 (d,J rbl.2 HZ,E}H), cther
\98REE 86 ESIFTABZEMH S "IE FRE2FY 6100 () 298997 147
withC%%Bg%.Q%—Z.lg rg, 1EH) 2.35-2.48 (m, ]qu ESlIJ-g)eé‘r 6i% E%\?;Lg %S 3? Ss, so

39 (S BFACI E 6. 7Y, 2P RE.UseS 1D 0DMéE &5
long=a65'7ﬂz’125|_|)hét71i_%§gl(\me’c?ﬂ)h 7t]f156(dreaction . 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
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,
N-methylmorpholine, imidazole, N-methylpyrrolidine,
N-methylpiperidine, 1,5-diazabicyclo[4.3.0]lnon-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,
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 usedas 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,
hexane, cyclohexane, benzene, toluene, and xylene; halogenated
hydrocarbon solvents such as dichloromethane, 1,2-dichloroethane,
chloroform, and carbon tetrachloride; ether solvents suchasdiethyl

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

such as acetonitrile, propionitrile, nitromethane, nitroethane,

42



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 (9, J = 7.3 MH+) NO.,,,.... 33A

'v-,.OR ..I N Hz,2H),3.75-3.81(m,2H),4,44-4,51(m,2H), ' .72-4.94 (m. 2H),
N, N-%%%ij%%?m@}iﬁ;, ?TzTgtWiR#ﬁ,eﬁ S50 (M 2H9 786 (d 2 &

dime%ﬁ%ﬁzbulfoxide. The reaction typically proceeds smoothly at
-78°C to 200°C.
[0061]

5 Furthermore, 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]

E
% Fllh H
F”"O"’, First Step | H
P*Ph,X"
(3) @)
Flm
Third Step
> R! | RS
R1\\ R [I\\
y,,/ 1 O
RZ Rz
7
10 (wherein R® represents an optionally substituted alkoxy group or

an optionally substituted amino group, R’ represents a boric acid
derivative, a halogen atom, or a trifluoromethanesulfonyloxy group,
and X represents a halogen atom; R' and R? are as defined above)
[0062]

15 (First Step)

This step is for producing an acrylic acid derivative (4) by
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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),
2.88a,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,
'Hi, 7.42 34A % H), 7.48 %j J=8.6 Hz 2H) 7.86(d,J=12Hz
reaciing 852 (G YL ﬁz?ﬁﬁfegs §§% &y 3, foypytd (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, andpotassiumbis(trimethylsilyl)amide,
metal hydrides suchas lithiumhydride, sodiumhydride, andpotassium
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,
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,
tetrahydrofuran, and 1, 4-dioxane. The reaction proceeds smoothly
at —-80°C to 80°C.

[0063]
(Second Step)

This step is for producing a
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
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(00013)al1.92-2.20 (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,

11 dJlHl 0094] [Table 7 N,0O
2 G5 T GO f%ﬁbil%t(ﬁ]f[ﬁa—%tei%ﬁﬁrif&ﬁbz?ﬁfte' calcium
2 37-2.47 (m, 1H), 3. 3H), 3.49:3.53 (m, 1H), 3.78:3.82 (m .
carbgiais o CORL A G R B T H Ao K6 LETAY o & (rgobic bases

such as)55%é%¥§33mlne, diisopropylethylamine,

N, N, N,N-tetramethylethylenediamine, diazabicyclo[5.4.0]-7-
undecene, diazabicyclo[4.3.0]-5- nonene, phosphazene bases, and
pentaisopropylguanidine. However, inthisreaction, 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,
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.

[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)
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 R’ is a halogen atom or a

trifluoromethanesulfonyloxy group, for example, boric acid,
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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=8.0Hz, 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)al.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 ....iIN". 5.5 Hz, 4.9
pl“aﬁ%fﬁﬁ?. ﬁ.sz*?f&?g“zoﬁéli—?z,likg - AHENE 3TAN T 55592 )" £.85-5 ggpound
. (m, 1Fl), 4.96-5,06 (m, 1H). 6.7Q.(d, J = 10.4 , 1H), 7.49 (d, J = 8.6
1nt02?_|)1?0/1.f (S’ngl g%(rﬁzaéﬁ)\’f%f {d}lje: i% Ze presence of a pal_i

complex, such as

adium

1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride,
andanaceticacidsalt, suchaspotassiumacetate. 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
1,1-bis(diphenylphosphino)ferrocene-palladium(II) dichloride,
can be used.

As the base used in this reaction, a carbonic acid salt such
as sodium carbonate, potassium carbonate, calciumcarbonate, cesium
carbonate, and barium carbonate, or an acetic acid salt such as
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
as dichloromethane, 1,2-dichloroethane, chloroform, and carbon
tetrachloride; ether solvents suchasdiethyl 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,

l-propanol, 2-propanol, l-butanol, 2-butanol, 2-methyl-1-propanol,
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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, IMI-1+) 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. - al U-11_1)110

SN AR R R W T
s olv(e)g%],'g)o%l'év?o(ségth%'eSel Si gld_g %1925_%’%}6(1% sESiIE)ScOosni%l(;at ion, may be
used. The reaction proceeds smoothly at -80°C to 150°C.

[0065]

One 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
useful for the treatment or prevention of type I diabetes, type
IT diabetes, hyperlipemia (hyper LDL cholesterolemia,
hypertriglyceridemia, and hypo HDL cholesterolemia), obesity,
insulinresistance, impairedglucose tolerance, metabolic syndrome,
and the like.

[0066]

The pharmaceutical of thepresent inventionmaybe administered
orally or parenterally, for example, intrarectally, subcutaneously,
intravenously, intramuscularly, or percutaneously.

[0067]

The 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

produced by adding a pharmaceutically acceptable carrier to the
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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=6.7Hz, 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).  (coso0) al.85-2.05 (m, 2H), 2.08-2.28 (m, ZH%,I(ESH) 468.1 C-
Compﬁb‘%%%.%é-’é%%ﬁﬁ Y3188 B 3. 74 (GE =T Ry SefutiohLy used

additives such as excipient, extender, binder, disintegrator,
coating, sugar-coating agent, pH modifier, and solubilizing agent
and an agqueous or non-—-aqueous solvent are added to the compound
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]

The 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
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
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

including sulfonylureas, biguanides, glucagon antagonists,
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?0H ?(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,
OH),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+) | |

0-g 1§ SPR 115 8 S5dd TP B OMD YL I 7455 BT (h BHYE BERIEE 5 = A AuLin
Hz, 1H), 7.54-7.58 (m, 2H), 8.00-8.06 (rn, 2H), 8.48 (d, J = 1.2 Hz, 1H),

Se“séﬁbz(ed%?]': i‘.%%zt,gﬁa %h%)g'l (+) 42A0  LI,OEtNF.... if ...y.OR +"..N

[007§ DCI3)61.36 (t, J = 7.3 Hz, 6H), 1.93-2.22 (m, iH), 2.39-2.53 (m. 1H),

17 (s, 3H), 4.15-4.33 (M, H), 4.74-4.97 (m, 2H), 7.21(d, ,.1 = 10.4 Hz,

1F%xamplesofthesulfonylureasincludeglyburide,glimepiride,
glipiride, glipizide, chlorpropamide, gliclazide, glisoxepide,
acetohexamide, glibornuride, tolbutamide, tolazamide, carbutamide,
gligquidone, 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 O-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
or a pharmaceutically acceptable salt thereof may be administered
simultaneously, sequentially or separatelywithother antidiabetic,
hypoglycemic, and anti-obesity agents.
[0071]
Example 1

3-[(1a, 30,

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

acid ethyl ester

[0072]

[Chemical formula 8]
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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 NO .....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, IMH+) 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 =
8oﬁ4z 2H), 757(s 1H), 808(d J=8.0 Hz, 2H) 823(t J=2.4 Hz, 1H),

RCDHEB.6 1.8 Hz, 2H), 8.03 iclt, J = 8.6, 1.8 Hz. OH). _ 45A
, DCI3) 61.41 (t, J = 7.3 Hz, 3H), 1.88-2.18 (m, ESI+)424.2 H),
30-2.45 (m, 1H), 3.16 (s, 3H), 4.01 (q, J = 7.3 MH+) Hz, 2H), 4.69-4.94
oo7gT 2H), 6.76 (d, J = 1.8 Hz, 1H), 7.12 (cl, J = 10.4 Hz, 1H), 7.30 (d, J =
4 Hz, 1H), 7.43-7.50 (m, 3H), 8.04 (d, J = 8.6 Hz, 1H). 46A
?{#61 3-2.17 (m, 4H), 2.35-2.46 (m, 1H) .16 (s. 3H), 4.72-4.92 (m,
d’3=3.0Hz, .. 1H), 710(brs|l|) 715 |d j = 10.4 Hz, 1H), 7.46

—ga)4—§iffﬁ%ggb§%ﬁé§é %§q)met rlp %gﬁospﬁ%gl%giiodlde

(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 -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
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
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
= 4:1) to give 3-[(la, 30,

4) -3,4-difluorocyclopentyl]-2-[4- (methylthio)phenyl]acrylic
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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),
472a J=4.3 Hz, WO, 4.71-4.78 (m, 1H), 4.85-4.90 (m, 1H), 6.81J=2.5
. }1111)1712d3 jéMHz 1 H), 7.37 MH-t) 442.1 (d, J = 2.5 Hz, 1H),
aCld i 7e(Fntel ) 7:48%d7h " 8.0 Hz, 2H), 8.05 (d, J = 8.6 Hz, 2H).

g N%%?,%@flq ZBR o) e 7 alse Wy e o T e g -

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 (g, J =
7.3 Hz, 2H), 4.27 (9, J = 7.3 Hz, 2H), 4.68-5.04 (m, 4H), 6.13 (d,
J=9.8Hz, 1H), 7.00 (d, J=10.4Hz, 1H), 7.03-7.08 (m, 2H), 7.22-7.25
(m, ©H).

MS (ESI') m/z: 327 (MH").

[0074]

Example 2

3-[(1la, 3a,

4a) -3,4-Difluorocyclopentyl]—-2-[4- (methylsulfonyl)phenyl]lacryl

ic acid ethyl ester

[0075]

[Chemical formula 9]

Me.

[0076]

3-[(la, 3o,
4) -3,4-Difluorocyclopentyl]—-2-[4-(methylthio)phenyl]acrylic
acid ethyl ester (3.00 g) was dissolved in dichloromethane (31 mL) .

m-Chloroperoxybenzoic acid (5.37 g) was added to the prepared
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....... 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)al.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 (g, JMN+) __4.89Hz2H)4.10(dd J=4.9.6.1Hz 2H), N _

solup: -4.@%%%% H680 (159 27512 2119), 72 [ ¥ 3eas was stirred for

0.5 hours while cooled in the ice bath and further stirred at room
temperature for 1.5 hours. 1Insoluble materials in the reaction
mixture were removed by filtration, and the filtrate was diluted
with dichloromethane (42 mL). The obtained dichloromethane
solution was washed with a 10% agqueous 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-[(la, 3a,

4) -3,4-difluorocyclopentyl]—-2-[4-(methylsulfonyl)phenyl]lacryl
ic acid ethyl ester (3.41 qg).

'H NMR (400 MHz, CDCls) & 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 (g, J = 7.3 Hz, 2H), 4.29
(q, J = 7.3 Hz, 2H), 4.69-5.10 (m, 4H), 6.29 (d, J = 9.8 Hz, 1H),
7.09 (d, § = 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]

Example 3

(E)-3-[ (1o, 30,

4) -3,4-difluorocyclopentyl]—-2-[4- (methylsulfonyl)phenyl]lacryl

ic acid methyl ester

[0078]
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Jz-- 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),

4,84-4.92 (m, 1H), 6.82 (d, J = 2.4 Hz, 1 H), 7.12 (d, J
[Chemjﬁaé r?‘“i“ﬁ‘) %

Hz, 1H).

I (d, 3= 2.4 Hz, 1H), 7.46 (m, 2H), 8.06 (d, J = 7.9

[0079]

-[(la, 3o,
4a) -3,4-Difluorocyclopentyl]-2-[4—- (methylsulfonyl)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
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-[(la, 30,
4) -3,4-difluorocyclopentyl]—-2-[4-(methylsulfonyl)phenyl]lacryl
ic acid methyl ester (3.98 qg).
'H NMR (400 MHz, CDCls) & 1.87-2.20 (m, 4H), 2.43-2.58 (m, 1H), 3.10
(s, 3H), 3.78 (s, 3H), 4.69-4.95 (m, 2H), 7.12 (d, J = 11.0 Hz,
1H), 7.34 (4, J = 7.9 Hz, 2H), 7.96 (d, J = 7.9 Hz, 2H).
MS (EI) m/z: 344 (M').
[0080]

Example 4

(E)-3-[(la, 30,
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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 =  1H), 7,11
ql1 C =

2 'A H AN ¥

ic a523 Me 0)CMe 171,.. (9-..."0O ""'N"™ coci3) al.32 (s, 3H), 1.36 (s, 31-1),
91-2.16 (m,(ESI+) 4H), 2.31-2.46 (m, 1H), 3.16 (s, 3H), 3.68 (dd, J
0087 MH+) 8.6, 6.1 Hz, 1H), 4.01 (dd, J = 8.6, 6.1 Hz, 1H), 4.05-4.09 (m, 2H),

411-4.40 (m, 1H), 4.70-4.94 (m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 7.11 (d, J =
104 Hz, 111), 7.37,(d, J = 1.8 Hz, 1H), 7.42-7.49 (m, 3H), 397.1 ()

[Chemical

[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-[(1lx,
3a,

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

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, thereactionmixture was evaporated under reduced pressure.
Water (37 mL) was added to the residue, and the precipitate was
collectedbyfiltrationandwashedwithwater (100mL). Thecollected
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, tomake it acidic. The resultant precipitate
was collected by filtration and washed with water (100 mL) to give

(E)-3-[(1lo, 3o,
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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

—24HZ 1H), 6.78 (d,J=10.4Hz, 1 H)751(dJ 2.4 Hz, 1H), 7.52
&i Q%ngocyclopentyl]— -4 —(methylsulfonyl)phenyl]acryl

ic acid (3.26 g).

'H NMR (400 MHz, CDCl3) & 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).

MS (EI) m/z: 330 (M').

[0083]

Example 5

(E)-3-[(1la, 30,

4) -3,4-difluorocyclopentyl]—-2-[4—- (methylsulfonyl)phenyl]-N-(t

hiazol-2-yl)acrylamide (compound 1A of the present invention)

[0084]

[Chemical formula 12]

Me.

5%

[0085]
Thionyl chloride (3.43 mlL) was added to (E)-3-[(la, 3a,
o) —-3,4-difluorocyclopentyl]-2-[4- (methylsulfonyl)phenyl]acryl
icacid (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

mixture, and the resultant mixture was evaporated under reduced
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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=2,4Hz, 1H),6.78 (d,J =104 H H), 7.49-7.55 (m,
Pres 3 oo e LA O (SEaIOT 655250l AL H4ei5 &0 s, (1+37

oy ESLOSETL 3186, 472495 (n 24, T4 IZLBHEMEN, |
the mixture was stirred at room temperature for 1 hour. The reaction
mixturewasdilutedwithethyl acetate (30mL) andwashed sequentially
with 1 mol/L hydrochloric acid (30 mL x 2), a saturated aqueous
sodium hydrogen carbonate solution (30mL x 2) and saturated brine (30
mL), dried over anhydrous sodium sulfate, and filtrated, and the
solvent was evaporatedunder reducedpressure. Theobtainedresidue
was purified by silica gel column chromatography (eluent;
chloroform : methanol = 50:1), and the obtained compound was washed
with diethyl ether to give (E)-3-[(lQ, 3d,
4) -3,4-difluorocyclopentyl]—-2-[4- (methylsulfonyl)phenyl]-N-(t
hiazol-2-yl)acrylamide (154 mg).
MS (ESI') m/z: 413 (MH').
HRMS (ESI') for CigHi9F,N,03S,(MH"): caled., 413.08051; found,
413.08048.
'H NMR (400 MHz, CDCl;) & 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).
[0086]
Example 6

Compounds 2A to 62A of the present invention were produced

according to the same procedure as in Example 5.

Inthe following Tables, theoptical rotations of the compounds
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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 =

TR 89“.2H4z9A'1(£6,A7.9?€’f‘d, ﬁ‘%dsj.gei z‘?%ﬁ%‘ﬁ%e(%,e%)%“ﬁfdb%i B frfieasured

e, al . OCHF2 DMS0-d6)81.82-2.15 (m, 2H), 2.15-2,25 (m, ESI+)529.1
uSINg e O ER S 635/ THY 3126 ?s?%ﬁ%,eé%-ﬁ. (RS Elf,Eg.tdbe-é?B‘?pou“ds

51A ggal%&££§%«¥géig%égg%%Fanention were measured using
dichloromethane. The optical rotations of the rest of the compounds
of the present invention were measured using chloroform.

[0087]

[Chemical formula 13]

F,
%

Foer

2T

~A

Me.

o

[0088]

[Table 1]
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7nl Isl - nen LJ_11J)/ 11, /AAl - OCOA u.. 57A
Hz, 1H), 7.77 (d, J = 7.9 Hz,
12.7 (s
ESI+)538.1

1H).

me 4.54-4.67 (m, 2H), 4.75-4.95 (m, 2H), 6.88 (d, J

1H), 7.50 (d, J = 7.9
1H), 7.88 (s, 1H), 7.96 (d, J = 8.6 Hz, 2H),
(DMSO0-d6)61.95-2.17 (m, 411), 2.39-2.51(m
1H), 3.19 (s, 3H), 3.45 (s, 3H), 3.77-3.79 (M, 2H) MH+)

Compound
No.

Structure (A)

1H NMR (400 MHz)

MS (m/z)

Optical
rotation

2A

L

S

CDCI3) & 1.93-2.15 (m, 4H), 2.38-2.48 (m, 1H),
3.17 (s, 3H), 4.75-4.80 (m, 1H), 4.88-4.93 (m, 1H),
6.99 (d, J = 25 Hz, 1 H), 7.25 (d, J = 9.2 Hz, 1H),
7.45 (d, J = 8.6 Hz, 2H), 8.08 (d, J = 8.6 Hz, 2H),
8.13 (s, 1H).

ESI+)
MH+)

431.1

3A

DMSO-d6) § 1.80-2.00 (m, 2H), 2.04-2.25 (m,
2H), 2.47-2.70 (m, 1H), 3.25 (s, 3H), 4.78-5.12 (m,
2H), 6.88 (d, J = 10.4 Hz, 1H), 7.47 (d, J = 8.6 Hz,
2H), 7.56 (s, 1H), 7.94 (d, J = 8.6 Hz, 2H), 12.7 (s,
1H).

ESI+)
MH+)

4471

4A

CDCI3) & 1.71-2.18 (m, 4H), 230 (s, 3H),
2.35-2.48 (m, 1H), 3.18 (s, 3H), 4.71-4.95 (m, 2H),
6.57 (d, J = 1.2 Hz, 1H), 7.27 (d, J = 10.4 Hz, 1H),
7.43-7.48 (m, 2H), 8.05-8.10 (m, 2H), 8.36 (brs,
1H).

ESI+)
MH+)

4271

5A

CDCI3) & 1.92-2.19 (m, 4H), 2.35-2.48 (m, 1H),
2.41 (d, J = 1.2 Hz, 3H), 3.17 (s, 3H), 4.72-4.95 (m,
2H), 7.04 (d, J = 1.2 Hz, 1H), 7.25 (d, J = 11.0 Hz,
1H), 7.44-747 (m, 2H), 8.04-8.10 (m, 2H), 8.30
brs, TH).

ESI+)
MH+)

4271

6A

CDCI3) & 1.43 (s, 3H), 1.47 (s, 3H), 1.96-2.20 (m,
4H), 2.37-2.49 (m, TH), 3.19 (s, 3H), 3.93 (dd, J
7.9, 6.7 Hz, 1H), 427 (dd, J = 7.9, 6.7 Hz, 1H),
4.74-4.80 (m, 1H), 4.87-4.93 (m, 1H), 5.07 (t, J 3
6.7 Hz, 1H), 6.94 (s, 1H), 7.26 (d, J = 11.0 Hz, 1 H),
7.46 (d, J = 8.0 Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H),
8.39 (s, TH).

ESI+)
MH+)

513.1

(+)

[0089]

[Table 2]
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58A

..... /4's 8.6 Hz, 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (4, J
2H), 7.79 (d, J = 9.2 Hz, 1H), 8.10 (d, J

(CDCI3)81.30 (t, J = 7.3 Hz, 39), 1.91-2.20 (m,(ESI-1-)566.1

2.38-2.52 (m, 1H), 3.19 (s, 39), 4.26 (g, J = 7.3(MH+)

8.6 Hz,
1.8 Hz, 2H), 8.41 (brs, 19).

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 =

1=

10\ 7 40 (A

7 —

10-A
LVU.

7A

Zxd), 75490,

Me. ,Me

x

o ©°

[CDCI3) 6 1.43 (s, 3H), 1.47 (s, 3H), 1.96-2.20 (m)
AH), 2.37-2.49 (m, TH), 3.19 (s, 3H), 3.93 (dd, J =
79, 6.7 Hz, 1H), 427 (dd, J = 7.9, 6.7 Hz, 1H),
4.74-4.80 (m, 1H), 487-4.93 (m, 1H), 5.07 (¢, J =
6.7 Hz, 1H), 6.94 (s, 1H), 7.26 (d, J = 11.0 Hz, 1 H)]
7.46 (d, J = 8.0 Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H),
8.40 (s, TH).

ESI+)
MH+)

513.1

(=)

8A

CDCI3) & 1.93-2.19 (m, 4H), 2.36 (brs, TH),
2.40-2.52 (m, 1H), 3.07-3.14 (m, 1H), 3.18 (s, 3H),
3.69-3.84 (m, 2H), 4.67-4.74 (m, 1H), 4.74-4.82 (m,
1H), 4.86-4.96 (m, TH), 6.91 (s, TH), 7.24 (d, J S
11.2 Hz, 1 H), 7.46 (d, J = 8.6 Hz, 1H), 8.08 (d, J 5
8.6 Hz, 2H), 8.75 (s, 1H).

ESI+)
MH+)

4371

+)

9A

CDCI3) & 1.93-2.19 (m, 4H), 2.36 (brs, 1H)
2.40-2.52 (m, 1H), 3.07-3.14 (m, 1H), 3.18 (s, 3H)
3.69-3.84 (m, 2H), 4.67-4.74 (m, 1H), 4.74-4.82 (m,
1H), 4.86-4.96 (m, 1H), 6.91 (s, 1H), 7.24 (d, J H
11.2 Hz, 1H), 7.46 (d, J = 8.6 Hz, 1H), 8.08 (d, J S
8.6 Hz, 2H), 8.75 (s, 1H).

ESI+)
MH+)

43741

(=)

10A

CDCI3) & 1.26 (s, 9H), 1.90-2.19 (m, 4H),
2.37-2.52 (m, 1H), 3.18 (s, 3H), 4.71-4.96 (m, 2H),
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, TH).

ESI+)
MH+)

469.1

1A N

CDCI3) & 1.42-1.85 (m, 6H), 1.90-2.19 (m, 4H),
2.36-2.49 (m, 1H), 2.91 (t, J = 6.7 Hz, 2H), 3.18 (s|
3H), 3.41-3.50 (m, 1H), 3.65 (td, J = 9.8, 6.7 Hz,
1H), 3.71-3.81 (m, 1H), 3.97 (td, J = 9.8, 6.7 Hz,
1H), 457 (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).

ESI+)
MH+)

541.2

[0090]
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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 stHz, 1H),

7 A Z AL (i QLN | AL O NO—LA—1T oA 1} AN

FAZ-TAS{m, 3H); ‘%?m 591512000 A 2 B0 8 (Gl § O HE 2
8'1 ]'-8'14(m’ 2'6'21’ 82% brsJ1 /"2.85 (t, J = 5.5 Hz, 2H), 3.18 (s, 3H),(MH+)

12A N 3.85 (g, J = 5.5 Hz, 2H), 4.72-4.96 (m, 2H), 6.69 (s
Ay 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).

CDCI3) & 1.93-2.19 (m, 4H), 2.41-2.54 (m, TH){ESIH) 520.1
2.79 (s, 6H), 3.18 (s, 3H), 4.74-4.97 (m, 2H), 7.31(MH+)
13A /Q \ NMe,

7 ss d J = 104 Hz, 1H), 7.45-7.49 (m, 2H), 7.83 (s]
0 1H), 8.07-8.12 (m, 2H), 8.67 (brs, TH).

DMSO-d6) & 1.82-1.99 (m, 2H), 2.10-2.20 (m{ESI+) 575.1
2H), 2.39-2.41 (m, 4H), 251-265 (m, 1H){MH+)

NMe
N o . . —4. N |
RN £) 290300 (m. 4D, 326 (5, 3H), 486-495 (m, 1)
14A s” 5% 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, TH).

CDCI3) & 1.93-2.22 (m, 4H), 2.42-2.56 (m, TH)(ESIY) 4141
N 3.19 (s, 3H), 4.75-4.97 (m, 2H), 7.32-7.38 (m, 1H)(MH+)
15A Y

X 7.46-7.50 (m, 2H), 8.11 (dd, J = 8.6, 1.8 Hz, 2H),
8.29 (d, J = 1.2 Hz, TH), 8.91-9.05 (m, 1H).

CDCI3) & 1.92-2.20 (m, 4H), 2.39-2.56 (m, TH)(ESH) 428.1
Me 151 (s, 3H), 3.18 (s, 3H), 4.73-4.97 (m, 2H), 7.34(MH+)

16A N d, J = 104 Hz, 1H), 7.44-7.50 (m, 2H), 8.08-8.12
S m, 2H), 8.76 (brs, 1H).

CDCI3) § 1.33 (t, J = 7.9 Hz, 3H), 1.94-2.20 (m(ESI+) 4421
Et 4H), 2.42-2.55 (m, 1H), 2.85 (q, J = 7.9 Hz, 2H){MH+)
/L\II_E( 3.20 (s, 3H), 4.75-4.98 (m, 2H), 7.35 (d, J = 10.4
S Hz, 1H), 7.45-7.51 (m, 2H), 8.09-8.14 (m, 2H), 8.76
brs, TH).

17A

CDCI3) & 1.93-2.18 (m, 4H), 2.42-2.52 (m, 1H)(ESI+) 4441
OMe 3.18 (s, 3H), 401 (s, 3H), 474-4.83 (m, 1H){MH+)

N,—\( 4.88-4.96 (m, 1H), 7.32 (d, J =10.4 Hz, 1H), 7.46 (d,
S J = 7.9 Hz, 2H), 8.10 (d, J = 8.6 Hz, 2H), 8.74 (s,
1H).
[0091]
[Table 4]
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(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 (g, 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),

8.03-8.08 (m, 2H),

7.45-7.50 (m, 2H), 7.54 (brs, 1H), 7.88

(d, J = 3.1 Hz, 1H),

8.22 (d, 1=9.2 Hz, 1H). (CDCI3)51.93-2.20 (m,

7/Il+ 'I—IZ

Hz,

19A

~N
y
N

A ALBLE

(e (o
CDCI3) & 1.9022.20 (m, 4H’5 237 2/16 (m 1’H)
3.16 (s, 3H), 4.70-4.82 (m, 1H), 4.88-2.93 (m, 1H)]
7,06 (dd, J = 6.7, 49 Hz, 1H), 7.13 (d, J = 10.4 Hz,|
1H), 7.48 (d, J = 7.9 Hz, 2H), 7.64 (s, TH), 7.74 (t, J
= 7.9 Hz, 1H), 8.06 (d, J = 8.6 Hz, 2H), 8.21 (d, J =
3.7 Hz, TH), 8.30 (d, J = 7.9 Hz, TH).

Al—l\ 229.2 53 {I:QI.L) 5512 (MH-+)

ESH)
MH+)

407.2

L

20A

CDCI3) & 1.91-2.19 (m, 4H), 2.35-2.50 (m, 1H),

Hz, 1H), 7.43-751 (m, 3H), 7.64 (brs, 1H),
8.04-8.10 (m, 3H), 8.32 (dd, J = 9.2, 4.3 Hz, TH).

ESI+)

3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.13 (d, J = 10.4(MH+)

425.1

21A

CDCI3) & 1.92-2.20 (m, 4H), 2.36-2.50 (m, 1H)
3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.13 (d, J = 11.0
Hz, 1H), 7.44-7.51 (m, 2H), 7.64 (brs, 1H), 7.70 (dd,
J = 8.6, 2.4 Hz, 1H), 8.04-8.10 (m, 2H), 8.16 (d, J 5
1.8 Hz, 1H), 8.29 (d, J = 9.8 Hz, 1H).

ESI+)
MH+)

4411

22A

CDCI3) & 1.92-2.19 (m, 4H), 2.35-2.47 (m, 1H),
2.47 (s, 3H), 3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.12
d, J = 10.4 Hz, 1H), 7.45-7.50 (m, 2H), 7.62 (brs,
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).

ESI+)
MH+)

453.1

23A

CDCI3) & 0.61-0.71 (m, 2H), 0.94-1.04 (m, 2H),
1.77-1.90 (m, 1H), 1.91-2.19 (m, 4H), 2.33-2.48 (m),
1H), 3.16 (s, 3H), 4.70-4.95 (m, 2H), 7.11 (d, J T
104 Hz, 1H), 7.35 (dd, J = 8.6, 24 Hz, 1H)
7.44-7.50 (m, 2H), 7.59 (brs, 1H), 8.01 (d, J = 2.4
Hz, 1H), 8.03-8.08 (m, 2H), 8.18 (d, J = 8.6 Hz, 1H).

ESI+)
MH+)

4472

24A

o
LY
o
o g

CcDCI3) & 1.70 (t, J = 5.8 Hz, 1H), 1.90-2.30 (m,
4H), 2.40-2.47 (m, 1H), 3.16 (s, 3H), 4.69 (d, J = 5.8
Hz, 2H), 4.74-4.80 (m, 1H), 4.87-4.93 (m, 1H), 7.13
d, J = 10.4 Hz, 1 H), 7.48 (d, J = 8.6 Hz, 1H), 7.68
s, TH), 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 5
8.6 Hz, 1H).

ESI+)
MH+)

4371

[0092]
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2H), 3.19 (s, 3H), 4.48 (t, J = 5.5 Hz, 2H),

N-H. ...

(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, 2

Example 7 (E)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U,
54a)-3,4-difluorocyclopentyl]acrylic acid ethyl ester [0101] [Chemical

farmula 14] Ft

[0102]
r 1

(la._3U

H).

rt,,,0 O Me24.73-4.96

[0100]

add
for

4a)-(3,4-Difluorocyclo

was suspend&g]
bIS( rimfet

S|Iy1)am|d
e suspens
hour while coole

[(4- yclopropylthio)ph nyI]oxoacetic acid ethyl ester (25.0 g

itetratiydrofivar (186 k). tititih (m, 1H),

DSBSTRIBHENYI RS a Y

a49Friol/IHelrehydéafupartisolution?
oncaled, igHaN sTesbiabhg eaxd thenMiki
40 the 46 bathi)/fs sotution2afiz, 1h).

Gide 560 Y+t

MH+)

120 mL) was
ure was stirré

) 10 in

p—

whil

the

tetrghydrofuran{12 Gng
cooled in an ice bath, an

the ic bat<ﬁ

cooled.i

iXtu

tetrghydrofuran was

g%%ozqmp,wmezt@gtegor?@qw
[CRLant miXie Wag, Sjired

[ESIXTUTE, 0 4

hour
urther s irred at room tem erature for 5

seaours. Watgl (2 Om TWH? 2170”8(3(8 0 TS & llid %Q’[ure nd the pH of
WaiS adjustéd b & with ¥ rﬁ'@l/ﬁ‘fé%ﬁdré@ﬁfbrﬂé” cid. Then,

apordteddutd&Préeficetipréssuld; and the residu
was|extracted with ethyl acetate (2 x 540 mL). The ethyl acetate extractg

D

4a)-

were combined, was

,4-difluorocyclop

(2)-2-[4-(cyclopropylthio)pheny1]-3-[(1a, 3U

£0 was.nurifigdsDy &lliga gekeolmisg
?’% 3EetALe Fof d) JQ gy

acryllc aC|d etﬁyl ester (12.2 g),
4a) -3

Aty

vthsseduratedrbrine (886 oLy, dirieasiver
anhydrous sodium suljatefiliiatess anshganeendsiated wna

pre sure/.ﬁpté‘ﬁdu '
27ghromatogeaphy (elu ange ¢
(E)-2-[4-(cyclopropylt |05J%gn K]

veeluced

e

4221

2-[4
54a
28é-fo

4- dlﬂ

next

Iuorocyclopentyl]
(cyclopr,gpyléplo)
-3,4-dffludyocyclo
rm a J orm). G
step. MS (EIl) m/z

i Acid lethylebReix( 1 b1 R0
rRATHEE](frm, B 282 (a, J = 7.3 Hz, 2H),
pehtyljaorio -acel ety ester {14 519,
¥iihasg, omdyrthe tille compaunelavasy
5 BO210N) 3H), 9.51 (d, J = 1.2 Hz, TH).

ESI+)
MH+)

(a mixture of
iIsed in the

436.2

29A

CDCI3) § 1.92-2.20 (m, 4H), 2.37-2.48 (m, 1H),
3.15 (s, 3H), 400 (s, 3H), 4.74-4.80 (m, 1H),
4.89-4.93 (m, 1H), 7.15 (d, J = 10.4 Hz, 1 H), 7.42
s, TH), 7.48 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 1.8 Hz,
1H), 8.07 (d, J = 8.6 Hz, 2H), 9.11 (d, J = 1.8 Hz,
1H).

ESI+)
MH+)

4381

30A

N O Me

)Ij’\r
Z Me
N

CDCI3) § 1.35 (d, J = 6.1 Hz, 6H), 1.98-2.15 (m,
4H), 2.36-2.47 (m, 1H), 3.16 (s, 3H), 4.74-4.79 (m,
1H), 4.87-4.92 (m, 1H), 5.26 (sep, J = 6.1 Hz, 1H)
7.15 (d, J = 10.4 Hz, 1H), 7.38 (s, 1H), 7.48 (d, J 5
8.6 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).

ESI+)
MH-+)

466.2

[0093]
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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

4a)-3,
formL

)-2H
Ha.
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adde
Was 4

(E)-2F

hloromethane (9

stirred for 1 hour

[4-(cyclopropylsitony))ghesya Js3aj( Lan, 3ds-2.48 (m, 1H))
4-difluorocyclopgntyljacgylicsasidsetinyl 8tes 760404H

éflopropylt \QMG“M%L%[&, &3y 48 (. J = 86 1.
4-difluorocyclop

IQ—:hgékm 2H), 4.74-4.93 (m, 2H), 7.15 (d, J

b9 &

en20|c aC| (

?quq 200 '%B
orogeroxy

WG,

d to the prepared SO|UTIOI>‘i coofje(“:'l in anade bath 5 and the mixture

hile_cooled.in the ice_bath and furth

4.6 g) was

rstirred at

room
were
dichlor

satur
wate
concg

apash

temperature for
removed by filtr

tha 10% a
ated aqueous so

are ('S 109 (The éobtaipidctdichRSrorEthathe

(35 mL), dried oyerianhaydrous sodium sulfate, filtrate
entrated under reduced pressure. The residue was pu

CREG. AT FhEriafs ih e réA
dHh(satth 48 filteednB s dififedaith,

e0UsH, odiumiIStifited) @45oldtion ¢R)
isgahy enegen ieadmrate (sotuijons(@,

KERIA mixtthe?
MH+)
citation was
x 35 mL), a
x 35 mL), and
d, and

rified by silica

gelT
15(E
4a)-3,
384 (M
%8411
7.3 H
2H),4
(m,2k

o

16
z, 20 3H),1.34-1.
74-4.94(m, 2H),
1), 10.4 Hz, 4.24

fummchromatog
-2-[4-(cyclopropy

QKMS (EI) fc

FtH NMR (40t

ErR0S uexamz BNYLICERE
lﬁ?'@g&ék@he% J{%ﬁa b (g u=73
oyl

ty | st r
;',qu {#8 %? ‘Xeca?c 392%4
‘t[ﬁ&é}sé J03 4 B
fors 3y 246 Bty 2. 7/‘9§éfm’ n?nzz'l*ﬂz
7*@78 SO G, A0 9. A7 ‘225'8 5,7

1H), [0106] Example 9

117

Esiil) 1048

i\/IS)(EI) m/z:
1207; found
1.30 (t,J =
,1.91-2.17

.08(d,J = 2H).

25(E

-2-[4-(cycloprop

sotionyd)phengLlL-G[(2h, 30 (. 3H)

ESI+) 4981

4a)-3,4-difluorocyclopertyiiagicracids[0107 b jGhemicaléforimuta 16]
)INTO\/\SMe 3H), 451 (t, J = 6.7 Hz, 2H), 4.73-4.81 (m, 1H),
NG 4.86-4.94 (m, 1H), 7.15 (d, J = 10.4 Hz, 1 H), 7.42
34A s, 1H), 7.48 (d, J = 8.6 Hz, 2H), 7.86 (d, J = 1.2 Hz,
1H), 8.07 (d, J = 8.0 Hz, 2H), 9.09 (d, J = 1.2 Hz,
1H).
CDCI3) & 1.92-2.20 (m, 4H), 2.37-2.51 (m, 1H){ESI+) 484.1
307 (t, J = 5.5 Hz, 1H), 3.16 (s, 3H), 3.36 (t, J S(MH+)
)IN\]/S\/\OH 5.5 Hz, 2H), 3.92 (q, J = 5.5 Hz, 2H), 4.72-4.96 (m,
35A NG 2H), 7.16 (d, J = 10.4 Hz, 1H), 7.44-7.52 (m, 3H),
8.08 (d, J = 7.9 Hz, 2H), 8.15 (d, J = 1.8 Hz, 1H)
9.40 (d, J = 1.2 Hz, TH).
[0094]
[Table 7]
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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 (9.549), and 10 the mixture
was stirred under heating at 98C (internal temperature) for 6 hours. After

allowgd to cool, the reagier)nMxie wasevaparatadunder)
press
was ¢

preci

carbd

%5 C

cooled in an ice bath, thPhakef AcCidtd ' 1) %md

collec

(100
A(L)-

3,4-difluorocyclop

ure. Water (80 mlhyassagdad 0atheegidug, anddhey

ollected by fi2y a@& Wa§h599%§"5*&é"(at%ﬂs'%% sgl'%,g

Rﬁﬁ?;ﬁlutlon (20? I S?f’u{rﬁt? 1454? gl‘;éf"?usﬁ

pncentrated hydrc‘&hla d*étc\ﬂ)vﬂg 359188 R 8&%&
ted by filtration. The $®Hedtidd Pedipitatd HadtvaSh&t 4
mL) to give 20(E)=28/@Hcyalonofydsulid iyl jpheny11-3-|
entyllacrylic acid (7.79 g). MS (EI) m/z

gduged 5522
pcipitate
ted
hydrogen

ne (50 mL x
s layer, while
ipitate was
vith water
(1a, 3U,

7: 356 (Mt).

HAM

11.0

®-2

4a)-3|

of the
chloride (1.00 mL) was|!l@&8 (pJ = 1.8 Hz, 1H), 10.6 (s, 1H).

S (EI) for C87531

I-b
s

2.1 ~2,0:2,62,(m, 25, £,06-4 9441, 20, 5 2
(%EOL 130 % 34 7y w]lggg[-g(’%é'gb%w L0508 £
4- dlfluorocyclopeH'f?%’/] iz(ﬁttﬁlaﬂ(gf‘i'i/lﬁﬁ A iide &H
present inventio {371 & [Chéitaliorfdie 17T 61

BSQ Ss(Migs-6alcdy, 300 DG4 29ames356.03¢:

tnglllMR (400 MHz, CDfed 3)56-3 4391 11-9 @54 ?sHémls% dift €

2H),
4 (d,5J =
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1] 15Thionyl

(E)-2
4a)-3

heate
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5 m
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mgq) i
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}added t0 she s s r%tuta{mr%tkéfe
gjsur_e 3\ ,FA Scﬁ aér}gq resi 1uze

Uifioh Of 2 ainG
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d room

0 Toluene
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cooled in a
ure for 1

508.2

(=)

salted ice bath, and the mixture was stirred at room tempera
Wad B49ilated Vidth (etbiyl A8etate ((HFRL) and5082
h)l2rzeob A2 ydrochiorie aididt08 (LM
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BAd th
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with @

4a)-3
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v
ed a u_ecf;hs

odigien dryekogen £ahanate salusiom{31m)
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ntwas e Dq{ﬁt‘?g YRdeRIBdUCadRISIBUELR; T.h
glbcen%%)é Wﬁm%mtggr g
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643008701315 IsNIIRS {400 M H 2,1 €NE13) 6 1.17

4 (, 2H), 7.0%,6. 957 & 7oHiZs 3409 Q7 49, d.45 &4 H
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gﬁl\m_'z): 468.1
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z,1H), 7.41
= 8.5, 1.8 Hz
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Example 10.

proeceaute

In the following Table s, the optical rotations of
[009the 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

[0113] [Chemical formula 18] Ft,
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10[0114] [Table 13] Compound E2: Structure (A) 1H NMR (400 MHz) his

(rn/z) Ptical r0S3 .. ....

.e.N.Thl si."-F (COCI3)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’)Rr~|J 10A H =~

||_|\7/|n7/|

41A

(co¢
(m,

LU IL LLIRY N

N\ % OH
I P
N

13)81.13-1.21(m’ “é;:g‘) J4é iﬁz?z? S éﬁ 3§é§1\2+ E‘l?‘B

4H), 2.362u8 (m}2F

e 3%

72 gz ]fl)63_1 t(l\mi],_l_ij (dd, J =116M
6.1 Hz, 1H), 3.85 (dd, = 11.6, 49 Hz, 1H),
4.74-5.01 (m, 3H), 6.86 (d, J = 104 Hz, 1H),
7.54-7.58 (m, 2H), 8.00-8.06 (m, 2H), 8.48 (d, J T

1.2 Hz, 1H), 9.30 (d, J = 1.8 Hz, 1H).

%‘Z i

(+)

42A

b,OEt

/JIN;r “OEt

CDCI3) & 1.36 (t, J = 7.3 Hz, 6H), 1.93-2.22 (m,
4H), 2.39-2.53 (m, 1H), 3.17 (s, 3H), 4.15-4.33 (m,
4H), 4.74-4.97 (m, 2H), 7.21 (d, J = 10.4 Hz, 1H),
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+)
MH+)

544.2

43A

N\ P"O
| EtO OEt
N

CDCI3) & 1.85 (t, J = 7.3 Hz, 6H), 1.98-2.17 (m
4H), 2.39-2.50 (m, 1H), 3.16 (s, 3H), 3.39 (d, J I
21.4 Hz, 2H), 4.06-4.13 (m, 4H), 4.75-4.80 (m, 1H),
4.88-4.94 (m, 1H), 7.18 (d, J = 10.4 Hz, 1H), 7.49
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).

ESI+)
MH+)

558.2

44A

CDCI3) & 1.91-2.14 (m, 4H), 2.32-2.43 (m, 1H),
3.15 (s, 3H), 3.76 (s, 3H), 4.71-4.92 (m, 2H), 6.76
d, J =25 Hg, 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 (dt, J = 8.6, 1.8 Hz, 2H).

ESI+)
MH+)

4101

45A

CDCI3) & 1.41 (t, J = 7.3 Hz, 3H), 1.88-2.18 (m,
4H), 2.30-2.45 (m, 1H), 3.16 (s, 3H), 401 (0, J=7.3
Hz, 2H), 4.69-4.94 (m, 2H), 6.76 (d, J = 1.8 Hz, TH),
7.12 (d, 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, TH).

ESI+)
MH+)

4242

46A

CDCI3) & 1.93-2.17 (m, 4H), 2.35-2.46 (m, 1H),
3.16 (s, 3H), 4.72-4.92 (m, 2H), 7.05 (d, J = 3.0 Hz,
1H), 7.10 (brs, tH), 7.15 (d, 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).

ESHH)
MH+)

446.1

[0096]
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N r'.

2.29 (s, 3H), 2.37-2.47 (m, 1H),MH+) (453.1
4.69-4.94 (m, 2H), 6.57 (d, J = 48 S 1.2 Hz, 1H), 7.27 (d, J = 10.4 Hz,

1H), 4.72-4.95 (m, 2H), 7.26-7.30 (m, 1H), 7.33 (s, 38
7.41-7.45 (m, 2H), 8.01-8.06 (m, 2H), 8.42 (s, 1H). MeN
(CDC13)al.12-1.21 (m, 2H), 1.42-1.49 (m, 2H),(ES1+) 1.90-2.16 (m, 4H),

1H),

... M-5 2.53-2.62 (m, 1H),

H);

47A

7 A0-7.54 (M H),

/C;_,\N\/\F

658580 (8- 2H) (8- 40 (B2 5D (m, 1H),
319 (s, 3H), 421 (t, J = 49 Hz, 1H), 4.28 (t, J 3
4.9 Hz, 1H), 461 (t, J = 4.3 Hz, TH), 472 (t, J = 43
Hz, TH), 4.71-4.78 (m, 1H), 4.85-4.90 (m, 1H), 6.81
d J =25 Hz, 1H), 7.12 (d, J = 104 Hz, 1 H), 7.37
d J = 25 Hz, 1H), 7.45-7.47 (m, TH), 7.46 (d. J 3
8.0 Hz, 2H), 8.05 (d, J = 8.6 Hz, 2H).

ESHH)
MH+)

442.1

48A

. CF
/C\N\/ 3
N

CDCI3) & 1.92-2.13 (m, 4H), 2.33-2.46 (m, 2H),
3.10 (s, 3H), 452 (q, J = 8.6 Hz, 2H), 472-4.92 (m,
2H), 6.94 (d, J = 2.5 Hz, 1H), 7.12 (d, J = 10.4 Hz,
1H), 7.41 (d, J = 2.5 Hz, 1H), 7.46 (dt, J = 8.0, 1.8
Hz, 2H), 7.51 (brs, 1H), 8.05 (dt, J = 9.0, 1.8 Hz,
2H).

ESI+)
MH+)

478.1

49A

/QN\/‘OH

CDCI3) & 1.91-2.16 (m, 4H), 2.33-2.45 (m, 1H),
2.47 (t, J = 5.5Hz, 1H), 3.16 (s, 3H), 3.90 (q, J
4.89 Hz, 2H), 4.10 (dd, J = 4.9, 6.1 Hz, 2H)
14.72-4.93 (m, 2H), 6.80 (d, J = 2.5 Hz, 1H), 7.12 (d,
J = 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).

ESI+)
MH+)

440.1

50A

cDCI3) & 1.13 (s, 6H), 1.92-2.16 (m, 4H)
2.32-2.42 (m, 1H), 3.16 (s, 3H), 3.28 (brs, 1H), 3.91
s, 2H), 4.72-4.80 (m, 1H), 4.84-4.92 (m, 1H), 6.82
d, J=24Hz 1 H),712(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).

ESI+)

MH+)

468.2

51A

CDCI3) § 1.32 (s, 3H), 1.36 (s, 3H), 1.96-2.11 (m,
2H), 2.33-2.44 (m, 1H), 3.16 (s, 3H), 3.68 (dd, J
8.6 Hz, 6.1 Hz, 1H), 401 (dd, J = 8.6 Hz, 6.1 Hz
1H), 4.06-4.08 (m, 2H), 4.32-438 (m, 1H)
4.71-4.79 (m, 1H), 4.84-4.93 (m, 1H), 6.79 (d, J =
2.4 Hz, 1H), 7.11 (d, J = 10.4 Hz, 1H), 7.37 (d, J 5
2.4 Hz, 1H), 7.44 (m, 3H), 8.05 (d, J = 6.1 Hz, 2H).

ESI+)

MH+)

510.2

(+)

[0097]
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(DMS0-d6)150.99-1.20 (m, 4H),1.81-2.00 (m,r(ES1+)453.1 5B N
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,
7.18 (d, J = 1.2 Hz,

(Tabig 50}

[ ==
A4

2 Q2

(Add—3 =—N

2H), 6.80 (d, J = 10.4 Hz, 1H),
1H), 7.43-7.48 (m, 2H), 7.88-7.93 (m, 2H).
al.14-1.20(n,2H),1.43(s,3H), | ES1+)539.1 (+) MeMe 1.45-1.47
1.47 (s, 3H), 1.93-2.16 (m, 4H),MH+) 00 2.36-2.47 (m. 1H).

262 (m 1D

2
J

=8.

52A

0

TOZ 11T, LTT1); O9.J9

6.7Hz,1H), 6B 4

Me
Me

2%
/(\:.\N\%/

4H), 2.31-2.46 (m, 1H), 3.16 (s, 3H), 3.68 (dd, J =
8.6, 6.1 Hz, 1H), 401 (dd, J = 86, 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,
1H), 7.37 (d, J = 1.8 Hz, 1H), 7.42-7.49 (m, 3H),
8.02-8.07 (m, 2H).

IR AR T BTy A R A TY r

397.1

(=)

53A

HO

L or
> N /R
N

CD30D) & 1.83-2.01 (m, 2H), 2.09-2.24 (m, 2H),
2.54-2.66 (m, 1H), 3.15 (s, 3H), 3.45 (d, J = 5.5 Hz|
2H), 3.89-3.94 (m, 1H), 4.00 (dd, J = 13.4, 74 Hz,
1H), 4.16 (dd, J = 13.4, 40 Hz, 1H), 4.73-4.95 (m,
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,
2H), 8.02 (d, J = 8.6 Hz, 2H).

470.2

(+)

54A

HO

= >~ OH
/CN_.\N\/S)\/

CD30D) & 1.81-2.01 (m, 2H), 2.08-2.26 (m, 2H),
2.52-2.67 (m, 1H), 3.15 (s, 3H), 3.45 (d, J = 5.5 Hz,
2H), 3.88-3.95 (m, 1H), 4.00 (dd, J = 14.1, 6.7 Hz,
1H), 4.16 (dd, J = 14.1, 43 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).

ESI+) (MH+)

(=)

55A

CDCI3) & 1.92-2.20 (m, 4H), 2.36-2.50 (m, 1H),
3.16 (s, 3H), 4.72-4.95 (m, 2H), 7.14 (d, J = 1.8 Hz,
1H), 7.17 (d, J = 10.4 Hz, 1H), 7.44-7.49 (m, 2H),
7.88-7.99 (m, 1H), 8.07 (d, J = 8.6 Hz, 2H), 8.31 (d,
J = 1.8 Hz, 1H).

397.1

56A

DMSO-d6) & 1.85-2.02 (m, 2H), 2.10-2.25 (m,
2H), 2.50-2.60 (m, 1H), 3.26 (s, 3H), 4.87-4.93 (m,
1H), 5.00-5.05 (m, 1H), 6.92 (d, J =10.4 Hz, 1H),
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).

4931

[0098]
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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

7.27 (d, J = 10.4 Hz, 1 )y, 2.534F4dm) B 261z, 2H) 4894.451 (M8 Hz,
2H), | 84 H).  liH), 5.00-5.07 (m, 1H), 6.96 (d, J =104 Hz, 1H)]
Py OCHF,

S 721 (t, J = 86.2 Hz, 1H), 7.27 (dd, J = 8.6, 2.4 Hz|
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).

57A

.73-4[81(m, 1H), 4.84-4(0MOT,d8HY 5.88-2115) (m. @, HA513-25 61GBS) 1H),

529.1

DMSO-d6) & 1.95-2.17 (m, 4H), 2.39-2.51 (m[ESI+)

1H), 3.19 (s, 3H), 3.45 (s, 3H), 3.77-3.79 (m, 2H)(MH+)
Y ® ONOM" 4.54-4.67 (m, 2H), 4.75-4.95 (m, 2H), 6.88 (d, J 3
58A s” N 8.6 Hz, 1H), 7.32 (d, J = 10.4 Hz, TH), 7.49 (q, J 5
8.6 Hz, 2H), 7.79 (d, J = 9.2 Hz, 1H), 8.10 (d, J 3
1.8 Hz, 2H), 8.41 (brs, 1H).

538.1

CDCI3) 6 1.30 (t, J = 7.3 Hz, 3H), 1.91-2.20 (m(ESI+)
4H), 2.38-2.52 (m, 1H), 3.19 (s, 3H), 4.26 (g, J = 7.3(MH+)

566.1

‘/g {70t Hz, 2H), 4.74-4.99 (m, 2H), 496 (s, 2H), 6.95 (d. J
59A s” N = 8.6 Hz, 1H), 7.32 (d, J = 10.4 Hz, 1H), 7.49 (d, J =
8.6 Hz, 1H), 7.84 (d, J = 8.6 Hz, 1H), 8.10 (d, J =
8.6 Hz, 1H), 8.42 (brs, 1H).
[0099]
[Table 12]
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C0013)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., 0'0 3.07-3.16 (m, 4H), 4.74-4.97 (m, 2H),

NG:30|(d:

Sticdré (A1) 1

44.(d, =@ Qi cddd i - 1H),

MS (m/z)

60A

(CDCI3) & 1.16-1.22 (m, 2H), 1.46-1.50
(m, 2H), 1.98-2.20 (m, 4H), 2.44-2.54 (m,
1H), 2.57-2.63 (m, 1H), 4.77-4.83 (m,
1H), 4.90-4.93 (m, 1H), 7.36 (d, J = 11.0
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).

(ESI+) 516.2 (MH+)

61A

OEt

=X/

(CDCI3) & 1.41 (t, J = 7.3 Hz, 3H),
1.91-2.19 (m, 4H), 2.33-2.48 (m, 1H),
3.15 (s, 3H), 4.04 (q, J = 7.3 Hz, 2H),
4.71-4.94 (m, 2H), 7.11 (d, J = 10.4 Hz,
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).

(ESI+) 451.2 (MH+)

62A /E

p— NM62
S

(CDCI3) & 1.93-2.20 (m, 4H), 2.29-2.53
(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),
4.73-4.96 (m, 2H), 6.86 (d, J = 9.2 Hz,
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).

(ESI+) 551.2 (MH+)

[0100]

Example 7

(BE)—2-[4—(cyclopropylthio)phenyl]-3-[(1lQ, 3d,

4a) -3,4-difluorocyclopentyl]acrylic acid ethyl ester

[0101]

[Chemical formula 14]
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8.05 (d, J= 8.6 Hz, 2H). CDCI3)al.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), 4.71-49 10B1 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). DMSO0-06)61.01-1.19 (m, 4H),1.82-2.26 (m,
H),2.59-2.69(m,1H),2.86-2.95(m,1H) ESE+)440.1 MH+) ./Nri7'

(la, 3,

40) - (3,4-Difluorocyclopentyl)methyltriphenylphosphonium iodide
(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)
intetrahydrofuran (120mL) was addeddropwisetothereactionmixture
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
reduced pressure, and the residue was extracted with ethyl acetate
(2 x540mL). 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 :
ethyl acetate = 4:1) to give

(E)-2-[4-(cyclopropylthio)phenyl]-3-[ (1, 30,
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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)al.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), 734(d J 128 S 10.4 Hz, 1H), 7.42-7.46 m2

400 Hf eé%Hyfaﬁygﬁypentyl acryllc acid ethyl ester (1

gl
(2)-2-[4-(cyclopropylthio)phenyl]-3-[ (10, 30,

o) —-3,4-difluorocyclopentyl]acrylic acid ethyl ester (7.71 g), and
2-[4-(cyclopropylthio)phenyl]-3-[(lQ, 3d,

4) -3, 4-difluorocyclopentyllacrylic 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 (EI) m/z: 352 (M').

HRMS (EI) for CioHpFuN,0,S (M'): caled., 352.1309; found, 352.1302.
'H NMR (400 MHz, CDCl3) & 0.69-0.73 (m, 2H), 1.04-1.11 (m, 2H), 1.28
(¢, 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 (g, 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

(E)-2-[4—-(cyclopropylsulfonyl)phenyl]-3-[(lQo, 30,

4a) -3,4-difluorocyclopentyllacrylic acid ethyl ester

[0104]

[Chemical formula 15]

[0105]

71



10

15

20

25

8.72 (brs, 1H). [0116] [Table 15] 13B EtN-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 (g, 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-),8.03-8.02[(m,2H),8.73 (brs,

1HIE) PAEDC £3Yat 86 DR (e BHP 1 abr t 5o, 249):1(E€1+)516.2

N-C 1,98:2.20 (m, 4H), 2.44-2.54 (m, 1H), 257-263 mMH1) -IN g The

400 - fi4fl 417 L ABIRY LIRS AO0-ADF ¢ LB, 736 (Y LSSt

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
and further stirred at room temperature for 1 hour. Insoluble
materials in the reaction mixture were removed by filtration, and
thefiltratewasdilutedwithdichloromethane (150mL). Theobtained
dichloromethane solutionwas washedwitha 10% agqueous sodiumsulfite
solution (2 x 35 mL), a saturated agqueous 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
(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[ (1o, 30,

4) -3,4-difluorocyclopentyl]lacrylic acid ethyl ester (9.54 qg).
MS (EI) m/z: 384 (M').

HRMS (EI) for CigH,,F,N,0,S (M"): caled, 384.1207; found, 384.1163.
'H NMR (400 MHz, CDCls) & 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
(qp d = 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-[ (1, 30,
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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,
4.9,1.2 158 =< Hz, 1H) 713(d J=10.4 Hz, 1F1), 7.43-7.48 (m 2H),
56 (31 W ¢id1.1), 8.21 (dd, J = 4.9,

]2Hz '1F). 8.30 (d,J = 8.6 Hz.lH).

[OlO%

[Chemical formula 16]

[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)phenyl]-3-[(lo, 30,

o) —-3,4-difluorocyclopentyl]acrylic acid ethyl ester (9.54 g), and
the mixture was stirred under heating at 98°C (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
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
(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(lo, 30,

o) —-3,4-difluorocyclopentyl]acrylic acid (7.79 qg).
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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,
=24 H éd J=8.6Hz 1H). 00013)a0.60-0.73 (M, 2H),
(5514 %52% di1)473.2 .08-1.20 (m, 2F1), 1.39-1.47 (m, 2F1),

HRMS;ng i %gn&ygg;gm%z ABAEY 232 47mAFL , 50200,

'H NMR (400 MHz, CDCl3) & 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,
5 J=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-[ (1o, 30,

4a0) -3,4-difluorocyclopentyl] -N-(thiazol-2-yl)acrylamide

10 (compound 1B of the present invention)

[0110]

[Chemical formula 17]

[0111]
15 Thionyl chloride (1.00 mL) was added to
(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[ (1o, 30,
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
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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 | 0 DMSO-d6)al.03-1.16 (m, 4H), 1.87-2.01(m,
2H),2.08-2.22(m,2H),2.50-2.57(m,1H)

dlsséfg%é$%§6??g;1ﬁ7 jé%ggég% ﬁ@ g§§%§ @}ﬁHé#bZ4(tJ éiﬁlon of

ESI+)463.2 J=8.6,24Hz 1H), 7.91
2- aman3+ y%}%3§2%(%a lf8§&rié é

prepared solution cooled in a salted ice bath, and the mixture was

1ﬁ? was agé%d to the

stirred at room temperature for 1 hour. The reaction mixture was
diluted with ethyl acetate (5 mL) and washed sequentially with 1
mol/Lhydrochloricacid (8mLx2), asaturatedaqueous sodiumhydrogen
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 :
acetone = 20:1), and the obtained compound was washed with diethyl
ether to give (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(lQa, 30,
o) —-3,4-difluorocyclopentyl]-N-(thiazol-2-yl)acrylamide (66.5
mg) .
MS (ESI') m/z: 439.1 (MH").
HRMS (ESI') for C,oH,1F,N,03S,(MH"): calcd., 439.09616; found,
439.09701.
'H NMR (400 MHz, CDCls) & 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
(d, § = 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
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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

HZComlpH ﬁgcfrs8 dB th 91'%Sg_'BZ’olg_l)t’118é5%1$%’s‘]e§t2'4i'nHvze’ntion were produced

according to the same procedure as in Example 10.
Inthe following Tables, theoptical 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]

F,

Foe

10 [0114]

[Table 13]
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11-1).

Cx'z z\--c ODCI3)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
8.02-836 (m, 2H), 8.18-8.20 (m, 1H),
= 1.8 Hz, 1H).

H),

7.60 Cs. 1H),
8.37 (d, J = 2.4 Hz, 1H), 9.63 (d, J
CDCI3)61.14 (ddd, J = 14,1, 6.1, 2.3 Hz,

COT\I’?@M )44&tﬁlcture (A)

1H NMR (400 MHz)

MS (m/z)

Optical
rotation

2B

e

S

CDCI3) & 1.13-1.20 (m, 2H), 1.42-1.48 (m, 2H),
1.89-2.18 (m, 4H), 2.34-2.48 (m, 1H), 2.52-2.61 (m,
1H), 4.72-4.94 (m, 2H), 7.00 (d, J = 2.4 Hz, 1H)
7.26 (d, J = 104 Hz, 1H), 7.40-7.45 (m, 2H),
8.01-8.06 (m, 2H), 8.15 (s, TH).

ESI+)
MH+)

4571

3B

CDCI3) & 1.13-1.21 (m, 2H), 1.42-1.48 (m, 2H),
1.92-2.18 (m, 4H), 2.36-2.48 (m, 1H), 2.52-2.61 (m,
1H), 4.72-4.95 (m, 2H), 7.26-7.30 (m, 1H), 7.33 (s,
1H), 7.41-7.45 (m, 2H), 8.01-8.06 (m, 2H), 8.42 (s
1H).

ESH+)
MH+)

517.0

4B

CDCI3) & 1.12-1.21 (m, 2H), 1.42-1.49 (m, 2H),
1.90-2.16 (m, 4H), 2.29 (s, 3H), 2.37-2.47 (m, 1H),
2.53-2.62 (m, 1H), 4.69-4.94 (m, 2H), 6.57 (d, J 7
1.2 Hz, 1H), 7.27 (d, J = 10.4 Hz, 1H), 7.40-7.54 (m,
2H), 7.99-8.05 (m, 2H), 8.40 (brs, TH).

ESI+)
MH+)

(453.1

5B

DMSO-d6) & 0.99-1.20 (m, 4H), 1.81-2.00 (m,
2H), 2.07-2.25 (m, 2H), 2.33 (d, J = 1.2 Hz, 3H),
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).

ESI+)
MH+)

4531

6B

CDCI3) & 1.14-120 (m, 2H), 143 (s, 3H),
2.36-2.47 (m, 1H), 2.55-2.62 (m, 1H), 3.93 (dd, J 3
8.0, 6.7 Hz, 1H), 427 (dd, J = 8.0, 6.7 Hz, 1H),
4.73-4.81 (m, 1H), 4.84-4.94 (m, 1H), 5.08 (t, J 5
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).

ESI+)

1.45-1.47 (m, 2H), 1.47 (s, 3H), 1.93-2.16 (m, 4H)MH+)

539.1

(+)

[0115]

[Table

14]
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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),

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,

7.46 (d, J = 8.0 Hz, 2H), 7.52 (brs, 1H), 8.03

3H),
1H),

7B

J=1

T41-1.47(m,2H),1

o O

N *
r \
/ks

D.4 Hz, Mej@')? 7.4

8.0, 6.7 Hz, 1H), 427 (dd, J = 8.0, 6.7 Hz, 1H),
4.73-4.81 (m, 1H), 4.84-4.94 (m, 1H), 5.08 (t, J T
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, TH).

i), 7.16 (d,

BB 1A M4H) bNdn) 28B 1.4XLs N3id)3612.50 (830.1] ()
2.51-2.60 (M, 1H)y 45824§Qm) 2, JZe A, b 318-8% 4D
WL AS (12D 56-9%,(Brs ) 08 Q9807

8B

CDCI3) & 1.13-1.20 (m, 2H), 1.26 (s, 9H),
1.41-1.49 (m, 2H), 1.91-2.19 (m, 4H), 2.37-2.50 (m,
1H), 2.53-2.63 (m, 1H), 4.71-4.95 (m, 2H), 6.59 (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).

ESI+)
MH+)

495.2

oB

CDCI3) & 1.12-1.20 (m, 2H), 1.44-1.48 (m, 2H),
1.95-2.17 (m, 4H), 2.30 (s, 3H), 2.43-2.54 (m, 6H),
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),
8.05 (d, J = 8.6 Hz, 2H).

ESI+)
MH+)

601.1

10B

CDCI3) & 1.14-1.21 (m, 2H), 1.43-1.49 (m, 2H),
1.91-2.17 (m, 4H), 2.35-2.49 (m, 1H), 2.54-2.68 (m,
3H), 2.94 (t, J = 7.6 Hz, 2H), 3.65 (s, 3H), 4.71-4,94
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).

ESI+)
MH+)

525.2

11B

DMSO-d6) & 1.01-1.19 (m, 4H), 1.82-2.26 (m,
4H), 2.42-269 (m, 1H), 2.86-295 (m, 1H))
4.84-5.10 (m, 2H), 7.06 (d, J = 10.4 Hz, 1H), 7.50
d, J = 8.6 Hz, 2H), 7.90-7.94 (m, 2H), 8.51 (s, 1H),
13.3 (brs, 1H).

ESI+)
MH+)

4401

12B

CDCI3) & 1.12-1.22 (m, 2H), 1.41-1.50 (m, 2H),
1.93-2.18 (m, 4H), 2.40-2.51 (m, 1H), 2.51 (s, 3H)
2.53-2.62 (m, 1H), 4.73-4.96 (m, 2H), 7.34 (d, J 3
10.4 Hz, 1H), 7.42-7.46 (m, 2H), 8.03-8.07 (m, 2H)
8.72 (brs, 1H).

ESI+)
MH+)

4541

[0116]

[Table

15]
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m, 3H), 932 (d, J = 1.8 Hz, 1H).

[0118] [Table 17] 23B NOMe ....

(CDCI3)al.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),

02(d, J=86H

77H\Q1?(r| ]=12Hz 111\

(m,
138

I(CDC
1.91

13)a1 10-1.17 (n

DR

2

&ESINSM 468.1
W% 71-4.95

oA & K B CE S R Aety
3BHD. A5 Hn.2 B0 215 -EH MPd+H)
10314352 i )H), 2.23HB6A, (n/AH), 2.83 (q, J 3
7.9 Hz, 2H), 4.72-4.96 (m, 2H), 7.34 (d, J = 10.4 Hz
1H), 7.42-7.47 (m, 2H), 8.03-8.08 (m, 2H), 8.73
brs, 1H).

14B

CDCI3) § 1.16-1.22 (m, 2H), 1.46-1.50 (m, 2H), 516.2
1.98-2.20 (m, 4H), 2.44-2.54 (m, 1H), 2.57-2.63 (m,
1H), 4.77--4.83 (m, 1H), 4.90-4.93 (m, 1H), 7.36 (d|
J = 11.0 Hz, 1H), 7.42-7.45 (m, 3H), 7.48 (d, J 5
8.0 Hz, 2H), 8.09 (d, J = 8.0 Hz, 2H), 8.11-8.14 (m,

2H), 8.88 (s, 1H)

ESI+)
MH+)

158

X/

ESI+)
MH+)

CDCI3) & 1.09-1.18 (m, 2H), 1.40-1.47 (m, 2H), 433.2
1.92~2.18 (m, 4H), 2.34-2.48 (m, 1H), 2.51-2.60 (m,
1H), 4.71-4.94 (m, 2H), 7.05 (ddd, J = 8.3, 4.9, 1.2
Hz, 1H), 7.13 (d, J = 10.4 Hz, 1H), 7.43-7.48 (m
2H), 7.66 (s, 1H), 7.70-7.77 (m, 1H), 7.99-8.04 (m,
2H), 8.21 (dd, J = 4.9, 1.2 Hz, 1H), 8.30 (d, J = 8.6

Hz, 1H).

168

CDCI3) & 1.08-1.21 (m, 2H), 1.37-1.48 (m, 2H),
1.91-2.19 (m, 4H), 2.35-2.49 (m, 1H), 2.47 (s, 3H)
2.50-2.60 (m, 1H), 4.69-4.96 (m, 2H), 7.12 (d, J T
10.4 Hz, 1H), 7.43-7.47 (m, 2H), 7.64 {brs, 1H), 7.66
dd, J = 8.6, 2.4 Hz, 1H), 7.98-8.04 (m, 2H), 8.13 (d,
J = 2.4 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H).

ESI+)
MH+)

479.2

17B

EX/

ESI+)
MH+)

CDCI3) 6 0.60-0.73 (m, 2H), 0.93-1.04 (m, 2H),
1.08-1.20 (m, 2H), 1.39-1.47 (m, 2H), 1.79-1.90 (m,
1H), 191-218 (m, 4H), 233-247 (m, 1H)
2.50-2.60 (m, 1H), 4.70-4.94 (m, 2H), 7.10 (d, J T
104 Hz, 1H), 7.35 (dd, J 8.6, 24 Hz, 1H)
7.42-7.46 (m, 2H), 7.62 (brs, 1H), 7.98-8.03 (m,
3H), 8.18 (d, J = 8.6 Hz, 1H).

473.2

[0117]

[Table
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7.43-7.49 (m, 3H), 8.01-8.09 (m, 3H), 9.44 (d, J
(CDC13) a1.11-1.18 Cm, 2H), 1.35 (d, J r 6.1Hz, ESI+)492.2

1.2 Hz, 1H).

6H),1.41-1.48(m,2H),1.91-2.18(m,4H) MH+) NOMe 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

188

Ll 1
Mz, I

~,

N

), 7-99-8:04(m 2
1=14.1,6.1,1.2 Hz, 2|2
N OH

ﬂ%osf‘d %8 33 o2t Zar Var-2 100G

203—2 22 (m, 2H), 250-257 (m, 1H)
286-293 (m, 1H), 447 (d, J = 55 Hz, 2H))
4.85-5.05 (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]
J = 86, 24 Hz, TH), 7.91 (d, J = 8.6 Hz, 2H), 8.00
d, J = 8.6 Hz, 1H), 8.27 (d, J = 1.8Hz, 1H), 105 (s,
TH).

S ety

MH-+)

198

N SO:NMe,
I ”
N

CDCI3) & 1.12-1.18 (m, 2H), 1.43-1.47 (m, 2H),
1.96-2.17 (m, 4H), 2.41-2.50 (m, 1H), 2.53-2.59 (m,
1H), 2.73 (s, 6H), 4.75-4.96 (m, 2H), 7.17 (d, J =
10.4 Hz, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (s, 1H),
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,
1H).

ESI+)
MH+)

540.1

20B

CDCI3) & 1.11-1.18 (m, 2H), 1.42-1.47 (m, 2H),
1.93-2.20 (m, 4H), 2.37-2.60 {m, 2H), 4.73-4.95 (m,
2H), 7.18 (d, J = 10.4 Hz, 1H), 7.45-7.49 (m, 2H),
7.60 (s, 1H), 8.02-8.06 (m, 2H), 8.18-8.20 (m, 1H),
8.37 (d, J = 2.4 Hz, 1H), 9.63 (d, J = 1.8 Hz, 1H).

ESI+)
MH+)

434.2

21B

CDCI3) & 1.14 (ddd, J = 14,1, 6.1, 2.3 Hz, 2H),
1.45 (ddd, J = 11.0, 6.1, 1.8 Hz, 2H), 1.94-2.18 (m,
4H), 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 (a, J = 8.0 Hz, 2H), 7.52 (brs, 1H), 8.03 (d, J 5
8.6 Hz, 2H), 8.05 (s, 1H), 9.50 (d, J = 1.2 Hz, 1H).

ESI+)
MH+)

448.2

22B

CDCI3) & 1.10-1.18 (m, 2H), 1.31 (t, J = 7.9 Hz,
3H), 1.41-147 (m, 2H), 1.91-2.19 (m, 4H),
2.37-2.50 (m, 1H), 2.51-2.60 (m, 1H), 2.82 (q, J 3
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
m, 3H), 9.52 (d, J = 1.8 Hz, 1H).

ESI+)
MH+)

462.2

[0118]
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1.44 (ddd, J = 9.8, 6.7, 1.8 Hz, 2H), 1.94-2.18 (m, MH+) N.0O.....0"...ome
o d, 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

Hz, 1

brs, 1H), 7.46 (dt, J = 3.6, 1.8 Hz, 2H), 7.91 (d, J 1.2
H), 8.02 (dt, J = 8.6 Hz, 1.8 Hz, 2H), 9.09 d, J=1.2 Hz 1H)

CDCI
1,4,0,
MH+)

23B

3)81.08-1.18 (m,

| Hﬁ?’%

BE9RI3). 371148 (rimp Py, H SR80 mp 2H)

e 10962 1BUIHBRL); 2.8562. 48, (16220 (2
3H)[ B, 53 {t(s) RO ar73z9R k), 24 116, (d J S

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,
1H).

ESI+)

(NB692.60 (m,

464.2

24B

CDCI3) & 1.10-1.17 (m, 2H), 1.41-1.48 (m, 2H),
1.91-2.19 (m, 4H), 2.36-2.49 (m, 1H), 2.51-2.65 (m,
4H), 4.71-4.95 (m, 2H), 7.16 (d, J = 10.3 Hz, 1H),
7.43-7.49 (m, 3H), 8.01-8.09 (m, 3H), 9.44 (d, J 5
1.2 Hz, 1H).

ESI+)
MH+)

480.1

25B

CDCI3) 6 1.11-1.18 (m, 2H), 1.35 (d, J = 6.1 Hz,
6H), 1.41-1.48 (m, 2H), 1.91-2.18 (m, 4H)
2.35-2.48 (m, 1H), 2.51-2.60 (m, 1H), 4.71-4.94 (m,
2H), 5.26 (seq, J = 6.1 Hz, 1H), 7.15 (d, J = 10.4
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, TH).

ESI+)
MH+)

4922

268

CDCI3) & 1.14 (ddd, J = 14.1, 6.1, 1.2 Hz, 2H),
1.44 (ddd, J = 9.8, 6.7, 1.8 Hz, 2H), 1.94-2.18 (m,
4H), 2.36-2.47 (m, 1H), 2.52-2.59 (m, 1H), 3.43 (s,
3H), 3.73-3.77 (m, 2H), 4.47-4.51 2H)
4.72-4.91 (m, 2H), 7.15 (d, J = 10.4 Hz, 1H), 7.44
brs, 1H), 7.46 (dt, J = 8.6, 1.8 Hz, 2H), 7.91 (d, J 5
1.2 Hz, 1H), 8.02 (dt, J = 8.6 Hz, 1.8 Hz, 2H), 9.09
d, J= 1.2 Hz, 1H).

(m,

ESI+)
MH+)

508.2

278

CDCI3) & 1.08-1.18 (m, 2H), 1.37-1.48 (m, 2H),
1.92-2.18 (m, 6H), 2.35-2.48 (m, 1H), 2.50-2.60 (m,
1H), 3.35 (s, 3H), 3.53 (t, J = 6.7 Hz, 2H), 4.41 (¢, J
= 6.7 Hz, 2H), 472-4.94 (m, 2H), 7.15 (d, J = 10.4
Hz, 1H), 7.43 (brs, 1H), 7.44-7.48 (m, 2H), 7.83 (d,
J = 1.8 Hz, 1H), 8.00-8.04 (m, 2H), 9.10 (d, J = 1.2
Hz, 1H).

ESI+)
MH+)

522.2

[0119]

[Table 18]
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6.7 Hz, 2H), 4.72-4.94 (m, 2H), 7.15 (d, J = 10." 27B
(brs, 1 H), 7.44-7.49 fr.,9H), 7." (14
9.10(d, J=1.

Hz, 1H).

Hz, 1H), 7.43
J =1.8 Hz, 1H), 8.00-8.04 (m, 2H),
[0119] [Table 18] 288 N,O.....7%. OEtj N
0DCI3)al.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, ,-| = 7.3

Hz, 2
=10.

28B

H), 3.76-3.81 (m,
A Hz, 1H) 7.41-7.

S
NI

48 My 3r).47904d a1l 8z.1H) Eolan)
2.34-2.48 (m, 1H), 2.50-2.60 (m, 1H), 3.58 (q, J
7.3 Hz, 2H), 3.76-3.81 (m, 2H), 4.44-4.51 (m, 2H)
4.72-4.94 (m, 2H), 7.15 (d, J = 104 Hz, 1H),
7.41-748 (m, 3H), 7.90 (d, J = 1.8 Hz, 1H),
8.00-8.05 (m, 2H), 9.09 (d, J = 1.2 Hz, 1H).

2b0iat &4-4-50 1w, 2)1.7264 04 {8y AE+7.15 §eb, )
i) 522.2

298

CDCI3) & 1.12-1.17 (m, 2H), 1.42-1.46 (m, 2H),
1.94-2.17 (m, 4H), 2.20 (s, 3H), 2.37-2.48 (m, 1H),
2.52-2.59 (m, 1H), 2.88 (t, J = 7.0 Hz, 2H), 4.51 (t,
J = 6.7 Hz, 2H), 4.72-4.93 (m, 2H), 7.15 (d, J 5
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,
TH).

5241

30B

CDCI3) 6 1.09-1.18 (m, 2H), 1.37-1.48 (m, 2H),
1.48-1.67 (m, 4H), 1.68-1.89 (m, 2H), 1.91-2.21 (m,
4H), 2.35-248 (m, 1H), 251-259 (m, 1H)
3.46-3.56 (m, TH), 3.75-3.94 (m, 2H), 4.02-4.10 (m,
1H), 4.45-456 (m, 2H), 468 (t, J = 3.3 Hz, 1H),
471-4.95 (m, 2H), 7.15 (d, J = 104 Hz, 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).

578.2

31B

N

Ly

CDCI3) & 1.09-1.18 (m, 2H), 1.40-1.48 (m, 2H)|
192-219 (m, 4H), 232 (t, J = 6.1 Hz, 1H)|
2.36-2.50 (m, 1H), 2.51-2.60 (m, 1H), 3.94-4.02 (m,
2H), 4.44-4.51 (m, 2H), 4.71-4.95 (m, 2H), 7.15 (d,
U = 10.4 Hz, 1H), 7.41-7.50 (m, 3H), 7.91 (d, J =
1.2 Hz, TH), 8.03 (d, J = 8.8 Hz, 2H), 9.10 (d, J =
1.8 Hz, 1H).

4942

[0120]

[Table 1

9]
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.00-8.05 (m, 2H), 9.09 (d, J = 1.2 Hz, 1H).
1.42-1.46 (m, 2H), (ES1+) 524.1
2.37-2.48 (m, 1H), MH+)
Hz, 2H), 4.51 (1,

1H), 8.02 (d, J =

(CD013)al.12-1.17 (m, 2H),
1.94-2.17 (m, 4H), 2.20 (s, 3H),
%.7°ThMe 2.52-2.59 (m, 1H), 2.88 (t, J = 7.0
= 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,

SME2deZ.6 1.03-1.10 (m, 3H), 1.12-1.16 (m,
oH), 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|
1H), 3.95 (dd, J = 7.9, 6.7 Hz, 1H), 4.35 (dd, J = 7.9,
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
oH), 7.91 (d. J = 8.6 Hz, 2H), 8.49 (d, J = 1.2 Hz|
1H), 9.22 (d, J = 1.2Hz, 1H), 11.0 (s, TH).

534.2

(=)

DMSO-d6) & 1.03-1.16 (m, 5H), 1.40 (s, 3H), 1.4

s, 3H), 1.86-2.01 (m, 2H), 2.10-2.22 (m, 2H)
2.53-2.60 (m, 1H), 2.87-2.93 (m, 1H), 3.95 (dd, J S
7.9, 6.7 Hz, 1H), 4.35 (dd, J = 7.9, 6.7 Hz, 1H),
4.85-5.06 (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|
J = 8.6 Hz, 2H), 8.49 (d, J = 1.8 Hz, 1H), 9.22 (d, J
= 1.8Hz, 1H), 11.0 (s, 1H).

534.2

(+)

DMSO-d6) 8 1.03-1.16 (m, 4H), 1.89-2.01 (m,
oH), 2.09-220 (m, 2H), 252-2.60 (m, 1H)
2.87-2.93 (m, 1H), 3.53-3.59 (m, 1H), 3.65-3.71 (m,
1H), 4.63 (g, J = 5.1 Hz, 1H), 4.72 (t, J = 5.8 Hz|
1H), 4.86-5.06 (m, 2H), 554 (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, TH).

494.2

(=)

DMSO-d6) & 1.03-1.16 (m, 4H), 1.85-2.01 (m,
2H), 2.10-2.23 (m, 2H), 253-260 (m, 1H),
2.86-2.93 (m, 1H), 3.53-3.59 (m, 1H), 3.65-3.71 (m,
1H), 463 (g, J = 5.1 Hz, 1H), 472 (, J = 5.8 Hz,
1H), 4.85-5.07 (m, 2H), 553 (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).

494.2

(+)

8.6 Hiz, ZH), 9.10 (d,
Me,
O%Me
N)/k/o
/E S0
328 NG
Me
o-xMe
-0
N\ (S)
/E ’
338 N
OH
Ny nOH
/E ~
N
348
OH
Ny An-OH
/E’
358 N
[0121]
[Table 20]
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1H).  (0DO13)al.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
.N-- CI00 H),2.35-2.48(m,1H),2.51-2.59(m,1H) 1) 3.46-3.56 (m, 1H),
3.75-3.94 (m, 2H). 4.02-4.10(m N  1H), 4.45-4.56 (m, 2H), 4.68 (t, J
= 3.3 Hz, 1H)

(CDCI3) & 1.11-1.19 (m, 2H), 1.36 (t, J = 7.3 Hz(ESI+) 570.2

OEt 6H), 1.42-1.48 (m, 2H), 1.90-221 (m, 4H)(MH+)

Sopt [237-262 (m, 2H), 4.13-434 (m, 4H), 4.73-4.97 (m,
/E I 2H), 7.21 (d, J = 10.4 Hz, TH), 7.46 (d, J = 8.6 Hz|

2H), 7.77 (brs, 1H), 8.05 (d, J = 8.6 Hz, 2H), 8.72 (s,
1H), 9.78 (s, TH).

368

 (CDCI3) & 1.10-1.18 (m, 2H), 1.29 (t, J = 7.3 Hz(ESI+) 584.2
6H), 1.41-1.48 (m, 2H), 192-2.20 (m, 4H)(MH+)
N .0
[ Y R 237-261 (m, 2H), 336 (s, 1H), 342 (s, 1H)]
EC OEt i
NG 4.04-4.16 (m, 4H), 4.71-4.96 (m, 2H), 7.17 (d, J 5
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, 1H).

3718

(CDCI3) & 1.15 (ddd, J = 134, 55, 1.2 Hz, 2H){ESI+) 436.2)
1.44 (ddd, J = 11.4, 5.5, 1.2 Hz, 2H), 1.91-2.14 (m{MH+)
/(\:'\N'Me 4H), 2.31-2.42 (m, 1H), 2.52-2.59 (m, 1H), 3.76 (s|
N 3H), 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, TH),
7.43 (d, J = 8.6 Hz, 2H), 7.47 {brs, 1H), 7.99 (d, J =
8.0 Hz, 2H).

38B

(CDCI3) & 1.12-1.18 (m, 2H), 1.39-1.46 (m, SH)(ESI+) 4502
1.91-2.14 (m, 4H), 2.32-2.43 (m, 1H), 2.53-2.59 (m(MH+)
/(\:\m 1H), 401 (g, J = 7.1 Hz, 2H), 4.70-4.92 (m, 2H),
398 N B 1697 (d, J = 1.8 Hz, TH), 7.12 (d, J = 10.4 Hz, 1H),
730 (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).

cDCI3) & 1.12-1.17 (m, 2H), 1.42-1.46 (m, 2H)(ESI+) 468.2
1.92-2.14 (m, 4H), 2.33-2.44 (m, 1H), 2.52-2.59 (m{MH+)

/C\pr 1H), 425 (dt, J = 26.5, 4.7 Hz, 2H), 4.67 (dt, J 7
N 47.1, 4.9 Hz, 2H), 471-492 (m, 2H), 6.82 (d, J

40B
2.4 Hz, 1H), 7.12 (d, J = 10.4 Hz, 1H), 7.37 (d, J 5
2.4 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.49 (s, TH),
8.00 (d, J = 8.6 Hz, 2H).
[0122]
[Table 21]

84



30B

d,J-=

,.71-4.95(m

2H),7.15(d,J=10.4Hz,1H)
1.2 Hz, 1H), 8.02 (d,

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+)

(m, 1H), 2.51-2.60 (M, 1H), 3.94-4.02 (m

rtylD%-"*".%0H 2.36-2.50

7.14-7.48 (m, 3H), 7.89
J=8.6 Hz, 2H), 9.09 (d, J = 1.2 Hz, 1H).

41B

/(::\N\/\OH

No

DMSO-d6) & 1.01-1.17 (m, 4H), 1.81-1.97 (m,
2H), 2.07-2.21 (m, 2H), 2.48-257 (m, 1H)
2.85-2.91 (m, 1H), 3.70 (q, J = 5.5 Hz, 2H), 4.03 (t
J = 5.5 Hz, 2H), 4.84-5.05 (m, 3H), 6.44 (d, J = 2.4
Hz, 1H), 6.57 (d, J = 10.4 Hz, 1H), 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, 1H).

ESI+)
MH+)

466.2

42B

L DLon
N

CDCI3) & 1.08-1.17 (m, 8H), 1.41-1.46 (m, 2H),
1.92-2.15 (m, 4H), 2.33-2.44 (m, 1H), 2.53-2.60 (m,
1H), 3.27 (s, 1H), 3.91 (s, 2H), 4.72-4.92 (m, 2H),
6.83 (d, J = 2.4 Hz, 1H), 7.12 (d, J = 10.4 Hz, 1H),
7.33 (d, J = 2.4 Hz, 1H), 7.44 (d, J = 7.9 Hz, 1H),
7.51 (s, 1H), 8.01 (d, J = 7.9 Hz, 2H).

ESI+)
MH+)

494.2

43B

Me
Me

0}
L
> LN
N

CDCI3) § 1.12-1.17 (m, 2H), 1.32 (s, 3H), 1.37 (s
3H), 1.42-147 (m, 2H), 191-213 (m, 4H)
2.32-2.41 (m, 1H), 2.52-2.59 (m, 1H), 3.68 (dd, J =
8.9, 6.4 Hz 1H), 4.01 (dd, J = 8.6, 64 Hz 1H),
14.06-4.08 (m, 2H), 4.33-4.39 (m, 1H), 4.72-4.92 (m,
2H), 6.80 (d, J = 2.4 Hz, 1H), 7.11 (d, J = 11.0 Hz,
1H), 7.37 (d, J = 2.4 Hz, 1H), 7.43 (d, J = 8.6 Hz
1H), 7.47 (s, 1H), 8.00 (d, J = 7.9 Hz, 2H).

ESI+)
MH+)

536.2

(+)

44B

Me

o

=\ - 0
> WN

-

CDCI3) & 1.12-1.17 (m, 2H), 1.32 (s, 3H), 1.36 (s,
3H), 1.42-147 (m, 2H), 1.91-215 (m, 4H)
2.33-2.43 (m, 1H), 2.52-2.59 (m, 1H), 3.68 (dd, J =
8.6, 6.1 Hz 1H), 401 (dd, J = 86, 6.1 Hz 1H),
4.06-4.08 (m, 2H), 4.33-4.39 (m, 1H), 4.72-4.91 (m,
2H), 6.80 (d, J = 2.4 Hz, 1H), 7.11 (d, J = 10.4 Hz,
1H), 7.37 (d, J = 24 Hz, 1H), 7.43 (d, J = 8.6 Hz,
1H), 7.47 (s, 1H), 8.00 (d, J = 7.9 Hz, 2H).

ESI+)
MH+)

536.2

(=)

[0123]

[Table 22]
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.) 31B N 2H), 4.44-4.51 (m, 2H), 4.71-4.95 (m. 2H), 7.15 (d,

Hz,1H), 7.41-7.50 (m, 3H), 7.91(d, J
2H), 9.10 (d, J =

,DMSO-d6)

1.

8 Hz, 1H). [0120] [Table 19]

'=104
1.2 Hz, 1H), 8.03 (d, J = 8.8 Hz,
Me 0-1/4-Me o

45B

HO
- OH

DMSO-d6) ¢ 1.03-1.16 (m, 4H), 1.81-1.98 (m,
2H), 2.06-221 (m, 2H), 251-255 (m, 1H)
2.85-2.91 (m, 1H), 3.25-3.35 (m, 2H), 3.73-3.80 (m,
1H), 3.87 (dd, J = 13.4, 7.9 Hz 1H), 4.09 (dd, J S
13.8, 4.0 Hz 1H), 4.69 (t, J = 5.5 Hz, 1H), 4.85-5.05
m, 3H), 6.44 (d, J = 1.8 Hz, 1H), 6.58 (d, J = 10.4
Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 2.4
Hz, 1H), 7.89 (d, J = 8.6 Hz, 2H), 10.6 (s, 1H).

ESHH)
MH+)

496.2

(+)

468

Ho OH

DMSO-d6) & 1.03-1.16 (m, 4H), 1.81-1.98 (m,
2H), 2.08-2.23 (m, 2H), 2.48-256 (m, 1H)
2.85-2.92 (m, 1H), 3.24-3.35 (m, 2H), 3.73-3.81 (m,
1H), 3.87 (dd, J = 13.4, 7.9 Hz 1H), 4.09 (dd, J =
13.8, 4.0 Hz 1H), 4.69 (t, J = 5.8 Hz, 1H), 4.85-5.05
m, 3H), 6.44 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 10.4
Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 2.4
Hz, 1H), 7.89 (d, J = 8.6 Hz, 2H), 10.6 (s, 1H).

ESI+)
MH-+)

496.2

(=)

478

CDCI3) 6 1.13-1.19 (m, 2H), 1.42-1.47 (m, 2H),
1.91-2.15 (m, 4H), 2.36-2.47 (m, 1H), 2.53-2.60 (m,
1H), 4.73-4.94 (m, 2H), 7.14 (d, J = 1.8 Hz, 1H),
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 5
1.8 Hz, 2H).

ESI+)
MH+)

4231

48B

CDCI3) 8 1.17-1.22 (m, 2H), 1.45-1.50 (m, 2H),
1.95-2.17 (m, 4H), 2.39-2.50 (m, 1H), 4.74-4.95 (m,
2H), 7.32-7.36 (m, 2H), 743 (dd, J = 7.9 Hz, 1.2 Hz,
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).

ESI+)
MH+)

4891

49B

CDCI3) & 1.16-1.22 (m, 2H), 1.45-1.49 (m, 2H),
1.95-2.17 (m, 4H), 2.38-2.49 (m, 1H), 2.56-2.62 (m,
1H), 3.87 (s, 3H), 4.74-4.94 (m, 2H), 7.03 (dd, J 5
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, TH).

ESI+)
MH+)

5191

[0124]

[Table

23]
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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?....1F) 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=12Hz, 1H), 9.20D@) J6 12442221 ), 241 . 046s]-3H()n, 2H)(ESI+) 555.1
1.95-2.17 (m, 4H), 2.40-2.50 (m, 1H), 2.56-2.63 (m,(MH+)

N 1H), 3.87 (s, 3H), 4.74-4.94 (m, 2H), 6.54 (t, J S
73.7 Hz, 1H), 7.23 (dd, J = 8.6, 2.4 Hz, 1H), 7.34 (d

508 S
J = 10.4 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H), 7.62 (d|
J = 2.4 Hz, 1H), 7.65 (d, J = 9.2 Hz, 1H), 8.06 (d, J
= 8.6 Hz, 2H), 8.56 (s, TH).
CDCI3) 61.16-1.22 (m, 2H), 1.45-1.50 (m, 2H)ESI+) 507.1
1.97-2.13 (m, 4H), 2.39-2.50 (m, 1H), 2.56-2.62 (m(MH+)
/&j@»,: 1H), 4.75-4.95 (m, 2H), 7.16 (td, J = 9.0, 2.6 Hz,
51B S 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,
4.3 Hz, 1H), 8.06 (d, J = 8.6 Hz, 2H), 8.56 (s, 1H).

CDCI3) § 1.17-1.22 (m, 2H), 1.40 (d, J = 6.1 Hz,(ESI+) 575.2
6H), 1.45-150 (m, 2H), 1.96-2.20 (m, 4H){(MH+)
l\"l—@\‘(Ou(Me 2.40-2.51 (m, 1H), 2.56-2.60 (m, 1H), 4.76——4.81
/ks 5 Me (m, 1H), 489-4.95 (m, 1H), 5.28 (sep, J = 6.1 Hz,
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, TH).

CDCI3) & 1.14-1.22 (m, 2H), 1.44-1.50 (m, 2H){ESH)  490.1
1.94-2.20 (m, 4H), 2.39-2.53 (m, 1H), 2.55-2.63 (m{MH+)
N —, -
. P 1H), 4.73-496 (m, 2H), 7.32-740 (m, 2H)
s” N [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).

CD30D) & 0.99 (t, J = 7.3 Hz, 3H), 1.03-1.17 (m(ESI+) 562.2
2H), 1.20-1.33 (m, 2H), 1.42-157 (m, 2H)(MH+)
N = 1.69-1.84 (m, 2H), 1.89-2.07 (m, 2H), 2.12-2.28 (m,

/Q \ OBu
548 s N 2H), 2.61-2.77 (m, 2H), 4.33 (t, J = 6.7 Hz, 2H),
4.77-4.97 (m, 2H), 6.82 (d, J = 8.6 Hz, 1H), 6.92 (d,

J = 104 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]
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(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 =
7.9,6.7Hz,1H),4.35(dd,J=7.9,6.7Hz,1H) 338

= 6.4 Hz, 1H), 6.76 (d

?P

.85-5.06 (M, 2H), 5.18 (t, J

J=10.4 Hz, 1H), 7.49 (d, J = 8.6 Hz, 2H), 7.91

@

558

— OMe
-~
’ “/~0
/ks N

CDCI3) & 1.15-1.22 (m, 2H), 1.43-1.50 (m, 2H),
1.92-2.19 (m, 4H), 2.37-2.50 (m, 1H), 2.54-2.63 (m,
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),
7.32 (d. J = 104 Hz, 1H), 7.44-7.49 (m, 2H), 7.79
d, J = 9.2 Hz, 1H), 8.03-8.08 (m, 2H), 8.39 (brs,
1H).

ESI+)
MH+)

564.2

56B

s N

CDCI3) & 1.15-1.22 (m, 2H), 1.30 (t, J = 7.3 Hz,
3H), 1.44-150 (m, 2H), 1.92-2.19 (m, 4H),
2.36-2.50 (m, 1H), 2.55-2.63 (m, 1H), 4.26 (q, J 5
7.3 Hz, 2H), 4.73-4.98 (m, 4H), 6.95 (d, J = 8.6 Hz,
1H), 7.32 (d, J = 10.4 Hz, 1H), 7.45-7.49 (m, 2H),
7.84 (d, J = 8.6 Hz, 1H), 8.03-8.08 (m, 2H), 8.39
brs, TH).

ESI+)
MH+)

592.1

[0126]

[Table 25]

Compoun
d
No.

Structure (A)

1H NMR (400 MHz)

MS (m/z)

Optical
rotation

57B

(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), 4.98-5.07 (m, 1H),5.26 (d, J =4.9
Hz, 1H), 6.81 (d, J = 10.4 Hz, 1H), 6.95

J = 8.6 Hz, 2H).

1H),4.65 (t, J = 5.8 Hz, 1H), 4.86-4.94 (m,

(s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d,

(ESI+) 499.1
(MH+)

(+)

58B

(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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J =8.6 Hz, 2H), 8.49 (d, J = 1.8 Hz, 1H), 9.22 (d,

1H).

1.8Hz, 1H), 11.0 (s,

DMSO0-0d6)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-
1H), 3.53-3.59 (m, 1H), 3.65-3.71 (m,  1H), 4.63 (g, J = 5.1H

2.93 (m,
z, 1H),

4.72|(t, J=5.8Hz, 34B

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
(s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d,
J = 8.6 Hz, 2H).

(CDCI3) & 1.13-1.19 (m, 2H), 1.45 (s,
3H), 1.45-1.47 (m, 2H), 1.47 (s, 3H),
1.93-2.17 (m, 4H), 2.38-2.50 (m, 1H),
2.54-2.61 (m, 1H), 3.04-3.12 (m, 1H),
4.02 (dd, J = 22.0, 10.4 Hz, 2H), 4.04

(ESI+) 553.2
(MH+)

(@)
59B (dd, J = 22.0, 10.4 Hz, 2H), 4.73-4.83 (m,
/& \ 1H), 4.86-4.95 (m, 1H), 6.79 (s, 1H), 7.24
S (d, J=10.4Hz, 1 H), 7.44 (d, J = 7.9 Hz,
2H), 8.05 (d, J = 7.9 Hz, 2H), 8.40 (s,
1H).
[0127]
[Table 26]
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1H), 4.86-5.06 (M. 2H), 5.54 (d, J = 4.9 Hz, 1H)
1H), 7.49 (d, J = 8.6 Hz, 2H),
Hz, 1H),

17 (d, Jr 1.8Hz, 1H), 10.9 (s, 1H).

(m, 4H),1.85-2.01(m (ES1+) 494.2 (+) gH
2H),2.10-2.23Cm,2H),2.53-2.60(m,1H) (MH+)

6.75 (d, J = 10.4 Hz,
7.91(d, J = 8.6 Hz, 2H), 8.46 (d, Jr 1.2
DM80-d6)al.03-1.16

60B

OH

OH

CDCI3) & 1.12-1.19 (m, 2H), 1.42-1.48 (m, 2H),
1.94-2.18 (m, 4H), 2.39-2.52 (m, 1H), 2.54-2.62 (m,
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, 1H), 6.79 (s, 1H),
7.24 (d, J = 10.4 Hz, 1 H), 7.45 (d, J = 7.9 Hz, 2H),
8.05 (d, J = 8.6 Hz, 2H), 8.52 (s, 1H).

513.1

61B

(CDCI3) & 1.15-1.20 (m, 2H), 1.44-1.81 (m, 10H),
1.96-2.17 (m, 4H), 2.36-2.48 (m, 1H), 2.55-2.61 (m,
1H), 2.91 (t, J = 6.7 Hz, 2H), 3.43-3.48 (1H, m),
3.62-3.68 (m, 1H), 3.73-3.79 (m, 1H), 3.94-4.00 (1H,
m), 4.57 (t, J = 3.7 Hz, 1H), 4.73-4.94 (m, 2H), 6.71
(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 (1H, S).

(MH+)

567.2

628

DMSO-d6) & 1.04-1.10 (m, 2H), 1.12-1.16 (m,
2H), 1.90-1.98 (m, 2H), 2.53-2.62 (m, 1H), 2.75 (t, J
= 6.7 Hz, 2H), 2.86-2.93 (1H, m), 3.67 (q, J = 6.5 Hz,
2H), 4.62 (t, J = 5.1 Hz, 1H), 4.85-5.08 (m, 2H),
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, TH).

483.1

63B

CDCI3) & 1.15-1.20 (m, 2H), 1.44-1.48 (m, 2H)
1.94-2.17 (m, 4H), 2.41-2.50 (m, 1H), 2.54-2.61 (m,
1H), 2.79 (s, 6H), 4.75-4.96 (m, 2H), 7.31 (d, J
10.4 Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.84 (s, 1H),
8.06 (d, J = 8.6 Hz, 2H), 8.69 (s, 1H).

546.1

64B

(CDCI3) & 1.17-1.26 (m, 2H), 1.31 (t, J = 6.7 Hz,
6H), 1.44-1.51 (m, 2H), 1.89-2.17 (m, 4H), 2.33-2.48
m, 1H), 2.57-2.68 (m, 1H), 4.04-4.24 (m, 4H),
4.71-496 (m, 2H), 7.32 (d, J = 10.4 Hz, 1H),
740-745 (m, 2H), 7.76 (d, J = 4.9 Hz, 1H),
8.03-8.08 (m, 2H), 8.57 (brs, TH).

5751

[0128]

[Table 27]
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'OH s 2.86-2.93 (m, 1H), 3.53-3.59 Cm, 1H), 3.65-3.71 (m  1H), 4.63
(@,J=5.1Hz, 1H), 4 72 (t, J=5.8 Hz 358 N 1H), 4.85-5.07 (m, 2H),
5.53(d, J=4.9Hz, 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]

i CDCI3) & 1.13-1.21 (m, 2H), 1.35 (t, J = 7.3 Hz(ESHH) 575.1
6H), 1.42-1.49 (m, 2H), 1.89-2.21 (m, 4H), 2.37-2.52(MH+)
(m, 1H), 2.52-2.64 (m, 1H), 4.06-4.25 (m, 4H),
658 /Z_g‘p(o)(oa) 4.7_1—4.97 (m, 2H), 7.29 (d,—J= 10.4 Hz, 1H), 7.44 (i
s 2 |J = 7.9 Hz, 2H), 7.91 (d, J = 4.9 Hz, 1H), 8.04 (d, J 5
7.9 Hz, 2H), 8.79 (brs, 1H).

DMSO-d6) & 1.02-1.18 (m, 4H), 1.79-2.01 (m(ESH+) 4731
2H), 2.06-2.27 (m, 2H), 2.38-2.64 (m, 1H), 2.83-2.95(MH+)
N H — =
665 /Q_\>~ (m, 1H), 4.83-5.09 (m, 2H), 6.88 (d, J = 10.4 Hz, 1H),
g7 Cl 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).

(CDCI3) & 1.14-1.19 (m, 2H), 1.42-1.48 (m, 2H)(ESI+) 483.1
1.92-2.16 (m, 4H), 2.36-2.48 (m, 1H), 2.53-2.61 (m{MH+)

N 1H), 3.02 (t, J = 6.1 Hz, 2H), 3.86 (q, J = 5.5 Hz, 2H),
67B /Q—\>\/‘0H 4.73-4.94 (m, 2H), 7.17 (s, 1H), 7.24 (m, 1H), 7.43
(d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H), 8.42 (s,
1H).

(CDCI3) & 1.15-1.20 (m, 2H), 1.32 (t, J = 7.0 HzESH)  589.1

BH), 1.42-1.48 (m, 2H), 1.92-2.16 (m, 4H), 2.34-2.48(MH+)

m, 1H), 2.52-2.61 (m, 1H), 3.27 (d, J = 20.8 Hz, 2H),

N 4.10 (dd, J = 7.0 Hz, 2H), 4.13 (dd, J = 7.0 Hz, 2H)

68B /Q;\)\,F’(O)(OE')z 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, J 5

8.6 Hz, 2H), 8.43 (s, 1H).

(DMSO-d6) & 1.15-1.18 (m, 2H), 1.43-1.47 (m(ESI+) 551.2
(\ Melpy, 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|
o |3
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]
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368

0O 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).

[Tabliepé

31+% 70.2 MN+) 37B Nie***P."P . ...Et0 OEt,I N
)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), 336 (s. 1H),
3.42|(s, 1H) 4.04-4.16 (@ACKAHY, 1181L299®. @rY; D4y #810p. (H HYERA HZz, SBRHY,
7.46((d, J = 7.9 Hz, 2H).9Z-50 (braHil BiY4-8.98r(dl H). 2 B84 smPHH8.23 (t,
= 1.8 Hz, 1H), 9.55 (s,|tHV).8EG 1+)684:22MH:8) (38B6,1. Hz-2t)NMe
(ODOL3yad .15 (ddighedoa fa34%6 b Sk 148,724}, A4, (Al ds I, 11.4, 5.5, 1.2
Pz, ZHR 293214 (M Ils 24312421l bds 5225 %4mRuH), 3.76 (s
H), 4,70-4. 91 (m, 2H), 943 _(fyJ = 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). ESl+)436 2 MH+) 39B ....... -CM:-.N..- Nit
(QDA13)(51.12-1.18 (M, 2H), 1.39-1 46 (m_5H),-1.91-2.14 (m4H).
2.3212.43 (m, 1H), 2.559%8 @n!-11}18 1 28, 5444 (1 22}453&)70 454!
Cm, PH), 6.77 (d, ..1 —11984—12('1H)”'Fi7z?(é|9 o=t 2435 11| fM*r'*?so (d, J=
e e oo e
8.03 (d, J = 8.6 Hz, 2H).
CDCI3) & 1.14-1.20 (m, 2H), 1.44-1.47 (m, 2H){ESI+) 5421
1.92-2.17 (m, 4H), 2.24 (s, 6H), 2.37-2.46 (m, TH)(MH+)
251-2.60 (m, 2H), 2.85 (t, J = 7.5 Hz, 2H),
N NMe,4.73-4.81 (m, 1H), 4.86-4.94 (m, TH), 7.27 (d, J T
728 /Qs\ SN 9.8 Hz, 1H), 7.43 (d, J = 7.9 Hz, 2H), 8.03 (d, J = 7.9
Hz, 2H), 8.45 (s, 1H).
(CDCI3) & 0.95-1.05 (m, 6H), 1.14-1.20 (m, 2H),(ESI¥) 570.2
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), 2.78-2.89
N NEto{(m, 2H), 4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.39
738 /Q} ~ (s, 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz,
2H), 8.40 (s, TH).
(CDCI3) & 1.13-1.21 (m, 2H), 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+)
148 N N02.72 (s, 2H), 2.89 (s, 2H), 4.72-495 (m, 2H),
/Q}SN 7.26-7.29 (m, 1H), 7.39 (s, TH), 7.43 (d, J = 8.6 Hz
2H), 8.03 (d, J = 8.6 Hz, 2H), 8.38 (s, 1H).
[0130]
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(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

b

8.00 (d, J = 8.6 Hz, 2H). ES1+)468.2 MH+) [0122] [Table 21]
0-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

(MIA) 3.70 (9, J = 5.5 kbathl)s 4 98-{120" (m, D)) F42-Ddsl Zm 24y (E6BA-5.0507 .2
(M, 3H), 6.44 (d, I T 2.4 o ALy FZarHhol:>Hh.ab 3 88k andind 744 (d,
=8.6 Hz, 2H), 7'356@86‘](@,%4: K% &, 7289 49345588 21yH2, 2H), 10.6
7&%’ 1H7N N(:) 7.26-7.29 (m, 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d
/Q}‘SN J = 8.6 Hz, 2H), 8.39 (s, 1H).
CDCI3) & 1.14-1.20 (m, 2H), 1.43-1.48 (m, 2H)(ESI¥) 586.1 (—)
- o222 (m, 6H), 2.36-2.52 (m, 2H), 2.53-2.61 (m,(MH+)
1H), 2.71-2.91 (m, TH), 4.73-4.94 (m, 2H), 5.06-5.25
768 N Né(m, 1H), 7.26-7.29 (m, 1H), 7.40 (s, TH), 7.43 (d, J =
/Qg‘)\ " [86Hz, 2H), 804 (4, J = 86 Hz, 2H), 8.38 (s, TH).
(CDCI3) & 1.14-1.20 (m, 2H), 1.43-1.48 (m, 2H)(ESI+) 586.1 (+)
_ [192-221 (m, 6H), 2.36-2.52 (m, 2H), 2.53-2.61 (m(MH+)
T [{H), 2.71-2.91 (m, 7H), 4.73-4.94 (m, 2H), 5.06-5.25
778 N NO(m, 1H), 7.26-7.29 (m, 1H), 7.40 (s, 1H), 7.43 (d, J 5
/Q;‘LSN 8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H), 8.38 (s, 1H).
(CDCI3) & 1.14-1.20 (m, 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+)
o ). 287 (dd. J = 83, 6.4 Hz 2H), 3.70 (t, J = 4.6
. y N(\ Hz, 4H), 4.73-4.95 (m, 2H), 7.26-7.29 (m, 1H), 7.39
/QS\ g (s, 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz|
2H), 8.42 (s, TH).
(CDCI3) & 1.13-1.21 (m, 2H), 1.41-1.49 (m, 4H)(ESI+) 582.2
153-1.57 (m, 4H), 1.92-2.22 (m, 4H), 2.37-2.49 (m{MH+)
5H), 2.50-2.60 (m, 3H), 2.87 (dd, J = 8.9, 6.4 Hz
. " OZH). 4.72-4.97 (m, 2H), 7.26-7.29 (m, 1H), 7.38 (s
/Q}‘ Nt 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz,
2H), 8.41 (s, TH).

[0131]
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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+)
1H), 3.27 (s, 1H), 3.91(s, 2H), 4.72-4.92 Cm, 2H),
IH), 7.12 (d, J = 10.4 Hz, 1H), 42B

=7.
[Tab%rﬁ %
3H),1.42-1.47(m,2H),1.91-2.13(m,4H) MH+)

z, IH),
, 1.32 (s, 3H),

1.37 (s, ESI+)536.2 (+) Me

r=r2\l M..."enOH ....4.;
N 6.83 (d, J = 2.4 Hz,
7.33(d,J=2.4Hz, 1H), 7.44 (d, J
7.51 (s, 1H), 8.01 (d, Jr 7.9 Hz, 2H) CDCI3) al.12-1.17

0)( Me n,0 2.32-2.41 (m,

I EAN
1H),

80B

2.52-2.59(m, IH

oS % t3-1.20 (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 (¢, J = 7.3 Hz, 2H), 2.86 (¢, J = 7.3 Hz, 2H)
4.73-4.95 (m, 2H), 7.26-7.29 (m, 1H), 7.39 (s, TH),
743 (d, J = 8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H),
8.41 (s, TH).

ESI+)
MH+)

618.2

81B

(CDCI3) § 1.14-1.21 (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 (g, J = 5.9 Hz, 2H),
4.73-4.95 (m, 2H), 7.26-7.29 (m, 1H), 7.42 (s, TH),
7.43 (d, J = 7.9 Hz, 2H), 8.03 (d, J = 7.9 Hz, 2H),
8.45 (s, 1H).

ESI+)
MH+)

515.1

82B

(CDCI3) & 1.14-1.20 (m, 2H), 1.42-1.48 (m, 2H),
1.70-1.91 (m, 4H), 1.91-2.18 (m, 4H), 2.23-2.32 (m,
1H), 2.36-2.49 (m, 1H), 2.53-2.68 (m, 3H), 2.84-2.98
m, 3H), 3.13-3.20 (m, 1H), 3.38 (dd, J = 11.0, 3.1
Hz, 1H), 3.60 (dd, J = 11.0, 3.7 Hz, 1H), 473-4.95
m, 2H), 7.26-7.29 (m, 1H), 7.41 (s, 1H), 7.43 (d, J 5
7.9 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H), 8.43 (s, 1H).

ESI+)
MH+)

598.2

83B

(CDCI3) & 1.16-1.20 (m, 2H), 1.44-1.48 (m, 2H),
1.91-2.18 (m, 4H), 2.37-2.50 (m, 1H), 2.52-2.61 (m,
1H),3.06 (t, J = 7.0 Hz, 2H), 4.14 (t, J = 7.0 Hz, 2H),
4.77-4.92 (m, 2H), 6.91 (t, J = 1.2 Hz, 1H), 7.06 (s,
1H), 7.26-7.30 (m, 1H), 7.39 (s, 1H), 7.44 (d, J = 6.7
Hz, 2H), 8.04 (d, J = 6.7 Hz, 2H), 8.60 (s, 1H).

ESI+)
MH+)

565.1

[0132]
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8.9,6.4HzIH),4.01(dd,J=8.6,6.4Hz1H),
1H), 4.72-4.92 (m, 43B
Hz,

,.06-4.08 (m. 2H), 4.33-4.39 (m,
2H), 6.80 (d, J = 2.4 Hz, 1H7 7.11 (d, J = 11.0
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).

CDOI3) 61.12-1.17 (m, 2H), 1.32 (s, 3H), 1.36

[Tab%sE:%HfSG.Z C) Me Or\m e 3H),1.42-1.47(m,2H71.91-2.15(m,4H) MH+)
332243 (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

(ma

84B

H), 4.72-491 (m

o

/QS

COLE

3H), 1.42-1.48 (m, 2H), 1.67-1.79 (m, 2H), 1.83-1.83
m, 2H), 1.92-2.18 (m, 6H), 2.20-2.30 (m, 1H),
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), 4.73-495 (m, 2H)
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, TH).

t

1(CDCI3) & 1.13-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz|

ESI+)
MH+)

654.2

858

N

e~

s CO,Me

(CDCI3) & 1.14-1.20 (m, 2H), 1.42-1.49 (m, 2H),
1.76-2.19 (m, 8H), 2.36-2.48 (m, 1H), 2.57 (tt, J 5
7.9, 3.7 Hz, 1H), 2.67-2.73 (m, 1H), 2.86 (t, J = 7.0
Hz, 2H), 2.92-2.98 (m, 1H), 3.72 (s, 3H), 4.73-4.95
m, 2H), 7.27 (d, J = 10.4 Hz, 1H), 7.39 (s, 1H), 7.43
d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H), 8.42 (s,
1H).

ESI+)
MH+)

626.2

(=)

86B

e

(CDCI3) & 1.14-1.21 (m, 2H), 1.42-1.48 (m, 2H),
1.74 (tt. J = 6.7, 6.7 Hz, 2H), 1.92-2.17 (m, 4H), 2.19
s, 6H), 2.34 (t, J = 7.3 Hz, 2H), 2.36-2.47 (m, 1H),
257 (tt, J = 7.9, 3.8 Hz, 1H), 2.78 (t, J = 7.3 Hz, 2H),
4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.37 (s, 1H),
7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H),
8.37 (s, 1H).

(ESI+)
MH+)

556.2

87B

N

i

s CO,H

(DMSO-d6) & 1.00-1.18 (m, 4H), 1.62-1.78 (m,
1H), 1.79-2.01 (m, 4H), 2.06-2.25 (m, 3H), 2.84-3.0
(m, 4H), 4.82-5.10 (m, 2H), 6.86 (d, J = 10.4 Hz, 1H),
7.47 (d, J = 8.6 Hz, 2H), 7.63 (s, 1H), 7.91 (d, J = 8.6
Hz, 2H).

ESIH)
MH+)

6121

(=)

[0133]
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2H), 6.80 (d, J = 2.4 Hz, IH), 7.11 (d, J = 10.4 Hz,
Hz, 1H), 7.43 (d, J = 8.6 Hz,
[0123] [Table 22]
DMSO -d6)61.03-1.16(m,4H),1.81-1.98(m, 2H), 2.06-2.21 (m, 2H),

5 (m, H) Z85-2.91 (m, 1H), 3.25-3.35 (m, 2H), 3.73-3.80 (m, 111),

,]=13.4,7.9 Hz 1H), 4.09 (dd, J ESI+)496.2 MH+) (+) 458 13.8,
40H21H\ 469 (t, 1=55Hz 1H) 4.85-5.05

[Tab

oG

....OH ...AZ.....N...... etr-r N

1H), 7.37 (d, J = 2.4
IH), 7.47 (s, 1H), 8.00 (d, J = 7.9 Hz, 2H).
HO F-711._

Cm, ’2I—|\ FAA(rI J=1

Hz, |

88B

Hz, 1H), 6.58 (d, J = 1PMSRISE)1 ) 1-912120cm) aHp 9213 531!

H), 7.89 (d, J = 8.
N
/Q}S/\}\l

co,Na) = 8.6 Hz, 2H), 7.54 (s, 1H), 7.90 (d, J = 8.6 Hz,

B 27DHY, 16.65(s 344y, 2H), 1.82-2.01 (m,
4H), 2.08-2.24 (m, 3H), 2.73 (d, J = 11.0 Hz, 2H),

283 (t, J = 7.3 Hz, 2H), 2.85-2.94 (m, 1H),
4.84-5.08 (m, 2H), 6.85 (d, J = 10.4 Hz, 1H), 7.46 (d,

2H).

ESH (g, 6A1D

MH+)

89B

O
N (s, 1H), 7.43 (d, J = 7.9 Hz, 2H), 8.04 (d, J = 8.6 Hz,

(CDCI3) & 1.15-1.20 (m, 2H), 1.43-1.48 (m, 2H),
1.91-2.19 (m, 6H), 2.35-2.50 (m, 1H), 2.53-2.60 (m,
1H), 2.74-2.92 (m, 6H), 3.04-3.12 (m, 2H), 4.71-5.11
m, 4H), 5.06-5.25 (m, 1H), 7.26-7.29 (m, 1H), 7.39

2H), 8.42 (s, 1H).

ESI+)
MH+)

604.1

90B

~\\8.9, 6.4 Hz, 2H), 2.85 (dd, J = 8.9, 6.4 Hz, 2H), 3.05

(CDCI3) & 1.14-1.20 (m, 2H), 1.31 (s, 3H),
1.42-1.48 (m, 2H), 1.51 (s, 3H), 1.92-2.19 (m, 6H),
2.36-2.48 (m, 1H), 2.53-2.61 (m, 1H), 2.66 (dd, J 5

(d, J = 11.6 Hz, 2H), 463 (g, J = 1.4 Hz, 2H),
4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.39 (s, 1H),
7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6 Hz, 2H),
8.40 (s, TH).

ESI+)
MH+)

640.2

91B

N NMeB:
/Q_\>\SN ¢ cm(m, 2H), 7.26-7.29 (m, 1H), 7.41 (s, 1H), 7.43(d, J

CDCI3) & 1.14-1.20 (m, 2H), 1.37-1.49 (m, 11H),
1.92-2.17 (m, 4H), 2.36-2.49 (m, 1H), 2.54-2.60 (m,
1H), 2.83-2.86 (m, 5H), 3.33-3.46 (m, 2H), 4.73-4.95

8.6 Hz, 2H), 8.04 (d, J = 8.6 Hz, 2H), 8.41 (s, TH).

ESI+)
MH+)

5721

92B

cDCI3) § 1.13-1.20 (m, 2H), 1.42-1.48 (m, 2H),
1.91-2.17 (m, 4H), 2.36-2.50 (m, 1H), 2.50-2.62 (m,
3H), 2.63-2.75 (m, 6H), 2.83 (dd, J = 7.6, 5.8 Hz,
2H), 4.19 (s, 2H), 4.73-4.95 (m, 2H), 7.26-7.29 (m,
1H), 7.39 (s, 1H), 7.43 (d, J = 7.9 Hz, 2H), 8.03 (d, J
= 7.9 Hz, 2H), 8.45 (s, 1H).

ESI+)
MH+)

600.1

[0134]
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"DMSO0-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),
rap}89 %]J = 5.8 Hz, 1H), 4.85-5.05 Cm, 3H), 6.44 (d, J = 2.4 Hz, 1H),
6585d J=10. Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 9..

(cDCI3) & 1.13-1.21 (m, 2H), 1.34 (s, 1H)(ESIH) 529.1

1.42-1.49 (m, 2H), 1.82-1.89 (m, 2H), 1.91-2.18 {m (MH+)

4H), 2.34-2.50 (m, 1H), 2.52-2.61 (m, 1H), 2.86 (t, J

038 /E-R)ss/\/\OH = 7.3 Hz, 2H), 3.76 (q, J = 4.9 Hz, 2H), 4.73-4.9? (m,
S 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), 8.43 (s, 1H).

CDCI3) & 1.14-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz,(ESI+) 534.2
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 (m, 1H), 2.87
(t, J = 7.3 Hz, 2H), 2.92-2.99 (m, 1H), 3.15 (td, J =
. { 8.3, 3.6 Hz, 1H), 3.22 (td, J = 9.4, 5.2 Hz, 1H), 4.17
/Q}SN %o,eiad, J = 7.1, 1.8 Hz, 1H), 4.73-4.94 (m, 2H), 7.26 (d,
J = 11.0 Hz, 1H), 7.39 (s, 1H), 7.43 (d, J = 8.5 Hz|
9H), 8.04 (d, J = 8.5 Hz, 2H), 8.39 (s, TH).

94B

CDCI3) & 1.14-1.20 (m, 2H), 1.42-1.49 (m, 2H)XESI+) 5281

1.92-2.19 (m, 4H), 2.38-2.51 (m, 1H), 2.38 (s, 3H){MH+)

2.53-2.61 (m, 1H), 2.79 (t, J = 6.1 Hz, 2H), 2.89 (t, J
N \ NHMe

95B /Q-)\SN = 6.1 Hz, 2H), 4.73-4.95 (m, 2H), 7.26-7.30 (m, 1H),

7.39 (s, 1H), 7.43 (d, J = 8.6 Hz, 2H), 8.03 (d, J = 8.6

Hz, 2H).

CDCI3) 8 1.14-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz(ESI+)  640.2
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 (m, 1H), 2.87
(t, J = 7.3 Hz, 2H), 2.92-2.99 (m, TH), 3.15 (td, J =
8.3, 3.6 Hz, 1H), 3.22 (td, J = 9.4, 5.2 Hz, TH), 4.17
908 /&S—\)*SN ) Co.Etf(qd, J = 7.1, 1.8 Hz, 1H), 4.73-4.94 (m, 2H), 7.26 (d,
e = 110 Hz 1H), 7.39 (s, TH), 7.43 (d, J = 85 Hz,
2H), 8.04 (d, J = 8.5 Hz, 2H), 8.39 (s, TH).

[0135]
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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)
8.02 (d, J= 7.6 Hz, 1H), 8.31 (d, J= 1.8 Hz, 9H).
)al.17-1.22 (m, 2H), 1.45-1.50 (m, 2H)(ESI+)489.1 1.95-2.17

(TablZ i)

(m, 4H), 2.39-2 50 (m, 1H) 4.74-4.95 (mMH+)

7.80

c4 co zcx

978

Cl

S/

(CDCI3) 5 1.10- 118 ( (m 2H) 1.41-1.48 (m, 2H),
1.91-2.19 (m, 4H), 2.35-2.49 (m, 1H), 2.51-2.61 (m,
1H), 4.70-4.96 (m, 2H), 7.13 (d, J = 10.4 Hz, 1H),
7.42-7.48 (m, 2H), 7.67 (brs, 1H), 7.70 (dd, J = 8.6,
2.4 Hz, 1H), 8.00-8.05 (m, 2H), 8.16 (d, J = 2.4 Hz,
1H), 8.30 (d, J = 8.6 Hz, 1H).

ESI+)
MH+)

4671

98B

X7

CDCI3) & 1.09-1.19 {m, 2H), 1.40-1.48 (m, 2H),
1.89-2.20 (m, 4H), 2.35-2.49 (m, 1H), 2.50-2.61 (m,
1H), 4.71-4.95 (m, 2H), 7.13 (d, J = 10.4 Hz, 1H)
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).

ESI+)
MH+)

4511

99B

OEt

X/

(CDCI3) & 1.41 (t, J = 7.3 Hz, 3H), 1.91-2.19 (m,
4H), 2.33-2.48 (m, 1H), 3.15 (s, 3H), 4.04 (g, J = 7.3
Hz, 2H), 4.71-4.94 (m, 2H), 7.11 (d, J = 10.4 Hz, 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).

ESI+)
MH+)

451.2

1008

CDCI3) & 1.09-1.19 (m, 2H), 1.40-1.48 (m, 2H),
1.91-2.19 (m, 4H), 2.36-2.50 (m, 1H), 2.50-2.60 (m,
1H), 3.08 (t, J = 6.1 Hz, 1H), 3.36 (t, J = 6.1 Hz, 2H),
3.92 (q, J = 6.1 Hz, 2H), 4.71-4.95 (m, 2H), 7.16 (d,
J = 11.0 Hz, 1H), 7.43-7.48 (m, 2H), 7.51 (brs, 1H),
8.01-8.05 (m, 2H), 8.15 (d, J = 1.8 Hz, 1H), 9.41 (d,
J = 1.8 Hz, 1H).

ESI+)
MH+)

510.1

1018

ij\/\NMezz 5.5 Hz, 2H), 4.72-4.94 (m, 2H), 7.15 (d, J = 10.4

CDCI3) & 1.07-1.17 (m, 2H), 1.41-1.47 (m, 2H),
1.93-2.17 (m, 4H), 2.33 (s, 6H), 2.33-2.46 (m, 1H),
2 51-2.59 (m, 1H), 2.71 (t, J = 5.5 Hz, 2H), 442 (t, J

Hz, 1H), 7.42 (s, 1H), 7.45 (d, J = 7.9 Hz, 2H), 7.90

J = 1.2 Hz, 1H).

d, J = 1.2 Hz, 1H), 8.02 (d, J = 7.9 Hz, 2H), 9.09 (d, -

ESI+)
MH+)

521.2

[0136]
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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

=8.6 Hz 2H), 8.60 (s, 1H).

1H), 7.85 (d, J = 7.9 Hz, 1H), 8.06 (d, J
(ODC13)al.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,

(1035 )

* ome 1H), 3.87 (s, 3H), 4.74-4.94 Cm, 2H), 7.03 (dd, J 49R s 9.2,
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

102B

(CDCI3) § 1.11-1.17 (m, 2H), 1.34 (s, 3H), 1.35 (s,
3H), 1.42-1.54 (m, 6H), 1.59-1.68 (m, 1H), 1.82-1.93
(m, 1H), 1.93-2.18 (m, 4H), 2.36-2.48 (m, 1H),
2 51-2.60 (m, 1H), 3.37-3.95 (m, 1H), 3.88-3.95 (m,

o\><OTHP 1H), 4.26 (dd, J = 15.6, 10.7 Hz, 2H), 4.73-4.94 (m,

3H), 7.15 (d, J = 10.4 Hz, 1H), 7.44-7.47 (m, 3H),
7.89 (d, J = 1.2 Hz, 1H), 8.02 (d, J = 7.9 Hz, 2H),
9.09 (d, J = 1.2 Hz, 1H).

ESI+)
MH+)

606.2

103B

(cbc13) & 1.11-1.18 (m, 2H), 1.33 (s, 6H),
1.41-1.48 (m, 2H), 1.93-2.18 (m, 4H), 2.32 (s, 1H),
2.36-2.49 (m, 1H), 2.52-2.60 (m, 1H), 4.21 (s, 2H),
4.73-4.95 (m, 2H), 7.15 (d, J = 11.0 Hz, 1H),
7.49-7.47 (m, 3H), 7.92 (d, J = 1.2 Hz, 1H), 8.03 (d,
J = 8.6 Hz, 2H), 9.10 (d, J = 1.2 Hz, 1H).

ESI+)
MH+)

521.2

104B

-
oy oN
/EI: —\—NHBoc

CDCI3) & 1.09-1.19 (m, 2H), 1.34-1.49 (m, 2H),
1.42 (s, 9H), 1.89-2.18 (m, 4H), 2.31-2.46 (m, 1H),
2.50-2.60 (m, 1H), 3.45 (g, 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
(d, J = 2.4 Hz, 1H), 7.1 (d, J = 10.4 Hz, 1H), 7.29 (d|
J = 2.4 Hz, 1H), 7.42-7.46 (m, 2H), 7.50 (brs, 1H),
7.98-8.02 (m, 2H).

ESI+)
MH+)

565.2

105B

o
N _\—NH2

(CDCI3) & 1.09-1.20 (m, 2H), 1.37-1.48 (m, 2H),
1.89-2.18 (m, 4H), 2.30-2.46 (m, 1H), 2.50-2.61 (m,
1H), 3.07 (t, J = 5.5 Hz, 2H), 4.02 (t, J = 5.5 Hz, 2H)
4.69-4.94 (m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 7.11 (d
J = 10.4 Hz, 1H), 7.35 (d, J = 2.4 Hz, 1H), 7.40-7.47
(m, 2H), 7.60 (brs, 1H), 7.96-8.03 (m, 2H).

ESH)
MH+)

465.2

[0137]

[Table 36]
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N * ocHF1H). 2 1(CDC13) al1.16-1.22 (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+) 5551 =8 6 Hz 2H)

8.56(s, 1H).  CDCIORANE-1:52 (rhe OHPHL 181 60 fEFHES 144932
507.1 1.97-2.13 (M2 B.88- 5@ 20 16H), 286843 68 (M) N *F
1H), 4.75-4.95 (m, 2H )2 %-2@qteh, (H} 269216 -2z, 261 BO5 (t, J
> = 6.7 Hz, 2H), 4.71-4.79 (m, 1H), 4.84-4.92 (m, 1H),
106B ):\.N 6.77 (d, J = 2.4 Hz, 1H), 7.12 (d, J = 11.0 Hz, 1H),

N _\_NMGQ 7.36 (d, J = 2.4 Hz, TH), 743 (d, J = 8.6 Hz, 2H),
7.51 (s, 1H), 7.99 (d, J = 8.6 Hz, 2H).

CcDCI3) & 1.12- 1.17 (m, 2H), 1.42-1.46 (m, 2H)(ESI+) 521.2
149 (s, 6H), 1.91-2.16 (m, 4H), 1.97 (s, 6H)(MH+)

2.34-2.43 (m, 1H), 2.47 (s, 2H), 2.53-2.60 (m, 1H),
4.72-4.80 (m, 1H), 4.85-4.93 (m, 1H), 6.75 (d, J 5

-
1078 ~N~N}NM 2.4 Hz, 1H), 7.05 (d, J = 10.4 Hz, 1H), 7.05 (d, J =
7]
8.6 Hz, 2H), 7.43 (s, 1H), 7.57 (s, 1H), 8.00 (d, J =
8.6 Hz, 2H).

CDCI3) & 1.11-1.23 (m, 2H), 1.40-1.51 (m, 2H)(ESK) 5772
1.91-2.20 (m, 5H), 2.29-2.53 (m, TH), 2.35 (s, 6H)(MH+)
274 (t, J = 5.5 Hz, 2H), 449 (t, J = 55 Hz, 2H),
=\ ~"M*24.72-4.96 (m, 2H), 6.87 (d, J = 8.6 Hz, 1H), 7.32 (d
108B A\ D~o
AN J = 10.4 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H), 7.78 (d, J
= 8.6 Hz, 1H), 8.05 (d, J = 7.9 Hz, 2H).

(CDCI3) & 1.15-1.22 (m, 2H), 1.44-1.50 (m, 2H)(ESK) 5772
1.95-2.20 (m, 4H), 2.40-2.52 (m, 1H), 2.55-2.62 (m{MH+)
1H), 2.92 (s, 6H), 3.44-354 (m, 2H)4.75-4.96 (m
=\ ~"M*24H), 6.90 (d, J = 8.6 Hz, 1H), 7.33 (d, J = 10.4 Hz,
1098 R\
A 770 Hol _ =

g7 N 1H), 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, TH).

[0138]
Example 12

(E)-3-[ (1o, 30,

4a) -3,4-difluorocyclopentyl]—-2-[4—-(ethylthio)phenyl]acrylic

acid ethyl ester
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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

[0135:40-2.51(m,1H), 2.56-2.60 (m,1H), 4.76--4.81

[Chemical formula 19]

Et.

[0140]

According to the method described in Example 1, (E)-3-[(1la,
30, 4a)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic
acid ethyl ester (773 mg), (Z2)-3-[(loa, 3,
4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylthio)phenyl]lacrylic
acid ethyl ester (498 mg), and 3-[(la, 3,
4a) -3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic
acid ethyl ester (249 mg) (a mixture of E-form and Z-form) were
obtained from (1l&, 30,
4) - (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
the next step.

'H NMR (400 MHz, CDCls) & 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 (g, 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 (d4, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz,
2H) .

MS (ESI") m/z: 341.1 (MHY).
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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),

[014%SI+) 490.1

Example 13

(E)-3-[(1la, 30,

4) -3,4-difluorocyclopentyl]—-2-[4—-(ethylsulfonyl)phenyl]acryli

c acid ethyl ester

[0142]

[Chemical formula 20]

F
F sH
|
CO,Et
Et<
™o

[0143]

According to the method described in Example 2, (E)-3-[(1la,
3a,

4) -3,4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]acryli
c acid ethyl ester (665 mg) was obtained from (E)-3-[(la, 3o,
4) -3, 4-difluorocyclopentyl]—-2-[4-(ethylthio)phenyl]lacrylic
acid ethyl ester (730 mg) obtained in Example 12.

'H NMR (400 MHz, CDCls) & 1.18-1.40 (m, 6H), 1.90-2.20 (m, 4H),
2.45-2.58 (m, 1H), 3.16 (g, J = 7.3 Hz, 2H), 4.24 (g, 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').

[0144]
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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 =
7.9,15Hz,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

oxan 2L 120-1.33(m,2H),1.42-1.57(m 2H)kMH+) O u

(E)-3-[(1la, 30,

4) -3,4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]acryli

c acid
[0145]

[Chemical formula 21]

F
F oH
|
CO,H
Et\
0o
[0146]
According to the method described in Example 4, (E)-3-[(laQ,
3a,

4a) -3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli
c acid (420 mg) was obtained from (E)-3-[(la, 30,

4a) -3, 4-difluorocyclopentyl]—-2-[4-(ethylsulfonyl)phenyl]acryli
c acid ethyl ester (634 mg) obtained in Example 13.

'H NMR (400 MHz, CDCls) & 1.33 (t, J = 7.3 Hz, 3H), 1.88-2.21 (m,
4H), 2.47-2.62 (m, 1H), 3.15 (g, J = 7.3 Hz, 2H), 4.71-4.99 (m,

2H), 7.24 (4, J = 10.4 Hz, 1H), 7.36 (d, J 7.9 Hz, 2H), 7.93 (4,

J = 7.9 Hz, 2H).

MS (ESI') m/z: 345.1 (MH").
[0147]

Example 15

(E)-3-[(1la, 30,
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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 ....../[d,e
CCI3_)61.105-1.22 (m, 2H). 1.43-1.504(in 21I:-I),(ESI+) 1.92-2.

4Q0) — _ Q g 1A ¥k e 3 gy LR aRYy —N—(th
1azo%kg 4?%ac§ g d.'%zgﬁg%%gg % 88 g préé%kg’%ggé% %gn)
[0148]

[Chemical formula 22]

[0149]
According to the method described in Example 5, (E)-3-[(l0Q,
3a,

o) —-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide (47.4 mg) was obtained from (E)-3-[(1la, 3,
o) —-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]lacryli
c acid (100 mg) obtained in Example 14 and 2-aminothiazole (29.0

mg) .

'H NMR (400 MHz, CDCls) & 1.42 (t, J = 7.3 Hz, 3H), 1.90-2.19 (m,

4H), 2.31-2.45 (m, 1H), 3.23 (g, J = 7.3 Hz, 2H), 4.69-4.97 (m,

2”H), 7.02 (d, J = 3.3 Hz, 1H), 7.26 (d, J = 10.4 Hz, 1H), 7.42 (d,
=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 Ci9H,1F,N,03S, (MH'): calcd., 427.09616; found,
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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)al.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+)
427@.92653. .63 (M, 1H), 4.26 (4. J =

‘Hz, 56B

[0150]

Example 16

Compounds 2C and 3C of the present invention were produced

according to the same procedure as in Example 15.

[0151]

[Chemical formula 23]

F

rCO2Et 2.36-2.50 (in. 1H),
7.3 Hz, 2H), 4.73-4.98 (m, 4H), 6.95 (d,

[0152]
[Table 37]
C°"£g°“”d Structure (A) 1H NMR (400 MHz) MS (m/2)
CDCI3) & 1.39 (t, J = 7.3 Hz, 3H), 1.91-2.21 (mfESI+) 436.2
N o 4H), 2.35-2.49 (m, TH), 2.53 (s, 3H), 3.21 (g, J = 7.3(MH+)
e
/E j’ Hz, 2H), 4.71-4.97 (m, 2H), 7.15 (d, J = 10.4 Hz|
2C
NG 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.53 (s, 1H), 8.04 (d,
J = 7.9 Hz, 2H), 8.05 (s, 1H), 9.49 (s, 1H).
CDCI3) & 1.40 (t, J = 7.3 Hz, 3H), 1.85-2.17 (m{ESI+) 4242
4H), 2.29-2.44 (m, 1H), 3.20 (g, J = 7.3 Hz, 2H){MH+)
L) 3.75 (s, 3H), 4.66-4.95 (m, 2H), 6.75 (d, J = 2.4 Hz|
3C N‘N'Me
1H), 7.11 (d, J = 10.4 Hz, 1H), 7.41-7.50 (m, 3H),
8.00 (d, J = 7.9 Hz, 2H).
[0153]

Example 17
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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)

(0153 Hz, 1H). 4.86-4.94 (m, 1H) 498507(m 1H)526(d =40 Hz, 1H)

]81(d 3= 104Hz 1H), 6.95 (a, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.90 (d, J

cne7 BO1E SI+) 499.1 (MH+) () 588 HOOH (DMSO-d6) 5 1.04-1.09
P ?)flf £8 (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+) ()

CO,Et
MeO\v,A\S
[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.
Themixturewas stirredat roomtemperature for 2hours. Thereaction
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
evaporated under reduced pressure. The obtained residue was
purifiedby column chromatography (silicagel, hexane : ethyl acetate
=4:1) to give 2-[4-(2-methoxyethylthio)phenyl]-2-oxocacetic acid
ethyl ester (1.98 g).
'H NMR (400 MHz, CDCls) & 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 (g, J

= 7.0 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H).
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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=8.8Hz, 2H). (CDCI3)6
1.13-1.19 (m, 2H), 1A5 (s, (ESI+) 553.2  3H), 1.45-1.47 (m, 2H), 1.47 (s,

§%+%Mf|¥/l—% ) 132‘%-2117(&@1*)4%, 2.38-2.50(m, 1H), 2.54-2.61 (m, 1H),
.04-3. m, y '

[0156]

MS

—

Example 18

(E)-3-[(la, 30,

4) -3,4-difluorocyclopentyl]—-2-[4- (methoxyethylthio)phenyl]acr

ylic acid ethyl ester

[0157]

[Chemical formula 25]

Meo\,/\s

[0158]

According to the method described in Example 1, (E)-3-[(1la,
3a,
4) -3,4-difluorocyclopentyl]—-2-[4- (methoxyethylthio)phenyl]acr
ylic acid ethyl ester (639 mg), (Z2)-3-[(loa, 3,
4) -3, 4-difluorocyclopentyl]—-2-[4- (methoxyethylthio)phenyl]acr
ylic acid ethyl ester (67 mg), and 3-[(lo, 30,
4a) -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 (lo, 30,
4) - (3,4-difluorocyclopentyl)methylphosphonium iodide (3.00 g)
and 2-[4-(2-methoxyethylthio)phenyl]-2-oxoacetic acid ethyl ester

(1.51 g) obtained in Example 17. Of these compounds, only the title
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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

compound was used in the next step.

'H NMR (400 MHz, CDCls) & 1.28 (t, J = 7.1 Hz, 3H), 1.86-

4H), 2.54-2.67 (m, 1H), 3.14 (t, J = 6.7 Hz, 2H), 3.38

3.1 (¢, J =6.7 Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.71-

2H), 6.97 (d, J = 10.4 Hz, 1H), 7.06 (d, J = 8.6 Hz, 2H),
J = 8.6 Hz, 2H).

MS (ESI') m/z: 339.1 (MH").

[0159]

Example 19

(E)-3-[ (1o, 30,

2.19 (m,
(s, 3H),
4.94 (m,

7.34 (4,

40) -3,4-difluorocyclopentyl]—-2-[4—-(2-methoxyethylsulfonyl)phen

yl]lacrylic acid ethyl ester

[0160]

[Chemical formula 26]

F
F o \H
|
CO,Et
Meo\w/igb
O
[0161]

According to the method described in Example 2, (E)-3-[(1la,

3a,

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

yl]lacrylic acid ethyl ester (573 mg) was obtained from (E)-3-[ (10,

30,

4) -3,4-difluorocyclopentyl]-2-[4- (methoxyethylthio)phenyl]acr
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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), S8.05(d,J=8.6

VLicy gk e hagey 55 166D 10 (R0 hijth 56595 (h kA5 5.2 BT (m,
'm0 I Lot b BiB N 1y, AEb e b-SEArge (.
4H),1EL4%Z§f%%4Qmizﬁ%ﬂ§7%.26 (s, 3H), 3.42 (t, J = 6.4 Hz, 2H),
3.7 (¢, 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,
J = 8.6 Hz, 2H).

MS (CI') m/z: 403.1 (MH").

[0162]

Example 20

(E)-3-[ (1o, 30,

40) -3,4-difluorocyclopentyl]—-2-[4—-(2-methoxyethylsulfonyl)phen

yllacrylic acid

[0163]

[Chemical formula 27]

F
F -\H
I
CO,H
MeO
\’/jﬁe
0”0
[0164]

According to the method described in Example 4, (E)-3-[(1la,
3a,
4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen
yllacrylic acid (428 mg) was obtained from (E)-3-[(lo, 3,

4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen
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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). DMSO0-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 = 67Hz 2H), 286293(1H m), 3.67 (g, J = 6.5 Hz, 628

1 II—é%l462 ]j? 111 5%2)8 m)ZI;&jC N -V-71-1 19
1R Sa i o5 Tk (6 I 6.b R R
HNM]R24®O M}?z, CDCls) & 1.91-2.19 (m, 4H), 2.49-2.61 (m, 1H), 3.26
(s, 3H), 3.42 (t, J=6.1Hz, 2H), 3.79 (t, J=6.1Hz, 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).
MS (CI') m/z: 375.1 (MH").

[0165]

Example 21

(E)-3-[(1la, 30,

40) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen

y1l]-N-(thiazol-2-yl)acrylamide

[0166]

[Chemical formula 27]

N
hg
MeO 0] Ss/)
[0167]

According to the method described in Example 5, (E)-3-[(1la,
3a,
4a) -3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen
y1l]-N-(thiazol-2-yl)acrylamide (44.8 mg) was obtained from
(E)-3-[(la, 30,
4) -3,4-difluorocyclopentyl]—-2-[4-(2-methoxyethylsulfonyl)phen

yllacrylic acid (100 mg) obtained in Example 20 and 2-aminothiazole
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CDC13)61.15-1.20 (m, 2H), 1.44-1.48 (m, 2H), ESI+)546.1 O ....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,
26 ég‘% 8.69 (s, 1H). (CDO013)61.17-1.26 (m, 2H), 1.31 (t, J = 6.7 Hz,
(26-E519575.1  6H), 1.44-1.51 (m, 211), 1.89-2.17 (M, 4H), 2.33-2.48 MH+)

ol QYRS A 52052 o, 10, 5.4
(s, A0 GREMEDS LAATAOMRINS 59 (¢, o= 5.8 82, 2m), 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),
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 CyoHz3F,N,0,S, (MH'): calcd., 457.10673; found,
457.10653.

[0168]

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]

[0170]

[Table 38]
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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)(OE02 J = 7.9 Hz, 2H), 7.91 (d, J = 4.9 Hz, 1H), 8.04 (d,J= 7.9 Hz,

Cobbn8{79 (DG thdlny (OMSO-d6)61.Q2nisABbEMAL). 1.79-2.01(M s (m/2)

CDCI3) & 1.90-2.22 (m, 4H), 2.36-2.50 (m, TH)(ESI¥)  466.2

. me (52 (5 3H) 327 (s, 3H), 347 (& U = 58 Hz, 2H)(MHS)

/E ir 3.84 (t, J = 5.8 Hz, 2H), 4.70-4.95 (m, 2H), 7.17 (d]
NG J = 10.4 Hz, TH), 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).

2D

CDCI3) & 1.88-2.16 (m, 4H), 2.30-2.46 (m, 1H)(ESI+) 454.2
3.31 (s, 3H), 3.46 (t, J = 5.8 Hz, 2H), 3.75 (s, 3H){MH+)

/q\ “Me 3.85 (t, J = 5.8 Hz, 2H), 4.66-4.96 (m, 2H), 6.74 (d,
3D J = 2.4 Hz, 1H), 7.11 (d, J = 11.0 Hz, 1H), 7.25 (d,
. J = 2.4 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, 30,

5 40) -3,4-difluorocyclopentyl]acrylamidel}lpyrazin-2-yloxy)acetate

First Step

5-(4-Methoxybenzyloxy)pyrazin-2—amine

[0172]

[Chemical formula 30]

OMe
H5N N\
T2
N (0]

[0173]

10

Sodium hydride (60% oily product) (78.8 mg) was added to

4-methoxybenzyl alcohol (2.14 mL) at a room temperature in an argon
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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 Cl 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).  kODC13)61.14-1.19 (m, 2H), 1.42-1.48 (m, 2H)  1.92-2.16 (m,

atmogglgeif%?ézéé?ié%elHrg" §<t51§1_f2e6v%a(gn st%ygég'otzog"%g %%nl_lllzc’est)ﬁrsldseGr 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
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 (20mL x3). Theorganiclayerwaswashedwithsaturated
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).
'H NMR (CHCls, 400 MHz) +3.81 (s, 3H), 4.12 (brs, 2H), 5.21 (s, 2H),

6.90 (d, J = 8.5 Hz, 2H), 7.37 (4, J = 8.5 Hz, 2H), 7.56 (4, J

1.2 Hz, 1H), 7.79 (d, J = 1.2 Hz, 1H).

MS (EI) m/z: 231.1 (M").

HRMS (EI") for CiHi3N30, (M) : caled., 231.1008; found, 231.0988.
[0174]

Second Step

(E)-2-[4—-(cyclopropylsulfonyl)phenyl]-3-[(lQ, 30,

4) -3, 4-difluorocyclopentyl] -N-[5-(4-methoxybenzyloxy)pyrazin-

2-yl]acrylamide
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N, 67B...1z-3......"-OH 4.73-4.94 (m, 2H), 7.17 (s, 1H), 7.24 (m, 1H),
7.4 S(d,J=8.6Hz 2H),8.03(d,J=8.6 Hz, 2H), 8.42 (s  1H).
CDCI3) 6 1.15-1.20 (m, 2H), 1.32 8, 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 =

-01729-8 Hz, 2H),

[Chmical formula 31]

OMe

[0176]

A 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)phenyl]-3-[ (1o, 30,

4) -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 agqueous solution. The organic layer was washed
with a saturated sodium hydrogen carbonate agqueous 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,
andthenthe solvent was removedunder reducedpressure. Theobtained
residue was purified by silica gel column chromatography (elution

solvent; hexane : ethyl acetate = 1:1) to give

(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[ (1o, 30,
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.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 =

J=7.9Hz, 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

100 - Giuf TS HBT SRy T B35 . SadaN

2-yl]lacrylamide (160 mg).

’Q¥522X

10.4 Hz, 1H), 7.43 (d,

(,-N8H), 3.67 (s,
Xbegﬁﬁ@gﬁxjpyra21n—

'"HNMR (CHCls, 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

(m, 2H), 5.32 (s, 2H), 6.90 (d,

Hz, 1H), 7.38 (d, J = 8.5 Hz,

8.5 Hz, 2H), 7.86 (d, J = 1.2 Hz,

9.13 (d, J = 1.2 Hz, 1H).

MS (ESI") m/z: 570.2 (MHY).

J = 8.5 Hz, 2H),

2H), 7.44 (brs,
1H), 8.02 (d,
calcd.,

HRMS (ESI') for C,oH3F,N505S (MH') :

570.18681.
[0177]

Third Step

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

7.15

1H),

J

3a,

(d, J =
7.46 (d,

8.5 Hz,

570.18742; found,

10.3
J:

2H),

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

de

[0178]

[Chemical formula 32]

[0179]

Trifluoroacetic acid (1 mL) was added at a room temperature
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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 NHBocC ...... k.2..... sr--"
S (CDOI3) 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, 1%, 7.41 (s, 1H), 7.43 (d, J
in el @Egph oph e BHNECT =66 HZ QH) ESTH)S58.1 MH+)  8.43 (s, 1H).
CDCIYBL 17-1.18 (m, 2H), 144:1.46 (m, 2H) (ESI+) 5131 1.91-2.18
(E) =~ m [ 4AY, Y 57240 - BY, 2890 BN GRYVMHF) ™ 798N af, NH2 1H),

2.78-2.91 (m, 4H), 4.73-4.96 (m, 2H), 7.27 (d, J ,
-3,4-difluorodyclopentyl ] -N-[5- (4—-methoxybenzyloxy)pyrazin-

400)
2-yllacrylamide (100 mg) in anhydrous dichloromethane (1 mL), and
the resultant mixture was stirred for S5 minutes. A saturated sodium
hydrogen carbonate agqueous solutionwas added tothereactionmixture
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 (20mL). Thewashedorganic layer wasthendriedover 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; chloroform : acetone =5:1)
to give (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(1a, 30,

4) -3,4-difluorocyclopentyl] -N- (5-hydroxypyrazin-2-yl)acrylami
de (41 mqg).

'HNMR (CHC1ls;, 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,
J = 1.2 Hz, 1H).

MS (ESI') m/z: 450.1 (MH").

HRMS (ESI') for C,H,,F,N50,S (MH"): calcd., 450.12991; found,
450.12959.

[0180]

Fourth Step
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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).  (CDO0I3)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), 727(d J— S 9.8 Hz, 1H), 7.43 (d, I = 7.9

3a,

4-120(m 2H), ESPQS?OZ
luorocyctlopentyllacrylamide}pyrazin-2-yloxy)acetate

[0181]

[Chemical formula 33]

E
%

[0182]

Ethyl bromocacetate (74 UL) 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-[ (1o, 30,

o) —-3,4-difluorocyclopentyl] -N-(5-hydroxypyrazin-2-yl)acrylami
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
column chromatography (elution solvent; chloroform : acetone=5:1)
togiveethyl 2—-(5-{ (E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[ (1
3a,
4a) -3,4-difluorocyclopentyllacrylamide}pyrazin-2-yloxy)acetate
(35 mg). IR (ATR) 3300, 2983, 1746, 1666, 1603, 1519, 1400, 1375,

1353, 1316, 1292, 1208,1186, 1140, 1087, 1044, 1025, 994, 972 cm'.
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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). (CDOI3)al.13-1.21 (m, 214),
L43-1.49 (m, 2H),(ESI+)568.2 1,79 (brs, 4H), 1.92-2.18 (m, 4H)

' NG . PR Shsio L 16 (e FHT, T

522D BB8 G I 4 o (o, T = 7.3 Hz, 2H), 4.73-4.95 (m,

4.90 (s, 2H), 7.15 (d, J = 10.3 Hz, 1H), 7.45 (d, J = 8.5 Hz,

N

7.47 (brs, 1H), 7.98 (d, J =1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz,
9.08 (d, J = 1.2 Hz, 1H).

MS (ESI') m/z: 536.2 (MH").

HRMS (ESI") for C,sH,sF2N30sS (MH'): calcd., 536.16696; found,
536.16654.

[0183]

Example 24

2—(5-{(E)-2-[4-(cyclopropylsulfonyl)phenyl]-3-[(lQ, 30,

= 7.3 Hz,

ST ey et L YO e AR

) s

2H),
2H),

2H),

4a) -3,4-difluorocyclopentyl]acrylamidel}lpyrazin-2-yloxy)acetic

acid

[0184]

[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 .

'HNMR (DMSO, 400MHz) *1.00-1.18 (m, 4H), 1.81-2.00 (m, 2H), 2.06-2.25
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[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

i, DA P02, LT SLESIAE L, o oo
(m, i THQ’.%'JBZ%,QA'J@’ %'6').'35'19915'%1?)6,1'_17)2476?01, 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).

5 MS (ESI') m/z: 508.1 (MH").
HRMS (ESI') for C,3H,.F,N50¢S (MH'): calcd., 508.13539; found,
508.13523.
[0186]

Reference Example 1

10 (loe, 3d, 4d)-3,4-Difluorocyclopentylmethyltriphenylphosphonium

iodide
First step

[(la, 3B, 4P)-3,4-Dihydroxycyclopentyl]lmethyl benzoate

[0187]

15 [Chemical formula 35]

HO

w0, o

o

[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
20 dissolved in acetone (190 mL). A solution of
(3—cyclopenten—-1-yl)methyl benzoate (W093/18009, Japanese

Translation of PCT International Application No. Hei 7-506816) (20.2
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(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)al.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+) f1H).2.71-2.91 (m, 7H), 4.73-4.94 (m, 2H), 5.06-5.25 77B Nm,
. 1H), 7.26-7.29]:’&2%, 1H), 740 (s, 1H), 7.43 (d,.J is8.6 E:Z, 2H), 8.04 (d, J = .

9) 1 .é?wzt,%ﬁ, S (gea?HyfaSnédd(%@fé)%%%fﬁffof( %ﬂ)%afﬁ 4gtution
( %H , ESI+)584.2 1.91-2.18 %m, 4H), 2.40- .48ﬂ§m, 5H), 2.53-2.63.(m,
e R R e
roomA%thg?é'8?én%é¥QE¥%gaég9(nbﬁfgfgé%%m.(BlOrmJ and water (190
mL) were added to the reaction mixture, and the organic layer was
collected. Thecollectedorganic layer was washed sequentiallywith
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
crystals were collected by filtration to give [(la, 3B,
4B)-3,4-dihydroxycyclopentyl]methyl benzoate (16.9 g).

'H NMR (CDCls) & 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
amixtureof [(1la, 3B, 4B)-3,4-dihydroxycyclopentyl]methyl benzoate
and [ (1B, 3B, 4B)-3,4-dihydroxycyclopentyl]lmethyl benzoate (4.23
g, aratio of about 1:2 determined by the integration ratio of 'HNMR) .
'H NMR (CDCls) &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),
7.54-7.59 (m, 1H), 8.01-8.06 (m, 2H).

[0189]
Second step

(3a0, 50,

6adl) - (Tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl
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788 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),

benzog%%497§ leQ 726'729(m 1H), 7.38 (s, 79B

[0190]

[Chemical formula 36]

Qoé,o H
O~ (\)‘C
H\‘ "’I/o
O
[0191]
[ (1o, 3B, 4B) -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
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 (3ad ,5Q,
6ad) - (tetrahydro-4H-cyclopenta-1, 3, 2-dioxathiol-5-yl)methyl
benzoate S-oxide (6.09 g). The obtained (3aq, 50,

6adl) - (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 (30mL). Sodiumperiodate (6.46 g), ruthenium
chloride hydrate (31.3 mg), and then water (30 mL) were added to
themixture, andtheresultant mixturewas stirredat roomtemperature

for 30 minutes. Dichloromethane (50 mL) was added to the reaction
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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)

(SR 2 () ALER SO YA IS e Ebézi%)%%%l(fﬁl Then,
R T W
ok B A AN B G Bl e
ona B pia s 218 450, 225255 (46) 236 2.4 Ci.

5 solu%i%ng‘r%f’sjvz6%1_ﬁd§gg}z§§1 ?/& %u_;)?_& 3d§%r%‘_n s %%)'e s5Tution

R R T T e T T

sodium sulfate, and concentrated under reduced pressure. The
residue was dried under reduced pressure to give (3ad, 50,
6aq) - (tetrahydro—4H-cyclopenta-1, 3, 2-dioxathiol-5-y1)methyl

10 benzoate S,S—dioxide (4.35 g).
MS (CI') m/z: 299 (MH").
HRMS (CI') for Ci3His06S (MH'): calcd., 299.0589; found, 299.0593.
[0192]

Third step

15 [(la,, 30, 4P)-3-Fluoro-4-hydroxycyclopentyl]lmethyl benzoate

[0193]

[Chemical formula 37]

2

w0l s

o

[0194]
20 Tetrabutylammonium fluoride hydrate (571 mg) was dissolved
in anhydrous acetonitrile (5 mL), and the prepared solution was

concentrated under reduced pressure. The same procedure was
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----%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
repe%%%%%f i%ff‘zq%(”n?,%%’},ei’zé?ﬁ 5?1: £ ﬂ-zlé‘g%?f) %’gﬂ),ef.h??ﬁ%sr educed
(m. 2H), 1.67-1.79 (m, 2H), 1.83-1.83(MH+) (in, 2H), 1.92-2.18 (in, 6H),
PTes 3 AS0  (InCIH) 22350 48 (S 1H)T 25352561 (T AT 217812 B8 Yt ssotved

) 4H), 4.12 (q, J = 7.1 Hz, ZH%, 4.73-4.95 (m, 2H), 654.2 848 ... Lls,--...,

in dohydrabad J0RCImELEl 1 BaBd ) =g 8s 5001, 8.03 (0. J o 6.6
Hz, 2H), 8.40 (s, 1H). (CDCI3) a1.14-1.20 (m, 2H), 1.42-1.49 (m

0a0) 511 e ﬁwé%é*ﬁ-f#ém TP sk 22,368 th 1) 257 g thy L

benzBQggﬁS,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
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
under reducedpressure. Theresiduewaspurifiedbysilicagelcolumn
chromatography (eluent : hexane/ethyl acetate =1:1) to give [ (1,
30, 4B)-3-fluoro-4-hydroxycyclopentyl]lmethyl benzoate (342 mg).
MS (EI) m/z: 238 (M').

HRMS (EI) for Ci3H;5FO3(M'): calcd., 238.1005; found, 238.1046.
[0195]

Fourth step

[(la, 30, 4d)-3,4-Difluorocyclopentyl]lmethyl benzoate

[0196]

[Chemical formula 38]
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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). (CDO013)al.14-1.21 (m, 2H), 1.42-1.48 (m, 2H),(ES1+)556.2 1.74
@, 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, 7 (m, 1H), 2.57 (tt,J=7.9, 3.8 Hz, 1H), 2.78 (t, J
F“_ 4.73-4.94 (m, 2H), 7.26-7.29 (m, 1H), 7.37 (s,
1
[0197]
[ (1la, 30, 4B)-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)
inanhydrous tetrahydrofuran (2mlL) was added to the preparedmixture,
and the mixture was heated to reflux under stirring for 1.5 hours.
The reactionmixture was added to a saturated aqueous sodium hydrogen
carbonate solution (10mL), and the resultant solution was extracted
with ethyl acetate (2 x 30 mL). The ethyl acetate extracts were
combined, washedwith saturatedbrine (2x10mlL), driedover 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, 3,

4) -3, 4-difluorocyclopentyl]methyl benzoate (233 mg).

MS (CI') m/z: 241 (MH").

HRMS (CI") for Ci3HisF0,(MH"): caled., 241.1040; found, 241.1043.
[0198]

Fifth step

[(la, 30, 4d)-3,4-difluorocyclopentyl]methanol

[0199]

[Chemical formula 39]
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"Al. $'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,..../......RO 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]
..f43--- 7--1 SN DMSO0-0d6)051.01-1.20 (m, 4H), 1.42-1.52 (m 2H), 1.73
(d&.la- 13.1, 3.4 Hz, 2H), 1.82-2.01 (m,MH+) 4H), 2.08-2.24 (m, 3H),

F‘%. J= S.HO Hz, 2H) 2.83 (t, J = 7.3 Hz, 2H), 2.85-2.94 Cm, 1H)
"E (/¥4
[0200]
[(la, 30, 4a)-3,4-Difluorocyclopentyl]methyl benzoate (221
mg) was dissolved in ethanol (3 mL). A solution of potassium

carbonate (191 mg) inwater (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
theresiduewaspurifiedbysilicagel column chromatography (eluent :
hexane/ethyl acetate = 1:2) to give [(la, 3,

4) -3, 4-difluorocyclopentyl]lmethanol (123 mg).

MS (CI") m/z: 137 (MH").

HRMS (CI') for CgH;1F,0 (MH'): caled., 137.0778; found, 137.0801.
[0201]

Sixth step

(loe, 3a, 4a)-3,4-Difluorocyclopentylmethyl iodide

[0202]

[Chemical formula 40]

[0203]
Iodine (120 mg) was added to a solution of imidazole (64.5

mg) and triphenylphosphine (124 mg) in dichloromethane (2.0 mL)
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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).
(COC13)al.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)

under coolingwithice, andthemixturewas stirredat roomtemperature
for 30 minutes. Then, a solution of [(la, 30,

4) -3, 4-difluorocyclopentyl]methanol (43.0mg) indichloromethane
(0.5 mL) was added to the resultant mixture, and the mixture was
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, 3a, 40)—-3,4-difluorocyclopentylmethyl iodide (28.0 mg) .
MS (EI) m/z: 246 (M').

HRMS (EI) for CgHoF,I (M"): calcd., 245.9717; found, 245.9741.
[0204]

Seventh step

(lo, 30, 40) = (3,4-Difluorocyclopentyl)methyltriphenylphosphonium

iodide
[0205]

[Chemical formula 41]

[0206]
(la, 3a, 4a)-(3,4-difluorocyclopentyl)methyl iodide (9.84
g), triphenylphosphine (12.6 g), and acetonitrile (3 mL) were mixed

and stirred at 90 to 95°C for 4 hours. Acetonitrile (2mL) 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)
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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 ''ss 2H), 8.42 Cs, 1F1).
(CDC13)81.14-1.20(m.2H),1.31(s,3H),(ESI+) 640.2

was added to the reaction mixture, and the precipitated crystals
werecollectedby filtration. Thecollectedcrystalswere suspended
indiethyl ether (50mL), and the suspensionwas filtrated to collect
thecrystals. Thecollectedcrystalswerewashedwithanappropriate
amount of diethyl ether and dried under reduced pressure to give
the title compound (20 g).

'H NMR (400 MHz, CDCls) & 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]

Reference Example 2

2—(5-Aminopyrazin—-2-ylthio)ethanol

[0208]

[Chemical formula 42]

HgNIN\
L
N, SNOH

[0209]

According to the method described in W02004/052869,
2-hydroxy-l-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
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
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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=8.9,6.4Hz, 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, 1=8.6 Hz, 2H), 8.03 (d. J = 8.6 Hz, 2H

organic layer was drile r anhydrous éodium 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
compound as yellow needle crystals (470 mg, yield: 44%).

MS (EI') m/z: 171 (M").

HRMS (EI") for CgHgN3;0S (M'): caled., 171.0466; found, 171.0451.
[0210]

Reference Example 3

5-[2-(Methylthio)ethoxy]lpyrazin—-2—-amine

[0211]

[Chemical formula 43]

H,N. N
L
d’ O/N\,SMB

[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
reaction mixture was placed in an autoclave and heated and stirred
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
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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

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
ethyl acetate=1:1) andthenbypreparative 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 C5H;1N30S (M'): calcd., 185.0623; found, 185.0613.
[0213]

Reference Example 4

5-(2-Ethoxyethoxy)pyrazin-2-amine

[0214]

[Chemical formula 44]

HoN N
L
N’ o/\/O Et

[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).
MS (EI) m/z: 183 (M').

HRMS (EI") for CgHi3N30,(M"): calcd., 183.1008; found, 183.0996
[0216]

Reference Example 5
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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)al.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
5- (3-Methoxypropoxy)pyrazin-2—amine

[0217]

[Chemical formula 45]

H,N \[N\
L
NZ N0 N""0Me

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) .
10 MS (EI") m/z: 183 (M').

HRMS (EI") for CgHi3N30,(M"): calcd., 183.1008; found, 183.1011.
[0219]
Reference Example 6

5-[2-(Dimethylamino)ethoxy]pyrazin-2—amine

15 [0220]

[Chemical formula 46]

N\ O\/\NMez
I 2,
HoN™ 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 (500 mg) and 2— (dimethylamino)ethanol

(2.56 g) .
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9281t} tq d'... al), 4.19,Mil, 41u, 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, ] 7'1.Hz, 2H), 3.76 (q, J = 4.0 Hz, 9H),
MS (§I. %-Eééz(m%éH)(,%é-ng (m, 1H), 7.42 (s, 1H), 7.43 (d, J=7.9. Hz,

nrms 202 (0 I 7907, 20, 843 (S IH)- 103 1046, founa, 183.1242.

'H NMR (400 MHz, CDCls;) & 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).

IR (ATR): 1280, 1630, 3330 cm'.

[0222]

Reference Example 7

5-[2-Methyl-2-(tetrahydro-2H-pyran-2-yloxy)propoxyl]pyrazin-2-a

mine

[0223]

[Chemical formula 47]

NS O\~>40THID
' -,
HoNT N

[0224]

According 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-methyl-2-[ (tetrahydro-2H-pyran-2-yl)oxy]-1l-propanol (1.50 g).
MS (CI) m/z: 268 (MH").

HRMS (CI) for Ci3Hy;N303 (MH'): calcd., 268.1661; found, 268.1645.
'H NMR (400 MHz, CDCl3) & 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, § = 11.6, 5.2, 3.7 Hz, 1H), 4.11 (d, J = 10.4 Hz, 1H), 4.16
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(ODCI3) 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 (r, 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

1J=7.1, 1.8 Hz, 1H), 4.73-4.94 (m, 2H), 7,26 (d CO2Et qd, J = 11.0 Hz,

(dr 41, 17.&39 (é?ﬁH)%h}?zra fzd,%l: &5 17 9%6;%.%4( th. 1L 8.5 H7, B, %.@g 704
n, 1H). (CDC13)al.14-1,.20 (m, 2H), 1.42-1.49 (m, 2H), ES1+)528.1

(dr 4 62218 (gr{nz,’4 I,{)ﬁ.es]zz.éi (%@1%, 5.318'%%, 38, (M)

IR (ATR): 1620, 1487, 1379 cm .

[0225]

Reference Example 8

1-[2-(Dimethylamino)-2-methylpropyl]-1H-pyrazol-3—amine

[0226]

[Chemical formula 48]

-
J
H2N N }NMez

[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
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
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-trimethyl-1-(3-nitro-1H-pyrazol-1-yl)propan-2—-amine
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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, Ja- 8.6 Hz, 2H). (COCI3)
al.14-1.21 (m, 2H), 1.25 (t, J = 7.1 Hz, (ES1+)640.2 (-) 3H), 1.42-1.48

o VR PO UE G, W7 ot 285 2’65 erm, 1) 315
MS (&t?,)\]rﬁ/29z682§3§, ?M%lfgz 1H), 3.22 (td, J = 9.4, 5.2 Hz, 1H), 4.1 }1N
HRMS (CI) for CoH;7N.O, (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,
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
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 CoHisN, (MH'): calcd., 183.1610; found, 183.1615.
'H NMR (400 MHz, CDCls) & 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 (ATR): 1617, 1541, 1492 cm'.
[0228]

Reference Example 9

5-(2-Bromoethylthio)thiazol-2-amine

[0229]

[Chemical formula 49]
N—>\ Br
1 \\. ~

H,N ’ks S

[0230]
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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=8.5Hz 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
MH+) 467.1. 1H), 4.70-4,96 (rn, 2H),

A2 RN T, 40 5, 197 78 10 T DB SRR > S koo
tetrgé¥£%93 (EF94816 dere aédgé tg}g gggégﬁ%ié%Ggg’lH)
5-(2-hydroxyethylthio)thiazol-2-amine (2.00 g) in methylene
chloride (74.6 mL) under coolingwith ice, and themixture was stirred
under cooling with ice for 4 hours. Methylene chloride (200 mL)
and water (100mL) were added to the reactionmixture, 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
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%).

o\

MS (EI) m/z: 238 (M").

HRMS (EI) for CsH,BrN,S, (M'): calcd, 237.9234; found, 237.9212.
[0231]

Reference Example 10

5-(3-Bromopropylthio)thiazol-2—-amine

[0232]

[Chemical formula 50]

N
\ Br
H2N’l(;)L‘S/\\/,\

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).
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(CDCI3)61.09-1.19 (m, 2H), 1.40-1.48 (m, 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,
oH) 8.06(d,J=3.1Hz, 1H), 8.33 (dd, J= 9.2, 43 Hz 1H).

s %00013) al.41.(t, 3773 Hz, 3H), 1.91-2.19 (m,(ESI+) 451.2 4H),
(53510 48%Cm 11, 845) (s, 3H). 4.04 (g, J = 7.3(MH+)  Hz, 2H),

HRMS4(7EJS-%)9%SE_D’C%ggb]gjfji\%g’ (]M:F )19'éla Zc’c?',H)252 .94688; found, 252.94629.
[0233]

Reference Example 11

5-[2-(4-Methylpiperazin-1l-yl)ethylthio]thiazol-2-amine

[0234]

[Chemical formula 51]

Me
(/‘N
N NsJ)
A D"
[0235]

1-Methylpiperazine (3.47mL) was added tothe compoundobtained

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
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%).
Melting point 106-108°C
EIMS m/z: 258 (M).

HRMS (EI) for CioHisNsS, (M"): calcd., 258.0973; found, 258.0978.
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OEt %., 7.27 (dd, J = 9.2, 3.1Hz, 1H), 7.45-7.50 Cm, 2H) 99BI..,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

O TR, 706 (0 S008F Y110 e 1) g dae g (4
- @0 TSR 1Y) NOOFR08 () 2. 8150 4 1Ok 1,94, oy
7.09 (s, 1H).

IR (ATR): 1653, 1527, 1485 cm’ .

[0236]

Reference Example 12

(S)-5-[2-(3-Fluoropyrrolidin-1-yl)ethylthio]Jthiazol-2-amine

[0237]
[Chemical formula 52]

F

3~
HoN 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
mg), (S)-3-fluoropyrrolidine hydrochloride (210 mg), and
triethylamine (0.50 mL).

Melting point 144-145°C

[a]p”® -4° (c0.41, DMSO)

EIMS m/z: 247 (M').

HRMS (EI) for CoHi4FN3S, (M"): calcd, 247.0613; found, 247.0646.

'H NMR (400 MHz, CDCls) & 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 .
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J=1.8Hz 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), 442 (t. J .."N ......., 0
9%NMez2 - 5.5 Hz, 2H), 432-4.94 Cm, 2H), 7.15 (d, J = 10 101B 1 Il
0 5€5-Co- NHZ, 1H), 7.42 (s, 1H), 7.45 (d, | = 7.9 Hz, 2H), 7.9v  (d, I =
(02375 Hz, 1H), 8.02 (d, 3= 7.9 Hz, 2H), 9.09 (d J = 1.2 Hz, 1H). [0136]

Refe-E%w%3%k%%% e 13

(R)-5-[2-(3-Fluoropyrrolidin-1-yl)ethylthio]Jthiazol-2-amine

[0240]
[Chemical formula 53]
F
N N
A e
[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
mg), (R)-3-fluoropyrrolidine hydrochloride (210 mg), and
triethylamine (0.50 mL).

Melting point 147°C

[a]p*® +3° (c0.43, DMSO)

EIMS m/z: 247 (M").

HRMS (EI) for CoHi4FN3S, (M'): calcd., 247.0613; found, 247.0622.
'H NMR (400 MHz, CDCls) & 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'.

[0242]

Reference Example 14

5-[2-(4,4-Difluoropiperidin-1-yl)ethylthio]lthiazol-2—-amine

[0243]
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NCU<OTHP ,..1 7 N (0DO13) (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),

. 7.45(d, % 10.4 H H), 7.44-7.47 (m, 3H) .89 (d, J = 1.2 Hz, 1H), 8.02

Le e?‘dlcf‘_ F«mu%ﬁ) (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, 41-0), 2.32 (s, 1H) (MH+)  2.36-2.49 (m, 1H), 2.52-2.60
(m, 1 H), 4.2%(s, A7 103B NO.,,,YOH

@m 15(d,J=11.0Hz,1H)  -)". 7.49-7.47 (m, 3H), 7.92 (d, J
HN—R L2 TH), 8.03 (d

[0244]

According to the method described in Reference Example 11,
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 127°C (diisopropyl ether)

EIMS m/z: 279 (M").

HRMS (EI) for CioHisFyN3S, (M'): caled., 279.0675; found, 279.0679.
'H NMR (400 MHz, CDCls) & 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 .

[0245]

Reference Example 15

1-[2-(2-Aminothiazol-5-ylthio)ethyl]piperidine-4-carboxylic

acid ethyl ester

[0246]

[Chemical formula 55]
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N1=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 -5.5Hz, 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), G%6EY(m, 2H), 7.50 (brs, IH),  7.98-8.02 (m, 2H).
CDCI3)61.09@m. 2H), 1.37-1.48 (m, 2H),KES1+) 465.2

G~
HNT>Ng” ™S
[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
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 Cj3H,3N30,S, (MH') : caled., 316.1153; found, 316.1141.
'H NMR (400 MHz, CDCls) & 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 (g,
J = 7.1 Hz, 2H), 5.00 (s, 2H), 7.08 (s, 1lH).

IR (ATR): 1707, 1524, 1448 cm'.

[0248]

Reference Example 16

(S)-[1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidin-2-yl]metha

nol

[0249]

[Chemical formula 56]

N N
\
HO
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1.89-2.18 (m, 4H), 2.30-2.46 (m, 1H), 2.50-2.61 (m,I((MH+)  1H), 3.07 (t,
J=5.5Hz, 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 -IN'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).

[025&01137] [Table 36] 106B :.NIM-- NNkol ez CDC13) 81.12- 1.18 (m, 2H),

42-147 (m, 2H) 1.91-2.15 (m, 4H), 2.23 (s, 6H), 2.31-2.43 (m, 1H),

a0 (LY, S5 4165 (R 1R B (Ao L5 A e TH 7 s 1
ere OSBRI AR B B 130 e,
yield: 80%) from the compound obtained in Reference Example 9 (150
mg) and (S)-pyrrolidin-2-ylmethanol (3.10 mL).
Melting point 98-99°C
[o]p** -=90° (c0.54, CHCls).
MS (CI) m/z: 260 (MH").
HRMS (CI) for CioH1gN30S; (MH'): calcd., 260.0891; found, 260.0892.
'H NMR (400 MHz, CDCls) & 1.70-1.95 (m, 4H), 2.27 (q, J = 8.6 Hz,
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, 1lH).
IR (ATR): 3161, 1516, 1498 cm .
[0251]
Reference Example 17

5-[2-[cis-3,4-Difluoropyrrolidin-1l-yl]Jethylthio]thiazol-2-amin

e
[0252]

[Chemical formula 57]

Q,F

According to the method described in Reference Example 11,
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(SDC13) al.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 =

the ﬁ'i'tNleX é\lo}ﬁpNorH% wasSbigg'i%g)d Zafgsw Si%g)bgb?geg'gg;’s%ggs(d( 3]5: 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.

MS (CI) m/z: 266 (MH").

HRMS (CI) for CgHi4F,N3S, (MH'): calcd., 266.0597; found, 266.0577.
'H NMR (400 MHz, CDCl3) & 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'.

[0254]

Reference Example 18

5-[2-(cis-2,2-Dimethyltetrahydro-5H-1,3-dioxolo[4,5-C]lpyrrol-5

-yl)ethylthio]Jthiazol-2-amine

[0255]

[Chemical formula 58]

N
R

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
mg) and

cis-2,2-dimethyltetrahydro-5H-1,3-dioxolo[4, 5-c]lpyrrole (280

mg) .
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8.6 Hz, 2H).  (S0C13)al.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=5.5Hz, 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 =

us (BONZR I 7503 Cd

HRMS (ESI) for Ci,HyoN30,S, (MH') : calcd., 302.09969; found, 302.09926.
'H NMR (400 MHz, CDCls) & 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).

IR (ATR): 1644, 1513, 1483 cm'.

[0256]

Reference Example 19

(S)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl

ic acid methyl ester

[0257]

[Chemical formula 59]

N N
\
N fQ;-)\ s Yome
[0258]

According 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).

[a]p*” -85° (c0.25, CHCls).

MS (CI) m/z: 288 (MH").

HRMS (CI) for Cp1Hi1gN30,S, (MH') : calcd., 288.0840; found, 288.0837.
'H NMR (400 MHz, DMSO-d¢) & 1.74-1.87 (m, 1H), 1.87-2.00 (m, 2H),

2.04-2.18 (m, 1H), 2.41 (g, J = 8.2 Hz, 1H), 2.66-2.72 (m, 1H),
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= 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 ..../.2\ S

2'77g.%é\H,) 574%88.239(;,6? ).I?*ZZ’[% o |é=21296(tl;-%§1[(1]£%&9§ 83Ea, o -
s .3, >3} 3d:dMlyerocyclopentyllze-[4s(ethylthic)pbenyllaerylic, geid ethyl ester )
5.00 (s, 2H), 7.10 (s, 1H).

IR (ATR): 3293, 3124, 2949, 2815, 1732, 1517, 1484 cmt.

[0259]

Reference Example 20

(S)-1-[2-(2-Aminothiazol-5-ylthio)ethyl]pyrrolidine-2-carboxyl

ic acid ethyl ester

[0260]

[Chemical formula 60]
0 R

HZN’Q}SN CO,Et

[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
mg), (S)-pyrrolidine-2-carboxylic acid ethyl ester hydrochloride
(15 g), and isopropylamine (9.00 g).

[a]p* -61° (c0.28, CHCls).

MS (CI) m/z: 302 (MH").

HRMS (CI) for CipHpoN30,S, (MH'): caled., 302.0997; found, 302.1012.
'H NMR (400 MHz, DMSO-d¢) & 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, 1lH), 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 (gd, J = 7.3, 1.2 Hz, 2H), 5.35 (s, 2H),
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[0139] [Chemical formula 19] [0140] 5According to the method

described in Example 1, (E)-3-[(1a, 3U,

4a)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic acid ethyl ester

(773 mg), (2)-3-[(1a, 3U,
. O745;1)-3,4-difIuorocyclopentyl]-2-[4-(ethy|thio)phenyl]acrylic acid ethyl ester

-07498 my).'and 3-[(1a, 3U,

104a)-3,4-difluor lopenty1]-2-[4-(ethylthio)phenyl]acrylic acid ethyl
IR (‘égt%ai (219 %n%’) (é’ %ét’urg%? é-f%rr&m and Z-form) were obtained from (la,
[026;:' , 4a)-(3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide (3.00

g) and 2-[(4-ethylthio)phenyl]oxoacetic acid ethyl ester 15(1.34 g). Of
Refethese c%:gpounlds, ly the title compound was used in the next step. 151

NMIR (4 O0012) 6 1.28 (t, J = 7.3 Hz, 3H), 1.35 (1, J = 7.3 Hz, 3H),

1.88:2. 97(9,J=7.3.Hz, 2H), 4.22 (q,J =
S EEL A S N it "SHY 6.97 (d <l 4 HzHH), 7.05 (d, J =
[026? Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H). MS (ESI2) m/z: 341.1 (M512).

141] Example 13 (E)-3-[(1a, 3U,
-3.A-difluorocyclopenty1]-2-[4-(ethylsulfonyl)phenyl]acryli 5 ¢ acid ethyl

[Cheiﬁ?&%?o%égﬁ%%em%g; formula 20] [0143] 10According to the method

described in Example 2, (E)-3-[(1a, 3U,

NS, 4-gitlugfouyitiepenty1]-2-[4-(ethylsulfonyl)phenyl]acryli ¢ acid ethyl

H,N~e%tér (665 mg) was obtained from (E)-3-[(1a, 3U,

4a)-3,4-difluorocyclopentyl]-2-[4-(ethylthio)phenyl]acrylic 15acid ethyl
[0268ster (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 (9, J =7.3

Hz, 2H), 424 40c 3 =03 Hedidh 446k4,95, @, 2H) re0R{dnts Wdka e 11,
1H), 7.35 (d, J = 7.9 Hz, 2H), 7.92 (d, 3= 7.9 Hz, 2H). 20MS (ESE) m/z:

the @Z@lje(%"éri'rg);d%%la5@’89%3@41(52;‘35[{1%&%8s powder crystals (53.5
4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli ¢ acid

mg, 943k [Ghemicalformula?llnpound 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 CgHi4N3S, (MH") : caled., 216.06291; found, 216.06354.
'H NMR (400 MHz, CDCls) 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 (ATR): 1647, 1514, 1493 cm'.

[0265]

Reference Example 22

Ethyl (Z2)-3-(1la, 3d, 4a)-3,4-(difluorocyclopentyl)acrylate

[0266]

[Chemical formula 62]
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[0146] According to the method described in Example 4, (E)-3-[(1a, 103a,
4a)-3,4-difluorocyclopentyl1]-2-[4-(ethylsulfonyl)phenyl]acryli ¢ acid (420
mg) was obtained from (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]acryli ¢ acid ethyl
ster (634 mg) obtained in Example 13. 15151 NMR (400 MHz, CDC12) 6
Q3 (t, J =7.3 Hz, 3H), 1.88-g,21 (m, 4H) 2,47-2.62 (m, 1H), 3.15(q, J =
F 12H), 4.71-4.99 (m, 2H) =10.4 Hz, 1H), 7.36 (d,J=7.9
H2 7.93 @ JT=7¥HZ, SE) m/z: 345.1 (M512). 20[0147]
Exampip*Hh{l)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)phenyl]-N-(th
iazol-2-yl)acrylamide (compound 10 of the present invention) [0148]
hemical formula 22] [0149] According to the method described in

npl -3- ’ _ _
E;(Eg%eélglmg%égy(gggggﬁ%ﬁYifzf‘_%é{%?,@%é%%d& én@ -]I\{ -%tht f& rahydrofuran

so ualz(c))I-Z-y cylr% ide (47.4 m as %btgi edfrgm E-a- la 3a ere a
. Ela)-§,’4-é§l'Jgrocﬂ1y'cl((ng'tpfe'n%tyﬂ‘-‘?—j[x-l(etahyIsucrfjgn?/l)pﬂe%lur;?l]a(T:'[r%/ﬁI,(I: a%lig] ?f(%l h
o ) obtained in Example 14 and 2-aminothiazole (29.0 mg) 151 NMR

4vc zi%oalvlif),% 13)° ﬁ?t%@%s?& 3H), 1.90-2.19 (m, 15 4H),

IR s el e S e A R T
(20.5 86 He, 2HL8.DA(, 0= 86,47, 2H) 854,015 1H), MS (ESE) 10/Z. 11,00 o

427'1 (M512). 20HAMS (ESI+) for 0195181E8N80358 (M512): calcd.,

tet r4A{QPEEEM0LING; AR 096244 [04,20] EXAMPIE, 167 o, COMPOUNAS 2Q 4 £0r

and 30 of the present invention were produced 5 according to the same

1 noRtocedure asdn Examplg 5. [9151) Ichemicaltarmula 23] 1[0152], f ethy1
10[Table 37] Compound No. Structure (A) TH NMR (400 MHz) MS (m/z)

glyo(&@gg-é)a(lile.’% ﬁt’ &,: Z?'ﬂzm’ﬂdﬁ’ J:'L%l'grg%rous tetrahydrofuran (50

[026

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 concentratedunder reducedpressure. The obtained
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
5.25 g of the title compound as a pale yellow oily substance.
MS (EI') m/z: 204 (M').

HRMS (EI') for Ci9H14F,0, (M"): calcd., 204.0962; found, 204.0942.

'H NMR (400 MHz, CDCls) 81.29 (t, J = 7.1Hz, 3H), 1.74-1.90 (m, 2H),
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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) al.40 (t, J = 7.3 Hz. 3H), 1.85-2.17 (m,

ESI4)424.2 4H), 2.29-2 44 (m, 1H), 3.20 (q, J = 7,3 Hz, 2H), MH+) 3C
2.26 3 ol 7 ?i,'3§);§%§1499%( ,’2§f&3(754(d1,§] <91 ﬁzfmlh),Hz' 2H)
1.802 4G 45 104 My M. L4157R0 My 310) ; BQUIAZ119 8202, 1),
6.22 (dd, J = 11.0, 9.8 Hz, 1H).
[0268]

Reference Example 23

Ethyl (Z)-2-bromo-3-[(la, 3,

40) -3,4-difluorocyclopentyl]acrylate

[0269]

[Chemical formula 63]

FZ oj _OEt L
F \H —i
Z ) OEt

[0270]

Bromine (1.19 mL, 23.2 mmol) was added in an argon atmosphere
at -6°C toa solution of the compound (5.00qg, 24.5mmol) of Reference
Example 22 incarbontetrachloride (15mL), andtheresultantmixture
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 4°C, and the resultant mixture was stirred for 12 hours at room
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.
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[0153] Example 17 2-[4-(2-Methoxyethylthio)phenyl1]-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-methox ehy%? henyls Ifideélz.o )
The G AEET T H NG B35 T PHE iU (A SR B M Foa = 1o aqueous
temperature for 2 hours. The reaction mixture was poured into ice water .
0L iR RAOTE WHS DUTBH B L LA The BrosRERybp Lt ure
as separated, washed with a satur ueou dium hydrogen
w25 Qe RNt A AL 5] e Mok earii B NG e (66 g o=
The washed organic. 15 la rwasdgried over anhydrous sodium sulfate, . _.
redn R or o et Lo At T s B Al i £ ied

as purifiedbycolumn chromatography (silicagel,hexane_.ethylacetate =

SRS RS S G e i)
(1.98.g), 2015 Rz(_4 MHz, 0D012) 6 1.42 (t,-J = 7.0 Hz, 3H), 3.23 (t

o ISCGUE SR 53 (5 31, 3 68 L 92 67 s S 49A (g 3270 b o
2H) 7{? d, J -28.?\4]:! , 2H), 7.92 (d, J = 8.6 Hz, 2H). MS (ESI2) m/z:

M3 (269?1 I\/%IZ).%Ol 6 Example 18 (E)-3-[(1a, 3U,
5Aa)-3,4:difluarocydlopenty 1f;2-4-(methaxyethylthigyphenyllagr ylic agid

HRMS ! Ted . ; o1 .0081.
e?t%léster [Ol@?]nyheanig;} for)EnuIa 25]" "10[0158] According to the

1 e cribed in Example, 1, (E)-3-[(1a, B

Al a)@é%dl %éfogécﬁﬁen%?l]-g%[ﬁ(r’negzhoxzét %J/%thig)%hén%/l]ggryibozfci Sy

2. 28€Byhester (639;n9) 3(4)3-H18.3Yy, 1wy, 4.29 (q, T =7.3 Hz, 2H
154a)-3,4-difluorocyclopentyl1]-2-[ -(methoxyethylth|oSpﬁenyI]acr ylic acid

4. gaclybesten (67 mg), and g-l€lay Yy, 1wy, 7.29 (4, g = 9.2 Hz, 1H).
4a)-3,4-difluorocyclopentyl]-2-[4-(methoxyethylthio)phenyl]acr ylic acid

[027¢thyl 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)

Refe g@g{%—@—ﬁ%—m@l@gxﬁhylthio)phenyl]-2-oxoaceticacidethylester (1.519)
obtained in Example 17. Of these compounds, onlythetitle compound was

£t nyYSqG inthe nexj stepy 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

aa) -6 8H)1 361dboL5 81652 21H)14-22 (4. Tk b 2 210 o8 174844 acry
52H), 6.97 (d, J = 10.4 Hz, ITH), 7.06 (d, J = 8.6 Hz, 2H), 7.34 (d,

ate

) s

[0272]

[Chemical formula 64]

[0273]

Pinacolato diboron (88.0 mg, 0.35 mmol),
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J = 8.6 Hz, 2H). MS (ESE) m/z: 339.1 (M512). [0159] Example 19
10(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen yllacrylic
acid ethyl ester [0160] [Chemical formula 26] CO2Et 1501'0 [0161]

o R B A s
") 48 OGO EOBERL AL 3 [ ek et o A Jiceasa® o 2
o Pl R e B ot
cime o e R B To 3 G . e ADLPS, D5 PF (= B red
i TSR 00288 i 24 S (SR 403 L2, 0L

) G 531 [ oa T 271 15 LGt OLeHT ACER g ey 2 ce
(100 E{St.%%qﬁ i |E§%§y§%ﬁixhi;nﬁg-L[lﬁ-((g)-ﬁé[t(r}gifetfﬁy|su|fo nylphen

1,1 —ﬁggﬁ%}?&%}q (428 ma) %2%%Q@wg&fég@4gi'?&[i%% 4y dichloride (10

fluorocyclopenty [4-(2-methoxyethylsulfonyl)phen yljacrylic

mg) , aa%%e}% ??F?%@é?ﬂ@a%%‘ﬂﬁgé”a'é’&%’@ﬂ'?)&é’l&‘él'wgﬁ%%"@re added,

CDC13) 51.91-2.19 (m, 4H), 2.49-2.6T (m, 1H), 3.26 (s, 3H), 3.42 (t, J=

and PriHzegt):3 42 (hI5Q, 1 417, 2H). 4,714:4.96,(n2H), 7523 (o L0A-re for

Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.93 5(d, J = 7.9 Hz, 2H). MS (CI2) m/z:
2hod%g%%@%5%a'kaerwasaddedtothereactionmixture. 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
by silica gel column chromatography (ethyl acetate : hexane = 1:1)
to give 39.3 g of the title compound.

[0274]

Reference Example 25

(E)—B—[ (lBI 3ar

4) -3,4-difluorocyclopentyl]—-2-[4- (methylsulfonyl)phenyl]-N-(t

hiozol-2-yl)acrylamide (Comparative Compound 1)

[0275]

[Chemical formula 65]
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[0165] Example 21 (E)-3-[(1a, 3U,
104a)-3,4-difluorocyclopentyl]-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-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

y1§-N- (thiazol -2-yl)acrylamide (44 8 mg) was obtained from 20(E)-3-[(1a,

Cld (100 mg) obtained in Example 20 and2-aminothiazole (26.7

‘ MR_|(4OOMHZ CDC13) 51.90-2.20 (m, 4H), 2.38-2.52 (m, 1H),

4&@3 5.8 Hz, 2H), 3.87 (t, J= 5.8 Hz, 2H), 4.72-4.95 (m,

J5 ‘3)7Hz 1H), 7.26 (d, J = 104HZ 1H), 7.40 (d, J=3.7
A

s (ESE) m/z: 457 1 (M512) HAMS (ES|+) for C805183E2N20458

(M512): calcd., 457.10673; found, 457.10653. 10[0168] Example 22

ngpounds 2D and 3D of the present invention were produced according
to the same procedure as in Example 21. [0169] 15[Chemical formula 29]

(m]}% ‘5 bi,?i iﬁgt%r,np%g, H) r2u§€'>é 5%(36 (E;fol\lﬁl\)/lylg 400 f’\%;/'?gmj.}hyl

benzgsag’gl)b% gl(xried In 8H%e2|f|;1E§cE+s)€ggz(Nlﬂekerence Example 1, the

same reactions as in the second to seventh steps of Reference Example
1 were carried out to synthesize (lﬁ,

4) - (3,4-difluorocyclopentyl)methyltriphenylphosphonium iodide.
Further, the conversions of from Example 1 to Example 5 were carried
out to obtained the title compound.

[0277]

Reference Example 26

(E)-3-[ (30,

4B)—3,4—difluorocyclopentyl]—2—[4—(methylsulfonyl)phenyl]—N—(th

iozol-2-yl)acrylamide (Comparative Compound 2), and

(E)-3-[ (3B,

o) -3,4-difluorocyclopentyl]-2-[4-(methylsulfonyl)phenyl]-N-(t

hiozol-2-yl)acrylamide (Comparative Compound 3)

[0278]

[Chemical formula 66]
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NMe 3.84,J=5.8 Hz, 2H), 4.70-4.95 (m. 2H), 7.17 (d 2Di ftN..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)al.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 E £
Fu F
| | s
)\ 0 \S(\/) Q 0 s\/)
/S\\ /S\\
[0279]

Usingthe [ (1a, 3a, 4B) -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
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 intoacarboxylicacid. Thiscarboxylic
acidwas condensedwith (S)-4-phenyloxazolidinone, thediastereomer
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]

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

glucose—-6-dehydrogenase—-coupled reaction.
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25

J=2,4Hz, 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
4-Methoxybenzyloxy)pyrazin-2-amine [0172] [Chemical formula 30]

e [0173] Sodium hydride (60% oily product) (78.8 mg) was added
to 4-methoxybfenz | alcohol (g.t14GmL) at a room temperature in an argon

P t 5) K .
( reg?n]%c?spjh%rfe,oan(f e mixture was sﬁrred for 30 minutes under the same

(028 <

c1ongRdtions, Next the reaction midyre was ransferred (o ameta) seal fubey o,
A c,%pper powd]er ﬁ%% m&) andaj}amlno-%pb%mopyrazm@{g% mgf ere
of rgdge%, .anéjn@e re(s)géléalrhtSS mixture was heated and stirred at 160C for
866Ut 6 hors. Aftér cooling, 25% aqueous ammonia and water were
poured into the reaction.solution, The reaction mixture.was stirred for
ol SO ot B The T ISt Sugh G Waler (30 R Ban
was added to.the filt Oa%lsdg resultant mixture was extracted. with 10
e L o e e uence
A Qri e (()50 IT)\bghe:- hSE] e i,c | was (1j]ri§1 over anheyrd QUS4 .
( Ccsggiﬁmnsu Fate aﬁd\?ﬁ?r?ated, angrzhen tﬁe sco \?enlt aswre?n ved£un§réer using
pyroffSicepreBse, Ths obtangd feaidus was AuLified by SiliGa ggl WA uman
chromatography (elution solvent; hexane : ethyl acetate = 153:1) to give

hepaéi(é'IB%WQXB@%%ZC}/&%)Ma@fé%@gHﬂe ﬁja%%wgo}@e gl,M % r(gH)C]a:f)hd human

400 MHz) .3.81 (s, 3H), 4.12 (brs, 2H), 5.21 (s, 2H), 6.90 (d, J = 8.5 Hz,

panc?Ehs’ 388, I 5802 2B, ¢-p6{ded 5 1:2/547 1), 79 (dIrqc:.%'zukslé’d as
1H). MS (El) miz: 231.1 (M2). 20HAMS (ET) for C125313N302 (Mit):

temp?@lll‘:"gs 231Til‘1%0§nf9§'|7§9g5%&r@%@cﬂgég%%eggng §%ble form in E. coli
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,

as HAQ)B:A: gwggx%%@%é\l-&%(f&ﬂQF@@&yQ%%y@fx)@yf@ZLr@é%ax%%C% the
lamide [0175] [Chmdcal formula 31] [0176] 5A solution of

c-tePr(dmethoxyhenzyloxyinyrazin-2-groine (30, mg) dnanhydrods pyidinged, and
(0.49 mL) was added dropwise at a room temperature in an argon

the alpespherg.intoasolution eban acid ehloride {146.ma) ofthe rnatant was
(E)-2-[4-(cyclopropylsulfonyl)pheny11-3-[(1a, 3U,

pur i ¥94a)-3.¢-difluarocyelepgntyllagrylamide obtaingd inExapmple. 10 in
anhydrous tetrahydrofuran (0.49 mL), and the resultant mixture was

[028stjrred 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

acigraquieus-salution. {lde, organie layeravaswashedored in 12.5 mM HEPES
(pH 7.3), 75 mM KC1, 0.5 mM MgCl,, 0.5 mM DTT, 2.5 mM glucose, and
50% glycerol at -80°C.
[0283]
(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 KC1
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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 (eJution_20solvent;
(proﬁg)%é;?@%: ‘é%]gi/ gclélfaeteggeinbc% gIIV ustrgesp, ¥‘$dg , 2mMMgCl, (product

ot Wb O o e 8 By s B RS 21t
ot e L ) o Tl W s gt mocne
1 e SR Gt A S P I A PR B AL D s Bt e wako
pure SHaAd T P b e S A e ddn e Shoma)
0. 1 e S, e 2Oyt B 74L puso.

[028% 4a)-3,4-difluorocyclopenty1]-N-(5-hydroxypyrazin-2-yl)acrylami de
178] [Chemical formula 32] 20[0179] Trifluoroacetic acid (1 mL) was

added at a room temperature in an argon tmoljﬂgge e to a solution of
(B 14 (cyclopropyISultorypheny 13- ((La, 8U, " 1 2 anoes and 2 kL

43)-3,4-difl | tyI]-N-[5-(4- h | in- .
o £ e R on comeaining

the HESHRANLMAIUre wagstisied for 5ﬂgUt%§cﬁ sgiigatedsodiym hydrogen  yap,
carbonate aqueous s citation was a ded to the feaction mixture to adjust

and MG RYEIP 8reTP@orf?C“§{h5%'éE§58M\@f thePfEtﬁa%thaW Bf@%ﬂf%% Qining
mL x 2). The organic layer wa washéd with Saturated brine (2 0 mL ) .

the cHWashed organic layen wastheyk drigd Qver arlydrus 10 $odUB initiate

sulfate and filtrated, and then the solvent was removed under reduced

the 838U, Thephtained tesidug was purified by silicagel QMR apsorbance
chromatography (elution solvent; chloroform: acetone = 5:1) to give

per kEh&d4-(eyclopropyisulonybphenyil@ikda,dy. petween 0.002 to 0.003.
4a)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yflacrylami 15de (41

Afte MBNESINMR(CHC 13 400MHZ)2 1 dd1A8M 28, d el 48(Mpdblbance at
1.92-2.18 (m, 4H), 2.36-2.49 (m, 1H), 2.52-2.60 (m, 1H), 4.74-4.95 (m,

340 réhalsIdels d =302 Hz, L), :28 £orss i), of e(@rd B R H2o2)eroplate
7.95 (d, J=1.2 Hz, 1H), 8.03 (d, J = 8.5 Hz, 2H), 8.48 (d, 20J = 1.2 Hz,

spe c L HHIMSHEST) d0/Z{ 460k M5 2) M AMS, (ES T deri Q215 E22R2IN30455n ) , and
(M512): calcd., 450.12991; found, 450.12959. [0180] 25 Fourth Step

the althyh2-(5-{(E3-214-1(cyclepropylsufonyphenyit-8-{(landdirst 10 minutes.
4a)-3,4-difluorocyclopentyl]lacrylamidelpyrazin-2-yloxy)acetate [0181]

[028E3hemical formula 33] 5 [0182] Ethyl bromoacetate (74 RI) and silver
oxide (92.9 mg) were added at a room temperature in an argon
atmaspheredososolution of (B)-294x(cyclopropylgylforyd)pheanl143:[(1lag, 4B,
3U, 104a)-3,4-difluorocyclopentyl]-N-(5-hydroxypyrazin-2-yflacrylami

31B, 38B, 41B, 53B, 21B, and 26B of the present invention were added

in an amount of 10 uM, 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,

ECsowas showntobel uMor less. Ontheother hand, inthe comparative
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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 chromatogra hy

comp eiiort Solvefi ERloFofomt-Adetore =521 o givé Byl 20 (5t 1(E) -2- [4-

[028§‘;V°'°pr°py'su'f°“y') phenyl] -3- [ (3U,
)-3,4-difluorocyclopentyl]acrylamidelpyrazin-2-yloxy)acetate 20(35 mg).

Test F§ éAIR 30%) 2983, 1746, 1666, 1603, 1519, 1400, 1375, 1353, 1316,
1297 186, 1140, 1087, 1044, 1025, 994, 972 cm71. 5

g illNMR(CHC 13, 409ng 1,11-1.18(m,2H),1.29(t,J =7.3Hz,
Ypo% Y I 48(m 2H)-¥.95 55 50(m, 4H),2.35-2.48(m, LH),

2SR ROAN PRI AR TEARO s1uc0me 10veis were

mea%é%%ﬁﬁéla“%lgﬁﬁdmm( DS ) 83 1R8N ee  Ghpgpes River
e PESHBOEENBO6S (312). cac, 359605 oy, 53040584, 4001831 .,

Examp e 247 (cycloprop [(1a 3U,

a m&% §4 %P“%%OFME'QPS“%%WB[JE@& yrazin2- Vé%)é)&ﬁ‘é%c 86ldca1 o fosse)
0184] [Chemical formula 34] [0185] IR (AIR) 3304, 2942, 2535, 1729,

and plnﬁé% 01633% k270 1469 %%%70%%@1;%%%%113@&&539@ BOIL arer

1141, 1071, 1048, 1028, 994, 973 cm71. iIHNMR (DMSO, 400MH?z)

2- hoJrOQa?sjc%  AE:1,81-200(m, 2H), 2.06:2,2p (M, Zﬁ'io%é%%@%g‘nected
1H), 2.85-2.92(m, 1H), 4.83 (s, 2H), 4.83-5.06 (. 2H). 6.69 (d, J =

fromk¥héHbéLéZ£dv%1£3§$Hégtgté§ (ge%S?%SH%%:%ﬁmg&gégrgtl%@ (Pre
Hz, 1H), 8.72 (d, J = 1.2 Hz, 1H), 10.7 (s, 1H), 13.0 (brs, 1H) 5MS (ESE)

valulYZ'208.5 (M512). HAMSA(EI5).for Q23H24E2N3Q6m (Mpl2) Lalcth, using a
508.13539; found, 508.13523. [0186] Reference Example 1 10(la, 3U,

b1oofa)k3ArRiluprecyclapentdmethyliphenyippesphonjum iodide First step
[(la, 313, 413)-3,4-Dihydroxycyclopentyl]methyl benzoate [0187]

ethy}égégﬁﬂﬁﬁHQQQHE&%ﬂéﬁ2€$39%64&&%QJQH@@quged (4°c, 3,600 x g,

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 CII-Test
Wako (trade name, product of Wako Pure Chemical Industries, Ltd.).
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 uL/well, and 150 UL

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
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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 gdded dropwise to the
meaSlE TR SBROR b 185 MR ier ST aRatHe rfure g™ 2103

3red at foom temperature for 15 hours, Ghlorafor (310 ml) and watgr
mL) were added to the reaction mixture, and the organic layer was 5

collected. The collected organic layer was washed sequentjally with 1 .
red DR At (XG0 s (30 fh), S Skl ing point
re1a%‘%%o%%SQﬂ'e“TBPé’d\rP%[%”eC%rbs?”é‘et%89'”%"’84?%%)’9” d VL. reduction
anhydrous sodium sulfa e, and concentrated urider redtc pressure.

. Toluene (120 mL) was add dFto the residue, and.the precipitated
2t RS wete EGIat by MM 0 e (s S1E ) s computea.
(028 3)-3,4-dihydroxycyclopentyllmethyl benzoate (16.9 g). 151 NMR

DC13) 6 1.71-1.78 (m, 2H), 1.95-2.02 (m, 2H), 2.27 (br, 2H),

2.75:2.87(m 4.19-4.23 ( ), 2.43-7. (m’ﬁb('f' 7.55-7.59 (

1H 8%%8%5%? I%ﬁg.SlSEr%'en%égt'e v%rgboglgéﬁtrgte 'unlt%eg'r re lflcgﬂ B, 12B
218, PERSSUIG 10, givegsmixtyre of [{la, 313,413) _'38’,4'9%’,dr%’%3>’c@@§”t5%]8A, and

methyl benzoate and [(113, 313, 413)-3,4 dihydroxycyclopentyl]methy

41B %9%%{%52&1% a[alio of ahout ;2 %&%%’é@é’d&@%i%ﬁ‘?%%% BUQ found
of iIHNMR) . 1H NMR (CDC13)'51.58-1.65 (m, 1.3H), 1.71-1.78 (m, 0.7H),

to bd- 95250 2000.2H)52,02:2.83 (, 1H). 409-4 32 (Mt 42446 (M e sent

2H), 7.54-7.59 (m, 1H), 8.01-8.06 (m, 2H). [0189] Second step (3aa, 5U,

inveg‘ts.@%?’),' (-Eﬂéag%ggéﬁ'&xc;@@f&aﬂ;aé’?s'glg%ﬁt@@lbé'ﬂmeg}y Imore . On the
benzoate S,S-dioxide [0190] [Chemical formula 36]0'0 H Ork. n_0

otheﬂqq-gr]rb, in[(léhé1%’0%@f§té'\%hWI9r?)§Wﬁe—rﬁ¥l] m%hﬂg’@lngé@uction

(5.00 g) was suspended in carbon tetrachloride (75 mL). Thionyl chloride
rati6L-90mk) was gdded to the syspension, and the mixture was heated for
reflux under stirring for 1.5 hours. Thionyl chloride (0.50 10 mL) was
(02 sfurther added to the reaction mixture, and the mixture was heated for
reflux under stirring for 1 hour. The reaction mixture was concentrated
Test URd@Kfeduced pressure, and toluene (25 mL) was added to the residue.
The mixture was concentrated under reduced pressure and dried under
DosakRAucespressue rgivedSd@ye@mia and Insulin Secretion Promotion
156aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl benzoate
Test S-0xide (6.09 g). The obtained (3aa, 5a,
6aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathiol-5-yl)methyl benzoate
S-axided#2-gsWas frxed yth asetonitrles(3hml)cad §aaike levels and
tetrachloride (30 mL). Sodiumperiodate (6.469), ruthenium 20 chloride
insulydrate {2L.818) «atkthemwates {3Qdbywere aglded torthednixiute, 9 weeks
and the re sultant mixture was stirred at room temperature for 30 minutes.
of aBichlowpmetbane (58 mL) aasradded tostheapaetjon mixture, Each of the
andinsolublematerialswereremovedby filtration. Then, the organic layer of
compthenfilyate was separatedl iand the-agqueoust Gelucire 44/14 (trade name,
layerwasextractedwithdichloromethane (50mL). Theorganiclayer and the
proddichlosamethanerexteact wete cepthided. Tieocarnbinedrids gdatian-wasy
washed with a 1 mol /L aqueous s odium thio sulfate solution (2 x 40 mL)
admiand therewittowater £2X4Q ink); deiedovehanhydrottsisogipmriuitates andg / kg,
concentrated under reduced pressure. The residue was dried under
10 mredured piebsure toegivedddadaed from the caudal vein immediately
6aa)-(tetrahydro-4H-cyclopenta-1,3,2-dioxathio1l-5-yl)methyl 10benzoate
befobbh-tioxided(di35 g). M (CiR) Atz 2091(MHL2)nHAMS (CI2) fér, and 4 hours
0135315065 (M512): calcd., 299.0589; found, 299.0593. [0192] Third step
15[(la, 3U, 413)-3-Fluoro-4-hydroxycyclopentyllmethyl benzoate [0193]
[Chemical formula 37] O 154
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[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
aftegre?1 ure at 40C for 45 minutes. The sultagt resi j[due was dls%olved in

arg%xala{tje% Eﬁtféfélﬁﬂ?)l“(%aaa (esL col ecting tube coated with
Itetrahydro-4H-cyclopenta-1,3,2- dloxathlol 5-y1) methyl 5 benzoate S, o

diPOEafigHHE BOBI G RAS HAHET {6 the Propared Soltioh and tHe mars (47C

was heated to, reflux under stirring for 45 minutes. Then the reaction

3,6 O%lﬁu% was'EoPREfttatedUritr fédudedpreslar e’ TAR FHRT8sidue was
oIved in ethanol (5 mL) , ulfuric.acid (0. m was dded
ther%t% Tshén%?x ure%vénsl egtteeoéi o re%lu%( uﬁn%éqr 1%‘5? ng or 1 ln%i%\htgglme’
d the reaction mixture as oncentrated under reduced pressure. T
and ?eﬂsm&)g Wa%cd?sso?vesdeln e?h;?l ace‘%‘aten&isl mU15 d"Fhe res%ltgrit scﬁutlonchle[ test
shed with a _sat ra,tced gCWa%(OUSPSOdIUEZ% droggn a&bonate

Wakoso tlon (glmrff anpdrt%en With saturated brine rie ove?rles’ Ltd.).

More?ﬁi ydrqus aoidl P}'éa Sl Cone%f ””at%‘i%rq? deryreqy ﬁ%dpé% H1ucose

residue wa purifiedby Silica g Blumn ¢ romatograp uent :

stanggé%eggi%]c%%%atﬁﬁé H&?ﬁ%ﬁit[{%@)’t@jﬁ)ete ?3\/4 dllUtI:\L/InSg(EI) glucose

-3-fluoro-4-hydroxycyclopenty hyl benzoa 2 mg) m/z :

stanaégcﬁ'\/@lut 1 EUR @%&9599‘@&SEQ§4M¢+%hc?Jﬁ%s’l%o%q(%Sal saline)

found, 238.1046. 20[0195] Fourth step [(la, 3a, 4

were Oéﬁa@%‘firﬁcﬁ’ﬁl%?é‘ﬂ'k methyldenzogie d%g% L%”E‘L'ﬁ?i S%“H@ 38l amount

[(la, 3U, 413) -3-Fluoro-4-hydroxycyclopentyl] methyl

of 1PRRZAAE (326 Q) wa i%sf e?%cﬁ‘ fapygrod t&”@é‘y EOEUJQ%é%P‘%}jf‘added

5'so utlon of bis(2-methoxyethyl)aminosulfur trifluor 455 mg) |

to eQBﬂyq{é’ﬁ tetrafydrofurap (Zmi ) was gdded to the frepared JXIUES s ¢ o

and the mixture was heated to reflux under stirring for 1.5 hours. The

to aiQ_QS%L'OBc!Tﬂ%@W&é%%%@QQ%%EO a sglurated aguequs s odlumMYLrogey nm was
carbonate solution (10 mL) , and the resultant solution was extracted 10

per £ Wih &ihyl agetate«2 x;30,mbk ) Ihe ethyl acetate exikacts were comined o quct

washed withsaturated brine (2x10mL) , dried over anhydrous sodium

of pesulfate; and-conecentrated, Under reducedpressie ckhedesidle was, (Glucose

purified by silica gel column chromatography (eluent : hexane/ethyl

AUC, acefate w44 -io1give [t 3¥r Ladad3 Bidithuoracyslopentyllmethyl cach blood
benzoate (233 mg). MS (CI2) m/z: 241 (M512). HAMS (CI+) for

co116d85315K3A8(MH2): calcd., 241.1040; found, 241.1043. [0198] Fifth step
20[(la, 3U, 4a)-3,4-difluorocyclopentyllmethanol [0199] [Chemical formula
39rni9208ku1 i r(lac3deda) 3.4:Biflupracyalopentdlmetbylhenzeatendi luted
(221 mg) was dissolved in ethanol (3 mL). A solution of potassium 5

solu€ahenate 2drmghinpwates {tmly) was added ta the,preparechselutigRint kit
and the mixture was heated to reflux under stirring for 4 hours. The

(t ratRactiondnixtuiedmas comncentrated gunden seducedpresspte; angitberescience
idue was purified by s ilica gel column chromatography (eluent :

Inc. heXamE/@thy]ﬁBlaieafréﬁ)dﬁ@\te K]aa ﬂilrveoj - 4 hr (IDSUliD AUCp.5 - 4
104a)-3,4-difluorocyclopentyllmethanol (123 mg). MS (CI2) m/z: 137

ne) wEMS522) HAMSHEI2)-ton A6 120 (Mh12¢walcdt 187 OY 8] Jound,ol lection
137.0801. [0201] Sixth step 15(la, 3U, 4a)-3,4-Difluorocyclopentylmethyl

poiniodide [0202] [Chemical formula 40]

[0290]

Test Example 4
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[0203] 20lodine (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
nEE §43.0 mgq).in dichloromethane %)i mL) was agded to the r,eﬁryltgnt r‘giét e,
°&nhd (he miXtare \Was s Sifted atToont tenTperattre fora Totrs, wnd tee
ins&lluebleeg}aterials were remok\)/ed bIX f'Itra%on. The res@gg obégineg bélevere

concentra in%ciﬁg fiﬁrrlattél\llx?asapl?rﬁllédaéy &8 agﬁcﬁﬁmn cahr}oma?ography

a1 S T o e L8 T BRI Coft Ot LA e T thod
GRS it et A e IR T LR ) PREEL
comp G o T T OB 4055, Dot aat Al ghsing 4/
SESR Gk oG vt i e R B e SRR
B B e AR BPe AR 44/14

(traBree%l%ﬁﬁ?é?d§£36sc§%'§é’v%r§°8@%Cégg?égﬂtéﬁti%d PEG_400 (60:40), and was

Thecollectedcrystalsweresuspended indiethylether (50mL),

ora1§gd%@ﬁ%ﬁ%@%%&%%@%@ﬁ%@9“5%¥ﬁ§5”E%%%%?@-16 to 20-hour fasting
Thecollectedcrystalswerewashedwithanappropriate 5 amount of diethyl
. ether ' iye the ti :
v R g el e e o hcone
solugf%kzﬁgﬁﬂh45Qﬁ%§64ggiﬁfé%ga%fHﬁZO%H%ﬁ%8gﬁg ’Qéiaéigﬁ{HZBlood
1H), 4.74-4.92 (m, 2H), 7.31-7.90 (m, 15H). 10[0207] Reference Example

was 80%&%‘@@@89@&’@%i@}?éyl’:'%i%e&ﬂa{?ehﬁo%oﬁb[ﬁh%@}@@%@%@d&%g solution
H2N,eNc", Li sO H 15 [0209] According to the method described in

admi WQ2004/032869, 2-Bydroxy=l-cthangthiol (893 mbyand 25, 0.5, 1, 2, and
tetrakis(triphenylphosphine)palladium (3.39 g) were added to a 20solution

4 hoof 2-2MiBe-prhrameRdazine (la00 g 42l co1lect ing tube coated

N,N-dimethylformamide (15.1 mL), and the mixture was heated and stirred

withali120€4dR aisealed tube for about 3 hosrs Aftercoplingnthe Lactiont i fuged
mixture was diluted with water and extracted with a mixed solution

to okdighioramethane.: ethanok= 5:4) (10Q Bk 6)-wERe arganicdayerwas 14 with

dried over anhydrous sodium sulfate and then filtrated, and the solvent

phy sWas&yapanated under reduced pressire1 The mrsiddeavas purietby ed using
column chromatography (hexane : ethyl acetate = 1:1, then ethyl acetate,

Glucand thenethy| acetatenamethppol =105l and wasdecrystalized (usin@ ries,
chloroform) to give the title compound as yellow needle crystals (470 mg,

Ltd.Yyield: 44901 MSA(Eitubizs d Tletht). WA S (EH) for Q6HONIOXMYr glycemic
calcd., 171.0466; found, 171.0451. [0210]
load was calculated as the “Blood glucose after glycemic load”.
ECsp and EDsg 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]

156



10

15

20

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)
Te%w%?@%@i@d %1ereto. The 20 reaction mixture was placed in an autoclave
hERGa@d heatetd %nd stirred at 160C f(%r about 5 hours. After cooling, the
reaction mixture was diluted with water (50 mL) and ethyl acetate (50 mL),

0 : ! :
ang 2506 aguaays amunonia (2 ML) was added {0 e miture to make it
basic. THRe feaction mixtire was fiftrated throtigh Celite; and the organic
layer and the aqueous layer we rated. T ueous layer was
Cehe s R S Sebiaie (50 WE 3], e ML Ackk BAA e Lrganig=e 5
thro'l? e eerew%%“ﬂ%'”c?é’lPrﬁé’rg%‘ée%‘é‘hdgé%‘%s gogiyrp %‘g"’}{;heraar{‘éé’ .g'é@t%%-corded
e solvent was evaporated under reduced pressure:; e residue was

oy o Pyl busiica gel chromalgorapiy (ieranc,: IMAAIE S L e, one

then by prepara oform: methanol =1 ica gel,
exane,: acet = 3:1) ta give the title compound. as, white powder, . .
o e 66 2 e yiekd S NIS (E1) s THE iy TOHAMS (Eryrar “ite
a1 nQESHINS0R M. ol 105 0623 found, 185,0013. 1 RefpIengterateq
Example 4 5-(2-Ethoxyethoxy)pyrazin-2-amine [0214] 15[Chemica

currgH@g%ﬁ%gif@@g”%%éég%ngy@g%géggg%Hﬂflaﬁ¥¥@gyggg%%$plying

method described in Reference Example 3, the title compound was

so1uQQ@{}eqﬁ%%%l%&ﬁ%?@%@é{?gsiﬁ&%e“%l,ZQI@é‘%lved for 10 minutes.
2-amino-5-bromopyrazine (3.48 g) and ethoxyethanol (36.0 g). MS (ElIt)

The dR/g=d83 (M), HAMS(EL),10r COR3IIN3ORMM: caled» 17341008 Jownd; yateq
183.0996 [0216] Reference Example 5

on tRd3Methoxypropoxy)pyrazin-2:aming021 (h [Chemicalformula4R] HaN ;120

x N 5[0218] According to the method described in Reference Example

nv d3ptheditlecompeund,was optained asyellgw £rystals:(6d4dng.yigldo c ne r
15%) from 2-amino-5-bromopyrazine (3.48 g) and methoxypropanol (18.0

depo@hIOMS(ELR) pa:k8H@M250 mv for 1.5 seconds. Stimulation was

performed at a frequency of once every 10 seconds. The test was
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.

The hERG when 30 UM of the inventive compounds 1A, 12A, 44A,
188, 31B, 41B, 71B, 103B, 4B, 31A, 38B, and 68B was 50% or less
in all cases.
INDUSTRIAL APPLICABILITY

[0292]
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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

btained || il (121, , yield: 23% . .
e ke st prosens dowention have an
56 g).. MS (CI) m/z: 183 (M512). HAMS (CI) for C95315N40 (M512):
exce L2 O b R L THOETEL RIS GobNEs EDrerr e Sogt tects
t,J=5

s, 6H),.2,70.(t, J = 5.8 Hz, 2H), 4.12 (brs, 2H), 4.31 ( , 2H
(suck T ST A BRI TS I R AR, Tos, s et
3330 cm71. [0222] Reference Example 7 .
uPp 28 A1) ColP L o Gy e D OIS haghea 3 Fo HhageFore
useft%zé]éghgrmé%ael f%r{n%!? 84%]o|£| NIe'\écw):-r'a_\g)rr[%%%f1 r15'§‘(e:%%rrqjcn%%)cgl%ediabetes p
methot described In Reference xamp?e , the title gompound' was
pﬁoewrl Eg\évgler crystals (60 mg, yield: 13%) from
romopyrazine (299 mg) and
2-methy1-2-[(tetrahydro-2H-pyran-2-yl)oxy]-1-propanol (1.50 g). MS (ClI)
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-,- . . HZNNNMe2 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

ObeSogtainead S
i-%ﬁino- -b
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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: Z%%)I. (Cl) 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-y1l)propan-2-amine 5 (70.6 mg)
was dissolved in a mixed solution (ethanol-ethyl acetate, 4:1, 5 mlL_). Then,
L OB DA B0 O ) Y el R Bt Solafont b the
harsolgtei%n wgglslubj%céggt o @I tic rfgu ion at 101 kPa for about 2 hours.
P The Teaction mixtare was fiftrated ﬁwough %re%?e, and the filtrate was
[Chee\{%pclra%e(g lrjn%cliee{ ]fﬂreduced pressure. The obtained residue was purified
IrTle silica ge]f column chromatography (silica gel NH, ethyl acetate : hexane
E 1:1) to give the title compound as a yellow oil (56.8 mg, yield: 94%). MS
€ m/z: 183 (M512). HAMS (ClI) for CO5314N4 (M512): calcd.,

3 (s, 6H), 233 (s, 2H), 3.59 (s, 2H), 5.56 (d, J = 2.4 Hz, 1H), 7.28

R! R.4 Iﬁ; 1H). 1R (AIR): 1617, 1541, 1492 cm71. [0228] Reference
\Ex’a plel® 2075-(2-Bromoethylthio)thiazol-2-amine [0229] [Chemical
2eula A@)] NBr H2NM S [0230] Triphenylphosphine (12.1 g),
imidazole (3.86 g), and carbon tetrabromide (4.44 g) were added to a

(whe SUSRERSION, of 2= (2:hydr Qé){eﬁ"r}’&t@f:%%?&n?gag‘ ined200-9) i methylens ogen

chloride (74.6 mL) under cooling with ice, and the mixture was stirred 5

at oml(,'mg%r copling with,icg for 4 hoyrs, Methylene chloride (200.mL) and water,, - o

100 mL) were added to the reaction mixture, and the mixture was

nitrEXAsted. Theorganic-laysy Vé’@éﬂﬁﬁ%)&:@%%ﬁ@%?@?d}%q Mk group,

dried over anhydrous sodium sulfate, and filtrated, and the filtrate was

a C; %‘_C_@J‘téaitﬁgwd&% iced pressure, H&?Q@U@@a%@;ieﬂg%%&asa C; to Cg
purified by silica gel column chromatography (neutral spherical silica gel,
alky®thyl acefate shexane 5 k10.and themdyd)andwashed withhexanete, o ¢,
give the title compound as white powder crystals (1.06 g, yield: 39%). MS
alko(El) BY/zi 338 (M) ABHAMSIEINfor C55BN2S2AME); calcdhR37.92344 or
found, 237.9212. [0231] Reference Example 10
unsubd8iBromaprapylthie)thiazolg-gmine [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
2.  (M3%e). HAMMSUES L tor £65319BrN8SBAME): caled, 252194688 -toundcally
252.94629. [0233] Reference Example 11 5
accep2KdMethyipiperazint-yfigthylthiolthiazeha-athine {0234H[Ghemisahdent 1y
formula 51] Me H2N s sN?d) [0235]
a hydfd-Methylpiperazing (3 4émlywasaddediothecampoundoptained éhyl group.
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
3. aqueeussagivnmibydrogem ¢arbpnate solution (10r a pharmaceutically

acceptable salt thereof, wherein R' is a hydrogen atom or a halogen

atom, and R* is a C; to Cg alkylsulfonyl group.
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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
amarphous was washed with diisopropy! ether tongve the 20title

ith I .

4+ compoufiaERIA 88\%86?[1&&%@ so(léfrh‘& yiefth: 840k MdithT Boing 2+ 1Y
106-108C EIMS m/z: 258 (Mt). HAMS (EJ) for C105118N452 (Mt): calcd,, _, .

acce%ﬁ%g%;sfao%d? 580978. ”%ﬁrl\elﬁ/fh &odmﬁz%ﬂl&ig% fi%’?s,%, Ro1s
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,

@ C1 o1, §.69§és]f%iﬁ?l‘}. %“(ﬁlﬁfﬂﬁp(AlR): 1653, 1527, 1485 cm71. 5[0236]
Reference Example 12
(S)-5-[2-(3-FIuoropyrrolidin-I-yerthyIthio]thiazol-2-amir_1e [0237] [Chemical

5 forwla 52] 10 N.é?lycHZN Ths S Lg)23§]ﬂf.]g Cf\ccordln%ﬁoathe mg:ghcodCally

c cording to . C or a rmac
described in Reference xarﬁpl% 11, the ompound was obtained as

white powder crystals (88 3 leld: 40%) from the compound obtained 2 .
e i B 5 oD TEmg), (&) HTaroporine hycieo e 12
410m alnd t{ig h Ieimine 50 mL). Melting point 144-145C [U]s244
@ Cy((co‘?i’f,g[%’n%s%ﬂ Eﬁ%/lré/ m/z- SA7 (M2). 20HAMS (EI) for COS14FN302 (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),
6. 5085525 A 74045, AH)JR (AIRY..1649, 1533, 1491 em7d. 0239
Reference Example 13
acceg%k%i%ﬂ%ﬁﬂ%o%E&?Qg@m4ﬁﬁ%¥Q%WW?ﬁh@éokzﬁyHﬁ%%Q§4QLom, and R* is
[Chemical formula 53] H2 NS rd [0241] According to the method
a mefgsarineddn,Refe -xample 11, the titte 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

7.  Mofk (€043, DMSO) ASEIMSMZ; 247(M2). BAMBED fols 6 or 4
C95314FN3S8 (M2): calcd., 247.0613; found, 247.0622. 151 NMR (400

pharMii% GRE13) 6 1194222 (Ne2ED12.42:2 4B, Wb 2eAQr2: 9L (FhrfbDund is
4.99 (s, 2H), 5.06-5.25 (m, 1H), 7.10 (s, 1H). IR (AIR): 1649, 1533, 1491

repr 64+ 20(0242] Refefence Exampled4a (1a) :
5-[2-(4,4-Ddfluoropdperddin-1-yflethylthdo]thdazol-2-amine [0243]

[Chemical formula 2]

%

(wherein R!, R?, and A are as defined above).

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 (1b):
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[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

ch 263 g(%, and triethylamine (0.50 mL). Melting point 127C (diisopropyl

LChe e 10EME 12279 (M2). HAMS (EI) 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. p8~dd, J = 8.9, 5.8 Hz, 2H), 5.21 (s, 2H), 7.08 (s, 1H). 15IR (AIR): 1609,

jcal formula 55] N0".43H2NS S [0247] According

ppd described in Reference Example 11, the title compound

R?wayObtained as white powder crystals (150 mg, 5 yield: 76%) from the
corfpound obtained in Reference Example 9 (150 mg) and
piperidine-4-carboxylic acid ethyl ester (4.83 mL). Melting point 80-81C

e 3 (CAMIZ310,512) HAMS (G for CA3GLGONG085 (MS12) caled,

316.1153 fouhd, 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,

5 9. 2HA13dAcda 01 Hz. 2H); 200s, ZH), 7098&’831'?95”3(%?)8 1207,

1524, 1448 cm71. 15[0248] Reference Example 1

phariddei@Aminathiaz k%ﬂit@io;l,%tw']FMEOJ@%JE?%J}%%%”% [0249],

20[Chemical formula 56] N H2 N r'ss S [0250 According to the
unsuB&ihed, desceribedip Reference Fxample 11, the fitle compoupdwas, ot s

obtained as white powder crystals (130 mg, yield: 80%) from the
monoQ%@BQH@@L?P&iQ@JH gﬁﬁ% %S%?ﬂ?lg gl(']:%(bé glgt)ﬁngroup optionally

(S)-pyrrolidin-2-yImethanol (3.10 m
substituted with a halogen atom or a hydroxyl group, a C; to Cs alkoxy
10 group optionally substitutedwith a halogen atomor a hydroxyl group,
a nitro group, a cyano group, Oor a group represented by the formula

of —(O)p(CHz)mC(O)OR3 (wherein R’ is a hydrogen atom or a C; to Cg

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 C; to Cs alkyl

group, or a C; to Cg¢ 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
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Melting point 98-99C [U]s2490 (c0.54, CHC13) . MS (CI) m/z: 260 (M512).
10 HAMS(Cl)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
Igm %314320(m 1H 338($d J =110, 2.4 Hz, 1H),3.62 (dd,J

grou 17%%1017'9) %U&églleﬂi)e Eﬁ%& iﬁ)l |?a86i|?e}ko Y group optlonally
31611

516 8cm
substltuteé w1é% %alogen i%om.or a hydroxyl group, or a C; to Cj

alkoxy-C; to Cz alkoxy group.

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 C; to Cg¢ alkylsulfanyl group

that is optionally substituted with a halogen atom or a hydroxyl

group.

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 heterocaromatic ring containing 1 to 3
heteroatoms selected fromasulfuratom, anoxygenatom, andanitrogen
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
unsubstituted or mono-substituted fused heterocycle having a five-
or six-membered heterocaromatic ring, the heteroaromatic ring
containing 1 to 3 heterocatoms 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.
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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 titte 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 hydroch|oride (100 and diisopropylamine
15 (1T gy WS CLRa TR TR BTG s Bl oo 12 ) e

added during the reaction. (Cl) m/z: 266 (M512). HAMS (CJ) for

phar BB A (M0 (AT, 260 bob P bia, 26k GE 77 5 R
400.MHz, CDC13) 6 2.71-2.8Q (m, 4H), 2,81-2,94 (m, 2H), 3.04-3.14

ansu e 00 SR b6 SR SO (At TERe L the

5 rou149% I(I:rsn.71. 0254% B_eference Example 18

J g-[&-(cis-lf,ﬁ- ithe hyltetrahydro-5H-1,3-dioxolo[4,5-C]pyrrol-5
-yl)ethylthiolthiazol-2-amine 15[0255] [Chemical formula 58] N(5# 0

[Che JZRF-J-]:S €or]mu2&0%g“ng to the method described in Reference Example

11, the title compmgiwas obtained as white powder crystals (127 mg, 20
Yi jO%) from th& coghpound obtajhed i1 Reference Examiple 9 (330
)

and cis-2,Z2-dithetbyltetrahydro-5W-1.8Hlioxolo[4,5- le (280 mg)
MN(ESI) m/z: 302 (M512). HAMS (ES’]') 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,

CFD O <
<10 <10 <10

N
x
P~
P \O/l\N/

N\ N\N \ 0
| -l DY —4 )
N P N/ N/ N

16. The compound according to claim 1 or a pharmaceutically

acceptable salt thereof, selected from the group consisting of

10 (E)-3-[(1la, 30,
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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

40) —dohipdund WHSSBtaMBRHE vendlw bn (85.7Fhg ieRFE 3696 Trom Tive (4~ (me
compound obﬁaﬁineqén Reference Example 9 (200 mg),

thyl&%? on am

-pyrr Iid} 62 CAr 8ny i a(:|dlrc%1eethyl ester hydrochloride (277 mg), and
triethylamine éO.SO_ mL). 20Q[a]5258- s§00.25, CHC13) . MS (CI) m/z: 288
(E) ~MKh2)y CHAMS (EH¥6F €115%9N30858 (KH2)* calcd., 288.0840; found,
288.0837. 8H NMR (400 MHz, DMSO-d6) 5 1.74-1.87 (m, 1H), 1.87-2.00
100 G T D SR CORER 2 4 (6 912 B BRI 5 £8i 3 icTig, 2esv
.d2.77 %jd, = 7\?&6.7 Hz, 2H), 2.90-2.96 (m, 1H), 3.15 (td, J = 8.3, 3.1 Hz,
amidgp | .éé%&d,( Y8.6%.5 Hz, 1H), 3.71 (s, 3H), 5.00 (s, 2H), 7.10 (s, 1H).

o IR R 3203, 3124, 2949, 215, 1732, 517, 1484 073, 0200
e R AT R A € o sty
o -45TER B e Sy Rl BRI el v
ne PRSP (I BT 000N o
10) —'SORrOPY}AMIne (9.00 @) [UIn2p,-61 (6928, CHGLI). 11101 -1, 3-dioxolan-4
-yl)thiazol-2-y1]-2-(4-(methylsulfonyl)phenyl)acrylamide,
(-)—(E)-3-[(la, 3a,

4a) -3,4-difluorocyclopentyl] -N-[4- (2, 2-dimethyl-1,3-dioxolan-4
-yl)thiazol-2-yl1]-2-(4-(methylsulfonyl)phenyl)acrylamide,
(+)-(E)-3-[(la, 3a,

4) -3,4-difluorocyclopentyl]-N-[4-(1, 2-dihydroxyethyl)thiazol-
2-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide, (-)-(E)-3-[(lQ, 30,
4) -3, 4-difluorocyclopentyl]-N-[4- (1, 2-dihydroxyethyl)thiazol-
2-y1l]-2-(4-(methylsulfonyl)phenyl)acrylamide,

(E) -N-[4-tert-butylthiazol-2-y1l]-3-[(la, 30,

4a) -3,4-difluorocyclopentyl]-2-(4- (methylsulfonyl)phenyl)acryl
amide, (E)-3-[(la, 30,

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

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

(E)-3-[(1la, 30,
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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
400 ~fy SH)1F HIYEO LS HRAAIRY W28, 1819 2T A e Cjo26b] Reterbnie 2 V1
Example 21 55-[3-(Dimethylamino propylthio]_thiazol-2-aminerL0263]
1 =2~ (ChefiichltormiatL 81 H2 R HE'S %@%@] YHACLGding to thelmethod®
described in Reference Example 11, the title compound was qbtained as = .
40 ~guloriédd pBRbRFEySEIS (535 MY vield: 8296) frofr theY doifipoariyy L) thiaz

obtajned in Reference Example 10 (100 mg) and djmethylamine (a 2M
oL 2] CATUBC B GbrtL ] S (A - S0 (O} Lt | (10, 30t

- ST TR o, 00y o SO M
oo BB O T30 B SR 20 0 R AR

(E)_ég)[- 4-(difluorocyclopentyl)acrylate [0266] [Chemical formula 62]
SO toEt FEH  Plphsr [0267]  Lithium

is(trimethylsilyl)amide (a 1. mol/L tetrahydrofuran solution, 41.1 . mL. 41.1
) o e Ba o A oh Hbser o S o el Y " 1
2, 4§y}?49};gf:’a4-Odifl_u?113_ro%cl%(Qt%%@ggh,yl]t(rtp)h_egylgp_f)&?h% um iodide (20.3
g, mmoﬁ synt eSized inReterencé Example 1'in dnhydfous

40) —Ee,t@—hé(d%Of%ar”ogocr?'aré?ﬁr?%} ?1‘55—%'%"—”&@%&9&%% féirﬁr?%fo{;%nh%ﬁ%— (3

about tﬁe same tempe e Néext, a solution of et ate

~met §y1L-2 mmpDIn Anhydrous tetr g%ré’{ ?Qﬁ%‘)'—h‘%ﬁ‘%%‘?‘i&? AGgand

the resultant mixture was stirred at room temperature for 24 hours. Next,

aar) WAL {20 ful) was added At 4¢, then L malil, hydroshlgric aeid.aqueouss .

solution was added, and the organic layer was concentrated under

-2- (edycedipre S3WE L J PRRIgned A5 epidliewas extracted wigh ethyl

acetate. The organic layer was washed with saturated brine. The washed

a0) -870RNG layer was dried uer aphydrops spdiym sylfate, apddhen 4i 2,01 -5-y

concentrated under reduced pressure. The obtained residue was isolated

1) -2and pyrified by silicage) £p ghromatography(ethy cetaie ; hexang,

= 1:4) to give 20 5.25 g of the title compound as a pale yellow oily

_substangcs. : 12). HAM I MY
) Chi 040662, found, 504 0612, 151 NNIR (400 M, CDCTS) 8129

yr 1097517y 3 A 260490 (2t 2.26:2.42¢m, 2H), 3.84-3.98 (m, 1H),
4.16 (g, J =7.1 Hz, 2H), 4.80-4.90 (m, 1H), 4.92-5.02 (m, 1H), 5.74 (dd, J=

dor) -31.6. 3203 I 6 2246000 1 3L.Q.- 9B HZ B b pyridin-2-y1) -2- (4- (me

thylsulfonyl)phenyl)acrylamide,

(E) -N-(5-chloropyridin-2-y1)-3-[(la, 3,

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

amide, (E)-3-[(la, 3o,

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

—(methylthio)pyridin-2-yl]lacrylamide,

(E) -N-(5-cyclopropylpyridin-2-yl)-3-[(la, 30,
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[0268] 5 Reference Example 23 Ethyl (3)-2-bromo-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyllacrylate [0269] [Chemical formula 63]

[0270] Bromine (1.19 mL, 23.2 mmol) was ad

ded in an argon

010

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
400 ~rhixtuirk 15 Walsthéh StiRen 8 7 hours'at feohi ehiperafiité 1 ThE feactibnc Y +
. _mixture was concentrated under reduced pressure, and anhydrous
anidgichidrdmetane®4oifit) was added to the obtained residue. Next, in an
argon atmosphere, triethylamine (4.10 mL, 29.4 mmol) was added at 4C

40) ~ 3y 4 176 FetitRREMRGREREY SHirBd for 10 KOG HYG6MY20 Rethperaturé Y1)

Water was adde% to th% reaction mixturi[,?whereby separat

Hakitpedisy e dus AN

~27 orifas HhéR the AbUe bt Tayer \ias &

washe liche

el
ugous Solutio

ers

en

sa - rganic avers e polleced T combned e s 1 1

. jt turated brine. Th hed mixt
2L 014 Coanirg SHHRE G o Co CemATEY

- 1241, T csned e o bpied g pned i SIsa 08,

column chroma exane =

ap

s dried oyer .

under reduce

- [ (1(X, 3&,

2 RIS (1) oy GO GINEDOS (M Calct 282 006T.founcs
)Gk 3 05 (o 540 105 5B M (240, 3 O 3B - 1h 429
S Rathen B i Exr €3 (1A, o 20 2 e

4a) —%541@)?

0272

I=r5 e

(EramCa fori Y 501b27%] PRSkoIat dboton (8 b rog, (7"

hyls%(}éﬁéommq'égh%&gﬂwmﬂ%pih@gphipg;f_egrg eng;palladium(ll) dichloride

mg), an

potassium acetate (98.0 mg, 1.00 mmol) were added to a

aar) -3018GN of A-hrgmomesfylsultgnylhenzeng (79.Q.mg, 033 mmoliny _o_ (4

dimethylformamide (1 mL), and the resultant mixturé was stirred’5 in an

ethyi‘@?f‘f%%%ﬁé%ﬁ?[)@&]m&?ﬁ%}z%- Next; ethyl (Zs2-bromo-3-[(1a,

3U, 4a)-3,4-di

2 mol/L sodium carbonate aqueous solution (1 mL

luorocyclopentyl]acrylate (100.0 mg, 0.33 mmol),

400) -%,,14@&@&'{5%1%@}%?%&)@&0@@@1@'@@%@'ﬁ){#&%@ %@5%;)1?

0 and

gkand 1

1 —2-theresultagthimixiyrewas stirced in ar argen.atgaosphiere for 2 heur s gt

80C. Water was added to the reaction mixture . Extraction was carried out

aa) -¥ith ethyl aestate.and the-erganicayer was yash

851;)@%%5?{&9?\/”9
r

saturated brine. The washed organic layer was dried over anhy

§Q§H—2—y

ous

1] -2sqdiumpsiifate.and-thepoancenyated-underdaeduced pressure, They,
obtained residue was isolated and purified by silica gel column
4a) —Shromgtegraphy {ethyh aeetate 1hexane 3 1-1de1give, 32 3@ e thetitle, i n—2—
compound. [0274] Reference Example 25 20(E)-3-[(113, 3U,

v1]-4a)3.4cdifluerpryclopentyl]-gHdr(ethyisylionypheny E)-Nst[ (10, 3a,

hiozol-2-yl)acrylamide (Comparative Compound 1)

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

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

(E)-3-[(1la,

3o,

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

—[2-(methylthio)ethoxy]lpyrazin-2-yl}tacrylamide,

(E)—-2-(4— (methylsulfonyl)phenyl)-3-[ (1,
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[0275] [Chemical formula 65] [0276] Using the [(113, 313,
413)-3,4-dihydroxycyclopentyllmethyl 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-difIuorocyclopentiéggethyltriphen Iphosphonium iodide. Further,
40) ~the'cshvetSiBRS oF froPERample 1'fol éiaelr%b]i’é/ Yerd Shiteld- GatbPy T azin-
obtained the title compaound. 10[0277] Reference Example 26 (E)-3-[(3a,
2=y 1 238)3 2 dind6rocyBbpenty11- %43 rethylsulfonyl)phenyl]-N-(th
iozoI-Z-%)acrylamide (Comparative Compound 2), and 15(E)-3-[(313,

400 ~Fay 3%t iillHS%%?@ISE)Sﬁﬁ/‘if-%-l[ﬁf(%_efﬁﬂém?otr%})ﬁgrli)J;I]D-W%l) phenyl) -N-{>
~[2 —?Cl)t?rei u'lfa%gg]é‘%[%lza;g]'—dggl%oﬂf—g?—{a@"é%yﬁoe%%%”% 3 J0z78] [Chemical o1 amia
%gg%—g—ﬂgj](;&o-%h(ydroxycyclopentylImethyl benzoate obtained in the third

S (s ep of Refefenceé’Example 1, 5 stereoinversion based on a Mitsunobu

eactign of a hydroxyl group w. rried out, followed by the same .
o) - ljécri_nga %i\ufsr)ilonctﬁgjﬂ%ﬁhr% %?6?% eF&Ecé(%%arﬁﬁféy)lé.Qhoex ,Tl?é’ razin-z-
esultant product underwent hydrolysis of the ester group, and pxidationg of
) e R A ol G ThE Ot 1E  darbotylt Al T

sa) -S040 2eid was condensed i (9) dphepyixazglidingne. s o

{astereomer was then %epa S tric ‘auxiliary group was

lan- ﬁe-’ggﬁ%clzrt@%{%s—%@?i product wagthen, I%%Cf&%?ﬂ 5@@1‘?%&9%’999%% de,

and the reactions of from the sixth and Subsequent steps of Reference
(E) _$>_< 1 were carried out in order to obtain the title compound. 15[0280]
est Example’l GK activity measurement The GK activity was

—determined not by, direct MeasUyement of the AMoUnRt of s v 11 -1, 343
*) gl'ucose-G%hos%(F{%te BCFEO uc Ly the en[zyt/]msgreaért}lon 20but by Hoxo
1an—ﬁﬁ§§¥5§9%@¥ﬁlbﬂ§ﬁﬂQ@EEﬁDVMQém¥9%%%¥% @)phenyl)acrylamide,
glucose-6-dehydrogenase-coupled reaction. [0281] (Preparation of
E) _ge_c;fmt&na@topK) Cloning of human hepatic GK and human pancreas GK
and acquisition of recombinant proteins 5Based on a human hepatic GK

a0,) -SEQUENCE1AVAgble P GenaBank (Accessign Number Ma.c@%%%olc@g) llpyr

and a human pancreas GK sequence (Accession Number:"NM
1 nPER €loning was perfatmed ysing, Ryr 9@5},@5\'&6’ ymerase (prpguet of (1
azin 7 o,
- Tak%ra Bio Inc.) with huyrgan hepatic cgNA producﬁ%l)f Clontech

3¢, Laboratories, Inc.) and human 10 pancreas cDNA (product of Clontech
Laboratories, Inc.) used as templates. The enzymes were expressed in a

a0,) -S0luwbleiferm dn & ¢oli asdiissfagged fusion profeins ftagord With.sixHi$ 11 pyr
residues at the C-terminus. The E. coli cells were sonicated and

azincentyifugerl, and the supematardiwvas goellectad. dheacllected, supesaatant
was 15 purified by metal chelate affinity chromatography. [0282] After

5- { (Ryrficatipngthesgnzymes were stored in 12.5 mMMHEPES (pH 7.3), 75 mM
KC1, 0.5 mM MgC18, 0.5 mM DTI, 2.5 mM glucose, and 50% glycerol at

a0) —BUC.20f0283] {Measuramertiof GK activitny 1 st heassayWwashy1) Jacryl
performed at 25C using a half-area flat-bottom 96-well plate (product of

amidepstars Jhe-incybationsmibduerwas grepaied sysh thatthe finahmjxtuie,
contained a 25 mMHEPES buffer 25solution (pH 7.1) (product of

400) - vitregen Gerparation p2s MN-KC fproduetgi\Wake BRufe Ghemigal) 1 acryl
Industries, Ltd.), 2 mMMgC12 (product of Wako Pure Chemical Industries,

amidbtdo)y BanvhDoglitcoses(ioduct of Wake Pure Chenscal ndystdes, Ltd.), 1
MMAIP (product of Roche) , 1 mM NAD (product of Sigma), 1 mM

4o) —difhiotyeital {prociiet opAtakpl ] -N—- [1-methyl-1H-pyrazol-3-yl]-2- (4

—(methylsulfonyl)phenyl)acrylamide, (E)-3-[(la, 3,
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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
lIL 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
400 ~3nd aithiotterior SubsBaantly! 18 Il lord B8IbadH cBMtamting the Y11 —2~ (4-
G6PDH, BSA, and recombinant GKwas addedto the mixture to initiate the
(met hyal B E PR B WAR AR SUcAthaEan icteaselihiShsorBance per
A _mir}lu_te in the presence of 5% DNS )_Wla_S between 0.002 to 0.003. 15 After 1
%) ~ thie redtlion Wk itiatdy the incréase’in SbsorbsHcd & 380 Amwas Y * 22°

m?_sured for 15 minuﬁss usig? a SPECTRAmMax 19 micr%rplate

3= et ophA GGt (HroRiie of HOTEUEl Teviced Copordton): and s %
101 S OUeh hE R RO T 2B, ST 3UA, 444 SOR! T, 36, FBC1E 701
38B,,41B, 53B, 21B, and 2 f th ti It ded |
Y T - HLLGHOR b AEGANIg She P Hal Rertl K wad 2
d 200% t f | not tajning th ds.
10 iy R R SormpBaAl 1A b e areChe RIadton: 36 BCEDhel) -~ (1

hown to 1 Li, r less . On the other hand,.in the comparativ
MRSt dsdanet di A st gt et S RE SRR

Example 2 Hypoglycemia activity test 5The effects of the test compounds
on blood glucose levels were measured using ICA mice (male, 7 to 9

sy - YRS OF §9%'r% @aﬁl‘zg:gs? \E%?tr f-abojateres éalfﬁ%\ﬁ g' @}3@&%&@&—% —pyrazol-

compounds was olved in"a mixture of Ge nam

e e e Lo2 hou 12ino benod (30 mokq 10 MLKG). blogd

e animal a ing perloa 3 , 10 mL/kg). Bloo

aa) —E%’aéﬁﬁ’ﬂ%‘itﬁgrf%%‘%ﬁl%ﬁ%@%}1"Fi—rNi— mediately befare the adminsiration ;) _;

(Pre value) and 0.5, 2, and 4 hours after the administration using a

H-pyPlood collecting tubescoated MItN-JiRetassiUMheny 1) acrylamide,
ethylenediaminetetraacetate and was centrifuged (&C, 3,600xg,153

(E) _gn_ir[ t%), to3ij,tain a plasma sample. [0287] Each sample was diluted
five-fold with physiological saline, and the blood glucose level was

aq) -Measyred Ysing Gugose01l TeskWako (fradg nagme, proguetfWaka ;i ox
Pure Chemical Industries, Ltd.). 20 More specifically, the samples and a

olanglicose standard soktion (100 maydi) (obtained bydilkiing a1gldelse) pheny 1
standard solution (200 mg/dL) two-fold with physiological saline) were

) acrplageddn the wells of a flgt-begom 96-well plate in an amount of 10
RL/well, and 150 !IL of a color reagent was added to each well. The plate

10) -Was left to 25 stang-ato3 /G for15 minutes tq allewy color development; The g5 ox
measurement of OD at 505 nm was performed using En Vision 2103

olanMultilabelResder (trade yaae; pradyct of PerkiniiaeniicguThienyl) phenyl
reduction ratio of the blood glucose level at each sampling point relative to

) acrihesRreivalue miaszdetenpinedgand a glucose reduction 5 ratio (the
average of the determined reduction ratios) was computed. [0288] In

40) —thescompoudsobAxcd6AcdfA: 131AT44A, LBRB, 4 18,d2Byd1Bx28Bopy1]1-1
62A, 31B, 79B, 103B, 108B, 4B, 38B, 53B, 46A, 58A, and 41B of the

H-pypeesent hwention,-the -glucoseyreductiamkatiopnas faunsci, tobe 35% or
more. Especially, in the compound IA of the present invention, the

(E) —Beduction raiin 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

40) ~30%-§Q289] dboksst Exaaple B)Dosage-Dependence-ofitypndysamispy 1] -1
and Insulin Secretion Promotion Tests The effects of the test

H-pycempduidy dh-bloodtgluseséa ievelsL diooh insufih segietmnnyeremmdasured
using ICR mice (male, 7 to 9 weeks 200f age, Charles River Laboratories
Japan, Inc.). Each of the compounds was dissolved in a mixture of
Gelucire 44/14 (trade name, product ®§ 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 adminictration ricina a blood-collectina tiithe coated with

14
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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 Vision 2 1 0 3 Multilabel Reader ( trade name , product 15 of

(E) ~Pelkin®imetnc. ) . The gluco se area under the curve 5 _ hr (Glucose
AUCO0.5-410) was calculated from the blood glucose level at each blood

40 ~dolfection PoritoCy © rhBIRdih cohcentration Was héadured Lsing gty +sut
undiluted solution of each sample with a Morinaga insulin measurement

Fony it BOHEde Hahe: PPodct of Morinagh itstitt® of Biological Science

Inc,). The insulin area under the curveQL5 _'4 hr (Insulin PIDCO.5 -4 hr)
4o ‘\%/aé)‘c AREHrORT & b ﬂe‘\}%l‘zgéﬁl%}}fa}é éetoh point 162901 ¥

5 Test Example 4 Effects on Abnormal Glucose Tolerance qQf Severe
2 R T A L) P R g e arri oIl Do fiee

f severe diabetes db/db mjce were tested hy a method based an the Fy :
o) - B Seh a8 (o L by e iy S e g e

cam nds abnormal glucase tolerance were measured using db/db
SRR S Rl e daniad s tanE Rt Pl IR ER

300 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
dminjstered to the animal after.a 16 to 20-hour fastin eri .

10 G AL A oHby Bl ety B g Sr b LA oo

4—11 Bour after adr imsirzaﬂ%_otra@%ﬁg}agsa%%@;ﬁ'ga@Wﬁ%@@g&%{{%@}hgm

caudal vein 1 hour before the drug solution administration, before the

ethy9lyeemic load, and 0.25, 0,5, 1, 2.,and.4 h 'd?ﬂ%ﬁ_@%fﬂy)c—e@? load 3q,

using a blood-collecting tube coated 15 with dipotassiu

sa) -Sthylenediaminsietrangetate and was centrifiiged to.ohtain & plasmia, 1.4 1 n -
sample. Each sample was difuted ten-fold with physiological saline, and

2-y1thehlgedglyco se level was measured us ing Gluco se CI | 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

17. caleylated ysingthe festcompeyndpleod cangentration(Caxandthea11y
dosage amount on the basis of the blood glucose rate of decrease for

accefachgroupas anirdexef dryg eificacy whemthe,datgfenthecopdolt ing of
group was taken as 0. 25[0291] Test Example 5 hERG Current

(E) —Suprregsiam Testop 14sing ShHEK2R3,6al) tansfeeigd wigh a human
ether-a—go-go-relateé/ gene (hERG), the hERG current which passed 5

10 -thraugh the.whelecellypembyane yndera voltage clamp,was reqqrded pyamid
a whole-cell patch clamp method. To confirm the hERG current of the cell,

e, adepolarization pulse was periodically applied while maintaining the
membrane potential at -80 mV. After the generated current stabilized, the

(E) —mellk waspetivsad yvth a petfusate(applying-10satation) 4m which/ thedesty 1) —
substance was dissolved for 10 minutes. The effects of the test substance

3- [ (oo fhebFRnghannel awere evaliaied epdhe basisof fheeharge in the tail
current induced by a +20 mV depolarization pulse for 1.5 seconds

(E) -ioloweddhy-angthepdepelatization puse of 5 mV(fog 1.3 egconds.
Stimulation was 15 performed at a frequency of once every 10 seconds.

40) -The testmnaseartied oub ah 84C) The absakite yaleicf the nrxgmuartajl amid
current was determined on the basis of the current value at the maintained

e, (membrane pofent@brand thesate af,changen(suppressiornrate)od,0 minutes
after application in the maximum tail current from before 20 application of

4o) —thedtest subsiancs, wasgalctjatedN - (5 Hhe ticRG wihern30 11l oktbey1amid
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
nharmaceiitical © for the treatment or nrevvention of diahetee nhecitvvy and
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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 accarding to claim 1 or a
er *pharh?alc‘e%ﬁ%éw §ECRBIRR A HEEU RETT RYis gﬂy@r&gerﬁ Grom

and R2 is a Ci to 06 alkylsulfogﬁl ﬁ)oup. 5 5.The compound according to
st

49 - dlaitn 4t 'drd phamiacetically dicebtdbie Sattherdbt Wierem Ra9a g oLan
_y1) Pydrogen ajom, and R2)is a gyclopropylsulfonyl group. 6. The

compound acto |anr Saim 1'or a pharmaceutically 10 acceptable salt

thereof, wherein R2 is a hydrogen atom, and R2 is a methylsulfonyl group.
()~ FETR8 6 hpbaR KRR 4t B GIHTHS 143§ of & phdmadbutioally

o -SRI S b M U O e e
o1 3 B e sceorang oy of e o€
= -{REPIEa s epep o b ol s 1 e
w21 SIS 0, eyt st e gt r
o)-FEJUAE s s . ) ot o otonay
-SRI SR ) 3 S S R 0

ay1) (G512)5C () OR3 fwiperein B3,is aiydlregen atom or a Ci) to 06 alkyl

group, mis an integerof 0 to 2, and pis O or 1) . 15 10.The compound

Y i_t_nC i = r ically-ac blg salt
- e B S i o

a0) -RAIPO8Y A0, '8‘&)15%%@@%5}’&9@&% oL &) 1006 hydroxyalkyh 9foup s onate,

20 11.The compound according to any of claims 1 to 8 or a

(=) -Bh3macetically agcentable selt tesedl, wherein Arga hejeroary! group

that is mono-substituted with i to 06 alkoxy group optiona’lly substituted

40) -With ashalegen 05 ghwdroxylgrqup, or a akto 03 alkexy-€1.10\03- 1 ami

alkoxy group. 5 12.The compound according to any of claims 1 to 8 or a

de, RB3rmaceutica '%i{%%@%‘@é@itﬂtﬂﬁéﬁpf wherein Ads ahgjeroagyl group
that is mono-substituted with a al to 06 aﬁylsu fanyl group that is

40u) —QPT&QQPW%BW%Q&Q@L@QW @%&W?W' &Q%&-a@i&%lﬁ—yl
The compound according to any of claims 9 to 12 or a pharmaceutically

) acr @eceptable saittherepf, wherein Aqis gpunsubstitiiodaemenp-substitged 3¢,
five- or six-membered heteroaromatic ring, the heteroaromatic ring

ao,) -gontaning &40 S12-hetexeatoms selecied fiom aisWfun atom-an axygen —y1)
atom, and a nitrogen atom, one of which is a nitrogen atom adjacent to a

acryling-Leaneqting-atom, - 14, the sempeund acsakding t-any pf.claims 8,10 3¢,
12 or a 20 pharmaceutically acceptable salt thereof, wherein A is an

40v) —gnsubstituted o5 MeNGpubstifutedfused patergaycle bavingaifiverako1-5-v1
six-membered heteroaromatic ring, the heteroaromatic ring containing 1 to

) acr3 hatargatoms selected-frema syif@iomy anaxygeptemiand ar (1o, 3o,
nitrogen atom, one of the heteroatoms being a nitrogen 25 atom adjacent

40) -0, @ FingCoNREctng atoman 45 IMhevcoppeurd according:torany-aficiaims 9
to 12 or a pharmaceutically acceptable salt thereof, wherein A is an

(E) —onsubstitytedopsuhstitutedheteragromatictingseleatedfrosdhe 5 group
consisting of:

4a) -3,4-difluorocyclopentyl] -N-[5- (methylthio)pyridin-2-yl]acr
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[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-fiuorothiazol-2-y1)-2-(4-(me
thyisuifonyflphenyflacryiamide, (E)-N-(5-chiorothiazol-2-y1)-3-[(1a, 3U,
ylamilg)e-S,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflphenyflacryl 5amide,

E)-3-[(1a, 3U, o
(o) G e BRI T eyt PheAg R Low Fony 1 o
methyithiazol-2-yf|acrg/iamide, (E -3-£f(1a

eny L ] W Beor B ciopRnt f A TR RBRER G i de

(E) - A A T LB KT sty Hbtan-4

o) B s S R D A e A A 102y 1
er Y Bl oA L0 MO ety ot azod. 1030
10 O b K DL Sy SR AgS g Famov 1) pyrid
i on Dy a1 3 (1o, 30

(21 -4 oY DRy AZ: SNy phepyaggy L amice

10 e T e b otk amice

Rl B Pl R N L AL

~1-27(4+( [SUi f ryilamide, (E)-3- in-2— acrylami
o iafsﬁggﬁ.%%%’gg%’é%%%?smgdfﬁn%ﬁ%% zfr%gy}l)th%ag D)acrylamid
1-2-yl1-2-(4- isuif lagryiamide. ¢E)-3-[la, Y,

a3 hat o oAy LN et Biptragne L yisi
_gnyithi isuifenyf|pl | iamide, {E)-3+ mi

o - LB meiyiesem ot el e
_R2.4-4hiadi =5 iamide, (E):3:(1a,.3U3 _

(=) %2035)5%%%1%&(%%%%?({%?%%? -%i%n%%%ﬁiui?on%éﬁénilo)ch-(fs

4a)—@%ﬁﬁﬁk%ﬁ%%ﬁ@é?%@@%é%%???wﬁﬂﬂ®%ﬂ£%ﬁ%& _iyézin—2—yl)acrylami
4a)-3,4-difiuorocyciopenty1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)

de, 2d$=(methyisuifonySipbepyfiacryiamide, (Ex3a1a, 3 [ (10, 30,
4a)-3,4-difiuorocyciopenty1]-N-(3-methoxy-1,2,4-thiadiazo1-5-y

aa) -351)-2{4(methyisuifonyphenyflagryiamides (k) 3dtLas Birazin-2-y1lacr
4a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflpheny1)-N-(p

v1amYHdin-2-yflacryiamide (E)3sKday34u1 fonyl) phenyl) -3-[ (1a, 3a,
4a)-3,4-difiuorocyciopenty1]-N-(5-fiuoropyridin-2-y1)-2-(4-(me

ao) -thyisuiforyfiphenyflactyiamide; 200F) N-(Fchieropyridiaoyl)y ez 3K-2-v1
4a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflphenyflacryl amide,

Jacr{B)addde, 3Yg) -2—- (4- (cyclopropylsulfonyl)phenyl) -3-[ (1o, 30,

4a)-3,4-difiuorocyciopentyl]-2-(4-(methyisuifonyflpheny1)-N-[5
4) -3,4-difluorocyclopentyl] -N-[5-(2-methoxyethoxy)pyrazin-2-y
llacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(la, 30,
4) -3, 4-difluorocyclopentyl] -N-[5-(3-methoxypropoxy)pyrazin-2-

yllacrylamide, (E)-2-(4-(cyclopropylsulfonyl)phenyl)-3-[(1la, 30,
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(methyithio)pyridin-2-yilacryiamide,
25(E)-N-(5-cyciopropyipyridin-2-y1)-3-[(1a, 3U,
4W-3,4-difluorocyclopenty11-2-(4-(methylsuffonyflphenyflacryl amide,
(E)-3-[(1a, 3U,
4W-3,4-difluorocyclopentyl]-N-[5-(hydroxymethy1)pyridin-2-y1) .
40 =3 (- EtHy A TRy Bt Hyfiadrh éﬁﬁdé,g(lzﬁﬁshf(fé(,%%y) pyrazin=2-yl
4W-3,4-difluorocyclopenty1]-N-[5-(N,N-dimethylsulfamoyflpyrid
) acTipl 3% (4 thethy L bR GABRAR G LB (B E (e, 30, | (100 3¢
A 4W-3,4_—difluorocyclopentyl]-2-{4-[g;nethylsu1fonyf|pheny,13-N-(% ,
o) —é}l’a%i-rﬁi%/hggm%%ﬁ&&p@@ﬁ( a _0,5_ [2- (methylthid)ethoxylpyrazi

4\W-3,4-difLluoracyclopenty1]-N-(5-methylpyrazin-2-y1)-2-(4-(me

1= 2= TR e AaCy I L By U E oy ) Bheny1) 3= (1o,

4W-3,4-difluorocyclopenty1]-N-(5-ethylpyrazin-2-y1)-2-(4-(met
" hylsulfonyl)phenyflacrylamide, (E)-3-[(1a, 3U,

W-3,4-difLuorocyclopenty1]-N-(5- oxypyrazin-2-y1)-2-(4-(
100 G e e (27t B £ hi 3 Hlpyean-2-y1
< W-3, -di]ffluzolr cyclopentyl]-N-[5-(2-methylethoxy)pyrazin-2-y1

© y)%-gﬁ(ﬁ-(%%f%yfsul o_)r%:/f%ueéﬁé ggé%éé%e (E)-3-[(1a, 3U,

_4W-3,4-difluorocyclopenty1]-N-[5-(2-:methoxyethoxy)pyrazin-2-y
LR St s ibeyrabiais gy s (ol ek
_4W;:3 4-dif Luorocyclopenty1]-N-[5-(3-methoxypropoxy)pyrazin-2- L5
0 e By Lot ) (e 30 ) PyEazin-2
4W-3,4-difLuoracyclopenty1]-N-[5-(2-ethoxyethox azin-2-yl .

7 2 YL oy ey Lo ey S S —3-1 (10, 30,
_4W;3.4-di C ty1]-2-(4-(methy onyflghi N-{5 o
o A AP SIS 1 3-atono

lan—45@%5(%'%'&@?}{3@59?9&3@Bl’l%r?[}/ﬂt)'e’g,'[(laa 3u, _ _
4a)-3,4-difluorocyclopenty11-N-[5-(2-hydroxyethylthio)pyrazin2-y3]acrylam

(£) - 98 B3R, 301 sulfonyl) phenyl) -3-[ (1o, 3a,
4a)-3,4-di Iuorocycl%pentyl]-z- 4-(methylsulfonyl)pheny1)-N-{5

40) -gé)z%%[i(&f@yggofatlywegz&sx'mlemwlqy@é'm%y&aqﬂﬁ@yﬂ;s; 1,3-dioxo

- a’ ,

1an-4a)3 Adifluoracyoclopentyd - [on(2sehydroxyethoxy)pyrazin-2-
y1)-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a, 3U,

£) —4a)3.4difluemsyelopentylFN:{Eri(AR)2 2 dimethy i, 3-gjpno

) Ian-(4-ylr]pj{/)razﬁg-y@g-z-m-(me%ﬁ(iIfon)%ghenyl[)écryilamide,

a0,) -30E)3-K1ao3Ycyclopentyl ] -N-{5-[ (2R) -1, 2-dihydroxyethyl]pyr
4a)-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono

az inJdan~dyilpyraziam:ykl-2-(4-(methylsulfonyl)phenyl)acrylamide, (E)-3-[(1a,
3U, 4a)-3,4-difluorocyclopenty1]-N-{5-[(2R)-1,2-dihydroxyethyl]pyr

(E) -253zin-2-yEh-2Ametbyisebeny pheayhagrytamide o E)s3x|(1a, 3V,
4a)-3,4-difluorocyclopenty1]-N-{5-[(20)-1,2-dihydroxyethyl]pyr

ao) -87i0-2ty Fldotdowethylsulferylphenybagrytamide, diethyl pal{B)3d a1 1 pyr
3U, 204a)-3,4-difluorocyclopentyl-2-(4-(methylsulfonyl)phenylLacryl

azinamidelpweazint2wyiphosphoaatey diethyl (5-{(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopenty1-2-(4-(methylsulfonyl)phenylLacryl

5-{ (amidelpyrazinyZ-yhpethylphosphonate, (E3-3y[(3a3BU, (10, 3a,
4a)-3,4-difluorocyclopentyl]-N-[1-methy1-1H-pyrazol-3-y1]-2-(4

4a) -254methyisidtanyl) phepydyacyylamide; (Er8délaydtdzin-2-y1 phosphonate,
4a)-3,4-diflucrocyclcpentyl11-N-[1-ethy1l-1H-pyraccl-3-y1]-2-(4-

diettmethyisulienyflphenyflacyylaspidep(B)s3-[(landlU) phenyl) -3-[ (1o, 3d,
4a)-3,4-diflucrocyclcpentyl]-N-[1-(diflucromethyl)-1H-pyraccl-

a0) -3-yA12-fA-(methylsulignyfiphenyftacry kamise} ()34 ke, 34Uy 1
54a)-3,4-diflucrocyclcpentyl]-N-[1-(2-flucrcethyl)-1H-pyrazcl-3
y11-2-(4-(methylsulfcnyflphenyflacrylamide, (E)-3-[(1a, 3U,
4a)-3,4-diflucrocyclcpentyl]-2-(4-(methylsulfcnyflphenyl1)-N-[1
(2,2,2-triflucrcethyl1)-1H-pyraccl-3-yllacrylamide, (E)-3-[(1a, 3U,
104a)-3,4-diflucrocyclcpentyl]-N-[1-(2-hydroxyethyl)-1H-pyrazcl-
3-y11-2-(4-(methylsulfcnyl)phenyflacrylamide, (E)-3-[(1a, 3U,

AN A-Aif11icrocvvel enentyvy11-N-T1-(2-hvdrovv-2-methv1nronv1)-1

30
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(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,
methliﬁ%%éﬁ]ﬂ%ﬁ:@clob h@%}&ﬁ[G-EcﬁfFJcﬁBﬁ%&@%éﬁbT&]irﬁhenyl) -3-fia,
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
400 ~ Gy o AR TN éhtrf%mljlﬁﬁe 1YL, BU A a30 L STy acryl

. _4-difluorogyciopentyi] acryiamide] thiazoio [5, 4-b] pyridin- 2-yioxy}
g ertle 18 19 ThE L TS AbIrE 15 LR Y & Bhaimdcedaly
cceptable salt thereof, selected from the group consisting of
101 e OO0y S DEnEry D - ILy S1AF EYF 84013 -y 1) acrya

oS PO L e eI s

_31L, 4(L)-3,4-difluoracyclopentyllacrylamide, e B
40) ?E)%z_%j_%cyc?gﬁgﬁﬁoég gﬁ@ﬁ%%iﬂl&l)(_ T Lfgl’loroethyl) 1H-pyrazol-3

3a

4(L)-3,4-difl | 11-N-(4-methylthiazol-2-yl lamid.e,
Rl 2 R e e e e R L SR
541L)-3,4-difl | -N~(5- Ithiazol-2-yI '
B Gy oo yahery) SR B S ey razo

__14a)-3.4-difiugrocyciopenty1]-N-[4-(2,2-dimethy1-1 3-dionaian-4 A

3 yl;f/'f)c%ﬁigl%g -JZ%ﬁIaC?ﬁaPm?de%ll (kyﬁzlopropyysu]l§onyr1 p%enyl) 3-[(1la,

(-)-(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,

54a)-3,4-difiuorocyciopenty1]-N-[4-(2,2-dimethy1-1,3-dionoian-4

_¥)ihigzQl-2:yilactylamide, ¢ o1 1 w11 (2-hydroxy-2-methyl 1)-1

*) (E)-N-(4-tert-butyigfkyliagglojbl-2-y>i)-]2-(4-(E:ycié)pro[%/yis-l,:uoifP(i)eryflpﬁqée nyf)-%[&%},/ )

H-py ¥z 42)-3.4:difiyerocygippgntyilacryiamide,
(E)-2-(4-(cyciopropyisuifonyflpheny1)-3-[(1a, 3U,

(£) -3042)-34 %%;p%wega%kyl[%ﬁ%émﬁhyu@perraf&',-lw,u'fo
nyi)thiazol-2-yilacryiamide, methyl

aa) -3{2-1B)3-(GLexcioprapyisvifanyfipheny ) 34da. 8Us qimethyl-1,3-diox
4a)-3,4-difiuorocyciopentyilacryiamidelthiazol-4-y1] propionate,

olantB)-2-{4-{eyaiopropyisufomdiphenyl),3-[Har 3Yamide,
154a)-3,4-difiuorocyciopenty1]-N-(1,2,4-thiadiazo1-5-yflacryiami de,

(B) —EN@d-(4<4cxcioprepyisuionyipheny bhdliley 35L [ (10, 3a,
4a)-3,4-difiuorocyciopenty1]-N-(3-methy1-1,2,4-thiadiazo1-5-y1

40) - Jciyigmide, (Ey254r (cyeiopyapyisuifenyfipheny)-3-f 18,3t hy1-1, 3-diox
4a)-3,4-difiuorocyciopentyl1]-N-(3-ethy1-1,2,4-thiadiazo1-5-y1)

olan20agryipmeidey (B)-2-#-(eyciopsopwisyifonydipheayl)sd-[(1a, 3U,
4a)-3,4-difiuorocyciopentyl]-N-(3-pheny1-1,2,4-thiadiazo1-5-y1

(E) —Jaciyiamige 62y (cycioprepyisuieayfiohenyl)-3ritlasdt),
4a)-3,4-difiuorocyciopenty1]-N-(pyridin-2-yflacryiamide,

aa) -(F)a2-f4-faycioepyiseifenyfiphenyl):3-[(LazBY, 2, 3-dihydroxypropyl]-1
254a)-3,4-difiuorocyciopenty1]-N-[5-(methyithio)pyridin-2-yilacr ylamide,

H-pyE)ENA(5xcyelcpropylpyridia-2-y1)-2-(4-(cyclcpropylsulfcnyflph
enyl)-3-[(1a, 3U, 4W-3,4-diflucrocyclcpentyl]acrylamide,

(E) ~B)2-(4eycleprapyisuliandiphenyled{(s, 34 (1o, 3a,
54W-3,4-diflucrocyclcpentyl]-N-[5-(hydroxymethyl)pyridin-2-y1]

4ou) -acrylamidedEp2yd(eyetepropyisulfcnyfiphenyd)-3eldaidbi hyl -1, 3-diox
4W-3,4-diflucrocyclcpentyl]-N-[5-(N,N-dimethylsulfamcyl)pyrid

olanimzy3Blacrytamitte] {Ep2(4<cycicprdpydsulftryiphenyl)-3-[(la, 3U,
104W-3,4-diflucrocyclcpentyl]-N-(pyrazin-2-y1l)acrylamide,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4W-3,4-diflucrocyclcpenty1]-N-(5-meshylpyrazin-2-y1l)acrylamid e,
(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,
4W-3,4-diflucrocyclcpentyl]-N-(5-ethylpyrazin-2-y1l)acrylamide,
15(E)-2-(4-(cyclcpropylsulfcnyflphenyl)-3-[(la, 3U,

AW/ R A-Adif11icroecvel enentyvy11-N-(G-methevyvpvrazin-2-v1Yacrv1ami de

’
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4W-3,4-difluorocyclopenty1]-N-{5-[(4R)-2,2-dimethy1-1,3-diono
lan-4-y3]pyrazin-2-y3lacrylamide,
(E)-2-(4-(cyclopropylsulfonyl)phenyl1)-3-[(1U, 3U,
4W-3,4-difluorocyclopenty1]-N-{5-[(40)-2,2-dimethyl-1,3-diono
15Ian 4-y3]pyrazin-2-y3lacrylamide,

() B4 5y aGHToByIRaRoHy SERBAY B S, 3 L (10 3ot
4W-3,4- dlfluorocyclo entyl ES §2R) 1,2-dihydroxyethyl]pyr
- iy Sl CERR OSSO 5125 0

aZIA:Q fyéloiougrt? ClOE tyl“\l {P [@0) CYC |h¥%¥gg¥ﬁth¥g%y onyl)phenyl)

ami d|e
%%‘E) 2é‘mS%%glc?y%g%yﬁﬁ/ﬁigﬁpheu%%%%%ﬁu%@%Bﬁé’%ﬁﬁ%da?e diethyl
%v&(? (oGO O eyris“%%;’e”%? N RETEpazin-2y1 e ifbnosphonate,
ST AR ol UL bR A HAL e, Y
acr%ﬁ%lé%(ﬁ.y f’é%i’é'%ﬁl"%f’ﬁpe@ggﬁ %py?az)cﬁhfyﬁagryla e 3o

B 4-(cycio ro i U|fon ny1)-3-[ :
%E Sél é?l{jorrgcy ogeﬁt ? 2% gor%e S)Tlﬂn%r%%}ﬁ%benzo [dJthia
20l - 2y @qrg@g}lggm(l@ez (4- (cyC|opropy|su|fonyflpheny1) -3-[(1a, 3U,
a)-3,4-difiuorocyciopenty1]-N- [1 (2 hydroxyethy1)-1H-pyrazoi-

%23%/”?& uor(l)%;a/cr%gent f %ISUI{qungh T&l) e 50

y-2- met yipropy1)-1

YT ide -(cyci f 1a,_ 1),

-5 @ﬁgﬁﬁ%ﬁ%ﬁof@yc.gésmﬁN‘%za PRI
or ] e&@@; z01-3-yilacryiamide,
yl%éﬁ)‘ﬂg‘%z (g;/aoprop%/:éshtﬂf{)ygyﬂphenyl) 3-[(1a, 3U,

( (#9):34 4(‘1”“‘('859&)[8599889%M%ﬂ&@&%%@?%’lﬁ Fefi0% g,

oian-4-yilmethy11-1H-pyrazol-3-yilacryiamide

0(E) I | ) nz iazol-6-car
Agfa% %%%ﬁgo%p%ﬁ%%g%ﬁ@%i 1%%% %%]BL%%%/%rgoxy?)ropytll]1 azol-b-carbo

<vli 01-3zy3lacr ide lphenyl) a,
- éu%yii‘?g oo Copar (L0 5 ey L5 o o 2

%5%'%1%¥%EQ%B¥&&'F‘EB¥@§?11$ -Y3acryiamides, 4—bipyridin-2-y1)a
(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
rylafi¥\gd,4-diflucrocyclopentyl]-N-(iscxaccl-3-yflacrylamide,
(E)-N-(benzo[d]thiazcl-2-y1)-2-(4-(cyclopropylsulfcnyl)phenyl) -3-[(1a, 3U,
E) -#W 84 difluerpeyelopentyllagylamideridin-2-y1) -2- (4- (cyclopropyls
5(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
ulfofAW-3shdifluerocyclopenty 1k (6-methcxybenzo[d]thiazcl-2-y1)
acrylamide, (E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,

) —4Wi 34 diflyerosyclopeptydl-INt [B-diflyarometacxylbenzo[d]thia
zcl-2-y3Jacrylamide, 10(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,

) —~4We 3,4 difluciasyeloperty1l-bhibrilucrebenzofd]thiazel;2-yg crylamide,
2-methylethyl 2-{(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,

sa) -4Wa 3k difluerosyelopeptyagrylamidebenzofethiazel 6toashe 15xyliczo10 [ 5,
acid, (E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,
-b] dW=3dk-diflaerocyelopentyd -t (thiazdlcgs, Asb]pyridin-2-yl)ac rylamide,
(E)-N-(5-butcxythiazolc[5,4-b]pyridin-2-y1)-2-(4-(cyclopropyls
2-{ 2ulfaR))pheny )t 34 LhL 3L R0 -Bi4ahfllcrocyclopentyllacryamite,
(E)-2-(4-(cyclopropylsulfcnyl)pheny1)-3-[(la, 3U,

) —3Wa 3k difluetosyglopepyd Nt [ba@-methexyethexy ihiazolCh, 4-bl pyridin-
4-b]pyridin-2-yl)acrylamide, and ethyl
2-{2-[(R)-2-(4-(cyclopropylsulfcnyl)phenyl)-3-[(la, 3U,
254W-3,4-diflucrocyclopentyl]acrylammidelthiazolc[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(E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)pheny11-N-(th
iazol-2-yl)acrylamide, (E)-3-[(1a, 3U,
4a)-3,4-difluorocyclopentyl]-2-[4-(ethylsulfonyl)pheny11-N-(5-
methylpyrazin-2-yl)acrylamide, and (E)-3-[(1a, 3U,
Y 196425 2 Gdorocyclopenty1]-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
gr consisting of 15 E%—B- la, 3U, . .
18 R R e AT B ety RanpigRgRosut ioa Ly
]-N-(thiazal-2-yhacrylamide, (E)-3-[(1a,.3U C
oo o e S Th o ARy B GRS e o st ing of
~ ;]-I}I-l5-m§thylpyrazin-2-y|)acry|amide, and (E)-3-[(1a, 3U,
-3,4- |ﬁ‘uorocyclopenty1]-2-[4-(2-methoxyethy|su|fonyl)phen

1]-N-(1-methyl-1H-pyrazol-3-yl)acrylamide. 0. Use of a campound
ta) _ééélo_r ﬁlgﬂt%oa%%cdﬁ‘cc% &t 01153% iap_h%\??cn%gﬁ |c%§f§/nayc€@8%aeblé’ illfN_ (th

hereof for mar‘LIpfact%ring 2%2%5 gha}rglaceugjcal for treatment or prevention

lazo%f— iabetes R pharmacéutical conipositibn, comprising: the

_compqund according to any of claims 1 to 19, or a pharmaceutically . . .~
Gl P HISERIS R R e e T e S

compound represented by, the.general formula (2): micg| formula 5]
meth{\%ﬁé%é?nzﬂénd ; g?ec e %I‘?Lf}ll e%’ena(ralﬁtly(gﬁyﬁro[é%?n&éto(én%,l’a halogen

0 at ' h I +a hyd ' [
-80S0 e o o DS B 21K 1

+natkoxy A& to 06 alkylsulfanyl group, a Ci to 06 alkylsulfinyl group,
e g Cito %%%I%ylsulfon%roup%%r 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

19. compoupdaccarding fa-claim 2¢, whersain Re is abydroggen 201, #Ad1 1y
R2 is a methylsulfonyl group.

acceptable salt thereof, selected from the group consisting of

(E)-3-[(la, 3o,

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

y1l]-N-(thiazol-2-yl)acrylamide, (E)-3-[(lo, 3qQ,

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

y1]-N-(5-methylpyrazin-2-yl)acrylamide, and (E)-3-[(la, 30,

40) -3,4-difluorocyclopentyl]-2-[4-(2-methoxyethylsulfonyl)phen

y1l]-N-(l-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.

175
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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.

22. A compound represented by the general formula (2):

[Chemical formula 5]

(wherein R' and R? 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 C; to Cgs alkyl group,
a C; to C4 alkoxy group, a C; to Cs alkylsulfanyl group, a C; to Cqg
alkylsulfinyl group, a C; to C¢ alkylsulfonyl group, or a C; to Cg

alkoxy-C; to Cg alkylsulfonyl group).

23. The compound according to claim 22, wherein R' is a hydrogen

atom, and R* is a cyclopropylsulfonyl group.

24. The compound according to claim 22, wherein R’ is a hydrogen

atom, and R® is a methylsulfonyl group.
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