13 FEBRUARY 2007 1 DESCRI PTI ON LARGE CONDUCTANCE CALCI UM AGEIFEARBIRRY 2007
CHANNEL OPENER 5 FIELD OF THE I NVENTION This invention relates to an
excel l ent | arge conductance calciumactivated K channel opener containing a
5-nmenbered heterocyclic conpound as anjactive ingredient, which is 10
useful for treatnent of disorders or diseases such as pollakiuria, urinary
i nconti nence, cerebral infarction, subarachnoid henorrhage, and the I|ike.
BACKGROUND OF THE I NVENTION 15 Po&ﬁ§§agprfbﬁ:he nmost abundant intracel | uar
cation, and is very inportant in maintaining physiological honeostasis.
Pota55|un1channels are present in alnost all vertebrate cells, and the

pot assi um iINRAEX doNDegANdE SR IChaMcT TIVATED iKdEpNEalEENER  mai nt ai ni ng
hyper pol ari zed resting nenbrane potential. Large conductance cal ci um
activated potassi um channels (also BK channels or naxi-K channels) are
expressbd FymEdper JgHE/ INVENTOMNS and snoot h nuscle cells. Because both of
the increase of intracellular calciumconcentration and nenbrane
depol ari zati on can activate maxi-K channels, rmaxi-K channels have been

t hought t o Tilisy imvsintdical nediad g ta egulesdedd endl tlagaed epertieahanes ci um
influx. | nccraq%&w_%c%%aft%a R rALEH YpdithCidURGORGSTY TAld Heditiad s many

processes such as rel ease of neurotransmtters contraction , of snooth
muscl es, cRlGteFiasMal ighFaeaund afd ahadtive ingnedisnE. tHeidpeld ng of

maxi - Klshamib@ﬁllca&e&x%tdmt mlmdwrd&olﬁ@e?a@tewsuaﬂché nhibits
t hese cal ciu Jdnduced r.esponses thereby. Accor Iy, |§h|b|t|ng
vari ous depﬂﬂ% 16h- MEdiRAYd IR Oisdicsal e d" gnLgre

subarachnoid hemorrhage, and the like.

BACKGROUND OF THE INVENTION
15
Potassium is the most abundant intracelluar cation, and is
very important in maintaining physiological homeostasis.
Potassium channels are present in almost all vertebrate
cells, and the potassium influx through these channels is
20 indispensable for maintaining hyperpolarized resting

membrane potential.

Large conductance calcium activated potassium channels
(also BK channels or maxi-K channels) are expressed

25 especially in neurons and smooth muscle cells. Because
both of the increase of intracellular calcium concentration
and membrane depolarization can activate maxi-K channels,
maxi-K channels have been thought to play a pivotal role in
regulating voltage-dependent calcium influx. Increase in

30 the intracellular calcium concentration mediates many
processes such as release of neurotransmitters, contraction
of smooth muscles, cell growth and death, and the like.
Actually, the opening of maxi-K channels causes strong
membrane hyperpolarization, and inhibits these calcium-

35 induced responses thereby. Accordingly, by inhibiting
various depolarization-mediated physiological responses, a



13 FEBRUARY 2007 2 substance having an activity of openi ng nt&FEBRUARY200 S
is expected to have potential for the treatnent of diseases such as
cerebral infarction, subarachnoid henorrhage, pollakiuria, urinary

i ncontinence, and the like. 5 There have been various reports on a |arge
conduct ance cal ciumactivated potassi um channel opener. For exanple, in

I nternational Publications W96/40634 and W99/ 36069, pyrrole derivatives
have been diwwdtwsers haviraparesectiv o siapetifateax Fithaanebn No.

2000- 351773 \geétlgcﬁrto 4edJe gld dndias) bagn &lécéféﬁﬂné}{@ of dndesgad i onal

Publ i cati on 98/ 04135, a ni'trogen-containing 5-nmenbered derivative in

whi ch the rf4dbgeh Q%r%]tlltrtﬁ&b@%yolbhe&mar%ﬁ@%&)l%r PPN oup has been
di scl osed. g&i 1IRIMVARYG O rdifa hNVEN AN féh@b) eaid ofhd heijps esent invention is

to provide an excel- |lent |arge conductance cal ciumactivated K channel
opener 220 cont ai ni ng a 5-nenbered heterocyclic conpound as an active
i ngr edi ent ,Théree thdvee Usadnllvdoious esdpettts andishildﬁ scatiduci se@ses such as

pol | aki uria,_-ur. nary. | near 92% cer ral 4 nf I|_on ?ug Ii1 oi d

heror r hage, daalcdnf%e THRE easpsr TR S ave S | nt’en3| vel y

to sol ve ther Jorttretsiorsaid msbJaLcraBsmns WQﬂﬁl/émaﬁBa‘l fmmcﬂw3®0@%rta| n

kind of a j%fgﬁ QY. %@c{l&‘r@lg@& e | & large
conduct ancgp cal ci uendrjea{iﬁa\e}%lt edsclgkéﬁéa;nne openi ngéé%c?ﬁlt V\%ereby they have
acconpflPs heRFQWies inesle rRatzmnt Rk iRt ioma¥o | L0¢H3pkEsenta i Fe#Rion is as
nentioned hedoWatikle Aud Argieere AMET SHEE L Ci i MhAed vt B6hdQ channel  opener
conprising a 5l nenber ed_ het roc:}/cl i ¢ conmpound of the

Publication W0OS8/041 nitrogen-containing 5-membered

derivative in which the nitrogen is substituted by phenyl

group or benzyl group has been disclosed.

15

SUMMARY OF THE INVENTION

An object of the present invention is to provide an excel-
lent large conductance calcium-activated K channel opener
20 containing a 5-membered heterocyclic compound as an active
ingredient, which is useful for treatment of disorders or
diseases such as pollakiuria, urinary incontinence,

cerebral infarction, subarachnoid hemorrhage, and the like.

25 The present inventors have studied intensively to solve the
problems, and as a result, they have found that a certain
kind of a 5-membered heterocyclic compound has an excellent
large conductance calcium-activated K channel opening
activity, whereby they have accomplished the present

30 invention.

That is, the present invention is as mentioned below.
[1] A large conductance calcium-activated K channel opener
comprising a 5-membered heterocyclic compound of the

35 formula (I):



35 formula (1): 13 FEBRUARY 2007 3 R Rz A (1) 3 wherein riBFERRUARY 200

represented by any one of the formulae: 3 R4/N 3 MNRa 5 Rl is a

substituted or unsubstituted aryl, a substi tuted or unsubstituted

heterocycle or a substituted or unsubstidtuted heterocycle-substituted

carbonyl; R2 is hydrogen, a hal ogen, carboxy, a substituted or

unsubstituted am no, a substituted or unsubstituted 10 al kyl, an

al koxycar bonyl, a substituteder unsubBEi- tuted al kenyl or a cycloal kyl; R3

is a substituted or wunsubstityted aryl, a substituted or unsubstituted

het erocycl e or a substituted or\unsupstituted alkyl; and R4 is hydrogen or

a substituted or unsubstituted /15 alkyl, or a pharmaceutically acceptable

salt thereof as an active ingrfedidnt\ 13 FEBRUARY 2007 4 [2] The large

conduct ance cal ci um acti vat ed hapael opener ackdr di ng to the above [1],

wherein R1 is (1) an aryl which be substituted by a substituent(s)

sel ected fromthe group consisting of 5 nitro, am no, hydroxy, carbanoyl,

cyano, carboxy, tri- fluoronethyl 3l koxycarbonyl, hal ogen, alkyl,

hydr oxyal kyl , al koxy, al koxyal koxy, nono- or di-al kylam no, nono- or di-
wherein ring A is a ring represented by any one of

N
? R4 /?
k\é ¥\ R4

5 R’ is a substituted or unsubstituted aryl, a substi-

the formulae:
?%j
\;Z;%/jij

tuted or unsubstituted heterocycle or a substituted
or unsubstituted heterocycle-substituted carbonyl; R?
is hydrogen, a halogen, carboxy, a substituted or
unsubstituted amino, a substituted or unsubstituted

10 alkyl, an alkoxycarbonyl, a substituted or unsubsti-
tuted alkenyl or a cycloalkyl; R® is a substituted or
unsubstituted aryl, a substituted or unsubstituted
heterocycle or a substituted or unsubstituted alkyl;
and R* is hydrogen or a substituted or unsubstituted

15 alkyl,

or a pharmaceutically acceptable salt thereof as an active

ingredient.



al kanoyl am no, al kylthio, alkylsulfonyl, alkylsulfinyl, sul f&REBRUARYR807or
di - al kyl sul fanoyl, al kyl sul fonyl am no 10 and phenyl al koxy, (2) a heterocycle
whi ch nmay be substi- tuted by a substituent(s) selected fromthe group
consist- ing of nitro, hydroxy, fornyl, €arbanoyl, cyano, am no, carboxy,

al koxycar bonyl, hal ogen, al kyl, hydroxyal kyl, al koxy, nono- or

di - al kyl am no, nono- or di-al kanoyl am no, 15 al kylthi o, al kyl sul fonyl,

al kyl sul fi ny2}, 'ﬂméf]amglé EsrdudEee wal&xmﬁﬁdtsukattmrbylk cloang8g) a

het er ocycl e Stl- y be substituted by a
substltuent?é ec? dn?gfg{rﬁ??ﬂ% rou g‘ﬁm sting of nitro, hydrox
car banoyl, cyano wl’mIElJGX)R aBkdiycanb@ﬁyﬂ Whapbg@ﬁy élek)‘ilubsz(}thb}iéﬁoﬁyal kyl ,
al koxy, "al ka % it B) d.Jf p%&«e/é@%mn tHORProE &ingd kanqy! s no,

al su fon

al kyl t hi o, sul finyl, sul fanmoyl and nono-_ of
di - al kyﬁsum:afrﬁgm aqrézm?s yd rcwswrr SRIFLATYL h FRR, TOCRY bokF™ (4)  ani no
whi ch nmay bﬂwﬂﬁﬁéﬁwpd 5J.M<c§’x cbr‘i. ntﬁasj)ogs@i eQathyl 25h{deexyaEkgr pup

t f I , k P al kyl sul.f and al koxycar bonyl 5
o Ryl ALy PRl VY S e PO s Febo st S the

group consalsltarli@ymmh&bpgﬂkyh;&di@xyallcwmm,fcnwbpqukycbs@hﬂmyﬂ, am no,

am nosul f onyl, dl not moner _ ﬁlﬁ}glsﬁﬁ%ll a’I 0 Pg@%kfﬁ&%}’igﬂlﬁg

al kyl sul fony‘ll am e oxyam no,
trifl udroorrearltri/lphmMOka(Zh@ hetgkgd il ¢ |leiCh anaoylhgl $‘®h§¢l-

al kyl sul f onyl and ng, ahygnsgefl ?égyéezkyltdé@xw&m barD Y r dhb ChohSi st -
k

substituted by one or two a sul fonyl car banoyl, sul fanoyl,
nono- or 35.RF - Kyl e f dm%ﬂroxm Xeak bR oanf er EXRPe; #BiRPo 13

FEBRUARY 20@a7rbo‘x £ E B Spsd bt qadnaﬁré}w alhepef Q@})’&i‘@x?&lbﬁillt uted al kyl -
car banoyl hetero cle- su(%it uted sul f | car ba % 1amino
al koxycarb OXY 7" P kerlF %thﬁjfﬂ}“ J%‘é??ttﬁ’égﬁ)%yélk noy '
15 alkylthio, alkylsulfonyl, alkylsulfinyl, sulfamoyl and
mono- or di-alkylsulfamoyl, or (3) a heterocycle-substi-
tuted carbonyl which may be substituted by a substituent(s)
selected from the group consisting of nitro, hydroxy,
carbamoyl, cyano, carboxy, alkoxycarbonyl, halogen, alkyl,
20 hydroxyalkyl, alkoxy, alkanoyl, mono- or di-alkylamino,
mono- or di-alkanoylamino, alkylthio, alkylsulfonyl,
alkylsulfinyl, sulfamoyl and mono- or di-alkylsulfamoyl;
R? is (1) hydrogen, (2) halogen, (3) carboxy, (4)
amino which may be substituted by a substituent (s) selected
25 from the group consisting of formyl, alkyl, alkanoyl,
alkylsulfonyl and alkoxycarbonyl, (5) an alkyl which may be
substituted by a substituent(s) selected from the group
consisting of halogen, hydroxy, cyano, carboxy, carbamoyl,
amino, aminosulfonyl, amidinothio, mono- or di-alkylamino,
30 alkanoylamino, alkylsulfonylamino, hydroxyamino, mono- or
di-alkylcarbamoyl, trifluoromethyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylsulfonylamino, hydroxy-
carbamoyl, hydroxycarbamoyl which is substituted by one or
two alkyl(s), alkylsulfonylcarbamoyl, sulfamoyl, mono- or
35 di-alkylsulfamoyl, alkoxycarbonyl, heterocycle, hetero-



carboxy or al koxycarbonyl, or (8) cycloalkyl; 5 R3 is (1) an asFEBROAR 2002y
be substituted by a sub- stituent(s) selected fromthe group consisting of
cyano, nitro, am no, hal ogen, trifluoronsthyl, car boxy, hydroxy,

car banoyl, nono- or di-al kyl am no, am noalkyl, nono- or di- alkylam noal kyl,
nmono- or di- alkylcarbanDyI al kyl, 10 hydroxyalkyl al koxy, alkoxycarbonyl,

al kanoyl, al kano no on ulfo | kyl t hi,o, alk | kyl ,
al kyl sul f onyt, rls%sf%%tua%%% g%?a‘ﬁ?Y rkﬁ?FiﬁFPS e Stﬁﬁ%&%%ﬂ " %/2)
a heterocycbanMamdyhnandxhem&mm¢yuledsubytatsﬁb@hﬂuﬁﬁdﬂyﬁcaﬁﬁ&mdpu from

t he grou cq stln no, . Nit i N r ho

hydrgxy P %ﬁy lJ?Omﬁnno?—yg keh &yyg%@r?o%al‘?{]%ekgﬁ%ﬂﬁtﬁ&ﬁ by
cycloalkyIamanbo&ynqnxﬂl@dxy¢ﬂmmpnpl doralﬁylawnd@@HQML nono-

di - al kyl ear banoyl ,3al I, hydr | k

al koxygagbonyl d ﬁian§§| 1) g8 f%‘% QM’I% “jfa%'z%b al %‘ﬂ? {6%{1 b¥uFf 3%’8y|
mono- or d|Sﬂuéﬂqnﬂﬁsﬁnﬁﬂlectﬁﬁyfsgmfth9lgaﬁaph@ﬁﬂﬁyﬂnﬂngcﬂf(QMaQﬁralkw
whi ch may b%lt%bstaxw{@d Ml@géﬁbsawﬁ%&%)ne%@yect%%Ifﬂcg{pthf‘ycgmgp

consi sting of hydroxy, cyano, r box ar hanoyl ;” am no, _ rfono-" or

di - al kyl ani §&TSAMeaHoy IR o, © 4l q%yréﬁkvéﬁwam gmizadyiailo x Y& Ho, O Trshio-

d: ka: kyl car ké@na_%ﬁ:aﬁnﬁrfda}clfm ormsﬂwl orhahog@mylablﬁ:@moﬁ: t)él.ljl |1]9,,

al kyl su on a su ano

o) Kxyeht bofyid iy e B e oY e Pe iy arodan %»flkw
whi ch may b@xyaJaﬂﬂmﬁbyuukgdlbylnvﬂoifor dﬂkgnk%hmmlaikjlﬂhiﬂuﬂnﬁmge
conduct ance i t.ivat nej pener Aac to th ove [1]
or [2], vvhe(rigcl %%ﬁ%&al su%gjfk% (P%g’ aﬁsu St ?ut%gag}lr}?qilj'pamo&aabn&/
subst i t ut ed adrkyirssulosiritut et he? e}nf@tgcbeycm WEicdr bewy, bea sUsstitutedl or

unsubstit ut ed, amdig s FEBRUARYs2P0¢ted from the group consisting of
15 oX0, cyano, nitro, amino, halogen, carboxy, hydroxzy,
formyl, carbamoyl, mono- or di—alkylamino,_N—alkyl—N—
cycloalkylamino, aminoalkyl, mono- or di-alkylaminocalkyl,
mono~ or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,
20 alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl,
alkylsulfinyl and heterocycle or (3) an alkyl which may be
substituted by a substituent(s) selected from the group
consisting of hydroxy, cyano, carboxy, carbkbamoyl, amino,
mono—- or di-alkylamino, alkanoylaming, alkylsulfonylamino;
25 hydroxyamino, mono- or di—alkylcarbamoyl; trifluQromethyl;
halogen, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
sulfamoyl, mono- or di-alkylsulfamoyl, alkoxycarbonyl and
heterocycle; and
R* is (1) hydrogen or (2) an alkyl which may be
30 substituted by mono- or di-alkylamino. ‘

{3] The large conductance calcium-activated K channel
opener according to the above [1] or [2],
wherein R' is a substituted or unsubstituted aryl or
35 a substituted or unsubstituted heterocycle;

R? is carboxy, a substituted or unsubstituted amino,



6 a substit
unsubsti t ut
substituted
cal ci um act
is (1) aryl
het erocycl e
whi ch may b
consi sting

hydr oxycar b
al kyl (s), a
a heterocyc
selected fr

or di-alkyl
a substitue
al kyl , alky
al kyl .

uted or unsubstituted al kyl, al koxycarbonyl or a 18FEBRUARY&E0Dr

ed al kenyl; and R3 is a substituted or unsubstituted aryl or
or unsubstituted heterocycle. 5 [4] The | arge conductance

i vated K channel opener accofding to the above [1], wherein
whi ch may be substituted by one or two hal ogen(s) or (2) a

a

R

which may be 10 substituted by hal ogen or alkyl; R2 is alkyl

@ substituted by mnsubstitutednalkylsebékoutchrbenyheogr 8up
QLbEFEPBE¥g oEaﬁHQEB¥£1tHEQH ﬁQReHylalgxacarbannyl
roxycar ano

anoy I's substituted by one or two

15

| koxycRr b‘(ﬁwﬁ El&y‘{té-mef B CHIHRRALURE HeferdeyRle; R3 is (1)

bﬁb&hhﬁbtaayogeuﬁshsbtagheddbme;eaac E1EWO substituent(s)

om the group consist- ing of am no, hal ogen, alkyl, al koxy,
20 ami no and al kylthio or (2) aryl which may be substituted
muqsrhsenaegedcbﬁdﬂbthﬁcgrcamcﬁomshstﬁvgteﬁ Kanhaanehlal ogen,
| thio, alkox kyl am no; and R4 is hydroge

Fgfn?ﬁeaFS?ﬁélggna F ﬁc% XFCJ? activated K channel ~opene

nono-
by

n or
r

accordlng to the uhene1$l$ ishetlei iyl ivhi(ch ey |bevswdrs treyuted depst i t ut ed

by one or
hal ogen or
car boxyH kyBu

15

20

25

30

35

e su stltut al ky
eg}teseﬁahﬁyhalﬁgﬁn ©3) ahbKds

R? is alkyl which may be substituted by a substitu-

&E 89' ﬁv\}log%ﬁ)(ssh %nxb whi ﬁgtgg)ScQ@léUQﬁthuFrS? béo by

ent (s) selected from the group consisting of carboxy,
carbamoyl, mono- or di-alkylcarbamoyl, hydroxycarbamoyl,
hydroxycarbamoyl which is substituted by one or two
alkyl (s), alkoxycarbonyl, alkylsulfonylcarbamoyl and
heterocycle;

R® is (1) a heterocycle which may be substituted by
one or two substituent (s) selected from the group consist-
ing of amino, halogen, alkyl, alkoxy, mono- or di-alkyl-
amino and alkylthio or (2) aryl which may be substituted by
a substituent (s) selected from the group consisting of
amino, halogen, alkyl, alkylthio, alkoxy and mono- or di-
alkylamino; and

R* is hydrogen or alkyl.

[5] The large conductance calcium-activated K channel
opener according to the above [1],

wherein R' is (1) aryl which may be substituted by
one or two halogen(s), (2) thienyl which may be substituted
by halogen or (3) pyridyl which may be substituted by
alkyl;

R®> is (1) carboxyalkyl, (2) carbamoylalkyl, (3) mono-
or di-alkylcarbamoylalkyl, (4) alkoxycarbonylalkyl, (5)
alkylsulfonylcarbamoylalkyl or (6) tetrazolylalkyl;

R® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-



or di-al kyl carbanoyl al kyl, (4) al koxycarbonyl al kyl, (5) 13 FEBRUARY 2007
al kyl sul fonyl car banoyl al kyl or (6) tetrazolylalkyl; 35 R3 is (1)
benzot hi enyl which may be substituted by hal ogen, (2) phenyl which may be
substituted by a substi 13 FEBRUARY 2007 7 tuent(s) selected fromthe group
consi sting of halogen, alkylthio, alkyl, alkoxy and dial kyl am no, (3)
pyridyl which may be substituted by a substituent(s) selected from the
groug con;ltﬂéﬁw S?lf bsﬁlke?ﬂkbecﬂﬁ@.@l%tﬁkféj dhAlKHoHB it i o d Ilm/Ihcb rd}( gg/l t\é\hl chI
may be subst].t y m no_ or y tni I eny
whi ch may B 10) Al 'bfﬁ?ﬁy%ﬁqqadﬁleﬁ%ﬁ(@m%) ‘%”2 b] pyri dyl ,
(7) benzofwmxdh ) b hydshiemaaddi iyt a)rsqkﬁgtnmckﬂwds)vw'seﬂemmd fixeom
substitute al k a og I ge
conduct ancgtkg%l%ld'ryé %la d%< ﬁ%{l oprle]ér)lae a%%%rdiﬁkﬁ]aq?%e abg)‘lv)e [1],
wher ei n5R1 p}sfl(“ﬂ)dlamil whiii afh ey kbia st tuhest by all@?@»ne akkylo hal ogen(s)
or (2) thi %a‘?ﬁ yopeaua}a d].crr utgﬁsl o POG ER thay aa s@Hoxyal kyl

(2) carbanD nono- carbanoylalkyl or %

al koxycar bdiiied 84 ;OB 9% t(“B Rienk) ekl 4 Ripstdxin et by 20
hal ogen, (%erpétﬁﬂiwyl\m'@ r@h c%é)ﬁztdﬂuﬁ ad dyy e)sulisddly T uant &8 )meel ect ed
fromthe group onS|st %n: alkylthlo al kyl, al koxy and
dlalkylanl L substituted by a substituent(s)

sel ect ed from thxé gsohpdecgsnsbrnglnjzlal kyl, al koxy and di al kyl am no, (4)
25 pyrimdinyl which may be substituted by al koxy or dial kyl- am no, (5)
t hi enyl which may be substituted by one or two alkyl(s), (6)
t hi eno[ 3, 2- Hlpyiheal\llarqe7 ) cdrehrafanad ,cq18)1umH antdireatzat g erlyanmﬂl(Q) i ndol yl
which may ke, sihstdddB&fing to the above [1],
wherein R' is (1) aryl which may be substituted by
15 one or two halogen(s) or (2) thienyl which may be
substituted by halogen;
R? is (1) carboxyalkyl, (2) carbamoylalkyl, (3) mono-
or di-alkylcarbamoylalkyl, or (4) alkoxycarbonylalkyl;
R® is (1) benzothienyl which may be substituted by
20 halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
which may be substituted by a substituent (s) selected from
the group consisting of alkyl, alkoxy and dialkylamino, (4)
25 pyrimidinyl which may be substituted by alkoxy or dialkyl-
amino, (5) thienyl which may be substituted by one or two
alkyl (s), (6) thienol[3,2-blpyridyl, (7) benzofuryl, (8)
dihydrobenzofuryl or (9) indolyl which may be substituted
by alkyl; and
30 R* is hydrogen or alkyl.

[7] The large conductance calcium-activated K channel
opener according to the above [1],
wherein R is (1) aryl which may be substituted by
35 one or two halogen(s) or (2) thienyl which may be
substituted by halogen;



by al kyl; and 30 R4 is hydrogen or alkyl. [7] The |arge condutXRERRVARY 2007
cal cium activated K channel opener according to the above [1), wherein Rl
is (1) aryl which nay be substituted by 35 one or two hal ogen(s) or (2)

thi enyl which may be substituted by hal &gen; -13 FEBRUARY 2007 8 R? is (1)
car boxyal kyl or (2) al koxycarbonylalkyl; R3 is (1) benzothienyl which may
be substituted by _hal ogen, (2) phenyl which nmay be substituted by a substi -
tuent (s) sel ect edRfrbsn {he gavopxyabkyhtong(df hhk@?gﬁﬁarbomfk?lkhi/o al koxy

and di al kyl anmi no, gé 315101(11 duén%tﬁbeﬁ@y wl@fcﬁ%ﬁ%"Eé‘tggbgﬂléﬁ{SéHYbQV
di al kyl am no, _(4) pyrimdinyl _ whic be substituted di al kyl am no, (5)

thi enyl whi @ﬁlowlbézéul@é’ﬁntydt é‘@llﬂh Gﬁéf &e spbshitpted b Y( @ SHisdor 3, 2-
b] pyri dyl oruehk ()delellectic Frday the sl iodined Sty ng) koA hall:@;eatnd R4 is

hyd 8] _The | I t h I

opener A QoA T San ISR oA Eh G IATA T o (8] PY SIS N GiR R

Cal G it Bt LB A R, 36 s ?mdwfwf"ml;n”? 1] to
AR oSy BRNGh o RRAR AL GG, 908 Pnidisiaauc]

[8], wher ei' el't her one
formul ae: omayShe [Sl@ﬂstAtSLtmhM ex!leheltreml@y@lllkcfldtﬁ‘)podrﬁd thltehil@ Bor2mul a

(1) Rl Ry AAild1 or (7) indolyl which may be substituted by alkyl;
10 and
R* is hydrogen or alkyl.

[8] The large conductance calcium-activated K channel
opener according to any one of the above [1] to [6],

15 wherein R? is carboxymethyl or alkoxycarbonylmethyl.

[9] The large conductance calcium-activated K channel

opener according to any one of the above [1] to [8],

wherein the Ring A is a ring represented by either one of
20 the formulae:

[10] A 5-membered heterocyclic compound of the formula
(II):

R! R?

(IT)

3
25 R
wherein ring A is a ring represented by any one of



25 3 wherein ring Ais a ring represented by any one of 13 FEBREBRVARY®PO7 9
the formulae: 1-0 S N\Ra Rl is a substituted or unsubstituted aryl, a
substi- tuted or unsubstituted heterocycle or a substituted 5 or
unsubstituted heterocycl e-substituted caPbonyl; R2 is a substituted al kyl;
R3 is a substituted or unsubstituted aryl, a substi- tuted or unsubstituted
het erocycle or a substituted or unsubstituted al kyl; and 10 R4 is hydrogen
or a substitutedtbe fiosmbdeet:uted al kyl; provided that when RL and R3 are
phenyl, R2 is not carboxynethyl or ethoxycarbonylnmethyl, or a

het erocycl i ¢ conpou
according to the abg unsubsti t ut ed
het ero- cycle, a sulpstituded or unsupstitufed heterocycle-sibsti 20 tuted
carbonyl, or an ary tuted by The N<nenber ed

het erocycl i ¢ conpoun a pharmaceu- ally accept abl It\?h Aeof
according to the abovel[10] wor (ill, 2pb wherein RL is (1) an aryl which may
be substituted by a sgbstituent(s) selpcted fromthe grdqup consisting of
nitro, am no, hydroxy, carbanmoyl, cyano, carboxy, tri- fluoronethyl,

al koxycar bonyl . hal pgeg. sghlyl vy bYd! 6XYBhibses BhkgAYa pLOXY BLKGKY. OO

or di-al kyl am no, nobno- or . kano& amno, a yl sul fonyl ,
al kyl sul finyl, tuted or unsubstituted heterocycle or a substituted
5 or unsubstituted heterocycle-substituted carbonyl;

R? is a substituted alkyl;
R?® is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or a substituted
or unsubstituted alkyl; and

10 R* is hydrogen or a substituted or unsubstituted
alkyl;

provided that when R and R?® are phenyl, R®

is not
carboxymethyl or ethoxycarbonylmethyl,
or a pharmaceutically acceptable salt thereof.
15
[11] The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to the above
[10], wherein R* is a substituted or unsubstituted hetero-
cycle, a substituted or unsubstituted heterocycle-substi-
20 tuted carbonyl, or an aryl substituted by two halogens.

[12] The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to the above [10]
or [11],

25 wherein R' is (1) an aryl which may be substituted by
a substituent (s) selected from the group consisting of
nitro, amino, hydroxy, carbamoyl, cyano, carboxy, tri-
fluoromethyl, alkoxycarbonyl, halogen, alkyl, hydroxyalkyl,
alkoxy, alkoxyalkoxy, mono- or di-alkylamino, mono- or di-

30 alkanoylamino, alkylthio, alkylsulfonyl, alkylsulfinyl,



13 FEBRUARY 2007 10 sul fanoyl, nono- or di-al kyl sul fanoyl, 13 FEBRUARY 2007
al kyl sul fonyl am no and phenyl al koxy, (2) a heterocycle which may be substi -
tuted by a substituent(s) selected fromthe group consist- ing of nitro,
hydr oxy, fornyl, carbanoyl, cyano, am noi05 carboxy, al koxycarbonyl,

hal ogen, al kyl, hydroxyal kyl, al koxy, nono- or di-al kyl am no, nono- or

di - al kanoyl am no, al kylthi o, alkylsulfonyl, alkylsulfinyl, sulfanoyl and
nono- or di -salllifpmeylif,amoylo- @r (di)—aa}dydtselrld@yﬂyé s @i styil-s ulificey learilyony |

whi ch may b ti 0 I f gr oup
consisting o %P%u?)%enwtaﬁ%o%l égar%b PeIritc’(:i’)cal%o "ﬁﬂcq:‘btc[)ﬂ%l He{)rkgcl)%%gtalr bonyl ,
hal ogen, al kyted Wd@o%sltwtuealtld@%y se@lelcé;@@ylfr%r?@e SHQUR A8 IgH 0,
mono- or di ﬁig}@&oyllﬁmdﬁo,hy@ﬂ&wyt hlffe,rn@,llkylc%tﬂbfawl, ama SLanfllrra/I

sul fanmoyl and "nono- or. di-al k sul_f ano R%tkWé n %ﬁ’ h may be
substituPed Oﬁrb&xysuﬁsltkiotxt}fé’ﬁtr)(gﬂ“@el é’é‘t elnr o Ihty?ﬂr 'ng of

hal ggen hhy@l@a@y@y,cmm @errkbxlixsalk@qrahlamyl ,mlo&hlail -Nor aiﬂ—ralkaﬁid::y]\:l@mdllno,

am di not hi o n ano am-no Qnyl am no,
hydr oxyani n(?lrﬂg‘ﬁ?f& or ad'lk thf\{‘a}afm gar lrffﬁals?(lltfﬁnf I%o@éﬂé%ﬂﬂ g dYoxy,

al kyl t hi o, aidnpl o&uldf:u rawkylaaidiﬁamdyflonyalr, @kl ileltfearmdya:ri:emuhgtdr-oxy-
car banoyl ch i u i y s),

al kyl sui fon;ll Sulwfh\m:lh 'Pnays b% %%tbsttli%%Qel%K kﬁﬁ% cHubétlvﬁLPérh: (<)
al koxyca® bomﬁledf;@tderf(r@yrcltéle m%sgﬁll@gs@tfsmumd Mltﬂiﬁbyl

het erocycl e c'%%t,dotyqt egy%lﬂgll ca&%{o@@m)é'lk%&q/é&% Clr1idRst té,]_tk%fj_

sul f onyl car bamoyl ; an ar whi ch nmay be substltut ed by a
substi t uent (hé’)dr§é‘lyé'(,1tké’& fraérlﬁoclee Grid@so¥dns Mg Bt ddydddyLiamin, anmino,

hal ogen, tr inddndor @retdiylal keicdy@eynindy, dadkyl t3Q oG aElaiul feaia-, or
g: ::Eg:?glggﬁagﬁuﬂga@y&, g“T?%moyl gnd.%kkota@fq J-ﬁ@kyf2ﬂ¥¥aﬂ§y1;

R? is an alkyl which may be substituted by a
substituent (s) selected from the group consisting of
halogen, hydroxy, cyano, carboxy, carbamoyl, amino, amino-
sulfonyl, amidinothio, mono- or di-alkylamino, alkanoyl-
amino, alkylsulfonylamino, hydroxyamino, mono- or di-

20 alkylcarbamoyl, trifluoromethyl, alkoxy, alkylthio, alkyl-
sulfinyl, alkylsulfonyl, alkylsulfonylamino, hydroxy-
carbamoyl, hydroxycarbamoyl which is substituted by one or
two alkyl (s), alkylsulfonylcarbamoyl, sulfamoyl, mono- or
di-alkylsulfamoyl, alkoxycarbonyl, heterocycle, hetero-

25 cycle-substituted carbamoyl, heterocycle-substituted alkyl-
carbamoyl and heterocycle-substituted sulfonylcarbamoyl;

R?® is (1) an aryl which may be substituted by a
substituent (s) selected from the group consisting of cyano,
nitro, amino, halogen, trifluoromethyl, carboxy, hydroxy,

30 carbamoyl, mono- or di-alkylamino, aminoalkyl, mono- or di-
alkylaminoalkyl, mono- or di-alkylcarbamoyl, alkyl,
hydroxyalkyl, alkoxy, alkoxycarbonyl, alkanoyl, alkanoyl-
oxy, alkanoyloxyalkyl, sulfo, alkylthio, alkylthioalkyl,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl and

35 alkylsulfinyl, (2) a heterocycle which may be substituted
by a substituent (s) selected from the group consisting of



hydr oxyal kyl , al koxy, al koxycarbonyl, al kanoyl, al kanoyl - oxyl3 FEBRUARY 2007
al kanoyl oxyal kyl , sul fo, al kylthio, alkylthioalkyl, alkylsulfonyl,
sul fanoyl, nmono- or di-al kyl sul fanoyl and 35 al kyl sul finyl, (2) a
het erocycl e which may be substituted bylla substituent(s) selected fromthe
group consisting of 13 FEBRUARY 2007 11 oxo, cyano, nitro, am no, hal ogen,
car boxy, hydroxy, fornyl, carbanoyl, nono- or di-al kylam no, N alkyl-N
cycl oal kyl amxpo, cyanpoahiyiro, mamanoor hdilogeky| garboxlykyhydnesiye- or
di - al kyl car , dr al-kyh galkexVvq amiabkoxyahhyh.n-
al koxycar bo%{g’mgrkg%%%fm%rf 8‘% kyh AR5 %ﬂ?yllsul'f ony] @sm famoyl, mono-
or di-al kyl s¥rfeadiylamingy| savineapkyandmrePer 68y Eiecadkylamizagadiul: which
nmay be subgbhbut ed BY -a1xybebirbuaBiAs) a3rbect agdrbapatike19r @URox§QNSI sti ng
of hydroxy, cyano, %grbox carbann¥l anh o, 1 nnng- or ik‘%‘%¥ am no,
al kanoyl ani ASXOXVRIFYLN f GAFPENCAS PO dlr & g}éﬁPM ¢+ fhbooptkylthio,
di - al kyl car hakgllsulEbhnillyosalEahplyl, mahogebr dlikaikylauRflatdoyd,,
al kyl sul fin | kyl.sul fonyl., ul famoyl , monag- hyalk f y
aIkoxycarboﬁbrygﬁHXfﬁgyér 9cPS?e588YféeR2ri3981%5h%&F§ge§%§%5(3%95?9a|ky|
whi ch may beubstbsuted: by by smbstdituenti(sal kbplected. fro8] thiee I3-ompnber ed
het erocycli cedbihe cablhoacceptapl |t stfgkeof
accor di ng t%O?%ggggggegFlgfagggggr%?%?ff %herglg'Rl ??a?f§qénaaryL whi ch may
be subst¥t uleachy oroAd -ad kyhamiaregerkanoysAMi AP, o ARy Py FOIY LFIER may be
substi t ut ed hhrBahadgR0N mdhky! orRail-a1&912bkvamalich tra Y 1k roreehiiyt ed by
a substi - Zgﬁhuen (s) .selected féo .the Bpgp §3n5| tlnquf §ﬁr oxYy,
car banoyl , 898y ALkerity| kY. e ﬁg YRV di B oy BLKYH 5§§@éwbanoyl
whi ch i s subsllifauibed ,byiopde e dWealkylsulfamoyl, alkoxycarbonyl and
heterocycle; and
15 R* is (1) hydrogen or (2) an alkyl which may be
substituted by mono- or di-alkylamino.

[13] The 5-membered heterocyclic compound or a pharmaceuti-
cally acceptable salt thereof according to the above [10]
20 or [11],
wherein R' is (1) an aryl which may be substituted by
one or two halogen(s), or (2) a heterocycle which may be
substituted by halogen or alkyl;
R? is an alkyl which may be substituted by a substi-
25 tuent(s) selected from the group consisting of carboxy,
carbamoyl, mono- or di-alkylcarbamoyl, hydroxycarbamoyl,
hydroxycarbamoyl which is substituted by one or two
alkyl (s), alkoxycarbonyl, alkylsulfonylcarbamoyl and
heterocycle; and
30 R® is (1) a heterocycle which may be substituted by
one or two substituent (s) selected from the group consist-
ing of amino, halogen, alkyl, alkoxy, mono- or di-alkyl-
amino and alkylthio, or (2) an aryl which may be substi-
tuted by a substituent (s) selected from the group consist-
35 1ing of amino, halogen, alkyl, alkylthio, alkoxy and mono-

or di-alkylamino; and



al kyl (s), al koxycarbonyl, al kyl sul fonyl carbanoyl and het er ocipdIEBRUARY 2907 R3
is (1) a heterocycle which may be substituted by one or two substituent(s)
selected fromthe group consist- ing of am no, hal ogen, alkyl, al koxy, nobno-
or di-alkyl- anino and alkylthio, or (2)1%n aryl which may be substi- tuted
by a substituent(s) selected fromthe group consist 35 ing of am no,

hal ogen, al kyl, al kylthio, alkoxy and nono- or di-al kyl am no; and 13
FEBRUARY 2007 12RR is hiydiregem oF alky}: [14] A 5-nenbered heterocyclic
compound of the formula (I111) RLR2 A (Ill) 3 5 whereinring Ais aring
represented by _any one of the formulae:; S N R4/ IS a _substituted or
unsubstituté&4ﬂhﬁeﬁym?mgﬁr§ﬂ Lerpcyc &EsFPF@PE&dbg%tﬁ%ehgﬁg & R s
substituted (@ltkyl:;; R3 is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or azsubstituted or unsubstituted al kyl;
and 15 R4 is hydrogen or a skbstituted®or unsubstituted alkyl; provided
that when Rl is 2-thienyl, R3 N\s not /2- thienyl;

(I11)

5 R’
wherein ring A is a ring represented by any one of

the formulae:

N SN F R4/N/

R! is a substituted or unsubstituted thienyl, or an
10 aryl substituted by two halogens;
R? is substituted alkyl;
R?® is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or a substituted
or unsubstituted alkyl; and
15 R* is hydrogen or a substituted or unsubstituted
alkyl;
provided that when R' is 2-thienyl, R?® is not 2-
thienyl;
or a pharmaceutically acceptable salt thereof.
20
[15] The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to the above
[14],



or a pharmaceutically acceptable salt thereof. 20 [15] The 5-4 'ﬁ'ﬁ’ﬁﬁbﬁﬂvzow
het erocyclic conpound or a pharnaceu- tically acceptable salt the
according to the above [14], 13 FEBRUARY 2007 13 wherein R2 is an alkyl
whi ch may be substituted by a substltuen]t(s) sel ected fromthe group

consi sting of hal ogen, hydroxy, cyano, car boxy, carbanoyl, am no, am no-
sul fonyl, amdi not

l.kyl am .n alknoyl5 m no,
al kyl sul f onyl ani nd’ arﬁ)edlrrb% & (?%:chﬁ(31 Atk 12 c%?%iﬁf)r%fl?ed by a
trlfluoromﬁdubstfﬂwemW(shh@ﬂe¢n®d ar&yl £hsubfonyl coaldidtsidd anfyl ,
al kyl sul fony ar y (0D
substituted B eﬂ hQ/)?élc)&(%?i’l k‘%/)b?‘il §ro ?Eg%ﬁggl’fé%?} ca?gg/)im%lnsom faamrrlori/ ,
mono- or di ﬂﬂ@ﬂ(}yl,smrﬂmwmmkomynarbonyd; hekeleoyclos, dHetaramcycl e-

substituted garhamyly gﬁﬁ&% 2t Hbsway%%ﬁ\' g%' CHIAE- B 4 AUy

het erocycl e- su st'i t ut car banoy an aryl h may be
substi t ut ed Qﬁ/rlaim@abstﬁlth@ﬁ@éqm%@béét edlkpsin t A kg’rlélhlp%orﬁsll}gytl'ng of

cyano, 15 niity@n @ %@é@ﬂf@nyi“£hH9!’LQH§EB}*’1lyylaﬁﬁrn%0X¥rydB’d¥ﬁ%’
car banoyl , . nono- or d| | am no, am noal kyl, ndno- or di- al kylam noal kyl ,

mono- or di &%y day%%ﬁfbxﬁar%@wyi wlhyahowaﬁkyrstlaw@)@bymmﬁrar%w
al kanoyl , alxanpyls) 0><aak>a1i<@nﬂyrhpz<&§£kaﬂno $l,ll fsq;Lfa}nI@lelt hinanc kydt tdni -oal kyl ,

20 al k If f | f d . al kyl sul finyl,
20, ALl L ULy B0 o Sl WUl LAl g AL LT T

fromthe graypo<onshisédd nop 0famaxDd, hgaa@pcycﬂ_eesuamtnmutlwi @g]efylc:aanfﬂzmxy,
hydroxy, forrﬁ‘%o Cr‘?cﬁ br?ért})%i?cygfg—s%sg%tﬁlcFé ?H‘l%n %Iﬁ%mmylﬁ

cycl oal kyl am am noa no-
di - al kyl car banoyl , R altiey|(1) hpdr gxyal mlcfalm«m)be SUbStltUted by a

substituent {s) selected from the group consisting of cyano,
15 nitro, amino, halogen, triflucromethyl, carboxy, hydroxy,
~ carbamoyl, mono- or di-alkylamino, aminoalkyl, mono- or di-
alkylaminoalkyl, mono- or di—alkylcarbamdyl, alkyl;
hydroxyalkyl, alkoxy, alkoxycarbonyl, alkanoyl, alkanoyl-
oxy, alkanoyloxyalkyl, sulfo, alkylthio, alkylthiocalkyl,

20 alkylsulfonyl, sulfamoyl, mono- or di~alkylsulfamoyl and
alkylsulfinyl, (2) a heterocycle which may be substituted
by a substituent(s) selectedAfrom the group consisting of
0X0, cyano, nitro, amino, halogen, carboxy, hydroxy,
formyl, carbamoyl, mono- or di-alkylamino, N-alkyl-N-

25 cycloalkylamino, aminoalkyl, mono— or di-~alkylaminoalkyl,
mono- or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl,
alkylsulfinyl and heterocycle or (3) an alkyl which may be

.30 substituted by a substituent(s) selected from the group
consisting of hydroxy, cyano, carboxy, carbamoyl, amino,
mono- or di-alkylamino, alkanoylamino, alkylsulfonylamino,
hydroxyamino, mono- or di-alkylcarbamoyl, trifluoromethyl,
halogen, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,‘

35 sulfamoyl, mono- or di-alkylsulfamoyl, alkoxycarbonyl and

heterocycle; and



al koxyal kyl , al koxycarbonyl, al kanoyl, sulfo, alkylthio, al ki3 ERRRUARM 2007
sul fanoyl, nono- or di-al kyl sul fanoyl, alkylsulfinyl and heterocycle or (3)
an al kyl which may be 30 substituted by a substituent(s) selected fromthe
group consisting of hydroxy, cyano, carbéxy, carbanobyl, am no, nono- or
di - al kyl am no, al kanoyl am no, al kyl sul fonyl am no, hydroxyam no, nono- or
di - al kyl carbanoyl, trifluoronmethyl, hal ogen, al koxy, alkylthi o,

al kyl sul finyl, aIRylsalfbhyhydségsul®anﬁ®] aMDmkabrWUlchlN?Yshﬁfanbyl

alkoxycarbogﬂ d eleevcls @and1k3 ﬁgBHARY 2007 14 R4 is (1) hydrogen
or (2) an aIk;1 mhlcﬁgzaf e ghb stlﬁﬁEed by nono- or di-al kyl am no. [16]

The 5-nmenbered heterocyclic conpound or a pharmaceu- 5 tically acceptable

salt thereof[1aqcamdl By nicthbdie @R rdchAl i Men@iohnd? Jrs aarpradﬂmelcem ch may

be substjtuted subst uent( elected fro t he |st|ng of
car boxy, °¢ Fﬂéﬁaéx %% Ebﬂ%bf%’quc Aoyl |

hydr oxycar bamall, which is substltuted by one or two al kyl (s),

al koxycar bonyl , al kyl su thUY£§a% %g% 1aﬁﬂlcﬁe$§ ¥05§b§€?t ?§1% <3 ect ed

het er ocycl e mhlch nay be Subs one or fwo_ st
fromthe grm@ﬂcﬁsxestb(SJ)S Slaigaqtfedarﬁrlw thel gyomp slondistdngef nono- or

di - al kyl (J%Qlf?g& éﬁfbtamo 1,0%ndr- Yt Qﬁwalm'l%r%o%. SURRidoxfuted by a

substi t uent fromthe group consist>- of amno,  hal ogen,
al kyl , hpkymarm@moaalkokydemcym@awld. qkwl&m Stdﬁdltﬁsi@vu%n%ﬁﬁ ogen
or alkyl. [Xdo Bh&kya-(mBnbenedReiaeayal, al&kQTReuTdbreil cmididEceihd tical ly
accept abl e iflt ther%pf according to the above [10]
eterocycle
R® is (1) a heterocycle which may be substituted by
one or two substituent (s) selected from the group consist-
15 ing of amino, halogen, alkyl, alkoxy, mono- or di-alkyl-
amino and alkylthio, or (2) an aryl which may be substi-
tuted by a substituent (s) selected from the group consist-
ing of amino, halogen, alkyl, alkylthio, alkoxy and mono-
or di-alkylamino; and

20 R* is hydrogen or alkyl.

[17] The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to the above [10]
or [14],

25 wherein R' is thienyl which may be substituted by
halogen(s) ;

R*> is (1) carboxyalkyl, (2) carbamoylalkyl, (3) mono-
or di-alkylcarbamoylalkyl, (4) alkoxycarbonylalkyl, (5)
alkylsulfonylcarbamoylalkyl or (6) tetrazolylalkyl;

30 R® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
which may be substituted by a substituent(s) selected from

35 the group consisting of alkyl, alkoxy and dialkylamino, (4)
pyrimidinyl which may be substituted by alkoxy, alkyl,



or [14], 25 wherein Rl is thienyl which may be substituted byl3 RrEARMRY(2097
R2 is (1) carboxyal kyl, (2) carbanoyl al kyl, (3) nono- or

di - al kyl car banoyl al kyl, (4) al koxycarbonyl al kyl, (5)

al kyl sul f onyl car banoyl al kyl or (6) tetrak¥®lylalkyl; 30 R3 is (1)
benzot hi enyl which may be substituted by hal ogen, (2) phenyl which may be
substituted by a substi- tuent(s) selected fromthe group consisting of

hal ogen, aldipllklyilemizmckyr, adlkdydthiand (&i)altkgile@mlnwhi(cgl) mayr ity |subg¥iich may
be Subst it uked by o WSl bl S)craeluact & kTR (e NA-RAS) SNg o
al kyl, al koxy and I'am n |ny be substltuted by
al koxy, al k}ﬁenZPiUIIIYBRUA(ﬁY Q}Wd@%zﬂfkl}w&m%o (?r) diq@ﬂ]tyl% &PiE) may enyl
whi ch may besuhsid thittedd Y an&10r e al kyl (s), (6) thieno[3, 2-b] pyridyl,
(7) benzofuryl, (8) dlhydrobenzofurﬁ (9) indolyl which nmay be
substituPed by al Ryl is ghgdsoggn S hy kﬁgen or alkyl. [18] The 5-nenbered
het erocycl i ¢ conpound or a pharnaceu- tically acceptable salt thereof

according tao._.the aboye wherein . R2 is 0

car banoyi al (12[3)18? T?’@ \érfﬁrl%r-% ~ dé%eézlel{ﬁcé’%lﬂ‘ SR goﬁ“ ot} z%% l%%Loxycar bony! -

al kyl ; and R3dad1yl)adveptetdtice mal bwihehrandy a@@oguimg ttlslI dgdrebypbdvd ogen, (2)
phenyl mhicqimﬁy be substituted by a substi- 15 tuent(s) selected fromthe

group consis d of hal ogen, alkylthio, alk¥ al koxy and di al kyl am no, (3)
pyri dyl 10whi ch mayhesedab&’i iat é&) bgarbarya Fﬁyhenﬁzé)cgébé@%aa kgt the

group consi staNghdo -aldey lai &KX AMhndyalak Kyamoi0, (4)4)al kastiddrBaitl whi ch

may be substi_tuted by al koxy or di al kyl
alkyl; an

R® is (1) benzothienyl which may be substituted by

halogen, (2) phenyl which may be substituted by a substi-

15 tuent(s) selected from the group consisting of halogen,
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
which may be substituted by a substituent(s) selected from
the group consisting of alkyl, alkoxy and dialkylamino, (4)
pyrimidinyl which may be substituted by alkoxy or dialkyl-

20 amino, (5) thienyl which may be substituted by one or two
alkyl(s), (6) thieno[3,2-blpyridyl, (7) benzofuryl, (8)
dihydrobenzofuryl or (9) indolyl which may be substituted
by alkyl.

25 [19] The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to the above
(171,

wherein R? is carboxyalkyl or alkoxycarbonylalkyl;
and

30 R?® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,
alkylthio, alkoxy and dialkylamino, (3) pyridyl which may
be substituted by a substituent(s) selected from the group

35 consisting of alkyl, alkoxy and dialkylamino, (4) pyrimi-
dinyl which may be substituted by dialkylamino, (5) thienyl



20 anino, (5) thienyl which may be substituted by one or two 1HFESRUARY 2Q08)
t hi eno[ 3, 2-b] pyridyl, (7) benzofuryl, (8) dihydrobenzofuryl or (9) indolyl
whi ch may be substituted by alkyl. 25 [19] The 5-nenbered heterocyclic
conpound or a pharmaceu- tically acceptabbe salt thereof according to the
above [171, wherein R2 is carboxyal kyl or al koxycarbonyl al kyl; and 30 R3
is (1) benzothienyl which may be substituted by hal ogen, (2) phenyl which
may be substWhigtednay ke shixatitutrchtlfys)onrelacttew faldert () gr b consi sting

of “hal ogen, ryadoyd i 0.p bk BNk diAl kK0, WK Dn Ry dye by ey be
substituted by a_substituent(s) selected fromthe group 35 consisting of

al kyl, al koxytash R &M ani no, (4) pyrimi- dinyl which may be substituted
by di al kyl am no, (5) thienyl 13 FEBRUARY 2007 16 which may be substituted

by one or t | kyl (s), thieno[ 3 2-hlpyridyl or.(7) indolyl which may
be subst%- }Afﬁogdk%ﬁﬁ ;q)m('@ef?‘gd']&l%ﬁd‘@' e“?oé%)%&der% yaclli%(l:a%% ound or a
phar maceu- ttiicadlly aomenitadilee st tttermsdf soooymdiing ttoo aanyy omee off ttHee
above [17] t 9]+ ei i | hyl..ar %LE ot hyl .
10 [21] The %Jrr‘éenb%lrmﬁoet g@g’yc"ﬁeglaéclgpnp)%égﬁ })éra rgmp ar(r%a gu?)%{ %garﬂﬁ
accept abl e snbarhgimeithylccordi ng to any one of the above [17] to [20],

wherein ring Ais furan or thiophen. [22] A conpound selected fromthe
group consisting of the 15 conpounds described in the exanples and

pref er aBPe elkdnplBie 7 1nemRe =g AeE REAGTHHL L SR i (R | REATTACR Y ept abl e
salt thereaficd23}t vdastiapine £Oprilsdiupf hcdor@imeras ey esweyst itthe

above [17] to [20], wherein ring A is furan or thiophen.

[22] A compound selected from the group consisting of the
15 compounds described in the examples and preferable examples
in the specification, or a pharmaceutically acceptable salt

thereof.

[23] A medicine comprising the 5-membered heterocyclic
20 compound or a pharmaceutically acceptable salt thereof
according to any one of the above [10] to [22].

[24] A large conductance calcium-activated K channel opener
comprising the 5-membered heterocyclic compound or a
25 pharmaceutically acceptable salt thereof according to any

one of the above [10] to [22] as an active ingredient.

[25] A large conductance calcium-activated K channel opener
according to any one of the above [1] to [9] and [24],
30 which is for the prophylaxis and/or treatment of

pollakiuria or urinary incontinence.

[26] A 5-membered heterocyclic compound of the formula (I):



20 conpound or a pharmaceutically acceptable salt thereof actiFEBRUARYO2000Y
one of the above [10] to [22]. [24] A | arge conductance cal ciumactivated K
channel opener conprising the 5-menbered heterocyclic compound or a 25
pharmaceutically acceptable salt thereoflaccording to any one of the above
[10] to [22] as an active ingredient. [25] A |arge conductance

cal cium activated K channel opener according to any one of the above [1] to
[9] and [24], 30 which is for phe prophytaxis and/or treatnent of

pol | akiuria or urinary inconti 6] A 5-nenbered heterocyclic conpound
of the formula (1): 13 FEBRUARY R00Q 17 RL R2 A(l) 3 whereinring Ais a
ring represented by any one of fhe fornmulae: OZN 5 Rl is a substituted or
unsubstituted aryl, a substi- tyted\or\ unsubstituted heterocycle or a
substituted or unsubstituted h scl e-substituitled carbonyl; R2 is

hydr ogen, a hal ogen, carboxy, a sulyStituted or unsubstituted anino, a
substituted or unsubstituted 10 al Kyl, an al koxycarbonyl, a substituted or
unsubsti- tuted al kenyl or a cyclogkyl; R3 is a substituted or
unsubstituted aryl, a substi- tuted-or unsubstituted heterocycle or a
substituted or wistsin trirey Alkyla ming Pegesentydirigeanprore sebst i t ut ed
or unsubstitutedtﬁgl%gfm&Eagzpharnaceutically accept abl e salt thereof.

35 3
¥ Y

5 R' is a substituted or unsubstituted aryl, a substi-

tuted or unsubstituted heterocycle or a substituted
or unsubstituted heterocycle-substituted carbonyl;
R’ is hydrogen, a halogen, carboxy, a substituted or
unsubstituted amino, a substituted or unsubstituted

10 alkyl, an alkoxycarbonyl, a substituted or unsubsti-
tuted alkenyl or a cycloalkyl;
R® is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or a substituted
or unsubstituted alkyl; and

15 R* is hydrogen or a substituted or unsubstituted
alkyl;

or a pharmaceutically acceptable salt thereof.



13 FEBRUARY 2007 18 [27] The 5-nenbered heterocyclic conpourf@ REBRYARY 2007
pharmaceuti- cally acceptable salt thereof according to the above [26],
wherein RL is (1) an aryl which may be substituted by a substituent(s)

sel ected fromthe group consisting of 5l&itro, am no, hydroxy, carbanoyl,
cyano, carboxy, tri- fluoronethyl, alkoxycarbonyl, hal ogen, alkyl,
hydroxyal kyl , al koxy, al koxyal koxy, nono- or di-al kyl am no, nono- or di-

al kanoyl am rl@7]aMkel Bhimembeiried @@KEGWFWCléEKFD@@DMWﬁzpr as phfagmadeutidono- or

di -l kyl sul tamayl ocRldotlsild amilamiag Lt dadopbamy dkene Adlve fher ocycl e
whi ch may be substl- uted,by a substltuent(s) sellected fromthe grou

consi st- ing of nWREESiRyEr ok, *br%?larK%r%%h%@lma%y%%osu%ﬁ¥hBUte€aP oxy,
al koxycar bory lsupatliegemnt (@)K¥el ok the gad&wscoﬂmmn@ of
di - al kyl am nq, nmono- .or di-al kanoyl am no, 15 al k th|o I Ifonyl
al kyl sul Ti nLEzEal PIHEO!  BYE a0 SBEOY Al K B

het er ocycl e-fdulostiomethiytled adosayayalr beiniydh Maﬂogensubﬂmwﬂut@@dnpxyalkyl
substi t uent el A up Go t tr Y

car banoyl , %@gﬁ%§ cgﬁ yfl Xy gg%%bn %'%EaﬁlkgqaRLFEJ nfay%hhydpoxyalkyl
al koxy, aIk@db?hOYd@ﬂonOoradkydtmybanﬁd@ylSmdﬁ@nde lkmlﬁwiﬁﬂ no,

al kyl thio, %bﬁﬁ%ﬁﬂ&ﬁonﬁbno ab&yl Ulof1 e by 1 FAATOY 2 1% SRS nyAfamino _
di - al kyl sul f anoyl rogen, (2) halogen (3) carbox;gt (4) amno

whi ch 9 b@@um@w&@é&w b§t e eroCYrl8e Modchd Mays ber kst “gr oup

consi sting efutkar !asypl a @hb}élt,ltaxlelf@r(@yl sedleleylesulrfiremy It endraddpasearikany |, (5)
an al kyl whi,ch tuted a.substituen (s) sel ected fronlthe

group con5|§9i 8ﬂtﬁ8v 3@ Oﬁydr mYdy a6 PREPY dxy CYE ba®V™C ani no,
aninosulfonpbxb@mydladkbchanmmmylorhdﬂogbhylaﬁkwd” By caldzarzdydydni no,

?LF?:szLﬁg%hiﬁk§a|beyro%%ﬁ§: 1k§8%9ﬁn8£ n85h9|%%J%ﬁtg@@ﬁﬂoylamino,
15 ylthlo, alkylsulfonyl alkylsulfinyl, sulfamoyl and
mono- or di-alkylsulfamoyl, or (3) a heterocycle-substi-
tuted carbonyl which may be substituted by a substituent (s)
selected from the group consisting of nitro, hydroxy,
carbamoyl, cyano, carboxy, alkoxycarbonyl, halogen, alkyl,
20 hydroxyalkyl, alkoxy, alkanoyl, mono- or di-alkylamino,
mono- or di-alkanoylamino, alkylthio, alkylsulfonyl,
alkylsulfinyl, sulfamoyl and mono- or di-alkylsulfamoyl;
R? is (1) hydrogen, (2) halogen, (3) carboxy, (4)
amino which may be substituted by a substituent (s) selected
25 from the group consisting of formyl, alkyl, alkanoyl,
alkylsulfonyl and alkoxycarbonyl, (5) an alkyl which may be
substituted by a substituent(s) selected from the group
consisting of halogen, hydroxy, cyano, carboxy, carbamoyl,
amino, aminosulfonyl, amidinothio, mono- or di-alkylamino,
30 alkanoylamino, alkylsulfonylamino, hydroxyamino, mono- or
di-alkylcarbamoyl, trifluoromethyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylsulfonylamino, hydroxy-
carbamoyl, hydroxycarbamoyl which is substituted by one or
two alkyl(s), alkylsulfonylcarbamoyl, sulfamoyl, mono- or
35 di-alkylsulfamoyl, alkoxycarbonyl, heterocycle, hetero-



al kyl sul'finyl, alkylsul fonyl, alkylsulfonylam no, hydroxy- caur

hydr oxycar banoyl which is substituted by one or two al kyl (s )19%EBKbARY2°°7
al kyl sul f onyl car banoyl, sul fanoyl, nono- 35 di - alkylsulfanDyI

al koxycar bonyl, heterocycle, hetero 13 FEBRUARY 2007 19 cycle- substituted
car banoyl , heterocycle substituted al kyl - carbanoyl and

heterocycle s tituted. sulfonylcarbanoyl 6) al kaxycar,bon) nyI
Whi oh . b SURSET A o0y~ CoF ERRDO P aPROSFEARbRIS L L)ty o DAYy

R3 is (1)zﬂt&m@émmm1chum%mtmmeupsiefahbdtlbwU&duﬂnlﬁmnylmﬁmmamoyblected
fromthe gro co n en, hyl ,
carboxy. by d&%xy i‘%%‘%&@b&nyf iyl aTk%W %gﬁ}’}' rr]r%-.%lci% %{{M@éé’”ﬁ
di - al kyl anm sroabdy | oxmﬁ&kD&WCdrbamkylcarbaﬁmybyqﬂdquyhﬂ hydroxyalky

al koxy, al koxycar hgn Lkanoyl. .., ;al I X ah.kyl., Ifo,

al kylthlg al kylt%?oéfs () %g’l)lériyé“ulvﬁr?v }p%{arr%‘fx QE%ggi&} Yl 248

di - al kyl sul fetroserpds) a$¢<3y'$@t|$¢l|ﬁ9@m thy arﬁ@peméwﬁetmcchfnwam,

substituted nPWr@-S&P§$étU@QI&&%n59{?9?@@0&6%@&%@@ QQQHHx£9f5'§§df6k ¢f 15
0X0, cyano, nitro, am no, hal ogen, carboxy, hydroxy carbarmé/b
:

mono- or di -G KA ho, MARAT kYT - RE- %95V63WR9P&W@W&“Q%% IHW?nOnD%%
d: kal kyl ami @B}bkllfimllncﬁ@IlEyl Ol’m&goa| Kyl @?EQ&M@E'C@rﬁla‘ﬁ}Gyl hyadx)@% yAl k%
al koxy, oxyal ky oxycar bon al kan su

oyl P ony T SRt - By or SOV kST Sl b Aot kB st oY L and
het erocycl e ety ( 331lamailiopdyanki,th sayfbe. algyhsthiitoyt eﬁLIQyW tzhmﬁolsltyl uent (s)
selected fro h co of ro C a noyl ,
i nor - monc it gL SR SRS BB P mKEEORE SN TRy Eo 5
hydroxyamruﬁlkﬁﬁﬁPWEﬁnﬂlral&yl@ah%éﬁﬁypycﬂﬁlWmuéﬁomaynhe S¢k@©@@%teélkoxy,

al kylthio, algkyl sshibd Oyt uedt ky) sgéi@aygd £36kf MY lgr J@NQ=00Eisting of
di - alkylsulfannyl alkoxycarbong
oxo, ¢yano, nitro, mlno, halogen, carboxy, hydroxy,

gl

formyl, carbamoyl, mono- or di-alkylamino, N-alkyl-N-
cycloalkylamino, aminoalkyl, mono- or di-alkylaminoalkyl,
mono- or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,

20 alkylsulfonyl, sulfamoyl, mono- or di-alkyl3ulfamoyl,
alkylsulfinyl and heterocycle or (3) an alkyl which may be.
substituted by a substituent(s) selected from the group
consisting of hydroxy, cyano, carboxy, carbamoyl, amino,
mono- or di-alkylamino, alkanoylamino, alkylsulfonylamino,

25 hydroxyamino, mono~ or di-alkylcarbamoyl, trifluoromethyl,
halogen, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
sulfamoyl, mono- or di-alkylsulfamoyl, alkoxycarbonyl and
heterocycle; and _

R* is (1) hydrogen or (2) an alkyl which may be

30 substituted by mono- or di-alkylamino.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The “alkyl”, and the alkyl in “alkylthio”, “alkylsulfinyl”
35 and “alkylsulfonyl” are exemplified by a straight or
branched C;.¢ alkyl, more specifically, by methyl, ethyl,



het erocycle; and R4 is (1) hydrogen or (2) an al kyl which nays kEBRUXRY 2007
substituted by nono- or di-al kyl am no. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The "al kyl ", and the alkyl in "alkylthio", "al kylsulfinyl" 35
and "al kyl sul fonyl™ are exenplified by @ostrai ght or branched Cl1_G al kyl,
nore specifically, by methyl, ethyl, 13 FEBRUARY 2007 20 propyl, isopropyl,
butyl, i sobutyl, pentyl, hexyl, etc. A Cl.4 alkyl is preferred. The

"al koxy", aﬁﬂoﬁn}h’ﬁ aik@;xyowl , atbkaypam@my& 1 argentekenphek{l edeby. aast rai ght
or branched Cl. klfox% er S ecifically, by nethoxy, ethoxy, propoxy,

i sopropoxy, Cip Y BT oXY* gentoxy, hexoxy, etc. A Cl_4 alkoxy is
preferred. 10 The "alkenyl |s exenplified by a straight or branched C2.7

alkenyl . TPEfie SPERKLEFAL L na binill D¥honepl L) o Bk EBvbondy - pEBEL oY

3- hexenyl etc IS _pre era kenyl kanoyl " is
exenpl i f3 ededymal 5§ ed ghy @rsmah@h@doxzzbm%h%ik%my@l #bYe SPERifically,

by acetyl, Qﬁ@@i?ﬂ&éllPUtH*yﬁethb§9buéﬂﬁdk 1H§ﬁé§8§y 1B§§§6§&k etc. It is

preferably ano cycl oal Kk is exenplifie

cycl oal kyl , %F%XYQol?%? BPIY a ESn%°%¥cIQ%% . §he- "ﬁaF%geﬁﬂkPéyé%énpllfled
by quorineprQBéﬁre@e, brom ne, iodine, etc., preferably fluorine,

chlorine. 25 The "aryl" is exenplified by nDnocycIic, bicyclic or tricyclic
C6_14 aryl, specifically, phenyl, naphthyl, phenanthryl, anthryl, etc.
Phenyl 1l@nd Taphtalkenyk” pie-ekempkifi&d Hhea "seraigbycdoe"baadchad Cz-;

het er ocycl e, { Ren Pt BhOFYChFaSPicat1F UteY CALPPNYAI 191 e exgapbafiedby a

nonocycli c,
pentenyl, 3-hexenyl, etc. It is preferably a C,.s alkenyl.

The “alkanoyl” is exemplified by a straight or branched C,_4

15 alkanoyl, more specifically, by acetyl, propionyl, butyryl,
isobutyryl, pentanoyl, hexanoyl, etc. It is preferably a
Ca-s alkanoyl.

The “cycloalkyl” is exemplified by a Ci.g cycloalkyl, pre-
20 ferably a Ci3.¢ cycloalkyl.

The “halogen” is exemplified by fluorine, chlorine,

bromine, iodine, etc., preferably fluorine, chlorine.

25 The "aryl” is exemplified by monocyclic, bicyclic or
tricyclic C¢-14 aryl, specifically, phenyl, naphthyl,
phenanthryl, anthryl, etc. Phenyl and naphthyl are pre-
ferred.

30 The "heterocycle” and the heterocycle in "heterocycle-sub-
stituted carbonyl” are exemplified by a monocyclic,
bicyclic or tricyclic 5 to l4-membered heterocycle, which
may be partially or wholly saturated, containing 1 to 4
hetero atom(s) selected from nitrogen, oxygen and sulfur,

35 and the like.



bi cyclic or
or wholly s
nitrogen, o
nmonocyclic

het er ocycl e

i sot hi azoly

pyrazol yl ,
triazinyl,

tricyclic 5 to 14-nenbered heterocycle, which nA)FEBRYARY 2007 y

aturated, containing 1 to 4 hetero aton(s) selected from
xygen and sulfur, 35 and the |ike. 13 FEBRUARY 2007 21 The
heterocycle is preferably exe&®plified by a 5 to 7-nenbered

and may be partially or wholly saturated, containing 1 to 4
hetero atonm(s) selected from nitrogen, oxygen and sulfur, and it is
speci fi cal | fh& ewopplyiciiedhbyefrocyiclet Asepykeferhbiyokyempihifaed byi aypb,

i ; 0 | | yi
%PIg;%éHFEEFg{?%g%?%b&%lepghﬁ &aglgx paﬁxaaqhylor wﬂbgq??nyd

ran yrazin
ﬁaﬁeraﬁyﬁ, Cﬁpﬁéﬁaépﬁyﬂ éﬁd4nb?5ﬁ§PyPt°@t f@1¢ﬁ¥e§|éy@m|c

I nyl,

heterocyclenh%r@@@herakygeﬁxaﬁalbhuedrbyaﬁd @tCY§|b§eEQEQbQQ19|e i n which

two of the
bi cyclic® h
benzene are
di hydr oi ndo
napht hyl i dy
qui nol i nyl,

furyl, benz
qU|nucI|d|n

i m dazopYri
di hydr obenz

same or dlfferent cI| eroc bove are fuysed,
BRErBLSERED) RYolIEH Ly nEPABBYS  ERSEFOLYL: nEPapsO)ara g 15

ll%ushdazamgli t olx&z&ﬂl@ﬂ: f Peakb)zoe?]rerrpbyfrn:ed 1ﬂ)inyﬂ.nd@|y§tlrplyll,l
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a3y eV eazidide. Erirrsikior Celrantn U dpv =gl Do
pdrhﬁdﬂoqpymahunyﬂﬂ pgmzmﬁdnyyl,lS@Denzoydnyplp@mhﬁdﬂobenzo-
gﬁgbgg& enzadiaxanwh lchgggenyl I ndol i di nyl, purinyl,

or a

yl,
20

£rih rocycl opent at |enyI benzo- t hi anyl , benzot hi azol yl,

dyl, |ndoI|nyI chr omanyl , thlophenopyrldyl furanopyri dyl ,
Qhepb&é? ¥l iandededo bhé'@@eﬁkexéﬁﬁﬁmy|exéh 1i258e thyC|
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heter ocycle o Ruterably xetBiLly o by 8,0l LhoYeL! S.0g' eLoRMghe e o

15

20

25

30

35

monocyclic heterocycles above are fused, or a bicyclic
heterocycle in which the above monocyclic heterocycle and
benzene are fused, and it is specifically exemplified by
indolyl, dihydroindolyl, isoindolyl, quinolyl, tetrahydro-
quinolyl, isoquinolyl, naphthylidyl, quinoxalyl, dihydro-
quinoxalyl, phthaladinyl, quinazolinyl, gquinolinyl,
dihydroquinolinyl, benzofuryl, isobenzofuryl, dihydrobenzo-
furyl, benzothienyl, benzodioxanyl, chromenyl, indolidinyl,
purinyl, quinuclidinyl, trihydrocyclopentathienyl, benzo-
thianyl, benzothiazolyl, imidazopyridyl, indolinyl,
chromanyl, thiophenopYridyl, furanopyridyl, dihydrobenzo-
pyranyl and 3,4-methylenedioxyphenyl, etc.

The tricyclic heterocycle is preferably exemplified by a
tricyclic heterocycle in which the above monocyclic
heterocycle and the above bicyclic heterocycle are fused,
or a tricyclic heterocycle in which the above monocyclic
heterocycle and two benzenes are fused, and it is
specifically exemplified by carbazolyl, carbolinyl,
Xanthenyl, phenanthridinyl, acridinyl, perimidinyl,
phenazinyl, and phenoxazinyl, etc.

The preferred heterocycle is exemplified by a heterocycle
having at least one aromatic ring. It is specifically



het erocycl e and the above bicyclic heterocycle are fused, of3EEBRUARYROY
het erocycl e in which the above nonocyclic 30 heterocycle and two benzenes
are fused, and it is specifically exenplified by carbazolyl, carbolinyl,
xant henyl , phenanthridinyl, acridinyl, g&inidinyl, phenazinyl, and
phenoxazinyl, etc. 35 The preferred heterocycle is exenplified by a

het erocycl e having at | east one aromatic ring. It is specifically 13
FEBRUARY 206%Xemp2iéxedpbif fedyby thighylt htbhgkolyhi aispyrzolydxazol yl,

pyrrolldlnyFXrPXFEQhﬁbl pﬁykgxhy%pyb9§aa¥h B%fhgﬁﬁkmylpyrﬁﬁﬁﬁéﬁ9h¥|

i ndol yl I soqui enzof ur enzot |ené
d|hydrobenzéPEF?F°1thehBﬁ?iYéylqahﬂoéy%enééﬂgﬁkaﬁ}ylre enzehurylef err ed

heterocyclebehzs%hhény@xeamhy&reﬂehyothrymyItamén@pyrdmyl ahd. The preferred
heterocycle

| d th | di nyl
thi enyl |2 PﬁﬁﬁggléiﬁﬁgirP8§Fle ey |eg%ﬁﬁ}%%aﬁ§y fﬂ;ggghghzgpﬁryl

etc., and pexeimpll it by BHO pheéayabhmdbpyrmﬁpltheenylTh@npnhﬁermwi|n1d|ny

thi eyl HeEBsha 2Bl Rer kvl Ankhntiolila ) Soedhs sty Lt uspli o, the

"substitut e exenp tTo, am no g
car banoyl , pyammldlmﬁlcatbmgyylbrthHQOﬂdﬁe2h9ﬂpyanﬁuiycan§9 yi, halogen

al kyl, hydrséxébkﬁkyk %Kexﬁnh9hE8F¥ﬁEBQﬁ¥Yl”DQQC oraﬂa-sh%xh@ﬁuaely mno-  or
di - alkanoy am no kyl - sul finyl, sulfanmoyl,
nono- o#OduPaﬁﬁ9r§hiYahﬁyzo[§ﬂEypgavl fﬁﬁyﬂﬁwﬂnopxﬁamﬁﬁéﬁyﬂalﬁ8%§nYétc The

aryl may bernubabis. zobquggdpy dnBoiddsaye,oetdi.fferent substituent(s) as
ment i oned above. The preferred substltuent(s) IS exem p||fled by a hal ogen

such as chlorine and fluorine, etc. The substituent for the "substituted

heterocycleThefsE%st$tﬁéneanplthbedsbbsnitnoedhyﬂyQXypffanyé, car banoyl ,

cyano, exemplified by nitro, amino, hydroxy, carbamoyl, cyano,

15 carboxy, trifluoromethyl, alkoxycarbonyl, halogen, alkyl,
hydroxyalkyl, alkoxy, alkoxyalkoxy, mono- or di-alkylamino,
mono- or di-alkanoylamino, alkylthio, alkylsulfonyl, alkyl-
sulfinyl, sulfamoyl, mono- or di-alkylsulfamoyl, alkylsul-
fonylamino and phenylalkoxy, etc. The aryl may be substi-

20 tuted by 1 to 3 same or different substituent(s) as
mentioned above. The preferred substituent (s) is exem-

plified by a halogen such as chlorine and fluorine, etc.

The substituent for the ”substituted heterocycle” of R' is
25 exemplified by nitro, hydroxy, formyl, carbamoyl, cyano,
amino, carboxy, alkoxycarbonyl, halogen, alkyl, hydroxy-
alkyl, alkoxy, mono- or di-alkylaminc, mono- or di-
alkanoylamino, alkylthio, alkylsulfonyl, alkylsulfinyl,
sulfamoyl and mono- or di-alkylsulfamoyl, etc. The hetero-
30 cycle may be substituted by 1 to 3 same or different
substituent (s) as mentioned above. The preferred substi-
tuent (s) is exemplified by a halogen such as chlorine and

fluorine, alkyl, etc.

35 The substituent on the heterocycle for the “substituted
heterocycle-substituted carbonyl” of R' is exemplified by



am no, carboxy, al koxycarbonyl, hal ogen, alkyl, hydroxy- al k{3 FEBRUAIRY/2007
nono- or di-al kylam no, nono- or di- al kanoyl am no, al kylthi o,

al kyl sul fonyl, al kyl sulfinyl, sulfanoyl and nono- or di-al kyl sul fanoyl,

etc. The hetero 30 cycle nmay be substit@Bed by 1 to 3 sane or different
substituent(s) as nmentioned above. The preferred substi- tuent(s) is
exenplified by a hal ogen such as chlorine and fluorine, alkyl, etc. 35 The
substituentnt#r¢héhm@Imecyﬁ¢EmYbr capebamapbt i TYRAR®, #BiRP ocyaTROXYibstit ut ed

car bonyl % ¥§a 1 Th 2t dyn 135 FERRV d£5¥951@§1n'éiﬁoxﬁydroxy,

fornmyl, car cyano,  am no, car boxy, koxycar bonyl , . hal ogen, al kyl,
hydr oxyal ky#l k%m%b&y mO%?ka%6y¢ %&#ﬁ#am#n%4 “BPRYT aPF ndl - RbRBRO%E -

di - al kanoy! am#d nOal]@ﬁl*KM'licbl Oalleﬁbkythbﬁ@nylallaﬂrkmhsﬂiﬁynylsulsﬂém@yrpyl 5 and
nmono- or_ di-alk Isulfangx %ﬁéc T hetﬁr cle:; E %ltutedlcarbonyl may
be SubSFItU?% QP9 1 QF FLFHEGE S UL PR bt %bsFPFu AEESPESfrent i oned
above. The gpuledte! twided sedmboriyie mbd g )be ssxetx:etm:ﬂmtfecédbjoyl atbad ogame sorh as

chl orine am no"
of R2 s et Rie dRA Srudtt TP S R dite MoycP TRE ReRELERa
aIkoxycarbOﬁWbstEnwenqh%)am¢n©Xnglt@A@®b@Y|QLh%kp®@nls@¢h stgh%06¥ne
dlfferent ggg§tf1&@ggﬁé) &sc menti oned above. 15 The substituent for the

"substituted al kyl ™ and "substi- tuted al kenyl" of R2 is exenplified by
hal oged? hydroxy, cyano, carboxy, carbanoyl, ami no, anminosulfonyl, am dino-

t hi o, nono-Tk& @lhbs?\&fﬁhhé\rﬁl& npor at k@ noxh 15t Nout &di ka/thﬁmH)’f opf | R2G.am no,
hydr oxyam no,

al kyl t hi o, %f%@@ihﬁ%? {%¥§UI? !’afﬁéééy alkyihgifo lfO§Xd

alkoxycarbonyl etc. The amino may be substituted by 1 or
2 same or different substituent{s) as mentioned above.

15
The substituent for the ”substituted alkyl” and “substi-
tuted alkenyl” of R? is exemplified by halogen, hydroxy,
cyano, carboxy, carbamoyl, amino, aminosulfonyl, amidino-
thio, mono- or di-alkylamino, alkanoylamino, alkylsulfonyl-

20 amino, hydroxyamino, mono- or di-alkylcarbamoyl, trifluoro-
methyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkylsulfonylamino, hydroxycarbamoyl, hydroxycarbamoyl
which is substituted by 1 or 2 alkyl(s), alkylsulfonyl-
carbamoyl, sulfamoyl, mono- or di-alkylsulfamoyl, alkoxy-

25 carbonyl, heterocycle, heterocycle-substituted carbamoyl,
heterocycle-substituted alkylcarbamoyl and heterocycle-
substituted sulfonylcarbamoyl, etc. The particularly
preferred subsgstituent is exemplified by carboxy, alkoxy-
carbonyl, carbamoyl, mono- or di-alkylcarbamoyl, tetrazol-

30 yl, etc. The alkyl and alkenyl may be each substituted by
1l to 3 same or different substituent (g) as mentioned above.
The particularly preferred example of the ”"substituted
alkyl” of R? include carboxymethyl, alkoxycarbonylmethyl,
carbamoylmethyl, mono- or di-alkylcarbamoylmethyl and

35 tetrazolylmethyl, etc.



al kyl sul fonyl am no, hydroxycarbanoyl, hydroxycarbanmoyl whi cH3iFEBRUBRYI200T ed
by 1 or 2 alkyl(s), alkylsulfonyl- carbanoyl, sulfanmoyl, nono- or

di - al kyl sul fanoyl, al koxy 25 carbonyl, heterocycle, heterocycle-substituted
carbanoyl, heterocycle-substituted al ky?€arbanoyl and het erocycl e-
substituted sul fonyl carbanoyl, etc. The particularly preferred substituent
Is exenplified by carboxy, al koxy- carbonyl, carbanoyl, nono- or

di - al kyl car Fep@ubstdtugngl £3a yphe dispibstigugiedylaraydd @k&yisnmay be each

substitut ed dpemph i3 ed $RMRyRNST Hfi@RENT agibe! | Hagles), asianidned above.
The particularly preferréd éxanple of the "substituted alkyl" of R2 include

car boxymet hylet il o SREROFIy MYENY,,  CRZPEERNYH mBORP~, Fpifd--adkyl-

dih- al k%gl car me,ﬁﬁhﬂﬁﬂoadlk@135 nfoelbr-gw qimugtyllanﬂmalk&llﬁ:im]c dYB:?cOW 24
The substituent for t "suhsti tut ryl" o S xe i fii.e cyano,
nitro, a%i ngl,l‘ﬁe}ltkg&gﬁ,r%aﬂofyl oPélJl{yﬁ'Et E"ff@,ro é’ral}g} r?g}gﬁ%@ aclé?oﬁa’r%yl . mono-
or di-al kyl caafomy,l ,arilkaalconll,, atkenoydoxyi,- allkanayiloocaiadkyl ,mend-far 5

di - al kyl car s, sal Kyl I, yl, , OX Y- yl, canoyl ,
aIkanoyloxy?ﬁgﬂégﬁgy’oé@g?ﬁ§ﬁ?2§%l 0, a&%&?%?%Fg% akalﬁ%%%a%%w,mdﬂd<

al kyl sul f onylr, dduleflydpiul famerl oo Ly lauRFLamlh afayime tavdEnsuiamcy |,
trinmethyl eng 2ndndteln el hWiene, Tied CaryinGndyf e MAbAE] SRS bt £dedy3 1 to 3

10 sanme_or different substituent(s) as nmentioned above. The preferred
subst i t 48nt Sa&eeeenPiitfieggnty sikistd tusatdganas FerRfionadnahdyic, Hrkoxy and
mono- or di pHdferadEdneubeitd tuentalils @kedipl) faled erakind gl egabgerl Kyl t hi o,

o ko and ShlLAT A0 81 C S0 B BRIt HALSTANGIN iR 19
par a- posi t i grararndud ardtyapyeietriainly Farl ogeanpld kylithd o2 @lkumxye and
above'nenti%ﬂ%ﬂk@ﬁ%ﬁﬁ%&”egk%Jnaﬁéﬁyﬁﬂqﬁt5’substituted phenyl, the
15 preferred substituted position of the substituent(s)
includes a para-position and a meta-position. For example,
the 2 or more above-mentioned substituents may be substi-
tuted at the para-position and the meta-position, or else,
a divalent group (an alkylene such as trimethylene, tetra-
20 methylene, etc.) may be substituted at the para-position

and the meta-position.

The substituent for the ”“substituted heterocycle” of R® is
exemplified by oxo, c¢cyano, nitro, amino, halogen, carboxy,
25 hydroxy, formyl, carbamoyl, mono- or di-alkylamino, N-
alkyl-N-cycloalkylamino, aminoalkyl, mono- or di-alkyl-
aminoalkyl, mono- or di-alkylcarbamoyl, alkyl, hydroxy-
alkyl, alkoxy, alkoxyalkoxy, alkoxycarbonyl, alkanoyl,
sulfo, alkylthio, alkylsulfonyl, sulfamoyl, mono- or di-
30 alkylsulfamoyl, alkylsulfinyl, heterocycle, trimethylene
and tetramethylene, etc. The heterocycle may be substi-
tuted by 1 to 3 same or different substituent (s) as men-
tioned above. The preferred substituent(s) is exemplified
by amino, halogen, alkyl, alkylthio, alkoxy and mono- or
35 di-alkylamino, etc. The preferred substituted position of
the substituted heterocycle includes a B-position and a y-



tuted at the para-position and the nmeta-position, or else, d3&EBRVARY 280%up
(an al kyl ene such as trinmethylene, tetra 20 nethylene, etc.) nay be
substituted at the para-position and the nmeta-position. The substituent for
the "substituted heterocycle" of R3is @xenplified by oxo, cyan, nitro,

am no, hal ogen, carboxy, 25 hydroxy, fornyl, carbanoyl, nono- or

di - al kyl am no, N al kyl -N-cycl oal kyl am no, am noal kyl, nono- or di-al kyl -

am noal kyl , pemig-icey dibealdedarad bandyle tdliknd pdsidriexy-frankyihe diaskiyng

al koxyal koxy,oaldomcarRontne &kl posit iy t%l e N Gheridodsul fonyl,

sul fanoyl, mmono- or di 30 al kyl sul farmoyl, al kyl sul finyl, heterocycle,

tri met hyl endet@FPvaea s mhedernt@ (fhe hEQ®rEFRPES mayhBe2RaBRti - tut ed
by 1 to 3 samntdlor¥id feranimstd hibdtaiueht AmdPibe danad Ahme atlhthe
preferreg s bstit.Léent(s) i% exenplified by anjno, haclio%ef al k¥l,

Bl Kyl thi 8, &TRERICARE A0 EHS: Y380 ELPRy| I oS 61 @ ITFEL SR &7 Pl
substitut ed (@osidlikylerfe surdh sty itmettdn) leatee raoely det vaved tiddseree p-giasilt | ](c)n
and a 13 E RY.. 2007 . 25 paosi ti.on . n r e thi ition from
the bi ndi ng @ggg@t i\%%sqflr%%etcﬁea%bie&ﬁ r?(f:j'&%%sli%?%glng & s %iﬁ%%g"ég‘g :

het erocycl e of the fornula (1). For exanple, the above- nentioned 2 or nore

substi t uent spRY: L SUR L q:_tcﬁg ﬁz};e g b R RRd Irf%?ﬁﬂlnd dfg3y4gosition, or

el se, a divalent group. (an al kylene such as tri yl ene and .
t et rameffyl @remrdided Ry Waramet i YANY SRRIRKY- FRERANGY lan ERIRE

y- pos: _tic_onéI mt?ﬂaﬁ gjibﬁﬂialedylénqrnd,géilaﬂbwbatmtrﬁfl &l K 's f £ SRy T efini D,
exenmplifie roxy, cyano, carbpxy,..carbanoyl, .am no,_. nmono- Qor
di - al kyl ani ﬁ&?érﬁx‘né’%ﬁﬁoamx'}?&o‘a|%| 1157, Cé‘f‘rﬁbr%‘}oylhydﬁ%&?a&ﬁrr%‘}e%&u- or
di - al kyl car eiwgen,t ralfdaxyr,oredidpilthidhaladdeyi sudl fldowyd,, a Maptlishilfonyl,
al kyl sul fin I sul /1, | f I - ~0r di-
alkoxycarboﬁﬁl€%#§gl'I&ﬂﬂy or W éﬁﬂyﬁSufgg%%yl, éik&%J@Qf%&JﬁT“&ﬁd

15 heterocycle, etc. The alkyl may be substituted by 1 to 3

same or different substituent (s) as mentioned above.

The substituent for the ”substituted alkyl” of R*! is
exemplified by mono- or di-alkylamino, etc. The alkyl may
20 be substituted by the same or different 1 or 2 respective

substituent (8) as mentioned above.

In the 5-membered heterocyclic compound (1) of the present
invention, an optical isomer or a tautomer based on an

25 asymmetric carbon may be present depending on a kind of a
substituent (8). Any of the optical isomer, the tantomer
and a mixture thereof may be encompassed in the present

invention.

30 The 5-membered heterocyclic compound (1) of the present
invention or a pharmaceutically acceptable salt thereof can
be used for the present medical use in the free form or in
the form of a pharmaceutically acceptable salt. Examples
of pharmaceutically acceptable salts of the compound (1)

35 may include, for example, inorganic acid salts such as

hydrochloride, sulfate, phosphate or hydrobromide, and



15 heterocycle, etc. The alkyl nmay be substituted by 1 to 3 13EEBRUARY 2007
different substituent(s) as nentioned above. The substituent for the
"substituted alkyl" of R4 is exenplified by nono- or di-al kylam no, etc.
The al kyl may 20 be substituted by the2%ane or different 1 or 2 respective
substituent(s) as nentioned above. In the 5-nmenbered heterocyclic conpound
(1) of the present invention, an optical isonmer or a tautoner based on an

25 asymret roegaed boac i@YsHEL Pr esent adepeatiang, ofuaakatd, obxalate,

R

t hereof may |nven I ON. er ed
het er ocycl i sateapeundn( djidat ibhe pneseae OfnvemppundohaylpmaBMB@@uﬁﬂcalIy

accept abl e 5@% tggéﬁo% C@Qﬂbgﬁﬁusgglégr i Prese t(ggglgggm $g,in the free

formor in Prorm o E ceuticall y acceptabl e sal anpl es of
phar macéut i @bkayi apeept app t§a$@§ho¢5t%es%@hw6uﬂﬂl%1§n@5anﬁ9t@ﬁ€FHEe f or

exanpl e, ingggani £1R&1 fhsaki S8 UaEr A5 sgyaéogﬁé@ragea é&l&@hﬂ s@besphate or
hydr obr om de, and 3 FEBRQ@RY 2007 %S?ogﬂan C salts,_such as,acetate,
f

fumarate, oRBPAFEC DRSE SRELS nBERRNR Leehy %ﬂi%ﬁegﬁiFongfeamfﬁgylate or
mal eate. | naatldi §abts suckhase aflgotpeussalthpveay e mentlionedroup such as
carboxy, salts with a base (for exanple, 5 alkali netal salts such as a
sodiumsalt and a potassium salt, alkaline earth netal salts such as a

cal ci urhGsal The Dryemberédskesarosyclith asmpound ef hyl afi bhespresent ani no

acid salts fH&Qn@foﬁ'é% %”g?éﬁﬁééeﬁéﬁcQPlQEQéé8§€Qb1éosgfé PrORaYET ed

het erocycl i c conpound resent “invention or har maceutical |y
accept abl e saftudesr b 1mﬁ%r®@bssa1%S:n@@dn%wl%%m@g sual é%lb&@éétgﬁeh as
hydrates. The 5-nmenbered heterocyclic conmpound (1) of t he present

The 5-membered heterocyclic compound (1) of the present

15 invention or a pharmaceutically acceptable salt thereof can
be administered orally or parenterally, and used as common
pharmaceutical preparations such as tablets, granules,
capsules, powders, injection and inhalants with a pharma-
ceutically acceptable carrier or diluent.

20
A pharmaceutically acceptable carrier for a preparation of
oral administration includes a material commonly used, for
example, a binder (such as syrup, Gum Arabic, gelatin,
sorbit, tragacanth and polyvinyl pyrrolidone), an excipient

25 (such as lactose, sugar, corn starch, potassium phosphate,
sorbit and glycine), a lubricant (such as magnesium
stearate, talc, polyethylene glycol and silica), a dis-
integrator (such as potato starch) and a humectant (such as

anhydrous lauryl sodium sulfate).
30

On the other hand, when the active ingredient of the
present invention is administered parenterally, it may be
formulated into the form of an injection or a drip infusion
by using distilled water for injection, physiological

35 saline, an agueous glucose solution and the like, or a

suppository.



15 invention or a pharmaceutically acceptable salt thereof c4fFEBRUARY 2007
adm ni stered orally or parenterally, and used as commbn pharnaceuti cal
preparations such as tablets, granules, capsules, powders, injection and
inhal ants with a pharnma- ceutically acceptable carrier or diluent. 20 A
pharmaceutically acceptable carrier for a preparation of oral

adm nistration includes a material commonly used, for exanple, a binder
(such as syPuposeumtAthsi &-mgaberied, hessrbryclicagasmpuidardd ) peify hey|

pyrroli done%)re%@nﬁx‘ih%ﬁ'ﬂtlo%SOQsHcphaifmbéﬁh@i@aliygﬁ'bce bl aak
pot assi um p ﬁeghate sorbit and ci ne a l.ubri cant such as magnesi um

stearate, t& eﬁél?éyhyﬁgﬁedﬁp§ Pngansﬁpléngn&SBF?t EQ&or 3fsuch as
potat o star ebp, amélghlnunee)haﬁh:lbﬁucbraa k&ﬁhydlrodéglréler Wf sldciedmes dlff at e) .

30 On th oth en the ingr edien of esgnt invention
is adnlnlsté?gdeﬁg ﬁpgthpﬁra 5 & ? g K91 208/ Q@bpﬁ drm of an

i njection opaatdcuﬂarﬁyupreﬁerbblusabgud|QtBIted3wamsﬂkbopannda@tlon
physi ol ogi cal 35 saline, an aqueous gl ucose solution and the like, or a

suppository. 13 FEBRUARY 2007 27 A dose of the 5-nmenbered heterocyclic
conpound (1fhef Stmembgredehetenpeticids ePmROpREr fddeqfi taie Prasedst abl e sal t

t her eof may ﬂﬁ%nt%aea@ agpﬂﬁrﬁaQCQQ'E‘lEbitLS/athQ EQuliie, ANt WRrewd GAk,
conditions or a Ki degree of disease” of E patient, S%Gd g eraIIy

about 014 tanse%‘r&/lﬂcsnﬁe#aaaﬁ copduCranrsy F?lﬁnlé‘f“eﬁ%llya& nng13p
nmy/ kg per dapenihBeabti®wiBer addhﬁtypéapmlamzeerraomadxb(rhheofeltelterﬁrcesent

vent on bR eBtaTTERULRG R SRR e be' LERPL 0 10t el ot
a prophylactic, relief and/or treatment of, for example,
hypertension, premature birth, irritable bowel syndrome,

15 chronic heart failure, angina, cardiac infarction, cerebral
infarction, subarachnoid hemorrhage, cerebral vasospasm,
cerebral hypoxia, peripheral blood vessel disorder, anxiety,
male-pattern baldness, erectile dysfunction, diabetes,
diabetic peripheral nerve disorder, other diabetic compli-

20 cation, sterility, urolithiasis and pain accompanied
thereby, pollakiuria, urinary incontinence, nocturnal
enuresis, asthma, chronic obstructive pulmonary disease
(COPD), cough accompanied by asthma or chronic obstructive
pulmonary disease (COPD), cerebral apoplexy, cerebral

25 ischemia, traumatic encephalopathy, and the like.

The 5-membered heterocyclic compound (1) of the present
invention can be prepared by, for example, the following
[Method A] to [Method G].

30
[Method a]



opening activity and hyperpol arizes a nenbrane electric pot dAFEBRUARY 2697 s,
so that it may be used as an agent for a prophylactic, relief and/or
treatnment of, for exanple, hypertension, premature birth, irritable bowel
syndronme, 15 chronic heart failure, angi4®, cardiac infarction, cerebral

I nfarction, subarachnoi d henorrhage, cerebral vasospasm cerebral hypoxi a,
peri pheral bl ood vessel disorder, anxiety, male-pattern baldness, erectile
dysfunction, diabetes, dﬁgbetic i pheral neR¥e di sqgder, other diabetic
conpli 20 cation, sterilit uroljthiasis and pgin acconpani ed thereby,

pol | aki uria, urinary incont\nencg nockg%al e es{s, asthma, chronic
obstructive pul nonary di seage (§{OPD), gh acgonpani ed by asthma or
chronic obstructive pul nonjaryp disease (3§OPD), / al apopl exy, cerebral
25 ischemia, traumatic encephal gpat hy;,—and™ he he 5-nmenbered

het er ocycl i c conpound (1) of e present inventioyf can be prepared by, for
exanple, the followng [Mthod A] to [Method G. BO [ Method A] 13 FEBRUARY
2007 28 RL R2 RL R2 R3-Z AX3)(AA X (2) R3 (1) pher@)n X is a reactive
residue, Zis -B(OR 2, -B(OH2 or -Sn(R 3, Ris alkyl, and Ring A, Rl, R2
and R3 have thevkemeimefniage readeivacteabdve. 5 BnPBIPRY) {:1) can be
produced by reaclg(@qppqﬁpqul&g%lagdiscgmn9gpdaﬁa)R&ﬁ the REeSRNGD! a
pal  adium catal ysf. The  palladiumcatalyst’is QXGQP|I?Ied by a zero (0)

val ent or R® have the same meanings as defined above.

5

Compound (1) can be produced by reacting compound (2) and
compound (3) in the presence of a palladium catalyst. The
palladium catalyst is exemplified by a zero (0) valent or
divalent palladium catalyst such as tetrakis(triphenylphos-

10 phine) palladium (0), bis(triphenylphosphine) palladium
(IT) chloride and palladium (II) acetate, and they are
suitably used. When the reaction is carried out by using
compound (3) wherein Z is -B(OR), or -B(OH)., it is
preferred to add a base. The base is exemplified by

15 inorganic bases such as an alkali metal carbonate, an
alkali metal hydroxide, an alkali metal phosphate and an
alkali metal fluoride, or organic bases such as triethyl-
amine, and they are suitably used. The present reaction
can be carried out in a suitable solvent or without any

20 solvent. The solvent, it may be any solvent which does not
cause any bad effect on the reaction, it is exemplified by
dimethoxyethane, tetrahydrofuran, dimethylformamide,
methanol, ethanol, toluene, benzene, chloroform or a mixed
solvent thereof, and they are suitably used. The present

25 reaction suitably proceeds at 60 to 150°C, particularly
preferably at 80 to 120°C. The reactive residue of X may
be preferably a halogen, etc.

The starting compound (2) can be produced, for example, as

30 mentioned below.



di val ent pal | adium catal yst such as tetrakis(triphenyl phos 183 pEBREARY 2007
pal I adi um (0), bis(triphenyl phosphine) palladium (11) chloride and
pall adium (11) acetate, and they are suitably used. Wen the reaction is
carried out by using conpound (3) whereasm Zis -B(OR) 2. or -B(OH)2, it is
preferred to add a base. The base is exenplified by 15 i norganic bases such
as an al kali metal carbonate, an alkali metal hydroxide, an alkali netal
phosphate and an _ al kal i t al quorlde or prgani c baseg such as triethyl-
amine, and they aXe SUItHgEy used. Fhe preﬁé t reaction arried out
in a suitable sol {t may be any
sol vent whi ch does & ] it is
exenpllfled by dlne ho yeth hm de,
; ent thereof,

to 150C, partlcularly preferably at 80"to 120C. The reacti e residue of X

may be preferably a (&) ogen, etc. The sf(@rting conmpound (2%-0 g )
produced, for exanple, as 30 nentioned below. 13 FEBRUARY Z00 29 X R2 R1

R2 RL R2 Rl-Z Hghegenat Rigig @F) xa0ent RA 44d RB)ha¥d Phe Waneimedhirgsh X

Z, RlL and R2 have the _sa anlngs as defined above. 5 Conpound (6) can be
produced by reacffn geé& n%u *and conpound (5) in the same manner as in
t he above-nentioned [ Method A] Conpound (6) can al so be obtained by

reactings ceapauids(4k)MBEhehE BroducBaBY? reabt PHY? BhpoueR@d) Wikl
compound (5) in the same manner as in the above-mentioned
[Method A]. Compound (6) can also be obtained by reacting
compound (4) wherein X is -B(OR)., -B(OH), or -Sn(R); with
compound (5) wherein Z is a reactive residue.

10
Subsequently, compound (2) can be produced by halogenating
compound (6) by using a halogenating agent according to the
conventional manner and the like. The halogenating agent
is exemplified by bromine, chlorine, iodine, [bis(tri-

15 fluoroacetoxy) iodo]lbenzene, N-bromosuccinic imide, etc.,
and they can be suitably used. The present reaction can
proceed suitably according to the conventional manner at
0°C to 30°C.

20 In the present [Method A], it is explained by a method in
which R' and R® are introduced in this order into Ring A to
which R® has been introduced, but it is also possible to
introduce in the order of R?® and R}, or to introduce
another substituent at the position of R? and finally

25 converting it to RZ.

This [Method A] can be suitably applied to compound (1)

wherein Ring A is furan and thiophene.

30 [Method B]



conmpound (5) wherein Z is a reactive residue. 10 Subsequent| yi3 FEBRUARYR002)
can be produced by hal ogenating conpound (6) by using a hal ogenati ng agent
according to the conventional manner and the |ike. The hal ogenati ng agent
is exenplified by brom ne, chlorine, iodBfie, [bis(tri 15
fl uor oacet oxy) i odo] benzene, N-bronobsuccinic imde, etc., and they can be
sui tably used. The present reaction can proceed suitably according to the
conventional manner at ¢to 3%§i 20 In the present [Method A], it is
expl ai ned by a net hod |nR.mh|ch and R3 are iRiroduceRin this order into
Ring Ato which R2 has b&en i possible to
i ntroduce in the order of not her substituent at
the position of R2 and fihally @5 convertyyfig it tjo R2. \This [Method A] can
be suitably applied to conpound)(1) whesrelsRing A is furan and thlophene
Q O0Z R3 (7) R3 (1a)
wherein R, Rl, R2 and R3 have the sane neani ngs as defined above. 5
Compound (la) wherein Ring A furan can be producB§ treatlng conmpound
(7) with an acid. The acid |§{exaﬁg plified by hydr&hl acid, sulfuric
acid, nitric acid, phosphoric acid, nethanesulfonic ac trlfluoroacetlc

aci d1 etc. As a raacldgn golyentz any §olyau HY Qfmé’srﬁéjanlngs as

defined above.

roduced, but it

5 Compound (la) wherein Ring A is furan can be produced by
treating compound (7) with an acid. The acid is exem-
plified by hydrochloric acid, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, trifluoroacetic
acid, etc. As a reaction solvent, any solvent may be used

10 so long as it does not cause any bad effect on the reac-
tion, and, for example, a solvent which can dissolve
compound (7) and the above-mentioned acid can be used, and
specifically, acetic acid, etc. may be suitably used. As a
reaction temperature, a range from room temperature to the

15 boiling point of the solvent may be mentioned. In the
above-mentioned preparation method, the reaction in which
R! and R? have the above-mentioned configuration is shown,
but compound in which the bonding sites of R! and R? are
exchanged to each other can be also prepared in the same

20 manner as mentioned above.

The starting compound (7) can be produced, for example, as

mentioned below.



10 so long as it does not cause any bad effect on the reac- t1IBGEBRHABY 20@%
exanpl e, a solvent which can dissolve conpound (7) and the above-nenti oned
acid can be used, and specifically, acetic acid, etc. may be suitably used.
As a reaction tenperature, a range from¥oomtenperature to the 15 boiling
poi nt of the solvent may be nentioned. In the above-nentioned preparation
met hod, the reaction in which Rl and R2 have the above-nentioned
configuration is shown, but compound in wach t e bondigig siteg?of Rl and
R2 are exchanged to eac@ ot her can be al so pa in \he sa 20 manner
as mentionedgabove. TheRétXrti md conparhd (7) |can B& prod : C%rrpl e,
R

as nentioned\bel ow. 13 @HPBRUARY 2007/ 31 O 3R%115ﬂ 9) /Rl R2\R x (11)
O (85—t R3 wher e+-A—c—R—R, and \R3 have the
Co

b. I OC 2R 0 ,

sanme neani ngs? as i.ned above np&und (10) can be prqg
conpound (8)“Wwith mpound () in tGO,B esence of a base
conventi onal naggzr. Subsequent |y, @?gpound (10) is reactedjwth conmpound
(11) in the pre ce of a base acé ing to the conventi onaR” g r to
obtain the starting conpound (7). In the yresent reaction, conpound (11)
may 10 be react esvhsitteirc&pdund®(8R* fandtR’® davet lvdre, stahwe mesanitriasy asconpound
is reacted with Ry fdve [Method C R1 R2Z Rl R2 TS - HO H+

Compound (10) can be produced by reacting compound (8) with
5 compound (9) in the presence of a base according to the
conventional manner. Subsequently, compound (10) is
reacted with compound (11) in the presence of a base
according to the conventional manner to obtain the starting
compound (7). In the present reaction, compound (11) may
10 be reacted with compound (8) first, and then, the resulting

compound is reacted with compound (9).

{(Method C]
R! R R! R?
Tg —

HO H d

C 4
O R R? (1a)
(12)

15 wherein R', R? and R? have the same meanings as

defined above and Ts is p-toluenesulfonyl.

Compound (la) wherein Ring A is furan can be produced by
treating compound (12) with an acid according to the con-
20 ventional manner (“Comprehensive Heterocyclic Chemistry”,
Vol. 4, A. Katritzky, et al., Pergamon Press Ltd., p.661-
662, 1984). In the above-mentioned preparation method, the

reaction in which R® and R? have the above-mentioned con-



COO0R3R3 (1la) (12) 15 wherein Rl, R2 and R3 have the sand3FEBRUARY 2887
defi ned above and Ts is p-toluenesul fonyl. Conpound (1a) wherein Ring Ais
furan can be produced by treating conpound (12) with an acid according to
the con- 20 ventional manner ("Conprehen?ve Heterocyclic Chenmistry", Vol.
4, A Katritzky, et al., Perganon Press Ltd., p.661- 662, 1984). In the

above mentioned preparation nmethod, the reaction in which Rl and R2 have

the above- méAgusREd os0A s1 3hEEBRURRY ZOoTPouwd fingwhdchork hies bemslima but

conmpound i n gwhiegh JEN&DQAE RY afd t&tciindda vl e%rar@cwéﬁf@éwe&iet&l&ach
ot her can be al so prepared in the sane manner .as i oned above. TS Rl R2

TS HO Q R2PFeRRredois Ehersam Ragnsy £8) mepsjio AR1, R2, R3, X and
Ts have the same neanings as defined above. The starting conpound (12) can
be produced by reacting 10 conmpound (13) with R2-X,and Rl- in this order

in the presence of a base aggording to the convenRJonaI nner
(" Conpr ehensi ve Fbterocycll Chem stry" Vol . Katri zk et al .
Perganmon Press Ltd., p.661-$62, 1984). 15 [thhod
Sul furizing
R2-X R! -CHO

. (13) (12)

wherein RY, R?), R3, X and Ts have the same meanings as

defined above.

The starting compound (12) can be produced by reacting
10 compound (13) with R*-X and R'-CHO in this order in the
presence of a base according to the conventional manner
(“Comprehensive Heterocyclic Chemistry” Vol. 4, A.
Katritzky et al., Pergamon Press Ltd., p.661-662, 1984).

15 [Method D]

1
R! R? R R2
Sulfurizing /—
O agent

> S

0 F

3 3
R a9 R™ (1b)
wherein R, R', R? and R® have the same meanings as
defined above.

20 Compound (1b) wherein Ring A is thiophene can be produced
by reacting a sulfurizing agent to compound (14) according

to the conventional manner (“Comprehensive Heterocyclic



0 agent 0 --------- S R3 (14) R3 (1b) wherein R Rl, R2 and 1REFERRYARY 2807
sane neani ngs as defined above. 20 Conpound (I b) wherein Ring Ais
t hi ophene can be produced by reacting a sulfurizing agent to conpound (14)
according to the conventional manner ("&bnprehensive Heterocyclic 13
FEBRUARY 2007 33 Chem stry" Vol. 4, A Katritzky et al., Perganon Press
Ltd., p.885-887, 1984). The sulfurizing agent is exenpli- fied by hydrogen
sul fide, ph&hsimgstsn'riValdl-f dde A LERESISFRY qteddent Pergamon Press
(2, 4-bi s(4- qridhoxypherylgs7l, 3odishhi arie 4ol ANOSPIRG Sndérit 2i4-gksmbiide),
etc. and they are suitably used. ., Conpound %%é%%can b%jgkﬁg produced,, for
exanpl e, frdhech®Y SWEAGSE Sdmfdeisd SO Fdd Syl T 4ae - hgwesson’ s
above- ment i araceehtpr(@ar-atiisaa -meitheskypheeylgadt, i3e[ iith iwH2g it fdi s gRz -have
t he above-nenti gned configuration is _shown, but ca und in 10 which the
bondi ng gi?&?nd 'ﬁfd&ﬁElﬁg%SSe §§€haﬁ§g5@£§yéggﬁ %Jﬁéﬁﬁiam¥%§9%ﬂso pr epar ed
in the sanme Guapeamdas ldgntdagnée adlsov @rodustedod filr RkaRP1RL, RxXomOHRANH2 - O
R4/ N 3 15 ( R8I , ; r1R3 4 1
éﬁgégcﬁ)ﬁl‘g};%gb%@ve{n‘wog nvg 3R [('%ho% BIT ARG R D3yee LhensaoR

meani ngs as ) ound lerein Ring Alis pyrrole can be
produced by edPrepageitigerc meihesd the) rgack i_anHR @hijahs RSappdaRcor@Yeig to
the above-mentioned configuration is shown, but compound in
10 which the bonding sites of R! and R? are exchanged to each

other can be also prepared in the same manner as mentioned

above.
[Method E]

R! R? R! R?

G R*NH,

N
O R4/ /
R3 3
15 (14) R™  (1v)

wherein R, R', R?, R® and R® have the same meanings as

defined above.

Compound (1b) wherein Ring A is pyrrole can be produced by

20 reacting compound (14) with R*NH, or its salt according to
the conventional manner (“Comprehensive Heterocyclic
Chemistry” Vol. 4, A. Katritzky et al., Pergamon Press
Ltd., p.329-330, 1984). The R'NH; or its salt is exempli-
fied by ammonia, ammonium carbonate, ammonium acetate,

25 monoalkylamine, etc., and they can be used. Compound (1b)
wherein R* is hydrogen can be also produced by subjecting
to the reaction using an amide derivative such as acetic
amide or a sulfonamide derivative in place of R*NH, accord-

ing to the conventional manner, and then, subjecting to



t he conventional manner ("Conprehensive Heterocyclic Chen sty FERBUARY 20y
Katritzky et al., Perganon Press Ltd., p.329-330, 1984). The RANHz or its
salt is exenpli- fied by amoni a, amoni um car bonate, ammoni um acetate, 25
nmonoal kyl ami ne, etc., and they can be us&¥. Conpound (I1b) wherein R4 is
hydr ogen can be al so produced by subjecting to the reaction using an am de
derivative such as acetic am de or a sulfonam de derivative in place of
RANH2 accor dydned visd st-hel = oplve mbovet memthirired dpreRIveht l@ab‘f‘%@tﬂi’gg the 13

FEBRUARY 20Q£ 534 diy diPlSich dlnahHeRaQ%?é”&%ié)é@@e%@ﬂ@i@ﬁé@n met hod, the
reaction in which Rl and R2 have the above-nentj oned nf%ur ation is
anged

shown, but CORFGEFEEIhileh ot gompaued o
to each ot heyiten Jfe Al 8Ad5RPr £par €tchandgd® tS@r&cEmrme}ﬁeﬁScmnbeomhebabove.

[Method F] RL R2 R Reducin NO agent z NH. O 15) R3 (Ic) wherein
Rl, R2 and %?N@ﬁ@ §§’tﬁ3 sr?é‘%m“}?dgle sasl(g‘e&lgflloﬁle?a(%\})ee Conpound (I c)
wherein Ring Ais pyrrole can be produced by reacting a reducing agent on
conmpound (15)Meate@ dilng to the conventional manner. The reducing agent is
exenplified by 15 a disulfide such as dlphenyldlsulflde and a phosphi ne
such as tri-n-butyl phospﬁlne a 2they can bq1 sed i éonbl na- tion. The
reaction tenperature nay vary de endlng on a nd of e reduci ng agent,
and is, for exanple, from a b0|I|n g0|nt e solvent. In the
above- ment i oned

a ent
No2 o5

(15) R (1c)

wherein R', R? and R® have the same meanings as

10 defined above.

Compound (1lc) wherein Ring A is pyrrole can be produced by
reacting a reducing agent on compound (15) according to the
conventional manner. The reducing agent is exemplified by

15 a disulfide such as diphenyldisulfide, and a phosphine such
as tri-n-butylphosphine, and they can be used in combina-
tion. The reaction temperature may vary depending on a
kind of the reducing agent, and is, for example, from 0°C
to a boiling point of the solvent. In the above-mentioned

20 preparation method, the reaction in which R? and R? have
the above-mentioned configuration is shown, but compound in
which the bonding sites of R' and R® are exchanged to each
other can be also prepared in the same manner as mentioned
above.

25
[Method G]



20 preparation nethod, the reaction in which RL and R2 have 13 FEBRUARY 2007
above-nentioned configuration is shown, but conmpound in which the bonding
sites of RL and R2 are exchanged to each other can be also prepared in the
sanme manner as nentioned above. 25 [Megkod G 13 FEBRUARY 2007 35 Rl R2 R1
R2 OH H2N Pd2+ (16) R3 R3 (1c) wherein Rl, R2 and R3 have the sane

nmeani ngs as defined above. 5 Conmpound (lc) wherein Ring Ais pyrrole can be
produced by acting a paIIadlun1cataIyst on conpound (16). (" Conprehen- sive
Het erocyclic Chem stry” ydl 4, R_ Katritzky etRal Rﬁgannn Press Ltd.

p. 321, '1984). In the abov -nentl ned preparatio neth d, the reaction in
which Rl and R2 have 10 th Ht i oned confi on is shown, but a
conmpound in which the ites ofPQp+and xchanged to each

ot her can be al so prep in the sane_nmanngr gﬁq ment j\Yoned above. 15 In the
5-menber ed heterocyclic conpoun 1) produced above- nmenti oned
preparation methods, its functiongl group may be cqdnverted into the other
functional group, if necessary. nver si on between {t he functional groups
can be carried out accordi o the conventional npAner nd 20 et hods as
di scl osed in, for exanple, %%Mp nsive Organic Tranﬁ%? tions" R chard

C. Larock, VCH Pupi shers_; I ng. " Conpr ehensi ve_(Organi ¢c_Synt hesi s" Vol .
1-9, Barry M TV€§FeéP Rj, R P@?%%gb h%Y%gghftﬁéTe1@%&?9n%?93ﬁ|C

defined above

5 Compound (lc) wherein Ring A is pyrrole can be produced by
acting a palladium catalyst on compound (16) (“Comprehen-
sive Heterocyclic Chemistry” Vol. 4, A. Katritzky et al.,
Pergamon Press Ltd., p.321, 1984). In the above-mentioned
preparation method, the reaction in which R and R?® have

10 the above-mentioned configuration is shown, but a compound
in which the bonding sites of R' and R® are exchanged to
each other can be also prepared in the same manner as

mentioned above.

15 In the 5-membered heterocyclic compound (1) produced by the
above-mentioned preparation methods, its functional group
may be converted into the other functional group, if
necessary. Conversion between the functional groups can be
carried out according to the conventional manner, and

20 methods as disclosed in, for example, “Comprehensive
Organic Tranformations” Richard C. Larock, VCH Pubishers
Inc., 1989, “Comprehensive Organic Synthesis” Vol. 1-9,
Barry M. Trost et al., Pergamon Press Ltd., 1991, “Organic
Reactions” John Wiley & Sons Ltd., 1963, etc. can be used.

25 There are mentioned conversion from carboxy to hydroxy,
Curtius rearrangement from carboxy to amino, conversion
from carboxy to amide, condensation of amide and Grignard
reagent, Friedel-Crafts reaction, Vilsmeier reaction and

the like, and specific methods are as mentioned in the



Reactions" John Wley & Sons Ltd., 1963, etc. can be used. 233TEBRUARY&007
ment i oned conversion from carboxy to hydroxy, Curtius rearrangenent from
carboxy to am no, conversion from carboxy to am de, condensation of am de
and Grignard reagent, Friedel-Crafts red€tion, Vilsneier reaction and the
i ke, and specific nethods are as nentioned in the 13 FEBRUARY 2007 36
follow ng nethods (a) to (u). Method (a): 5 Conpound (1) wherein R2 is a
hal ogen can figd lowdaige ee tinpdsr d@dt ity (@dnpound wherein the correspondi ng R2
is hydrogen and a hal ogenati ng agent. The hal ogenating agent is exem
plified by bromne, chlorine, iodine, [bis(trifluoroacet- oxy)iodo]benzene,
l\l—brormsuchﬁté’qdm @, etc., and they are 10 suitably used. The present
reaction suitably proceeds at 0OC to 30C. Method (b): 15 Corrpound (D)

wherein RL is an ar g substjtuted or _a,heter cle whi ch nma
be subst Pt utEFPOHR e]ﬁha’%\?&? % &/ FBalt bﬁgogegoﬁﬁ&ﬁﬁ Rihe 4 R& d
correspondi rngaaial:nr@ @oupatunge whene i tohiealdoplretspencimgp Rid 1Isahlydgoaanaryl
whi ch bstit t _ed
the presencalsh o Heloleletng AEHE e Ructlb i P Cagic L6 Rl 2ot

or dival ent gdanIJ@ﬁ oy mﬂeglecatcéﬂ@ftlne&umda@ebl slirs (ﬁlﬁrﬁﬂ%ﬁfﬂﬂﬁtrre)

pal I adi um (14 Sl | i yRdddoe 13G@t ahfid = d th
tetrakis tr| )%Y QL@ pﬁgséglﬁler?ipﬁ pal | adi Jlm (10) etc. © e T the yanare sel}/; taartgel y

sued. Th TRFQFRAL KRG 9N p%hfeae*a%y b@r%%e%d?‘f i on
a zinc salt(ﬁupmcasopmnc chloride, zinc bromde, zinc iodide, etc. The
present reaction suitably proceeds at 50C to 120C. 30 The present reaction
can be also carried out by using a

Method (b) :

15 Compound (1) wherein R! is an aryl which may be substituted
or a heterocycle which may be substituted can be produced
by reacting a compound wherein the corresponding R' is a
halogen and a trialkyl tin compound having an aryl which
may be substituted or a heterocycle which may be substitut-

20 ed in the presence of a catalyst. The catalyst is exempli-
fied by a zero-valent or divalent palladium series catalyst
such as bis(triphenylphosphine) palladium (II) chloride,
palladium (II) acetate, tetrakis(triphenylphosphine)
palladium (0), etc., and they are suitably sued. The

25 present reaction further suitably proceeds by the addition
of a zinc salt such as zinc chloride, zinc bromide, zinc
iodide, etc. The present reaction suitably proceeds at
50°C to 120°cC.

30 The present reaction can be also carried out by using a
boric acid compound or a borate compound in place of the
trialkyl tin compound in the presence of a base. The
palladium series catalyst and the base are exemplified by
either of those as mentioned in the above-mentioned Method

35 A, and they are suitably used. The present reaction
suitably proceeds at 60°C to 120°C.



boric acid conpound or a borate conpound in place of the triREARUARY 2007
conpound in the presence of a base. The palladiumseries catalyst and the
base are exenplified by either of those as nentioned in the above-nentioned
Met hod 35 A, and they are suitably used.3The present reaction suitably
proceeds at 60C to 120C. 13 FEBRUARY 2007 37 Method (c): Conpound (1)
wherein Ris an al kyl which may be substi- tuted can be produced by reacting
a conpound Westtsich t¢He 5 corresponding R4 is hydrogen with an al kyl halide
(al kyl iodide, alkyl chloride, alkyl bromde, etc.) or an al kyl- sulfonate
(al kyltrifluoronet hane sul fonate, .alkyl methane sulfonate, etc,) hoth of

whi ch may b&ERNG ytldd Whetksidr Ror éSeABeadkyd WhiSh TRY BEsEUPStdzenplifi ed

blykan_ gl kal :tklﬂslbdmiaai Hé’h(ifﬁdiﬂ;cd@ B} I@Jaictrmigalﬁ wtrkmﬁtce_,wweforlexhkeﬂﬂe m%] al

al koxi de_ al kali netal, [OXi etc., and the e. Suit, ed. e

pr esent Feaﬁq]iﬁ?sﬁﬂqaé&ﬁfajlq})rgéegggrggehSUégPoag%éig{i'% H%& )(/(S;liﬁCorrpound

(1) wherein iiide f aliptlamhieomrdd\- alkgtl- Mrhaaridd - et No @ambealdoolduced by
i hari | ; . . Lo

ind an ol Ky POR dHE EA G LR R Watod® ST foindutady) Bm no

reaction suiswdigngireocedds. JatbBdC afo wigeh mast el ubst DBatshpduridig 1)

wherein R2 i NdRINAAME I sdV atky | pAs OBl hvdze@Pl NP1 08 ByehAYLAARKRDP can be
produced by reacting. conpound wherein the correspondi ng iS, for%am no,

N al kyl 1R G54 dWdrE a5t R @A i a1l e Prdsen@? Gl e diRg

agent. 30 alkoxide, alkali metal hydroxide, etc., and they are
suitably used. The present reaction suitably proceeds at
30°C to 80°C.

15 Method (4d):

Compound (1) wherein R? is formylamino or N-alkyl-N-formyl-
amino can be produced by reacting a compound wherein the
corresponding R? is amino or N-alkylamino and an alkyl

20 formate (methyl ester, ethyl ester, etc.). The present
reaction suitably proceeds at 60°C to 100°C.

Method (e) :

25 Compound (1) wherein R® is N-methylamino, N-alkyl-N-methyl-
amino or N-ethylamino can be produced by reacting compound
wherein the corresponding R? is formylamino, N-alkyl-N-

formylamino or N-acetylamino in the presence of a reducing

agent.

30
The reducing agent is exemplified by a borane complex (for
example, borane-dimethylsulfide complex, etc.) or lithium
aluminum hydride, and they are suitably used. The present
reaction suitably proceeds at 0°C to 60°C.

35

Method (f) :



The reduci ng agent is exenplified by a borane conplex (for el3hRARYARY 2007
bor anedi net hyl sul fi de conplex, etc.) or lithium alum num hydride, and they
are suitably used. The present reaction suitably proceeds at 0C to 60C. 35
Met hod (f): 13 FEBRUARY 2007 38 Conpound8(1) wherein R2 is

al koxycar bonyl am no can be produced by reacting a conpound wherein the
corresponding R2 is am no and an _al koxycarbonyl halide in the presence of
a base. The Gsapournsl eldemwheteadd R per aﬁkﬁéycwb@mr}amsnérrpﬁ@, bgn al kal i

nmetal car bOfitﬁkt&i_uc%?i qul@léacr&tr@ @'dﬁ?ﬁﬂdﬂﬁwd v@i’éx@i&ﬁ'ﬂh&&iﬂréﬁﬂiﬂd&@g etc.,
and they are,suyitably used. The present re Ci_ll gn suLtab:n% roceeds a% OCto
50C. Met hodt (&F: 2PdNCoAPEUAR ALfORKEREPAT alpgar dRy PRy PTESRTEE Ffoduced

by reacting eagzounthatieseé nis hexenpl £5pod dby gpyPidindy dt pyethy and

f | d de i.n th f b . T b i | j-fi A

oL GBS M PSSl MSSole PRSE i Y AL,
and they ar eursuileilly meseed. hybhei du,essd. ,r eant itdreys Wneatdul teldqeeedit 60C
to 120G = MEoddben2G AU d i P Bl Rad 2 it agengpdyl can be

produced by redcting a conpound erel e corresponding R2 1s a

hydroxyal kyl with a hal ogenati ng agent. The hal ogenating agent is
exenplifiedprHdy oyyl. chloride, thionyl bromde, etc., and they are
suitably used. The present reaction 25 suitably proceeds at 0C to 50C.

Met hod ¢P): Conpound (1) wherein R2 is an al koxyal kyl can be produced 30 by
reacti ng a cmp@ind Wer eiHeddinn & ieshodgdbrgaRRylScan be produced by

reacting compound wherein the corresponding R? is hydrogen
and formaldehyde in the presence of a base. The base is
exemplified by an alkali metal carbonate, an alkali metal
15 alkoxide, triethylamine, etc., and they are suitably used.
The present reaction suitably proceeds at 60°C to 120°C.

Method (h):

20 Compound (1) wherein R? is a halogenoalkyl can be produced
by reacting a compound wherein the corresponding R? is a
hydroxyalkyl with a halogenating agent. The halogenating
agent is exemplified by thionyl chloride, thionyl bromide,
etc., and they are suitably used. The present reaction

25 suitably proceeds at 0°C to 50°C.

Method (i):

Compound (1) wherein R? is an alkoxyalkyl can be produced
30 Dby reacting a compound wherein the corresponding R? is a
halogenoalkyl and an alkanol. The alkanol is exemplified
by methanol, ethanol, etc., and they are suitably used.
The present reaction suitably proceeds at 30°C to 80°C.

35 Method (j):



hal ogenoal kyl and an al kanol. The al kanol is exenplified by 1REERRHARY 2007
ethanol, etc., and they are suitably used. The present reaction suitably
proceeds at 30C to 80C. 35 Method (j): 13 FEBRUARY 2007 39 Conpound (1)
wherein R2 is an al kylthioal kyl can be #$Poduced by reacting a conpound
wherein the corresponding R2 is a halogenoal kyl and an-al kyl sul fide salt.
The alkylsulfide salt is exenpli f| ed by an alkali netal salt 5 such as
sodi um et hydoswioinge, (18t ehergrig tRheySaﬁ@ abkyabhjoalkyd. cFRebgr esent

reaction is gpheieably ci:%rardt%.(iilgmét dopdufifl RIRSRAGE (i &diafpcliiakpse i s

exenplified hy tri- ethylam ne” pyridi ne an_al kal i, net al carbonate an
alkali net 5‘1[2 ﬁ?d?o??&@geéﬁaa]‘b(al Pnﬁ'eﬁal apkpbgpgEidet galtandhey 10 are

?Ei)tabl y usaakymalrfrla%erstalrtea@ le@:[érr&illltfa.@d)’hl?][&@ﬁ%d.?cl?lail nQiEaltlE HAE€ Met hod
npoun erein R2.is sul fin Qr. a

sul f onyl gokﬁucgar?(sb \3{3 kﬁ’}%ﬁﬁang & eomp: &ﬁn% % & Hh ably

corr espondi ngeR2 |’Bhearpm$@¢ht m@ad:tkwn Wi I‘pmﬁemblﬂ z¢amgrag@n®ut The

oxi di zi ng agept Eir%s%@gpl X eq#géh ré%?é"lﬁ?i f ) agyfous

hydr ogen per oxi ey are SUIt |y use esent reaction

sui tably prqyéyé@gllatel-mnddr@ocanvalﬂr@dl( meta25c@mb@§m@ (anﬂéq@ln R2is
a carboxyal laétaqaaya%oa&a@w% Ak NNdnRitgdi BA kexTHRUNG ther @idY iRy

correspondlng iS5 an aIkoxycarbonyIaIkyI in the prese c of a bai The
base i s10ex@Hs Sicably asesd-i The RTERRMOILRCL LR SULRPIRRTaFeedS yi t abl v
used. The pragsertc teasloicgn suitably proceeds at 30 30C to 60C. Method (m:

Method (k) :

15 Compound (1) wherein R? is an alkylsulfinylalkyl or alkyl-
gsulfonylalkyl can be produced by reacting a compound
wherein the corresponding R?® is an alkylthioalkyl with an
oxidizing agent. The oxidizing agent is exemplified by
metachloroperbenzoic acid, aqueous hydrogen peroxide, etc.,

20 and they are suitably used. The present reaction suitably
proceeds at -20°C to 30°C.

Method (1) :

25 Compound (1) wherein R?® is a carboxyalkyl can be produced
by hydrolyzing compound wherein the corresponding R? is an
alkoxycarbonylalkyl in the presence of a base. The base is
exemplified by alkali metal hydroxide, etc., and they are
suitably used. The present reaction suitably proceeds at

30 30°C to 60°C.

Method (m) :
Compound (1) wherein R® is a heterocycle substituted by

35 sulfo can be produced by reacting compound wherein the:

corresponding R?® is unsubstituted heterocycle (provided



Cbnpound (1) wherein R3is a heterocycle substituted by 35 s
produced by reacting conpound wherein the corresponding R3 |253%25§R59?07
het er ocycl e (provided 13 FEBRUARY 2007 ﬂﬁ that it nmay have ot her
substituent('s) than the position of the heterocyclic ring onto which the
sul fo group is substi- tuted) and a hal ogenosul fonic acid (chlorosulfonic
acid; etc.), and then, treating the resulting conpound with an 5 aqueous

basi ¢ sol ut i'0R Y ddudtis DR e et YSt e hiekehbaP ehbEi B ﬁséﬁﬂpébﬁf
proceeds at tOe trm@%cyd\ht&qehr(gw)ontl& Wroingro uttge (41 fbegebOpR3si Sudsti-

het er ocycl e ;subst. tut ed sul fa can be. pr ed b r eat ng o ound
uher o1 he “HoRT esond M 105 TSR v ERocyel € CUbL F oot bioBy CCRtarD.
sul fonyl obkﬂknedlamdfuheﬂunmrenxﬂngnuhkImﬁimﬂtimq mbmpouamnwnm& aﬁhe

present reactjon suitabl QGegds 15 60C. hod : Conpound
(1) mherélnﬁﬁf<w gg g:ﬁ ef%%&c e su:ﬁ %mﬁéﬁlaZO E 2 hydroxyalkyl can

be producedﬂ@ﬁﬁaﬁ&ﬂﬂa&ptﬂanquﬂnﬂblWvﬂﬁqn&ed$eato®r@sponang Rl or RB3is a
het erocycl e substi- tuted by an al koxycarbonyl wi th a reducing agent. The
reduci ng agent is exenplified by Iithium alum num hydride, |ithium
borohydr|deM%¥ﬁﬁﬁah@-conplex (for exanple, 25 boranedi nethyl sul fide
conplex, etc.), etc., and they are SU|tany used The present reaction
suitabIY pr oceeds at’ OC to 60C. Method : npound (1) wherein R3 is
pyri dyl 1 Qub&ARRES byt la s iorR ditSalPk |e§rﬁrr?§ycolre MRS hyRE_EbSYi t ut ed by
a nmono- or glil-falnaptlamdro warnphsdyradiuped e t eagt EogpedApowhe rehier eihe

correspondingR3 is a heterocycle substituted by chloro-

sulfonyl obtained by the above-mentioned Method {(m) with

ammonia. The present reaction suitably proceeds at 0°C to
15 60°C.

Method (o) :

Compound (1) wherein R or R® is a heterocycle substituted

20 by a hydroxyalkyl can be produced by treating a compound
wherein the corresponding R' or R is a heterocycle substi-
tuted by an alkoxycarbonyl with a reducing agent. The
reducing agent is exemplified by lithium aluminum hydride,
lithium borohydride, a borane complex  (for example,

25 Dborane-dimethylsulfide complex, etc.), etc., and they are
suitably used. The present reaction suitably pfoceeds at
0°C to 6&0°cC.

Method (p):

Compound (1) wherein R? is pyridyl substituted by a mono-
or di-alkylamino, or pyrazinyl substituted by a mono- or
di-alkylamino can be produced by reacting compound wherein
the corresponding R?® is a halogenopyridyl or halogeno-

35 pyrazinyl and a corresponding mono- or di-alkylamine. The

present reaction suitably proceeds at 30°C to 120°C.



the corresponding R3 is a hal ogenopyridyl or hal ogeno 35 pyr di3iREBRUARY 2807
correspondi ng nono- or di-alkylamne. The present reaction suitably
proceeds at 30C to 120C. 13 FEBRUARY 2007 41 Method (q): Conpound (1)
wherein R3 is pyrinmdinyl substituted by4ad nono- or di-alkylanino can be
produced by oxidizing a 5 conpound wherein the corresponding R3 is an

al kylthio pyrimdinyl with an oxidizing agent, and subsequently reacting
with a nmonoMeshadi -@)kyl anmi ne. The oxidizing agent is exenplified by

m chl or oper benzoi ¢ acid, hydrogen peroxide, etc., and they are suitably
used. The present 10 reaction suitably groceaﬁs t 30C to 1282: Met hod (r):
Conpound ( 1)CommsiEich @ whereddy Ranv§l BYKYPIGARYA AEPSHETUESAsHYSAi tuted can

be EVOdUCEdanldd-eQﬁt idig a2 kgapaw cse R @;_rddwh eQDbIHyeWﬂin' jzmgugt%,@s ?h

car boxyalkyl and a gcorresponding amn ne .C y.be_substi ed in the
presence>of R é‘ﬁ*ﬁrﬁgma%g’fﬁg.cofﬁ?sé’éb :% agefit f’@k ;gkﬁloi-fi ed by 3-
e';]hyl hl ;(3- b yrreithiyd ianyiIn ortdp \An) cp?irdirﬂjdgﬁamdtydmrdllsnrhsmquez&byano d![ e';)lhyl
phosphat e, I . ar ui | he, pr n n suitably
proceeds at ext(f%cttoﬁ%g(‘f}.ﬂ%at ﬁrgjdﬁ)( s)o(:aibéié1 %051%01&:]11}@1%1) . %r%ﬁc%gﬁgi#g a

cyanoal kyl caente s seerd ifiied dut v lo romerdeng Qite id il t iy dmgasspondi ng

R is a  carhamplal ke and adehalf abidg.agemy Thedlehyss abiagenagent s
exenplified by phosphorus oxychlori'de, acetic anhydride, thionyl chloride,

etc., ahfl t FERHOS FUIEHRL 3PRRssedsTRE PeSeC 1efctGon suitably proceeds
at 50C to 100C. Method (t): 35 Conpound (1) wherein R2 is a tetrazolylal kyl

can be Method (r):

Compound (1) wherein R? is a carbamoylalkyl which may be

15 substituted can be produced by reacting a compound wherein
the corresponding R? is a carboxyalkyl and a corresponding
amine which may be substituted in the presence of a con-
densing agent. The condensing agent is exemplified by 3-
ethyl-1-(3-dimethylaminopropyl) carbodiimide hydrochloride,

20 cyano diethyl phosphate, etc., and they are suitably used.
The present reaction suitably proceeds at 0°C to 50°C.

Method (s):

25 Compound (1) wherein R? is a cyanoalkyl can be produced by
reacting a compound wherein the corresponding R? is a
carbamoylalkyl and a dehydrating agent. The dehydrating
agent is exemplified by phosphorus oxychloride, acetic
anhydride, thionyl chloride, etc., and they are suitably

30 used. The present reaction suitably proceeds at 50°C to
100°C.

Method (t):

35 Compound (1) wherein R? is a tetrazolylalkyl can be

produced by reacting a compound wherein the corresponding



produced by reacting a conpound wherein the correspondi ng 13 TRHASIRBARRYZA0Q7
42 R2 is a cyanoal kyl and an azi de conpound. The azide conpound is
exenplified by sodium azide, trialkyl tin azide, trialkyl silicon azide,
etc., and they are suitably used. The p#ésent reaction suitably proceeds at
80C to 5 120C. Method (u): Conpound (1) wherein R2 is an
alkoxycarbonylnethyl can be 10 synthesized by a one-carbon increasing
reacti on of Koipoandyanneisys and eor rgidenepmgorndi-s Thsr mAideThe one- car bon

i ncreasi ng reRGRAING Si LS I 'ﬁ%&%ﬁ%&ﬁ&rﬁ%ﬁbﬁéu'ﬂl@ikﬂ”ﬂiﬂw ) sulfide,
tosyl met hyl isocyanate, diethyl phosphono- dithiane, dieth

1- pi peri di n@ER GHGIROn e ieany 2zigdey B -he\2Dd h&H taa‘-'tﬂ VPUSAPLYAf t er
reacting wi tdzset&les'mée@ﬁ@@éﬁt t8atbEoRr £SErER] piprobesds abesoesutdant
conpound _i reacted wth an alcohol in the presence of an acid to give an
aIkoxycano ‘hyl conpound. 20 The reactions described in the
above-nenti oned Methods (a) to (u) can be carried out in a solvent which is
i nactive to %4Ha{e&8tlon or in the absence of a solvent. The solvent s
not specifica im'ted, and it is exenplified by nethylene chloride,

chl orof orm tetrahydrofuran met hanol , 25 ethanol, isopropanol,

di met hyl f or regpRingi (Bt Meﬁ:“glfrpﬁzd@;s a%h@kox?EQY“boﬁ‘}@Eéﬁ:% 1 can be
di net hoxyet hane, tol uene, benzene, etc. a  m xed Solvenf of the

above- noht | GHEFNSSASE BY 3 1PRATCHRAE TRGHIAGHED greasdrian ¢is, campeund
protection anér] reieotattddpdiiding tn?ctlrsomakmguoumﬁaarbﬂa@aamdred out, if

?ﬁgeazﬁ;¥a| Altsf’ra er ect I ve qgrboup for rT'ngielcffalr?dc%%,onal }gr]gﬁ‘gé tho drlegf
i ncl ude thosretdazs]drsnﬁeﬁidew td?s}dtnm:thyle IGamypEate Orcigtaatrqz]%hné.rﬂmrm T. W
Greene, P. dithiane, diethyl 1l-piperidinomethyl phosphonate, etc., and
15 they are suitably used. After reacting with these reagents
in the presence of a base, the resultant compound is
reacted with an alcohol in the presence of an acid to give

an alkoxycarbonylmethyl compound.

20 The reactions described in the above-mentioned Methods (a)
to (u) can be carried out in a solvent which is inactive to
the reaction or in the absence of a solvent. The solvent
is not specifically limited, and it is exemplified by
methylene chloride, chloroform, tetrahydrofuran, methanol,

25 ethanol, isopropanol, dimethylformamide, dimethylsulfoxide,
water, ethyl acetate, dimethoxyethane, toluene, benzene,

etc., or a mixed solvent of the above-mentioned solvents.

In the above-mentioned preparations, the protection and
30 deprotection of a functional group can be carried out, if
necessary. As a protective group for the functional group,
those used in the general organic synthetic chemistry can
be used, and examples thereof include those described in
“Protective Groups in Organic Synthesis” T. W. Greene, P.
35 M. Wuts, John Wiley and Sons 1991, etc. The conditions for

introduction of the protective group and deprotection are



35 M Wits, John Wley and Sons 1991, etc. The conditions for13 REBRUARYR00DN
of the protective group and deprotection are 13 FEBRUARY 2007 43
exenplified by those described in the above publication. In the

above- nenti oned preparations, the respect¢d3ve com pounds and the respective
internedi ates to be produced can 5 be purified by the usual manner such as
col um chromat o- graphy, recrystallization, etc. The solvent to be used for
t he recryst &¥empdtiifared dyetdmsid destdiyesh i ddisolabootey bl igiadtians

met hanol , et hanol, 2-propanol, etc., an ether solvent such as diethyl ether,
etc., an ester solvent such 10 as ethyl acetate, etc., an aromatic sol vent
such as tollfedde &ROve -PgRdtiomeds ARFRNT IR Sas G tGiPetive cpm-

hyflr ocar b?n ;ﬁﬁn\&gnfarﬂl@hea&dwd lq,veetiel.t,ermtdaTh fataid ttdweaellp'ﬂefdwheca darxed

sol vent e _abave-nentigned sol vents. e _comnmpoun t resent
oventi of O BRIGOGE Pt hS 1R L MR R R 15 ST SRS ¢
accordi ng t graphy,comvemytstaldli zeanner,, edrd tTier esxbleent recriystased zEbr on,
etc., may b arr| thq 4 : VEN T Wi O 1In
the foll ow ﬁtél% tlrﬁgeig'rsgs%elr}tl%:gﬁ}g%n%:xm Iﬁ'&ﬁb(i]egllexpl alior%endlal_:llén rmrNe-gogé;teal by
referring t csuha@d &ethReicdresddancdnplePropadiciExp@tiarentadl abt@mpl es, but

the present i@ @drS S3014; eyt %@h@f,E&@!,e%nh%t&-eﬁisoﬁhﬁer{tolém ng

abbrevi ations used_.in the present specifica- tion_have the follow ng neans,
respect el s BEhyle@GAtatsy BEC of AP 21OMatice MALVARE U &F/dr of ur an

toluene, etc., a ketone solvent such as acetone, etc., a
hydrocarbon solvent such as hexane, etc., water and the
like or a mixed solvent of the above-mentioned solvents.
The compound (1) of the present invention can be converted
15 into a pharmaceutically acceptable salt according to the
conventional manner, and thereafter, recrystallization,

etc., may be carried out.

BEST MODE OF EMBODIMENT OF THE INVENTION

20
In the following, the present invention will be explained
in more detail by referring to Examples, Reference examples
and Experimental examples, but the present invention is not
limited by Examples, etc.
25
The following abbreviations used in the present specifica-
tion have the following means, respectively.
Me: methyl
30 Et: ethyl
Ph: phenyl
THF: tetrahydrofuran
DMF: N,N-dimethylformamide
DME: dimethoxyethane
35

Example 1



DVF: N, N-di met hyl f ormani de  DME: di met hoxyet hane 35 Exanpl e 1131FEBRUARY/ 2007
2007 44 G 7CA (HO2BCHOS CHOS CO2Et 02 03 G C A /| S CO2Et S/
CO2Na S CO2Et O OBr 4 ~5 ~6 SMe SMe (1) A 2N aqueous sodi um car bonat e
solution (5.5 m) was added to a mixed 48l ution of conmpound 1 (0.5 g, 3.6
mol ), 2-brono-5-chl orot hi ophene (0.6 mM, 5.5 mvl) and 5 PdC12( PPh3)2 (250
ng, 0.36 nmmol) dissolved in DM (17 ml) After subjecting to ref | ux under
heating for 3 hours, the mxt S subj ected €l ration with Celite.
The filtrate (M@RBextr acetate, washed/with water and
brine, dried over ROand 10 ¢ &PAhder reduced
pressure. The resi s purified ilica gel colu r omat ogr aphy
(hexane/ et hyl ace =20/1) to giv ound 2 (215 .29% as powder.
MBAPCI (miz): 227/229 K [ MrH+MeOH H2 1% (2) To a solu¥fongof conpound 2
(200 ng, 0.94 mmol) dis- solved in THE (5 M) were added
nmet hyl (met hyl sul finyl- nmethyl)sulfide (0.3 m, 2.9 nml) d Triton B (0.22
m, 0.5 mmol, 40% nethanol soluti®d d the m xtur

CO,Et S / CO2Na

drous sodi 8

5 6
SMe SMe

(1) A 2N aqueous sodium carbonate solution (5.5 ml) was
added to ‘a mixed solution of compound 1 (0.5 g, 3.6 mmol),
2-bromo-5-chlorothiophene (0.6 ml, 5.5 mmol) and

5 PdCl,(PPhj3); (250 mg, 0.36 mmol) dissolved in DMF (17 ml).
After subjecting to reflux under heating for 3 hours, the
mixture was subjected to filtration with Celite. The
filtrate was extracted with ethyl acetate, washed with
water and brine, dried over anhydrous sodium sulfate and

10 concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/ethyl
acetate=20/1) to give compound 2 (215 mg, 28.2%) as powder.
MS-APCI (m/z): 227/229 ([M+H+MeOH-H,0]™)

15 (2) To a solution of compound 2 (200 mg, 0.94 mmol) dis-
solved in THF (5 ml) were added methyl (methylsulfinyl-
methyl)sulfide (0.3 ml, 2.9 mmol) and Triton B (0.22 ml,
0.5 mmol, 40% methanol solution), and the mixture was
refluxed under heating for 4 hours. The reaction mixture

20 was poured into 0.5N hydrochloric acid, and extracted with
ethyl acetate. The extract was washed with brine, dried
over anhydrous sodium sulfate and concentrated under

reduced pressure. The residue was dissolved in a 0.5N



refl uxed under heating for 4 hours. The reaction m xture 20 WESFERRUARY 2087 o
0. 5N hydrochloric acid, and extracted with ethyl acetate. The extract was
washed with brine, dried over anhydrous sodium sul fate and concentrated
under reduced pressure. The residue was4dissolved in a 0.5N 13 FEBRUARY
2007 45 hydrochloric acid-ethanol solution (5 m), and the m xture was
refluxed under_ heating for 1.5 hours. The solvent was renoved under reduced

pressure, arydrrchlonidackd- eshitanet PItirnet By Imbcet3hd . ENRABKGEHER L was
washed with wds fd fiBuxd<l e e ANNGIrEAIS NBEYNRKILEN SThéakelaadtceasen-
trated under_reduced essure. The residue was, pyrified, silica gel

col um chrorfaq%?edgﬁif&%% & ﬁred%%{]%ﬁ'e:andzc#ﬁ If%mgcig%/% Wtpound 3 (148
ng, 58.1% axtaradidd wiilbsdtdngle. addr dMBAPCIhé nézradZiwdd3waphet] with3) To a
sol ution_of .conpoungd 3 (68 . 0.2 ). dis-..sol {n c r (5 m)
was addeé dr%lblv\nes’e %rjseoé u?‘f%nl?\ arz(‘)l?ycgl?og}r%p r{aeaqléi%ln%? %%érqﬁm%& é@% ved in
chl or of or m (trat®ddyndewereduzsd qtesapredf t Ehe aneagdeouwasapurafégdsbyi um

hydr ogen car | yt 1 ]_atgg.ﬁg: 1RA Xt I:
resul ting rri%}?Ltrjj'raéeaev%ésl g%((% ract eg w t e#!ﬂéﬁwa(cet atrieefb%h@%xﬁi%?éﬁs washed
successi vel 28 1)h P 1H06e RRERANE i (M & MDsAgat® 7 AT iBnd bri ne,

dried over ZimsHHnrcous sodi um sul fate and concentrated under reduced

a4 Py M AREnY Shor b 1 (#5H) 45 mmol) o ssol ved {n DVE were
added 25 Pdd 2(PPh3)2 (60 ng, 0.029 mmol) and a 2N sodi um carbonate
roLeton, 0 8 o o FyPLdn & (Sl Sl X UE il fdued uner
Celite. The solved in chloroform (5 ml) was added dropwise a solution
of bromine (40 mg, 0.25 mmol) dissolved in chloroform (1
15 ml) under ice-cooling. After an agueous saturated sodium
hydrogen carbonate solution was added to the reaction
mixture, the resulting mixture was extracted with ethyl
acetate. The extract was washed successively with a 15%
aqueous sodium thiosulfate solution and brine, dried over
20 anhydrous sodium sulfate and concentrated under reduced

pressure to give crude compound 4 (0.1 g).

(4) To a solution of compound 4 and 4-methylthiophenyl
boric acid (75 mg, 45 mmol) dissolved in DME were added

25 PdCl,(PPhj)., (60 mg, 0.029 mmol) and a 2N sodium carbonate
solution (0.86 ml, 1.8 mmol). After the reaction mixture
was refluxed under heating for 3 hours, the resulting
mixture was subjected to filtration with Celite. The
filtrate was extracted with ethyl acetate, washed succes-

30 sively with water and brine, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane/ethyl acetate=20/1) to give compound 5 (57 mg,
57.9%) as powder.

35 MS-APCI (m/z): 393/395 ([M+H]Y)



filtrate was extracted with ethyl acetate, washed succes 30 s13/EBRUARN2007
wat er and brine, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel colum

chromat ogr aphy (hexane/ et hyl acetate=20Af) to give conmpound 5 (57 nm,
57.9% as powder. 35 MSAPCI (mfz): 393/395 ([M+H] ') 13 FEBRUARY 2007 46 (5)
To a solution of conmpound 5 (52 ngy, 0.13 nnnl% dis- solved in ethanol (5 m)
was added a Q%Pd&ﬁe%u%o%%ﬁ}%%1Oﬁyﬁ@%R?H@ds%l& ? 0R9 . ahdl 2 hEmad Xt 4E 8- was

stirred at r@@meaemeéamaml oyergpl phvas Taddde 4 eagt a@rebust o8ivms added a
5 1IN hydrocgh élc aci d nd t he re%ultlaﬁ m xture was_,extracted with ethyl
% Tk }

acet ate HeRtde | SoEr iR \&R el W REBTE ndas of FEET 69 e T ahR9Wr ous
sodiun1suIfatempaﬁatmrét@wexhlgmd t lte thkt retetwea sdmrtemer sted addddr a

duced to 10
Corresportal i o gey 1 4F5e) 414 ol ey Pe S BLRT L Ve g [ 3
The resul ti ngxt-:aams@rlwz.:tlacemhylalacngtat)eOSS‘hmmtrgamg dayerspiagedashed
met hanol (1. @ gln@n t%%#%?%fug%e %g€%éc§bdg§h(§@1@§9glaﬁ@lutlon 0. 165

m, 0.083 mml) was ent was renpved_to give conpound
6 (35 ng). ?% z?nd3@3¢3%51¥{ﬂ$\la‘]’a§ concenRpted surfer predygedr Co2Et
S C2Et 0 \pPsHdure. Crhe €ksidue was purified by preparative HPLC to

10 give a corresponding carboxylic acid (34 mg, 71%).

MS-ESI (m/z): 363/365 ([M-H]%)

The resulting carboxylic acid (31 mg, 0.085 mmol) was dis-

solved in methanol (1.5 mmol), and 0.5N sodium methoxide
15 (methanol solution, 0.165 ml, 0.083 mmol) was added

thereto. The solvent was removed to give compound 6 (35

mg) .

MS-ESI (m/z): 363/365 ([M-Na]")

20 Example 2

CIA”
CO,Et /
b S COLEt
o) o) -
AN p AN 2 (D
3
Cl CI A
/ CO,Et S / CO,Na
COLEt T -
5 6

(1) By using compound 1 (875 mg, 5 mmol: Helvetica Chimica
Acta, 60, 2085 (1977)), the reaction was carried out in the

same manner as in the preparation of compound 3 of Example



Cl S/ - CO2Et lool CO2Na S COREt t \ 0 OBr 4 ~ (1) By usiTOFERRYARY 2002
(875 nmg, 5 mmol: Helvetica Chimca Acta, 60, 2085 (1977)), the reaction was
carried out in the same nmanner as in the preparation of conpound 3 of
Exanpl e 13 FEBRUARY 2007 47 1 to give céipound 2 (664 ny, 57.0% as an oily
substance. MSAPCI (mlz) : 250/252 ([M:tNH4]1 (2) A solution of conmpound 2
(650 ng, 2.8 mmol ), 5-chloro- 5 2-thi enyl(tributyl)tin (1.71 g, 4.18 mol)
and PdC12( PPh3)Q@ 9i08 egmpaund 3mth§4 diss AR ) s duepely 18ubsjanes.

refluxed undes.Xwet i g/ or Ashpsss. (ﬂf@n\hhf} yesulting mxture were added an

aqueous potassmmfluonde solution (40% 10 m) and ethanol (5 m), and
the m xture was 10 stirred for 30 mnutes. To the reaction m xture were

addfedI wat er (2N L@m@m &f hesmpauned tme(esacsuhgj rm 8T1;cr?ﬁ|h¢l1ﬁ, V\ascthotbéﬁCéed
to filtratio i 1 ite. The .orgapj aer |t e
W th bri e, i EEOChr S F DS b i + 2t TR bRt Tar e iRy
reduced presées eng, 150 The mml)duéismlxmﬂi:fn erbh;eml (1:@1 gkl wad umm chromat o-
gr aphy (hexgg?f J)l %ﬁm diBel P9,q20. 4% as
powder . ?ﬁ%@l &?Cg%]g/lg%%p 1fﬁlszﬁ] +;}$%,_8,0%TD ’ﬂ% ®s ?'é%lllonnf conmpound 3
(145 ny, O.5dixtiNe were Addrdfan MEEEIHY DRA ﬁlcm@% g0 biloieme (86
T9, 0.54 mblgs ol ithon she solwased N hhor Ofidn dHe thixtiaHErwage- cooling.
After an hour, an aqueous saturated sodi um
10 stirred for 30 minutes. To the reaction mixture were added
water and isopropyl ether, and the resulting mixture was
subjected to filtration with Celite. The organic layer of
the filtrate was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure.
15 The residue was purified by silica gel column chromato-
graphy (hexane/ethyl acetate=30/1) to give compound 3 (154
mg, 20.4%) as powder.

MS-APCI (m/2z): 288/290 ([M+NH4]")

20 (3) To a solution of compound 3 (145 mg, 0.54 mmol) in
chloroform (5 ml) was added dropwise a bromine (86 mg, 0.54
mmol) solution dissolved in chloroform (1 ml) under ice-
cooling. After an hour, an aqueous saturated sodium
hydrogen carbonate solution and 15% aqueous sodium thio-

25 sulfate solution were added to the reaction mixture, and
the resulting mixture was extracted with hexane. The
organic layer was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure.
The residue was purified by silica gel column chromato-

30 graphy (hexane/ethyl acetate=50/1) to give compound 4 (47
mg, 25.1%) as an oily substance.

MS-ESI (m/z): 349/351 ([M+H]™)

(4) By using phenyl boric acid (21 mg, 0.17 mmol) and
35 compound 4 (40 mg, 0.11 mmol), the reaction was carried out

in the same manner as in the preparation of compound 5 of



hydrogen carbonate sol ution and 15% aqueous sodi umthio 25 sul¥FERERUARYRG0%N
were added to the reaction mxture, and the resulting m xture was extracted
wi th hexane. The organic |ayer was washed with brine, dried over anhydrous
sodi um sul fate and concentrated under refliced pressure. The residue was
purified by silica gel colum chromato 30 graphy (hexane/ethyl acetate=50/1)
to give conpound 4 (47 ng, 25.1% as_an oily substance. MSESI (' z):

349/ 351 ([Mﬂ;{}an)pl(el)l By (@i vy gersunddy i Gadd (801 0(?@ [ 19 rﬁhat)]rlb' and 35
conpound 4 (AGdmandk 11 Mol ), the reaction was carried out in the same
manner as in the reparation f conpou 5 of 13 FEBRUARY 2007 48 Exanple 1
to give co Q“ng)n'g %ﬁ’/ﬁ & d’ﬂl (5|Iy substance. MSESI (m z):

347/ 349 ([ M+H ' ) 5 (5) By using corrpound 5 (28 ng, 0.08 rrm)l) t he reaction

was carri.ed nthe sane nann nth 0 d 6 of
Exanpl e Psé \}é T ediboxytH T 4 |d % eo%eeo%a}noalg e car':E)Gp ic acid
(16 ng, O. OBVaHmi&)rMEesi e im ts}mﬁa&mesama:nrter gis/echdl’q:mmeELﬁaJ(a.ﬂ_t?mtg 0999 .
10 MSES| (rﬂ [ FHQ Bl 7B 0 S OZEt S
3.0 | sl R el L RO S dard¥s i

77 %), and the carboxylic acid (16 mg, 0.05 mmol) was made

a sodium salt to give compound 6 (17 mg, 99%).
10 MS-ESI (m/z): 317/319 ([M-Nal]®)

Example 3

CO,Et /
S

CO,Et CO,Na
C02Et
——

15 (1) By using compound 1 (5 g, 26.17 mmol), the reaction was
carried out in the same manner as in the preparation of
compound 1 of Example 2 to give compound 2 (4.58 g, 70.2%)
as an oily substance.

MS-APCI (m/z): 266/268 ([M+NH,]")

20
(2) By using compound 2 (3.74 g, 15 mmol) and 5-chloro-2-
thienyl boric acid (3.17 g, 19.5 mmol), the reaction was
carried out in the same manner as in the preparation of

compound 5 of Example 2 to give a crude compound 3 (3.35 g)



r 41/ = - " --111 S5 6 15 (1) By using conpound 1 (5 g, 23BEBRUARY) 2007he
reaction was carried out in the sanme nmanner as in the preparation of
conmpound 1 of Exanple 2 to give conpound 2 (4.58 g, 70.2% as an oily
substance. MSAPCI (nfz) : 266/268 ([ M:NH4P') 20 (2) By using conpound 2
(3.74 g, 15 mmol) and 5-chloro-2- thienyl boric acid (3.17 g, 19.5 mmol),
the reaction was carried out in the same manner as in the preparation of
conpound 5 ofs Banpllky sulstaneea crude conpound 3 (3.35 g) 13 FEBRUARY 2007

49 as an oilyg s]y[k@f anLz) l\/s_p&g}_q,(ggdg M+Np8 34§ 306 ([ MENHA] (3) By using the

crude conpound 3 (574 ny, and 5 bromne (384 ng), the reaction
was carried out in the same manner as in the preparation of conpound 4 of
Exanpl e 2 to(z3gime L&l@e%f&@e n@om I(cz 33te53734)m@§ ﬁnzplrhmspbéﬁ@nce

MBAPCI  ( z)b 382/ 384 115})‘ 10 usin % borlc 366 ny,
3 mml) and ’E:%Wp‘b%n@ e 30 tee r ﬂ% W% Jc%r‘f’ t in

t he sane mameiners as irinetlm qgmeparmm <D ampolirsd of oExEmmhplé 20tcg| ve

d>5 0 5 3/ 365
compound ® (55 ey 160 3y Y (SURCLAL 245 UP Lg)andEd
carried out M$1 AR s )narﬁwfb'&/%&h hIM+NH"&par ati on of conmpound 6 of

Exanple 1 to give corrpound 6 (91 ng, 20.5 9% . 20 MSESI (mz): 333/335

([ M Na]* ) Exarrple 4
(4) By using phenyl boric acid (366 mg, 3 mmol) and

compound 4 (731 mg, 2 mmol), the reaction was carried out
in the same manner as in the preparation of compound 5 of
Example 2 to give compound 5 (552 mg, 72.9 %) as an oily
substance.

15 MS-APCI (m/z): 363/365 ([M+H]")

(5) By using compound 5 (470 mg, 1.24 mmol), the reaction

was carried out in the same manner as in the preparation of

compound 6 of Example 1 to give compound 6 (91 mg, 20.5 %).
20 MS-ESI (m/z): 333/335 ([M-Nal’)

Example 4
Cl
Br COoH Br CO-Me //
== — S CO-Me
—_— —_— _
S\ N R
1 2 S\ 3
CI ¢ )
N 5 / CO,Me S CO5Na
5 / CO,Me T d
S
— S - 7
S\
Br 4
5 6

OMe OMe



Cl Br CO2H Br CO2Me W S CO2Me s /1 S,7 2 s 3 Cl ClL C S (3fEBRYARYRQA7
CO2Me S SS56 Ow Ow 13 FEBRUARY 2007 50 (1) A suspension of conpound 1
(25.6 g, 116 mmol : Tetra- hedron, 2000, 56, 7205), iodonethane (11.0 m,
0.177 mol) and pot assi um carbonate (249 g, 0.174 mol) was stirred at
room tenperature overnight. The reaction m xture was 5 poured into water,
extracted with ethyl acetate, washed w th brine, dried over anhydrous
magnesi um sul¥atPe saRberfs iane radd ccmr@tmd tlr 25 \fa g c I miak e TR 1 he

residue wasipdd,| ey, Sid, e q@damtq{ymlqgroamy (hexanaimo18t hy!
acetate=20/1) to dive conpound 2 2'3 17 g,

Ur% 10 an oi Ilyﬁjbstance
MSAPCI (ml z 2RO ROt iyvadhenate) ?éyouﬁrné) S 2 was
and 5- chloer2m1RMm@aﬁd&dﬂénﬂwéﬁﬂﬂghd7'fﬁbgrea&tionnmi&tuféewaeact|on was

15 carri dout |nt sa manner asmth aratlo f co un 3 of
Exanpl e 66%5’ L‘f%g:eg (S5 e l'gsee% a\cye S5t ance. - VBAPCI
(mz): 273/ Znﬁ&l( [tManﬂe /) dZﬁe(cB)ovE;r muhygirmrmmamlﬁl(tﬁn Gstgl,faﬁ:d)h]ndnml ) and
brom ne 0111:111 r d t ég hg sane
manner as |nét7‘Lh pre aration o a%%ﬁ”p%%ndéﬁg&?%tg& éﬁ& S

was purified by silica gel column chromatography (hexane/

ethyl acetate=20/1) to give compound 2 (23.17 g, 85.1 %) as

10 an oily substance.
MS-APCI (m/z): 252/254 ([M+NH,]%)

(2) By using compound 2 (3.0 g, 12.8 mmol) and 5-chloro-2-

thienyl (tributyl) tin (7.80 g, 19.1 mmol), the reaction was
15 carried out in the same manner as in the preparation of

compound 3 of Example 2 to give compound 3 (3.09 g, 88.8 %)

as an oily substance.

MS-APCI (m/z): 273/275 (I[M+H]")

20 (3) By using compound 3 (3.0 g, 0.011 mmol) and bromine
(0.57 ml, 0.011 mmol), the reaction was carried out in the
same manner as in the preparation of compound 4 of Example
2 to give compound 4 (3.62 g, 93.6 %) as an oily substance.
MS-APCI (m/z): 352/354 (I[M+H]Y)

25
(4) By using 4-methoxyphenyl boric acid (325 mg, 2.1 mmol)
and compound 4 (500 mg, 1.4 mmol), the reaction was carried
out in the same manner as in the preparation of compound 5
of Example 2 to give compound 5 (405 mg, 75.1 %) as an oily

30 substance.

MS-APCI (m/z): 379/381 ([M+H]")

(5) By using compound 5 (345 mg, 0.91 mmol), the reaction

was carried out in the same manner as in the preparation of
35 compound 6 of Example 1 to give compound 6 (239 mg).

MS-ESI (m/z): 363/365 ([M-Na]*)



2 to give conpound 4 (3.62 g, 93.6 % as an oily substance. WEEBBUARY/2097
352/354 ([M+H]') 25 (4) By using 4-nethoxyphenyl boric acid (325 ng, 2.1
mmol) and conpound 4 (500 ng, 1.4 nmol), the reaction was carried out in
the sanme manner as in the preparation of 5éonpound 5 of Exanple 2 to give
conpound 5 (405 ng, 75.1 %9 as an oily 30 substance. MSAPCI (mfz): 379/381
([ MtH] +) (5) By using conmpound 5 (345 ng, 0.91 mmol), the reaction was
carried out Exammheessdne@ntrmer as in the preparation of 35 conpound 6 of
Exanple 1 to give conpound 6 (239 ng). MSESI (nfz): 363/365 ([ M Na]4) 13
FEBRUARY 2007 51 Exanples 5 anfl [/ C2Y OS In the sane manner as
in Exanple 2, the above-nentioned ester and carboxylic acid sodium
salt were 5 synthesized. Conpound ( Eaxpl e 5; MBAPCI (m z):
403/405 ( [M+H ') 10 Conpound (Y=Na) o nple 6: MSESI (mfz): 373/375
([M Na]') Exanples 7 and 8 CI S CQ2Y

In the same manner as in Example 2, the above-mentioned
ethyl ester and carboxylic acid sodium salt were

5 synthesized.

Compound (Y=ethyl) of Example 5: MS-APCI (m/z): 403/405
( [M+H] ")

10 Compound (Y=Na) of Example 6: MS-ESI (m/z): 373/375 ([M-
Nal™)

Examples 7 and 8

15 1In the same manner as in Example 2, the above-mentioned

ethyl ester and carboxylic acid sodium sgalt were



15 I n the sane manner as in Exanple 2,
carboxylic acid sodiumsalt were 13 FEBRUARY 2007 52 synthesi zed.
(Y=ethyl) of Exanple 7: Ms-APC

(mz):

t he above-nenti oned

403/ 405

( [MH

et3THBRUARY, 2087 d
Conpound
+) 5 Conpound (Y=Na)

of Exanple 8 MS-ESI (mfz): 329/331 ([MR&- 002] +) Exanples 9 to 16 10 In

the sane manner as in Exanple 3,
synthesized. d S Q2Y S R3 15 Exanpl
381/ 383 [ MrHynthERdzaed 307/ 309 [ M Na- CQ2] - 10 4-fl uor opheny

t hyl , 409/ 41 + (APCl)
§%}CI 14 &)@t%nyl et hyl

Na 319/321 [ M Na- CC2] -

2- benzo[ b] t hi enyl

393/ 395 [ M-H mM+EAPT )

et hyl

335/ 357 | M NPTEERRS 10 PSRRI T A e N

16 4- et hoxyphenyl

419/ 421 [ MkH] + (APCI)

conpounds of Exanples 9

to 16 were

R3Y M5 e 9 4-fluorophenyl ethyl
Na (ESI) 11
12 2-benzo[ b]thienyl Na

5
Compound (Y=Na) of Example 8: MS-ESI (m/z): 329/331 ([M-Na-
CO21%)
Examples 9 to 16
10
In the same manner as in Example 3, compounds of Examples 9
to 16 were synthesized.
CI A
S [ CO,Y
S
R3
15
Exampl R? Y MS
e
9 4 -fluorophenyl ethyl 381/383 [M+H]* (APCI)
10 4-fluorophenyl Na 307/309 [M-Na-CO;]"
(ESI)
11 2-benzo [b]thienyl | ethyl 419/421 [M+H]* (APCI)
12 2-benzo [blthienyl | Na 345/347 [M-Na-CO,]"
(ESI)
13 4-methylthiophenyl| ethyl 409/411 [M+H]* (APCI)
14 4-methylthiophenyl Na 335/337(;ggﬁa—coﬂ‘
15 4 -methoxyphenyl ethyl 393/395 [M+H]* (APCI)
16 4 -methoxyphenyl Na 319/321(;§;Fa—coﬂ

Examples 17 to 26



(ESI) Exanples 17 to 26 13 FEBRUARY 2007 53 In the sane nmannds FEBRUARY 2007
Exanpl e 4, conpounds of Exanples 17 to 26 were synthesized. C S CQ2Y S R3
Exampl R, Y M5 e 17 4-fluorophenyl nethyl 367/369 [M:tH' (APCI) 18
4-fluorophenyl Na 351/353 [MNa]- (ESI) 36-dinmethylam no-3- nethyl 393/395
[ MtH " 19 pyridyl (APC) 6-dinmethyl am no-3- 377/379 [MNa]- 20 pyridyl Na
(ESI) 2-dinethyl am no-5- 394/396 [ M+Hl + 21 pyrim dinyl nethyl (APCl)

2- di net hyl anfhotBe S¥me 3BanNer Nag P2 Byanpd el fy| CREPPESIS op3Examples
2-benzo[ b] t hi enyd pEthyle 400hERLs bkl (APCI) 24 2-benzo[b]thienyl Na
389/391 [MNa]- (ESI) 25 4-nmethylthiophenyl nethyl 395/397 [ MtH ' (APCl)
26 4-met hyl t hi ophenyl Na 379/381 [MNa]- (ESI) Exanple 27 CL 0 SO O S
CHO + -~ / 2 3 13 FEBRUARY 2007 ¢J Vi

S\ A
R3
5
Exampl R? Y MS
e
17 4-fluorophenyl methyl |367/369 [M+H]* (APCI)
18 4-fluorophenyl Na 351/353 [M-Nal~ (ESI)
6-dimethylamino-3- 393/395 [M+H]*
19 pyridyl methyl (APCI)
20 6-dimethylamino-3- 377/379 [M-Na]~
pyridyl Na (ESI)
2-dimethylamino-5- 394/396 [M+H]"
21 pyrimidinyl methyl (APCI)
- 2-dimethylamino-5- 378/380 [M-Nal]~
pyrimidinyl Na (ESI)
23 2-benzo[b]l thienyl methyl |405/407 [M+H]" (APCI)
24 2-benzo [b] thienyl Na 389/391 [M-Na]~ (ESI)
25 4-methylthiophenyl | methyl |395/397 [M+H]' (APCI)
26 4-methylthiophenyl Na 379/381 [M-Nal]~ (ESI)
Example 27




54 NO2 or" h \ I-NCI CO2Me CI C S CO2Me S CO2Na O NH S SI¥FEBRUARYI200To
a solution of conmpound 1 (1.76 g, 12 mmmol) and conpound 2 (1.76 g, 10 mmol)
di ssolved in ethanol (20 m) was added an aqueous sol ution of potassium
hydroxide (1.12 5 g, 20 mmol) (1.1 m). Fke mixture was stirred at room
tenperature overni ght, and water was added to the m xture and precipitates
were collected by filtration. The pre- cipitates were washed with water,

di ssolved in et Ne- THF, an Idr ed over anhydrgus gnesi um sul f ate.
10 Activated & adcieaet 0 t and t [ ure was
filtered and the Sllt ate Wwas concentr @ Thecogge due § trijupatpgd from

ethyl acetate-isopropyl gyher to glvehco ! MSAPCI
.(mz): 305/307 ([ MtH" 15 (2) A solutiog
0 2 mol ), met byl 3-nitfroacrylate (200 ny

Tetrahedron Lett., (1998)) and co Jound 3 (305 nmg, nol )

di ssolved in THE (10 ) Was stirred at 20 #vomtenperature gyernight. To

the reaction m xture wa added 10% hydroc | orf ¢ aci d, \ ¥ xture was

extracted wth ethyl @ te. The organic)=seyer was washed brine,
trat- ed und d

dried over anhydrous sb®d sul fate, and @ 5
pressure. The residue was pﬂrlfled by 25 N ga gel colum
(chlorof orm(e]:[)hy'Illo %Ces:[oafuet_ion of compound 1 (1.76 g, 12 mmol) and
compound 2 (1.76 g, 10 mmol) dissolved in ethanol (20 ml)
was added an aqueous solution of potassium hydroxide (1.12
5 g, 20 mmol) (1.1 ml). The mixture was stirred at room
temperature overnight, and water was added to the mixture
and precipitates were collected by filtration. The pre-
cipitates were washed with water, dissolved in ethyl
acetate-THF, and dried over anhydrous magnesium sulfate.
10 Activated charcoal was added to the extract, and the
mixture was filtered and the filtrate was concentrated.
The residue was triturated from ethyl acetate-isopropyl
ether to give compound 3 (2.36 g, 77 %).
MS-APCI (m/z): 305/307 ([M+H]")
15
(2) A solution of potassium t-butoxide (22 mg, 0.2 mmol),
methyl 3-nitroacrylate (200 mg, 1.5 mmol: A. Rodriguez et
al., Tetrahedron Lett., 39, 8563 (1998)) and compound 3
(305 mg, 1 mmol) dissolved in THF (10 ml) was stirred at
20 room temperature overnight. To the reaction mixture was
added 10% hydrochloric acid, and the mixture was extracted
with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, and concentrat-
ed under reduced pressure. The residue was purified by
25 silica gel column chromatography (chloroform/ethyl acetate=
50/1) to give compound 4 (312 mg, 71.2 %) as powder.
MS-APCI (m/z): 438/440 ([M+H]")



50/ 1) to give conpound 4 (312 ng, 71.2 %9 as powder. NSAPCH (8FEBRUARS20070
([ MtH] ") 13 FEBRUARY 2007 55 (3) To a solution of conmpound 4 (700 ng, 1.6
mol ) and di phenyldisulfide (1.05 g, 4.81 mmol) dissolved in THE was added
tri-n-butyl phosphine (2.4 m, 9.64 mvl) ¥ room tenperature, and the

m xture was refluxed under heating for 5 2 hours. The reaction m xture was
concentrated and puri- fied by silica gel columm chromatography (chl oroform
hexane=1/1 943) To gi seluvbhpound Sofgdundys $B00)mgNSAPE! mpat ¥) and@88/ 390

([MH") 10 f4) h@){?ﬁéh%lﬂﬁ@o‘éﬂdﬁ gt hg, ég‘;@ﬁlb?f‘ &’i‘és&%é&e@'noﬁ‘hﬁ" Bast he

sane nmanner as .In reparat]on fT?O to give

conpound 6. Regsd Fﬁf-z? bUBYéPB?QP{l[LN‘# mip Exﬁf‘rp!“@ggé et Keomo Ve

gogNSZ a / l:e efathire, CERNBthEOn(kt Bue MidsOrdf1tkell GREVE Kbabif§PELrCO2ME

5 (1) ,To a sol.ution of diisopropylamn 3. 68 135 nmol )
i ssol ved i n? TFE‘JF%OO)TM% e T Dy ol CRP T E s i Hiibidng. | Bo
m, 135 mmvl fiaddby diyicaegatetohemnoohrogatography (chloroform/
hexane=1/1 9/1) to give compound 5 (340 mg, 55 %).

MS:APCI (m/z): 388/390 ([M+H]™)

10 (4) By using compound 5, the reaction was carried out in
the same manner as in the preparation of compound 6 of
Example 1 to give compound 6.

MS-ESI (m/z): 372/374 ([M-Nal?’)

15 Example 28
COgMe

COzMe

|
o~ | N COzMe
S CO,Me

1 OSi(t-Bu)Me;

CO;Me
CO,Me COH
—_— —

(1) To a solution of dllsopropylamlne (13.68 g, 135 mmol)
dissolved in THF (600 ml) was added n-butyl lithium (1.56 M

in Hexane, 85 ml, 135 mmol) under dry ice-acetone cooling,



13 FEBRUARY 2007 56 and a solution of conpound 1 (38 g, 134 WRHEBRUARY200Ved
in THE (50 m) was added to the m xture. The resulting mxture was stirred
at the same tenperature for 25 mnutes, and then, a solution of conpound 2
(17 m) dissolved in THE5 (20 m) was af@ifled to the mixture. The tenperature
of the reaction mxture was returned to roomtenperature and the mxture
was further stirred for 3.5 hours. After adding a saturated aqueous

anmoni um chl3®td de solutian b eemrowedtd ofP&ist k¥ wrel) Bdigsehediddt ure

was extract ey {4y i) GidW|adfed A& cHhMBIAMYE C TR¥CEe¥Rstdhyed over
anhydrous sodiumsulfate and filtered, and the filtrate_was_concen- trated.

The resi due WS BT SE I SHRY 798 3T HEMRAFLHT i Armbmi THIYE SR i de
(THF sol uti cand 13 )a weslutadsie o f ccdigowal Wt | (7 anld) tdiess@bedd | ivg THKE ur e

was stirred far, an hou t reaction m r d eous
sat ur at ed soézls% rﬁ%t)i c“ée?’%oanéqeed-rgto? B?elll%nqu%uerer 'esﬁ#‘%i %I\{\]ﬁ]gﬁggflgrgeg\?vagﬂgxt racted
with ethyl acsacttinn amdkturree exds acttwased dro ecbaw crenpiyatwies sodli the

sulfate. Aftaffidd \idd Flrdiier dd11rad erdiiss GONEANY al g coandalibfgl gsi due
was purified by si11ca gel col unm chromatography (hexanel ethyi acetate=
5/1) to gi ves&iorphat aszl{q%%aar@;pomssmia.cmmpe?e (FREtiomosp ke ([ MrNH4] )
(2) Conpoundrehdtlfteh MehxtiRd, IR ) raas] i rkp thvedurtd) weet beradded Swidy, and
pot assi um car bt%gfte (106 ng,, 0. 77 nmml ) _and 4- flgor,o henacyl Br m de (260
mg, 2. 4 Mol SEHEr ASRidE® 1 oTPReCTIBRUET LAYSRAWRRIFLSHI PYRY AT VAFeUSias

stirred overgvdium sulfateanid ofi Medted 2 avad tdoh cil tt vd esl, wad dedieem - wat er
was added to the.resjdue and the_m xture,was ext t i £ h,30,et hyl
T Faatne frenabrrasvedng BBFedsleb lnnsf

acet at e. Thetre%{t(?%'ct ried over rous sodi um
sul fate. Afteertfabutnatdamomnivre f¥udride o THE solhceimn atE3 mhd wd® resi due

was purifiexg&a%d to the solution and the resulting mixture was stirred

15 for an hour. To the reaction mixture was added an agqueous
saturated sodium bicarbonate solution, the resulting mix-
ture was extracted with ethyl acetate, and the extract was
dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated, and the residue was purified by

20 silica gel column chromatography (hexane/ethyl acetate=
5/1) to give compound 3 (18.53 g, 48%).
MS-APCI (m/z): 308/310 ([M+NH,]")

(2) Compound 3 (148 mg, 0.51 mmol) was dissolved in acetone

25 (5 ml), and potassium carbonate (106 mg, 0.77 mmol) and 4-
fluorophenacyl bromide (260 mg, 2.4 mmol) were added to the
solution and the resulting mixture was stirred overnight.
The reaction mixture was concentrated, and then, water was
added to the residue and the mixture was extracted with

30 ethyl acetate. The extract was washed with brine, and
dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated, and the residue was purified by
silica gel column chromatography to give compound 4 (163
mg, 75%).

35 MS-APCI (m/z): 427/429 ([M+H]")



silica gel colum chromatography to give conpound 4 (163 ng, 1¥/EBBRUARY 2007
MB- APCl (m z): 427/429 ([ MtH]') 13 FEBRUARY 2007 57 (3) Conmpound 4 (83.1
ng, 0.195 mmol) was dissolved in acetic acid (2 m), and conc. hydrochloric
acid (0.5 m) and water (0.5 nm) were afded to the solution. The mi xture
was refluxed under heating for 6 hours, and then, water was 5 added to the
m xture and the resulting mxture was extract- ed wwth ethyl acetate. The

organi ¢ | ayef3weSonpedrd 4 {33 - bride, 0 kP dimel) ovas @i ved LBdi um

sul fate. Actdvatfd a&hdr cpahl Wasaddeshd 0 K-St T &€ ¢ adeli & heo Mg xhiy € was

filtered, and the filtrate s concentrated tq give 10 conpound $ (48 ng, 73
0. vees (S aremel G TR F9RTha e RHER G | fhgnaixtize

above- ment i omesl FENRted , undonmeeHtinf £ dx B h@sSr29 40d 62have) ewstyedt hess zed.
411 vor oherSi ISt 11 1o du s hg o PR S SRR T 1EE O
291/ 293 [ M «€O¥itK ESihyBladehimet hYhanpngaBiet hgyed 88&/ 888hpNkwith( APCI)
brine, and dried over anhydrous sodium sulfate. Activated
charcoal was added to the extract and the mixture was
filtered, and the filtrate was concentrated to give
10 compound 5 (48 mg, 73 %).

MS-ESI (m/z): 335/337 ([M-H]")

In the same manner as in the above-mentioned Examples,
compounds of Examples 29 to 62 were synthesized.
15



pyridyl 6-dinmethylam no-3- 317/319 [M Na- 32 pyridyl Na 0 COQ3 REHBRUARY3X07
6- di net hyl am no-3- ethyl S 407/409 [MtH' (APCI) pyridyl 6-di nethyl am no- 3-
333/335 [MNa- 34 pyridyl Na 5 COQ (ESI) 35 2-dinethylam no-5- ethyl

392/ 394 [MtH' (APCl) pyrimdinyl 2-dine8hyl am no-5- 318/ 320 [ M Na- 36
pyrimdinyl Na 0 COO - (ESI) 37 2-dinethylamno-5- ethyl S 408/410 [ M+H]'
(APCI) pyrimdinyl 2-dinmethylam no-5- 334/336 [MNa- 38 pyrimdinyl Na S
COJ - (ESI) 39 4-nmethylthi ophengl 0 393/395 [M+tH' (APClI) Na- 40

4- et hyl t hi ophenyl Na 0 319/321 [ (ESI') 41 4-net hoxyphenyl et hyl

377/ 379 [ MH]

( APCI )
FEBRUARY 2007 59 RL R2 S Exam
Na salt 249[ M Na- 000] -

303/ 305 [ M

(ESI) 44 4-chlor

henyl
M5 p 43 phenyl

Na 0 COQ -

phenyl 2Na+H]- (ESI) -
R3
Exampl R3 Y Z MS
e
29 4 -fluorophenyl ethyl O |365/367 [M+H]' (APCI)
291/293 [M-Na-
30 4-fluorophenyl Na o coo]”~ (ESI)
6-dimethylamino-3- . +
31 pyridyl ethyl O |391/393 [M+H]* (APCI)
6-dimethylamino-3- N o 317/319 [M-Na-
32 pyridyl a coo]” (ESI)
6-dimethylamino-3- .
33 pyridyl ethyl S |407/409 [M+H]* (APCI)
6-dimethylamino-3- 333/335 [M-Na-
34 . Na S -
pyridyl COO]~ (ESI)
2-dimethylamino-5- +
35 pyrimidinyl ethyl O |[392/394 [M+H]* (APCI)
36 2-dimethylamino-5- N o 318/320 [M-Na-
pyrimidinyl a COO] " (ESI)
2-dimethylamino-5- . .
37 pyrimidinyl ethyl S 1408/410 [M+H]" (APCI)
38 2-dimethylamino-5- N s 334/336 [M-Na-
pyrimidinyl a COO0]~ (ESI)
39 4-methylthiophenyl | ethyl O |393/395 [M+H]" (APCI)
. 319/321 [M-Na-
40 4 -methylthiophenyl Na o co0]~ (ESI)
41 4 -methoxyphenyl ethyl O 1377/379 [M+H]* (APCI)
3 30 -Na-
42 4-methoxyphenyl Na o 03/305 [M-Na

CO0] "~ (ESI)

(ESI') 13
car boxynet hyl
Na salt 655/ 657[ 2M



45 3-pyridyl carboxynmethyl Na salt 250 M Na(ESI-)COJ 46 5-chlbrEBRUARY 2007
1-carboxy-1- Na salt 363/365[M thienyl nethylethyl Na+2H' (APC) 47
3-thienyl carboxynmethyl Na salt 621[2M Na] (ESI) 48 3-pyridyl Ethyl

chl oroi de 266] MrH]' (APClI) 5-chloro-2- &&rbanoyl- 334/336[ MtH]' 49 t hi enyl
met hyl (APCI) 50 5-chloro-2- 348/ 350 MtH]' thienyl carbanmoyl- (APCl)

nmet hyl 5-chloro-2- N, N-di nethyl- 362/364] MtH]! 51 thi enyl carbanoyl- (APCl)
met hyl 52 5-chl oro-2- hydroxy- 350/ 35R M+H] 'R? t hi enyl carbanoyl - (APCl)

met hyl 53 5-chl oro-2- nethoxy- 364/ 366[\VitH]| t hi enyl carbanmoyl - (APCl)

met hyl 13 FEBRUARY 2007 60 CI S C02Y Exampl R3 Y M5 e 54 phenyl
et hyl 347/349[ M+tH' (APCI) 55 phenyl 31%/ 319 M Na] - (ESI) 56
4-fl uorophenyl Na 335/337[ M Na] (ESI) di net hyl am no- 3- et hyl
391/ 393[ MtH] ' (APCI)  pyri dyl
F
A
Exam- R* R? salt MS
ple
43 phenyl carboxymethyl | Na salt 249[%;2;3COO]
4-chloro- 655/657 [2M-
44 phenyl carboxymethyl | Na salt INa+H] - (ESI)

45 3-pyridyl | carboxymethyl | Na salt 250 [M-Na-C00]

(ESI)
5-chloro-2-| l-carboxy-1- 363/365[M-
4 1t
6 thienyl methylethyl | 1@ 52 Na+2H]* (APCI)
47 3-thienyl | carboxymethyl | Na salt 621{;g£?a]

. hydro- +
4 - 1 M
8 3-pyridyl Ethy chloride 266 [M+H]* (APCI)
49 5-chloro-2- carbamoyl - 334/336 [M+H]*
thienyl methyl (APCI)
5o |5-chloro-2- iigﬁziggi 348/350 [M+H]*
thi 1 i
ieny methyl (APCI)
51 |5-chloro-2- N;ﬂ;i;gi;gfl' 362/364 [M+H]*
thi 1 h AP
Leny methyl (APCI)
55 |5-chloro-2- Cg¥§§§§§£ 350/352 [M+H]*
thi 1 B
ieny methyl (APCI)
53 |5-chloro-2- meghoxyi_ 364/366 [M+H]*
thienyl carbamoy (APCI)

methyl




58 6-di met hyl ami no-3- Na 361/363[MNa]- (ESI) pyridyl 59 2-dI:EBRUARY 20875-
ethyl 392/ 394 M+H * (APClI) pyrimdinyl 60 2-dinethylam no-5- Na

362/ 364 M Na]- (ESI) pyrimdinyl 61 4-nethoxyphenyl ethyl 377/ 379 MitH]'
(APCl) 62 4-nethoxyphenyl Na 347/349] @] - (ESI) Exanple 63 C // |
CRCH2CH=CH2 cl | CO2H C s CO2CH2CH=CH2 S CO2H OO0 0 -~ O-~HN\ F1F2
F 3 5 (1) By using conmpound 1 synthesized in the same manner as in Exanple
28 except for using diallyl nalGl pl ace of conpound 2 in Exanple 28,
to a solution of conpound 1 (48 0/10 mol ) dissolved in THE (2 m) were
added tetrakis 10 (tri phenyl phosphi pal | get+-@®4{12 ng, 0.01 mol) and 13
FEBRUARY 2007 61 norpholine (0.026 nm) under argon at nosphere, the

m xture was stirred at roomtenperatur night. To the reaction m xture
was added an aqueous citric acid solutpon, pthe resulting m xture was
extracted with ethyl acetate, and 5 the gani c | ayer was washed with brine
and dried over anhydrous sodium sul fate.| After evaporation of the solvent,
the residue was purified by silica gel cglaumm chronmat o- graphy

(chl or of or m nmet hanol =100: 0 95:5) to give conpound 2 (35 ng, 99 %. 10 MSESI
(mz): 353/355 (MH)

Exampl R? Y MS
e
54 phenyl ethyl | 347/349[M+H]"* (APCI)
55 phenyl Na 317/319 [M-Na]~ (ESI)
56 4-fluorophenyl Na 335/337[M-Na]~ (ESI)
57 6-dimethylamino-3- | i1 | 391/393 [M+H]* (APCI)
pyridyl
58 6-dimethylamino-3- Na | 361/363[M-Nal~ (ESI)
pyridyl
59 2-dimethylamino-5- | i po7 | 392/394 [M+H]* (APCI)
pyrimidinyl
60 2-dimethylamino-5- Na 362/364 [M-Na]~ (ESI)
pyrimidinyl
61 4 -methoxyphenyl ethyl | 377/379 [M+H]"* (APCI)
62 4 -methoxyphenyl Na 347/349 [M-Na]~ (ESI)
Example 63
c— | COCHCH=CH, o | CO,H cl //
S CO,CH,CH=CH, S S COzH
(o} O -
o > o > HN P
F 1 F 2 F 3

(1) By using compound 1 synthesized in the same manner as
in Example 28 except for using diallyl malonate in place of
compound 2 in Example 28, to a solution of compound 1 (48
mg, 0.10 mmol) dissolved in THF (2 ml) were added tetrakis-
10 (triphenylphosphine) palladium (12 mg, 0.01 mmol) and



(2) A nmixture of conpound 2 (209 ng, 0.59 mml) and ammoni unEEERHARY( 2000
ng, 12 mmol) was stirred at 120C for 30 mnutes. After cooling the reaction
m xture, water was 15 added to the residue and the m xture was extracted
with ethyl acetate. The organic |ayer Wds washed with brine, dried over
anhydrous sodium sulfate, and then, treated with activated charcoal. After
evaporation of the solvent, the residue_was purified by silica gel colum

chr omat ogr apAYPRDL iR 6F 0P 9f njili o JRYUREPHORFICR 2UDASKBSrsaofhe NVBESI
(mz): 334/ @3%taMe WEi@gFQﬁ?Q%3at\ﬁ§oérheﬁér&§eﬂt@r§Ogirelﬁhﬂggboxﬁﬁg tihe Ithe
same nanner _as._in Exanpl e t ive a correspondi ng sodi.um .salt.
VBESI (i 2 FeaSul PRy REFEUES atioh o994 5 raknot Db L e 8 opHaE SE §
C2H O 0 HBle Ne€s@l Fidg hixExaepwas 68x{R2ictdy whtimgeshgdl atevatef and

nmet hyl amd ne i { t o] _] I gggn i cefka the sane
reactiogganﬁh?r§§§%%§€ %ggg%aﬁggega%% gtgfg?gér co%%%ﬂ%ggg& kgEESI (mz):
348/ 350 (M aphydnpesindodivwmssuléated Mifiters mitapperatimixi @ thet Aelvant,

manner as i phEXAER! fud @8 bOrPEYEd A¢ o5 { EEPLNGE NOcSPGH TenEomasbl . MBES!
(mz): 348/350 [MNa] In the same manner as in the above-nentioned Exanpl es,

conpounds oBrERAYp(eslerofarmeBe Worrokyhe hiedi z&$ :5) to give compound
2 (35 mg, 99 %).

10 MS-ESI (m/z): 353/355 (M-H)

(2) A mixture of compound 2 (209 mg, 0.59 mmol) and
ammonium acetate (910 mg, 12 mmol) was stirred at 120°C for
30 minutes. After cooling the reaction mixture, water was
15 added to the residue and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine,
dried over anhydrous sodium sulfate, and then, treated with
activated charcoal. After evaporation of the solvent, the
residue was purified by silica gel column chromatography
20 (chloroform) to give compound 3 (104 mg, 53%).
MS-ESI (m/z): 334/336 (M-H)

Compound 3 was treated with sodium methoxide in the same

manner as in Example 1(5) to give a corresponding sodium
25 salt.

MS-ESI (m/z): 334 [M-Na]~

Example 64



Cl S C02Y R4/N 15 R3 Exanmple R3 Y R4 M5 65 phenyl Na H 31613FEBRUARN3007
(ESI) 66 2-benzo[b]Jthienyl Na H 372/374 [MNa]- (ESI) Reference exanple 1
13 FEBRUARY 2007 63 Br (HO26 I / N N(Me)2 N N(Me)206-1C1  To a solution of
5- br ono- 2- di net hyl am nopyrimdine (2.0 § 9.9 mol: Bull. Chem Soc. Jpn.,
72, 2523 (1999)) dissolved in THE (25 m) was added 1.56 M of n-butyl

I|th| um (hexane 5 solution, 7.0 nl, 10.9 nml) under cooling with a dry ice-
acetone bath. After st} ng theqsg yture for 40 iAUtes, a solution of
triisopropyl borat€T% A5 i) dissol ved THE (6 M) was added to
t he reaction m xture. ' & ] to room
tenperature, 10 hydrochlo acid was added to t and then the

re,
: '~ ol -diethyl ether to

gi ve 2-di met hyl am no- S-pyrigidin- ylboric acid hygec #ide (2.26 g). 15

t he preparation of

In the sane manner Q_t he above-nenti oned
, conpound nenti onedw can be further

conpound of Exanples 21 and
Exanpl es and Reference exa
20 synthesized. G S/ CQzY

F 1 F 2
In Example 63 (2), by using a solution of methylamine
dissolved in methanol in place of ammonium acetate, the
same reaction and treatment was carried out to give
5 compound 2.
MS-ESI (m/z): 348/350 (M-H)

Compound 2 was treated with sodium methoxide in the same

manner as in Example 1 (5) to give a corresponding sodium
10 salt.

MS-ESI (m/z): 348/350 [M-Na]~

In the same manner as in the above-mentioned Examples,

compounds of Examples 65 and 66 were synthesized.

CI A
S / CO,Y
N
RTINS
15 R®
Example R? Y R* MS
316/318 [M-Na]~
65 h 1
pheny Na H (EST)
66 2-benzo[b] thienyl Na H 372/3?;S£?-Na]

Reference example 1



OR3 Preferabl 3 e exanple RY 1 4-fluorophenyl ethyl 25 13FEBRYARNRP07
2007 64 CIl SEt OR3 Preferabl 3 e exanple 2 phenyl 3 4-nethoxyphenyl
4 2-benzo[blthienyl C C®RY g V,NRa a R35 Preferabl R3 Y R4 e
exanpl e 5 phenyl ethyl H 6 phenyl Na H637 phenyl Na nethyl 8 phenyl Na
met hyl 9 4-fluorophenyl ethyl H

Br Ny (HO),B Ny
L — XL

N(Me), N(Me),0EHCI

To a solution of 5-bromo-2-dimethylaminopyrimidine (2.0 g,
9.9 mmol: Bull. Chem. Soc. Jpn., 72, 2523 (1999)) dissolved
in THF (25 ml) was added 1.56 M of n-butyl lithium (hexane

5 solution, 7.0 ml, 10.9 mmol) under cooling with a dry ice-
acetone bath. After stirring the mixture for 40 minutes, a
solution of triisopropyl borate (3.5 ml, 0.15 ml) dissolved
in THF (6 ml) was added to the reaction mixture. The
temperature of the mixture was raised to room temperature,

10 hydrochloric acid was added to the mixture, and then the
solvent was removed. The residue was triturated by
methanol -diethyl ether to give 2-dimethylamino-5-pyrimidin-
ylboric acid hydrochloride (2.26 g).

15 The compound obtained in Reference example 1 was used in

the preparation of compound of Examples 21 and 22.

In the same manner as in the above-mentioned Examples and
Reference examples, compound mentioned below can be further

20 synthesized.

CI A
S / CO5Y
o P
R3
Preferabl 3
e example R ¥
1 4-fluorophenyl ethyl

25



10 4-fluorophenyl Na H 11 6-dinethyl am no-3- ethyl H pyridyl3 FEBRUARY 2007
6-di nethyl am no-3- Na H pyridyl 13 2-di nethylam no-5- ethyl H pyrimdinyl
14 2-di net hyl ami no-5- Na H pyrimdinyl 13 FEBRUARY 2007 65 15

2-benzo[ b]thienyl ethyl H 16 4-nethylt®fophenyl ethyl H 17

4- et hyl t hi ophenyl Na H 18 4-net hoxyphenyl ethyl H 19 4-nmet hoxyphenyl Na H
Cl gCRY Ra/ NR3 Preferabl R3 Y R4 e exanple 20 phenyl ethyl H 21

phenyl Na nmethyl 22 4-fl uorophen@l H 23 6-di nmet hyl am no-3- ethyl H
pyridyl 24 6-dinmethylam no-3- Na H Ppyridgyl 25 2-di net hylam no-5- ethyl H
pyri m di nyl S Et
O A
R3
Preferabl R
e example
2 phenyl
3 4 -methoxyphenyl
4 2-benzo[b]thienyl
CI A
S / COyY
N
N R
R3
5
Preferabl R? e R4
e example
5 phenyl ethyl H
6 phenyl Na H
7 phenyl Na methyl
8 phenyl Na methyl
9 4-fluorophenyl ethyl H
10 4-fluorophenyl Na H
11 6-dimethxlam1no—3— ethyl H
pyridyl
12 6—d1methxlam1no—3— Na H
pyridyl
13 2—d1metbxl§m1no—5— ethyl H
pyrimidinyl
14 2—d1metbxl§m1no—5— Na H
pyrimidinyl




26 2-di met hyl am no-5- Na H pyri m di nyl
H 29 4-nethylthi ophenyl
Na H 13 FEBRUARY 2007 66 R1 CO2Na X R3
phenyl
2-di met hyl am no

4- met hyl t hi ophenyl
et hyl
Preferabl X Rl R3
3, 4-di fl uorophenyl
pyrimdin-5-yl 35 S 3

et hyl

H 31 4-nmet hoxyphenyl
e exanple 32 0 3, 4-dié5l uor ophenyl
34 0 3, 4-difluorophenyl

2-dimethvl am no-

phenyl

-difl uoraophenvl

33 S

yrimdin-5-yl

3, 4-di fl uor ophenyl54- net

hoxypbenyb[b$ih$eﬁyl-dif

27 2-benzo[ b]t hi enyl % FEBRUARY2007
Na H 30 4-net hoxyphenyl

36 0

fuetbﬁhenyf 4-Het hoxyphenyl

38 0 4-chlord-3- @Qeny|
40 0 4-chl or o=3-—2-di et
4-chl oro-3- 2-di néfhyl a

TTUpro : hiopheryar CN

I not fmetdnolHeinehery] ni di n- Nay|

or Qe By,1 PhENYT T uor ophenyl

4- met hoxyphenyl iéuorowhenyh_%étﬁoﬁyﬁﬁggyg-3- 4-nggﬁ9§yp enyly
19 4 -methoxyphenyl Na H
CI /A
R4/’N V4
R3
Preferabl R3 v R*
e example
20 phenyl ethyl H
21 phenyl Na methyl
22 4 -fluorophenyl ethyl H
23 6-dimethxlamino—3- ethyl H
pyridyl
24 6-d1methxlam1no-3- Na H
pyridyl
95 2-d1methxl§m1no—5— ethyl H
pyrimidinyl
26 2-d1methxla@1no—5— Na H
pyrimidinyl
27 2-benzo [b] thienyl ethyl H
28 4-methylthiophenyl ethyl H
29 4-methylthiophenyl Na H
30 4 -methoxyphenyl ethyl H
31 4 -methoxyphenyl Na H

N2 0 B-chl or o- 3-



fl uor ophenyl

3, 4-di fl uor ophenyl 4-fl uorophenyl
3, 4-di fl uorophenyl 4-fl uorophenyl
pyridin-5-yl 47 S 3, 4-difluorophenyl 2-8fmethylam no- pyridin-5-yl
3, 4-di fl uorophenyl 4-nmet hoxyphenyl
50 0 4-chl oro-3- 4-fluorophenyl

fl uor ophenyl
53 S 4-chloro-3- 2-
O 4-chl oro-3- 4-net hoxyphenyl
4- met hoxyphenyl fl uorophenyl
pot assi um i nduced contracti on of

4-f | uor ophenyl
pyri di n-5-yl

R CO2Na X R3 5 Preferabl X I

52

Exp

fl uor ophenyl
14-ch

fl ugropkenyl
ine al

nmet pyl am no- fl uor ophenyl
55 S 4-chl oro- 3-

exanple 1 Rel axation effect on

ol ated rabbit urinary bl adder Urinary

R R3 e exanpl €3££BRUARY 2007
13 FEBRUARY 2007 67 45 S
46 0 3, 4-difl uorophenyl

2- di met hyl am no-
48 0

49 S 3, 4-di fl uorophenyl 4-nethoxyphenyl
51 S 4-chl oro- 3-
©O3Na2- di met hyl am no fl uor ophenyl

pyridi n-5-yl 54

bl adder was isolated from Male NZWr abbits (body
RS
Preferabl X r! R3
e example
32 0 3,4-difluorophenyl phenyl
33 S 3,4-difluorophenyl phenyl
. 2-dimethylamino-
4 ,4- h D g

3 o) 3 difluorophenyl pyrimidin-5-yl
Y 2-dimethylamino-

35 S 3,4-difluorophenyl pyrimidin-5-yl

36 o) 3,4-difluorophenyl 4 -methoxyphenyl

37 S 3,4-difluorophenyl 4 -methoxyphenyl
4-chloro-3-

8 1

3 © fluorophenyl pheny

4-chloro-3-
S S

3 fluorophenyl phenyl

40 o 4-chloro-3- 2-dimethylamino-
fluorophenyl pyrimidin-5-yl

41 g 4-chloro-3- 2-dimethylamino-
fluorophenyl pyrimidin-5-yl
4-chloro-3-

42 o) - h h
fluorophenyl 4-methoxyphenyl
4-chloro-3-

43 S - h
fluorophenyl 4 -methoxyphenyl
R1 COzNa
X P

R3
5
Preferabl X r! R3
e example
44 o) 3,4-difluorophenyl 4 -fluorophenyl




wei ght: 2.0-3.5kg) and imersed in ice-cold Krebs-bicarbon- d8FEBRUARYZR0T i n
mvt 118 Nad, 4.7 KCl, 2.55 CaCl2, 1.18 10 MgSO41 1.18 KH2POX4, 24.88 NaHCO3
and 11.1 glucose) . The urinary bl adder _was cut into | ongi tudi nal strips (5
mm |ength, 3-4 mmw dth) after nucosal 67 ayer was renoved. Preparations
were mounted in organ baths containing 10 m 15 of Krebs sol ution maintained
at 37C and gassed wi-th-9504 02/ 506 .COR —AccoreHhe I\ o
stretched with af5 inifialStefss (ﬁr@f@@lO@?%}ith d éhﬁgg@§09hep¥émat ric

t ensi on wer € measur ed By force-di spl acenment transcugealmzagymga@abat|ons

were pre-contractéd by |chdhgi r@o‘%gj%%fld%ﬂlFPP

ASASACARACIERRAY L arrat I UIIJ \I\ICI C

Ut'BS}rb.BE.ﬁ BLgh-K (30

Krebs sol ut rom (vt Ii8—NgC— 47 KCt,—2-55C5 241 ¥ o-

KH2PO4, 24.88 134FEBRUARY 2007 3£E¥¢@ﬂ¥ﬁQ¥Qﬂhﬁqﬂlj gl §8§a n-5- r Stable
t ensi on was -ebtatred—gonpounds—were—added—into 'ga.r baths wuu. atd vel y
(10-8 M 10-4 M. 48he efffec®s § bf%cbrﬁabmmph@nél e*xpﬂr hepek cent age

of the maxi mum el axat/i on, pr ¢duc aqv ?.;15“’6-/ $0%
rel axation r‘nnr‘pf'lm ratiqgn (1C5Q) djrllngc rallljz% 1&4 and | (‘cn ﬁé’f 7Y nnn (M of
conpounds of theggresent i@vert|0n4w§§1°§ﬁoﬁn in the4f_thug%5gel\Z@I el wth

a rank of A, B or C. 10 These |r angebuerephanyent i dned bel ow.

C1 MB>0.5

AM>A Table 1 Exgrlrpl e ICSOSvaI ue 2-cBdompound 6) A 34(-99{{8988?1&&18 6 A 8

A 10 A 14 B fluorophenyl
52 0 4-chloro-3- 2-dimethylamino-
fluorophenyl pyridin-5-yl
53 g 4-chloro-3- 2-dimethylamino-
fluorophenyl pyridin-5-yl
4-chloro-3-
4-meth h 1
54 © fluorophenyl methoxypheny
4-chloro-3-
4 -methoxyphenyl
5> S fluorophenyl YP o

10

15

20

Experimental example 1

Relaxation effect on potassium-induced contraction of

isolated rabbit urinary bladder

Urinary bladder was isolated from Male NZW rabbits (body
weight: 2.0-3.5kg) and immersed in ice-cold Krebs-bicarbon-
ate solution (in mM: 118 NaCl, 4.7 KCl, 2.55 CaCl;, 1.18
MgsSO,, 1.18 KH,PO,, 24.88 NaHCO; and 11.1 glucose). The
urinary bladder was cut into longitudinal strips (5 mm

length, 3-4 mm width) after mucosal layer was removed.

Preparations were mounted in organ baths containing 10 ml
of Krebs solution maintained at 37°C and gassed with 95%
0./5% CO,. Accordingly, preparations were stretched with an
initial tension of 2.041.0 g, and changes in isometric
tension were measured by force-displacement transducer.

The preparations were pre-contracted by changing organ-bath
solution into high-K' (30 mM) Krebs solution (in mM: 118
NaCl, 4.7 KC1l, 2.55 CaCl,, 1.18 MgSO,, 1.18 KH,PO,, 24.88



16 C 26 A 15 Experinental exanple 2 Inhibitory effect on th#3 FEBRUARE2007
bl adder contractions induced by substance P in anesthetized rats 20 For the
experinments, Sprague-Dawl ey female rats (9 to 12 weeks old) wei ghing

bet ween 200 to 300 g were used. After ®%thane anesthetization

(subcut aneously adnministered with a dose of 1.2 g/kg), cannulae were placed
in both right and 25 left fenoral veins. One intravenous catheter was used
for adm ni ¥8FEPi andfllohpdiseland the other was for the substance P
(0.33 pg/kg/mn) infusion. W also cannulated into ureter to pass urine.

Pol yet hyl engrealhgt 8h$e WeERs 13n FRBRUSEYa 200 égmbﬂﬁﬁHEeQekathQéHOt'd

artery for continuous nonjtoring_of arteri al Qressure and heart rate.
For conti nudfgo Pﬁﬁﬁ@lBﬂthﬁr§H§HiéFHV§1Yblh@é@“ Eath t er ThEs §5f€StSed into

t he El attier ofhé@#@%quhbg wéeéhéﬁpaagséaedsl 8 péﬁ@enba%a 6f| tpat magimnmund t he
urethral ori e en er was attache essure
transducer Fﬁi8¥aE?OFoprﬂgH§E% gYnis VEEP@ BPVEFedSurfs. iﬂ¢% éﬁ end of the
cat het er waselisedtion coﬁuenbnabioaal[@g)lmhs tbéchﬂad@@randAﬂKEs

stabilizati Suge f I er was
enpti ed, cygg ﬁ%t?ggﬁas?ﬁﬁf 8E §H§OQ§$ #ﬁ%ﬁ?aégﬁ%gageéﬁgfkmﬁog Qgg about
0.6 m of sahowe. 1nA¢herfabbqwlmg ﬁﬁhbeet Wlhhrave&@hsofnﬁusBoﬂrp€.substance
P (0 3% porketdl phnyBs SEEr hEInLAE15had bézayion of the micturition

refl ex. Conpounds were adm nistered after 15 stable rhythm c bl adder
contraction was obtai ned over 313MaRrutd=B>A 15 ¢dafounds were di ssol ved or
suspended in

Table 1
Example ICso value
2 (Compound 6) A
3 (Compound 6) B
6 A
8 A
10 A
14 B
16 c
26 A
15
Experimental example 2
Inhibitory effect on the rhythmic bladder contractions
induced by substance P in anesthetized rats
20

For the experiments, Sprague-Dawley female rats (9 to 12
weeks 0ld) weighing between 200 to 300 g were used. After
urethane anesthetization (subcutaneously administered with
a dose of 1.2 g/kg), cannulae were placed in both right and
25 left femoral veins. One intravenous catheter was used for
administration of compounds, and the other was for the
substance P (0.33 pg/kg/min) infusion. We also cannulated

into ureter to pass urine. Polyethylene catheters were



sal i ne containing 0.5% Tween 80 for intravenous adni nistra- tNIdREBRUARY 2007
m/kg). The rhythm c contraction frequency and the intravesical pressure
wer e observed for 35 minutes 20 after adm nistration of the test conpound.
As a result, conpounds of the present iMffntion decreased the frequency of
bl adder rhythm c contraction without changing the anplitude of contraction.
Al so, we determined 25 a tine (mnute) during which the frequency of the
rhythm ¢ cépeereedonnbhadopeehidoapteryl fornaPpriBHCOBY BARLRPELBTI A 0. 25

g/ kg of COH?@éﬂﬂalAbiggabpﬂébbhkéoanalHBaleﬁaté) @bridvhéﬁ&ﬂﬁkﬁd
conpounds of % resent i nven T g§§$omn in the follow ng Table 2. 30 13
FEBRUARY 2067Tug} ?abFEaﬁsEfﬁﬁb 15 fhi 6REPRGSTi Was &HFﬁ% ¢ebfRpound
6) 13.1 3 (Ehépbnaddéi eHrdugh ﬁﬁe8uré8hi3 5nd36ié&48. 3n §8a28 By Active

i ngredi ents he pLesent ventl wed_r el ax fgct on 20mM
K - contﬁgcteag%r%ESrafg d kg % lflg%rogk qirlo oxin, a
sel ective Iaagbetennﬂastahteradctqnaapresaued Krehadneerbhncbgder APso in

Vi anl Bkt ne PLECAURRA SEEBLLOD. OlrnlO oibeel ARidE (hel® MUl ko,

i ntravenous adm ni stration bitory effect of active ingredients
in the preSakbetayenasonsed £as iRfuakre @faaﬂéinéohﬂFachénbla¢ﬁ9§ it is

suggest ed fpaepethgtaBsulbatiBat oEhB18641 Yessure and heart rate and

10 after the bladder was emptied, cystometry was performed by
filling the bladder slowly with about 0.6 ml of saline.
After about 10 minutes, intravenous infusion of substance P
(0.33 ug/kg/min) was started for stabilization of the
micturition reflex. Compounds were administered after

15 stable rhythmic bladder contraction was obtained over 15
minutes. All compounds were dissolved or suspended in
saline containing 0.5% Tween 80 for intravenous administra-
tion (0.1 ml/kg). The rhythmic contraction frequency and
the intravesical pressure were observed for 35 minutes

20 after administration of the test compound.

As a result, compounds of the present invention decreased
the frequency of bladder rhythmic contraction without
changing the amplitude of contraction. Also, we determined

25 a time (minute) during which the frequency of the rhythmic
contraction had been completely inhibited by administering
0.25 mg/kg of compound. A 100% inhibition time (minute) of
the selected compounds of the present invention is shown in
the following Table 2.

30



ingredients of the present invention have a detrusor 15 rel ax13REBRUARY 2007
t hrough the | arge conductance cal cium activated K channel. Thus, it was
shown that conpounds which are active ingredients of the present invention
were effective for 20 prophylaxis and t’Peatment of di seases such as

pol I akiuria, urinary incontinence and the |ike through the |arge

conduct ance cal cium activated K channel opening activity. | NDUSTRI AL
APPL| CABI LI TY 25 The 5-nenbered het erB9+$i% conpound (1) or a pharnaceuti -
cally acceptable salt which is an active ingredient of the present

i nvention has an exee**eﬁf—+afgt-tfﬂﬁ@%%ﬁﬂﬁgﬁ;S—FEBﬁgﬁR¥‘2007 71
cal ciumactivated K chanrghpoeeni ng v 3h W%p +@epolarizes a nenbr ane

electric potential_af cells sothgat |t i (mdme ) " for a-prophyl acti c,
relief and/or treateniComgentd &), [for exanpl®,1hypertension, premature
birth, 5 irritable™p S DI\, [Chroni C rf tairure, angina, cardiac
i nfarction, cerebra% wE%QF%U é ?BQIhnrnrhnn?ﬁ?“ﬁennLLhage, cgrebral
vasospasm cerebral hypoxi &, peri- |pheral blb®d8vessel disorder, anxiety,
mal e-pattern bal dness, ergctiTe dysfunction,diabetes, diabetic 10

peri pheral nerve disorder—other dilabetic conplication—sterility,
urolithiasis and pain accé@®ani ed tlhereby, Poidakiuria, urinary

i ncontinence, nocturnal erdgesis, lasthma, cjgogic obstructive pul monary
di sease (COPD), cough—acconpaned—bBy—asthra—or—ehronrte—oebstructive pul nonary
15 di sease (COPD), cerebral apopl exy, cerebral ischema, traumtic

encephal Opasw&'ivénﬂmg?%@dié%@s ¥ SPhe thfe Seie e Esk ek esR6WEH | setoRROUNd (1)

or a pharmaceutically acceptable salt has a |ow toxicity, so
S tion effect on 20mM K'-contracted preparation ‘and the

effect was blocked by iberiotoxin, a selective large

conductance calcium-activated K channel blocker.

Also in in vivo animal study, pre-administration of

10 iberiotoxin (0.15 mg/kg, intravenous administration)
reduced inhibitory effect of active ingredients in the
present invention on the rhythmic bladder contraction.
Thus, it is suggested from the results that the active
ingredients of the present invention have a detrusor

15 relaxing activity through the large conductance calcium-

activated K channel.

Thus, it was shown that compounds which are active

ingredients of the present invention were effective for
20 prophylaxis and treatment of diseases such as pollakiuria,

urinary incontinence and the like through the large

conductance calcium-activated K channel opening activity.

INDUSTRIAL APPLICABILITY

25
The 5-membered heterocyclic compound (I) or a pharmaceuti-
cally acceptable salt which is an active ingredient of the

present invention has an excellent large conductance



20 that it has high safety as a nedicine. 13 FEBRUARY 2007 723 EEBRYARY 2007
Use of a 5-nenbered heterocyclic conmpound of the formula (1) : RLR2 A 3
5 wherein ring Ais aring represented by any one of the fornmulae: S R4/ N

SN '--"WRL is a substituted or unsubStituted aryl, a substi- 10 tuted or
unsubstituted heterocycle or a substituted or unsubstituted
het erocycl e-substituted carbonyl; R2 is hydrogen, a hal ogen, carboxy, a

substit ut edcalciumsapsiveteddKarnasned snpBinguRelivitynandstyPered al kyl ,

an al koxycapBeayhged &URShbrHhede®bcHPsEbpbtentdalubedcahkenylscothat
cycloalkyl; R3.,is a %ﬁEStItUtEd or unSUbst'tUtiggﬁbéEQ a substi- tuted or

unsubstit ut &8 A8t BFEEYL| Eobr 2aPERRYY L RGERE . 15 /9B0%reasmgnt
unsubsti t ut ageatkyk, fod Bfammplbydhopentensaofybpremndtadeobiuhbiybstit ut ed

oo 2 ROSEUREE bt L RGESHLULE BALE Blereoks: el igger ol on o
di sease respendiiae tnfepehing, obrBkrghamnnéharzction, subarachnoid
hemorrhage, cerebral vasospasm, cerebral hypoxia, peri-
pheral blood vessel disorder, anxiety, male-pattern
baldness, erectile dysfunction, diabetes, diabetic
10 peripheral nerve disorder, other diabetic complication,
sterility, urolithiasis and pain accompanied thereby,
pollakiuria, urinary incontinence, nocturnal enuresis,
asthma, chronic obstructive pulmonary disease (COPD), cough
accompanied by asthma or chronic obstructive pulmonary
15 disease (COPD), cerebral apoplexy, cerebral ischemia,

traumatic encephalopathy, and the like.

Also, the 5-membered heterocyclic compound (I) or a
pharmaceutically acceptable salt has a low toxicity, so

20 that it has high safety as a medicine.



2. Use according to aim1, 10 wherein Rl is (1) an aryl whi'@FERRYARY 2007
substituted by a substituent(s) selected fromthe group consisting of
nitro, amno, hydroxy, carbanmoyl, cyano, -carboxy, tri- fluoronethyl,

al koxycar bonyl, hal ogen, al kyl, hydroxyal kyl, al koxy, al koxyal koxy, nono-
or di-al kyl am no, nono- or di 15 al kanoyl am no, al kylthio, alkyl sul fonyl,
alkylsulfinyé sulfannyl nono- or di-al kyl sul fanoyl, alkylsulfonylanlno
and phenyl al %Q&m {2) a heterocycle whi ch nay be substi- tuted by a
substituent(s) selected fromthe group consist- ing of nitro, hydroxy,
fornyl, carbano ano 0 k n I | kyl,
hydroxyalkylil M%ﬁo§¥ Qn%ngghﬂgraa_g%gé?géyﬁlﬁbng§%§8858d¥k Egngsggﬁ%%o

al kyl t hi o, allkyksul fonyl, al kylsulfinyl, sulfanmoyl and nono-

di - al kyl sul f anpyl , or ﬁ) a heterocycl e-substi- tuted carbonyl mhlch may be
substituted BY tuent(s) 25 selected fromthe group consisting of
nitro, hydroxy, panoyl , cyano, carboxy, al koxycarbonyl, hal ogen, alkyl,
hydr oxyal kyl , al kanoyl, nono- or di-al kylam no, nono- or

di - al kanoyl am no, aal kyl t hi o, aIkyIsquonyI, al kyl sul finyl, sul fanoyl and
nono- or di-al anoyl ; (1) hydrogen, (2) hal ogen, (3) carboxy,
(4) am no whi ch~Ngay be substltute by a substituent(s) selected fromthe
group consisting ¢f fornyl, alkyl, alkanoyl, alkylsulfonyl and

al koxycar bonyl , (%)% an aIkyI mhlch may be substltuted by a substituent(s)
sel ected 5ron1theRgroup 35 consisting of halogen, hydroxy, cyano, carboxy,
carbanmoyl, 13 FEBRLJA%Yre?ﬂWrn?gl RN N0 A osep Fswite@m i noy hbwe dsmnO- or
di - alkylanlno al k noy anm no, alkylsulfonylanlno hydr oxyam no, nono-

di - al kyl car banoyl , % ?f Udt'britthyl, al koxy, alkylthio, alkylsulfinyl,

al kyl sul fonyl , alky sul f onyl am no, dr oxy
? B R ?

1

is a substituted or unsubstituted aryl, a substi-
10 tuted or unsubstituted heterocycle or a substituted
or unsubstituted heterocycle-substituted carbonyl;
R? is hydrogen, a halogen, carboxy, a substituted or
unsubstituted amino, a substituted or unsubstituted
alkyl, an alkoxycarbonyl, a substituted or unsubsti-
15 tuted alkenyl or a cycloalkyl;
R} is a substituted or unsubstituted aryl, a substi-

tuted or unsubstituted heterocycle or a substituted



5 carbanoyl, hydroxycarbanoyl which is substituted by one or 1XRGBRUARM 2087
al kyl sul f onyl car banoyl , sul fanoyl, nono- or di-al kyl sul fanmoyl,

al koxycarbonyl, heterocycle, hetero- cychg-substituted carbanoyl,

het er ocycl e-substituted al kyl - carbanmoyl and heterocycl e-substituted

sul fonyl carbanoyl, 10 (6) al koxycarbonyl, (7) al kenyl which may be

substituted by carboxy_o l.koxycar.honyl. (8) cycloalkyl; R3is (1) an
aryl which may be soﬁbg%/iisflétsgéi%gé%gagggy&ét%Elgent(s) sel ected fromthe group

consi sting of cyan&' isikydroasnnor aabuvhehituted| oorvneuhetitvaedoxy,

hydr oxy, 15 car bama;ilk,ylr,mno- or di-al kyl am no, am noal kyl, nono- or di-

al kyl am noal kyl , nono- or di-al kyl carbanoyl, _al kyl, hydroxyal kyl, al koxy,
al koxycar borF , @l PhddTIacen UGNy GeFePHaRdFoy Batyal ﬁ???egél'f olfa k8%t hi o,
al kyl t hi gal kytepad kidsubtony! megtichasny! ,fd®Naseoridi t Akkyradthasmyl oand 20
al kyl sul fi nyl, é@ a hete ocyﬁl.e V\/Qi ch may,.be substituted by a .

subst i t uent (RYORRYETEET P71 ofh PHECEAGED CEorsiSSiaSTy ISP Ve yano PR P9,

am no, hal ogeh, BKaclaxyeldydroxy, fornyl, carbanoyl, nono- or

di - al kyl am no, N-al kyl -N- cycl oal kyl am no, am noal kyl, nobno- or

di - al . kyl am noal kyl, 25 nono- or di-al kyl carbanoyl, al kyl, hydroxyal kyl,

al koxy, al kdxydldeylaccgindange drdbéihdim dlkanoyl, sul fo, al kylthio,

al kyl sulfgonyl, sul fraimyily grone- @n din alrpy! swliicamagl, pealduseultitad pgnd
het erocycl e or (3) an al kgé whi ch may be” substituteéd %‘4 a substituent(s)
sel ected fro $HS oS )coﬁ%}%‘ﬁ‘ﬁ% BYORy R XYL O’ aRe? S EAFBRRK YO L car banoyl |
am no, nononi®fo diamdky) aiydeoxp) Keatyimey NP, cpaky) statieayy ant Ao+

oA nog, TR O, €18 KL SELIRIRN, A41LLUETOTELDNL Bl ogetc, 2] koxy
di - al kyl sul fahiogty, adKiooygalboxy) momo- 356r hét ez bkytérejnandn®®ot sof 1di-
hydrogen sor [ 7). a0, Ald¥ho Wi £y, By be A8 FERRPRY, 20041 ky1sulfinyl,

sulfamoyl, mono- or di-alkylsulfamoyl, alkylsulfonylamino

and phenylalkoxy, (2) a heterocycle which may be substi-

tuted by a substituent(s) selected from the group consist-

ing of nitro, hydroxy, formyl, carbamoyl, cyano, amino,

20 carboxy, alkoxycarbonyl, halogen, alkyl, hydroxyalkyl,
alkoxy, mono- or di-alkylamino, mono- or di-alkanoylamino,
alkylthio, alkylsulfonyl, alkylsulfinyl, sulfamoyl and
mono- or di-alkylsulfamoyl, or (3) a heterocycle-substi-
tuted carbonyl which may be substituted by a substituent(s)

25 selected from the group consisting of nitro, hydroxy,
carbamoyl, cyano, carboxy, alkoxycarbonyl, halogen, alkyl,
hydroxyalkyl, alkoxy, alkanoyl, mono- or di-alkylamino,
mono- or di-alkanoylamino, alkylthio, alkylsulfonyl,
alkylsulfinyl, sulfamoyl and mono- or di-alkylsulfamoyl;

30 R? is (1) hydrogen, (2) halogen, (3) carboxy, (4)
amino which may be substituted by a substituent(s) selected
from the group consisting of formyl, alkyl, alkanoyl,
alkylsulfonyl and alkoxycarbonyl, (5) an alkyl which may be
substituted by a substituent(s) selected from the group

35 consisting of halogen, hydroxy, cyano, carboxy, carbamoyl,



75 substituted by nono- or.di-alkylam no. 3. Use according t13 KEBRUARY 20072,
wherein R1L is a substituted or unsubstituted aryl or 5 a substituted or
unsubstituted heterocycle; R2 is carboxy,;sa substituted or unsubstituted

am no, a substituted or unsubstituted al kyl, al koxycarbonyl or a
substituted or unsubstituted al kenyl; and R3 is a substituted or

unsubsti t ut ryl ti or, unsu ituted jheterqQcy. 4. Use
accordi ng t%g]d%&/ rf% l}lofgrkﬁ g;ir!‘ilj((%jm){hjr(9 L%h ma%%béﬂsugs Cl"t‘—’ﬁ]%lecf)’b

one or two Hdlk@gmy(lﬁ)mmo,(z%lbyh@mbfmybarelmm chydﬁpXU@mlm,smm wed by

halogen of @lichic/Fed:Slavl, Wi eh g?stgﬁ%ﬁg‘)bmﬂyﬁa tuent (s)
sel ected fromt roup consi Sting o car 0X car no-
di - al kyl car l@drh)wsu Wy cat pahoyl fonnwdrak Ehﬁbéﬁ@?b’l\@ml@}@d sttt ut ed

by one ot twa 20l k! (@dr@,ty@m:&ﬁmywm@ﬁkygsghbgwlt%re@awlor@@%r

heterocycle; R3 is (1) a heterocycle which be substituted one or two
subst it uent (&P Seiketck &) 4 r%ﬂ@b@%“ubl%%@%‘?ylr n§uef 28RV, W%géﬁ

al kyl', al koxy,-d LerfaCH\o @l Ky 1125x ¢d Ao, ahkyktbicgcak, (Zbetasrbfi whi ch
may be substit t%/ﬁ a sub tit ent sel ected f omtg g1ro cor};ﬁ?tl ng
of amino, KAl SIS KGR TR y 1 KOXYSBAGY FoRoSU5:S tdith Tk

and R4 is hyairmamy)]r aaidkweteﬁ@cﬁcléJSﬁl]@:E‘CDtdtég 'rsnl(ﬁloauymchrbm;aj_ n R is
(1) arylowhich mBY be SHISLLIHt o6 Yz 008y 1A 0 RLYIRA S ) UMY
carboxy or alkoxycarbonyl or (8) cycloalkyl;

R® is (1) an aryl which may be substituted by a sub-
stituent (s) selected from the group consisting of cyano,
nitro, amino, halogen, trifluoromethyl, carboxy, hydroxy,

15 carbamoyl, mono~ or di-alkylamino, aminocalkyl, mono- or di-
alkylaminocalkyl, mono- erdi—alkylcarbamoyl/ alkyl,
hydroxyalkyl, alkoxy,‘alkoxycarbohyl,’alkanoyl, alkanoyl-
oxy, alkanoyloxyalkyl, sulfo, alkylthio, alkylthiocalkyl,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl and

20 alkylsulfinyl, (2) a heterocycle which may be substituted
by a substituent(s) selected from the group consisting of
oxo0, cyano, nitro, amino, halogen, carboxy, hydroxy, .
formyl, carbamoyl, mono- or di-alkylamino, N-alkyl-N-
cycloalkylamino, aminoalkyl, mono- or di-alkylaminoalkyl,

25 mono- or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl,
alkylsulfinyl and heterocycle or (3) an ‘alkyl which may be
substituted by a substituent(s) selected from the group

30 consisting of hydroxy, cyano, carboxy, carbamoyl, amino,
mono- or di-alkylamino, alkanoylamino, alkylsulfonylamino,
hydroxyamino, mono- or di-alkylcarbamoyl, trifluoromethyl,
halogen, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
sulfamoyl, mono- or di-alkylsulfamoyl, alkoxycarbonyl and

35 heterocycle; and

R* is (1) hydrogen or (2) an alkyl which may be



13 FEBRUARY 2007 76 by hal ogen or (3) pyridyl which my be S13FEBRUARYR00Y
alkyl; R2 is (1) carboxyal kyl, (2) carbanoyl al kyl, (3) nono- or

di - al kyl car banoyl al kyl , (4) alkoxycarbony §Jkyl (5) 5
alkylsulfonylcarbannylalkyI or (6) tetrazolylalkyl R3is (1) benzothlenyl
whi ch may be substituted by hal ogen, (2) phenyl mhlch may be substituted by

a substi- tuent(s), sel ed fromthe gro onsi sting of hal ogen,
al kyl t hi o, aFR?éF}5P§8§y%¥nE°&PaI?§I3 Engé?lBerdyl 10 which may be

substituted by a substituent(s) selected from the group consisting of

al kyl , al koxy a n ripd di nyl which may be substituted by
al koxy, alkyﬁ Bglakgyﬁaﬁ$%P %P %i lF&%l 5) thienyl which may be substi -

tuted by one or twehakryn(B},ig63 Q¢b$#ﬁﬁ@¢eﬁtﬂ@nﬁm%ﬂbstiﬂytqg denzoduryl

(8) dihydy Obsnéeﬁgukuered(%)r hadakyk 1'Wikeh BRYerBeyeulstituted by al kyl; and
R4 is hydrogen or alkyl . Use according to Caim1, 20 mhereln RLis (1)

aryl which may be gub’sﬁl‘t’%l%ké‘axlﬁy aoﬁléb%’ﬁ‘l?\‘/%eqﬁaﬁlbglé%?%'?s%%t‘e‘?? t#PEMA  whi ch
may be substi ‘subgdlbmtbal egelinsBB sits thtkdcangiyalak kox yicarbearhamay lkal kyl ,

3 - di b I 4 | k b | al kyl, 25 R3

(1) benzot hi EHpFERITCROTAF B OSSP Ay ENAr oG8R, (2) phenyl uhi ch may
be substituted by a SU@S&IsubmﬁntﬁBQdS@iemmﬁmbitDMmtﬁé gryuporomsi sting of
nal ogen. ;g al géhgfemut@'dk%'f u%'s%?%elme@' PetrlBtage (3) pyridyl which may

be substi a substituen sélecte he group consisting of
al kyl, al koxy and di al kyl am no, (4) pyrimdinyl which may be substituted by

al koxy or di gl kyke %@EBQdi&%)tbhhﬁﬁﬁh which nay be substituted by one or two
wherein R! is (1) aryl which may be substituted by
one or two halogen(s) or (2) a heterocycle which may be

15 substituted by halogen or alkyl;

R? is alkyl which may be substituted by a substi-
tuent (s) selected from the group consisting of carboxy,
carbamoyl, mono- or di-alkylcarbamoyl, hydroxycarbamoyl,
hydroxycarbamoyl which is substituted by one or two

20 alkyl(s), alkoxycarbonyl, alkylsulfonylcarbamoyl and
heterocycle;

R® is (1) a heterocycle which may be substituted by
one or two substituent(s) selected from the group consist-
ing of amino, halogen, alkyl, alkoxy, mono- or di-alkyl-

25 amino and alkylthio or (2) aryl which may be substituted by
a substituent(s) selected from the group consisting of
amino, halogen, alkyl, alkylthio, alkoxy and mono- or di-
alkylamino; and

R* is hydrogen or alkyl.

30
5. Use according to Claim 1,

wherein R' is (1) aryl which may be substituted by
one or two halogen(s), (2) thienyl which may be substituted

35



al kyl (s), (6) thieno[3,2-b]pyridyl, (7) benzofuryl, (8) di hytrRERRVARYROPT
or (9) indolyl which may be substituted 35 by alkyl; and 13 FEBRUARY 2007
77 Rl is hydrogen or alkyl. 7. Use accorging to Gaim1l, wherein Rl is (1)
aryl which may be substituted by 5 one or two hal ogen(s) or (2) thienyl
whi ch may be substituted by halogen; R2 is (1) carboxyal kyl or (2)

nal ogen. (2) PhBRYPIGAI Bh N3y BECCURSt ALArEd™Ey GsORerroEdtPeRy(s)

sel ected froelkhé:group consisting of halogen al kyl t hi o, al koxy and

di al kyl am 3 t -
di al kyl am no. () @%H%@WﬂbwﬂmS“Qﬂsh%ﬁ%%dﬁ*%¥aﬁy| W0, (5)

t hi enyl whi cAT ﬁﬁya EYéGB§PPWGVéélByloné4bra@ﬁBXQFR§PP§Yla@§V1vh|éﬁo[S 2 15
b] pyridyls orafLEgzlsa@@bﬁyw@kgbm@yamﬁyiubskl t(el) e@eb!aabli)ﬂlalk@lld R4 is

2 20 car boxymet i 6t Gl kG DO HerTRACE SeRe (B St Er B A o any
one of C ai maaloten, ﬂmephenylthhlahngag be aubsngtUEpdebgnhedubwterther
ore o imea FREEAE (laBeBad 528y Lyg ol igpedsbehy s tingiarpound of
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
10 which may be substituted by a substituent(s) selected from
the group consisting of alkyl, alkoxy and dialkylamino, (4)
pyrimidinyl which may be substituted by alkoxy, alkyl,
dialkylamino or alkylthio, (5) thienyl which may be substi-
tuted by one or two alkyl(s), (6) thieno(3,2-blpyridyl, (7)
15 Dbenzofuryl, (8) dihydrobenzofuryl or (9) indolyl which may
be substituted by alkyl; and
R* is hydrogen or alkyl.

6. Use according to Claim 1,

20 wherein R! is (1) aryl which may be substituted by
one or two halogen(s) or (2) thienyl which may be
substituted by halogen;

R is (1) carboxyalkyl, (2) carbamoylalkyl, (3) mono-
or di-alkylcarbamoylalkyl, or (4) alkoxycarbonylalkyl,

25 R® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
which may be substituted by a substituent(s) selected from

30 the group consisting of alkyl, alkoxy and dialkylamino, (4)
pyrimidinyl which may be substituted by alkoxy or dialkyl-
amino, (5) thienyl which may be substituted by one or two
alkyl(s), (6) thieno[3,2-b]pyridyl, (7) benzofuryl, (8)
dihydrobenzofuryl or (9) indolyl which may be substituted

35 by alkyl; and



(1) 3 whereinring Ais a ring represented by any one of t13FEBRUARY2007 S
M Rg 5 RLis a substituted or unsubstituted aryl, a substi- tuted or
unsubstituted heterocycle or a substitut or unsubstituted

het er ocycl e-substituted carbonyl; R2 is a substituted alkyl; R3 is a
substituted or unsubstituted aryl, a substi- 10 tuted or unsubstituted

het erocycle or a s bSIituHﬁg or unsqﬁgtituted al kyl; and R4 is hydrogen or
a substituted or sus Y Qﬁfnzﬁﬁqﬁ, %ﬁbvided that when R1 and R3 are
phenyl, R2 is not 15 carboxynethyl or ethoxycarbonyl nethyl, or a
pharmaceutical | ysacgeptall fqsabt chhereef. 11. The 5-nmenbered heterocyclic
conpound or a pharmaceuti- Cally accepiéable salt thereof according to daim

10, 20 wherein Rl ¥RereinbBtiksteld rWnslbsih mMaedhetrdelietesd 2y

substituted gheUBsUBGbI hHYIBgchQERr BeY QD e- sHRShit ulvd chcarorgl , or an aryl
substituted bé two ha%ggens }2. The 5-nmenbered heterocyclic conpound or a
phar maceut i $3°EEBRUA bgoha ?9€Bal |y acceptable salt thereof according to

Claim10 or 11, wWReriei n(1Rl darddyyaarkyar YWr W )c ha Ineyx yoea sadasg 1 4 Likeld; by  a
substituent(s) selected fromthe group consisting qof  nitro, ] hydr oxy,
car banoyl , cyano, %gﬂﬁ%x %){Eﬁnﬁf Jﬁ%ﬁ@heqHV$fI%%&%%?é%ﬁﬁ%ﬁ§??g%gﬁaﬁen,
al kyl, hydrokgabkgh, (&)kpkgnyal kbighl keyybemsnbstatudiedablykasisbstinono- or
di - al kanpyl 8 He«sflgxhebked ;&E%'%pgfgpxgp abkuk sylihignyle hagvhEamoyl,
nmono- or di-al kyl su fanDXI, al kyl sul T onyl ant no _ ,

alkylthio, alkoxy and dialkylamino, (3) pyridyl which may

be substituted by alkoxy or dialkylamino, (4) pyrimidinyl

which may be substituted by dialkylamino, (5) thienyl which

may be substituted by one or two alkyl(s), (6) thieno[3,2-

15 blpyridyl or (7) indolyl which may be substituted by alkyl;
and

R* is hydrogen or alkyl.

8. Use according to any one of Claims 1 to 6, wherein R? is

20 carboxymethyl or alkoxycarbonylmethyl.
9. The use according to any one of Claims 1 to 8, wherein

the Ring A is a ring represented by either one of the

formulae:

By

10. A 5-membered heterocyclic compound of the formula (II):



and phenyl al koxy, (2) a heterocycle which may be substi 10 t ut3tFBRVARY 2007
substituent(s) selected fromthe group consist- ing of nitro, hydroxy,
formyl, carbanoyl, cyano, am no, carboxi al koxycar bonyl , hal ogen, al kyl,
hydr oxyal kyl, al koxy, nono- or di-alkyl ﬁino, nono- or di-al kanoyl am no,

al kyl t hi o, al kyl sul fonyl, al kylsulfinyl, sulfanoyl and 15 nono- or

di - al kyl sul fanoyl, or (3) a heterocycl e-substi- tuted carbonyl which may be
substituted by a substituent (R selecﬂéﬁ fromthe group consisting of
nitro, hydroxy, carbanoyl, cyago, cayboxy, al koxycarbonyl, hal ogen, alkyl,
hydr oxyal kyl , al koxy, al kanoyl, ypere< or di-al kyl am no, 20 nono- or

di - al kanoyl am no, al kylthio, alk { onyl, al kylsulfinyl, sulfanoyl and
nono- or di-al kyl sul fanoyl ; al kyl which gﬁ% be substituted by a
substituent(s) selected fromthexgrodp consisting( hal ogen, hydroxy, cyan
c, carboxy, carbanmoyl, amno, amn 25 sul fonyl, am di nothio, nono- or

di - al kyl am no, - al kanoyl am no, al kyl sul fonyl am no, hydroxyam no, nono- or
di - al kyl car banoyl , triquoronethyR} al koxy, al kylthio, alkyl- sulfinyl,

al kyl sul fonyl, al kyl su] fonyl ami np, hydroxy- carbanoyl,, hydroxycar banoyl
which is substitdﬂ(%o‘edy“&%‘%gﬁtwwiﬁ?%’iés%lﬁ%‘%s?h’f%%|%%‘?b%ﬁoyl,

sul fanoyl , nono- tie fhrmhkye sul fanoyl, al koxycarbonyl, heterocycle, hetero-
cycl e-substituted carbanoyl, heterocycl e-substituted al kyl - carbanoyl and

het er ocycl e- substi tNt ed sulfonyl carRanoyl ; is (1) ich may be
substituted by a 35 ifuent (s) s&l ected fromthe gxoup nsi sting of
cyano, nitro, am no, gen, triflu { hyl , car boxy roxy, 13

FEBRUARY 2007 80 c
di - al kyl am noal kyl ,
al koxy, al koxycar bon

yl, nono- or

5 R' is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or a substituted
or unsubstituted heterocycle-substituted carbonyl;
R’ is a substituted alkyl;

R? is a substituted or unsubstituted aryl, a substi-
10 tuted or unsubstituted heterocycle or a substituted

or unsubstituted alkyl; and

R* is hydrogen or a substituted or unsubstituted

alkyl;

provided that when R' and R® are phenyl, R?

is not
15 carboxymethyl or ethoxycarbonylmethyl,
or a pharmaceutically acceptable salt thereof.

11. The 5-membered heterocyclic compound or a pharmaceuti-
cally acceptable salt thereof according to Claim 10,

20 wherein R' is a substituted or unsubstituted heterocycle, a
substituted or unsubstituted heterocycle-substituted

carbonyl, or an aryl substituted by two halogens.

12. The 5-membered heterocyclic compound or a pharmaceuti-



oxy, al kanoyl oxyal kyl, sulfo, alkylthio, alkylthioalkyl, 5 al*3/FERRUARN/2007
sul fanoyl, nono- or di-al kyl sul fanoyl and al kylsulfinyl, (2) a heterocycle
whi ch may be substituted by a substituent(s) selected fromthe group
consisting of oxo, cyano, nitro, anino,7ﬁalogen, car boxy, hydroxy, fornyl,
car banoyl, nono- or di-al kyl am no, N-al kyl-N 10 cycl oal kyl am no, am noal kyl,
nono- or di-al kyl am noal , no-_ or di-al kyl ¢carbanoyl, al kyl,
hydroxyalkyl?a%iﬁd???ep%? L?y%$£9lFh%fﬁﬁiy%%?%ﬁaﬁPg 5?k§%8}W,¥9uPFo}l'

al kyl thio, alkyl siHdmsi ,R'sulsf Qmylan royd- whricthi ik Hes Wftarmiyduted by

al kyl sul finyl and heterocyc|e ap_al kyl _which > _supstituted by
a substitueﬁ?(%éb%%ﬁ%%fé%Y?ioﬁgiﬁééégogﬁgmc%%%i f§%8n§¥ng§5%g§§,ggyano,

car boxy, carbhimyl ,amimop, hydooxy, ocadbamdky| anyvane , ab&kzhoyyantnd;

aIkyIsuI@pnyﬁ . et YT OXVRGLPOar Oha Hhg@h kYA ERG PaMYhroxyalkyl
trifluor omet ?H@,”E&Ra‘f%%eh, A ATRRARRARTY o, Al kYl sul_?i py¥arexaliont. o1
20 sul fanoyl @ - dfkeryal kgxgul maRRy| OF aftkoa k¥l 8BRYP - aRBNOhebEr 8eycl e;
and R4 is (1310 P0ani 86, (2AkpNtRIEY! a VR TEHIBYnPE, SURGLELUEEHyDY nono- or
di -al kyl am no._25 13, The 5-nenbered, he erf€¥clgf coggogndlgr a gharnaceutl-
cal l'y accept 3bHEABaAYt/ tAIRRof Ohcdbr g PO EFEPHT 102 bFY 18U EQREI AR i s
(1) an aryl ahdcphemyldEksxpst (2ut@dhdyepbeyoletwhibhl ngenbe) substf2) a
het erocycl e whi ch .may_be . substitute ? e %y%' ng Eg ' n al kyl
whi cn ) bet SEL T 7 RSt RELAKIST PRHET R0t Pog breld, RenbRst
consi sting oingarboxitrocahpdnoyy, hHonoyl orcaibankyl cacpanoyl amino,
ny(r oxy car bagboxy NYAT 08X b, VBLE8gLa, SUPRYL! Uhod Byy@NRyor w0
al kyl (s), al oxycé¥bony|, gfé | su bny?pa %ahny %na 3% ﬁet%rocycfe; and R3
is (1) a hetkee¥xl é“@%@choﬁaglbéllslﬁb@'ﬂw%t eBORY - 18T FEBRRARINOPHFMINO,
alkylthio, alkylsulfonyl, alkylsulfinyl, sulfamoyl and
15 mono- or di-alkylsulfamoyl, or (3) a heterocycle-substi-
tuted carbonyl which may be substituted by a substituent (s)
selected from the group consisting of nitro, hydroxy,
carbamoyl, cyano, carboxy, alkoxycarbonyl, halogen, alkyl,
hydroxyalkyl, alkoxy, alkanoyl, mono- or di-alkylamino,
20 mono- or di-alkanoylamino, alkylthio, alkylsulfonyl,
alkylsulfinyl, sulfamoyl and mono- or di-alkylsulfamoyl;
R? is an alkyl which may be substituted by a
substituent (s) selected from the group consisting of
halogen, hydroxy, cyano, carboxy, carbamoyl, amino, amino-
25 sulfonyl, amidinothio, mono- or di-alkylamino, alkanoyl-
amino, alkylsulfonylamino, hydroxyamino, mono- or di-
alkylcarbamoyl, trifluoromethyl, alkoxy, alkylthio, alkyl-
sulfinyl, alkylsulfonyl, alkylsulfonylamino, hydroxy-
carbamoyl, hydroxycarbamoyl which is substituted by one or
30 two alkyl(s), alkylsulfonylcarbamoyl, sulfamoyl, mono- or
di-alkylsulfamoyl, alkoxycarbonyl, heterocycle, hetero-
cycle-substituted carbamoyl, heterocycle-substituted alkyl-
carbamoyl and heterocycle-substituted sulfonylcarbamoyl;
R® is (1) an aryl which may be substituted by a
35 substituent(s) selected from the group consisting of cyano,

nitro, amino, halogen, trifluoromethyl, carboxy, hydroxy,



81 one or two substituent(s) selected fromthe group consi st-13 FEPRHARYN2003,
hal ogen, al kyl, al koxy, nono- or di-alkyl- amno and al kylthio, or (2) an
aryl which may be substi- tuted by a substituent(s) selected fromthe group
consist 5 ing of am no, hal ogen, alkyl, é?kylthlo al koxy and nono- or

di -al kylam no; and R4 is hydrogen or aIkyI 14. A 5-nmenbered heterocyclic

conmpound of the fornmula 10 (L11) (rni erein r|n |s a
ring represeftEB2BYYanyMBRE" oPr gﬁe E%Yﬁ%Wé@o {ﬁﬁgikwq 5MRYOT s

substitut ed ankymambﬁbanuyed mbnenybr ad - amkyacykbambyﬂltaﬂkglby t wo
Ayl a subsbYarotvasky nelndlri artaRefaYaTl o LaRistllyo R RERb -5
unsubstltutedxabkglkaanﬁlaxyaékmﬁdrsgéﬁOQraékyﬁbbuptuaéHYéthaﬁgéhyﬂhtuted

al kyl; p&legfﬂ iQﬁ&f&ﬁ?T R ui%a%ogﬁ'eﬂ¥ho R@r'alﬂgﬁkglshﬁfﬁHﬁbl 434aFEBRUARY

2007 82 or g arnaceuti ta i accépfable salt thereo menber ed
het erocycl i caébypsuhéinyla pRar Anbe erPFEﬁF?yWHééprQMIPeséPpsfﬁéPéﬁﬂ

accor di ng top ai Bubdtibuvhern ) nsB2ebseanfabliythehgeBupByobeisubsyi bat ed by

a oXo, cyano, nitro, amino, halogen, carboxy, hydroxy,
formyl, carbamoyl, mono- or di-alkylamino, N-alkyl-N-

10 cycloalkylamino, aminoalkyl, mono- or di-alkylaminoalkyl,
mono- or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl,
alkylsulfinyl and heterocycle or (3) an alkyl which may be

15 substituted by a substituent (s) selected from the group
consisting of hydroxy, cyano, carboxy, carbamoyl, amino,
mono- or di-alkylamino, alkanoylamino, alkylsulfonylamino,
hydroxyamino, mono- or di-alkylcarbamoyl, trifluoromethyl,
halogen, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,

20 sulfamoyl, mono- or di-alkylsulfamoyl, alkoxycarbonyl and
heterocycle; and

R* is (1) hydrogen or (2) an alkyl which may be

substituted by mono- or di-alkylamino.

25 13. The 5-membered heterocyclic compound or a pharmaceuti-

cally acceptable salt thereof according to Claim 10 or 11,

wherein R' is (1) an aryl which may be substituted by
one or two halogen(s), or (2) a heterocycle which may be
substituted by halogen or alkyl;

30 R? is an alkyl which may be substituted by a substi-
tuent (s) selected from the group consisting of carboxy,
carbamoyl, mono- or di-alkylcarbamoyl, hydroxycarbamoyl,
hydroxycarbamoyl which is substituted by one or two
alkyl (s), alkoxycarbonyl, alkylsulfonylcarbamoyl and

35 heterocycle; and

R® is (1) a heterocycle which may be substituted by



substituent (s) selected fromthe group consisting of hal ogenl3 FERRUARY 2007
cyano, carboxy, carbanoyl, am no, am no- sulfonyl, am dinothio, nono- or

di - al kyl am no, al kanoyl - am no, alkylsulfqnylanlno hydr oxyam no, nono- or
di -al kyl 10 carbanoyl, trifluoronethyl, glkoxy, al kyl thi o, al kyl- sulfinyl,
al kyl sul fonyl, al kyl sul fonyl ani no, hydroxycarba- nmoyl , hydroxycar banoyl
which is substltuted by ne_or al kyl (s | kyl sul f on Icarbann

sul famoyl, noRo-Cbrtr-S %9+%%??§ﬁ%y|?eg?é%éﬁch%%n§Pe %E%BPOE?B?%
heterocycle ﬂﬁgS@bsamim®edhahmganvyalkybteabkqx?e sobsti out 8d-alkylear ba-
nmoyl and het ' d I y ) yl which
may be subst %%déﬁ %i%H ?tué%tsgy sgfép?gg¥¢%%ﬁ?? é%oﬁgﬂgg%S|stlng
of cyano, ntutred bﬂ1®osuh%¢bg@ﬁnt£$lf$@b¢©ﬁ%@h?tomcéh%ogyouﬁyﬁﬁaﬂySt20

car bamoyls, oprarﬁinél kﬂéﬁ% ; &kppal kyky1 PR09: 1kéky ahByheabnoal kyl
nmono- or di-alkyl car bapoyl’, al hydroxya.{ ,al k koxy, al koxycarbonyl,

al kanoyl , al®&a ral%xyam%m%a oxyalkyl sulfo al kyl t hi o, alkylthloalkyl,
al kyl sul fonyl, sulf‘afeyhydreren &r @quUKylsulfanDyl and 25 al kyl sul finyl,
(2) a heterocycle whi ch nmay be substituted by a substituent(s) selected
fromthe group consisting of oxo, cyano, nitro, am no, hal ogen, carboxy,
hydroxy, for4yla Sandmbeyéd henerocyclicatdypamndoof Nebekfbriila

cycl oal kyl am ppry am noal kyl, mono- or di-al kyl am noal kyl, 30 nono- or

di - al kyl'carb nny1 al kyl, hydroxyalkyl al koxy, al koxyal kyl ,

al koxycar bonyl , alkanoyl, suIRé aIkyIRﬁlo al kyl sul fonyl, sul fanoyl, nono-
or di-alkylsulfannyl, al kyl suNfinyl zZnd heterocycle or (3) an al kyl which
may be substituted by a substi tue s) selected fromthe group 35

consi sting of hydroxy, cyano, c¢ carbanoyl, am no, 13 FEBRUARY 2007
83 nmono- or di-al kyl ani no, al kghoyfAanm\ no, alkyhm%{??%lanino

wherein ring A is a ring represented by any one of
the formulae:

3 ¥y

15 R' is a substituted or unsubstituted thienyl, or an
aryl substituted by two halogens;
R? is substituted alkyl;
R? is a substituted or unsubstituted aryl, a substi-
tuted or unsubstituted heterocycle or a substituted
20 or unsubstituted alkyl; and
R* is hydrogen or a substituted or unsubstituted
alkyl;
provided that when R! is 2-thienyl, R?® is not 2-
thienyl;



hydr oxyam no, mono- or di-al kyl carbamoyl, trifluoromethyl, hakeggRuaRY 406
al kyl thi o, alkylsulfinyl, alkylsulfonyl, sulfanoyl, nono- or

di - al kyl sul fanmoyl, al koxycarbonyl and 5 terocycle; and R4 is (1) hydrogen
or (2) an al kyl which may be sub- stituted by nono- or di-al kylam no. 16.
The 5-nenbered heterocyclic conpound or a pharmaceu- 10 tically acceptable
salt thereof accordinﬁ?to d ai n R2.i n a%%yl whi ch may be

14 wher ei S
substituted‘%@ %.%%%5 f%%h%f%?l%e?SE?%gaE?SnF?%S 6?858 consi sting of
car boxy, carbanoyl, nono- or di-al kyl carbanoyl, hydroxy- carbanoyl,
hydr oxycar b yl ieh | ty e al.kyl : =
alkoxycarboﬁg?l %%gyﬁgﬂ%ﬁgﬁg %a#%géggfpé%ge ﬁ§ﬁ8§§8§2@5;a h%E%? o
het er ocycl e Whizhl yagcbepsabsei sat edthgreofieaorordongubst Claem (1), sel ected

from theggroup congistes; i " afs ¥ na.x N2l pesh & Kile alkoxyyyFDRORy, 0L
di -al kyl 20 anino_aﬁ%‘%ﬁiyltﬁf%, or ) an aryf%#%ic may be %u st?y tuted
by a substitiigmt{siuser ést eseiroheeherghotpec8nslBt CORAREGSERLNENAfo, hal ogen,

al kyl, al kylgdu Oge Rl kKQ¥draRd, Meponocor cdipakkyl api-Bancgnd Bhin® hydriegen or
alkyl. 25 17. The 5-nenbered heterocyclic caonpound of a pharnaceu- tically
accept abl e sHH}EPPet eofMAELBPERHY t BOLPAI AY 18167 L kY A2MbRGy P XRTQYE T hi eny]
whi ch may bearsihs) i AukeUshyfodPl hal pgenhsiiroR2amsnbl) meavboxyaldiyal Ky2)-

ol koxycdPory sy T she< Bl ugtalr ot car baktyl ALY BropspLEy1-
tetrazol yl al&kylfim3l} salkylbehzobhi engl kvwhschfpaylbmisobshiydutced darb85
hal ogen, (an@yfpyﬁyﬁ@&gycg?%anyfuQﬁE&ﬂuigdsB%s@i%ﬂpéaiby one or. two
alkyl(s), alkylsulfonylcarbamoyl, sulfamoyl, mono- or di-
alkylsulfamoyl, alkoxycarbonyl, heterocycle, heterocycle-
15 substituted carbamoyl, heterocycle-substituted alkylcarba-
‘moyl and heterocycle-substituted sulfonylcarbamoyl;

R® is (1) an aryl which may be substituted by a
substituent (s) selected from the group consisting of cyano,
nitro, amino, halogen, trifluoromethyl, carboxy, hydroxy,

20 carbamoyl, mono- or di-alkylamino, amincalkyl, mono- or di-
alkylaminoalkyl, mono- or di—alkylcarbamoyl, alkyl,
hydroxyalkyl, alkoxy, alkoxycarbonyl, alkanoyl, alkanoyl-
oxy, alkanoyloxyalkyl, sulfo, alkylthio, al%ylthioalkyl,
alkylsulfonyl, sulfamoyl, mono- or di-alkydisulfamoyl and

.25 alkylsulfinyl, (2) a heterocycle which may"ﬁe substituted ‘
by a substituent(s) selected from the group consisting of
oxo, cyano, nitro, amino, halogen, carboxry, hydroxy,
formyl, carbamoyl, mono- or di-alkylamino, N-alkyl-N-
cycloalkylamino, aminoalkyl, mono- or di-alkylaminoalkyl,

30 mono- or di-alkylcarbamoyl, alkyl, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkanoyl, sulfo, alkylthio,
alkylsulfonyl, sulfamoyl, mono- or di-alkylsulfamoyl,
alkylsulfinyl and heterocycle or (3) an alkyl which may be
substituted by a substituent (s) selected from the group

35 consisting of hydroxy, cyano, carboxy, carbamoyl, amino,



tuent (s) selected fromthe group consisting of hal ogen, 13 FESFERRYARY(RP07 84
al kyl thi o, al kyl, al koxy and dial kylam no, (3) pyridyl which may be
substituted by a substituent(s) selected from the group consisting of

al kyl , al koxy and di al kyl am no, (4) pyri8 I di nyl which nay be substituted by
al koxy, alkyl, 5 dialkylam no or alkylthio, (5) thienyl which may be substi -

tuted by one or two al kyl(s), (6) thieno[3,2-b]pyridyl,. (7 bepzofuryl, (8)
di hydr obenzdt3n1 Fr C%Jg)alil?bﬂ]cﬂféz’r‘)‘%i%ﬁ‘?@fﬁ%‘]‘%bsﬁkﬂéﬂi%@% H2°and R

I s hydr ogen lordrddgdmind,0 rdho T her 5d ireadier ek Hedmswl y ct ¢ ©f Tooponeidhpyl , a
pharmaceu- tjically ac tabl e I er eof | to | erein
R2 is (1) car%ag%g/% 'kyﬁcﬁp?%?' c%lﬁ%éirr%%/?%’l Ky kﬁ%‘g%’%l ! o?ﬁﬂg%f_gcnywﬂ

di - al kyl car banididmrdklyl mong4)oml dbxybey bwnfamayl al aikoxyeriripenyl #nd

benzot hi gnylhé/ggfgb};@yeb%ﬁbstitut ed by hal ogen, (2) phenyl which may be
substituted by a sqbs_ti'— tuent(s) selected fromthe group consisting of

hal ogen, al kyl t hifo, 18l K}, hydregenapa dral R akkid, Whdrhpyavdye S¥0ahi ch

may be substgﬁﬁ\%&)ybc?a oSt i dHed (S)keri®itied from the group consisting
of al kyl, al koxy and di al kyl am no, (4) pyrimdinyl which nay be substituted

by al koxy or dial kyl- am no, (5) thienyl which nmay be substituted by one or
two al kyl (s)6. (Be tSHmembhedr&d eyerayycl id)cdepaatdryt , a (Bhabaceu-
5 memberld et ErHey TSRt B S e et b e e st
t her eof accordi ng wher@iai M*11s a0 alksreiwhiRR Mmayciebenpaitiiyuted by a
al koxycar bonylid ik yentd{¥) selected from the group consisting of
carboxy, carbamoyl, mono- or di-alkylcarbamoyl, hydroxy-
carbamoyl, hydroxycarbamoyl which is substituted by one or
15 two alkyl (s), alkoxycarbonyl, alkylsulfonylcarbamoyl and
heterocycle;

R?® is (1) a heterocycle which may be substituted by
one or two substituent (s) selected from the group consist-
ing of amino, halogen, alkyl, alkoxy, mono- or di-alkyl-

20 amino and alkylthio, or (2) an aryl which may be substi-
tuted by a substituent(s) selected from the group consist-
ing of amino, halogen, alkyl, alkylthio, alkoxy and mono-
or di-alkylamino; and

R* is hydrogen or alkyl.

25
17. The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to Claim 10 or
14,

wherein R' is thienyl which may be substituted by

30 halogen(s);

R*> is (1) carboxyalkyl, (2) carbamoylalkyl, (3) mono-
or di-alkylcarbamoylalkyl, (4) alkoxycarbonylalkyl, (5)
alkylsulfonylcarbamoylalkyl or (6) tetrazolylalkyl;

R?® is (1) benzothienyl which may be substituted by

35 halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,



R3 is (1) benzothienyl which may be substituted by hal ogen, BFEBRUYARY|2007
whi ch may be substituted by a substi- tuent(s) selected fromthe group
consi sting of hal ogen, 35 al kylthio, al k%'y and di al kyl am no, (3) pyridyl
whi ch may be substituted by a substituefitf(s) selected fromthe group 13
FEBRUARY 2007 85 consisting of al kyl, al koxy and di al kyl am no, (4) pyrim -

di nyl which be substj t di Ik t hi whi b
SUbSL ¢t od DT T et kyr bRg (e 3 DRt amtngy iR BYEEEH 7} ndol yi
whi ch may bewhmdhstmaﬁ belt @ubdotyi @b teyd . by? 0 éihmsﬁxmmnlme(s)d selecvegcfrom

d t t
comoun. o, BT tond LI SESPELEE Sy PeLty sl fur
car bonyl nmet lg&rl@lldlmﬂe ‘ﬂamiecb@eﬁ@bmmt%d deyrpalinexyr alkyibr maceu-
tically gccqpf@lhigﬁfaﬁﬁiﬁot&rfﬂg Pee0s di ng) tonfltly Phgn Pén r%?'ﬁé dlok; 20

wherein rin uran or t phen 15 22, corrpound sel ected fromthe

group consi sttlifrfgi dvy teRe BRIk Ak Ry i bER) i hieRo EXafpPERYBRAY br ef &t abl e

exanpl es i hdhpsERegl flc@)tl@ih @Folfe RIS HBEE UbT Cad) ViRESEPL abhech ahky
t hereof. 20 23. A co of tﬁq{ﬁ %n(?er ed heterocyclic conpound or a
er

phar rraceutlcbﬁI%Pkén% eb%ac'll according to any one of Clains 10
to 22 for use in tH‘feﬁspyxydzﬁg%cﬂl oselddslt.he 5- menbered heterocyclic conmpound
or ?gr maceutical ly acceptable salt thereof according to any one of
CIalms to 22 in the preparation of a medicanent for use in the treatnent
or prophyl axi&. dfhe Fimemberedrhetisecyel ¥@sponedurd t ©r opephagmateBK

channel s. tically acceptable salt thereof according to Claim 17,
wherein R? is (1) carboxyalkyl, (2) carbamoylalkyl,
(3) mono- or di-alkylcarbamoylalkyl or (4) alkoxycarbonyl-
15 alkyl; and
R® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,
alkylthio, alkyl, alkoxy and dialkylamino, (3) pyridyl
20 which may be substituted by a substituent(s) selected from
the group consisting of alkyl, alkoxy and dialkylamino, (4)
pyrimidinyl which may be substituted by alkoxy or dialkyl-
amino, (5) thienyl which may be substituted by one or two
alkyl(s), (6) thienol[3,2-blpyridyl, (7) benzofuryl, (8)
25 dihydrobenzofuryl or (9) indolyl which may be substituted
by alkyl.

19. The S5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to Claim 17,

30 wherein R? is carboxyalkyl or alkoxycarbonylalkyl;
and _

R® is (1) benzothienyl which may be substituted by
halogen, (2) phenyl which may be substituted by a substi-
tuent (s) selected from the group consisting of halogen,

35 alkylthio, alkoxy and dialkylamino, (3) pyridyl which may
be substituted by a substituent (s) selected from the group



30 25. Use according to any one of Claims 1 to 9 and 24, whi c}3 FEBRUARY 200%
prophyl axi s and/or treatment of hypertension, premature birth, irritable
bowel syndrone, chronic heart failure, gngina, cardiac infarction, cerebra
i nfarction, 35 subarachnoid henorrhage, cerebral vasospasm cerebral

hypoxi a, peripheral bl ood vessel disorder, anxiety, male 13 FEBRUARY 2007

86 pattern baldnegﬁ eregtlkﬁxgysfyggc andda§9§k§§ﬁm?hgbet0|Ipﬁgahgheral

nerve di sorde? JdPabd tron iasis and
pai n acconpa@l@ﬂlt%@l@hymaYprIaubatnéutadlhMr9lah&Mh@mméﬁ@e Shothdenyl

enuresis, S @ﬁi@ﬂ%a?hﬁé’”bﬁb%%%ﬁ%ﬁ' o eanQanodam%gsﬁ COI?@) cough
acconpanled Eﬁ asth chronic obstructlve | sease_( COPD),
&

I
cerebral apo Qyo[ée?eEﬂHVrﬂgﬁﬁeﬁFa 7brlngPéMﬁaWPéCEn@éthFoﬁépﬁ§l 10 26.
Use accorgli ngytedapy gnryof Cains 1 to 9 and 24, which is for the
prophyl axi s and/or treatnment of pollakiuria or urinary I ncont i nence.
20. The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to any one of
Claims 17 to 19, wherein R? is carboxymethyl or alkoxy-

10 carbonylmethyl.

21. The 5-membered heterocyclic compound or a pharmaceu-
tically acceptable salt thereof according to any one of

Claims 17 to 20, wherein ring A is furan or thiophen.

15
22. A compound selected from the group consisting of the
compounds described in the examples and preferable examples
in the specification, or a pharmaceutically acceptable salt
thereof.

20

23. A compound of the 5-membered heterocyclic compound or a
pharmaceutically acceptable salt thereof according to any

one of Claims 10 to 22 for use in therapy.

25 24. Use of the 5-membered heterocyclic compound or a
pharmaceutically acceptable salt thereof according to any
one of Claims 10 to 22 in the preparation of a medicament
for use in the treatment or prophylaxis of a disorder or
disease responsive to opening of BK channels.

30
25. Use according to any one of Claims 1 to 9 and 24, which
is for the prophylaxis and/or treatment of hypertension,
premature birth, irritable bowel syndrome, chronic heart
failure, angina, cardiac infarction, cerebral infarction,

35 subarachnoid hemorrhage, cerebral vasospasm, cerebral

hypoxia, peripheral blood vessel disorder, anxiety, male-



10

13 FEBRUARY 2007

86

pattern baldness, erectile dysfunction, diabetes, diabetic
peripheral nerve disorder, other diabetic complication,
sterility, urolithiasis and pain accompanied thereby,
pollakiuria, urinary incontinence, nocturnal enuresis,
asthma, chronic obstructive pulmonary disease (COPD), cough
accompanied by asthma or chronic obstructive pulmonary
disease (COPD), cerebral apoplexy, cerebral ischemia, or
traumatic encephalopathy.

26. Use according to any one of Claims 1 to 9 and 24, which
is for the prophylaxis and/or treatment of pollakiuria or

urinary incontinence.



