¥-1 DESCRI PTI ON PROCESS FOR PRODUCI NG CYCLI C COVPOUND *GDOOOZ* Technical

Field 5 The present invention relates to a process for
. conpounds useful as nedicines, agricultural chem cals, m@“mnmlk

~and chemical products, or internediates thereof. 10 Bac k rou
Heret of ore, several synthetic methods fot cyclic conpounds haV&Been
described in literature, including, for exanple, (1) an intranolecul ar

Friedel -Crafts Reaction in the case of cyclic ketone deri v,mﬂmmmm"mm’mm
57-192379, 15 etc.), (2) a D eckmann-type cyclization react er
derivatives, followed by reducti on ERCREFRTONLI ON  reacti ons i.Rpbke case
of cyclic acrylic acid derivatives (J. Chem Res., Synop., (1987), (12),
394-5, etc.), (3) an BRUCES®|FEIRIFERODVIING ReECIG COMPOUNTE case of cyclic
al kene 20 derivatives (W98/55475, etc.) and others. However, even though
a variety of useful internediates have been described, for example, in J.
Heterocyclic Chem, 31, 351-355 (1994), Heterocycles, 49, 215-232 (1998),
J. Heteroqydnnd G1emieldB, 1909-1913 (1996), etc., cyclic 25 conmpounds
(especially, cyclic conmpounds having 8- or nore

5 The present invention relates to a process for

producing cyclic compounds useful as medicines,
agricultural chemicals, foods, <cosmetics and chemical

products, or intermediates thereof.

10 Background Art

Heretofore, several synthetic methods for cyclic
compounds have been described in literature, including, for
example, (1) an intramolecular Friedel-Crafts Reaction in
the case of cyclic ketone derivatives (JP-A 57-192379,

15 etc.), (2) a Dieckmann-type cyclization reaction of diester
derivatives, followed by reduction and dehydration
reactions in the case of cyclic acrylic acid derivatives
(J. Chem. Res., Synop., (1987), (12), 394-5, etc.), (3) an
intramolecular Wittig Reaction in the case of cyclic alkene

20 derivatives (W098/55475, etc.) and others.

However, even though a variety of useful intermediates
have been described, for example, in J. Heterocyclic Chem.,
31,.351—355 (1994), Heterocycles, 49, 215-232 (1998), J.
Heterocyclic Chem., 33, 1909-1913 (1996), etc., cyclic

25 compounds (especially, cyclic compounds having 8- or more-



»-2 menbered ring ) are still generally difficult to synthesize and can be
obtained only at low yields even if possible. Fromthe current situation as

_ described above, it is desirable to establish a convenient production

~method (i.e., 5 a production nethod which enploys readily avail able | ow
cost raw materials, and reagents suitabl2 for |arge scale synthesis and
havi ng no di sposal problens, and which conprises relatively short steps
and is easier to carry out), of cyclic conmpounds, especially cyclic al kene
10 derivatives, which can be easily converted to a variety of derivatives
i ncl udi ng, mendperedy diirey Ketaxee derlivajernersalory dyfficubcriyd i cymcheksize
derivatives, due to their <characteristic chem cal structure. 15 Di sclosure

of Inventi ehdAsan esWidtafinddit@iis) v staudieiselddhepsresentpossimend or s f ound
that a cyclic al kene derivative can be produced inexpensively and

conveni ently by rusimocied caeterat ed tiityyrenss deesyaib¥@ apowel, edct i Do
internmedi ate 20 and by conducting a cyclization reaction in the presence of

a carboni c Jsastle il Mt dd1E 1 cvdhi snknomd @daes on afdetod urt her,

studies, conpleted the present invention. That is, the present invention
provides (B Arod@eessnt alethicrdush 18 a GRIRAWNr &£ By eRked 18%1e251 e

f or mul a:
cost raw materials, and reagents suitable for large scale
synthesis and having no disposal problems, and which
comprises relatively short steps and is easier to carry
out), of <cyclic compounds, especially cyclic alkene
10 derivatives, which can be easily converted to a variety of
derivatives including, e.g., cyclic ketone derivatives or

cyclic acrylic acid derivatives, due to their

characteristic chemical structure.

15 Disclosure of Invention
As a result of intensive studies, the present
inventors found that a cyclic alkene derivative can be
produced 1inexpensively and conveniently by wusing an
activated methylene derivative as a reaction intermediate
20 and by conducting a cyclization reaction in the presence of
a carbonic diester, and on the basis of this knowledge,
after further studies, completed the present invention.
That is, the present invention provides
(1) A process for producing a compound represented by

25 the formula:



».3 R'3 [wherein, Zis an electron-withdrawi ng group; Wis an optionally
substituted ethylene or an optionally substituted vinylene, and when the
_ethylene or the vinylene 5 has two substituent groups, said substituent
~-groups nmay be bound to each other to forman optionally substituted
cyclic ring; R3 is a hydrogen atomor an3optionally substituted
hydr ocarbon group ; and X is a divalent group (preferably, a divalent
group having 3 or nore atonms in the 10 straight-chain noiety thereof)
(however, when Wis an optionally substituted vinylene, -X-CH2-Z is not
- X1- X2- CH2 -JX(MMerein, X1 is a sulfur atomor an optionally substituted
nitrogen atom X2 is an optionally substituted ethylene))] or a salt
t hereof, wij ch 7 ses subjecting a 15 conpound represented by the
formula: /X- Z R'3 [wherein, each synbol has the sanme neani ng descri bed
as above] or Ja salt thereof to a cyclization reaction in a solvent
containing a bonic diester; 4 (2) The process according to the
above-nentiondgf(l), wherein X is a divalent group having 1 to 12 atons in
the straight-chain noiety thereof (preferably, 3 to 12 atons in

[wherein, 2Z 1is an electron-withdrawing group; W is an

optionally substituted ethylene or an optionally
substituted vinylene, and when the ethylene or the vinylene
5 has two substituent groups, said substituent groups may be
bound to each other to form an optionally substituted
cyclic ring; R® is a hydrogen atom or an optionally
substituted hydrocarbon group ; and X is a divalent group
(preferably, a divalent group having 3 or more atoms in the
10 straight-chain moiety thereof) (however, when W is an
optionally substituted vinylene, -X-CH,-Z is not -X'-X*-CH,
-Z (wherein, X' is a sulfur atom or an optionally

substituted nitrogen atom, X? is an optionally substituted

ethylene))] or a salt thereof, which comprises subjecting a
15 compound represented by the formula:
X—CHzZ

W
\\r?O
3
R
[wherein, each symbol has the same meaning described as

above] or a salt thereof to a cyclization reaction in a

solvent containing a carbonic diester;



»-the straight-chain noiety thereof); 5 (3) The process according to the
above-nentioned (1), wherein Z is a carboxyl group which is esterified;

~(4) The process according to the above-nentioned (1), wherein R3is a

“-hydrogen atom (5) The process according to the above-nentioned (1), 10
whi ch conprises the reaction being carried out in the presence of a base;
(6) The process according to the above-nentioned (5), wherein the base is
an al cohol ate; (7) The process for producing a conpound represented 15 by
the fornmula: [wherein, Zis an electron-withdrawing group; R and R2 each

are a hydrogen atgmriae hetogess abedbraingpttioondld yabstdraiditiatkan no, gr oup
, an optionally substituted hydroxy 20 group, an optionally substituted

thiol groumheaieigpti ongl hy disdbehitt et Hwoas bonter p.atdmsan opthonal |y
substituted heterocyclic; RL and R2Z may be bound to each other to form5

an opti onaldeyaSupst-idndied iditty Rhdfedt hyshOgen st @M dream 2 optédalhy
substituted hydrocarbon group; the conbined line of a broken line and a

solid linethe atHaNGrt R PmAetdputi&rond; and X is a divalent group
(preferably, a 5 divalent group having 3 or nore atons in the
strai ght-chain i efne 1he560s3 £BEYRMEhg WRERH G GAAIMNGH {d My Of1 R,
wherein Z is a carboxyl group which is esterified;
(4) The process according to the above-mentioned (1),
wherein R’ is a hydrogen atom;
(5) The process according to the above-mentioned (1),
10 which comprises the reaction being carried out in the
presence of a base;
(6) The process according to the above-mentioned (5),
wherein the base is an alcoholate;
(7) The process for producing a compound represented

15 by the formula:

..R' X
ix,_RZ | / V4
R3

[wherein, Z 1is an electron-withdrawing group; R' and R?
each are a hydrogen atom, a halogen atom, an optionally
substituted amino group , an optionally substituted hydroxy
20 group, an optionally substituted thiol group, an optionally
substituted hydrocarbon group, or an optionally substituted

heterocyclic; R' and R? may be bound to each other to form



~-broken line and a solid line is a double bond, -X-CH2-Z is not
-X1-X2-CH2-Z ( wherein , X1 is a sulfur atomor an optionally substituted
nitrogen atom X2 is an optionally 10 substituted ethylene))] or a salt
“thereof, which conprises subjecting a conpound represented by the fornul a:
R 3 [wherein, each synbol has the same nkani ng descri bed as above] or a
salt thereof to a cyclization reaction in a 15 solvent containing a
carbonic diester ; (8) The process according to the above-nentioned (7),
wherein X is a divalent group having 1 to 12 atons in the straight-chain
noi ety t hereofop(girefadriablgyb itttk ations; iR itshe dtycaicgen caim amwiat y
thereof); 20 (9) The process according to the above-nentioned (7), wherein
Z is a car lb@tilongrldyp sahisth twet ees trerd fd et bdril Qrodre prioe essniaicosad diige t o
t he above-nentioned (7), 6 wherein R3 is a hydrogen atom (11) The process
accordi ng tof tdhebabkrea- MEmd cedl £7)soliwhi Tine€otrpr iasesiidies r paadi @xr bei ng
carried out in the presence of a base; 5 (12) The process according to the
above- nent idoued & 1bpnd; Wheni@i 1X t ke baseliva lamtal gehobat eprétdyadbhe, process
for producing a conmpound represented
5 divalent group having 3 or more atoms in the straight-chain

moiety thereof) (however, when the combined 1line of a

broken line and a solid line is a double bond, -X-CH,-Z is

not -X'-X’-CH,-Z ( wherein , X' is a sulfur atom or an

optionally substituted nitrogen atom, X* is an optionally

10 substituted ethylene))] or a salt thereof, which comprises

subjecting a compound represented by the formula:

X—CHy—Z

[wherein, each symbol has the same meaning described as
above] or a salt thereof to a cyclization reaction in a
15 solvent containing a carbonic diester ;

(8) The process according to the above-mentioned (7)),
wherein X is a divalent group having 1 to 12 atoms in the
straight-chain moiety thereof (preferably, 3 to 12 atoms in
!the straight-chain moiety thereof):;

20 (9) The process according to the above-mentioned (7),
wherein Z is a carboxyl group which is esterified;

(10) The process according to the above-mentioned (7),



~-by the forrmula: 10 [wherein, Z is an electron-wi thdrawing group; R3 is a
hydr ogen atom or an optionally substituted hydrocarbon group; the conbi ned
_line of a broken Iine and a solid line is a single bond or a double bond;
—ring Ais an optionally substituted ring; and X is a dival ent group
(preferably, a 15 divalent group having 8 or nore atons in the
straight-chain noiety thereof) (however, when the ring Ais an optionally
substituted benzene ring and the conbined Iine of a broken I|ine and a
solid line is a double bond, -X-CH2-Z is not - X1-X2-CH2-Z (wherein, X is
sul fur atomherredm @&t isnal hyd26gsnbatomyted nitrogen atom; X2 is an
optionally substituted ethylene))] or a salt thereof, which conprises
subjecting a comoumMhe gresey ettdyrdiey ftor MHa:abote whaiteidnedach) synbol
has the sanme neani ng described as above] or a salt thereof to a

cyclizati ownhrieaCt cofipiriisas Seh¥ente£ONLn NiBWiray CAjahonied dbest ein SHd4)
The process according to the above-nentioned (13), wherein X is a divalent

group havi @gege&@elzj@taor&gé} the straight-chain noiety thereof
(preferably, 3 to 12 atoms in the straight-chain noiety thereof); (15) The

process accordi ng 2o ke g drefidansithd 13 thelcb%\%-%éhtzldﬁecﬁ cef poxyl
group which is esterifie (16) The process according to

above- ment LeRee inl Pne base is an alcoholate;

(13) The process for producing a compound represented
by the formula:
X
L
3
R

10 [wherein, Z 1is an electron-withdrawing group; R’ is a
hydrogen atom or an optionally substituted hydrocarbon
group:; the combined line of a broken line and a solid line
is a single bond or a double bond; ring A is an optionally
substituted ring; and X is a divalent group (preferably, a

15 divalent group having 3 or more atoms in the straight-chain
moiety thereof) (however, when the ring A is an optionally
substituted benzene ring and the combined line of a broken
line and a solid line is a double bond, -X-CH,-Z is not -
X'-X*~CH,-Z (wherein, X' is sulfur atom or an optionally

20 substituted nitrogen atom ; X* is an optionally substituted
ethylene))] or a salt thereof, which comprises subjecting

a compound represented by the formula:



*-wherein R3 is a hydrogen atom (17) The process according to the
above-nentioned (13), which conprises the reaction being carried out in
. the 15 presence of a base; (18) The process according to the
“above-nentioned (17), wherein the base is an al coholate; (19) The conpound
represented by the fornmula: 8 [wherein, Z is an el ectron-w thdraw ng group;
Wis an optionally substituted ethylene or an optionally substituted
vi nyl ene, and when the ethylene or the vinylene has two substituent
groups, said substituent groups nmay be 5 bound to each other to form an
optionally substngLgﬂi%L g; R3 is a hydrogen atomor an optionally
substi t ut ed a roup; and X" is a divalent group having 4 or
nore at ons e straight-chain noiety thereof] or a salt thereof; 10
(20) The cOQpPOUR ;gtording to the above-nentioned (19), wherein X' is a
di valent group hawing 4 to 6 atons in the straight-chain noiety thereof;
(21) The conpoundidccording to the above-nmentioned (19), wherein Zis a
car boxyl group thch is esterified; 15 (22) The conpound according to the
above-nmentioned (19), wherein R3 is a hydrogen atom (23) The conpound

represent ed byhéheihor edkd symbol has the same meaning described as

above] or a salt thereof to a cyclization reaction in a
solvent containing a carbonic diester;

5 (14) The process according to the above-mentioned (13),
wherein X is a divalent group having 1 to 12 atoms in the
straight-chain moiety thereof (preferably, 3 to 12 atoms in
the straight-chain moiety thereof);

(15) The process according to the above-mentioned (13),
10 wherein 7 is a carboxyl group which is esterified;
(16) The process according to the above-mentioned (13),
wherein R’ is a hydrogen atom;
(17) The process according to the above-mentioned (13),
which comprises the reaction being carried out in the
15 presence of a base;
(18) The process according to the above-mentioned (17),
wherein the base is an alcoholate;

(19) The compound represented by the formula:



~.[wherein, Zis an electron-withdrawing group; RL and R2 20 each are a
hydr ogen atom a hal ogen atom an optionally substituted am no group, an
optionally substituted hydroxy group, an optionally substituted thiol
-group, an optionally 9 substituted hydrocarbon group or an optionally
substituted heterocyclic group; RL and & may be bound to each other to
forman optionally substituted ring; R3 is a hydrogen atom or an
optionally substituted hydrocarbon group; the 5 conbined |ine of a broken
line and a solid line is a single bond or a double bond; and X' is a

di val ent graHedwivi,Nngz4 1i6r AMr & laieFon fwidred Sdwin@htgreigi;n woi eky an
thereof] or a salt thereof; (24) The conpound according to the

above- nent iopEbnalld  23)sudiel ateX” | 8tAyUEMal entbrgr ogh havépei dnd D1
atons in the straight-chain noiety thereof; (25) The conpound according to

the above- nRiBdONAG ed 23)ny M Lidhd Wiferd 0@ 1EHOUPr WhENyiSylene
esterified; (26) The conpound according to the above- nentloned 1 (2 ),

wherein R3 Has a Wy ds 99er Bt om ézaﬁplhesca@ap%@)@t&%we%% Rg;t 4¢ be
formula: [wherein, Z is an el eciron- mnthdramnng group; (S a hydrogen

atom o an iRid PR |9a HHRKHL ALY Ay oGRrhan &P%bé@&&@fg@'f\fﬁgl i ne

of a broken line and a solid line is a S|ngle bon a doubl e bond; ring

Ais an optd3ondlgl Y 5 hydrogen atom or an optionally substituted
hydrocarbon group; and X” is a divalent group having 4 or
more atoms in the straight-chain moiety thereof] or a salt
thereof;

10 (20) The compound according to the above-mentioned
(19), wherein X” is a divalent group having 4 to 6 atoms in
the straight-chain moiety thereof;

(21) The compound according to the above-mentioned
(19), wherein Z is a carboxyl group which is esterified;
15 (22) The compound according to the above-mentioned

(19), wherein R® is a hydrogen atom;

(23) The compound represented by the formula:

[wherein, Z is an electron-withdrawing group; R' and R?
20 each are a hydrogen atom, a halogen atom, an optionally
substituted amino group, an optionally substituted hydroxy

group, an optionally substituted thiol group, an optionally



~-substituted ring; and X' is a divalent group having 4 or nore atoms in the
straight-chain noiety thereof] or a salt 10 thereof; (28) The conpound

. according to the above-nentioned (27), wherein X" is a divalent group
~having 4 to 6 atons in the straight-chain noiety thereof; 5 (29) The
conpound according to the above-nentioned (27), wherein Z is a carboxyl
group which is esterified; and (30) The conpound according to the
above-nentioned (27), wherein R3 is a hydrogen atom and the like. 10
Exanpl es of "electron-w thdrawi ng group” used in the present specification

include (i)substardu@ed MFOtR-Abeh giXpberophi GiilonAsteréihSei Oited
am dated, (ii) a group represented by the fornula: -(COR4 (wherein, R4 is

a 15 hydr ogest eddari Ay raitd Onl lands wWishbtubed Hay@a0 G Rofth sond , £&iii)
nitrile group, (iv) nitro group, (v) a group represented by the formula: -

(SOM) RS (foMRErfi NoptidBaBlly bObegetudbdlr@hg?, rRANAsRY iydbg | ohah! Y
substituted hydrocarbon group ), (vi) a group represented by the 20

formul a: - 6 @n(V\’B%EQbHalB‘} argh ¥t easiefr engir8ehkBBa! | yroust ity ed
hydr ocarbon group), (vii) a group represented " by the formila: -(PO (OR3)

(OR9) g(wher@inbind anhRDach@i&n line and a solid line is a single
bond or a double bond; and X” is a divalent group having 4
or more atoms in the straight-chain moiety thereof] or a
salt thereof;
(24) The compound according to the above-mentioned
10 (23), wherein X” is a divalent group having 4 to 6 atoms in
the straight-chain moiety thereof;
(25) The compound according to the above-mentioned
(23), wherein Z is a carboxyl group which is esterified;
(26) The compound according to the above-mentioned
15 (23), wherein R® is a hydrogen atom;
(27) The compound represented by the formula:
Xn
Qs
R3

[wherein, Z 1is an electron-withdrawing group; R® is a
hydrogen atom or an optionally substituted hydrocarbon
20 group; the combined line of a broken line and a solid line
is a single bond or a double bond; ring A is an optionally
substituted ring; and X” is a divalent group having 4 or

more atoms in the straight-chain moiety thereof] or a salt



~-a hydrogen or an optionally substituted hydrocarbon group), (viii) an
optionally substituted aryl group, 25 (ix) an optionally substituted

. al kenyl group, (x) a halogen 11 atom ( e.g., fluorine, chlorine, brom ne,
““iodine, etc.) and (xi) a nitroso group and the like, preferably, a
carboxyl group which may be optionally &8terified or am dated, a group
represented by the formula: -(COR4, nitrile group, 5 nitro group, a group
represented by the fornula: -(SOWYR5, a group represented by the formula:
-PR6 R7, a group represented by the fornmula: - (PO (OR8) (OR9) , nore
pref er abl y therearfiyoxyl group which is esterified (e.g., a carboxyl group
which is esterified by a C1_4 al kyl such as 10 nmet hoxycarbonyl,

et hoxycar bonyl , t2gyut oxgcasdapyhndetasdordingt he | tke. dbeve creROXyhedr oup
which is esterified" in the "carboxyl group which may be optionally

esterified @7) anmateady x0f i(d )a aboxeldic| gheleum LRIy r £PpEESeNd €shdyihhe 15
formula: -(CO ORLO (wherein, RO is an optionally substituted hydrocarbon

group), whidie tdrera'iGarend irgmaie t pWirdrd $f am dat ed” include a group
represented by the formula: - (CO NR11l R12 (wherein, R' and Rl12 are,

respegively, a2duidrogen abepb@hida i@ | xosubgtbi takede hydk ocanbgn 20
group, and R11 and R12 may be bound to each other to forma 5- to
7-nmenber ed (pnef efedtyin5z tid 62 MeERRIN YEIUE which is esterified;
and
(30) The compound according to the above-mentioned
(27), wherein R’ is a hydrogen atom; and the like.
10
Examples of “electron-withdrawing group”" used in the
present specification include (i) a carboxyl group which
may be optionally esterified or amidated, (ii) a group
represented by the formula: -(CO)R' (wherein, R' is a
15 hydrogen atom or an optionally substituted hydrocarbon
group), (iii) nitrile group, (iv) nitro group, (v) a group
represented by the formula: -(SO,)R° ( wherein, m is an
integer of 1 or 2, and R’ is an optionally substituted
hydrocarbon group ), (vi) a group represented by the
20 formula: -PR® R’ (wherein, R® and R’ each are an optionally
substituted hydrocarbon group), (vii) a group represented
by the formula: -(PO) (OR®) (OR®) (wherein, R® and R® each are
a hydrogen or an optionally substituted hydrocarbon group),
(viii) an optionally substituted aryl group,

25 (ix) an optionally substituted alkenyl group, (x) a halogen



~-am no group together with a neighboring nitrogen atom (e.g.,

t et rahydropyrrol e, piperazine, piperidine, norpholine, thionorpholine,

. pyrrole, imdazole, etc.)). 25 Further, in the formula of (vi) or (vii)
-above, R6 and 12 R7, or R8 and RO may be bound to each other to form for
exanple, a lower (C2_6) al kylene (e.g., diLnethylene, trimethylene,
tetranethyl ene, etc.), a lower (C2-6) alkenylene (e.g., -CH2 -CH=CH, -CH2
-CH2 -CH=CH, 5 CH=CH-CH2 -, etc.) , or a lower (C9_6) alkadienylene (e. g.
, CH=CH CH=CH-, etc.), etc., preferably, a lower (Cl-6) alkylene, nore
pref er abl y,ateon ower. .G2_Nucd iyl ,erneh L atiche t Nessemithe/al Bodli g pupisc Mayah@ve
optionally substituent groups including, for exanple, hydroxy group, a

hal ogen 100st)oma Ai€lofoakkyhp ardl_#hal kokxy, erefcbadIRl,es ofatbexyaryl
group” in the optionally substituted aryl group of (viii) above inc¥ude,
for exanpl ggrougb_wHhianylmsyf ovps spioivrasl pheaygkeri@pbhydr ehGdatRuef egably,
C6- 10 aryl groups, etc., nore preferably, phenyl, etc. The 15 aryl group
my have 1 drpup SHEStéseeNédIBQUPSHST FbkAn1he L(es!of dihei1eptyenabl y
substituted hydrocarbon group described below The "al kenyl groups” in the

optiomal |y rsiubsd i§#d@8, a group represented by the formula: -(SO,)R®%,
a group represented by the formula: -PR® R’, a group
represented by the formula: - (PO) (OR®) (OR?), more

preferably, a carboxyl group which is esterified (e.g., a
carboxyl group which is esterified by a C,,, alkyl such as
10 methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, etc.)
and the like.
The “carboxyl group which 1is esterified” in the
“carboxyl group which may be optionally esterified or
amidated” of (i) above include a group represented by the
15 formula: - (CO)OR™® (wherein, R is an optionally
substituted hydrocarbon group), while the “carboxyl group
which 1is amidated” include a group represented by the
formula: - (CO)NR'"™ R' (wherein, R"™ and R' are, respectively,
a hydrogen atom or an optionally substituted hydrocarbon
20 group, and R' and RY™ may be bound to each other to form a
5- to 7T-membered (preferably, 5- to 6-membered) cyclic
amino group together with a neighboring nitrogen atom (e.g.,
tetrahydropyrrole, piperazine, piperidine, morpholine,
thiomorpholine, pyrrole, imidazole, etc.)).

25 Further, in the formula of (vi) or (vii) above, R® and



~-al kenyl group of (ix) above include, for exanple, alkenyl 20 groups having
2 to 10 carbon atonms such as vinyl, allyl, crotyl, 2-pentenyl, 3-hexenyl,

. etc., and the like, preferably, |lower (C2-6) alkenyl groups, etc., nore
“preferably, vinyl, etc. The al kenyl group may have 1 to 3 substituent
groups simlar to those of the "optionallg 25 substituted hydrocarbon
group" descri bed bel ow. 13 Exanples of the "hydrocarbon group” in the
"optionally substituted hydrocarbon group” used in the present
specification include; 5 (1) an alkyl group (e.g., Cl1_10 al kyl groups such
as nethyl R'et kyd ,R%praxpy| R® i sopr dRylbound yto iesabutytheseeo dir, for
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl,

decyl, etc.exaupfesrabdy, lowesr (@-8) alkylegeoups.gt,c.)diddcPleme,
cycl oal kyl group (e.g., C3_7 cycloal kyl groups such as cycl opropyl,

cycl obutyl treivdtonaing,, cyeltahethyletys! ohepia/l) ,andat helbivke ); (€3)) an
al kenyl group (e.g., alkenyl groups having 2 to 10 carbon atons such as

vinyl, allwikeyatae 2epgdfemydH, -KH=t:H-hexenyl, -etg. ~cpeeter,ablyn, | ower
(C2_6) al kenyl groups, etc.); (4) a cycloal kenyl group (e.g., cycloal kenyl
groupss hadumpgH-dHy 4,cathon,atdms susfe@s(E- oy duepitaiylen- (e.g., -
CH=CH~-CH=CH-, etc.), etc., preferably, a lower (Cig)
alkylene, more preferably, a 1lower (C,,) alkylene, and
these divalent groups may have optionally substituent
groups including, for example, hydroxy group, a halogen
10 atom, a C,, alkyl, a C,., alkoxy, etc.
Examples of the “aryl group” in the optionally
substituted aryl group of (viii) above include, for example,
Ce1s 2ryl groups such as phenyl, naphthyl, etc., preferably,
Ce0 aryl groups, etc., more preferably, phenyl, etc. The
15 aryl group may have 1 to 3 substituent groups similar to
those of the “optionally substituted hydrocarbon group ”
described below.
The “alkenyl groups” in the optionally substituted
alkenyl group of (ix) above include, for example, alkenyl
20 groups having 2 to 10 carbon atoms such as wvinyl, allyl,
crotyl, 2-pentenyl, 3-hexenyl, etc., and the like,
preferably, lower (Cosg) alkenyl groups, etc., more
preferably, vinyl, etc. The alkenyl group may have 1 to 3
substituent groups similar to those of the “optionally

25 substituted hydrocarbon group” described below.



~-cycl ohexenyl, 2-cycl opentenyl nethyl, 2-cycl ohexenylnethyl 20 and the
like); (5) an al kynyl group (e.g., alkynyl groups having 2 to 10 carbon

. atons such as ethynyl, 1-propynyl, 2-propynyl, 1- butynyl, 2-pentynyl,
~3-hexynyl, etc., preferably, lower (C2_6) al kynyl groups and the |ike); 25
(6) an aryl group (e.g., C6_14 aryl group8 such as 14 phenyl, naphthyl,
etc., preferably, C6 10 aryl groups, nore preferably, phenyl, etc.); and
(7) an aral kyl group (e.g., phenyl-Cl 4 alkyl groups (e.g., benzyl,

phenet hyl, etc.) and the like). The 5 exanples of the hydrocarbon groups
are preferably, an al kyl group, nore preferably, a C1_4 al kyl group such as
methyl, ethyl, etc., and particularly preferably, nethyl. Said hydrocarbon
group may have Ssastpliaterit greuphydisudnsbmgyrdgs” exanghe, " qothbbegeny at om
(e.g., fluorine, 10 chlorine, bromne, iodine, etc.), nitro, cyano,
hydroxy, amswpitionaldy subatbtatbent higlogoupusedd. ,id hi @he ClpAesent

al kylthio, etc.), an optionally substituted am no group (e.g., am no,
monoCl_4 aldpdaiminet idrClhirdalad am no, 5- to 6- menbered cyclic am no
groups such as tetrahydropyrrol e, 15 piperazine, piperidine, norpholine,

t hi om® phol i ne, @yrrehealkyl dgzohe daadqgt.he ¢ikelaligyicagbexyt LW awich

may be optionally esterified or amdated (e.g., carboxyl, ClL 4
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl,
heptyl, octyl, nonyl, decyl, etc., preferably, lower (C,.)
alkyl groups, etc.):

10 (2) a cycloalkyl group (e.g., C,, cycloalkyl groups
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like );

(3) an alkenyl group (e.g., alkenyl groups having 2 to
10 carbon atoms such as vinyl, allyl, crotyl, 2-pentenyl,

15 3- hexenyl, etc., preferably, lower (C,,) alkenyl groups,
etc.);

(4) a cycloalkenyl group (e.g., cycloalkenyl groups
having 3 to 7 carbon atoms such as 2-cyclopentenyl, 2-
cyclohexenyl, 2-cyclopentenylmethyl, 2-cyclohexenylmethyl

20 and the like);

(5) an alkynyl group (e.g., alkynyl groups having 2 to
10 carbon atoms such as ethynyl, l-propynyl, 2-propynyl, 1-
butynyl, 2-pentynyl, 3-hexynyl, etc., preferably, lower
(C,_g) alkynyl groups and the like):;

25 (6) an aryl group (e.g., C,,, aryl groups such as



~-al koxycar bonyl , carbanoyl, nonoCl_4al kyl carbamoyl, di C1_4 al kyl car banoyl,
etc.), a Cl_4 alkyl group which may be 20 optionally substituted with

. hal ogen atons or C, _4 al koxy groups (e.g., trifluoronethyl, nethyl, ethyl,
~etc.), a Cl.4 al koxy group which may be optionally substituted with

hal ogen atons or Cl_4 al koxy groups (e.gl4 methoxy, ethoxy,
trifluoromethoxy, trifluoroethoxy, etc.), fornyl, a C2_4 25 al kanoyl group
(e.g., acetyl, propionyl, etc.), a Cl1 4 15 aIkyIsquonyI group (e.qg.,

met hanesul f onyl , ethanesulfonyl, etc.), and a Cl_4 alkylsulfinyl (e.g.,

met hanesul fghalyl, edidsieseld fisyt, , ebeeferie yhurier atyiheyrsiugss,i thend
~groups is preferably 1 to 3. 5 In the formul a above, the "ethylene" and the
"vinylene"gﬂ@ﬁéyaﬁmyﬁigngﬂybgsuhgmﬂngmm ethylene " and the "optionally
substituted vinylene" represented by W include dival ent groups represented

by the formul a: mzanog&ala@;q t §eohpr nd . - Ghléhly1 - @pgsglqiwalcgf@uE% oups

may 10 have substltuent groups at any p05|t|on where substitution

possi bl e, anrd gexanmeQ&}xlher%;}fedélq{ de sahsty t ugm tg{é)upﬁl]@é)m | ar T}(pet hose

of "a hal ogen aton', "an optlonally substltuted am no group”, "an _
optioral |y e?&él?rﬁil'etéﬂo%d £ HYY HyRI6 gréipLRp O e SUDSY | taK egh ki ol
group", 15 "an optionally substltuted hydrocarbon group' and "an

group, more preferably, a C,,, alkyl group such as methyl,
ethyl, etc., and particularly preferably, methyl.

Said hydrocarbon group may have substituent groups,

including, for example, a halogen atom (e.g., fluorine,

10 chlorine, bromine, iodine, etc.), nitro, cyano, hydroxy, an

optionally substituted thiol group (e.g., thiol, C,,

alkylthio, etc.), an optionally substituted amino group

(e.g., amino, monoC,, alkylamino, diC,_,alkylamino, 5- to 6-

membered cyclic amino groups such as tetrahydropyrrole,

15 piperazine, piperidine, morpholine, thiomorpholine, pyrrole,

imidazole and the 1like), a carboxyl group which may be

optionally esterified or amidated (e.g., carboxyl, C,,

alkoxycarbonyl, carbamoyl, monoC,_,alkylcarbamoyl, dicC,_,

alkylcarbamoyl, etc.), a C,,, alkyl group which may be

20 optionally substituted with halogen atoms or C,, alkoxy

groups (e.g., trifluoromethyl, methyl, ethyl, etc.), a C,,

alkoxy group which may be optionally substituted with

halogen atoms or C,, alkoxy groups (e.g., methoxy, ethoxy,

trifluoromethoxy, trifluoroethoxy, etc.), formyl, a C,,

25 alkanoyl group (e.g., acetyl, propionyl, etc.), a C,.,



':-opti onal Iy substituted heterocyclic group” represented by Rl and R2
descri bed bel ow. Wen the ethylene or the vinylene has two substituent
. groups, the substituent groups may be bound to each other to forman

“roptionally 20 substituted ring. Further, RL and R2 may be bound to each

other to forman optionally substituted tbng. Here, exanples of the
optionally substituted ring are those simlar to an optionally substituted
ring as ring A described below (preferably, an optionally substituted 25
benzene ring and the like). 16 Exanples of the "hal ogen atont represented
by Rl and aRXkyilsulherfydr mdcaurab@y.ey i nataetdearid a0k fareyl ¢ hd diamesu bf eny he,

i odine, etc. Exanples of the "optionally substituted am no group” 5
represent ecthy. )R amdl R i 0,thealbybshaf ahplve (écd ude rar ene g DEfsy Whi ch
may be optionally substituted by the "optionally substituted hydrocarbon
groups" nertthemeddlfdvezl, Theiynber Thesuhsibeuendbfgrohps smysbet @yt of 0
to 2. When two substituent groups are present, the two substituent 10

groups may dyeudie isaprafediflferierdo Further, the two substituent groups
may be bound to each other to forma 5- to 7-nenbered (preferably, 5- to

6- menger ed) cyclirc aph80 fProdd d 0ggbdes, W tthenei vdbioy i dgeni t magen aheoNs
(e.g., tetrahydropyrrole, piperazine, piperidine, norpholine,
“vinylene” 1in the “optionally substituted ethylene ” and
the “optionally substituted vinylene” represented by W
include divalent groups represented by the formula: -CH,-
CH,- and the formula: -CH=CH-. These divalent groups may
10 have substituent groups at any position where substitution
is possible, and examples thereof include substituent
groups similar to those of "a halogen atom", “an optionally
substituted amino group”, “an optionally substituted
hydroxy group”, “Yan optionally substituted thiol group”,
15 “an optionally substituted hydrocarbon group” and “an
optionally substituted heterocyclic group” represented by
R' and R® described below. When the ethylene or the
vinylene has two substituent groups, the substituent groups
may be bound to each other to form an optionally
20 substituted ring. Further, R' and R?® may be bound to each
other to form an optionally substituted ring. Here,
examples of the optionally substituted ring are those
similar to an optionally substituted ring as ring A
described below (preferably, an optionally substituted

25 benzene ring and the like).



~-15 thionorpholine, pyrrole, imdazole, etc.). Exanples of the "optionally
substituted hydroxy group"” represented by RL and R2 in the fornula above

. include hydroxy groups which may be optionally substituted by the

““"optionally substituted hydrocarbon groups” mentioned above. 20 Exanpl es of
"the optionally substituted thiol group"lerepresented by Rl and R2 in the
formul a above include thiol groups which may be optionally substituted by
the "optionally substituted hydrocarbon groups” nentioned above. In the
fornmul a above, exanples of the "heterocyclic 25 ring"” in the "optionally
substituted het enooydldc gf otpe YThalepyeaseated’ byeRtearttBd, BbycRudend- to
7-menberd aromatic heterocyclic rings and saturated or unsaturated non-
aromati c hef’eiacyaki Eorimuga &abivehahictubet enoeyihie¢ Whn@line,C®HA Mg at
| east one (preferably, 1 to 4, nore 5 preferably 1 to 2) hetero atons of 1
to 3 (prefearafine, ktdd 2) hetero atons selected fromthe group consisting
of oxygen atom sulfur atom nitrogen atom and ot her atons. Herein,

exanpl es of the Ex@iedd Cohet@eooYsht Lodd MYy shpst¥datad taiGidregbsnsd
aromati ¢ nonocyclic heterocyclic O rings (e.g., furan, thiophene,

pyrrole, oxagilesertexanpl s ddd azoke, theotdyazalL, addddazol puadysazebe,
1, 2, 3- oxadi azol e, 1,2, 4-oxadi azole, 1,3, 4-oxadi azol e, furazan,
1,2, 3-thi adjrra)L, #nch-t A agol eoptidrd1tifi adi 8ot fsuted by the
“optionally substituted hydrocarbon groups” mentioned above.
The number of substituent groups may be any of 0 to 2. When
two substituent groups are present, the two substituent
10 groups may be the same or different. Further, the two
substituent groups may be bound to each other to form a 5-
to 7-membered (preferably, 5- to 6-membered) cyclic amino
group together with neighboring nitrogen atoms (e.g.,
tetrahydropyrrole, piperazine, piperidine, morpholine,
15 thiomorpholine, pyrrole, imidazole, etc.).

Examples of the “optionally substituted hydroxy group”
represented by R' and R* in the formula above include
hydroxy groups which may be optionally substituted by the
“optionally substituted hydrocarbon groups” mentioned above.

20 Examples of “the optionally substituted thiol group”
represented by R' and R® in the formula above include thiol
groups which may Dbe optionally substituted by the
“optionally substituted hydrocarbon groups” mentioned above.

In the formula above, examples of the “heterocyclic

25 ring” in the “optionally substituted heterocyclic group”



~-1,2,3-triazole, 1,2,4-triazole, tetrazole, pyridine, 15 pyridazine,
pyrimdine, pyrazine, triazine, etc.). Exanples of the "non-aromatic

. heterocyclic ring" include 5- to 7-nenbered (preferably, 5- to 6-nenbered)
*saturated or unsaturated (preferably, saturated) non-aronmatic

het erocyclic rings (aliphatic heterocycll@ rings) such as 20 pyrrolidine,

t et rahydr of uran, thiolane, piperidine, tetrahydropyran, norpholine,

t hi onor phol i ne, piperazine, pyran, etc., and 5- to 6-nenbered non-aromatic
heterocyclic rings wherein all or a part of double bonds in the afore-

ment i oned afeprEisehtEandsy cRl cal@t Rt,ocietiede i Bgs tar € Aengaind ad e6ma dhe
heterocyclic ring is preferably a 5- to 6 18 nenbered aromatic ring, and

nore prefemderdaydn,c thimghengndpystelieated pyr divissdtreiesdabl yos-
6- menbered ring). Exanples of substituent groups which may be possessed 5

by the het erreeedliicc Hdtrgrddiadde Sl | (Aleiphgr Dyifset &xeapt1{d eflipgs | he

substituent groups on the "optionally substituted hydrocarbon group’

descri bed afeme.inandg ther nuehst obniche gitastdtdieng, 9roupsol s 4, topdrel n
the fornmula above, Z is preferably an esterified 10 car boxyl group, R3 is

pref ersabl y pﬁ:éﬁédjfa(?ﬂ%ﬁ a2 bRl andii® sach 46 Prgiasedblap gy hydroegen
atom or an optionally substltuted hydr ocar bon group, nore preferably a
hydrogen 2) hetero atoms selected from the group consisting of
oxygen atom, sulfur atom, nitrogen atom and other atoms.
Herein, examples of the “aromatic heterocyclic ring”
include 5- to 6-membered aromatic monocyclic heterocyclic
10 rings (e.g., furan, thiophene, pyrrole, oxazole, isoxazole,
thiazole, isothiazole, imidazole, pyrazole, 1,2,3-
oxadiazole, 1,2,4-oxadiazole, 1,3,4-oxadiazole, furazan,
1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,3,4-thiadiazole,
1,2,3-triazole, 1,2,4-triazole, tetrazole, pyridine,
15 pyridazine, pyrimidine, pyrazine, triazine, etc.).
Examples of the “non-aromatic heterocyclic ring” include 5-
to T7-membered (preferably, 5- to 6-membered) saturated or
unsaturated (preferably, saturated) non-aromatic
heterocyclic rings (aliphatic heterocyclic rings) such as
20 pyrrolidine, tetrahydrofuran, thioclane, piperidine,
tetrahydropyran, morpholine, thiomorpholine, piperazine,
pyran, etc., and 5- to 6-membered non-aromatic heterocyclic
rings wherein all or a part of double bonds in the afore-
mentioned aromatic monocyclic heterocyclic rings are

25 saturated. The heterocyclic ring is preferably a 5- to 6-



“-atom and it is also preferable that Rl and R2 are bound to each other to
forman optionally substituted benzene ring. 15 The substituent groups

. which nmay be possessed by the ™"optionally substituted benzene ring" used
“*in the present specification include substituent groups exenplified as the
substituent groups on the "optionally sub8tituted hydrocarbon group”
descri bed above; the afore-described 20 "optionally substituted aryl
groups”, which may be bound via a spacer (e.g., a divalent group having 1
to 4 atons in the straight-chain noiety thereof) (preferably, afore-
descri bed 'mepidearal | yastthatitut edray,yl ghaupsuods chpirefediabegt | yrinoamd) ,
and particularly preferably electron 25 donating groups. The nunber of the
substi t uentthgropiesd,s gydbole, 4.orxpppliasnef (drefepasef” aare-mdfibenied [a
is an integer of 1 to 4 (preferably, an integer of 1 to 2) ] , - (CH2)
b-X - [b irSmay .integer of 0 to 3 (preferably, an integer of 0 to 5 1), X
is an optionally substituted imno group (e.g. i mno groups which nmay be

substituted wt mdagiple d Gf Bubst Kivhent 0@@6uf)§3mﬂa)|.c§‘a>’%{a®a|ﬂfé’|poé@éé@éd

| ower (C2_7) al kanoyl, |ower (Cl_6) al koxy-carbonyl etc.), a carbonyl
group,5 an Q%NQGMh@IOﬁbeéraagem&bonahxﬁgOXthZ@QeSU%h%%tQE%@h&e Qro

S(On- (nis an integer of to 2))] CH=CH C G, -CO NH, -SO2- NH
etc. (prefenaliiified2asbth¥ -sub®f Lo Rt egaRlps on the “optionally
substituted hydrocarbon group” described above, and the
number of the substituent groups is 1 to 3.
In the formula above, Z 1is preferably an esterified
10 carboxyl group, R® is preferably a hydrogen atom, and R
and R® each is preferably a hydrogen atom or an optionally
substituted hydrocarbon group, more preferably a hydrogen
atom, and it is also preferable that R' and R* are bound to
each other to form an optionally substituted benzene ring.
15 The substituent groups which may be possessed by the
“optionally substituted benzene ring” used in the present
specification include substituent groups exemplified as the
substituent groups on the “optionally substituted
hydrocarbon group” described above; the afore-described
20 “optionally substituted aryl groups”, which may be bound
via a spacer (e.g., a divalent group having 1 to 4 atoms in
the straight-chain moiety thereof) {(preferably, afore-
described “optionally substituted aryl groups which is

directly bound), and particularly preferably electron-

25 donating groups. The number of the substituent groups is 1



"-CH2-O ). These groups may be bound to the "optionally substituted benzene
ring" via either the right or |eft bond, but they are bound to the

. "optionally substituted benzene 15 ring" preferably via the right bond.
"Exanpl es of the ring forned by binding R and R2 and the "optionally
substituted ring" represented by Ain th&9 fornula above include 5- to
7-menbered (preferably, 5- to 6-nenbered) saturated or unsaturated
alicyclic hydrocarbons 20 such as C5_, cycl oal kanes (e.g., cycl opentane,
cycl ohexane, cycloheptane, etc.), C5_7 cycl oal kenes (e.g., 1l-cycl opentene,
2-cycl openttend,. 3- cycl opentene, 2-cyl cohexene, 3- cyl cohexene, etc.), and
C5_6 cycl oal kadi enes (e.g., 2,4- cyclopentadi ene, 2,4-cycl ohexadi ene,

2, 5- cycl ohexadi enmamPeetaf ;tifte t spdderenheeed (GHONE i [& mﬁﬂanxﬁﬁmm@esuch
as 20 benzene, naphthal ene, azul ene, acenaphthylene, etc.; and 5- to

7-nmenberd arforiatic et eppeyerably| ngs andegatrupdt ad toy 2)qr;sa¢wrgl)gdx -
non-aromatic heterocyclic rings (aliphatic heterocyclic rings) containing

at |east one (i eferabtoged 6510 4o BONRrRTEraBHAR, Y ah tigtdgdietser @ ag@nms of
1to 3 (preferably, 1 to 2) hetero atons sel ected from the gr oup

consi g i ng 19f, oxygefs atem opuhbHa12 Onéuﬁlé‘&i@@@é'datl@cmrﬁlﬁd réhper (atons.
Exanpl es of the "aromatic het erocyclic ring" include g to 6 nenber ed
aromati c nmaRAGKE! Geoligker PEyEhi Gdy NBE substituted with lower (C, )
alkyl, lower (C,,) cycloalkyl, formyl, lower (C,.,) alkanoyl,
lower (C,4) alkoxy-carbonyl etc.), a carbonyl group, an
oXygen atom or an optionally oxidized sulfur atom (e.g., -
10 S(0),- (n is an integer of 0 to 2))}, -CH=CH-, -C=C-, -CO-
NH-, -SO,-NH- etc. (preferably -(CH,), -X’'-, more preferably
-CH,-0-) . These groups may be bound to the “optionally
substituted benzene ring” via either the right or left bond,
but they are bound to the “optionally substituted benzene
15 ring” preferably via the right bond.

Examples of the ring formed by binding R' and R? and
the “optionally substituted ring” represented by A in the
formula above include 5- to 7-membered (preferably, 5- to
6-membered) saturated or unsaturated alicyclic hydrocarbons

20 such as C,, cycloalkanes (e.g., cyclopentane, cyclohexane,
cycloheptane, etc.), C;, cycloalkenes (e.g., l-cyclopentene,
2-cyclopentene, 3- cyclopentene, 2-cylcohexene, 3-
cylcohexene, etc.), and C, cycloalkadienes (e.g., 2,4-
cyclopentadiene, 2,4-cyclohexadiene, 2,5-cyclohexadiene,

25 etc); 6- to ld4-membered aromatic hydrocarbons such as



“-(e.g., furan, thiophene, pyrrole, oxazole, isoxazole, thiazole,

i sothiazole, imdazole, pyrazole, 1,2,3- oxadiazole, 1,2, 3-thiadiazole,

. 1,2,3-triazole, pyridine, pyridazine, pyrimdine, pyrazine, etc.), and
“*exanpl es of 15 the "non-aromatic heterocyclic ring" include 5- to 7-
menbered (preferably 5- to 6-nenbered) saburated or unsaturated
non-aromati ¢ nonocyclic heterocyclic rings (aliphatic heterocyclic rings)
such as pyrrolidine, tetrahydrofuran, thiolane, piperidine, norpholine, 20
t hi onor phol i ne, tetrahydropyran, piperazine, pyran etc., or 5- to

6- menber ed brorreivegmatdaph thetlereay d4 tl dridgSasdredghitthy Bdrle Oretec pardn®fst he
doubl e bonds in the afore-described aronmatic nonocyclic heterocyclic rings
are satur atted. 7 fugritherd ahematchg frermddpclbicndi hggRlaaad B2 uranéd her 25
"optionally substituted ring" represented by Ain the 21 fornula above may
form a fusechsatngameer eimo?-dcomat {Prehetabbyyc2) cnonrdeys | c(dii@satic
descri bed above are condensed. Preferable exanples of the fused ring
include fusedrddigs iof #iMysSanEortadhifgr ant 1Baker egyc! (grdidgp1y, 1
(preferably, one heterocyclic ring and one aromatic heterocyclic ring,
nore @ ef erabl ¥, tvdrsSapeederdbiiierentto appmaid€e Ft @@kl 6 ri ngs) ;3 and
fused rings of a heterocyclic ring and a honocyclic ring (preferably, a
heterocycl i@rdfa 14,2 bepgens MHdtdbrd €S e68188t¥d #Rom the group

consisting of oxygen atom, sulfur atom, nitrogen atom and

other atoms.
Examples of the “aromatic heterocyclic ring” include
10 5- to o6-membered aromatic monocyclic heterocyclic rings
(e.g., furan, thiophene, pyrrole, oxazole, isoxazole,
thiazole, isothiazole, imidazole, pyrazole, 1,2,3~
oxadiazole, 1,2,3-thiadiazole, 1,2,3-triazole, pyridine,
pyridazine, pyrimidine, pyrazine, etc.), and examples of
15 the ™“non-aromatic heterocyclic ring” include 5- to 7-
membered (preferably 5- to 6-membered) saturated or

unsaturated non-aromatic monocyclic heterocyclic rings

(aliphatic heterocyclic rings) such as pyrrolidine,
tetrahydrofuran, thiolane, piperidine, morpholine,
20 thiomorpholine, tetrahydropyran, piperazine, pyran etc., or

5- to 6-membered non-aromatic heterocyclic rings wherein

all or a part of the double bonds in the afore-described

aromatic monocyclic heterocyclic rings are saturated.
Further, the ring formed by binding R!' and R? and the

25 “optionally substituted ring” represented by A in the



~-10 aromatic heterocyclic ring and a benzene ring). Specific exanples of
the fused ring include indole, benzothi ophene, benzofuran, benzi m dazol e,
. imdazo[1,2 - a]pyridine, quinoline, isoquinoline, cinnoline, etc. The
ring formed by binding Rl and R2, and the 15 "optionally substituted ring"
represented by Ain the fornula above i8lpreferably a 5- to 6-nenbered
aromatic ring, nore preferably benzene, furan, thiophene, pyrrole, or
pyridine (preferably, a 6-nmenbered ring), and particularly preferably
benzene. 20 The ring formed by binding R and R2, and the ring A nmay have

substi t uentfogimilps, agarpl esyvt heoeal bnckudedt hesfag swhAekaint 02t heo 3
substituent groups which nay be possessed by the "benzene ring"” in the

"optional | ypréFsdrabatygd Enzefenoty8bicdesehgbed daierabell t QibhvEANes &
di fferent 25 substituent groups may substitute at any position of the 22

ring where cytrindddt.i onprs£POSEI Bl @xahpllehe dOr fnéarabeve,rite 1wk madent
group"” represented by X is preferably a divalent group having 3 or nore

atons in tfeesd r 2i 85 - JRI BwBDiRine t Ber eof srawkht f aeteraeRke i canyimggr oup
may be enpl oyed whi chever ring Bin the following fornmula can forma 5- to

16- mergoer ed gre¥e radyi8f,er abhy Shet@rotdcBiberethd i NgnaMiePr ef esmbl ¥ 7- to

10-nmenbered ring, particularly preferably 8- to 10-nenbered ring):
heterocyclic ring, more preferably, two same or different
aromatic heterocyclic rings); and fused rings of a
heterocyclic ring and a homocyclic ring (preferably, a
heterocyclic ring and a benzene ring, more preferably, an

10 aromatic heterocyclic ring and a benzene ring). Specific
examples of the fused ring include indole, benzothiophene,
benzofuran, benzimidazole, imidazo[1,2 - alpyridine,
quinoline, isoquinoline, cinnoline, etc.

The ring formed by binding R' and R? and the

15 “optionally substituted ring” represented by A 1in the
formula above is preferably a 5- to 6-membered aromatic
ring, more preferably benzene, furan, thiophene, pyrrole,
or pyridine (preferably, a 6-membered ring), and
particularly preferably benzene.

20 The ring formed by binding R' and R?, and the ring A
may have substituent groups, examples thereof include those
similar to the substituent groups which may be possessed by
the “benzene ring” in the “optionally substituted benzene

ring” described above. 1 to 3 same or different

25 substituent groups may substitute at any position of the



“-the fornmula 10 the formula or the fornmula 15 That is, X may be any of
di val ent groups having 1 to 12 atons in the straight-chain noiety thereof
. (preferably 1 to 8, nore preferably 3 to 6, and particularly preferably 4
“-to 23 6), and specific exanples of the divalent group include (1) - (CH2)
al- (al is an integer of 1 to 12, preferably 3 to 12), - (CH2) a2- (CH=CH)
- (CH2) a3- (a2 and a3 each are the sane or different integer of 0 to 10.
But, the sumof a2 5 and a3 is 10 or |ower, preferably 1 to 10), -(CH2)a4-
(CH=C=CH)- (CH2) a5- (a4 and a5 each are the sane or different integer of O
to 9. But, riley swharef sabsandahors 1% @godaaMelrg., (2) - (CH2) bl-Y- (CH2) b2-
(bl and b2 each are the sanme or different integer of 0 to 11. But, the sum
of bl and b2 is Inl@&hkl farrrulwerabgreef ettabyd 2vd Derdtl . gows” OreSre OsniNH) ,
(CH2) b3-Y- (CH2) b4- (CH=CH) - (CH2) b5- or - (CH2) b5- (CH=CH) - (CH2)
b4-Y (CH2) b3 X hid e barchibby asedivespaet greluy, hakensae o mbfd exents
integer of 0 to 9. But, the sumof b3, b4 and b5 is 9 or less. Yis 0, S
or NH) , - i(Citile RfréidHEHDhdih Mo lddFrGHddeot ( G, bEor Asxamb L&R) abg-
(CH=C=CH) - (CH2) b7-Y- (CH2) b6- (b6'" b7, and b8 are, respectively, the
Isarne cz;rY di ffreigntma it egerem®foPedi 0 WBi Bltlvert hei SYMBOf i N6 LHR7 O HBihg 8 or
ess. is

formula can form a 5- to l6-membered ring (preferably 5- to

12-membered ring, more preferably 7- to 10-membered ring,
particularly preferably 8- to l0-membered ring):

the formula

10 R

the formula

1

~R X
zi B )—L
R :

R

or the formula

X

R3

15 That is, X may be any of divalent groups having 1 to 12
atoms in the straight-chain moiety thereof (preferably 1 to

8, more preferably 3 to 6, and particularly preferably 4 to



©.0, S, or NH, ( 3) - (CH2) c1- (NeCH - (CH2) c2- (cl and c2 are, 20
respectively, the sanme or different integer of O to 10. But, the sumof cl
~and c2 is 10 or less, preferably 1 to 10), - (CH2) c3- (N=CH) - (CH2) c4-

"-(CHECH) - (CH2) ¢5- or - (CH2) ¢5- (CHECH) - (CH2) c4- (N=CH) - (CH2) 3-

(c3, c4 and c5 are, respectively, the saBe or different integer of 0 to 8.
But, the sumof ¢c3, c4 25 and c5 is 8 or less), - (CH2) c6- (N=CH) -
(CH2),:,- (CH=C=CH) 24 (CH2) ce- or - (CH2) c8- (CH=C=CH) - (CH2) c7-
(N=CH) - (CH2) c6- (c6, c7 and c8 are, respectively, the sanme or different

integer of 6)Q tand/.sgddifildiesplafs & e aivL£BentS grdlip | B8SIudd 4) -
(CH2) dlI- (CH=N - (CH2) d2- (dl and d2 are, 5 respectively the sane or

di fferent integer)of- (Butis iheigvayet dif and 213 s dPepErdo
preferably 1 tge(lo) QCéHil) d3- (Jﬁm 0 @12) d4- (CHECH) El(c:Hz§ a5 o -

(CH2) d5- (3CH=CHL2) ( CHRH%- 6@5@3 d3a2( dhd d43a8dcH5 A€, the

respectively, the sane or élfferent |nteger of O to 8. But, the sumof d3,

d4 10 and @Qines &r ogikessent- ih€dYPerdtsr (EHEY) 10.( G, dehe( SHRCHIH) a2 (OH2)
de- or - (CH2) d8- (CHEC=CH) - (CH2) d7- (CHEN) - (CH2) d6- (d6, d7 and d8

o PSP % LB SO ST ptagey . G 0a S e

are, reSPGQHH@@%GH)—(CHQag— (a4 and a5 each are the same or different
integer of 0 to 9. But, the sum of a4 and a5 is 9 or lower),
(2) -(CH;),1-Y-(CH,),— (bl and b2 each are the same or

different integer of 0 to 11. But, the sum of bl and b2 is

10 11 or lower, preferably 2 to 11. Y is 0O, S, or NH), -
(CH,) p3—¥- (CH;) ,— (CH=CH) - (CH,) ,s— or =(CH,),,— (CH=CH) - (CH,),~Y~-
(CHy)ps— (b3, b4 and bS5 are, respectively, the same or

different integer of 0 to 9. But, the sum of b3, b4 and b5

is 9 or 1less. Y 1is O, S, or NH), =(CH,),~Y-(CH,),,

15 (CH=C=CH) = (CH,) jg— Or = (CH,) g~ (CH=C=CH) - (CH,) ,;~Y~- (CH,) .~ (b6,
b7, and b8 are, respectively, the same or different integer

of 0 to 8. But, the sum of b6, b7 and b8 is 8 or less. Y is

0, S, or NH),

(3) - (CH,)} ;;— (N=CH) - (CH,) .,— (cl and c2 are,
20 respectively, the same or different integer of 0 to 10. But,
the sum of ¢l and c2 is 10 or less, preferably 1 to 10), -
(CH,) .3~ (N=CH) - (CH,) .,,— (CH=CH) - (CH,) o5~ or - (CH,) .s— (CH=CH) -
(CH,) oo~ (N=CH) - (CH,) .5~ (c3, c4 and cb are, respectively, the

same or different integer of 0 to 8. But, the sum of c3, c4

25 and c¢c5 1is 8 or 1less), =-(CH,) - (N=CH)-(CH,) ,—(CH=C=CH)~



*-15 the sane or different integer of O to 10. But, the sumof el and e2 is
10 or less, preferably 1 to 10), -(CH2)e3- (N=N) - (CH2) e4- (CH=CH) -

. (CH2) eb- or - (CH2) e5- (CH=CH) - (CH2) e4- (N=N)-(CH2)e3- (e3, e4 and e5
“-are, respectively, the same or different integer of 0 to 8 But, the sum
of e3, e4 and e5 20 is 8 or less) , (CH224e6- (N=N) - (CH2) e,- (CH=C=CH) -
(CH2) e8- or - (CH2) e8- (CH=C=CH) (CH2) e7- (N=N - (CH2) e6- (e6, e7 and
e8 are, respectively, the same or different integer of 0 to 7. But, the
sum of e6, e7 and e8 is 7 or less), (6) - (CH2) fl-Y- (CH2) f2- (N=CH -
(CH2) f3- ({[dH,) ;2 aswl F3Célp,~28HEEspaCEHI(CHEL )Y, - (heCBareCh)) ¢+ f f(erentc?
integer of 0 to 9. But, 25 the sumof fl, f2 and f3is 9 or less. Yis 0, S

or NH), - E@@R)cH Zard N=fEbpectG&) yf 2tNe 66hE) dd di(fferdnt alrkdgenret
respectively, the sane or different integer of 0 to 9. But, the sumof fl,

f2 and f3 ics tD or. Imas, thd Suh o‘iczfe,Nth ard (&34)s fA-of GELE), - (CH2)
f5-Y- (CH2) f6- (N=CH) - (CH2) f,- (f4, f5, f6 and f7 are, respectively,

the same or diff@nent Lnteger- p(f;H =19) J;()cﬁz ?Jt tlae sumad f440f5 fheand 7
is7or less. Y is 0, Sor NH, - (CH) ey (CHZ) f9- (CHECH - (CH2)

f10- (N=CHresgeGtdlve1ddtHd &anfd,of 1 prh-drldl BieqdLSPECs i vel ¥o. ther sane
10 or different integer of 0O to 7. But, the sumof f8, f9, flOand fIl is 7
15 the sum of dl and d2 is 10 or lower, preferably 1 to 10), -
(CH,) 43— (CH=N) - (CH,) 4,— (CH=CH) - (CH,) 45— or - (CH,) 4~ (CH=CH) -
(CH,) 44— (CH=N) - (CH,) 45— (d3, d4 and d5 are, respectively, the
same or different integer of 0 to 8. But, the sum of d3, d4
10 and d5 1is 8 or less), =(CH,)4~(CH=N)-(CH,) - (CH=C=CH)-
(CH,) 4= or =—(CH,;) 4~ (CH=C=CH) - (CH,) g;— (CH=N) - (CH,) 4¢— (d6, d7
and dB8 are, respectively, the same or different integer of
0 to 7. But, the sum of dé, d7 and d8 is 7 or less),
(5) =(CH,).,,~ (N=N)~-(CH,) ..~ (el and e2 are, respectively,
15 the same or different integer of 0 to 10. But, the sum of
el and e2 is 10 or less, preferably 1 to 10), =-(CH,).;
(N=N) - (CH,) .4~ (CH=CH) - (CH,) .o~ or ~(CH,) .s— (CH=CH) - (CH,) .,
(N=N)-(CH,) s~ (e3, ed4 and e5 are, respectively, the same or
different integer of 0 to 8. But, the sum of e3, e4 and e5
20 is 8 or less), =-(CH,) .~ (N=N)-(CH,).,—(CH=C=CH)-{(CH,) 4- or -
(CH;) .= (CH=C=CH) - (CH,) ,,— (N=N) - (CH,) ..~ (e6, e7 and e8 are,
respectively, the same or different integer of 0 to 7. But,
the sum of e6, e7 and e8 1s 7 or less),
(6) =-(CH,),=Y- (CH,) ;= (N=CH) - (CH,) s~ (f1, £2 and £3 are,

25 respectively, the same or different integer of 0 to 9. But,



“-or less. Yis 0, Sor NH, - (CH2) fl12-Y- (CH2) f13 (N=CH) - (CH2) f14-
(CH=CH) - (CH2) f15- (f12, f13, f14 and f15 are, respectively, the sane or
. different integer of O to 7. But, the sumof f12, f13, f14 and f15 is 7 or
“less), - (CH2) f7 (N=CH) - (CH2) f6-Y- (CH2) f5- (CH=CH) - (CH2) f4 (f4,

f5 f6 and f7 are, respectively, the sank5or different integer of 0 to 7.
But, the sumof f4, f5 f6 and f7 is 7 or less. Yis O, S or NH , - (CH2)
f11- (N=CH - (CH2) f10- (CH=CH - (CH2) f9-Y- (CH2) f8- (f 81 f9, f10 and
fll are, respectively, the sane or different 20 integer of O to 7. But, the
sum of 8, th® FuhD @hdfX,) [£2sar’d DB 1€SS. o¥ les8,. 8 ars MH),S -of GHP), f15-
(CH=CH - (CH2) f14- (N=CH) (CH2) f13-Y- (CH2) f_2 (f12, f13, f14 and f15
are, respectonely,(NEoe)sawe, oy, -d-{ErNem i nteper of20 tand. B, t hersum of
f12, f13, f14 and f15 is 7 or less), 25 (7) - (CH2) gl-Y- (CH2) g2- (CH=N)

- (CH2) g3-rdsectidraAnd Gharsane2br espetdtaral Virthayeaaner o b fJ erent,
integer of 0 to 9. But, the sumof gl, g2 and g3 is 9 or less. Yis 0, S

or NH), - (@R)s@B-of GFEN)F2 4k&12F3092sY9 0€H2ks@l - v(ab g2 and: gl s e
respectively, the sane or different |nteger of 0 to 9. But, 5 the sum of

gl, 9% and @35 - QC‘PIEdH@sS(CHg g5SY0 cﬁ t- MWdeHy - (€#3),,-94- ({GHEGH, - £6H2)
g5-Y— (CH2) 96- CH=N) (g4, 95, g6 an g? are respectlvely,
the same O%HHffT”é¥E,'Pé§ﬂ§ét9@ely, the same or different integer of
0 to 7. But, the sum of f4, £5, f£6 and f7 is 7 or less. Y
is 0, S or NH), =(CH,) =Y~ (CH,) o~ (CH=CH) - (CH,) ;1o- (N=CH) -
(CH,) ¢~ (£8, £9, £f10 and f11 are, respectively, the same
10 or different integer of 0 to 7. But, the sum of £8, £9, £f10
and fl11 is 7 or less. Y is O, S or NH), =-(CH,)¢,-Y-(CH,) ¢35~
(N=CH) - (CH,) ¢,~ (CH=CH) - (CH,) ss~ (f12, £13, £f14 and £f15 are,
respectively, the same or different integer of 0 to 7. But,
the sum of f12, £f13, f14 and £f15 is 7 or less), =(CH,)¢
15 (N=CH) - (CH,) ;s~Y- (CH,) ;s— (CH=CH) - (CH,) ;,,- (f4, £5, £6 and £7
are, respectively, the same or different integer of 0 to 7.
But, the sum of f4, £5, f6 and f7 is 7 or less. Y is O, S
or NH), =(CH;)¢;— (N=CH) = (CH,) 10— (CH=CH) - (CH,) ;,—Y-(CH,) - (£8,
£f9, f10 and fl1ll are, respectively, the same or different
20 integer of 0 to 7. But, the sum of f8, £f9, f10 and f11 is 7
or less. Y is O, S or NH), -(CH,),s— (CH=CH)-(CH,),~(N=CH) -
(CH;) ¢15~Y—(CH,) ¢-,— (£12, £13, £14 and £f15 are, respectively,
the same or different integer of 0 to 7. But,the sum of £f12,

£f13, £f14 and £f15 is 7 or less),

25 (7) = (CH,) 5;-Y- (CH,) ;,— (CH=N) - (CH,) >~ (g1, g2 and g3 are,



“-0to 7. But, the sumof g4, g5, g6 and g7 is 7 or less. Y is 0, S or NH),
- (CH2) ge-Y- (CH2) g9- (CH=CH) - (CH2) gl10- (CH=N) 10 (CH2)al1l- (g8, g9,
. 010 and gll are, respectively, the same or different integer of O to 7.
"-But, the sumof g8, g9, gl0 and gll is 7 or less. Yis O, Sor NH , -
(CH2) gl2-Y- (CHz) gl1l3- (CH=N) - (CH2) g24- (CH=CH) - (CH2) gi5- (gl2, g13,
gl4 and gl15 are, respectively, the sane or different integer of 0 to 7.
But, 15 the sumof gl12, 913, gl4 and gi15 is 7 or less), - (CHz) g7- (CH=N)
- (CH2) g6-Y- (CHz} 5- (CH=CH) - (CHz) g4- (94, g5, g6 and g7 are,
respecti velrgsgdet isamy athali sdmes edt dhf egeendf iAtkge?. ofBAt td e, smum of g4,
g5, g6 and g7 is 7 or less. Yis O, S or NH, - ( CHR) gll- (CHE=N) - (

CH2) glo- (tGB=Gdm -off H2)gD%d §3CHE) 996r (188%.2@ g9, gl and g, are
respectively, the sane or different integer of O to 7. But, the sumof @8,

g9, glo anotcmlz;L I-S(cﬁ NQ"— bﬁ?ﬁgz -Y-iieu0, .S or (g4, - ;(CHZandil5 gi CH=GH, -
(CH2) gl14- %D 3-Y- ( ) gl2 - (gl2, gl3, gl4 and gl5 are,

respecti velrsé,spet&tqv%alrye théilg‘afnfer%}t ditegemtoofi it dgp .o BW . £d he, saim of 25
912, 913, gl14 and gl15is 7 or less), 27 (8) - (CH2) hl-Y- (CH2) h2- (N=N) -

(CH2) h3- (dHe dud X 418, B, af@specitvel ¥rt hessame as &,f fergntyint eger of
0O to 9. But, the sumo hl h2 and h3 is 9 or less. Yis 0, S or NH)

(CH2) h3- ((N%N) .~ (CEE2H) hack;) (SQQXCH (gbm =102 a0, N3 argye 5 rgspecdével y,
the sane of dlf?erent |nteger

and g7 are, respectively, the same or different integer of
0 to 7. But, the sum of g4, g5, g6 and g7 is 7 or less. Y
is 0, S or NH), =(CH,),-Y~-(CH,)4~ (CH=CH)-(CH,) 5~ (CH=N)-

10 (CHy) g11— (g8, g9, gl0 and gll are, respectively, the same
or different integer of 0 to 7. But, the sum of g8, g9, gl0
and gll is 7 or less. Y is O, S or NH), =(CH,),,~Y~=(CH,) 43~
(CH=N) = (CH,) 414~ (CH=CH) - (CH,) ;15— (gl1l2, 913, gl4 and gl5 are,
respectively, the same or different integer of 0 to 7. But,

15 the sum of gl2, gl3, gl4 and gl5 is 7 or less), -(CH,)y,
(CH=N) — (CH,) 46~Y~- (CH,) s~ (CH=CH) - (CH,) ,,~ (g4, g5, g6 and g7
are, respectively, the same or different integer of 0 to 7.
But, the sum of g4, g5, g6 and g7 is 7 or less. Y is O, S
or NH), = (CH,) g~ (CH=N)-(CH,) 4~ (CH=CH) - (CH,) 4o-Y~ (CH,) ;.- (g8,

20 g9, gl0 and gll are, respectively, the same or different
integer of 0 to 7. But, the sum of g8, g9, gl0 and gll is 7
or less. Y is O, S or NH), =-(CH,),s-(CH=CH)~(CH,),,- (CH=N) -
(CH,) g13~Y—(CH;) g1, - (gl2, gl3, gld and gl5 are, respectively,
the same or different integer of 0 to 7. But, the sum of

25 glz, gl3, gl4 and gl5 is 7 or less),



“-the sumof hl, h2 and h3 is 9 or less. Yis 0, Sor NH), (CH2) h4- (CH=CH
- (CH2) h5-Y- (CH2) h6- (N=N) - (CH2) h7 (h4, h5, h6 and h7 are,

. respectively, the sanme or different integer of O to 7. But, the sum of h4,
“h5, h6 and h7 is 7 or less. Yis 0, 10 Sor NH), - (CH) h8-Y- (CH2) h9-
(CH=CH) - (CH2) h1O (N=N) - (CH2) h11 (»8, h9, h10 and hll are,
respectively, the sanme or different integer of O to 7. But, the sum of hS8,
h9, hl0 and hll is 7 or less. Yis 0, Sor NH) , - (CH2) hl2-Y- (CH2) h13
(N=N) - (CH2) h14- (CH=CH) - (CH2) h15- (hl2, h13, h14 and hl5 are, 15

respectively, the)sanecHy, ivl-f@ment,-i(Neagercaf) Q-t @h7, Bat addherSumef hl2,
h13, hl4 and hl5 is 7 or less), - (CH2) h7 (N=N) - (CH2) h6-Y- (CH2) h5-

(CH=CH) - (CdedtdWd1d; tHe ddnaner hdiarerehespaekiyeel v the-sae Mit,
different integer of 0 to7. But, the sumof h4, h5 h6 and h7 is 7 or

less. Y isthe $B0 o N h2-ak@HR) hdle EM-Nees.(QH2) i, 05 (EhEH), -- (CH2)
h9-Y- (CH2) h8- (h8 h9, hl0 and hit are, respectlvely the same or

di ff t yQ Hh h8, nh9, 11
I;ssér$n|s gﬂiggerNQN (tﬁde2§URCH ?Eiﬁgl§i- (CH hg) h%%@'?pgkﬁ %%ﬁ() o
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the sum of hl, h2 and h3 is 9 or less. ¥ is O, S8 or NH), -
(CH,) 4= (CH=CH) - (CH,) ,s~Y~- (CH,) ;¢ (N=N) - (CH,) ,»— (h4, h5, h6 and
h7 are, respectively, the same or different integer of 0 to
7. But, the sum of h4, h5, h6 and h7 is 7 or less. Y is O,
10 S or NH), - (CH;) ,4—~Y- (CH,;) ,o— (CH=CH) = (CH,) p;0— (N=N) - (CH,) ,,;;—
(h8, h9, hl0 and hll are, respectively, the same or
different integer of 0 to 7. But, the sum of h8, h9, hlo0
and hll is 7 or less. Y is O, S or NH), -(CH,);;,~-Y-(CH,) 13—
(N=N) - (CH,) 14— (CH=CH) - (CH,) 15— (h1l2, hl13, hl4 and hl5 are,
15 respectively, the same or different integer of 0 to 7. But,
the sum of hl2, hl3, hl4 and hl5 is 7 or less), =-(CH,),-
(N=N) - (CH,) ,4~Y- (CH,) ;s— (CH=CH) - (CH,) ,,~ (h4, h5, hé6 and h7
are, respectively, the same or different integer of 0 to7.
But, the sum of h4, hb5, h6é and h7 is 7 or less. ¥ is O, S
20 or NH), =(CH,)u,—(N=N)-(CH,) o~ (CH=CH) - (CH,) ,o~Y=(CH,) o~ (h8,
h9, hl0 and hll are, respectively the same or different
integer of 0 to 7. But, the sum of h8, h9, hl0 and hll is 7
or less. Y is O, S or NH), =-(CH,),s— (CH=CH)-(CH,);,— (N=N) -
(CH,) 13—~ Y—-(CH,) p1,— (h1l2, h1l3, hl4 and hl5 are, respectively,

25 the same or different integer of 0 to 7. But, the sum of



~-28 h12, h13, hl14 and h15 is 7 or less), (9) - (CH2) J1-Y1- (CH2) j2 _y2_
(CH2) j3- (j 1, j2 and j3 are, respectively, the sane or different integer
. of O0to 10. But, the sumof jlI, j2 and j3 is 10 or less, preferably 1 to
"-10. 5 Y and Y2 are, respectively, 0, Sor NH), - (CH) 74-Y4- (CH2) j5-
Y5- (CH2) j6-Y6- (CH2) j7- (j4, |5, |6 ap8l j7 are, respectively, the sane
or different integer of O to 9. But, the sumof j4, | 5 ] 6andj 7 is 9
or lower. Y9, Y5, Y6 and Y7 are, respectlvely, 0, S or NH, and so on.
Speci fic exanples of 10 the divalent group include -0-, -0-(CH2)kl- (kI is
an integemld, hily hilpreierdad L2 T ®b)lesd- ,CH=CH, L 0- CH2- CH=CH-,
-OCH=CH CH2-1 - (CH2) k1-0- (kI is an integer of 1 to 5, preferably 2 to

5), -CHECHO, -@R- Ckicq) O-v'- (CBHFGHY? Cl“@HzQ} $jlu -$2 (L) jB2-af&p is

an integer of 1 to 5, 15 preferably2t 5), CH=CH, -S-CH2- CH=CH,
- S- CH=CH Clﬂ%sbecdﬁéa)y,kltrﬁr ddfle icxr &t fifgRged ﬂftégé]@ & orederablpue, to
5, -CHECHS, -CH2-CH=CH S-, -CH=CH-CH2-S-, -NH, -NH (CH2)k2- (k2 is an

i nteger of thd G dw 1ereybz| yan%it S)s 1d\1|ﬂ5£|"féé‘é,, pr&E LRI CHEGS 10,
-NH CH=CH CH2-1 - - NH (klIS an 20|nteger of lto preferably2

to 5 CH=CH5 y2- - 2=
|gt ezgeSr of 1 P(?I_g %%ferab %"I‘;rgl G"GG"SGE!%'NT# (éﬂ—%f—?-JY éH:%HI-s an
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the same or different integer of 0 to 9. But, the sum of j4,
35, j6 and J7 is 9 or lower. Y!, Y’, Y® and Y are,
respectively, O, S or NH), and so on. Specific examples of
10 the divalent group include -0-, -0-(CH,),,- (k1 1is an
integer of 1 to 5, preferably 2 to 5), -0-CH=CH-, -0-CH,-
CH=CH-, -0-CH=CH-CH,-, =-(CH,),;-O- (k1 is an integer of 1 to
5, preferably 2 to 5), -CH=CH-0-, -CH,-CH=CH-O~ , -CH=CH-
CH,-0-, -S- , -S-(CH,),,- (k2 is an integer of 1 to 5,
15 preferably 2 to 5), -S-CH=CH-, -S-CH,-CH=CH-, -S-CH=CH-CH,-,
-(CH;) ,-S- (k1 is an integer of 1 to 5, preferably 2 to 5),
-CH=CH-S-, -CH,-CH=CH-S-, -CH=CH-CH,-S-, -NH-, -NH-(CH,),,
(k2 is an integer of 1 to 5, preferably 2 to 5), -NH-CH=CH-,
-NH-CH,-CH=CH-, -NH-CH=CH-CH,-, =-(CH,) ,-NH- (k1 4is an
20 integer of 1 to 5, preferably 2 to 5), -CH=CH-NH-, ~-CH,-
CH=CH-NH-, -CH=CH-CH,-NH-, -(CH,),,- (k2 is an integer of 1
to 5, preferably 2 to 5), -CH=CH-, -CH,-CH=CH-, -CH=CH-CH,-,
-N=CH~-, -CH=N-, -N=N-, -CH,-N=CH-, -CH,-CH=N-, -CH,-N=N-,
N=CH-CH,~-, -CH=N-CH,~-, -N=N-CH,- etc., and preferable

25 examples include -0-(CH,),,- (k1 is an integer of 1 to 5,



*-25 exanples include -0-(CH2)kl- (kl is an integer of 1 to 5, 29 preferably
2 to 5 nore preferably 3 to5) , -S- (CHz) k2- (k2 is an integer of 1 to
. 5, preferably 2 to 5, nore preferably 3 to 5), -NH (CH2) k2- (k2 is an
““integer of 1 to 5, preferably 2 to 5, nore preferably 3 to 5), -(CH2)k2-
(k2 is 5 an integer of 1 to 5, preferabl92 to 5, nore preferably 3 to 5),
- (CH2) klI-O (kI is an integer of 1 to 5, preferably 2 to 5 nore
preferably 3 to 5), -(CH2)kl-S- (kl is an integer of 1 to 5, preferably 2
to 5 nore preferably 3 to 5), and -(CH2)kl-NH (k1 is an integer of 1 to
5, preferahinef2riably, 21008 e poeeepablfyrdbily 3) ,tam) nore- peief)es-ablie
exanples are 0- (CH2) 2-1 -0- (CH2) 3-1 -0- (CH2) 4-1 -0- (CH2) 5-1 (CHz)
4-, -S (CH2) adr .int®ge® dfCHz)td-5, PYfER)y 3 o N fdd& )pheferdibty (CHz)
5- and the like. The divalent group nmay have substituent groups, and 15

sai d substiztuert gnHQupsNERYCHE) ARy gkeupiwhi gh cantbgebousnd tD the dsyal ent
group, including, for exanple, a halogen atom an optionally substituted

ani no gr ouprederepiliyomaldy 5,5ukstd thdete hsiT OXy €6 08P, ancepti-onakd yis

substituted thiol group, an optionally substituted hydrocarbon group and
an 20 ppt i epalint sgdastd £ ut ego hey ep@éyg«kaglgr QUIQoe>5‘%TTl?ddrfé e afe Rlb1 @ng R2.

Further, the substituent groups nmay be bound

to 5), -(CH,),-0- (k1 is an 1nteger of 1 to 5, preferably 2
to 5, more preferably 3 to 5), -(CH,),,-S- (kl is an integer
of 1 to 5, preferably 2 to 5, more preferably 3 to 5), and
-(CH,) ,-NH- (k1 is an integer of 1 to 5, preferably 2 to 5,
10 more preferably 3 to 5), and more preferable examples are -
0-(CH,),-, -0-(CH,),;-, -0-(CH,),-, -0O-(CH,)s—, -S~-(CH,),-, =-S-
(CH;),—, -S-(CH,;)s-, -NH-(CH,;);-, -NH-(CH,),-, -NH-(CH,).- and

the like.
The divalent group may have substituent groups, and
15 said substituent groups may be any group which can be bound
to the divalent group, including, for example, a halogen
atom, an optionally substituted amino group, an optionally
substituted hydroxy group, an optionally substituted thiol
group, an optionally substituted hydrocarbon group and an
20 optionally substituted heterocyclic group exemplified as R!
and R®. Further, the substituent groups may be bound to
each other to form a ring with the divalent group, and such
rings include those exemplified as the rings formed by
binding R' and R®. Further, when an atom constituting the

25 straight chain moiety 1is a sulfur atom in the “divalent



~-each other to forma ring with the divalent group, and such rings include
those exenplified as the rings formed by binding RL and R2. Further, when

. an atomconstituting the 25 straight chain noiety is a sulfur atomin the

“-"dival ent 30 group" represented by X above, the sulfur atom may be
oxi di zed, and may be any of -S-, -SO 0r30S02 - Further, Rl and a
substituent group on X or R2 and R3 nmy be bound to each other to form an
optionally 5 substituted ring, and exanples of such ring include those
exenplified as the optionally substituted rings formed by binding R and
R2. When Rgraugh”a sebseseneat grpuX oabXvare theurshlfuraeltoot heayt dod or m
an optionally substituted ring, a substituent group on the first to third
(pref erabl pxtilg zBA,f ianst may $eceng; afor-s-pr efr-akdy t480,f F.st) atomin the
straight chain noiety of X bound to the ethylene or vinylene is preferably
bound to Rl. Al treimadeiryelR}, andsubssubsebtugnoupronpt he "etdyl RhedndoR’
"vinylene" of the "optionally substituted ethylene" or 15 "optionally

substi t ut echawi NYBeENEBoliLPr esent edddy Wireyr betbouridrin0 arsubsst a1 @r oup
of X or R3to forman optionally substituted ring, and exanples of such

ring s ncl ydddthese exemid fi gldasxbhg1ept icmathyn subsyi tivicaddd i 11gssd or med
by binding Rl and R2. Wen a substituent 20 group of the "ethyl ene" or
"vinyl ene" eha iFURSt iddleBhe optionally substituted rings formed by
binding R' and R®’. When R' and a substituent group on X are
bound to each other to form an optionally substituted ring,
a substituent group on the first to third (preferably the
10 first to second, more preferably the first) atom in the
straight chain moiety of X bound to the ethylene or

vinylene is preferably bound to R'.

Alternatively, a substituent group on the “ethylene”
or “vinylene” of the “optionally substituted ethylene” or
15 “optionally substituted vinylene” represented by W may be
bound to a substituent group of X or R’ to form an
optionally substituted ring, and examples of such ring
include those exemplified as the optionally substituted
rings formed by binding R' and RZ. When a substituent
20 group of the “ethylene” or “vinylene” and a substituent
group of X are bound to each other to form a ring, binding
between a substituent on the first to third (preferably
first to second, more preferably first) atom in the
straight chain moiety of X bound to the ethylene or

25 vinylene and a substituent group of the “ethylene” or



~-group of X are bound to each other to forma ring, binding between a
substituent on the first to third (preferably first to second, nore

. preferably first) atomin the straight chain moiety of X bound to the

“-ethylene or 25 vinylene and a substituent group of the "ethylene" or 31
"vinylene" is preferable. In the fornul a3above, the conbined |ine of
"broken 1line and solid line" indicates a single bond or a double bond
(preferably double bond). 5 When a conmpound having a substituent group is a
basi ¢ conpound dependi ng on the kind of the substituent group exenplified
above, the“edmAdwnd "Nty hraryrnadyliead to a salt thereof by using an acid
according to usual nethods. Any acid may be used if the acid does not
interfere with tie 4Rer iz, abdvexamiescombthedacl the nelfudesaksgani ¢
acids such as hydrochloric acid, hydrobrom c acid, phosphoric acid,
sul furic adQiithe Mdrid i 8odtdd,l i3’ f aifdiELt&ls ehC.sindglregahibed asrds Sdclb bs
formc acid, acetic acid, trifluoroacetic acid, tartaric acid, citric
acid, fumaponhdlymefbramleidowtid baiepci nic acid, malic acid, p-
t ol uenesul foni ¢ acid, nethanesul fonic acid, benzenesulfonic acid etc., and

aci di g am no aciyhersUchc@soAsh@rhd¢ingi 8, suBkit et ragrdupy G.s Wewa aic
obt ai ned conpound is a salt, the conpound nay be converted to a free base

accordi ng t®mpound depending on the kind of the substituent group

exemplified above, the compound may be converted to a salt

thereof by using an acid according to usual methods. Any

acid may be used if the acid does not interfere with the

10 reaction, and examples of the acid include inorganic acids

such as hydrochloric acid, hydrobromic acid, phosphoric

acid, sulfuric acid, nitric acid, sulfamic acid etc.,

organic acids such as formic acid, acetic acid,

trifluorocacetic acid, tartaric acid, citric acid, fumaric

15 acid, maleic acid, succinic acid, malic acid, pP-

toluenesulfonic acid, methanesulfonic acid, benzenesulfonic

acid etc., and acidic amino acids such as aspartic acid,

glutamic acid etc. When an obtained compound is a salt,

the compound may be converted to a free base according to

20 usual methods.

Alternatively, when a compound having a substituent

group is an acidic compound depending on the kind of the

substituent group exemplified above, the compound may be

converted to a salt thereof by using a base according to

25 usual methods. Any base may be used if the base does not



.20 usual nmethods. Alternatively, when a conpound having a substituent
group is an acidic conmpound dependi ng on the kind of the substituent group
. exenplified above, the compound nmay be converted to a salt thereof by
“-using a base according to 25 usual nethods. Any base may be used if the
base does not 32 interfere with the reacgfon, and exanples of such salts
i nclude salts with inorgani c bases, organic bases, basic amno acids, etc.
Preferabl e exanples of the salt with an inorganic base include alkal
netal salts such as sodiumb5 salt, potassiumsalt, etc.; alkali-earth neta
salts suchink®rdalrel uwishl tthamgagstiiBhsaldnd ekgainpasd ad£INMsOLER Séd1ts
ammonium salt, etc. Preferable exanples of the salt with an organic base
include salihelWdeh $41vet Rytam Neorgdhi et ylsaE, Neor @i di Basep, Cabd S
et hanol am ne, 10 di et hanol am ne, triethanol am ne, dicycl ohexylam ne, N/ N -

di benzyl et ylienediaddle.cted C. Preferable examphes ef khe swald WwidH anbasic
am no acid include salts with arginine, |ysine, ornithine, etc. Wen an

obt ai ned campeYRGiS Bassalihcibbe compoLndyERYIbeLavested L asddfgnacid
15 according to usual methods. The reaction above-nmentioned (1) is

conduct ed, shar, ePLL ukindgica f@ld .o ks eactd oy cpadiht i oy tEhesgapound
represented by the formula:
as calcium salt, magnesium salt, etc.; and aluminum salt,

ammonium salt, etc. Preferable examples of the salt with

an organic base include salts with trimethylamine,

triethylamine, pyridine, picoline, ethanolamine,
10 diethanolamine, triethanolamine, dicyclohexylamine, N,N’-
dibenzylethylenediamine, etc. Preferable examples of the

salt with a basic amino acid include salts with arginine,
lysine, ornithine, etc. When an obtained compound is a
salt, the compound may be converted to a free acid
15 according to usual methods.
The reaction above-mentioned (1) is conducted, for
example, under a following reaction condition.

The compound represented by the formula:

20 [wherein each symbol has the same meaning described above]
or a salt thereof 1is produced by subjecting a compound

represented by the formula:



"R '3 20 [wherein each synbol has the sanme neani ng descri bed above] or a
salt thereof is produced by subjecting a conpound represented by the
formula: 33 / X-CH2 Z R [wherein each synbol has the sane neani ng descri bed
-above] or a salt thereof to cyclization reaction in a solvent containing
carbonic diester. 5 The reaction above-n88tioned (1) is preferably
conducted in the presence of a base, and exanples of such base include
nmetal hydri de conpounds (e.g., alkali nmetal hydrides such as sodi um

hydri de, potassium hydride, etc.), netal hydrocarbons (e.g., conpounds
havi ng direct cheqi,cal, 10 bond between al kali netal and Cl_4 al kyl group
such as n- b X%T" 'qTZn etc.), alcoholates (e.g., conmpounds in which a

hydr oxy hygyogen of Cl_4 alcohols is replaced by a alkali netal such as
sodi um et { de) sodi um et hoxi de, sodiumt- butoxide, potassium methoxide,
pot assi um et hoKi de, 15 potassiumt-butoxide, |ithium nethoxide, |ithium
ethoxide, litdtdumt-butoxide, etc.), alkali netal hydroxides (e.g., NaCH,

KOH, etc.), bdsic carbonates (e.g., alkali nmetal salts of carbonate such
as sodiumsalt, potassiumsalt, etc., or alkali-earth nmetal salts of

carbonate gygRr@Sn each symbol has the same meaning described above]
or a salt thereof to cyclization reaction 1in a solvent
containing carbonic diester.

5 The reaction above-mentioned (1) is preferably
conducted in the presence of a base, and examples of such
base include metal hydride compounds (e.g., alkali metal
hydrides such as sodium hydride, potassium hydride, etc.),
metal hydrocarbons (e.g., compounds having direct chemical

10 bond between alkali metal and C,, alkyl group such as n-
butyllithium, etc.), alcoholates (e.g., compounds in which
a hydroxy hydrogen of C,, alcohols is replaced by a alkali
metal such as sodium methoxide, sodium ethoxide, sodium t-
butoxide, potassium methoxide, potassium ethoxide,
15 potassium t-butoxide, lithium methoxide, lithium ethoxide,
lithium t-butoxide, etc.), alkali metal hydroxides (e.g.,
NaOH, KOH, etc.), basic carbonates (e.g., alkalli metal
salts of carbonate such as sodium salt, potassium salt,
etc., or alkali-earth metal salts of carbonate such as
20 calcium salt, magnesium salt, etc.), basic bicarbonates
(e.g., alkali metal salts of bicarbonate such as sodium

salt, potassium salt, etc.), and organic bases (e.qg.,



=-20 calciumsalt, magnesiumsalt, etc.), basic bicarbonates (e.g., alkal
netal salts of bicarbonate such as sodium salt, potassiumsalt, etc.), and
organi c bases (e.g., 34 trinethylam ne, triethylan ne,

-di i sopropyl et hyl am ne, pyridine, picoline, N nethylpyrrolidine, N

met hyl nor phol i ne, 1, 5-di azabi cycl o[ 4. 3. 034on- 5-ene, 1, 4-

di azabi cycl o[ 2. 2. 2] octane, 1, 8-di azabicyclo [5.4.0]-7 5 undecene, etc.),
and preferably nmetal hydride conmpounds 10 (e.g., sodium hydride, potassium
hydride, etc.), alcoholates (e.g., NaOwe, NaCEt, t-BuONa, t-BuCK, etc.),

parti cul ar It ipfeafrariaddiynegl cohalmitetish fitantine NaOVR1 1 Nt op ¥ e BiiNamite BUCK,
etc.) is used. The anobunt of base used for the reaction above- nentioned

(1) is aboyyrQdirdeq 100 equivelemés, pref arablhylpyir@od ieduieyal ents.yThe
reaction solvent may be any solvent if only it contains carbonic diester,

for exanpl ewethyadIPHLL idieESt el , 85dakeaBi cgclbXuuBeoPho’d-gLchBI € CRfHoONI C
diesters or a m xed solvent of carbonic diesters and a sol vent except

carboni c diiedisycig xarBodcc st er 1], 8-aig0aBUNE1HEPr egend egh) by-t he

formula, Z2'"-QQCO O Z, [wherein, Z" and Z' each are an 20 optionally

subst ig ut edhniedOEAr DARCYN QUPaA BT AN ab18N metal hydride compounds
(e.qg., sodium hydride, potassium hydride, etc.),
alcoholates (e.g., NaOMe, NaOEt, t-BuONa, t-BuOK, etc.),
particularly preferably alcoholates (e.g., NaOMe, NaOEt, t-
BuONa, t-BuOK, etc.) is used.

10 The amount of base used for the reaction above-
mentioned (1) is about 0.1 to 100 equivalents, preferably 1
to 5 equivalents.

The reaction solvent may be any solvent 1if only it
contains carbonic diester, for example, a carbonic diester

15 alone, a mixture of 2 or more carbonic diesters or a mixed
solvent of carbonic diesters and a solvent except carbonic
diesters.

The carbonic diester is a compound represented by the
formula, 2”-0(C0O)0-Z2’, |[wherein, Z” and 2Z’ each are an

20 optionally substituted hydrocarbon group (preferably an
optionally substituted alkyl group)]. Preferable are
carbonic diesters which are 1liquid at the reaction
temperature. In addition, Z” and Z’ are preferably the
same, and preferable examples of the carbonic diester are

25 dialkyl carbonates, and di C;, alkyl carbonates such as



“-optionally substituted al kyl group)]. Preferable are carbonic diesters
which are liquid at the reaction tenperature. In addition, Z" and Z' are

. preferably the sane, and preferable exanples of the carbonic diester are

25 di al kyl carbonates, and di Cl_4 al kyl carbonates such as 35 di net hyl
carbonate, diethyl carbonate are preferaBby used. The "sol vent except
carbonic diesters" used in conbination with one or nore kinds of carbonic
diesters may be any solvent if the solvent does not interfere with the 5
reaction, and includes, for exanple, halogenated solvents (e.g., nethylene
chl ori de, diicddtdrydetdzateynatid ordifedthigl etrhgnatad igateatp e fychloicarbons. (e. g.,
n- hexane, etc.), aromatic hydrocarbons (e.g., benzene, toluene, etc.),
ethers (e.g., tdaheahytsofvean (EWEpptdi eidndatier, deesters10 pelear sbhvents
(e.g., dinethylformam de (DWF), dinethyl sul foxide (DVMSO, etc.), alcohols
(e.g., nethanlinateidranglth prepa®inots apmapanot , cdrddisfndiesters may

2- met hoxyet hanol, etc.), formc acid esters (e.g., Cl1 4 alkyl formate,
etc.), andbeoxalyCsatventi est ehe (¢ Grentdi déds 4natkihtexdeatee, wialtc)thd5 and
preferably dinmethylformam de (DVF), al cohols (e.g., nethanol, ethanol

etc.) :mnd seauticH)e &€ACthenudRY, berondurghgle | Nhal cRPGRId ad &l v ke
solvent, preferably in a solvent containing carbonic diester (preferably,
di met hyl caghongte metiyBéfyl chloride, dichloroethane, chloroform,
etc.), aliphatic hydrocarbons (e.g., n-hexane, etc.),
aromatic hydrocarbons (e.g., benzene, toluene, etc.),
ethers (e.g., tetrahydrofuran (THF), diethylether, etc.),
10 polar solvents (e.qg., dimethylformamide (DMFE) ,
dimethylsulfoxide (DMSO), etc.), alcohols (e.g., methanol,
ethanol, propanol, isopropanol, n-butanol, 2-methoxyethanol,
etc.), formic acid esters (e.g., C,, alkyl formate, etc.),
and oxalic acid diesters (e.g., di C,, alkyl oxalate, etc),
15 and preferably dimethylformamide (DMF), alcohols (e.g.,
methanol, ethanol, etc.) and so on.

The reaction may be conducted in an appropriate mixed
solvent, preferably 1in a solvent containing carbonic
diester (preferably, dimethyl carbonate or diethyl

20 carbonate).

The reaction temperature is usually about -20 to 200°C,
preferably about 10 to 100°C, and the reaction period is
usually about 0.1 to 100 hours, preferably about 0.5 to 50

hours.

25 The reaction above-mentioned (7) 1is conducted, for



"-20 carbonate). The reaction tenperature is usually about -20 to 200C,
preferably about 10 to 100C, and the reaction period is wusually about 0.1

. to 100 hours, preferably about 0.5 to 50 hours. 25 The reaction

“-above-nentioned (7) is conducted, for 36 exanple, under a follow ng
reaction condition. The conmpound represedbed by the fornmula: [wherein each
synbol has the sane neani ng descri bed above] 5 or a salt thereof is
produced by subjecting a conpound represented by the formula: R X-CH2Z
.. 2 [wherein each synbol has the sane neani ng descri bed above] or a salt
t her eof to0examydld,zaindar reedetlilawinyg aesaltvient cdidicanrdiral ni ng a carbonic
di ester. The reaction above-nentioned (7) may be conducted wunder a simlar
condition to thahe aonidune acddresahee byratd dwthly: The reaction
above-nentioned (13) is conducted for 15 exanple under a follow ng
reacti on condigglon. (The conmpound represented by the fornmula: [wherein each
synbol has:the's ani ng descri bed above]

R

[wherein each symbol has the same meaning described above]
5 or a salt thereof is produced by subjecting a compound

represented by the formula:

X—CHx—Z

[wherein each symbol has the same meaning described above]
or a salt thereof to a cyclization reaction in a solvent
10 containing a carbonic diester.

The reaction above-mentioned (7) may be conducted
under a similar condition to that for the reaction above-
mentioned (1).

The reaction above-mentioned (13) 1s conducted for

15 example under a following reaction condition.

The compound represented by the formula:

X
()
R3

[wherein each symbol has the same meaning described above]




.37 or a salt thereof is produced by subjecting a conpound represented by

the formula: O [wherein each synbol has the sane neani ng descri bed above]
.5 o0r asalt thereof to a cyclization reaction in a solvent containing a
-carboni c diester. The reaction above-nentioned (13) may be conducted under
a condition simlar to those for the reagtion above- nentioned (1). 10
Anmong the conpounds represented by the followng formula: X W~ /~-Z R
"3 [wherein each synbol has the sane neani ng descri bed above] or the salt
t hereof obtained in the reaction above 15 nentioned (1), the conpounds

represent edrbyat hey ftor fukaecoX- G Ar3Bulcskereyn.subijcetdhg a compound
el ectron-wi thdrawi ng group, Wis an optionally substituted ethylene or an

optionalIyréygggéﬂw&ﬁqumH@(fyimuygwmen the ethyl ene or vinylene has two
substituent groups, said substituent groups may be 5 bound to each other to

form an optionallx_iiﬁiiliuted ring,
2

(A1

R3

[wherein each symbol has the same meaning described above]
5 or a salt thereof to a cyclization reaction in a solvent
containing a carbonic diester.

The reaction above-mentioned (13) may be conducted
under a condition similar to those for the reaction above-
mentioned (1).

10 Among the compounds represented by the following

formula:

[wherein each symbol has the same meaning described above]
or the salt therecf obtained in the reaction above-

15 mentioned (1), the compounds represented by the formula:

/X

W/Z

R3



-R3 is a hydrogen atomor an optionally substituted hydrocarbon group, and
X" is a divalent group having 4 or nore atons in the straight-chain noiety
. thereof (preferably, a divalent group having 4, 5 or 6 atons in the
-straight 10 chain noiety thereof)] or the salts thereof are novel

conmpounds whi ch have not been described & literature. Further, the
conpounds represented by the fornula: [wherein, each synbol has the sane
meani ng descri bed above] 15 or a salt thereof obtained in the reaction
above-nentioned (1) are useful as nedicines, agricultural chem cals, foods,
cosnetics dgmtheatedmi,calzs, ior amt eylnedimdresyitedefwing Ferowgyanpl eisfram the
conpounds represented by the fornula: 39 '3 R [wherein each synbol has the

sane nmeani pgptdesenilied ahayelit@red he sah{y1&her eobrobt aimed dgridgarr@ct i on
above- nentioned (1), useful medicines such as an osteogenesis 5 pronoter,

a Na- H exchamge iititidd tinytdeatang Rgent ther eth9illealkl Wy a-iand dc i d nence
of urine, edenma treating agent and treating agent for central nervous

system di s@ggessaBB+tiREcprodyssdpaccasling élgstﬂecd@{thogSrolﬁ@%mms the art
(e.g., nmethods described in"JP-A 8-73476, W?99/55690, JP-A 11- 10 302267,
JP-A El- 3023 ((ha WOUYRIRHEheH G0 - £ 388 tarMsist f M a G3F ridior Qi dderd yenti on
R’ is a hydrogen atom or an optionally substituted
hydrocarbon group, and X” is a divalent group having 4 or
more atoms in the straight-chain moiety thereof (preferably,
a divalent group having 4, 5 or 6 atoms in the straight-
10 chain moiety thereof)] or the salts thereof are novel

compounds which have not been described in literature.

Further, the compounds represented by the formula:

[wherein, each symbol has the same meaning described above]
15 or a salt thereof obtained in the reaction above-mentioned
(1) are useful as medicines, agricultural chemicals, foods,
cosmetics and chemicals, or intermediates therefor. For

example, from the compounds represented by the formula:



“Hereinafter, the present invention is described in nore detail by the

fol |l owi ng
restrict t

- 2-al koxybenzal dehyde derivatives in general;
4- (2- For nyl phenoxy) butyrate Ethyl 4-brodbbutyrate (6.6nl) was added to a
al dehyde (5.0g) and potassium carbonate (6. 29)

and the mxture was stirred at 90C for 1 hour. The m xture was
allowed to cool to roomtenperature, and neutralized with 1N hydrochloric
raction with ethyl acetate, the organic | ayer was washed

40 suspension of salicyl

DVF( 15m ),

acid. 5 Af
W th satur
concentr at
chr omat ogr

Ref erence Exanples and 15 Exanples, which are not intended to

he present invention. EXAMPLES Preparation of

ter e

ate t water, dried over anhydrous sodiumsulfate, and

7 The ncengrate was purified by silica gel colum
y (n / et hyl acetate=4/1) and subsequent concentration
app yate eluate gave colorless oil of Ethyl 4-(2-

fornyl phenoxy) bbytyrate (9.6g, yield 990). 'H NMR(CDC13, 6, 300MHz):

1.27(3H, t
4.11- 4. 18(
dd, J=1.7,

10

15

20

, J=7)IHz), 2.14- 2.23(2H, m, 2.54(2H, t, J=7.2Hz),
4H,
15

[wherein each symbol has the same meaning described above]
or the salt thereof obtained in the reaction above-
mentioned (1), useful medicines such as an osteogenesis
promoter, a Na-H exchange inhibitor, treating agent for
pollakiuria and incontinence of urine, edema treating agent
and treating agent for central nervous system diseases can
be produced according to the methods known in the art (e.g.,
methods described in JP-A 8-73476, WO0%99/55690, JP-A 11-

302267, JP-A 11-302270, W099/51242, etc.).

Best Mode for Carrying Out the Invention

Hereinafter, the present invention 1s described 1in
more detail by the following Reference Examples and
Examples, which are not intended to restrict the present

invention.

EXAMPLES
Preparation of 2-alkoxybenzaldehyde derivatives in general;
[REFERENCE EXAMPLE 1] Ethyl 4-(2-Formylphenoxy)butyrate

Ethyl 4-bromobutyrate (6.6ml) was added to a

,36,96- 7.04(2H, n), 7.52(1H, dt, J=1.7, 7.1Hz), 7.82(1H
) 7Hz), 10.49(1H, s). IR(neat, cml): 1733, 1687, 1598, 1243.

20 [ REFERENCE EXAMPLE 1] Et hyl

n




:*Cbnpounds bel ow i n [ REFERENCE EXAVPLE 2] to [ REFERENCE EXAMPLE 4] were
prepared according to a nmethod simlar to that of [ REFERENCE EXAMPLE 1].

- 20 [ REFERENCE EXAMPLE 2 Et hyl 4-(4-Brono-2-fornyl phenoxy)butyrate
"Colorless oil, yield 98% 'H NVR(CDC131 6, 300MHz): 1.23(3H, t, J=7.1Hz),
2.11-2.20(2H, nm), 2.50(2H, t, 25 J=7.2Hz¥0 4.08-4.16(4H, m, 6.85(1H, d,
J=8.9), 7.58(1H, dd, 41 J=8.9, 2.6Hz), 7.88(1H, d, J=2.6Hz), 10.37 (1H, s).
| R(neat, cm1): 1731, 1683, 1590, 1272. [ REFERENCE EXAMPLE 3] Et hyl

4- (2-Fornyl -4-nmet hoxy 5 phenoxy)butyrate Colorless oil, yield 99%

1H NVR( CDCE3,spehsi300Mzff  $223¢3H, tgldstivdddz) (52089- 2.a08( 2Hhotd ss Rub0( 2H,
t, J=7.2Hz), 3.77(3H, s), 4.05-4.15(4H, nm, 6.90(1H, d, J=9.1), 7.08(IH,
dd, J=9.1, cGArMdngte/. 3O(Ad, h DMB(26R)), 16nd3¢thH, nikts)re IW(neatircen 1) :
1731, 1683, 1496, 1218. [ REFERENCE EXAMPLE 4] Et hyl

5- (2- For nylat4- aethofpphanokyur ) pertranomni gt Cokorlagssa Didwed i ebd ¥ to

1H NVR(CDC13, 5, 300MHz) 15 1.21(3H, t, J=7.1Hz), 1.80-1.87(4H m,
2.37(2H, t rooktdmperathire/( Ahd DeutkDlZed 4i#th 1 hEdE&HHIbrik acid.

5 After extraction with ethyl acetate, the organic layer was
washed with saturated salt water, dried over anhydrous
sodium sulfate, and concentrated. The concentrate was
purified by silica gel column chromatography (n-
hexane/ethyl acetate=4/1) and subsequent concentration of

10 the appropriate eluate gave colorless oil of Ethyl 4-(2-
formylphenoxy)butyrate (9.6g, yield 99%).
'H-NMR (CDC1l,, &, 300MHz): 1.27(3H, t, J=7.1Hz), 2.14-
2.23(2H, m), 2.54(2H, t, J=7.2Hz), 4.11-4.18(4H, m), 6,96-
7.04(2H, m), 7.52(1H, dt, J=1.7, 7.1Hz), 7.82(1H, dd, J=1.7,
15 7.7Hz), 10.49(1H, s).
IR (neat, cm™): 1733, 1687, 1598, 1243.
Compounds below in [REFERENCE EXAMPLE 2] to [REFERENCE
EXAMPLE 4] were prepared according to a method similar to
that of [REFERENCE EXAMPLE 1].
20
[REFERENCE EXAMPLE 2] Ethyl 4-(4-Bromo-2-formyl
phenoxy)butyrate
Colorless oil, yield 098%. lH—NMR(CDCly 5, 300MHz):
1.23(3H, t, J=7.1Hz), 2.11-2.20(2H, m), 2.50(2H, t,

25 J=7.2Hz), 4.08-4.16(4H, m), 6.85(1H, d, J=8.9), 7.58(1H, dd,



=9.1Hz), 7.08(1H, dd, J=9.1, 3.2Hz), 7.29(1H, d, J=3.2Hz), 10.44 (1H, s).
(neat, cm1): 1731, 1683, 1496, 1218. 20 Preparation of

J
I
2-fornyl-N-nmethyl aniline derivatives in general [ REFERENCE EXAMPLE 5]

-5-(4-Brono-2-fornyl -N- net hyl ani | i no) pentanoi ¢ acid A suspensi on of

1- net hyl - 2- pi peridone (5.0g9) in 4N 25 sédi um hydroxide (22.1n) was heated
and stirred for 8.5 42 hours under reflux. After the suspension was cool ed
to roomtenperature, conc. hydrochloric acid (7.4nl) was added. A

sol ution of sodium carbonate (9.4g) and 5-brono-4- fluorobezal dehyde (4. 5Q)
i n DVBO ( 74m8). ma .&dded, 7amd ¢tihe o,r €548 tdHy mdd. B yas sisred for 1.5
hours under reflux. The m xture was allowed to cool to roomtenperature,
and adj usti®dnleatpHoaf abaut3 B, A 683 h BN hydrorh) oric acid. After
extraction with ethyl acetate, the organic |ayer was washed with saturated
salt water, dried over anhydrous 10 sodium sul fate, and concentrated. The
precipitated crystal obtained was redissolved in isopropyl ether [IPE]

(20ml) undexrmeaiNorg, apgambersol Wl on wesyal | owed 1-0r390)1 1O KOHBxy
tenperature, and stirred for 1 hour at OC. The crystal obtained was
filtemed aphatRRAGUMIEIELPE. Drying under 15 reduced pressure (40C 1
hour) gave yellow crystal of 5- (4-brono-2-fornyl-Nnethylanilino)pentanoic

acid (4.0g, Colorless oil, yield 99%. H-NMR(CDCl,, &, 300MHz):
1.23(3H, t, J=7.1Hz), 2.09-2.18(2H, m), 2.50(2H, t,
J=7.2Hz), 3.77(3H, s), 4.05-4.15(4H, m), 6.90(1H, d, J=9.1),
7.08(1H, dd, J=9.1, 3.2Hz), 7.30(1H, d, J=3.2Hz), 10.43(1H,

10 s). IR(neat, cm™): 1731, 1683, 1496, 1218.

[REFERENCE EXAMPLE 4] Ethyl 5-(2-Formyl-4-methoxyphenoxy
Ypentanoate

Colorless oil, yield 99%. 'H-NMR (CDC1,, &, 300MHz):

15 1.21(3H, t, J=7.1Hz), 1.80-1.87(4H, m), 2.37(2H, t,

J=7.1Hz), 3.77(3H, s), 4.01-4.14(4H, m), 6.89(1H, d,

J=9.1Hz), 7.08(1H, dd, J=9.1, 3.2Hz), 7.29(1H, d, J=3.2Hz),

10.44 (1H, s). IR(neat, cm™): 1731, 1683, 1496, 1218.

20 Preparation of 2-formyl-N-methylaniline derivatives in
general
[REFERENCE EXAMPLE 5] 5- (4-Bromo-2-formyl-N-

methylanilino)pentanoic acid
A suspension of 1l-methyl-2-piperidone (5.0g) in 4N

25 sodium hydroxide (22.1lml) was heated and stirred for 8.5



yield 579 . np. 72-73C. 'H NMR (CDC13, (5, 300MHz): 1.61-1.69(4H, m,
2.36(2H, t, J=6.7Hz), 2.87(3H, s), 3.13(2H, t, J=6.9Hz), 20 6.97(1H, d,

- J=8.8Hz), 7.54(1H, dd, J=8.8, 2.5Hz), 7.86(1H, d, J=2 . 5Hz) , 10.17 (1H,
"'s). Anal. Calcd for C13 HI6 NOB Br: C,49.70; H,5.13; N, 4.46; Br, 25.43,
Found: C,49.75; H,5.16; N, 4.45; Br,25.402 IR(KBr, cm1): 1731, 1648.
Conmpounds bel ow i n [ REFERENCE EXAMPLE 6] to [Reference 25 EXAMPLE 8] were
prepared according to a nmethod simlar to 43 that of [ REFERENCE EXAMPLE 5].
[ REFERENCE EXAVPLE 6] net hyl anilino)pentanoic acid 5-(2-Fornyl-N 5 Yell ow
oi |, yieldhdifos 1th8R( CBELRx.6, 3FIMAZ)the 1.stbpknb3ohH waid, cda3@RH ot ,
J=6. 7Hz), 2.90(3H, s), 3.17(2H, t, J=6.9Hz), 7.04-7.13(2H, m, 7.50(1H,

dd, J=1.7, rconbHzEmpetB0(rd], dtthc J3lydrodhld)e ddiR8(A1HME) .wd R(HNeddd.
cm1): 1708, 1683. 10 [ REFERENCE EXAMPLE 7] 5-(2- Fornyl -4-nitro- N-

met hyl ani | izno)gaenitaingi ¢ afci GoElunow cdstsdridte Yi @) MPB3%am®. I0romdO8C. 1H
NVR(CDC13, 5, 300MHz): 1.60-1.67(2H, m, 1.75-1.81(2H, nm), 15 2.38(2H, t,
J=6.7Hz), Z1HPheldechy¥ 2H .3g) J&f. BMBY, (74ml) was added, and the
5 resulting mixture was stirred for 1.5 hours under reflux.
The mixture was allowed to cool to room temperature, and
adjusted to pH of about 3.3 with 6N hydrochloric acid.
After extraction with ethyl acetate, the organic layer was
washed with saturated salt water, dried over anhydrous
10 sodium sulfate, and concentrated. The precipitated crystal
obtained was redissolved in isopropylether [IPE] (20ml)
under heating, and the solution was allowed to cool to room
temperature, and stirred for 1 hour at 0°C. The crystal
obtained was filtered and washed with IPE. Drying under
15 reduced pressure (40°C, 1 hour) gave yellow crystal of 5-
(4-bromo-2-formyl-N-methylanilino)pentanoic acid (4.0g,
yield 57%).
mp. 72-73°C. 'H-NMR (CDCl,;, &, 300MHz): 1.61-1.69(4H, m),
2.36(2H, t, J=6.7Hz), 2.87(3H, s), 3.13(2H, t, J=6.9Hz),
20 6.97(1H, d4, J=8.8Hz), 7.54(1H, dd, J=8.8, 2.5Hz), 7.86(1H,
d, J=2.5Hz), 10.17(1H, s). Anal. Calcd for C,; H;; NO; Br:
C,49.70; H,5.13; N,4.46; Br,25.43, Found: C,49.75; H,5.16;
N,4.45; Br,25.40. IR(KBr, cm™): 1731, 1648,

Compounds below in [REFERENCE EXAMPLE 6] to [Reference

25 EXAMPLE 8] were prepared according to a method similar to



“.6.98 (1H, d, J=9.4), 8.20(1H, dd, J=9.4, 2 . 8Hz) , 8.58 (1H d, J=2.8Hz),
9.67(1H, s) IR (KBr, cm1) : 1704, 1677, 1598, 1324, 1307. 20 [ REFERENCE
. EXAMPLE 8] 6-(4-Bronp-2-fornyl-Nnethylanilino) hexanoic acid. Yellow
“rcrystal, yield 80% np. 95-96C. 1H NMR(CDC13, 5, 300MHz): 1.27-1.32(2H,
m, 1.54-1.66(4H, m, 2.31(2H, t, J=7.448), 2.83(3H, s), 3.08(2H t,
J=7.5Hz), 6.93(1H, d, 25 J=8.8Hz), 7.50(1H, dd, J=8.8, 2.5Hz), 7.83(1H, d,
J=2.5Hz), 44 10. 12 (1H, s) . Anal. Calcd for Cl4 H18 NO3 Br: C, 51.23;

H 5.53; N,4.27; Br,24.35. Found: C,51.25; H 5.54; N 4.21; Br,24.48. IR
(KBr, cm 1l)that72F [ReALERENCPr @XAMHETLIEOD ]Jaf 2-f ornyl - N-benzyl ani | i ne
derivatives in general [REFERENCE EXAMPLE 9] 5-(4-Brono-2-fornyl-N
benzyl ani | i no) pentanoic acid To a sol ution of benzal dehyde (6.0g) in

met hanol 10 (80m ), 4-am nobutyric acid (6.6g) and 1N sodi um hydroxi de

(56. 5ml) wagrerakdrdtE 20% PdEXAMELE 0. 6g) éfas added to the- (T-e@sthP-N-
appar atus which was previously purged with an argon gas. Subsequently, the

appar at us wesHyilldrad Wd)bent MedrogRiigas, and the solution was stirred at
room 15 tenperature overnight. Pd-C was filtered off and washed wth
nmet hanpl . To t hediilldw abe 1wasyaddad &k hydr ogheiri (@pc1,, &, 300MHz):
1.64-1.73(4H, m), 2.38(2H, t, J=6.7Hz), 2.90(3H, s),
3.17(2H, t, J=6.9Hz), 7.04-7.13(2H, m), 7.50(1H, dd, J=1.7,
5.5Hz), 7.80(1H, 4dd, J=1.7, 7.7Hz), 10.28(1lH. s).
IR (neat, cm™): 1708, 1683.
10
[REFERENCE EXAMPLE 7] 5-(2-Formyl-4-nitro-N-
methylanilino)pentanocic acid
Yellow crystal, yield 93%. mp. 107 - 108°C. 'H-
NMR(CDC1,, &, 300MHz): 1.60-1.67(2H, m), 1.75-1.81(2H, m),
15 2.38(2H, t, J=6.7Hz), 2.90(3H, s), 3.43(2H, t, J=7.4Hz),
6.98(1H, d, J=9.4), 8.20(1H, dd, J=9.4, 2.8Hz), 8.58(1H, d,
J=2.8Hz), 9.67(1H, s). IR (KBr, cm'): 1704, 1677, 1598,

1324, 1307.

20 [REFERENCE EXAMPLE 8] 6- (4-Bromo-2-formyl-N-methylanilino)
hexanoic acid.

Yellow crystal, yield 80%. mp. 95-96°C. 'H-NMR(CDC1,,

5, 300MHz): 1.27-1.32(2H, m), 1.54-1.66(4H, m), 2.31(2H, ¢t,

J=7.4Hz), 2.83(3H, s), 3.08(2H, t, J=7.5Hz), 6.93(1H, d,

25 J=8.8Hz), 7.50(1H, dd, J=8.8, 2.5Hz), 7.83(1H, d, J=2.5Hz),



“-acid (9.4nl), and the solvents were evaporated. Subsequently, sodium
carbonate (12.0g) and DVBQ water (57ml/37nml) were added to the residue,

. and the resulting 20 m xture was heated under reflux with dropwi se addition
of a solution of 5-bronp-4-fluorobenzal dehyde (5.7g) in DVMVSO (17m ), and
stirred further for 5 hours. After cooledd4to roomtenperature, the
solution was adjusted to pH of about 3.5 by addition of 6N hydrochloric
acid. After extraction 25 with ethyl acetate, the organic | ayer was washed
wWith 45 saturated salt water, dried over anhydrous sodium sul fate, and
concentr at éd). IthE@ Honeent r atmalas paledli egbbycsj | Hga NQgl Beel unns1.23;
chromat ogr aphy (n-hexane/ ethyl acetate=4/1) and subsequent concentration

of the appmym.isge a2 e gBre25. ¥&8l | omoand:ofc, 51.25; H,5.54; N,4.21;
5- (4-brono-2-fornyl - N-benzyl ani | i no) pentanoic acid (7.4g9, yield 61%.
1H NVR( CDCEZ;, 6 . B00MIR : (KBB2-cln6p{ 4t20m) , 1@427-2. 35(2H, m), 3.08-3. 15( 2H,
m, 4.31(2H, s), 7.01(1H, d, J=8.7Hz), 7.16-7.36(5H, m, 7.57(1H, dd,
J=8.7, 2.4Hz), 7.92(1H, d, 10 J=2.4Hz), 10.36(1H, s). EI-MS(M): 391.
| R(neat, cm1): 1708, 1683. A conpound bel ow i n [ REFERENCE EXAMPLE 10] was
Er5 epared agu@glmg ich a et hodrsirmih an-benthabnel i nbREERENGE iHAMPLE, 9] .
general
[REFERENCE EXAMPLE 9] 5-(4-Bromo-2-formyl-N-
benzylanilino)pentanoic acid
To a solution of benzaldehyde (6.0g) in methanol
10 (80ml), 4-aminobutyric acid (6.6g) and 1IN sodium hydroxide
(56.5ml1) were added. 20% Pd-C(wet, 0.6g) was added to the
reaction apparatus which was previously purged with an
argon gas. Subsequently, the apparatus was filled with a
hydrogen gas, and the solution was stirred at room
15 temperature overnight. Pd-C was filtered off and washed
with methanol. To the filtrate was added 6N hydrochloric
acid (9.4ml), and the solvents were evaporated.
Subsequently, sodium carbonate (12.0q) and DMSO/water
(57m1/37ml) were added to the residue, and the resulting
20 mixture was heated under reflux with dropwise addition of a
solution of 5-bromo-4-fluorobenzaldehyde (5.7g) in DMSO
(17ml), and stirred further for 5 hours. After cooled to
room temperature, the solution was adjusted to pH of about

3.5 by addition of 6N hydrochloric acid. After extraction

25 with ethyl acetate, the organic layer was washed with



- [ REFERENCE EXAVPLE 10] 5-(4-Bronmp-2-fornyl-N benzyl anilino)heptanoic acid
Yellow oil, yield 27% -H NVR(CDC 13, 6, 300MHz): 1.21-1.26(4H, m,

. 1.46-1.56(4H, m, 2.27(2H, t, J=7.4Hz), 20 3.05(2H, t, J=7.5Hz), 4.26(2H,
“-s), 6.97(1H, d, J=8.7Hz), 7.13-7.28(5H, n), 7.51(1H, dd, J=8.7, 2.5Hz),
7.87(1H, d, J=2.5Hz), 10.30(1H, s). IR ¢hbeat, cm'): 1706, 1683.
Cyclization reactions in general (nethod A) 25 [ EXAMPLE 1]

2, 3-Di hydro-1-benzoxepi n-4-carboxylic acid 46 ethylester To a solution of
4- (2-fornyl phenoxy)butyric acid ethylester (2.4g) in diethyl carbonate
(24m), a saltutriadred ofa20% soer umieibdxbderi antiykarals (shdigim wasl falided at
roomb5 tenperature, and the solution was stirred at 50C for 1 hour. The
sol uti on washdldaveshtvatced] t Cheomori@mearatalreas godifeedr ay zetlidcd h 1IN
hydrochl oric acid. After ethyl acetate extraction, the organic |ayer was

washed wi t Ryelsadamairedclabihavayeaphdr i(@dhexanhegrngnouscsetidsm Sul fate, 10
and concentrated. The concentrate was purified by silica gel colum

chr omat ogr apiysdqurdiaxaaehekchyragcenhat £10/He apgropenieant r atianeofgihe
appropriate el uate gave colorless oil of

3- dishydr grel-lean zaXe p M- 54-@Zﬁ-lﬁlﬁimﬁ423-ﬂ$ﬂrﬁiyﬂw%@r$ﬁ§elaniﬂlr3@)péﬁh@élﬁbﬁd%
15 "H NMR (CDC13, 5, 300MHz): 1.36(3H, t, J=7.1Hz), 2.97-
acid (7.4qg, yield 61%).
'H-NMR (CDC1,, &, 300MHz): 1.52-1.65(4H, m), 2.27-2.35(2H,
m), 3.08-3.15(2H, m), 4.31(2H, s), 7.01(1H, d, J=8.7Hz),
7.16-7.36(5H, m), 7.57(1H, dd, J=8.7, 2.4Hz), 7.92(1H, d,
10 J=2.4Hz), 10.36(1H, s). EI-MS(M'): 391.
IR(neat, cm™'): 1708, 1683.

A compound below in [REFERENCE EXAMPLE 10] was
prepared according to a method similar to that of
[REFERENCE EXAMPLE 9].

15
[REFERENCE EXAMPLE 10] 5-(4-Bromo-2-formyl-N-
benzylanilino)heptanoic acid

Yellow oil, vyield 27%. *H-NMR(CDC1l,, &, 300MHz):
1.21-1.26(4H, m), 1.46-1.56(4H, m), 2.27(2H, t, J=7.4Hz),

20 3.05(2H, t, J=7.5Hz), 4.26(2H, s), 6.97(1H, d, J=8.7Hz),
7.13-7.28(5H, m), 7.51(1H, dd, J=8.7, 2.5Hz), 7.87(1lH, d,

J=2.5Hz), 10.30(1H, s). IR (neat, cm™) 1706, 1683.

Cyclization reactions in general (method A)

25 [EXAMPLE 1] 2,3-Dihydro-1l-benzoxepin-4-carboxylic acid



~-3.00(2H, m, 4.26-4.31(4H, m, 6.96-7.04(2H, m, 7.21- 7.27(1H, :
7.32-7.35(1H, m, 7.58(1H, s). IR (neat, cm 1): 1700, 1249. 20 [ REFERENCE
EXAMPLE 11] 2, 3-Di hydro-| -benzoxepi n-4- carboxylic acid ethylester To a
-sol ution of 4-(2-fornyl phenoxy)butyric acid ethylester (2.4g) in THE

(24mM ), potassiumt-butoxide (1.2g) was4édded at roomtenperature, and the
m xture was 25 stirred at 50C for 2 hours. The solution was allowed to 47
cool to roomtenperature, and neutralized with 1IN hydrochloric acid. After
ethyl acetate extraction, the organic |layer was washed with saturated salt
wat er. The ethrydasted ayer was subjected to HPLC analysis. 5 The results of
quantitative anal yses: 4-(2- fornyl phenoxy)butyric acid ethylester (0.1g,
yield 4%, 4- (2d oraryl phetoxyn bubyri @-gQi-& drthyAghericdyd blAXri 2, 3acid

di hydr o- 1- benzoxepi n- 4- carboxylic acid ethylester (0.4g, vyield 179,

2, 3-di hydr edhhenzeep| D-4g cathoxpldteyaci ¢hrdéh4 e 3924mi ¢l d 21599 1utCospounds
below in [ EXAMPLE 2] to [ EXAMPLE 4] were prepared according to a nethod

simlar todhatopfsddXMPRAEd2i §&EPWPEENZho]l (4.1g) was added at room
7- Brono- 2, 3-di hydro-| - benzoxepi n-4-carboxylic acid ethylester (nethod A
Wi t e 1 ystt@impetiathite34%napP £ @S- 86fut 1bh NMRCDEA Brred at 50°C for 1
hour. The solution was allowed to cool to room temperature,
and neutralized with 1N hydrochloric acid. After ethyl
acetate extraction, the organic layer was washed with
saturated salt water, dried over anhydrous sodium sulfate,
10 and concentrated. The concentrate was purified by silica
gel column chromatography (n-hexane/ethyl acetate=10/1) and
concentration of the appropriate eluate gave colorless oil
of 2,3-dihydro-l-benzoxepin-4-carboxylic acid ethylester
(1.3g, yield 61%).
15 'H-NMR (CDC1l,, &, 300MHz): 1.36(3H, t, J=7.1Hz), 2.97-
3.00(2H, m), 4.26-4.31(4H, m), 6.96-7.04(2H, m), 7.21-
7.27(1H, m), 7.32-7.35(1H, m), 7.58(1H, s). IR (neat, cm’

Yy: 1700, 1249.

20 [REFERENCE EXAMPLE 11] 2,3-Dihydro-l-benzoxepin-4-
carboxylic acid ethylester

To a solution of 4-(2-formylphenoxy)butyric acid

ethylester (2.4g) 1in THF (24ml), potassium t-butoxide

(1.2g) was added at room temperature, and the mixture was

25 stirred at 50°C for 2 hours. The solution was allowed to



“.5, 300MHz): 1.34(3H, t, J=7.1Hz), 2.92-2.97(2H, n), 4.19- 4.25(4H m,
6.82(1H, d, J=8.6Hz), 7.28(1H, dd, J=8.6, 20 2.4Hz), 7.42(1H, d, J=2.4Hz),
7.43(1H, s). [EXAMPLE 3] 7-Methoxy-2, 3-di hydro-|-benzoxepi n-4- carboxylic

acid ethylester (nethod A) Wiite crystal, yield 82% np. 62-63C. 'H NWR
(CDC13, 25 5, 300MHz): 1.32(3H, t, J=7.4WHz), 2.92-2.95(2H, nm), 3.76(3H, 48

s), 4.17-4.28(4H, m, 6.77-6.81(2H, m, 6.87(1H, dd, J=1.6, 7. 4Hz) , 7.49
(1H, s). [EXAMPLE 4] 8- Met hoxy- 3, 4-di hydro-2H 1-benzoxocin-5 5 carboxylic
acid ethylester (method A) Colorless oil, yield 110. 1H NVR(CDC13, 6,

300MHz) :  LbofA(3Hot, rdeh | HEdmpdrBRude 88( AHd Mne?t 66 2zd@( 2Hith) , 1IN
3.86(3H. s), 4.24-4.39(4H m, 6.77 (1H d, J=3.0Hz), 6.92(1H dd. J=3.0,

8.9Hz), 7.@2dHdchdorieB. 9tizd. 7. RGttH, edRy3) addtddreatxtenttion}70he 1496,
1243. Cyclization reactions in general (Method B) [ EXAMPLE 5]

8- Brono- | - licl, Paded- /bl alehet | widh Berzazeedn-Sararhaxykic achd _
nmet hyl ester To a solution of 5-(4-brono-2-fornyl-N nethylanilino)pentanoic

aci d (3. 09brigandM-(13Flelr Wil 33H &8t LRMRONEIT (dhdG)s@and a sol ution of
met hyl iodide/DMF (1.6g/2m) were added at roomtenperature, and the 20

resul tg ng mipet ure M@ sdd rredofor 2qPauEscaklibyl acehaligses: 4-(2-

formylphenoxy)butyric acid ethylester (0.1g, yield 4%), 4-

(2-formylphenoxy)butyric acid (0.3g, yield 14%), 2,3-

dihydro-l-benzoxepin-4-carboxylic acid ethylester (0.4gq,

yield 17%), 2,3-dihydro-1-benzoxepin-4-carboxylic acid

10 (0.3g, yield 15%).
Compounds below in [EXAMPLE 2] to [EXAMPLE 4]} were

prepared according to a method similar to that of [EXAMPLE

1].

15 [EXAMPLE 2] 7-Bromo-2, 3-dihydro-l-benzoxepin-4-carboxylic
acid ethylester (method A)

White crystal, yield 34%. mp. 85-86°C. 'H-NMR(CDCl,,

6, 300MHz): 1.34(3H, t, J=7.1Hz), 2.92-2.97(2H, m), 4.19-

4.25(4H, m), 6.82(1H, d, J=8.6Hz), 7.28(1H, dd, J=8.6,

20 2.4Hz), 7.42(1H, d, J=2.4Hz), 7.43(1lH, s).

[EXAMPLE 3] 7-Methoxy-2, 3-dihydro-1-benzoxepin-4-
carboxylic acid ethylester (method A)
White crystal, yield 82%. mp. 62-63°C. ‘H-NMR(CDC1,,

25 5, 300MHz): 1.32(3H, t, J=7.1Hz), 2.92-2.95(2H, m), 3.76(3H,



~-and water were added to the m xture, and the organic |ayer was separated,
washed with water, dried over anhydrous sodiumsulfate, and concentrated

. to give yellow oil of 5- (4-brono-2-fornyl -N-nethylanilino)pentanoic acid

"~25 methylester (3.0g, yield 97%. 49 1H NVR(CDC13, 6, 300MHz) : 1.58-1.64
(4H, m , 2.28 (2H, t, J=6.8Hz), 2.83(34B s), 3.09(2H, t, J=6.8Hz),
3.63(3H, s), 6.95(1H, d, J=8.8Hz), 7.51(1H, dd, J=8.8, 2.4Hz), 7,83(1H,
d, J=2.4Hz), 10.14(1H, s). FAB-M5 ([MtNa]+): 350. IR(neat, 5 cm'): 1735,
1681. To a solution of 5-(4-brono-2-formyl-N nethylanilino)pentanoic acid
met hyl est ers)(,3.40Q)7 -i4n 2@ (#et, hwyl) , carboreatsd (40nn),, & 851 UtH omdadf 286 &odi um
nmet hoxi de in nethanol (2.3g) was added at roomtenperature, and the 10
resul ting m.qHzne WasiostiH,red .at 50C for 2 hours. The mxture was all owed
to cool to roomtenperature, and neutralized with 1N hydrochloric acid.
After ethyl acetate extraction, the organic |ayer was washed with
saturated salt water, dried over anhydrous sodium sul fate, and 15
concent r at gxaMpe.rcON@gNt r at e gaafe tHeH - B 14 157 d i ¢ 1€l -b &0k dhedcin-5-
chromat ogr aphy (h-hexane/ ethyl acetate=10/1) and the appropriate eluate
was cencenidzdirey1ihke priecicpiniated o 1 r pidtovas) washed with | PE and
collected by filtration.

Colorless oil, vyield 11%. 'H-NMR (CDC1l,, &, 300MHz):
1.44(3H, t, J=7.1Hz), 1.82-1.88(2H, m), 2.66-2.70(2H, m),
3.86(3H, s), 4.24-4.39(4H, m), .77 (1H, d, J=3.0Hz),
6.92(1H, dd, J=3.0, 8.9Hz), 7.02(1H, d, J=8.9Hz), 7.70(1lH,

10 s). IR (neat, cm™): 1704, 1496, 1243.

Cyclization reactions in general (Method B)

[EXAMPLE 5] 8-Bromo-1l-methyl-1,2,3,4-tetrahydro-1-
15 benzazocin-5-carboxylic acid methylester
To a solution of 5-(4-bromo~-2-formyl-N-

methylanilino)pentanoic acid (3.0g) in DMF(8ml), potassium
carbonate (1.6g) and a solution of methyl iodide/DMF
(1.6g/2ml) were added at room temperature, and the
20 resulting mixture was stirred for 2 hours. Ethyl acetate
and water were added to the mixture, and the organic layer
was separated, washed with water, dried over anhydrous
sodium sulfate, and concentrated to give yellow o0il of 5-
(d-bromo-2-formyl -N-methylanilino)pentanoic acid

25 methylester (3.0g, yield 97%).



" -Drying under reduced pressure (40C, 1 hour) gave yellow 20 crystal of
8-brono-1l-nmethyl -1, 2,3,4-tetrahydro-1- benzazoci n-5-carboxylic acid

nmet hyl ester (0.9qg, yield 31%9. np. 88-89C. 'H NWR (CDCl13, 6, 300MHz):
-1.44(2H, nm), 2.54 (2H, t, J=6.2Hz) , 2.87 (3H, s) , 3.42 (2H, t, J=5. 6Hz)
, 3.78(3H, s), 6.56(1H, d, J=6.0 Hz), 74499-7.23(2H m, 25 7.68 (1H, s).
Anal . Calcd for Cl4 H16 NO2 Br: C,54.21; 50 H 5.20; N, 4.52; Br, 25.76.

Found: C,54.19; H/5.29; N 4.37; Br,25.74. IR(KBr, cm1): 1689, 1189 .
Compounds below in [ EXAMPLE 6] to [ EXAMPLE 9] were prepared according to a
met hod si mtiamMR ocbbal, ofs,[ EXANMUE) :5 D158FEXANRLE,6]lm), 2.28(2H, t,
1-Methyl -1, 2,3, 4-tetrahydro-1-benzazoci n-5- carboxylic acid nethyl ester

(met hod B) J56( 2HRZr,md -8% (ot hykapi [3i.n9)(eent anoi g=acsHz et Byleaster, 40,
Yellow oil, yield 99% 1H NVR(CDC13, 5, 300MHz): 1.58-1.68(4H m,

2.30(2H t6.35618),, £ 8{BHHSs), B.92(2H, a4, J=8.8Hz)2.H31H4(3H83)1H,
7.01-7.10(2H, m), 7.46(1H, dt, J=1.7, 7.3Hz), 7.76(1H, dd, J=1.7, 7.7Hz),

10. 25(1H, ). g=bRameat 1ocml)in,14635, ¥a@bMsl1G¥+ND *) : 350. IR (neat,
1-nethy|-1,2,3,4-tetrahydro-|-benzaZOC|n-5-car oxylic acid nethylester

Yel | oy crystaly,. vigdsd 3091 np. 80-82C. 1H NVR(CDC13, 5, 300MHz):
1.42-1.50(2H, 'm, 2.57(2H, t, J=6.2Hz), 2.90(3H,

To a solution of 5- (4-bromo-2-formyl-N-
methylanilino)pentanoic acid methylester (3.0g) in dimethyl
carbonate (40ml), a solution of 28% sodium methoxide in
methanol (2.3g) was added at room temperature, and the

10 resulting mixture was stirred at 50°C for 2 hours. The
mixture was allowed to cool to room temperature, and
neutralized with 1N hydrochloric acid. After ethyl acetate
extraction, the organic layer was washed with saturated
salt water, dried over anhydrous sodium sulfate, and

15 concentrated. The concentrate was purified by silica gel
column chromatography (h-hexane/ethyl acetate=10/1) and the
appropriate eluate was concentrated. The precipitated
crystal was washed with IPE and collected by filtration.
Drying under reduced pressure (40°C, 1 hour) gave yellow

20 crystal of 8-bromo-l-methyl-1,2,3,4-tetrahydro-1-
benzazocin-5~-carboxylic acid methylester (0.9g, yield 31%).
mp. B88-89°C. 'H-NMR (CDCl,, &, 300MHz): 1.44(2H, m),
2.54(2H, t, J=6.2Hz), 2.87(3H, s), 3.42(2H, t, J=5.6Hz),
3.78(3H, s), 6.56(1H, d, J=6.0 Hz), 7.19-7.23(2H, m),

25 7.68(1H, s). Anal. Calcd for C,, H;, NO, Br: C,54.21;



“.s), 3.45(2H, t, J=5.4Hz), 3.79(3H, s), 6.62-6.73(2H, n), 20 7.11-7.22(2H,

m, 7.80 (1H, s). Anal. Calcd for Cl4 H17 NO2: C,72.70;, H 7.41; N, 6.06.

. Found: C,73.00; H, 7.65; N 6.06. IR (KBr, cm1): 1685, 1189. [EXAMPLE 7]

~1- Benzyl - 8-brono- 1, 2, 3, 4-tetrahydro-1 25 benzazoci n-5-carboxylic acid

met hyl ester (nmethod B) 51 5-(4-Brono-2-fdnyl-N-benzyl anilino)pentanoic
acid nethylester Yellowoil, yield 100% 1H NMR(CDC13, S, 300MHz):
1.57-1.60(4H, m, 2.27(2H, t, J=6.7), 3.12(2H, t, J=6. 6Hz) , 5 3.66(3H,
s), 4,31(2H, s), 7.01(1H, d, J=8.7), 7.17-7.33(5H, m, 7.56(1H, dd, J=8.7,
2.5Hz), 7.996140;d,N)&252 bHBY, 2510635 Holihds:) . CEb4 MB6 MR, 5403.; IR 4 n&aj ,
cml): 1735, 1683. 1-Benzyl-8-brono-1, 2, 3, 4-tetrahydro-I-benzazoci n-5-
car boxyl i c BaGi2d .met.hy lTestk®r, 1@¢nvel J ovéad) .1yl d 76% 1H NVR(CDC13, 5,
300MHz): 1.44-1.50(2H, m, 2.59(2H, t, J=6.1Hz), 3.50(2H, t, J=5.3Hz),
3.81(3H, s), 4. 4%4durs)s BebOG1Hn d{EXAEQAPOE, 617. 09- 7 RYUMILE D] TwdBE 1H,
s). ElI-M5(Mt): 385. IR(neat, cm): 1704, 1495, 1087. 15 [ EXAVMPLE 8]

9- Br onmo- | - iidpred ?a&oo&—dl&{gBa&wda Oométhdd BeRZazenicky G-1eaA ROXY| ieamei,
nmet hyl ester (nethod B) 6- r ono- 2- f or nyl - N- net hyl ani | i no) hexanoi ¢ aci d

5 5].

[EXAMPLE 6] 1-Methyl-1,2,3,4-tetrahydro-1l-benzazocin-5~-
carboxylic acid methylester (method B)

5-(2-Formyl-N-methylanilino)pentanoic acid methylester

X

10 Yellow oil, yield 99%. 'H-NMR (CDC1,, &, 300MHz):
1.58-1.68(4H, m), 2.30(2H, t, J=6.8), 2.86(3H, s), 3.12(2H,
t, J=6.8Hz), 3.64(3H, s), 7.01-7.10(2H, m), 7.46(1lH, dt,
J=1.7, 7.3Hz), 7.76(1H, dd, J=1.7, 7.7Hz), 10.25(1H, s).
IR (neat, cm™*): 1735, 1685, 1159.

15 l-methyl-1,2,3,4-tetrahydro-l1-benzazocin-5-carboxylic
acid methylester

Yellow crystal, yield 30%. mp. 80-82°C. 'H-NMR(CDCl,,

o, 300MHz): 1.42-1.50(2H, m), 2.57(2H, t, J=6.2Hz), 2.90(3H,
s), 3.45(2H, t, J=5.4Hz), 3.79(3H, s), 6.62-6.73(2H, m),

20 7.11-7.22(2H, m), 7.80(1H, s). Anal. Calcd for C,, H;; NO,:
C,72.70; H,7.41; N,06.06. Found: C,73.00; H,7.65; N,6.06.

IR (KBr, cm'): 1685, 1189.

[EXAMPLE 7] 1-Benzyl-8-bromo-1, 2, 3, 4-tetrahydro-1-

25 benzazocin-5-carboxylic acid methylester (method B)



"-met hyl ester 20 Yellow oil, yield 98% 'H NVR(CDC13, 5, 300MHz):
1.20-1.30(2H, m, 1.51-1.61(4H, m, 2.24(2H, t, J=7,4), 2.81(3H, s),
. 3.05(2H, t, J=6. 6Hz) , 3.61(3H, s), 6.91 (1H, d, J=8.8Hz), 7.47(1H, dd,
"-J=8.8, 2.3Hz), 7.80(1H, d, J=2.3Hz), 10.10 (1H, s). FAB-MS ([ M+Na]+) :
364. IR(neat, cm1) : 1735, 25 1681. r 5t 52
9-Brono-| -nethyl -2, 3,4, 5-tetrahydro-|I H 1- benzazoni n- 6- carboxylic acid
nmet hyl ester Yellow oil, yield 18% 1H NMR-(CDCl3, b, 300MHz): 1.67-1.77(2H,
nm, 1.87-1.96(2H, m, 2.30(2H, t, J=6.9Hz), 5 2.76(3H, s), 3.12(2H, t,
J=6. 9Hz) , 3. 7BF3M-Bxomce-2HE drhiy ]l -N-kkre AHmi lihd)peht2Zieid m), actd( 1H,
s). EI-M5 (M+):323. IR(neat, cm1): 1708, 1494. Cyclization reactions in
general (neichod16stEd [ EXAMPLE 9] 8-Nitro-Il-nmethyl-1, 2,3, 4-tetrahydro-1-
benzazoci n-5-carboxylic acid nethylester To a sol ution of
5- (2-fornyl - 4- nivienadW sethyl anéld na)qent anotie-mm ci@L.0g) i n BMESB) § m ) ,
pot assi um carbonate (1.6g) and a solution of nethyl 15 i odi de/ DMF
(1.8g/1m) vwere 1agded gt n)gom tzemm{ atlr eg=@ng) , ther 7 ezy) t4 Ngye x§1x g, was
stirred further for 2 hours

5 3.66(3H, s), 4.31(2H, s), 7.01(1H, d, J=8.7), 7.17-7.33(5H,

m), 7.56(lH, dd, J=8.7, 2.5Hz), 7.92(1H, d, J=2. 5Hz),
10.35 (1H,s). EI-MS(M'): 403. IR (neat, cm*): 1735, 1683.
1-Benzyl-8~bromo-1,2,3,4-tetrahydro-l-benzazocin-5-

carboxylic acid methylester

10 Yellow o0il, yield 76%. 1H—NMR(CDCly o, 300MHz):
1.44-1.50(2H, m), 2.59(2H, t, J=6.1Hz), 3.50(2H, *t,
J=5.3Hz), 3.81(3H, s), 4.45(2H, s), 6.50(1H, d, J=9.0),
7.09-7.39(7H, m), 7.75(1H, s). EI-MS(M"): 385.

IR(neat, cm™): 1704, 1495, 1087.

15
[EXAMPLE 81 9-Bromo-1l-methyl-2,3,4,5-tetrahydro-1H~1~
benzazonin-6-carboxylic acid methylester (method B)
6— (4-Bromo-2-formyl-N-methylanilino) hexanoic acid
methylester
20 Yellow o0il, yield 098%. lH—NMR(CDCly 5, 300MHz):

1.20-1.30(2H, m), 1.51-1.61(4H, m), 2.24(2H, t, J=7,4),
2.81(3H, s), 3.05(2H, t, J=6.6Hz), 3.61(3H, s), 6.91(1H, d,
J=8.8Hz), 7.47(1H, dd, J=8.8, 2.3Hz), 7.80(1lH, d, J=2.3Hz),
10.10(1H, s). FAB-MS ( [M+Na]l®): 364. IR (neat, cm™t): 1735,

25 1681.



‘.the mxture, di met hyl carbonate (18ml) and subsequently a solution of 28%
sodi um net hoxi de in nethanol (5.0g) were added and the resulting m xture

. was stirred at 50C for 2.5 20 hours. The m xture was allowed to cool to
“~roomtenperature, and neutralized with 1N hydrochloric acid. After ethyl
acetate extraction, the organic |ayer was2washed with saturated salt

wat er, dried over anhydrous sodium sul fate, and concentrated. The
concentrate was redi ssolved in hot 25 isopropyl alcohol [IPA], and the
solution was allowed to 53 cool to roomtenperature, stirred at room

t enperature furddBaionfosl -indtduyrl,- 2518 4915 -tee: natiypRrct IH-€l fn A Dorhiik &= The
precipitated crystal was collected by filtration, and washed with I PA The
crystal wagapioxdyiled k)il medmy@eistercol um chromat ography (n- hexane/ et hy
acetate=2/1 to 1/1), and subsequent concentration of the appropriate
eluate gave yeMawdssystal ofiSrai trer ) - metuNmMeL, @:@:1;13 tesy ahyalins ) :
benzazoci n- 5- car boxylic aci d nmet hyl ester (2.3g, yield 78% np. 127-129C.
1H NMR (CDGL%7-5,. 7370@n44z)m>, 113891173630, M) 102238%22 8@@2&; e 9u2) 02( 3H,
s), 3.42-3.85(2H, m, 3.80(3H, s), 6.65(1H, d Hz) ., 7.80(1H, s),
7.99- 8 06( 2H89(3u,AM| . LAlx@H,or Clﬂ=d'|19ﬁ1£‘)|2 0p: 77Qﬁ@ 86y, H 51 8dia N.40. 14.
Found: C, 60.79; H/'5.81; N, 9.98. IR (KBr, cni) 1708, 1255, 1191. 15 A

conmpound bej-gw 4y )[ EXAVPLE718) (wBS Rieparnedo (14, s).  EI-MS(M'):323.

IR(neat, cm?): 1708, 1494,

Cyclization reactions in general (method C)
10 [EXAMPLE 9] 8-Nitro-l-methyl-1,2,3,4-tetrahydro-1-
benzazocin-5-carboxylic acid methylester
To a solution of 5-(2-formyl-4-nitro-N-

methylanilino)pentanoic acid (3.0qg) in DMF (8.1ml),

potassium carbonate (1.6g) and a solution of methyl
15 iodide/DMF (1.8g/1lml) were added at room temperature, and
the resulting mixture was stirred further for 2 hours. To

the mixture, dimethyl carbonate (18ml) and subsequently a
solution of 28% sodium methoxide in methanol (5.0g) were
added and the resulting mixture was stirred at 50°C for 2.5
20 hours. The mixture was allowed to cool to room temperature,
and neutralized with 1N hydrochloric acid. After ethyl
acetate extraction, the organic layer was washed with
saturated salt water, dried over anhydrous sodium sulfate,
and concentrated. The concentrate was redissolved in hot

25 isopropyl alcohol [IPA], and the solution was allowed to



.~

:-according to a nethod simlar to that of [ EXAMPLE 9]. [EXAVPLE 10]

1- Benzyl - 10- brono- 1, 2, 3, 4, 5, 6- hexahydro-| benzazeci n-7-carboxylic acid
nmet hyl ester (nethod C) 20 Yellow oil, yield 6% 1H NVR(CDC13, 5, 300MHz):

-1.24- 1.29(2H, n), 1.44-1.50(2H, n), 1.57-1.63(2H, m), 2.13(2H t,

J=6.5Hz), 2.89(2H, t, J=6.2Hz), 3.48(3H53), 3.90(2H, s), 7.02(1H d,
J=8.6Hz), 7.10-7.25(6H, m, 7.37(1H, dd, J=8.6, 2.4Hz), 7.48(1lH, s).
IR(KBr, cm1): 1712, 1279, 1232. 25 54 [ REFERENCE EXAMPLE 11] Preparation
of 4'-ethoxy-4-hydroxy-1, 1" -bi phenyl -3- carbal dehyde To a suspensi on of
magnesi um @o39) tbn Tolbm( 76tppedatbrepl uttOAredl latbr s - etdiperenaene
(4.09) in THE (2.5m) was added slowy at roomtenperature under an argon

at nospher e fuatthetrthefgresul hbig, sahdt iaen Wes sémpeesdthive Iorhoums hours.
Subsequently, a solution of trinethoxyborane (2.1g) in THE (2.5nm) was

added dropwhse pitecikd trddCoraptadfl ol b Iwdthed Bgdiftineraef ohhE {ndrl) ,
the reaction mxture was stirred at the sanme tenperature for 1 hour. The

reaction miaxhede wasn afbaved e Var gx£ 911 Q@@ gﬁmeﬁlaéwrsya@dllca gel
tetraki stri phenyl phosphi ne pal | adi um (115ng), 5-brono-2-

hydr oy benzal dehy de rlohal ey @?m YN nB0 RO Rty 10m @t ke 47 A PaiAassi um
phosphate (11.1g) in water 5ml) were added,

and subsequent concentration of the appropriate eluate gave
yellow crystal of 8-nitro-l-methyl-1,2,3,4-tetrahydro-1-
benzazocin-5-carboxylic acid methylester (2.3g, yield 78%).
mp. 127-129°C. 'H-NMR(CDCl,, &, 300MHz): 1.38-1.72(2H, m),

10 2.35-2.80(2H, m), 3.02(3H, s), 3.42-3.85(2H, m), 3.80(3H,
s), 6.65(1H, d, J=9.4Hz), 7.80(1H, s), 7.99-8.06(2H,m).
Anal. Caled for C,, H, N, O,: C,60.86; H,5.84; N,10.14.
Found: C,60.79; H,5.81; N,9.98. IR (KBr, cm'): 1708, 1255,
1191.

15 A compound below in [EXAMPLE 10] was prepared

according to a method similar to that of [EXAMPLE 9].

[EXAMPLE 10] 1-Benzyl-10-bromo-1,2,3,4,5, 6-hexahydro-1-
benzazecin~7~-carboxylic acid methylester (method C)

20 Yellow o0il, yield ©6%. 'H-NMR (CDC1,, &, 300MHz): 1.24-
1.29(2H, m), 1.44-1.50(2H, m), 1.57-1.63(2H, m), 2.13(2H, t,
J=6.5Hz), 2.89(2H, t, J=6.2Hz), 3.48(3H, s), 3.90(2H, s),
7.02(1H, d, J=8.6Hz), 7.10-7.25(6H, m), 7.37(1H, dd, J=8.¢,
2.4Hz), 7.48(1H, s). IR(KBr, cm'): 1712, 1279, 1232.

25



"-and the resulting m xture was stirred under reflux for 1 hour. After the
m xture was allowed to cool to room tenperature, 6N hydrochloric acid

, (20m ) was added dropwi se, and then toluene(20nl) was added. After

‘-separation, the 20 aqueous phase was further extracted with tol uene (30nml).
The organic | ayers were conbi ned and washé€d wi th aqueous 10% sodi um
chloride solutions (10m x3), dried over anhydrous magnesi um sul fate and
concentrated. The concentrate was purified by silica gel chronatography (n
25 hexane/ ethyl acetate=6/1), and the appropriate eluate was 55
concent r at dREFRIRENQD GpAMETIERr11(]15m ) was added to the concentrate and the
resulting mxture was heated under reflux, and then allowed to cool to

room t enperratepagati-onHexane f{ 15n )4 'wast radded troyd e ysal Ut i -asi, pregrdy st 3+ r ed
at 5 roomtenperature for 1 hour and at OOC for 0.5 hour. The precipitated

crystal wagag®dierigdidby filtration and washed wth
di i sopropyl et her/ n-hexane (1/1.4m ) which was previously cooled to O to

5'C. Drying undaf r£dygegenpiessWe nieesi@apenatyne,ir? NOEr imaave yel | ow
crystal of 10 the title conpound (1.8g, yield 73%. np. 94-95 C. Anal

Calcds f osQLtildid &8 Crbdonbr-4Hebn82ybEauBde @ . 14)61inHTHFEO0(2 J4XKBr,
cm'): 1660, 1473, 1276, 1245, 1047, 831.
was added slowly at room temperature under an argon
atmosphere, and the resulting solution was stirred for 1
hour. Subsequently, a solution of trimethoxyborane (2.1g)
in THF (2.5ml) was added dropwise at -10 to 10°C, and after
10 further addition of THF (7ml), the reaction mixture was
stirred at the same temperature for 1 hour. The reaction
mixture was allowed to warm to room temperature and
tetrakistriphenylphosphine palladium (115mg), 5-bromo-2-
hydroxybenzaldehyde (2.0g) and an aqueous solution of
15 tripotassium phosphate (11.1g) in water (15ml) were added,
and the resulting mixture was stirred under reflux for 1
hour. After the mixture was allowed to cool to room
temperature, 6N hydrochloric acid (20ml) was added dropwise,
and then toluene(20ml) was added. After separation, the
20 aqueous phase was further éxtracted with toluene (30ml).
The organic layers were combined and washed with aqueous
10% sodium chloride solutions (10ml1lx3), dried over
anhydrous magnesium sulfate and concentrated. The
concentrate was purified by silica gel chromatography (n-

25 hexane/ethyl acetate=6/1), and the appropriate eluate was



"+15 I H-NVR(CDC13, 300MHz) 5 1.44(3H, t, J=7.0Hz), 4.07(2H, q, J=7.0Hz),
6.96(2H, dd, J=1.9, 6.7Hz), 7.04(IH d, J=8.4Hz), 7.45(2H, dd, J=1.9,

v 6.7Hz), 7.68-7.77(2H, m), 9.95(IH, s), 10.95(IH s). 20 [ REFERENCE EXAMPLE
=121 Preparation of 4-[(4'-ethoxy-3-fornyl-1,1"-biphenyl-4- yl)oxylbutyric
acid ethylester To a solution of 4'-ethoXy-4-hydroxy-1,1'-biphyenyl-3-
car bal dehyde(l.0g), and 4-bronobutyric acid ethylester 25 (0.9g) in DWF
(5m ) was added potassium carbonate (1.1g) at 56 roomtenperature, and the
solution was stirred at room tenperature for 14 hours, and at 50C for 3
hours. Aft eondemne rsdlag.i on Dvaiss g f apyele thoe c odl1 5imd ) r owas t exjekrcht e, that er
(10m ) was added, and extracted with ethyl acetate (30mL). 5 The organic
| ayer was wasthethtwatte wahdr (AOm»duyltanty oodndema awed. Heatbe coamdentrate
was added diisopropylether (14ml), and the resulting m xture was heated
under refl wefdntk,sulrseqtiest | §1toakdd tioo dadm té erpemattempe rbiereal utn-on was
further stirred at room 10 tenperature for 1 hour, and at OC for 1 hour.

The preci pidzaired ¢I1y8Lpl wars sedéected bHyef isblifationn aamd washededwidth
di i sopropyl ether (3m ) which was previously cooled to 0 to 5C. Drying

under svacuBdn GERdSEelAs UF6r 2 ReukS)anddave whit ecer ysbahofr.t herfdtle
conpound (1.3g, yield 910).
precipitated crystal was collected by filtration and washed
with diisopropylether/n-hexane (1/1.4ml) which was
previously cooled to 0 to 5°C. Drying under reduced
pressure (room temperature, 2 hours) gave yellow crystal of
10 the title compound (1.8g, yield 73%).
mp. 94-95°C.
Anal Calcd. for C;y Hyy Oy : C,74.36; H,5.82. Found:
C,74.61; H,5.80.
IR(KBr, cm'): 1660, 1473, 1276, 1245, 1047, 831.
15 lH—NMR(CDCly 300MHz) & 1.44(3H, t, J=7.0Hz), 4.07(2H, g,
J=7.0Hz), 6.96(2H, dd, J=1.9, 6.7Hz), 7.04(1lH, d, J=8.4Hz),
7.45(2H, dd, J=1.9, 6.7Hz), 7.68-7.77(2H, m), 9.95(1lH, s),

10.95(1H, s).

20 [REFERENCE EXAMPLE 12]
Preparation of 4-[ (4’ —-ethoxy-3-formyl-1,1’-biphenyl-4-
yl)oxylbutyric acid ethylester
To a solution of 4’-ethoxy-4-hydroxy-1,1’-biphyenyl-3-
carbaldehyde (1.0g), and 4-bromobutyric acid ethylester

25 (0.9g) in DMF (5ml) was added potassium carbonate (1l.1lg) at



"»15 mp. 69-70C. Anal Calcd. for C21 H24 05 . C 70.77; H,6.79. Found:

C 70.91; H 7.08. IR (KBr, cm1) 1683, 1606, 1471, 1270, 1240, 1187, 1047.
"H NVR(CDC13, 300MHz) 5 1.26(3H, t, J=7.1Hz), 1.43(3H t, 20 J=7.0OHz),
*2.18-2.25(2H, m), 2.56(2H, t, J=7.1Hz), 4.04- 4.20(6H m, 6.94(2H, dd,
J=1.9, 6.7Hz), 7.03(1H, d, J=8.7Hz), 7.348(2H, dd, J=1.9, 6.7Hz), 7.72(1H,
dd, J=8.7, 2.5Hz), 8.02(1H, d, J=2.5Hz), 10.53(1H, s). 25 [ EXAMPLE 11] 57
7- (4- Et hoxyphenyl ) -2, 3-di hydro- | - benzoxepi n- 4-carboxylic acid ethylester
To a solution of 4-[(4'-ethoxy-3-formyl-1,1"-biphenyl- 4-yl)oxy]butyric
acid ethyl esteer ¢6mpBgptumedi ediyl the cavhandabe (bat) stdsradiedta sodbmti on
of 20% sodi um et hoxi de in ethanol (0.57g) at roomtenperature, and the

m xt ur e waentgeratheat efbt 01 508camnd, staindr ext fH0°A Hour 3 Homrsal utiAdter was
neutralized with 1N hydrochloric acid, and extracted wth ethyl acetate.
The or gani aHeayryl waioastred 1 laswkd & ¢ awmehtt @t ssbm Themsoneent ¢ At wa ves
purified by silica gel chromatography (n-hexane/ethyl acetate=10/1) and

subsequent (1MIgedAtidde®f &she apprapteat &iéhualith gavcadide c3ysipl  of
the title conmpound (0.39g, yield 82%. np. 128-129C. Anal Calcd. for C21
H22 04 : CrTib SérgnGcbblayer was washed with water (10mlx3), and
concentrated. To the concentrate was added
diisopropylether (14ml), and the resulting mixture was
heated wunder reflux and subsequently cooled to room
temperature. The solution was further stirred at room
10 temperature for 1 hour, and at 0°C for 1 hour. The
precipitated crystal was collected by filtration and washed
with diisopropylether (3ml) which was previously cooled to
0 to 5°C. Drying under vacuum (room temperature, 2 hours)
gave white crystal of the title compound (1.3g, yield 91%).
15 mp. 69-70°C.
Anal Calcd. for C,, H,, O, : C,70.77; H,6.709. Found:
C,70.91; H,7.08.
IR (KBr, cm™) 1683, 1606, 1471, 1270, 1240, 1187, 1047.
'H-NMR (CDC1l,;, 300MHz) & 1.26(3H, t, J=7.1Hz), 1.43(3H, t,
20 J=7.0Hz), 2.18-2.25(2H, m), 2.56(2H, t, J=7.1Hz), 4.04-
4.20(6H, m), 6.94(2H, dd, J=1.9, 6.7Hz), 7.03(1H, d,
J=8.7Hz), 7.47(2H, dd, J=1.9, 6.7Hz), 7.72(1H, dd, J=8.7,

2.5Hz), 8.02(1H, d, J=2.5Hz), 10.53(1lH, s).

25 [EXAMPLE 11]



.15 Found: C,74.32; H 6.46. IR (KBr, cm1), 1702, 1496, 1251, 1213. 'H NWR
(CDC13, 300MHz) 5 1.37(3H, t, J=7 . IHz) , 1.44(3H, t, J=7.C0CHz),

v 2.99-3.02(2H, m, 4.07(2H, q, J=7.0Hz), 4.26- 4. 32 (4H, m) , 6.95 (2H, dd,

"-J=1. 9, 6. 7Hz) , 7.00 (1H, d, 20 J=8.4Hz), 7.41-7.51(4H m), 7.65(1H, s).
I ndustrial Applicability The present invBltion provides a process suitable
for mass production wherein cyclic conpounds can be produced 25 safely
through a short step. r 58 5 CLAIMS 1. A process for producing a conmpound
represented by the formula: W X\ /,-Z R"'3 [wherein, Zis an
el ect r on- wWit-hdir-ashag ygrhas;i 1 )W4 3 -adii lopd i o+t b e sasbesd i i +4 ech b dwyy Bhe or an
optionally substituted vinylene, and when the ethyl ene or the vinyl ene
has two substiid Wty lgysngys, said substituent groups nmay be 10 bound to each
other to forman optionally substituted ring; R3 is a hydrogen atom or an

optional 'y substrid W el dnidirocad bpn[ gf oL h@ng- 3 f Srmay T vVal b iphenyl-
gr oup( however, when
4-yl)oxylbutyric acid ethylester (0.50q) in diethyl
5 carbonate (5ml) was added a solution of 20% sodium ethoxide
in ethanol (0.57g) at room temperature, and the mixture was
then heated to 50°C and stirred for 1 hour. The solution
was neutralized with 1N hydrochloric acid, and extracted
with ethyl acetate. The organic layer was washed, and
10 concentrated. The concentrate was purified by silica gel
chromatography (n-hexane/ethyl acetate=10/1) and subsequent
concentration of the appropriate eluate gave white crystal
of the title compound (0.39g, yield 82%).
mp. 128-129°C. Anal Caled. for C, H,, O, : C,74.54; H,6.55.
15 Found: C,74.32; H,6.46.
IR(KBr, cm™), 1702, 1496, 1251, 1213.
'H-NMR (CDCl,, 300MHz) & 1.37(3H, t, J=7.1Hz), 1.44(3H, t,
J=7.0Hz), 2.99-3.02(2H, m), 4.07(2H, g, J=7.0Hz), 4.26-
4.32(4H, m), 6.95(2H, dd, J=1.9, 6.7Hz), 7.00(1lH, d,

20 J=8.4Hz), 7.41-7.51(4H, m), 7.65(1lH, s).

Industrial Applicability
The present invention provides a process suitable for
mass production wherein cyclic compounds can be produced

25 safely through a short step.
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‘Wis an optionally substituted vinylene, -X-CH2-Z is not - X1-X2-CH2-Z

(wherein, X is a sulfur atomor an optionally 15 substituted nitrogen
atom X2 is an optionally substituted ethylene))] or a salt thereof, which

“conprises subjecting a conpound represented by the fornula: WNO / X-CH2 Z R

"3 59 [wherein, each synbol has the sane5@&eani ng described as above] or a
salt thereof to a cyclization reaction in a solvent containing a carbonic
diester. 2. The process according to claim1l, wherein Xis a 5 divalent
group having 1 to 12 atons in the straight-chain noiety thereof. 3. The
process according to claim1l, wherei nCZAINSa carboxyl group which is
esterified. 4. A process according to claiml, wherein R3 is a 10 hydrogen
atom 5. A procdss aoerstagst ooel pirodhcingi ah compunge reghesdarassd ilon
being carried out in the presence of a base. 6. A process according to
claimb5, whereifdrhghkase is an al coholate. 15 7. A process for producing
a conpound represented by the formula:

[wherein, Z is an electron-withdrawing group; W is an
optionally substituted ethylene or an optionally
substituted vinylene, and when the ethylene or the vinylene
has two substituent groups, said substituent groups may be
10 bound to each other to form an optionally substituted ring:
R is a hydrogen atom or an optionally substituted
hydrocarbon group; and X is a divalent group(however, when
W is an optionally substituted vinylene, -X-CH,-Z is not -
X'-X*-CH,-Z (wherein, X' is a sulfur atom or an optionally
15 substituted nitrogen atom; X°* is an optionally substituted
ethylene))] or a salt thereof, which comprises subjecting a

compound represented by the formula:

X—CH;Z

\KO

R



“+[wherein, z is an electron-w thdrawi ng group; Rl and R2 each are a hydrogen
atom a halogen atom an optionally 20 substituted am no group, an
optionally substituted hydroxy group, an optionally substituted thiol

‘“group, an optionally substituted hydrocarbon group or an optionally
substituted 60 heterocyclic group; RL an8l9R2 nmay be bound to each other to
forman optionally substituted ring; R3 is a hydrogen atom or an
optionally substituted hydrocarbon group; the conbined |ine of a broken
line and a solid line is a single 5 bond or a double bond; and X is a

di val ent greterdienevesch Wighbdlhenhgoninedshinge nfardi iy oliesclriibedangs a
solid line is a double bond, -X-CH2-Z is not -X1-X2-CH2-Z (wherein, X is

a sulfur abemeqr e aptdonal tiegubst iddit €d gyidliegaicd ofeaXliohs ian a
optionally substituted ethylene))] or a salt thereof, 10 which conprises

subj ecti ng sa 16ROV HARTIORER et dordike dfyvada: RX-CH2 Z z~ 0 RR3
[ wherei n, each synbol has the sanme neani ng descri bed as above] or a salt

thereof to a cyelizath®npreaekkoBckBraingd t3P| ¥eddm CONt ghBir-BEna xCarPoni ¢
di ester. 8. The process according to claim7, wherein Xis a
5 divalent group having 1 to 12 atoms in the straight-chain
moiety thereof.
3. The process according to claim 1, wherein Z is a
carboxyl group which is esterified.
4. A process according to claim 1, wherein R?® is a
10 hydrogen atom.
5. A process according to claim 1, which comprises
the reaction being carried out in the presence of a base.
6. A process according to claim 5, wherein the base
is an alcoholate.

15 7. A process for producing a compound represented by

the formula:

‘ X
am”.R // ‘
R3

[wherein, z is an electron-withdrawing group; R' and R®

™o

each are a hydrogen atom, a halogen atom, an optionally
20 substituted amino group, an optionally substituted hydroxy
group, an optionally substituted thiol group, an optionally

substituted hydrocarbon group or an optionally substituted



*.dival ent group having 1 to 12 atons in the straight-chain noiety thereof.
9. The process according to claim7, wherein Zis a 20 carboxyl group

~which is esterified. 10. The process according to claim7, wherein R3 is a
~hydrogen atom 61 11. The process according to claim7, which conprises
the reaction being carried out in the pré8ence of a base. 12. The process
according to claim1ll, wherein the base is an alcoholate. 5 13. A process
for producing a conmpound represented by the formula: [wherein, Z is an
el ectron-withdrawi ng group; R3 is a hydrogen atomor an optionally
subst i t ut ethelpavegyanien gk®ug;0u; ahke REombiyned bionedoftca deratkesrtHdmecand a
solid line is a single bond or a double bond; ring Ais an optionally
substi t ut edoringin assk Yonsl By dswlasehtugeaupipbewiiel s whérydrduern iagom i s
an optionally substituted benzene ring and the conbined |ine of a broken
line and aosoligh|ipptisnally deuwlys: iharhd - XhliPodatrbonot gr¥lps2- Gie Z (
wherein, X1 is sulfur atomor an optionally substituted nitrogen atom; X2

is an opti erallinesuhshiet wired eidudeana)ide eind sadlideread ,is wigihgle
conprises subjecting a conpound represented by the formula:

5 bond or a double bond; and X is a divalent group {(however,
when the combined line of a broken line and a solid line is

a double bond, -X-CH,-Z is not -X'-X?-CH,-Z (wherein, X' is a

sulfur atom or an optionally substituted nitrogen atom, X?

is an optionally substituted ethylene))] or a salt thereof,
10 which comprises subjecting a compound represented by the
formula:

[wherein, each symbol has the same meaning described as
above] or a salt thereof to a cyclization reaction in a
15 solvent containing a carbonic diester.

8. The process according to claim 7, wherein X is a
divalent group having 1 to 12 atoms in the straight-chain
moiety thereof.

9. The process according to claim 7, wherein Z is a

20 carboxyl group which is esterified.
10. The process according to claim 7, wherein R’ is a

hydrogen atom.



*.20 62 [wherein, each synbol has the sanme neani ng descri bed as above] or a
salt thereof to a cyclization reaction in a solvent containing a carbonic

. diester. 14. The process according to claim13, wherein X is a 5 divalent
group having 1 to 12 atons in the straight-chain noiety thereof. 15. The
process according to claim 13, wherein Z6ls a carboxyl group which is
esterified. 16. The process according to claim 13, wherein R3is 10 a
hydrogen atom 17. The process according to claim 13, which conprises the
reaction being carried out in the presence of a base. 18. The process

according to claim 1thewpaicdids st Recolhlimsad sclanml Tohi adte. cdibrfses
conpound represented by the formula: [fornula] [wherein, Z is an

el ect r on- withied rawictd ofy ®edngVdasrded Hutopid ardd Ipresddisdd tatt ed widy) ene or

an optionally substituted vinylene and when the ethylene or the vinylene

has two substituent gragpprozRist sabsdérdiedt ter wRsinaylpewherein the
base is an alcocholate.

5 13. A process for producing a compound represented by

the formula:

X
Qus
R3
[wherein, Z is an electron-withdrawing group; R’ is a
hydrogen atom or an optionally substituted hydrocarbon
10 group; the combined line of a broken line and a solid line
is a single bond or a double bond; ring A is an optionally
substituted ring; and X is a divalent group (however, when
the ring A is an optionally substituted benzene ring and
the combined line of a broken line and a solid line is a
15 double bond, -X-CH,-Z is not -X'-X*-CH,-Z ( wherein, X' is
sulfur atom or an optionally substituted nitrogen atom ; X?
is an optionally substituted ethylene))] or a salt thereof,
which comprises subjecting a compound represented by the

formula:

X—CH;—Z
(AL

20 R



.63 bound to each other to forman optionally substituted ring;

hydr ogen atom or an optionally substituted hydrocarbon group; and X"
di val ent group having 4 or nore atons in the straight-chain noiety

“t her eof |

10

15

20

or a salt 5 thereof.
62

[wherein, each symbol has the same meaning described as
above] or a salt thereof to a cyclization reaction in a
solvent containing a carbonic diester.

14. The process according to claim 13, wherein X is a
divalent group having 1 to 12 atoms in the straight-chain
moiety thereof.

15. The process according to claim 13, wherein Z is a
carboxyl group which is esterified.

16. The process according to claim 13, wherein R® is
a hydrogen atom.

17. The process according to «claim 13, which
comprises the reaction being carried out in the presence of
a base.

18. The process according to claim 17, wherein the
base is an alcoholate.

19. A compound represented by the formula:

[formula]

/X

W/Z

R3

[wherein, Z 1is an electron-withdrawing group; W 1is an
optionally substituted ethylene or an optionally
substituted vinylene and when the ethylene or the wvinylene

has two substituent groups, said substituent groups may be

R3is a

is a



63

bound to each other to form an optionally substituted ring;
R® is a hydrogen atom or an optionally substituted
hydrocarbon group; and X’ 1s a divalent group having 4 or
more atoms in the straight-chain moiety thereof] or a salt

thereof.



