1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF 1-(3-(2-(1-
BENZOTHI OPHEN- 5- YL) ETHOXY) PROPYL) AZETID N-3-CL OR
SALTS THEREOF FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a new process for
production of 1-(3-(2-(1-benzothiophen-5- 5

yl ) et hoxy) propyl )azetidin-3-dl or salts thereof which
is useful as renmedies for central nervous system and
peri pheral nerve di seas@&SCBABKERBUND ART 10 [0002]
1- (3-(2-(1-benzot hi gphen- 5- .
yI)ethoxy)EBQE@ﬁfaf@%i&aﬁpgggﬂogrO§éﬂf§3fﬁgfé&F has
nerve protect,| [ ner rati ronotion
action and nEE&?P@ﬁEQ?§F§ﬂ§ﬁ%§é?&g§%§3%§0%§L§ usef ul
15 conpound as,J '§§3j&5 &grglgﬂ.s NEIMOMSE Syst em and
peri pheral nerve di Seases.” AS processes for production
of this conpound, for exanple, (1) a process of
reacting 5-(2-(3-

chl or opr opoxy) et hyl ) - 1- benzot hi ophene with
3-azetidinol 20 or salts thereof, (2) a process of
subjierbi og tHE3INZENGIORENzZOt hi ophen- 5-yl ) et hoxy)
propi onyl )azetidin-3-ol obtained from

3- (29013 benzot hi ophen-5 2

The present invention relates to a new

process for production of 1-(3-(2-(l-benzothiophen-5-

5 vyl)ethoxy)propyl)azetidin-3-ol or salts thereof which
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is useful as remedies for central nervous system and

peripheral nerve diseases.

BACKGROUND ART
[0002]

1-(3-(2-(1-benzothiophen-5-
yl)ethoxy)propyl)azetidin-3-0l or salts thereof has
nerve protective action, nerve regeneration promotion
action and neurite outgrowth action, and is a uséful
compound as remedies for central nervous system and

peripheral nerve diseases.

As processes for production of this compound,

for example, (1) a process of reacting 5-(2-(3-

- chloropropoxy)ethyl)-l-benzothiophene with 3-azetidinol

or salts thereof, (2) a process of subjecting 1-{3-(2-
{l1-benzothiophen-5-yl)ethoxy) propiconyl)azetidin-3-ol

obtained from 3-(2-(l-benzothiophen-5-



yl) et hoxy)propionic acid or its salts thereof to
reduction reaction with borane-tetrahydrofuran conpl ex
or subjecting it to reduction reaction with sodi um
borohydride in the presence of boron trifluoride 5
conpl ex tetrahydrofuran conplex, and so forth are
known (patent docunent 1). However, the process of
(1) has the following defects, (A) the yield is |ow,
( B)Y W@iplaxaatnabp imoce diffies OF i 198 et i Oie 5

RSl AT, O, S oSl ogr apy ar 6 necestary (S
" G0 on. Lhe B acess ol (8, camel, b Sat 4ol

h he faql.l i f ect.s, t.he
o ESIRAL S DLW Al Wie A ases

SO L LN it 2 o] iy ) o

t oxia tand RRW AR abl ems of stability, (B)

therefore, attention is necessary to handle and store

20 it and spegiwalvedquithiee plirocds® EUiTNethasithesFollowing
forth. [0003] In addition, as a process for

pr adfetiten qi) the yield is low, (B) complicated
3-(2-(I-benzot hi ophen-5-yl ) et hoxy) propi onic acid or
sabtrecehlaresf ofs@driific2k imenisuoiedsaboMe,cH ggel column
exanple, 25 the follow ng processes are known, (3) a

10pr cbssmasbgrepbiveeriengezesbasanz di dHeneisd,) e Hatolof

to Mchael addition reaction with tert-butyl
acFjEifels egested, and so forth.

In addition, the process of (2) cannot be
satisfied as an industrial manufacturing process,

because the process has the following defects, (A) the

15 process uses reagents of borane-tetrahydrofuran complex

and boron trifluoride tetrahydrofuran and so forth,
which are harmful to human body, highly flammable,
highly toxic and having problems of stability, (B)

therefore, attention is necessary to handle and store

20 it and special equipments are required, and so forth.

25

[0003]

In addition, as a process for production of
3-(2-(1-benzothiophen-5-yl)ethoxy)propionic acid or
salts thereof used in (2) mehtioned above, for example,
the following processes are known, (3) a process of
subjecting 2-(l-benzothiophen-5-yl)ethanol to Michael
addition reaction with‘tert-butyl acrylate,

subsequently subjecting it to de~-tert-butylation, (4) a



subsequently subjecting it to de-tert-butylation, (4)

a 3 process of subjecting

2- (| - benzot hi ophen-5-yl)ethanol to M chael addition
reaction with acrylonitrile, subsequently subjecting

it to hydrolysis with acid, and so forth (patent
docunent 1). 5 However, the p2ocesses of (3) and (4)
cannot be satisfied as industrial manufacturin

pr eeesess oﬁe@\aia:'s@cth@@epr bd@%@, sgthigphengd ﬁéf ) etanagol

defects, the process of K products form
bec%%sl‘él%lfla%ead%%w eﬁ%c Oftlr‘ah% eSEEY 1 PRERF T bfr of

b 85L (i SPESL oL oY BIELE, 200 4LEBLIERAS ane

nb b
33a$t A5ty fo%‘f%‘?ﬁ'fga%‘%fi‘%fﬁ@ Hhe “process of (4): the
yield of hydr;@émérwkp% Ldelsaclos 790 $gaf 01} Meannot

15 [0004] As a process fon o
benzotdu ophensP-yd )ﬁ{M1é‘§erﬁjaﬁ®f;§§Quf‘ﬂﬁg (BRocesses,

nment 1 oned above, for exanple, the foll ow ng processes

ar ddide {iRdsd PHFQEessSe HThHHD] €16d | FEL PowBidYdefedds, the
benzot hi ophene to brom nation with N bronosuccini m de

an AN f OB W t (R ) anp cadpotndSotm odtause (Af the
benzot hi ophen-5-yl )acetonitrile, subsequently
sulbjcestirendd db theadrotesies i Sudmeiprent f yasup) ectaatd, (B)
it to reduction reaction (non-patent docunent 1, 2 ,

103) spE8ied) emyimssads ¢ind dargdments are requlred because

5- br ono-1| - benzot hi ophene with
of the occurrence of a large quantity of combustible

isobutene gas in de-tert-butylation reaction, the
process of (4): the yield of hydrolysis with acid is
low, and sc¢ forth.

15 [0004]

As a process for production of 2-(1-
benzothiophen-5-yl)ethanol used in (3) and (4)
mentioned above, for example, the following processes
are known, (5) a process of subjecting 5-methyl-1-

20 benzothiophene to bromination with N-bromosuccinimide
and to reaction with cyano compounds to obtain (1-
benzothiophen-5-yl)acetonitrile, subsequently
subjecting it to hydrolysis, subsequently subjecting it
to reduction reaction (non-patent document 1, 2 , 3),

25 (6) a process of reacting 5-bromo-l-benzothiophene with
magnesium to obtain Grignard reagent, subsequently
subjecting it to reaction with ethylene oxide (patent

document 2), (7) a process of subjecting 5-(1-



magnesiumto obtain Gignard reagent, subsequently
subjecting it to reaction with ethyl ene oxide (patent
docurment 2), (7) a process of subjecting 5-(1 4

benzot hi ophene) car bal dehyde to Wttig reaction with
nmet hoxynet hyl ene yl i de, subsequently subjecting it to
hydrol ysis to obtain (1-benzot hi ophen- 5-

yl ) acet al dehyde, subsequently subjecting it to 5

r edee Forh i epenohcaxhaldehyde t o (Wit ehy dorohber Bjth
However, the processes of (5) to (7) cannot  be,
satTefheayeathnkrre ry hldemntfReedie iyl proveseesing it to
be%%g e these processes have the fo]l owi ng defects,

( ARYFTR Y R e al kTRERA A RIPES/MRTty, (B) a

hi ghly. 10 toxi t ds). | d. (C

" S OSSN SRR FPRITES) U pecds (O

ér“' Gl 3, U %Péaecdﬁie%%f”ééé bust v d L &kg%te%”é gcﬂ?é&nent 3).
eagen are useaq, pr ocedures of e reaction are

compl i cat ed. Aagk-a0. f AHd) pd L ABIo O SNt PP cannot

hand, as processes for production o

bemnzotdy QRITaRRAGR! i AMH Qe inall#eQirifpldfocesses,
thereof, for exanple, the follow ng processes are

kKnowtaus?) tha¥e0aTretfssrilif6d idie e Iydnaxde sk, (A)
20 of benzot hi ophenenet hanol to hal ogenati on,
Sulisxepurenaidiy t esubjaset ian g timu 1 treeac tomopenttsh ciBinca highly
conpounds to obtain benzothi opheneacetonitrile,
10suttoede melagendUigivectd mpripounsshy drolussids ((fon-gat ent
docunent 3),
carcinogenic reagent (ethylene oxide) is used, (D)
highly ignitable reagents (butyllithium, Grignard
reagent) are used, (E) procedures of the reaction are
complicated, and so forth.
15 [0005]

On the other hand, as processes for
proeduction of benzothiopheneacetic acid derivative or
salts thereof, for example, the following processes are
known, (8) a process of subjecting the hydroxyl group

20 of benzothiophenemethanol to halogenation, subsequently
subjecting it to reaction with cyano compounds to
obtain benzothiopheneacetonitrile, subsequently
subjecting it to hydrolysis (non-patent document 3},

(9) a process of subjecting 7-oxo-4,5,6,7-

25 tetrahydrobenzothiophene produced from 3-bromothiophene

to Reformatsky reaction with ethyl bromocacetate,

subsequently subjecting it to aromatization by

dehydrogenation by use of sulfur, and subjecting it to



(9) a process of subjecting 7-o0x0-4,5,6,7 25

t et rahydr obenzot hi ophene produced from

3- bronot hi ophene to Reformatsky reaction with ethyl
bronpacetate, subsequently subjecting it to

aromati zati on by dehydrogenation by use of sulfur,
and subjecting it to 5 hydrdlysis, and so forth
(nO@%g§tenL docunent 4). wever, the processes of (8)

an ClasHiot 2k St %I"ftil_lgd(né?"imt? iggcument 4).

Pt a1 0, Sesssss Becaios hepe okt Mt
fé%g@é lr?%%‘%%&%rdg %}%Lgﬁ%és)@ﬁ igahhigfgag’l,yf(aétqi(%gefpoq%geSSes,
COPUILALLHI LA s WAL L L AU it ycliegeﬁss, (A)

there "are nany steps of the process

5 OWntEEheding JLAGOR tsecrm&ﬁ%ttwrgy ?O%%Ee&fby,( @B) a highly

procedures of the 10 reaction ar licated, and so

f ool of Q@AGkNN AR icRmhpAmdd )PIHRC SR, 0 (O adiéstd ire,
of 5-hal ogeno- | -benzot hi ophene derivative, for
exagpbeicathe telkladwiendspoicessts are krewirdd,0)(m there
process of 15 reacting 4-hal ogenot hi ophenol with 2
hahogemeagetakpehyde tiiemptrbyleaset(&l) itihet e girksendewyf (F)
base to obtain 2-(4-hal ogenophenylthi o)acet al dehyde

di FBehykeaceiah, teupsegtiamel isshigéet i(6g Procgdures of the
i ntranol ecular ring closure reaction in the presence

10of repcpbdPyphsspherPd igatad, apds §of §PERb(-non- pat ent

dOfggggﬁ 5, patent docunent 4, patent docunent 5).

In addition, as a process for production of
5-halogeno-l-benzothiophene derivative, for example,

the following processes are known, (10) a process of

15 reacting 4-halogenothiophenol with 2-

20
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halogencacetaldehyde dimethylacetal in the presence of
base to obtain 2-(4-halogenophenylthioc)acetaldehyde
dimethylacetal, subsequently subjecting it to
intramolecular ring closure reaction in the presence of
polyphosphoric acid, and so forth (non-patent document
5, patent document 4, patent document 5).

However, the process of (10) cannot be
satisfied as an industrial manufacturing process,
because the process has thé following defects, (A)
complicated procedures such as distillation or silica
gel column chromatography and so forth are necessary to
isolated because the production intermediétes are oily

substances, (B) treatments of the process are



However, the process of (10) cannot be satisfied as
an i ndustrial manufacturing process, because the
process has the foll ow ng defects, (A 25 conplicated
procedures such as distillation or silica gel columm
chromat ogr aphy and so forth are necessary to isolated
because the production internediates are oily
substances, (B) treatnents of the process are 6
conpbnghiedted innylogoslesureaceachiby hyeuse of
phosphat e conpound because conplicated by-products

f orPRoFR}2EBnpPRRAYRE PEGRBEar @@mﬁééﬁaaéddggrpFPﬁPPBﬁ

or silica gel colum chromatography and so fqorth.are 5
neckeBhr v (¢h comal SFated T ooenot P bansht AP ophhsL Lat Ton
derivatives_ from forned - products because their
Gorty et Ve el col e g alrat 8oRT and oply Fabtn are
a’ £ 1t aui (e e . .
e S8 o T dFS | SThE1OGEIES e DL A PBRALAS
Qﬁgg : tf@gﬁ N . :
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f ordeara Bred IHdva® PIoFess1 ©fng SpPigesi ngps hiopgi-gel e
to hal ogenation with chlorine or 15 brom ne,
sukgemiteirtiles sebj Bichiing wdsted® Tenedhydd) i wiicM ¢bntains
| arge excess of chlorine (patent docunent 6), (12) a

pr gdesplofruseasinpuprids hdl sy erspheny | ¢dmp) heeted aci d
with sodiumsulfide in the presence of sodi um
10ny prediedhl rgp aicentt iedumestt, And (d8)feariprocess of

re%%%b%%

As 4-halogenothiophenol used in (10}
mentioned above, for éxample, (11) a process of
subjecting thiocanisole to halogenation with chlorine or

15 bromine, subsequently subjecting it to demethylation
with large excess of chlofine (patent document 6), (12)
a process of reacting (4-halogenophenylthio)acetic acid
with sodium sulfide in the presence of sodium hydroxide
{(patent document 7), (13) a process of reacting

20 monohalogenobenzene with sulfur monochloride in the
presence of zinc chloride to obtain dihalogenodiphenyl
polysulfide, subsequently subjecting it to reduction
reaction with hydrochloric acid-zinc (patent document
8}, (14) a process of reacting 1, 4-dihalogencbenzene

25 with sodium hydrosulfide in l-methyl-2-pyrrolidone

{patent document 9), and so forth are known.

However, the processes of (11) to (14) cannot

be satisfied as industrial manufacturing processes,



20 nonohal ogenobenzene wi th sul fur nonochloride in the
presence of zinc chloride to obtain dihal ogenodi phenyl
pol ysul fi de, subsequently subjecting it to reduction
reaction with hydrochloric acid-zinc (patent docunent
8), (14) a process of reacting 1, 4-di hal ogenobenzene
25 wth sodium hydrosul fide ih 1-nethyl-2-pyrrolidone

tent d t d forth
(PHERLLEOHEE: PhaseiEed tnavtibndt ol ISt g ORBYELs, &

o 0T 00 PR, PPN Do
S Bl Pt SO 500 T Bl et O bep, 1roe
enVéﬁ@f‘f@rﬁﬁeﬂ@aﬁéa&élcih@% &Q'@lﬁlé‘@u‘i’é St §lif0fi@keare used,

used, 5 and so forth. [0008] Further, as a process

j(nadu(ghugdﬁghof a benzot hi ophene der|vat|ve froma

(phenyl thio) acetic acid derivative or salts thereof,
for[eeepl e, the 10 follow ng processes are known,

(15) a process of subjecting it to intranolecular

ri ng cl osure Fuddtemn as ra theogees efime fodwewt somced, a
subsequent|ly subjecting it to reduction reaction,
subsapadtigpleanty ettdinptiive of rafehy diphemynl tlekel i apetic
and so forth (patent docunment 15 10). However, in this
pr GCash At attinife (AR SatS ikl dmpoerapke, the

@inow1ng processes are known, (15) a process of
subjecting it to intramolecular ring closure reaction
in the presence of Lewis acid, subsequently subjecting
it to reduction reaction, subsequently subjecting it to

dehydration reaction, and so forth (patent document

15 10).
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However, in this process, the structure of
produced compound is limited.
[0009]

[patent document 1]

International publication No. 03/035, 647
pamphlet
[patent document 2]

EP0129478 bulletin
[patent document 3]

International publication No. 99/31,056
pamphlet

[patent document 4}

International publication No. 02/100,850



[0009] [patent docunent 1] 20 Internationa
publicati on No. 03/035,647 panphlet [patent docunent
2] EP0129478 bulletin [patent docunent 3] 25

I nternational publication No. 99/31,056 panphl et

[ patent docunent 4) International publication No.

02/ 100,850 8 panphlet [patemd docunent 5]

I nternational -publication No. 2,005/012,291 panphl et
5 [pritRhtedocunent 61 Japanese Patent Lai d-Qpen No.
HO8- 143533 bulletin_ [ patent docunent 7] Japanese

Pat Bt ¢4 HepareMNo. ° Ho5- 178816 10 bull etin [ pat ent

d t 8] J P j d- 5-
docurent ) SERRUGRS, TSIy LIS OO, W 16049689, 201
Lwﬁ%ﬁ%ﬁiégb' HO4- 182463

5 [patent document 6]
Japanese Patent Laid-Open No. H08-143533
bulletin
[patent document 7]
Japanese Patent Laid-Open No. H05-178816
10 bulletin
[patent document 8]
Japanese Patent Laid-Open No. H05-140086
bulletin
[patent document 9]
15 Japanése Patent Laid-Open No. H04-182463
bulletin
fpatent document 10]
International publication No. 98/43,967
pamphlet
20 [non-patent document 1]
Journal of Medicinal Chemistry (J. Med.
Chem.}, 1991, Vol. 34, p. 65-73
[non-patent document 2}
Journal of Medicinal Chemistry (J. Med.
25 Chem.), 1997, Vol. 40, p 10495-1062
[non-patent document 3]
Nippon Kagaku Zashi, 1967, Vel. 88, p. 445-

447



bulletin [ patent docunment 10] Internationa
publication No. 98/43,967 panphlet 20 [ non-patent
docunent 1] Journal of Medicinal Chemistry (J. Med.
Chem ), 1991, Vol. 34, p. 65-73 [non-patent docunent
2] Journal of Medicinal Chemstry (J. Med. 25 Chem),
1997, Vol . 40, p 1049-1062 [ndn-patent docunent 3]
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DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0010]

A new précess for production of 1-(3-(2- (1~
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l and
salts thereof, process which has safety to human body,
low environmental loads and a possibility of.mass

production, is strongly expected.

MEANS TO SOLVE THE PROBLEM

[0011]

Under the circumstances, the present
inventors have studied zealously and consequently, and
found that in a process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l or salts
thereof from 2-({l-benzothiophen-5-yl)ethanol, a process
for production of 3-(2-(l-benzothiophen-5-
yl)ethoxy)propionic acid or salts thereof characterized
by subjecting 2-(l-benzothiophen-5-yl)ethanol to
Michael addition reaction with acrylonitrile in the

presence of base, subsequently subjecting it to



15 production, is strongly expected. NMEANS TO SOLVE
THE PROBLEM [0011] Under the circunstances, the
present 20 inventors have studi ed zeal ously and
consequently, and found that in a process for
production of 1-(3-(2-(1- benzot hi ophen-5-yl)

et hoxy) propyl ) azeti di n- 3- ol dP salts thereof from

o SRR PERh o BN C0a P R ARO Rk pRERRECGERY he' eneral
yl)ggpﬂéygpggpgonic acid or salts thereof

characterized by subjecting _

2- (1-benzot hi ophen-5-yl )ethanol to M chael addition
reaction w t hRaGHyObhi tf1]e in the presence of base,
subsequently subjecting it to 10 reaction with an

al cohol represented by the general fornmula [i]:

R Griéde {d]rRWheids Rt d %Owadgfera dBuH Q@erz@at om or
an unsubstituted or substituted al kyl, cycloal kyl or

ar yinsub gt Dtk ed ot heulpsetenced odliagl 4 ¢pcDa Bkl aor aryl
propionic acid ester derivative represented by the

Pempralpfornula [21: O---~C02CH 2 R 1 (21 S wherein

10

15

Rl has the sane neanings as the above, 10
subgeduentise e aif meidepropiaint ca geiebestie acid

ester derivative represented by the general formula

o) 1
(U\J 7 TC0,HR
s

wherein R' has the same meanings as the above,

[2]:

subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base;

the propionic acid ester derivative represented by the

general formula {2]:

(/DN O~ o0, 0HR
S .

wherein R! has the same meanings as the above,
being important intermediates in the production of 3-
(2-(l-benzothiophen-5-yl)ethoxy)propionic acid or salts

thereof;



derivative to hydrolysis reaction in the presence of

base; the propionic acid ester derivative represented

by the general formula [2]: | O0""CO2CH2ZR [21 loo0 S

15 wherein Rl has the sanme neani ngs as the above,

being inportant internediates.in the production of 3-
(2-(1- benzot hi ophen-5-yl)eth ) propi oni c acid or

Salé ?55?§5§0%°r ro§ B£9§§SSF [é@r?gu?ilggnggthlophen -5-

enzot hi ophén

pro;,saw@mﬁg?t%%ﬁléngi 9£e§§2‘&£§ theie9f salts thereof

characteri zed deriving 3-(2-(1-benzothi ophen-5-

yl )@M@M&@fppé@%y @@rﬂvpﬁgwt‘@-w%@@éot@l@ hen-5-
reactive 5 derivative, subsequently reacting t

reagl ) stchogerpyadioeim ddid- @ieiaﬂtﬁoth@fe§ﬂ|t6 a reactive
thereof in the presence of base, and subsequently
Trymitazive, théseqyastal g feamihe tleacteaot vt ure;
a process for production of

1- (Sxizgtitenzidthi Ddpheet 54indl yo) esdbky ) prepydf in the
azetidin-3-ol or salts thereof characterized by
suljreasnie rf dyse( andrthss@ppls-crystallizing the
yl)ethoxy)prop|onyl)azet|d|n 3-0l to reduction

r e &G L %Mf@}?ffarmﬁjoqfth% THetGWeRor in the

B: (%i egrgo ecfegsif,s ?r l((}% lLP::rtq tolf IQOCE W’Z{é("lf%"eﬁg g{qﬁ%%}%o@en 5~

10 yl)ethoxy)propyl) azetidin-3-ol or salts thereof

characterized by subjecting 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l to reduction reaction
with an addition of activator in the presence of alkali

metal borohydride; and

15 a process for production of 1-{(3-{2-(l-benzothiophen-5-

yl)ethoxy)propyl)azetidin-3-o0l or salts thereof
.characterized by subjecting 2-(l-benzothiophen-5-
yl}ethanol to Michael addition reaction with

acrylonitrile in the presence of base, subsequently

20 subjecting it to reaction with an alcohol represented

25

by the general formula [1]:

R'CH,0H [1]

wherein R! has the same meanings as the above,
in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula

(2]:



yl ) et hoxy) propyl ) azeti di n-3-0l or salts thereof
.characterized by subjecting 2-(1-benzot hi ophen-5-

yl )ethanol to M chael addition reaction with
acrylonitrile in the presence of base, subsequently 20
subjecting it to reaction with an al cohol represented
by the general fornula [1]: RECHZOH [1] wherein R has
t he sane neani ngs as the above, in the presence of
acid to obtain a propionic acid ester derivative

represented by s [2]: 12 C'"~"
1 00 whgﬁgfh%ﬁiﬁﬁg ﬁ sane

CC2CH2R1L2

nmeani ngs as t hg g, Subsequently subjectlng t he
propi onic acid ester derivatives to hydrolysis
reaction in the presence of base to obtain
3-(2-(1-benzot hi ophen-5 5 yl) et hoxy) propionic acid or
salyise e g0f hasURIRIURIE YneaC@MMRY HNGHE dldwvae,
reactive derivative, subsequently reacting the

r eanibaeqdait Wat 4 e et In@-dretpchmobnde ashlitsster
thereof in the presence of base to obtain 1-(3-

( 2-deiriberiziotds ophdnydeol ysthosea@riopd oby | jlae epiebende of
10 ol, subsequently subjecting it to reduction

r ed@dorto witeign Iddit  orbasizatdiiarhen-%n t he

resence of alkali netal borohydride.
yl)ethoxy)propionic acid or salts thereof, subsequently

converting it to a reactive derivative, subsequently

reacting the reactive derivative with 3-azetidinol or

salts thereof in the presence of base to obtain 1-(3-

(2-{l-benzothiophen-5-~yl)ethoxy)propionyl)azetidin-3-
10 ol, subsequently subjecting it to reduction reaction

with an addition of activator in the presence of alkali

metal borohydride.

[0012]

In addition, the present inventors have found

15 that in the process of 2-{l-benzothiophen-5-yl)ethanol

which is a starting material, a process for production

of a 5-halogeno-l-benzothiophene derivative represented

by the general formula [6]:
t

X
S

wherein X' represents a halogen atom,

20 characterized by reacting a (phenylthio)acetic acid



[0012] In addition, the present inventors have found
15 that in the process of

2- (1- benzot hi ophen-5-yl)ethanol which is a starting
material, a process for production of a

5- halogeno | - benzot hi ophene derlvatlve represented by
the general fornula [6] [6I 33 wherein X1 represents

a hal ogen_ato ter| ed by reactin

CorBrs PR By acer 22 BEF PHAFEbE FomtpbeRER y fyne gemeral
t he ented by the general formula [3]: QX
Cﬂkf§¥%%{§mL§féin X1 has the sane neani ngs as the
above, wth a hal ogenating agent to obtain an acid
halide 5 represented by ,the general fornula [4]: |

[4] OX2 X wheQ@ P X2 e 'esents a hal ogen atom X1 has
the sane nea |ﬁg* t he ve, subsequently

subj ecting thesaeid bl id i ntranol ecul ar ring
closure reaction in'the presence of 10 Lewi s acid,
subsequently subjecting it to reduction reaction to
obtai n a di hydrobenzot hi ophene derivative represented

by e gghetrahalormdl 3akel meanings as the above,

with a halogenating agent to obtain an acid halide

5 represented by the general formula [4]:

ox? X'
{ (a]
S

wherein X° represents a halogen atom; X! has the same

meanings as the above,

subsequently subjecting the acid halide to

intramolecular ring closure reaction in the presence of
10 Lewis acid, subsequently subjecting it to reduction

reaction to obtain a dihydrobenzothiophene derivative

represented by the general formula [5]:

H 1

[51]

wherein X! has the same meanings as the above,
and subjecting the dihydrobenzothiophene derivative to

15 dehydration reaction in the presence of acid catalyst;




HXL I [51 S wherein X1 has the sane neanings as the
above, and subjecting the di hydrobenzot hi ophene
derivative to 15 dehydration reaction in the presence
of acid catalyst; 14 the dihydrobenzot hi ophene
derivative represented by the general formula [5]: H
X, [5] S wherein X1 has thel$anme neanings as the

abqve, .bei i mpor.tant .i ntermedi ates in the praqce

ot OB T S AT P e GG S by the
derj vative . represent.ed by the general formula [6]:
[Gﬁé%%rl&eﬁarh ﬁ%g'the sane neani ngs as the above;

t he 5- hal ogeno-| - benzot hi ophene derivative represented

by the gener formula [6]: [s] 10 wherein X1 has the
same nmeani ngs'™s the abgve, can be produced at sinple
procedures wth urity by crystallizing and

i sol ating cryd t he[5]

wherein X' has the same meanings as the above,

being important intermediates in the process for

5 production of a 5-halogeno-l-benzothiophene derivative

10

represented by the general formula {6}]:

x1
(:@’ [6]
S

wherein X! has the same meanings as the above;
the 5-halogeno~l-benzothiophene derivative represented

by the general feormula {6]:

x1

wherein X! has the same meanings as the above,

can be produced at simple procedures with a high purity
by crystallizing and isolating crystals of the
dihydrobenzothiophene derivative represented by the

general formula [5]:



di hydr obenzot hi ophene derivative represented by the
general formula [5]: 15 H X, [5] S wherein X1 has

t he sane neani ngs as the above, subsequently
subjecting the crystals to dehydration reaction; a
process for production of benzothi ophene derivative 5
or salts thereof representedlby the general formula
[9] ~Q@ s] [ wherein R2 and R3 represent identically
or differently an unsubstituted or substituted

al kyl oxycarbdd@ , cycl ogl kyl oxycar bonyl or

g OWX or 10 cyano group,
innggbenzothiophene derivative
represented by $- JeAer a ormula [7]: X [7] S
wherein X1 has Yhe same neani ngs as the above, in the
presence of base and palladiumcatalyst with a 15
mal oni ¢ acid derivative or salts thereof represented

by wherein X! has the same meanings as the above,

subsequently subjecting the crystals to dehydration
reaction;

a process for production of benzothiophene derivative

5 or salts thereof represented by the general formula

10

15

[2]:

2

(:@—C []
S R

wherein R® and R’ represent identically or differently
an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or
cyano group,

characterized by coupling a benzothiophene derivative

represented by the geheral formula [7]:

(/j@x' [7]
S

wherein X' has the same meanings as the above,
in the presence of base and palladium catalyst with a
malonic acid derivative or salts thereof represented by

the general formula [8]



10

the general fornmula [8] 16 2 [8] R3 wherein R2 and
R3 have the sanme neani ngs as the above; a process for
producti on of benzot hi opheneacetic acid derivative or
salts thereof represented by the general fornula
[10]: CH2CO2R4 [10] CO 5 wherein R4 represents a
hydr ogen atom or unsubstitut&8 or substituted al kyl,
cycl oal kyl or aral kyl group, characterized by
reacting a benzot hi ophene derivative or salts thereof
represented by he general fornula [9] 2 S 1 [s] 3
wherein R2 a Rygpve the sane neani ngs as the above
10 with acid %3 base, subjecting the benzot hi ophene
derivative or fSalts thereof to decarboxyl ation
reaction if necessary; the benzothi ophene derivative
represented by the general fornmula [9]: 17 2 ~@3 [9]
wherein R2 and R3 have the same neani ngs as the above,
wherein R? and R’ have the same meanings as the above;

a process for production of benzothiopheneacetic acid
derivative or salts thereof represented by the general

formula [10}]:

@cHzcozn‘ [10]

wherein R* represents a hydrogen atom or unsubstituted
or substituted alkyl, cycloalkyl or aralkyl group,
characterized by reacting a benzothiophene derivative

or salts thereof represented by the general formula [2]

/
[o]

wherein R? and R® have the same meanings as the above,
with acid or base, subjecting the benzothiophene
derivative or salts thereof to decarboxylation reaction
if necessary;

the benzothiophene derivative represented by the

general formula [9]:



5

10

15

being inportant internediates in the process for
production of benzot hi opheneacetic acid derivative or
salts thereof represented by the general formula [10]:
S 1/ CH2CO2R4 [10] 5 wherein R4 has the sane neani ngs
as the above; a process for production of

2- (1- benzot hi ophen-5- yl)et hadhol characterized by

subj ecting a benzothi opheneacetic acid derivative or
salts thereof represented by the general fornula
[11]: / CH2QO02R4 lawhggein R4 has the sanme neani ngs
as the above,
subsequent |y
an addition of
net al borohydride; and 15 a process for production of
2- (1- benzot hi ophen-5- yl)ethanol characterized by

Q ysi[p reaction if necessary,
i NG i 0 reductive reaction with

br in the presence of al kal

reacting a 18 (phenylthio)acetic acid derivative or

sawhsreher 83f and ept dsore echdysde rgmareiads fos mita 413ve,
®@2H 1 [3] S wherein X1 has the sane neani ngs as the

abbeéng wiphriansl égésamendd aggentint dhebraiosess £eird
halide 5 represented by the general fornula [4]: |
[ 4progRotion of benzothiopheneacetic acid derivative or

salts thereof represented by the general formula [10]:

{]@cﬂzcoz# [10]

wherein R? has the same meanings as the above;

a process for production of 2-(l-benzothiophen-5-
yl)ethanol characterized by subjecting é
benzothiopheneacetic acid derivative or salts thereof

represented by the general formula [11]:

CH,CO,R*
f:©/ N nn
S

wherein R? has the same meanings as the above,

to hydrolysis reaction if necessary, subsequently
subjecting it to reductive reaction with an addition of
activator in the presence of alkali metal borohydride;
and

a process for production of 2-~(l-benzothiophen-5-

yl)ethanol characterized by reacting a



S wherein X1 and X2 have the sane neani ngs as the
above, subsequently subjecting the acid halide to

i ntranol ecular ring closure reaction in the presence
of Lewis acid, subsequently subjecting it to
reduction 10 reaction to obtain a
dihydrobenzothiophene deri vafiBve represented by the
general formula (5): HS aX ~ [5] wherein X1 has the
santPhrnn Hyke lace e arie, de%h‘b%‘éh‘ﬂ%n‘ﬂ yS%Ju‘b? ek hget
t he di hydr obenzot hi ophene erlvatlve Lg dehydrati on

r e @R P Yh Yridie P oF2 4 ot ot cht il yst to
obtai n a 5-hal ogeno-1I - benzot hi ophene derivative
represented by the general formula (6): [6] S
wherein X1 h gt rrex?eani ngs as the above,
subsequent | yail @ @ [Eaﬂal ogeno- | - benzot hi ophene
5 derivative |l oni cid derivative or salts

t her eof represeédt edy the general fornula [8]: (R [$]
R3 wherein R2 and R3 have the sanme neanings as the
above, in the presence of base and pal |l adi um cat al yst

to ,o81ain A Reneolfi gphens derival e 9k S8,

with a halogenating agent to obtain an acid halide

5 represented by the general formula [4}:

[4]

wherein X! and X? have the same meanings as the above,
subsequently subjecting the acid halide to
intramolecular ring closure reaction in the presence of
Lewis acid, subsequently subjecting it to reduction

10 reaction to obtain a dihydrobenzothiophene derivative

represented by the general formula [5}:

H 1
[5]

wherein X! has the same meanings as the above,
subsequently subjecting the dihydrobenzothiophene

derivative to dehydration reaction in the presence of



10 represented by the general fornula [12]: RZ R3
[12] wherein R2 and R3 have the sane neani ngs as the
above, subsequently reacting the benzothi ophene
derivative or salts thereof with acid or base,
subjecting it to decarboxylation reaction if
necessary, to obtain a 20 béfzot hi opheneacetic acid
derivative or salts thereof represented by the

gerfid FHrdhiF (U0 oL tEGHIE@® R NI o R tihkphene

B R gy S o] VS L P

thereof to hydrolysis reaction if necessary,
subsequently subjecting it to reduction reaction with
an addition of _actiyato{ in the presence of alkal
met al bor ohydg/ dg 0013£ ]10 Further, the present

i nventors have p a process for production of
1-(3-(2-(1- ben§oth|ophen 5-
yl ) et hoxy) propyl )azetidin-3-0ol or salts thereof
characterized by reacting a (phenylthio)acetic acid 15

depiqtd; I tfet bER fRhGSeRLednhy abRgegeneral
formula ¥3FQ %5% %ﬁe Q% ? ea 5 a ey

subsequently coupling the S5-halogeno-l-benzothiophene
5 derivative with a malonic acid derivative or salts

thereof represented by the general formula {8]:

2

& (8]

R

wherein R? and R® have the same meanings as the above,
in the presence of base and palladium catalyst to
obtain a benzothiophene derivative or salts thereof

10 represented by the general formula [12]:

/ R 121
S

wherein R? and R® have the same meanings as the above,
subsequently reacting the benzothicophene derivative or
salts thereof with acid or base, subjecting it to

decarboxylation reaction i1f necessary, to obtain a



wherein XI has the sanme neanings as the above, wth a
hal ogenati ng agent to obtain an acid halide
represented by the general forrmula [4]: 21 OXZ 1 [41
wherein X1 and X2 have the sanme neani ngs as the above,
subsequent|ly subjecting the acid halide to

intranol ecul ar ring closure Eeaction in the presence

of Lewis acid, subsequently subjecting it to
reaﬁﬁﬂ4Qﬁ?¥99ﬂ%ﬂﬂﬁQ%¥#Q)%ﬂﬁQ;Q?Q%WﬂQﬁMﬁcﬂﬁﬂﬁﬁﬁqﬁ(ﬁﬂﬁﬁﬁ?f
derivative represented by the general farmula [5]: HO
| -¥ﬂﬁﬂese§tﬁﬁkgﬁﬁﬁ$¥i %ﬁ%n?é%ﬂ¥ dﬂﬁﬁgs as the
above, subsequently subjecting the

di hydr obenzot hi ophene derivative to dehydration
reaction in the prasenqs o@olﬂ‘aci d catal yst to obtain
a 5- hal ogeno- /£ b i ophené Eqrivative repr esent ed
by the generah_fa a[6]: [6 -§] wherein X1 has the
same neani ngs s M8 above, subsequent |y coupling the

5- hal ogeno- | - benzot hi ophene derivative with a nmalonic
acid derivative or salts 15 thereof represented by the

geﬂﬁ%@%igoﬁmuﬁgs[§&é 3§me meanings as the above,

subsequently subjecting, the benzothiopheneacetic acid

5 derivative or salts thereof to hydrolysis reaction if

necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
of alkali metal bofohydride.

(0013]

10 Further, the present inventors have found

15

that
a process for production of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propyl)azetidin-3-0l or salts thereof
characterized by reacting a (phenylthio)acetic acid
dérivative or salts thereof represented by the general

formula [3]:
1
O,H X
. [3]
S

wherein X' has the same meanings as the above,
with a halogenating agent to obtain an acid halide

represented by the general formula [4]:



[81 R3 wherein R2 and R3 have sane neani ngs as the
above, in the presence of base and pal |l adi um cat al yst
to obtain a benzothi ophene derivative or salts
thereof represented by the general fornmula [12]: R2 R
[121 5 wherein R2 and R3 have the sanme neanings as the
above, subsequently reactinglthe benzot hi ophene
derivative or salts thereof with acid or base,
subjecting it to decarboxylation reaction if
necessary, to gg{zai a )@enzothi opheneacetic acid
derivative or ereqf 10 represented by the
general formnu cHidb R4 [111 wherein R4 have
the same neani i§s ast he above, subsequently

subj ecting the benzot hi opheneacetic acid derivative
or salts thereof to hydrolysis reaction if necessary,
subsequent |y subj egt | it. to reduction 15 rea

n ction
oi DTERE Tty PBR & BETeveRG, StRet Reantadange sae gpove:

al kal.i netal -boroh obtai n

dri.d - () -
ber?ill&siﬁ%ﬁ{’eﬂi’&%ﬂ Fatite R R fdt e ls*iﬁ)j ecting
bertzt A Uil ct
e AR i ORI et B3 o Qe d e o
subSeAYeNtdY SURRSIAR 1L, (R RASLRN W th abdlcohal

5 reaction to obtain a dihydrobenzothiophene derivative

represented by the general formula [5}]:

HQ ,

[5]

wherein X! has same the meanings as the above,
subsequently subjecting the dihydrobenzothiqphene
derivative to dehydration reaction in the presence of
10 acid catalyst to obtain a 5-halogeno-l-benzothiophene

derivative represented by the general formula [6]:

XI
S

wherein X! has the same meanings as the above,
subsequently coupling the 5-halogeno-l-benzothiophene
derivative‘with a malonic acid derivative or salts

thereof represented by the general formula [8]:



10

15

represented by the general fornmula [1]: R CH2OH [ 11
wherein RL has the sane neani ngs as the above, in the
presence of acid to obtain a propionic acid ester
derivative represented by the general formula 10 [2]:
O ~CRCH2RI[21 S wherein Rl has the sanme neani ngs as
t he above, subsequently subgécting the propionic acid
ester derivative to hydrolysis reaction in the
presence of base to obtain 3-(2-(1-benzothi ophen-5 15
yl ) et hoxy) propwdni c acid or salts thereof,
subsequently Egonmﬁlting

3-(2-(1-benzolhj ophen-5-yl ) et hoxy)propionic acid or
salts thereof Ro a reactive derivative, subsequently
reacting the reactive derivative with 3- azetidinol or
salts thereof in the presence of base to 20 obtain

1- -(2-(1- t hi hen- 5- \

i e B B BIE Some srarningd 2apthG.EReTS" 24
i t.i 1-(3-(2- - t hi hen- 5-,

SR ot s 1o S o S e e yse to

or et o A AR o R S R oo

i td Py OF THE
favmg%ﬁt%go%rﬁ% gRridPantd i _1'%FF[ELCEFJ

R2

3

/ R 121

wherein R? and R? have the same meanings as the above,
subsequently reacting the benzothiophene derivative or
salts thereof with acid or base, subjecting it fo
decarboxylation reaction if necessary, to obtain a
benzothiopheneacetic acid derivative or salts thereof

represented by the general formula [11]:

CH,co.R*
(:@1 T
S

wherein R* have the same meanings as the above,
subsequently subjecting the benzothiopheneacetic acid
derivative or salts thereof to hydrolysis reaction if
necessary, subsequently subjecting it to reduction

reaction with an addition of activator in the presence



The process for production of 1-(3-(2-(1 10

benzot hi ophen-5-yl ) et hoxy) propyl ) -3-azetidi nol or
salts thereof of the present invention has the
following characteristics, (1) the yield is high, (2)
silica gel colum chromatography is not required, (3)
therefore, the anmount of wagBes is small, (4)

reagents. whj ch have 15 harnful ness and, probl ens of
std%glé%§ﬁ%&e¥@ﬁﬁlLEQ%Eh%ﬂﬁld%ot?o??%?l nd~the process

5 5L B UL Bl TROMT SELELE0L B 5555 L9PARY o-
e AR P IRLENS WLt 23kl ion
Ch%@;]éf?[tgt%rgmi% 4y 1V £ LOUCT 5, atflf‘%) dence of base,

(2)1 e gases do not occur, the yreld is

i Hubsifhert fyPrddb andiddie PriagessadSi s afith 8sn £bcohol

i ndust.rial manufacturing process. [0016] The process

f orrepreiesitdean f tHenzaiddApheneackd i c1pci d
derivative or salts thereof 25 represented by the
general formula [10] of the present invention has the
foll owi ng ch fst i (1) stimulative
internediategﬁggggggf Jgg% during the process, (2)

hi ghly toxic reagents(cyano conpounds) are 5 not used,
(3) conplicated treatnments of waste are not required,

(4) the nunmber of steps of the process is
wherein R® has the same meanings as the above,

in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula

10 [2]:

15

20

wherein R! has the same meanings as the above,
subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base to obtain 3-(2-(l-benzothiophen-5-
yl)ethoxy)propionic acid or salts thereof, subsequently
converting 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic
acid or salts thereof to a reactive derivative,
subsegquently reacting the reactive derivative with 3-
azetidinol or salts therecf in the presence of base to
obtain 1-(3~(2-(l-benzothiophen-5-

yl)ethoxy)propionyl})azetidin-3-o0l, and subsequently



few, (5) the yield is high, (6) high reaction
tenperature is not required, (7) reaction procedures
are sinple, and so forth, and the process is useful as
10 industrial manufacturing process. [0017] The
process for production of 5-hal ogeno-|- benzot hi ophene
derivatives represented by tRé general fornula [6] of
t he present |nvent|o has the fo]low ng. 15

chat HEt Tt o) ({14 bt d?%mﬁ%l%&féeff“é%v* (2)

b f d h
P AT RO P R TS § TS o%-ol( (55S FRPEFOReT f658¢ son
Come aate%o[q% ’k}rﬂ%?ro&% 5 St é%ho% éétéP”%lkall

e, ge um- C ogra y ar requi

an S t
g0 B TR TR S Pl e Srgpent

sCARRYIN® 14T THE | NVENTI ON [ 0018] 25 The present

invention is explained belowin detail. In the
present specification, unless otherw se specified,
the term "hal ogen atonf neans 26 fluorine atom
ChE®FEQRE &FoMHELIIOVIENT IaNom or i odine atom the term
"al kyl group” neans a straight or branched chain
C1(923Kikyl group, for exanple, nmethyl, ethyl, 5

ropyl, 1sopropyl butyl, sec-butyl |sobut I tert-
Propy P pyproce;é for proddétlon of X%3 {(2-(1-

10 benzothiophen-5-yl)ethoxy)propyl)-3-azetidinol or salts

thereof of the present invention has the following
characteristics, (1) the yield is high, (2) silica gel
column chromatography is not required, (3) therefore,

the amount of wastes is small, (4) reagents which have

15 harmfulness and problems of stability are not ﬁsed, and

so forth, and the process is useful as industrial
manufacturing process.
[0015]

The process for production of 3-(2-(1-

20 benzothiophen-5-yl)ethoxy)propionic acid or salts

25

thereof of the present invention has the following
characteristics, (1} by-products are small,
{2)inflammable gases do not occur, (3) the yield is
high, and so forth, and the process is useful as
industrial manufacturing process.
[0016]

The process for production of

benzothiopheneacetic acid derivative or salts thereof



butyl, pentyl, isopentyl, hexyl, heptyl, octyl or the
like; the term"cycloal kyl group” neans a

C3_8cycl oal kyl group, for exanple, cyclopropyl,

cycl obutyl, 10 cycl opentyl, cyclohexyl or the like;

the term"aral kyl group” nmeans an ar G _6al kyl group,

for exanple benzyl, diphenyPrethyl, trityl,

phenet n ke; e term

RSP A e e 3 ﬁer%ﬁoéhﬁordw SHSL# 1% prssent
C1 f Xy

pr 3%%%}’}@ .ﬁpﬁsg g%ye %J]t oxy ? sol'bﬁf%%é%'sseg "g%t o§<:L

t erde-iihoxyiv P S e 1 d AP ety I By Wed nﬁlﬁh kg trwe
term "al kyl oxycarbonyl group” nmeans a stral ght or

br gehed ghaizy Gk ghAa) d:oey &l s @b éc@ﬁfounds) are
exanpl e, 20 nethoxycarbonyl, ethoxycarbonyl ,

sdi mtth ylsRicdy P 0pd))C ¥dr@ilca et D RN DB lwasde are not
et hyl hexyl oxycar bonyl, tert-butoxycarbonyl, tert-
pemepudxychr Hdnylther nunddn loef dtepd exfinthe process is
"cycloalkyloxycarbonyl group" neans a C3- 25

ecyeloal (Ry| dhec arlednly lisghdugh, f{dr) dwagiplmgaction

cycl opropoxycarbonyl, cycl obut oxycarbony

cy EEBREREFIERy dar @@ﬁy |req@yme@ihex(;7|)o>cmbdmy prsicadures

like; 27 the term "aral kyl oxycarbonyl group” neans an

ar 818 Séﬁlp%ﬁroﬁ aBRokPEt éroé‘fi‘ the Prossss is useful as

benz hg% &b ¥ufac@g%g%%h%2%é%%%{bonyI or the Ilike;
[0017]

The process for production of 5-halogeno-1-
benzothiophene derivatives represented by the general
formula [6] of the present invention has the following

15 characteristics, (1) by-products are few, (2)
purification can be performed by simple procedure such
as extraction and crystallization, (3) therefore,
complicated refining procedures such as distillation or
silica gel column chromatography are not required, and

20 so forth, and the process is useful as industrial

manufacturing process.

BEST MODE FOR CARRYING OUT THE INVENTION
[0018}
25 The present invention is explained below in
detail.
In the present specification, unless

otherwise specified, the term "halogen atom" means




the terns "aryl group" nmeans group, for example, 5

phenyl , naphthyl or the like; the term "al kenyl group”

nmeans a C2_12al kenyl group, for exanple, vinyl,

propenyl, butenyl, pentenyl, hexenyl, heptenyl,

octenyl or the like, respectively. [0019] 10 The

al kyl, cycl oal kyl and aryl gE6éup of RL may be

substituted with at | east one group selected froma

hal fldgrr idtomtanhydreaAng radupt, Prtine @lop omniodine

al kyl group, a cycloal kyl group, an al koxy group, an
E@ﬁFP group and an aryI group or the I|ke 15 The

)g%car b%ﬁ %::I 03a) 6‘¥e 0X carkt%gay boer branched

Subgt e d Ml at Least sage raupeseheshed

halogen roxyl group artr
ro |l o gréggL up, -

O)mqéoli%’ro p%yid @&é)ryl group or thgﬁbl%rﬁ Thteé?Inc
a' ey 1GY ¢ e‘?l%|y‘iy| A RIIKY hehAUP HIptRA, MBtPe or the
substltuted wi'th at east one group selected froma
haljagen atom a hydroxyl group, a nitro group, an
al kyl group, a cycloal kyl group, an al koxy group, an
25 thkkeryin gegidloandtydn gaoyp"gheansora hedyddmal kyl
[0020] In the present invention, the follow ng
pr gecesipes fare egampi ef, o cypiefpacglyle maymlfcdettyrli.ng 28

processes.
10 cyclopentyl, cyclohexyl or the like;

U'!

the term "aralkyl group" means an arCigalkyl group, for
example, benzyl, diphenylmethyl, trityl, phenethyl,
naphthylmethyl or the like;
the term "alkoxy group" means a straight or branched
15 chain Ci.galkyloxy group, for example, methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec~butoxy,
tert-butoxy, pentyloxy, isopentyloxy or the like;
the term "alkyloxycarbonyl group” means a straight or
branched chain Cj.j;alkyloxycarbonyl group, for example,
20 methoxycarbonyl, ethoxycarbonyl, 1,1-
dimethylpropoxycarbonyl, isopropcoxycarbonyl, 2-
ethylhexyloxycarbonyl, tert-butoxycarbonyl, tert-
pentyloxycarbonyl or the like;
the term "cycleoalkyloxycarbonyl group” means a Cs-
25 gcycloalkyloxycarbonyl group, for example,
cyclopropoxycarbonyl, cyclobutoxycarbonyl,
cyclopentyloxycarbonyl, cyclohexyloxycarbonyl or the

like;



[0021] For the production of 3-(2-(1-benzothiophen-
5-yl)ethoxy)propionic acid or salts thereof, in the 5
process for production by subjecting 2-(1-
benzot hi ophen-5-yl)ethanol to M chael addition
reaction in the presence of base with acrylonitrile,
subsequently reacting it w th7an al cohol represented
by the general formula [1]: 10 R G204 [1] wherein Rl
hadhend eiihe afdd Myl g Va@ B Yah SFOUR"n MERd 5 ads e - of
acid.to_obtain a opionic acid 15 esteyr derivative
roprkenpRucapprRbl BraRr FoFnsraTeis) BERGHDREYSTToonYLs
sane | aqLQ%§ as the above, and

20 in.RL t

sugﬁg %%hglfﬁgggigﬁie%i0160| ester derivative to

h | ysi ' ' h f

VRS S i St S AR S LT

507 phah Lkﬁgﬁgkggg be Rhefaerapl.e, the process for 25
. apath :

production | fch Rl is a hydrogen atom nethyl
gfﬁhé,teﬁthblﬁéﬁzR QroRpOPIeadz0WP . 5 ,8Pkényl group, for
preferable, and the "process for production in which
R ekamplbydvogen, apetpenyldd betkylylgr pentienyilyr heerenyl,
nore preferable. The process for production in which
t heeptedylysedtensydnornthgadi&eacirespscpigkdiyabl e, and
t he

[0019]

10 The alkyl, cycloalkyl and aryl group of R' may

be substituted with at least one group selected from a
halogen atom, a hydroxyl group, a nitro group, an alkyl
group, a cycloalkyl group, an alkoxy group, an alkenyl

group and an aryl group or the like.

15 The alkyloxycarbonyl, cycloalkyloxycarbonyl

and aralkyloxycarbonyl group of R? and R’ may be
substituted with at least one group selected from a
halogen atom, a hydroxyl group, a nitro group, an alkyl

group, a cycloalkyl group, an alkoxy group, an alkenyl

20 group and an aryl group cr the like.

25

The alkyl, cycloalkyl and aralkyl group of R
may be substituted with at least one group selected
from a halogen atom, a hydroxyl group, a nitro group,
an alkyl group, a cycloalkyl group, an alkoxy group, an
alkenyl group and an aryl group or the like.

[0020]

In the present invention, the following

processes are given for preferable manufacturing



process for production in which the acid used is 5
sul furic acid or hydrogen chloride is nore preferable.
In the case that the acid is hydrogen chloride, the
process for production in which RL is hydrogen atom
is preferable. In the case that the acid is sulfuric
acid, 10 the process for pr&uction in which R is
ethyl group is preferable. [0022] In the process for
pr 8dQEESSRSof 1- (3- (2- (1-
beqégggiophen-5-y|)ethoxy)propyl)azetidin-3-o| or
sal*t i5 t hereof by subjecting
1-(3-(2-(1-b ot hi.o -5, T : _
1Yot hoxy) pr SGEoNUIE) BFSREALAOR. 8F ¢5 (Paddcbepgothiophen
reget,i ' k1. on;af actd Ok i -

5CLL 9B enBkyhpeBoaddiL! 288l o SeNEs theBe in the

pres met al bor ohydri the process

5pr edebsan£bR Egbehctiaﬁ BYKalibjBEekahgborqhydri de used

i s sodi um borohydride 20 is préferabl’e. The process

f obepeOgHEbpREN-B-Y) 68hhH6]1 @86t MYahaelusadikSod reaction
protonic acid such as sulfuric acid and hydrogen
chiortde andssncéoofhbasepwethrabkgloandriibke process

for production in which the activator used 25 is
sutfloséquant tlyi seavot engr ef ewabhean| althbotaseprhaentkd by
activator is sulfuric acid, the process for
privReicgemmrah fprswlahbliol une of sulfuric acid used

is 0.5-0.6 tinmes nole per nole of 30 the alkali netal

10borohydride, {he addition of sulfuric

15

20

25

RCH,0H [1]

wherein R' has the same meanings as the above,
in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula

(21:
\/\ 1
S

wherein R' has the same meanings as the above,

and subjecting the propionic acid ester derivative to
hydrolysis reaction in the presence of base, the
process for production in which R' is a hydrogen atom or
an élkyl group is preferable, the process for
production in which R is a hydrogen atom, methyl group,
ethyl group or propyl group is more preferable, and the

process for production in which R! is a hydrogen atom or



acid at 0 to 30C for 10 mnutes to 6 hours and the
subsequent reaction at 30 to 70C is preferable. [0023]
5 For the production of a dihydrobenzot hi ophene
derivative represented by the general forrmula [5]: H
XI [51 S 10 wherein X1 has the sane neanings as the
above, in the process for pfdduction by reacting a
(phenyl t hi o) acetic acid derivative or salts thereof

r efreYen e F By 1thd WGEhEralm TS MAS 5 SerH 1 [ 3]
wherein X1 h t he sane ani_ngs, as .t he .ab il 1 t.h..
a halggenatiﬁéeaggﬁfng g%f&ﬂwe%*é%ﬁ%? %%;Q§§Ch §H@ Jkld

reB%%ﬁeQ§egnbén§%%ﬁ9§%e5%&dfQ%ng%ﬂéﬂébf%ig% e&g%azo

wherein X1 an 2°have the same neani ngs ove,
?g?&%%%%%tkbrsbgbaﬁkkﬁ%ntﬁﬁ WiE 08 di® 3hed is

ranol ecul ar ring closure reaction in the presence

50f sullewhs cagcdd swbagavergkhy chubirgeled 1@ moreOpreferable.
reduction reaction, the process for production in

which X1 is @n c¢hkoehBe @&ham taebmeiidnd sathgaregean
iodine atomis 5 preferable, the process for
pr oblioriide, i hhehpchcXési §oa production in which R' is
hydrogen atom is preferable.

In the case that the acid is sulfuric acid,
10 the process for production in which R! is ethyl group is
preferable.
[0022]

In the process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-o0l or salts
15 thereof by subjecting 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-ol to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride, the process for production in which
the alkali metal borohydride used is sodium borohydride
20 is preferable. |

The process for production in which the
activator used is a protonic acid such as sulfuric acid
and hydrogen chloride and so forth is preferable, and
the process for production in which the activator used
25 1is sulfuric acid is more preferable.

- In the case that the activatdr is sulfuric
acid, the process for production in which the volume of

sulfuric acid used is 0.5-0.6 times mole per mole of



brom ne atomor an iodine atomis nore preferable, and
the process for production in which X1 is a brom ne
atom is further nore preferable. [0024] 10 For the
producti on of a 5-hal ogeno-1|- benzot hi ophene
derivative represented by the general formula [6]:

[6] S 15 wherein X1 has the3®ame neanings as the

i 96 6t R o0 FASBIAFICRve isn ReRbaet BYF (i furic
al f I D H 51 S 20, _wh in_X1_h h

JaRE Mo So8°ad et Abos8. R BT aRNy r &t FOH:PeabE) SAC

[ . aci t al ot

or GHBEErA n RRCEA O s 38 557 TORF o FrBEBFERIELS"

br ggppg;atom or an iodine atom is preferable, the
process for production in which X1 is a brom ne atom

50r an iodi nepgkofhkspiBHEcRiBhebabke i aRd rocblRe AteGePhene
for production in which X1 is a bromne atom 5 is

fugthevatore peptesahkted by the general formula [5]:

H 1

X
[5]

10 wherein X! has the same meanings as the above,
in the process for production by reacting a
(phenylthio)acetic acid derivative or salts thereof

represented by the general formula {3]:
1
O,H X
[3]
S

wherein X' has the same meanings as the above,
15 with a halogenating agent to obtain an acid halide

represented by the general formula [4]:
2 i
0X X
[4]
s .

20 wherein X' and X? have the same meanings as the above,

subsequently subjecting the acid halide to



10

15

20

[0025) In the process for isolation by crystallizing
crystals of a di hydrobenzot hi ophene derivative
represented by the general formula [5], the process
for 10 isolation by crystallizing it froman aliphatic
hydrocarbon such as hexane and cycl ohexane and so
forth is preferable, the prdtess for isolation by

cr stalll ing.it from hexane or |.ohexane .i s
SR8 S 1 GOEe Ho At o @resence of

taII|Z|n it . fromcyclohexane.i.s furt er
pre erapfst O&ﬂ% %q¥%ﬁ% prOEHEFFOn ghzéi |op1éﬁ%

d f - al
e e %@?ﬁﬁt‘% W s cesl 2
th%hi%?&ngeé%bﬁgsaa%rb&ﬁn%bg%%m o%5a%h%oQﬁ9&?%%dﬁpﬁs

production by subjecting a benzothi ophene derivative

5r epiregenrkpdehy thide pgeresal fokopfukadeion 3% wHidh/X'Chs a
wherein X1 has the sane nmeanings as the above, 5 to

cobpbmiger aget ot wnt hodifel amiom del ehoder pratfierabdre, and
salts thereof represented by the general formul a [ 8a]
the process for production in which X! is a bromine atom
is further more preferable.

[0024)]

For the production of a 5-halogeno-1-
benzothiophene derivative represented by the general

formula [6]:

1

J X

T =

S
wherein X! has the same meanings as the above,
in the process for production by subjecting a
dihydrobenzothiophene derivative represented by the
general formula [5]:

H !

[5]

wherein X! has the same meanings as the above,
. to dehydration reaction in the presence of acid

catalyst, the process for production in which X' is a




in the presence of the palladiumcatal yst and base: 2
[8a] R3a wherein R3a represents an unsubstituted or
substituted al kyl oxycarbonyl, cycl oal kyl oxycar bonyl
or 10 aral kyl oxycar bonyl group; R2 has sanme neani ngs
as the above, is preferable, the process for

production in which R2 is a#®Zal kyl oxycar bonyl group,

an aral kyl oxycarbonyl group or a cyano group; R3a s
ancgﬂ]ﬂ}fl G Bony BEOBUR ot O 3kt AI9RHNEK A dify |

group ds re ef erabl e, the procgess .for .productiQn .
B e o Hhe B Sea o Py up i X s a
ar I carbqnyl. group _.or a_cyano aroup; ais
2 Ererl) rORYC Broat p BB aspn 2574818 $rdReiR, Sna

43| b Is ; 1 f 20
ar the gg'gﬁsé%%%r%gr gg%'du_%‘c%ﬁ % Wrﬁtcgik PEETET ?é@m@ atom

The pr uction in whic isa c I ne

sat 9B farbhew R8rat pFeeEraB1kodi ne atomis preferable,

10

15

20

25

and the process for production in which X1 is a

br gopopejatom or an iodine atomis further 34

preferable. The process for production in which X1

bonds to 4-Inrtheppgbtensoftothesbentobhi bphergstbngizing

is preferable, and the process for production in

whechs%d15 bondsdbhpdsobenzothtbhphbeazdehivphéme ring

is further preferable.
represented by the general formula [5], the process for
isolation by crystallizing it from an aliphatic
hydrocarbon such as hexane and cyclohexane and so forth
is preferable, the process for isclation by
crystallizing it from hexane or cyclohexane is more
preferable, and the process for isclation by
crystallizing it from cyclohexane is further more
preferable.
[0026]

In the production of benzothiophene

derivative or salts thereof represented by the general

formula {9]:

2

(I}C o]
S R

wherein R? and R® have the same meanings as the above,
the process for production by subjecting a
benzothiophene derivative represented by the general

formula [7]:



[0027] In the process for production of a
benzot hi opheneacetic acid derivative or salts thereof
10 represented by the general fornula [10]: CH2CO2R4
[101 :OA~ S wherein R4 has the sane neanings as the
above, 15 the process for productlon by reacting a
benzot hi ophene derivative o#3salts thereof

represented by the general fornula [9a]: 2 <D0 . [9a]
wherein R2 and R3a have the sane nmeanings as the

above, wth ; subjecting it to

decar boxyl at i i f necessary, is
preferable, thep production in which R2 is
an aIkonxycarbonyI group, an aral kyl oxycar bonyl

group or a cyano group; R3a is an al kyl oxycarbonyl
group or an aralkyloxycarbonyl group 35 is nore
pr@herabhex almais t hize psape ssednings oslscthenabavewhi ch

R2 is a Cl_9al kyl oxycarbonyl group, an arCl
S4atRyFeRpéansorgrcionpwathaacpadongcoapidrigrivagiGe or
9al k ongcarbon yl group or an arC _4al kyl oxycarbonyl 5
grﬁﬁétﬁs FﬁFFﬂgrrﬁpéﬁéﬁﬁﬁﬁé by[ bbesperrEapr 60&8% 1por 8a]

roduction in which_the gr
P in ﬁe presence of thegpafEadlum catalyst and base:

2

o

R

wherein R represents an unsubstituted or 'substituted

alkyloxycarbonyl, cycloalkyloxycarbonyl or

10 aralkyloxycarbonyl group; R® has same meanings as the

above,
is preferable, the process for production in which R? is
an alkyloxycarbonyl group, an aralkyloxycarbonyl group

or a cyano group; R*®* is an alkyloxycarbonyl group or an

15 aralkyloxycarbonyl group is more preferable, the

20

process for production in which R® is a C;.
salkyloxycarbonyl group, an arCisalkyloxycarbonyl group
or a cyano group; R is a Ci-salkyloxycarbonyl group or
an arCjsalkyloxycarbonyl group is further preferable,
The process for production in which x* is a
chlorine atom, a bromine atom or an iodine atom is
preferable, and the process for production in which X!

is a bromine atom or an iodine atom is further



represented by the general formula: 4 R3 . wherein
R2 and R3a have the sane neanings as the above, 10
bonds to 4- or 5-position of the benzothi ophene ring
is preferable, and the process for production in which
the group bonds to 5-positon of the benzothi ophene
ring is further preferable. 39029] 15 The process
for E% duction in which the group represented by the

genk

Sf8Pnfira: - CH2CO2R4 wherein R4 has the sane

nmeani ngs as tgﬁgabove bonds t

t he benzot hi op

4- 5- i ti f
CBPPERsS 20 pRrdiaribn ifqupigh X° bonds

proggsg_f gL BLQQHEEBH” Epg%ﬁiBQnEB@h%gggéﬁ%PFEggdisto

5-positon of 't

€nzo ené rrngl

prefecablen1 86 aﬁhetHéOﬁfééengfekogggaggE%Eg whi chiBd x

is a hydrogen atomor a

unsubstitu stituted

8l kybnds cychost kyh 8f Bhal k¥hz8tRUBphener e ggabkesutbRer
process for production in which R4 is a hydrogen

at opreferabkyl 5 group or an aral kyl group is
preferable, and the process for production in which R4
is BO®dr ogen atom a Cl_4alkyl group or an ard _4

al kyl group is further preferable.

10

15

20

In the process for production of a
benzothiopheneacetic acid derivative or salts thereof

represented by the general formula {10]:

@GH&OJI‘ [10]

wherein R! has the same meanings as the above,
the process for production by reacting a benzothiophene
derivative or salts thereof represented by the general

formula [%al:

2

XK, wa

wherein R? and R* have the same meanings as the above,
with acid or base, subjecting it to decarboxylation
reaction if necessary, is preferable, the process for
production in which R? is an alkyloxycarbonyl group, an
aralkyloxycarbonyl group ©r a cyano group; R** is an

alkyloxycarbonyl group or an aralkyloxycarbonyl group



[0030] 10 In the propionic acid ester derivative
represented by the general formula [2]: CO2CH2R1[21 S
wherein R1L has the sanme neani ngs as the above, the
foll owi ng conpounds are given for a preferable
conpound. 15 The conpound of which Rl is a hydrogen
atomor an alkyl group is pri&ferable, the conpound of

which RL is a_hydrogen ato a met hyl group, an ethyl .
grotp BPTE Pﬁ?éﬁ?ﬁbﬁ oyﬁnﬂsghﬁrErBPéﬁérgBFePrﬁﬁHCFﬁén in
COTBRURE Bt o B BSOS A S

di h ' ' [ ed,day.th
gern iy TR AR il . & Sl R SRR SR g o
t he dﬂ?ﬁ&ﬂﬁﬁ% S e |

coﬁﬁ%ﬁﬁﬁg are given #%?ﬁgﬁggigg}g%#é?4{£ﬁﬁﬁﬁﬁgﬁbﬁﬁ&§yl

songesisl p§ MhkeheXlpisrarghlorine atom a  bronine
atomor an iodine atomis preferable, the conpound of

whi pdo2€l} i s a bromine atom or an iodine atom
The process for production in which the group

represented by the general formula:

~.

R

wherein R® and R have the same meanings as the above,

10 bonds to 4- or 5-position of the benzothiophene ring is

preferable, and the process for production in which the
group bonds to 5-positon of the benzothiophene ring is
further preferable.

[0029]

15 The process for production in which the group

20

represented by the general formula:
4
—CH,CO,R

wherein R* has the same meanings as the above, bonds to
4- or S-position of the benzothiophene ring is
preferable, and the process for production in which the
group bonds to 5-positon of the benzothiophene ring is

further preferable.



10 is nore preferable, and the conpound of which X1 is
a bromne atomis further preferable. [0032] In a
benzot hi ophene derivative or salts thereof
represented by the general formula [9]: / z SR3[9
15 wherein R2 and R3 have the same neani ngs as the
above, the follow ng conpountfs are given for a

f er abl d. Th d of which R? | _
C1 Kyl oxycar bogP, EEGEPSA) EoPoRyCaRaRASH of vBach & is 2
o oF LB RO DB Eho SR E TR TP g BpbSe i cuted atiy,

a'gskcyi(@%é!&f‘k??”é& SEYR 1381:8{1?' E¥L%;¥%§%g8?%é ghau ngess

a cyano group Is or e prefera conpoun

of rahighodictsor Gl dRLKY! RXYLArD &rcgjél‘ypaté}ﬁ‘ aérgalkyl

4al kyl oxycar bonyl group or a cyano dgroup Is further

prejes@bl €& &n Thea LRPPoyRuef i Wb ebrEBabSeANand the
al kyl oxycar bonyl , cycl oal kyl oxycar bonyl or

ar qbkqd:wcﬁmbmwd:dm@iml sn puief e akt 6,5 thaebrgammdatom, a
of which R3 is an al kyl oxycarbonyl group or an

ar dhikya syl aghony lograwpa i@, -poakkpt efeoabl &5 fumrdtbae

10 coqggund of which R3 is a Cl_4al kyl oxycar bonyl

gr gt frakaked  4al kyl oxycarbonyl group is further
preferable
[0030]
10 In the propionic acid ester derivative

15

20

represented by the general formula [2]:

0 1
S

wherein R! has the same meanings as the above,
the following compounds are given for a preferable
compound.

The compound of which R! is a hydrogen atom or
an alkyl group is preferable, the compound of which R!
is a hydrogen atom, a methyl group, an ethyl group or a
propyl group is more preferable, and the compound of
which R! is a hydrogen atom or an ethyl group is further
preferable.
[0031]

In a dihydrobenzothiophene derivative

represented by the general formula [5]:



[0033] The conpound of which the group represented by
the general fornmula: R3 4 15 wherein R2 and R3 have

t he sane neani ngs as the above, bonds to 4- or
5-position of the benzothiophene ring is preferable,
and, the conmpound of which the group bonds to
5-position of the benzothi ophehe ring is further
preferable. 20 As the representative conmpound of the
general formula [9] or salts thereof of the present

i nvention, fb

iQ exanpl e, {he followi ng conpounds are

given. In a tabje L-ehresents an ethyl group, tBu

represents a te
N / \ CO2Et / g

/

mﬂggx 39 [0034] [TABLE 1] N
Bu S Et OGBu [/ I \ CO2Et

I \ C2tBu S 14 NC 002Et NC CO2t Bu c~o~ E 0, CO2Et

tBu2C CBS | S 32U

10

15

20

wherein X' has the same meanings as the above,
the following compounds are given for a preferable

compound.

The compound of which X' is a chlorine atom, a

bromine atom or an iodine atom is preferable, the

compound of which X! is a bromine atom or an iodine atom

is more preferable, and the compound of which X! is a
bromine atom is further preferable.

[0032]

In a benzothiophene derivative or salts

thereof represented by the general formula [9]:

2

(:]@C [o]
S R

wherein R? and R® have the same meanings as the above,
the following compounds are given for a preferable
compound.

The compound of which R? is an
alkyloxycarbonyl, cycloalkyloxycarbonyl or
aralkylexycarbonyl group or a cyano group is

preferable, the compound of which R? is an

alkyloxycarbonyl group, an aralkyloxycarbonyl group or



5 [0035] Next, the process for production of the
present invention is explained. [0036] 10 [Production
process 1] Q2H ~\ X ~OX2 ~ X [3] [4] \ X s\ Xt X
[13] [5] [6] wherein X1 and X2 have the same neani ngs
as the above. 40 [0037] The conpound of the general
formula [5] can be producediﬁ& deriving the conpound
of the general fornmula [3] or salts thereof to an

acid H¥ Paegrsugubgeaaéﬁtp QEEBFE&?rn@nPhEhﬁcFBmHSPPGeOf
I I I t t
or c¥hea BT Ty - o TR R S Sl et i to
d Gt . t
f orfi Iﬁ{%ﬁcﬁ%ﬁ%% é@@?%&%ﬁe S I yrener
genéfgkefggﬂyla [6] easily by subjecting it to
deh '

dration reaction in the presence of acid
satal yst. [0088¢ dHgp6eRRoyndwrichhr® general fornula

[3] or 15 salts thereof for exanple, can be obtained

easdalyybdgycarbonyl, cycloalkyloxycarbonyl or
aralkyloxycarbonyl group is preferable, the compound of
which R® is an alkyloxycarbonyl group or an
aralkyloxycarbonyl group is more preferable, and the

10 compound of which R® is a Ci-salkyloxycarbonyl group or

arCi-qsalkyloxycarbonyl group is further preferable.

[0033]

The compound of which the group represented

by the general formula:

2

~

R

15 wherein R? and R® have the same meanings as the above,
bonds to 4- or S5-position of the benzothiophene ring is
preferable, and, the compound c¢f which the group bonds
to 5-position of the benzothiophene ring is further
preferable.
20 As the representative compound of the general
formula [9] or salts thereof of the present invention,
for example, the following compounds are given.

In a table, Et represents an ethyl group, “Bu

represents a tert-butyl group.



wi th good yield by reacting thiophenol with

chl oroacetic acid in the presence of base to obtain
(phenyl t hi o)acetic acid, subsequently subjecting
(phenyl t hi o) acetic acid to hal ogenating reaction, or
20 reacting 4-hal ogenot hi ophenol w th chl oroacetic
acid in the presence base. I3? addition, the salt of.
the&ﬁggggund of general forrmula [3], if it is usually
kno a salt 1in acidic group such as carboxyl

gro ' t 25 particularly limted, but for
TprBLES Ay

exa ts wwth alkali nmetal such as sodi um
pot assium cesiumand the like; salts with al kal
earth netal such as caIC|un1 41 nagne5|un1and t he
i ke; anmmoni um Sz ‘ Y UJER
contai ni ng organic base su trinmethyla He
triethylamne, tri# A c0.Bu
di i sopropyl et hyl arf , V! pilperi df ne,

ch%yc Ghexyl ani ne
'@QBQ] The present grggess

N- et hyl mor phol i n&~ d¥&t hyl ami ne,
and the like; are glven

for production is A
I nt ranol ecul ar ri
t he general fornul g3 can be
t he conpound of the genera

NCEGO ,Et NC._-CO, Bu
EtO E[CO LEt ‘BuO, cE Eco ‘Bu

Next, the process for production of the

[0035]

present invention is explained.

f00361]

10 [Production process 1}

1
WogRyee
— R
S S

[3] {4]

b — o —

[13]

wherein X! and X? have the same meanings as the above.



formula [3] or salts thereof wth a hal ogenati ng agent
15 to obtain an acid halide, subsequently subjecting
the acid halide to intranolecular ring closure
reaction in the presence of Lewi s acid. [0040] This
reaction is usually carried out in the 20 presence of
solvent, the solvent used, if4dt does not affect an

i nfluence on the reaction, is not particularly

i milPBd/1for exanple, aliphatic hal ogenated

hydr ocar bons such as di chl oronet hane, hl_or of

di chl or oet hant*&ng°PREUPHKEE bBenpgepgra nﬁSEWHggghéﬁ can
It th i,trob d the like; d

car e AP Eur e aeY aaFEREPP: RBe GPEPGROEnoT akic: HEBgral

Sl YophS1 Y3 peobse L0 AANLALEreq 47 oA9q%nRigher abl e

sol vent, al i phati c halogenat éd hydr ocarbons 15§ given,

ands b 6oL 0L QY N3t j e L1 B €nd" §E aaﬁéf?déhﬁoamunt of

the solvent used Is"not 5 particular Imted, but is

pr ef @f ethyl det PaPOr i hGES10¥QLEMBREE i ¥B1 PRt {MEWHr8Eence of
t he conpound of the general formula [3] or salts

t hebewols Bil,) Ssupseqeet By abhtyi Scting 1bt ttoesédG¥tion
[0041] 10 As the hal ogenating agent used in this
reasgaatnorf.or exanpl e, phosphorus oxychl ori de,

The compound of the general formula [5] can

10 be derived to the compound of general formula [6]
easily by subjecting it to dehydration reaction in the
presence of acid catalyst.

[0038]

The compound of the general formula [3] or

15 salts thereof, for example, can be obtained easily and
with good yield by reacting thiophenol with
chloroacetic acid in the presence of base to obtain
(phenylthio)acetic acid, subsequently subjecting
{(phenylthio)acetic acid to halogenating reaction, or

20 reacting 4-halogenothiophenol with chloroacetic acid in
the preSence base.

In addition, the salt of the compound of
general formula [3], if it is usually known for a salt
in acidic group such as carboxyl group, is not

25 particularly limited, but for example, salts with

alkali metal such as sodium, potassium, cesium and the
like;

salts with alkali earth metal.such as calcium,



phosphor us oxybrom de, phosphorus trichloride,
phosphor ous pentachl oride, thionyl chloride, thionyl
brom de and oxalyl chloride are given, and thionyl 15
chloride is preferable. The anmount of the hal ogenating
agent used is different in the kind of the

hal ogenati ng agent, but forIEMaane, in the case of
thionyl chloride, it ma equal to or nore than 0.5
t|n@@gﬁﬁﬁéuﬂeﬁnﬁDFéeoﬁlxﬁé 20 conpound of the genera
formula [3] or salts thereof, and is preferably 1 to
2 tPHRenAgNesatgpa2] As Lewis acid used in this

br ottdcoabbp ot 58 FPFFPaBR: BNt Pt haRPURTORR Se HRBF! GECh 25
sul FaeneChiEan bl RETrPhut S BB Vg A B8 -
ghl ar1 dopsoprstay Bl enc TGy PIBUAL, Of-heths186L0-bSEre, N~

e equa time

0f,ﬁ@@h§ﬁﬁ@ 1 Phe, 9&D§£ﬁ§1£@£ﬂ@'ad£§§c96h5§§1§mlne and
thereof, and is preferably 1to 5 tines nole: 0043]

5'Hﬁhrximg}cgmée§¢m§@1ure is not particularly
limted, but is from-20C to equal to or less than the

boi fadize poi nt of solvent, and is preferably 0 to 70C
The reaction tinme is not particularly limted, but is
for 10 m nut €dhe s dursroeass | Sor production is
10 explained below in detail.
Intramolecular ring closure reaction:
The compound of the general formula [13] can be
produced by reacting the compound of the general
formula [3] or salts thereof with a halogenating agent
15 to obtain an acid halide, subsequently subjecting the
acid halide to intramolecular ring closure reaction in
the presence of Lewis acid.
[0040]
This reaction is usually carried out in the
20 presence of solvent, the solvent used, if it does not
affect an influence on the reaction, is not
particularly limited, for example, aliphatic
halogenated hydrocarbons such as dichloromethane,
chloroform, dichloroethane and the like;
25 nitro compounds such as nitromethane, nitrobenzene and
the like;

and carbon disulfide and the like; are given, and these

solvents may be used in admixture.



10 preferably for 30 minutes to 20 hours. [0044] The
conpound of the general formula [13] obtained in this
way can be isolated and purified, but it is

preferable to proceed to the next reaction 15 w thout

i solation. [0045] Reduction reaction: The conpound of
the general fornmula [5] can be produced by subjecting

t he conpound of the general forrmula [13] 20 to

reduction readsi anprehpsabéacspémens, usdaphgtéarri ed

out _in the Eresence of solvent, the solvent used, if

it DBLSIRBRCEHfBEErAfaFRPIGehEeddiiehheanfedéthdpromgthane

not , articulart¥ Iifited, but for exanple, aliphatic
hal bgehaf edPhGEFHR_1Bons such as 25 di chl or onet hane,

as vetrayer of 5F RSP O°GF BR S Ernahfeed 18" 208"
I G RS ot 5 o S 2ROy L €0 80 cimes

di med N GEL ANG Legh LR NV £ Zﬁtﬁ’%;ﬁi&é%%?x@& @f‘dt}t@egﬁgeral

i ke; sulfoxides such as di net oxi de and
| i ks rmel £ o] o8 WA 188 tRE PadO) | a 8§ NEROho r OT9P3A8 aL 2y 3
5 propanol, butanol and the like; nitriles such as
acetorii 3 riireesand/w)he |i ke; esters such as net hyl
acetate, ethyl acetate and the

[0041]

10 As the halogenating agent used in this

reaction, for example, phosphorus oxychloride,
phosphorus oxybromide, phosphorus trichloride,
phosphorous pentachloride, thionyl chloride, thionyl

bromide and oxalyl chloride are given, and thionyl

15 chloride is preferable.

The amount of the halogenating agent used is
different in the kind of the halogenating agent, but
for example, in the case of thionyl chloride, it may be

equal to or more than 0.5 times mole per mole of the

20 compound of the general formula [3] or salts thereof,

25

and is preferably 1 to 2 times mole.
[0042]

As Lewis acid used in this reaction, for
example, aluminum chloride, aluminum bromide, boron
trifluoride, titanium tetrachloride, iron chloride, tin
chloride, mercuric chloride, sulfuric acid and the like
are given, and aluminum chloride is preferable.

The amount of Lewis acid used may be equal to



i ke; nitro conpounds such as nitronethane,

ni trobenzene and 10 the |ike; aromatic hydrocarbons
such as benzene, toluene, xylene and the like; and
water and the like; are given, and these solvents my
be used in adm xture. 15 As a preferable solvent, a

m xed sol vent of aliphatic ogenat ed hydr ocar bons

d_al cohol I 1 xed I f
di cRF oPGEt ﬁ%%‘éeangiﬁ%?ﬂgﬁs{“loé?sms PeShr 5he SBMEOURAeO"
R R R R s S e

wei ght ;08 theesongpeynd of the general fornmula [13],
and is nore preferably 3 to 15 tines(v/w). [0046] 25

As tthe4spduci ng agent used in this reaction, for

exanple, alkali netal such as lithium sodium

pot assi um andrhéeréa&eionl kKahperattibenesahosuphrascularly
magnesi um cal ciumand the 45 |ike; netal such as

zi ntimated rbwim ishf oom, -20tG@iamgqualonio caneEsamhan the
sel enium sodi um hydrosulfite and the like, and salts

of hdiebngmaint &f neebvenydrénd sschraferably 0 to 70°C.

di i sobut yl al um ni um hydri de, )

The reaction time is not particularly
limited, but is for 10 minutes to 50 hours, and is

10 preferably for 30 minutes to 20 hours.
[0044]

The compound of the general formula [13]
obtained in this way can be isolated and purified, but
it is preferable to proceed to the next reaction

15 without iscolation.
(0045]

Reduction reaction:

The compound of the general formula [5] can be produced
by subjecting the compound of the general formula [13]

20 to reduction reaction. This reaction is usually
carried out in the presence of solvent, the solvent
used, if it does not affect an influence on the
reaction, is not particularly limited, but for example,
aliphatic halogenated hydrocarbons such as

25 dichloromethane, chloroform, dichlorcethane and the
like:

ethers such as tetrahydrofuran, 1,2-dimethoxyethane,

bis (2-methoxyethyl}ether, dioxane and the like;




trial kyl al um ni um hydri de, stannyl hydride conmpound,
hydr osi |l ane and the |ike; conplex conpound of

bor ohydri de such as sodi um borohydride, lithium

bor ohydri de, potassi um borohydride 10 and the |ike;
conpl ex conpound of al um ni um hydride such as lithium
al umi num hydri de and the |iket4 and borane and al kyl

b d the lik f er abl

¢ RBL G agHAT, aéoﬁpl":rﬁmg?shéﬁﬁﬁmﬁﬁ‘?&gr od Byar de i
d,sodi d f er abl

amohr Y RECHAT AR .°BS%éiaﬁyﬁsédg‘ﬁf‘g?oﬁﬁ?f’ﬁ%iﬁfﬁ iPnaike:

k'”Qu??oLESegegH h”gsagfﬂét QSng§é%§§hﬁ £h0. gﬁﬁe,

case O e COlTp ex CO[TpOUﬂ oro ride,

be goUshoi® Qﬁcﬂnﬁg ﬁQ@HaQ 25 étﬂ?ﬁolnné?oﬁﬁﬁoﬂ0|9 of

t he conpound of e genera for

or ep e6pbhy1 0. BRtARo2 AhdEEHAD] ke 0047] The reaction
tenperature is not particularly 25 limted, but is

fromatﬁﬁré§0s@ahaést@c@tohﬁ@ﬁlléa@thEhebmikeag poi nt
of solvent, and is preferably 0 to 70C. The reaction

ti mstaersnotupariss cubiatyy dcetded, dthyisatetatt® and the
mnutes to 50 hours, and is 46 preferably for 30
m ntkss? to 20 hours. [0048] The conpound of the

general formula [5]
nitro compounds such as nitromethane, nitrobenzene and

10 the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
and water and the like; are given, and these solvents
may be used in admixture.

15 As a preferable solvent, a mixed solvent of
aliphatic halogenated hydrocarbons and alcohols are
given, a mixed solvent of dichloromethane and methanol
is more preferable.

The amount of the solvent used is not

20 particularly limited, but preferably 1 to 50 times
volume per weight of the compound of the general
formula (13], and is more preferably 3 to 15
times(v/w).

[0046]

25 As the reducing agent used in this reaction,
for example, alkali metal such as lithium, sodium,
potassium and the like;

alkali earth metal such as magnesium, calcium and the



obtained in this way may be used as it is in the next
5 reaction without isolation, but it is preferable to
isolate it by crystallizing the crystal. The process
of crystallization fromaliphatic hydrocarbons such
as hexane, cycl ohexane and the like 1is preferable,
the process of crystallizatidbfrom 10 hexane or

cycl ghexane is nore preferable, and the process of
cry$t&€Fi zati on from cycl ohexane is further

pref erabl e. POO49%.Dehyd ati,on reachion: 1§.The. .
conBSEﬁ SF thaSgéhBFal 2f BB Y™ 6T EQNRhe “pi-BBAEBg +TO7/
b ' ' . f .
) SHRbESkEnoxL0g, apOuRd: oF b0, AEnereLe’ ShAL Al Th e

catghasgﬁéggogg]ttheT$g§a gaction is usually carried

out int presence of solvent, the solvent used, if
5t ﬁ@§§ln@?drﬁééegécﬁﬂaén&iﬂ§86§t9ﬂaiﬁﬁiﬁ§éﬁth98riﬁ§,
not particularly limted, but for exanple, aliphatic
hy de ocaI RPDNS1 SHENL @k WeAAD8e, CY¥ELRRGXANGdANdet BEmbbKAY,
25 aromati ¢ hydrocarbons such as benzene, tol uene,
xyllepdroshbatdeand kghe alipdat i ¢ hal ogenat ed

hydr ocarbons such as dichl or omet hane, chl orof orm

di ohdrae bet hagrepaurdd tde Byrohydeide such as sodium

borohydride, 1lithium borohydride, potassium borohydride

10 and the like:

complex compound of aluminium hydride such as lithium
aluminum hydride and the like;
and borane and alkyl borane and the like; are given.

As a preferable reducing agent, complex

15 compound of borohydride is given, and sodium

borohydride is more preferable.
The amount of the reducing agent used is
different in the kind of the reducing agent, but for

example, in the case of the complex compound of

20 borohydride, it may be equal to or more than 0.25 times

25

mole per mole of the compound of the general formula
[13], and is preferably 0.25 to 2 times mole.
[0047]

The reaction temperature is not particularly
limited, but is from -20°C to equal to or less than the
boiling point of solvent, and is preferably ¢ to 70°C.

The reaction time is not particularly

limited, but is for 10 minutes to 50 hours, and is



et hers such as tetrahydrofuran, 1, 2-dinmethoxyethane,

bi s(2- net hoxyet hyl ) et her, di oxane and the |ike;

am des such as N, N-di nethyl formam de, N,N 5

di met hyl acet am de, 1-nethyl-2-pyrrolidone and the

i ke; sulfoxides such as dinethyl sulfoxide and the

i ke; esters such as methyl 4cetate, ethyl acetate

and thg Ikie; ketﬁﬁes,such as ﬁéstone, 2- but anone and

t hePEFkEFaP4y EPEORSI BiBHERSaEOnePhBRBES - et hanol ,
pro&aggb, 2- propanol, butanol and the like; nitriles
such a Acetonitrile and the like; aliphatic

carboxylic ackd.s ceti Cj 0opL.ONj.¢ .. aci

and the Iike;qu gﬁﬂpﬁg?grsgngh?hég??EE? g?gmggeei??
andop b&8Le 8BYn PEni HSRLy | RaGUBEXLYLE a8S; A PLeifr fRbenext
sol vent, ketone is given, and acetone Is nore
prefeieblen WhenabunioPitibe, sehvent ysedrb8ePeb180to
particularly limted, but is preferably 1 to 50 tines
vol el pies  iveilght cofstHB] Lonpe utide of r fea pener al

formula [5], and is preferably 1 to 10 tinmes(v/w).

[0051] As thelheiprost st yof asesitanl ihasiceattomnaligbatic
for exanple, Broensted acids such as hydrochloric
acilydragathans sudhl,ascheraresul ¢ynlchexane and the like
trifluoronethanesul fonic acid, p-toluenesul fonic acid,

di il Grfestakl acithararss i¢le;crystallization from

10 hexane or cyclohexane is more preferable, and the

process of crystallization from cyclohexane is further
preferable.
[0049]

Dehydration reaction:

15 The compound of the general formula [6] can be produced

by subjecting the compound of the general formula {[5]
to dehydration reaction in the presénce of acid
catalyst.

[0050]

20 This reaction is usually carried out in the

25

presence of solvent, the solvent used, if it does not
affect an influence on the reaction, is not
particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclohexane and the like;
aromatic hydrocarhons such as benzene, toluene, xylene
and the like;

aliphatic halogenated hydrocarbons such as

dichloromethane, chloroform, dichloroethane and the



48

and Lewis acid such as al um num chl ori de, boron

trifluoride, boron trichloride and the Iike; are

given, and p-toluenesulfonic acid is preferable. The
anount of the acid catal yst used may be 5 equal to or
nore than 0.0001 tinmes nole per nole of the conpound
of the general fornula [5], & is 0.001 to 1 tines

no iﬁ )
par ti&GFarly 10 limited, but is from-20C to equal to

0052] The reaction tenperature i s not

" HEFESH 04 PP LARERRG T B TR b,
P PSS, Bl bl P b, .

[1g] k9083} élﬁ){:ﬂd%fﬁ%-gﬁ%@&?g?%ﬂ)rzﬁanﬁghe? NH-R3 [ 7]

erelrn ave the sane neani ngs as

$hediﬁ@@N%la£QQ§ﬁldé§ 1hﬁe€§?PDQDSy9£olh&oﬂ@ngﬁéltFe like;

formula [

] or salts thereot, for  exanple, diethy

mal onbf €xi @eé t €hiéh as dimethyl sulfoxide and the like;

10

15

20

25

esters such as methyl acetate, ethyl acetate and the
like;

ketones such as acetone, 2-butanone and the like:;:
alcohols such as methanol, ethanol, propanol, 2-
propanol, butanol and the like;

nitriles such as acetonitrile and the like;
aliphatic carboxylic acid such as acetic acid,
propionic acid and the like;

and water and the like; are given, and these may be
used in admixture.

As a preferable solvent, ketone is given, and
acetone is more preferable.

The amount of the solvent used is not
particularly limited, but is preferably 1 to 50 times
volume per weight of the compound of the general
formula {5], and is preferably 1 to 10 times(v/w).
[0051]

As the acid catalyst used in this reaction,
for example, Broensted acids such as hydrochloric acid,
sulfuric acid, methanesulfonic acid,
trifluoromethanesulfonic acid,.p-toluenesulfonic acid,

dichloroacetic acid and the like;



25 butyl) mal onate, ethyl cyano acetate, tert-butyl
cyano 49 acetate, nmalononitrile and the |ike; are

mar ket ed. [ 0055] The conpound of the general fornula
[9] or salts thereof can be produced by subjecting

the 5 conpound of the general fornmula [7] to coupling
reaction with the conpound of¢%& he general fornula [8]

or salts thereof .in the gresence of base. and galladium
cataPYsteWiR fREpPRSRNRE BFUABBBHCEROPTERGantCTPR t he
presen or.absence of reducing . agent., 10 This. .
ettt o d80aPrsoRaf FLEAL BRESF nabRet PR s bLBRECRBF T1vens
sol t,._ d, 1 f | af fect a

B b R L R e ST
limted, but $r example,ralhPhali§ Byl 9sarhons Aughs
as hexane, cycloﬁ%ﬁane d%%a%%§ ?%tg;cg15 ﬁgﬁogenatedg ©

DYy Qe bR So S Ukdr@st Kl hb 06 GOEL FAREs RHLOTOEPTMd1e of the
di chl oroet hane and the |ike; ethers such as

t etd@pyslired WANGhd , gertk @l Byl hang5], and is 0.001 to 1
bi s(2- net hoxyet hyl ) et her, di oxane and the |ike;

ar dnideé << dvyldr.ocar bons such as benzene, tol uene, xylene
20 and the like; am des such as N, N-di net hyl f or mam de,

N, NOth4iet hyl acet ami de, 1-nethyl -2-pyrrolidone and the

l'i ke; sul foxi des such as di methyl sulfoxide and the
like; estersfhaydpastiqmtienpestatere b yiohcea sl koaharly
the 25 like;

10 limited, but is from ~20°C to equal to or less than the

boiling point of solvent, and is preferably 0 to 70°C.
The reaction time is not particularly
limited, but is for 10 minutes to 50 hours, and is

preferably for 30 minutes to 20 hours.

15 [0053]

20

25

[Production process 2]

2
S 3
[7] “w@ K

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

2

(:3[91

above.
[0054]

As the compound of the general formula [8] or
salts theréof, for example, diethyl malonate, di(tert-

butyl) malonate, ethyl cyanc acetate, tert-butyl cyano



ket ones such as acetone, 2-butanone and the |iKke;

al cohol s such as nethanol, ethanol, propanol, butanol,
2- propanol, 2-nethyl-2-propanol and the Iike; 50 and
nitriles such as acetonitrile and the |ike; are

gi ven, and these may be used in adm xture. The anount
of the solvent used is not ticularly limted, but

is pr abl to 20 tinmes_ .5 vol ug er _wejgh f
{neReBrabendtar ot R ehbParnsoriR) STRef “egfihiEketea.
prefgéggby 1to 10 tinmes(v/w). As the base used in
this reaction, for exanple, netal al koxi de such as

sodi um net hoxtge, cofQ9hHA SENEXLd8enPPLRS8LUMILa [9] or
tert-butoxide and sodium 10 tert-butoxide and the

| i kealt 90t PePESE base BECPragusedi v Bye|extdeg the
pot assi um hydroxi de, sodi um carbonate, potassium

garbanaéend ©ESthen gendpant Eorhala uy tatbosatplisgdi um
phosphat e, potassi um phosphate, sodi um hydri de and

pot st il Sv byt riltke @omipdtved | 0 Rether genécabafermuta (8]
as triethylamne, N, N diisopropyl ethylam ne, pyridine
andPt e liketheweorf givephe Theesemtmtobfbase dadepasbadium
may be equal to 20 or nore than 1 tinme nole per nole

of Gafel B6tpout dfe RIRSYRERrAT IRFPAFH ¢F¥]ligand, in the
preferably 2 to 10 tines_ nole, and is nore preferably

2 twe&gq%g:wkg_errqmﬁ reducing agent.

10 This reaction is usually carried out in the
presence of solvent, the solvent used, if it does not
affect a bad influence on the reaction, is not
particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclohexane and the like;
15 halogenated hydrocarbons such as dichloromethane,
chloroform, dichloroethane and the like; .

ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis(2-methoxyethyl)ether, dioxane and the like;

aromatic hydrocarbons such as benzene, toluene, xylene

20 and the like:;

amides such as N,N-dimethylformamide, N,N-
dimethylacetamide, l-methyl-2-pyrrolidone and the like;
sulfoxides such as dimethyl sulfoxide and the like;

esters such as ethyl acetate, butyl acetate and the

25 like:

ketones such as acetone, 2-butanone and the like;
alcohols such as methanol, ethanol, propanol, butanol,

2-propanol, 2-methyl-2-propanol and the like;



As the palladiumcatalyst used in this 25 reaction,
for exanple, netal palladiumsuch as

pal | adi um car bon, palladium bl ack and the |ike;

i norgani c palladiumsalt such as palladiumchloride;
organi ¢ palladiumsalt such as_pall adium acetate; 51
organopalladiun1conp|ex such

t et i nyl phosphi ne 0 —

bi SCOF | BhERyTBROSBRT nay par FhaR Bkt L) Thf bhe qkikes are
bi s en h i eLLo I 1) 5
chlég?ﬁg %#?S?%Q%%EQ%?I%énggggtgﬁeé PF£é|un1(O)
and the |ikejnang oohy"EE EhéerPGSﬁﬂoﬁéé&aﬂkUHbt
conpl ex such as bis(acetate)tri phenyl phosphi ne

pal paekt i d )y CRimiedd, i BuPol ¥yBFeferably 1 to 20 times
dl(acetate)dlcyclohexylphosphlne pal I adi um 10 (11)
Earve hne npgpol webgh angf t tiee | cdmpomi@ gf veie Jaeeasbunt
of the palladiumcatalyst used is not particularly

| i nfemd)laout?],s prafos abtyfOrdoDd 1 otd 10 i mixse sV £w per
nol e of the conpound of general forrmula [7], and is
mor e preferadsy the G095 wzed. Inttnes meactions fO057]
As the Ilgand used, if desired, in this reaction, for
exaﬂﬁﬂr@ & iBRHAA mﬂdscw%ss%rﬁ%ssodlum methoxide,

R RIS Wi R

lotrl%)ﬁl %)&p 0S clq:%e thellke

inorganic base such as sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate,
cesium carbonate, barium carbonate, sodium phosphate,

potassium phosphate, sodium hydride and potassium

15 hydride and the like;

organic base such as triethylamine, N,N-
diisopropylethylamine, pyridine and the like; are
given.

The amount of the base used may be equal to

20 or more than 1 time mole per mole of the compound of

25

the general formula [7], is prefefably 2 to 10 times
mole, and is more preferably 2 to 4 times mole.
[0056]

As the palladium catalyst used in this
reaction, for example, metal palladium such as
palladium~-carbon, palladium black and the like;
inorganic palladium salt such as palladium chloride;

organic palladium salt such as palladium acetate;



triaryl phosphi nes such as tri phenyl phosphi ne,
tritolyl phosphine and the Iike; trial kyl phosphites
such as trimethyl phosphite, 25 triethyl phosphite,
tributyl phosphite and the like; tricycloalkyl
phosphi tes such as tricycl ohexyl phosphite and the
l'ike; triaryl phosphites suchklas tri phenyl phosphite
and _the 52 lgiée' inidaﬁoliun1 alt such as

1, 3°hPEPOPAL 629t PR nEPRYF e RYF}i APdazol i um chl ori de
and bke. . g . S . ace e, 5
oot SFFEakbEter sPhE Ry SRS SR T P REE RS o o

tf!B?éhﬂk?ﬁ%@ﬁylﬁﬁé§§H¥h§ﬂ?§§1adiﬁﬁpR@@Y'éﬂheﬁide, 1,1'-
triisopropylam ne and the T1Kke;

1, Ip1 bi8s '@ﬁ?ﬂ?h@@@ﬁﬂﬁbPﬁéfﬁbé@ﬁénﬁallaﬁgum (II)

2, 2- bi s(di phenyl phosphi no)-1, 1" - bi napht hyl and the 10

bi kehler £dg) veni s ([hEbanpydi dehehbetbhgpddpaseddiamngl) and
particularly limted, but is preferably 0.0001 to 2

ti nelse nblles per nole of the conpound of general fornula
[7], and is nore preferably 0.005 to 0.2 tines nole.

15 §9538}1 yieer hélreduciganapehiadsed, cofplexsi sadh A

this reaction, for exanple, conplex conpound of ,
borks thefed teichr zheny hphesptanyer 1 bedidgBd{ i carried

bor ohydr. de, calpiun1boroquride, triacetoxx_sodiuTl .
in ‘polymer, di(acetate)dicyclohexylphosphine palladium

10 (II) carried in polymer and the like; are given.

The amount of the palladium catalyst used is
not particularly limited, but is preferably 0.0001 to 1
times mole per mole of the compound of general formula
[7], and is more preferably is 0.005 to 0.1 times mole.

15 [0057]

As the ligand used, if desired, in this
reaction, for example, trialkylphosphines such as
trimethylphosphine, tri(tert-butyl)phosphine and the
like;

20 tricycloalkylphosphines such as tricyclohexylphosphine
and the like;
triarylphosphines such as triphenylphosphine,
tritolylphosphine and the like;
trialkyl phosphites such as trimethyl phosphite,

25 triethyl phosphite, tributyl phosphite and the like;
tricycloalkyl phosphites such as tricyclochexyl
phosphite and the like;

triaryl phosphites such as triphenyl phosphite and the



20 borohydri de, sodi um cyano borohydride and the Iike;

i s
not
1

given. The amount of the reducing agent used is
particularly limted, but is preferably 0.0001 to
times nole per nole of the conmpound of genera

formula 25 [7], and is nore preferably 0.01 to 0.1
times mole. The amount of théZonmpound of general
foagu . [8] is1to 5 times nole per nole of the

Rt of gener al fornula [7], and is preferably 1
[ eac carried out
%m%aggéﬁb%F %%%gpre Terab I? gtgﬁﬁn?b 150C for 1

ereo

m ”Hfﬁné?bfff hé‘x%l/'{ ﬁlmﬁd%QQiS%mT RLGPIR QuRd4ofngengkal

formul a

taln in this way may

be yppsk Sfed tshdh idls dOELPLXLe£SRES I ON Wi thout
i solation. [0060] 10 [Production process 3] z S R3 $

3, odRO02RoadSyldddtoher ehd fie RBk@pd R4 have the
same meani ngs as the 15 above. [0061] The conpound of

t heangianes agudlorasiltar i hplanine, triethylamine,

10

15

20

25

tripropylamine, triisopropylamine and the like;
1,1"-bis{(diphenylphosphino) ferrocene;

and 2,2-bis{diphenylphosphine)-1,1’-binaphthyl and the
like; are given.

The amount of the ligand used is not
particularly limited, but is preferably 0.0001 to 2
times mole per mole of the compound of general formula
[7], and is more preferably 0.005 to 0.2 times mole.
[0058]

As the reducing agent used, if desired, in
this reaction, for example, complex compound of
borohydride such as lithium borohydride, sodium
borohydride, calcium borohydride, triacetoxy sodium
borohydride, sodium cyanoc borohydride and the like; is
giVen.

' The amount of the reducing agent used is not
particularly limited, but is preferably 0.0001 to 1
times mole per mole of the compound of general formula
[7]+, and is more preferably 0.01 to 0.1 times mole.

The amount of the compound of general formula

[B] is 1 to 5 times mole per mole of the'compound of

- general formula [7], and is preferably 1 to 2 times



salts thereof can be produced by reacting the conpound
of the general formula [9] or salts thereof with acid
20 or base in the presence or absence of water, in the
presence or absence of al cohol, subjecting it to

decar boxyl ati on reaction if necessary. This reaction
is usually carried out in thé3 presence of sol vent,
the solvent used, if it does not 25 affect a bad

i nfRekPce on the reaction, is not particularly
limted, but for exanple, aliphatic 54 hydrocarb

such as hexaﬁ%hl%y%?%ﬁ%&%%em%ﬁdb?h%a¥¥k% Oﬁﬁlﬁbe aF%d

g%ﬂg?%bons suc &I@ﬁ>5f2&g%% hﬁgﬁéﬁc%h &ggﬁke o 24

tet(gny rofuran 1, 2- di met hoxyet hane,

% neihoxyethyl)ether di oxane and the I'ike;
§10ﬂﬁ% Ly hydr ocar bons such as benzene, toluene, xylene
and e 1ike; am des such as N, N-di net hyl f or mam de,

N, N- di met hylagetamiound - cB‘Pté’é’AélzaPYEéﬁhhﬁémFQPn@rté‘ﬁlts
l'ike; 10 sul foxides such as dinethyl sulfoxide and

t he Hdkaif edtlihedIGh ashied Wy aee} ade, udntd YAs acet 8§ ein

and the 1|ike; ketones such as acetone, 2-butanone and
t heeHda emxt alearitalen suicdthas neddiatalon et hanol
propanol , butanol, 15 2-propanol, 2-nethyl-2-propano

and 00 1l i ke; gl ycols such as ethylene glycol,

propylene gl ycol, diethylene glycol and the I|ike;
[Producticn process 3]

[10]

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

15 above.

20

25

(0061}

The compound of the general formula [10] or
salts thereof can be produced by reacting the compound
of the general formula [9] or salts thereof with acid
or base in the presence or absence of water, in the
presence or absence of alcohol, subjecting it to
decarboxylation reaction if necessary.

This reaction is usually carried out in the
presence of solvent, the solvent used, if it does not
affect a bad influence on the reaction, is not

particularly limited, but for example, aliphatic



nitriles such as acetonitrile and the |ike; and water
and the like; are given, and these may be 20 used in
adm xture. The anobunt of the solvent used is not
particularly limted, but is preferably 1 to 50 tines
vol une per wei ght of the conmpound of the genera
formula [9] or salts thereof 54and is nmore preferably 1

25 t0,15 ti /w), [0062] As th | d dinthis.,
reaE??5%96¥ﬁ§$§§ﬁ? b éﬁi%e%ﬁﬁﬁfaSgﬁsgbﬁégggrPanEFé?llke’
v BLRde Tt RrasRateRath fufh of g L EREFRRS hRhe
s R e R i SR T

3“'5€H@§sa§ﬁéhS§§ht@§r§§%%ﬁ§ﬁgﬂ+éggiFEaﬁiﬂethoxy%ﬁhane,

p-tol uenesul fonic acid I ke; are given. e

SUMHE ( Dimd #1680 264 th YERSL HBY, @i 8aMdd £8d ©Ohe MPLRe} han

0.001 tinmes nole per nole of the conmpound 10 of the

geretradatf 0f Ay drdH rissns adlich tderieoizendfd tSluene, xylene
preferably 0.01 to 5 tinmes nole. In addition, the acid

mayarige Wsediidse sol vent. I n addition, as the base used
inthis reaction, for exanple, netal al koxide such as

sodimirers swethad db,N-sbidiarh gl foxiatel dpot st um
teﬁﬁﬁﬁ?ﬁ?ﬁéﬁiéﬁﬁﬁde, 1-methyl-2-pyrrolidone and the like;
10 sulfoxides such as dimethyl sulfoxide and the like;
esters such as ethyl acetate, butyl acetate and the
like;

ketones such as acetone, 2-butanone and the like;
alcohols such as methanol, ethanol, propanol, butanol,
15 2-propancl, Z2-methyl-2-propanol and the like;

glycols such as ethylene glycol, propylene glycol,
diethylene glycol and the like;

nitriles such as acetonitrile and the like:

and water and the like; are given, and these may be

20 used in admixture.

The amount of the solvent used is not
particularly limited, but is preferably 1 to 50 times
volume per weight of the compound of the general
formula [9] or salts thereof, and is more preferably 1
25 to 15 times(v/w}.

[0062]

As the acid used in this reaction, incorganic

acid such as hydrochloric acid, sulfuric acid,



sodiumtert-butoxide and the |ike; inorganic base such
as sodi um hydr oxi de, potassium hydroxi de, barium

hydr oxi de, sodi um carbonate, potassium carbonate and
the |ike; 20 and organi c base such as triethyl am ne,
N, N- diisopropyl ethylam ne, pyridine and the like; are
given The anount of base us@d is 2 to 10 tines nole

per nol e of the conpound of general formula [9

Do RESTRRTEkS St | VR ok yo R €, ShYF hbeiobBoLde
The_a nt of water used, if desired, in this
reé%??n g Lhh part|cularly I|n1ted but IS

precfrgi |y QuindBrd LIES VRl U, Pl 0| S A e 56

d" of gener or mu et e0of

o g?ﬁ;<f SBhfodds daya d hecd PGl P@a@étf’@la‘(@{‘cﬁ [afg the

desiTed reaction,

exanme, primary al cohols such as 5 nethanol ethanol,

propanol, butanol and the Iike; and glycols such as

et Rl rer gHNAGO |suIF el Bl 3168 | as diethpdenel BbyLel acid,
and the |like; are given. The anount of the al coho

us gd-ticd uzote syddidriiculaarildy dridrittes,1ikd; i sreprefesabl y

0.5 to 5 times 10 volune per weight of the conmpound

of general fdheulaad@it ewf sdld sacivbressdd imawrigerequal to
make it have the function of solvent. This reaction

map Ih&ogsr ighaa Gut00dt tomes mole per mole of the compound

10 of the general formula {9} or salts therecf, and is

preferably 0.01 to 5 times mole.

In addition, the acid may be used as solvent.
In addition, as the base used in this

reaction, for example, metal alkoxide such as sodium

15 methoxide, sodium ethoxide, potassium tert-butoxide and

sodium tert-butoxide and the like;
inorganic base such as sodium hydroxide, potassium
hydroxide, barium hydroxide, sodium carbonate,

potassium carbonate and the like;

20 and organic base such as triethylamine, N,N-

25

diisopropylethylamine, pyridine and the like; are
given.

The amount of base used is 2 to 10 times mole
per mole of the compound of general formula [9] or
salts thereof, and is preferably 2 to 5 times mole.

The amount of water used, if desired, in this
reaction, is not particularly limited, but is

preferably 0.5 to 5 times volume per weight of the



200C, and preferably at 20 to 150C for 1 mnute to 24
15 hours. [0063] Decarboxyl ation reacti on which nmay be
performed if necessary is carried out by heating As
the acid used, if desired, in this reaction, for 20
exanpl e, inorganic acid such as hydrochloric acid,

sul furic acid, phosphoric acid$, hydrogen chloride,
hydrogen brom de and the |ike; organic carboxxlic acid
suckOBEROWe@t PE @eneralt fPERNbRroA2Et PE 8Bl ES thereof in

oroacetic acid and the _25 ||ke;

i fl d i
Sul PBITE 8 ROt s Het HAneCHREbAPE b HoLvintol uene
| f oni i the, |like: i . Th t . of
The o0l d aoupinthd E1eosSl §E897 YF et ifeRI R 1B s
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solvent. 5 [0064] This reaction may be carried out If

NeGREE Y Wycd s CAH SALNE+10f 1 S0 Vs eoirbepﬁ@%yféﬁe ugedeol,
if it does not affect a bad influence on the

r ealifd tthy 1drfe Ry sl tadredil @tid y1i ke tege gildebut for
exanpl e, aliphatic hydrocarbons such as hexane,
cycl ohexane dk tdmountkeyf the alcohol used is not
particularly limited, but is preferably 0.5 to 5 times

10 volume per weight of the compound of general formula
[2] or salts thereof in order to make it have the
function of solvent.

This reaction may be carried out at 0 to
200°C, and preferably at 20 to 150°C for 1 minute to 24
15 hours.
[0063]

Decarboxylation reaction which may be
performed if necessary is carried out by heating
As the acid used, 1f desired, in this reaction, for
20 example, inorganic acid such as hydrochloric acid,
sulfuric acid, phoSphoric acid, hydrogen chloride,
hydrogen bromide and the like;
organic carboxylic acid such as acetic acid,

trichlorcacetic acid, trifluoroacetic acid and the

25 1like;

and organic sulfonic acid such as methanesulfonic acid,
p-toluene sulfonic acid and the like; are given.

The amount of the acid used may be equal to



hal ogenat ed hydrocarbon such as dichl or onet hane,

chl orof orm dichl oroethane and the |ike; ethers such
as tetrahydrofuran, 1,2-dinmethoxyethane, 15

bi s(2- met hoxyet hyl ) et her, di oxane and the |ike;
aromati ¢ hydrocarbons such as benzene, tol uene, xylene
and the like; am des such as 3N N-di et hyl f or mami de,
N, N- di net hy| acet am_de, 1-nethil-2-pyrrolidone and the

| i ker mopesthppxPdl8lstiémeasma

RePRY| Meder &fi §8cas@mpound

the Like; esters such ?g ethyl acetate, butyl acetate
REIATIN IS

and°f hgeneFRL: TREFBLRS

cAras2akét b 9fhueRAoRE and

as net hanol , et hanol,

h L ke; | cQh h
Lrg%%%%%?é%g¥gﬁ0?¥Stéggzyb?gﬁaWS ?‘Z-nethyl-z-propano
and the like; gl ygq ?i?ﬁChtﬁé SF?%LﬁggngE¥ﬁgEFiEs_solvent.

propyl ene gl ycol, e

Yl ene ¢ e,

Nitrhdes) such as acetonitrile and the |Iike; 58 and
water and the like; are given, and these nay be used

it n adm xture. e Sréé@@ié@nmg%)’b@ecﬁﬁf:iéﬁdoﬁﬁt i@t n@Bessary
(0]

200C, and preferably at to 150C for 1 mnute to

24 i1b dweSst¢WO65f sdPregiict i on process 4] CH2CO2R4
CHACOPHH S 11 ] -~ S [ 14] S[ 15 ]
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The scolvent used, if it does not affect a bad
influence on the reaction, is not particularly limited,
but for example, aliphatic hydrocarbons such as hexane,
cyclohexane and the like;
halogenated hydrocarbon such as dichloromethane,
chloroform, dichloroethane and the like;
ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis(2-methoxyethyl)ether, dioxane and the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
amides such as N,N-dimethylformamide, N,N-
dimethylacetamide, l-methyl-2-pyrrolidone and the like;
sulfoxides such as dimethyl sulfoxide and the like;
esters such as ethyl acetate, butyl acetate and the
like;
ketones such as acetone, 2-butanone and the like;
alcohols such as methanol, ethancl, propanol, butanol,
2-propanol, 2-methyl-2-propanol and the like;
glycols such as ethylene glycol, propylene glycol,
diethylene glycol and the like;

nitriles such as acetonitrile and the like;



wherein R4 has the sanme neani ngs as the above. [0066]
10 2- (1- benzot hi ophen-5-yl)ethanol of the conpound of
the forrmula [15] can be produced by subjecting the
conmpound of the general fornula [11] or salts thereof
to hydrolysis reaction if necessary, and deriving it
to (1-benzot hi ophen-5-yl)acetit acid or 15 salts
thereof of the conpound of the fornmula [14],
sub&BHuBAERY §U€jggﬁihgkel-BéﬁzQﬂﬁﬁaphéﬁdSIyﬁﬁﬁc@PWCbe
acid or, salts thereof to reduction reaction with an
addPFFEn 1 Bf 24BLEGYFSr in the presence of alkali nmetal
bor ohydride. 20.This reaction is usually carrie t
o oha ! pr esehtbt oFabf ogh MyhBesErEantal bl SF 8P to

doe I of on_t d, tiqgn, .i ot
pars 8rarfts Eos REAE L o0 SRarbi e ditfers T SO 24
£ ety ahydrofuran, 1,2-dimethoxyethane, bis(2 59

nmet hoxyet hyl ) et her, di oxane and the like; is given,
andjptesyahydrofuran is preferable. In addition, these

sol vents may be mxed wiwth a solvent of hal ogenated

hy dr exedbonsos Usfo@ss S 4j chl or onet hane, chl or of orm and
the |ike; aromati c hydrocarbons such as benzene,

tol uene, xylene and the like; and aliphatic

hydr ocar bong,,s, 4as hexane, cygl ane, octane and
t he?f'd’z'#ﬁg‘ m xed(/ﬁ@n'&ﬁggiﬁe used.(/U\’OH
s [11] s [14] S (18]

wherein R* has the same meanings as the above.

[0066]

10 ' 2-(l-benzothiophen-5-yl)ethanol of the

compound of the formula [15] can be produced by
subjecting the compound of the general formula [11] or
salts thereof to hydrolysis reaction if necessary, and

deriving it to (l-benzothiophen-5-yl)acetic acid or

15 salts thereof of the compound of the formula [14],

20

subsequently subjecting (l-benzothiophen-5-yl)acetic
acid or salts thereof to reduction reaction with an
addition of activator in the presence of alkali metal
borohydride.

This reaction is usually carried out in the
presence of solvent, the solvent used, if it does not
affect an influence on the reaction, is not
particularly limited, but for example, ethers such as

tetrahydrofuran, 1,2-dimethoxyethane, bis(2-



10 The anmount of the solvent used is not particularly
limted, but is preferably 1 to 20 tines volune per

wei ght of the conmpound of the fornmula [14] or salts
thereof, and is preferably 2 to 10 tines(v/w). [0067]

15 As the alkali nmetal borohydride used in this

reaction, for exanple, sodium%orohydride, |ithium

bor ohydri de, potassium borohydride and the |ike; are

gi vBathaxdetbyl Lptherohgdpkaaei angr ther Abke; fRegiven, and
anmount of the_al kali netal borohydride 20 used may be
equ%?tf%hﬁ?rﬂ%Pﬁa?hhﬁ Brefakahbfe per nole of the

d of t L ts th
rotorabl y 1 15 AGTTHR nbhese afal e oy Be BPcRaBPg wich
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tni 2 Sl gPL%?l°é§§ﬁ€+%2§%$%?%%$%g§%:%&éﬁcﬁuse a

§U'é ﬂfb{§ﬁé#h§%§rQQ§PorSP$£m'Q§d #%éfiEQéoacet'C

aCI

e ls glven and sulfuric actid and

hyddﬁ&@a&fé"wdud@cé‘f@orﬂ’é elgLiabl €. L&Yz dbe E‘HPHQEePf xylene
the activator used is different in the kind of the

actdnatte e f or exanple, but in the case of

sulfuric acid it is preferably 0.5 to 1 tines nole
peramblal ighhd thiec dlkirtdcakbehs bouchysl i tkexand, adgelShexane,
nore preferably 0.5 to 0.6 tines nole. In addition,

t hecdtia iao tlihee ldfke heandicdthe atiored ssall fértr eamdy i lpe used.
the kind of the activator,
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The amount of the solvent used is not
particularly limited, but is preferably 1 to 20 times
volume per weight of the compound of the formula [14]
or salts thereof, and is preferably 2 to 10 times(v/w).
[0067]

As the alkali metal borohydride used in this
reaction, for example, sodium borohydride, lithium
borohydride, potassium borohydride and the like; are
given, and sodium borohydride is preferable.

The amount of the alkali metal borohydride
used may be equal to or more than 1 time mole per mole
of the compound of the formula {14] or salts thereof,
is preferably 1 to 10 times mole, and is more
preferably 1 to 2 times mole.

[0068]

As the activator used in this reaction, for
example, protonic acid such as sulfuric acid, hydrogen
chloride, trifluorcacetic acid and the like is given,

and sulfuric acid and hydrogen chloride are preferable.



but in the case of sulfuric acid it is preferably for

10 mnutes to 6 hours, and is nore preferably for 30

10 mnutes to 2 hours. In addition, the activator may

be di ssolved in solvent appropriately, and the

di ssol ved sol vent may be added. [0069] 15 The

reaction tenperature is not @& ticularly I|imted, but

may be -20 to 150C, and is preferably O to 80C.

Further, the PRBcaBeuny eRethgdperéHabprt HEedadfi daféprent

at 0 to 30C and the subsequent reactign at 40 20 o
80C P sthprkl ?e?%r%%?e?cBéE%EQE'g%HEr PFoR¥afPhg, but in

o Satt opor B ERF T 5T ot g{gggﬂgggyr o5 £8™
nous 58 o BE P S1edlt le P EASLS didr ot ndrbfudfide.
of 1he iscm%qg%%%imge@% alof@raut anbd oL salts

t her eof e carried out IT necessary nay be

performed 61 1DYadaf{ RS Ofhd @I TBIOS t PRE SE. ther
exanpl e, the conpound of the formula [14] or salts

t heraofvatedy bies dief feeshbyis WRSCking of €0e hyot oV ¥6bS,

reaction in the presence of base. 5 This reaction is

usumit yircathre eshsmitoff nsilhuric acid it is preferably for
10 minutes to 6 hours, and is more preferably for 30

10 minutes to 2 hours.

In addition, the activator may be dissolved
in solvent appropriately, and the dissolved solvent may
be added.

[0069]

15 The reaction teﬁperature is not particularly
limited, but may be =20 to 150°C, and is preferably 0 to
80°C.

Further, the process by the addition of the
activator at 0 to 30°C and the subsequent reaction at 40

20 to 80°C is more preferable, because generation of by-
products can be suppressed.

In addition, the reaction time is not
particularly limited, but is for 10 minutes to 50
hours, and is preferably for 1 to 20 hours.

25 [0070]

In addition, the hydrolysis reaction of the
compound 6f the general formula [11l] or salts thereof

which may be carried out if necessary may be performed



presence sol vent, the solvent used, if it does not
affect an influence on the reaction, is not
particularly limted, but for exanple, aliphatic

hydr ocar bons such as hexane, cycl ohexane and the |ike;
10 aromati c hydrocarbons such _as benzene, tol uene,

xyl ene and the I|ike; hangeﬁH{ed hydr ocar bons such as
di chl oronet h chloroform and the Like;

] h h
s DBLT STEUr Dl op ahs 3 BEUTRE: MOk yBEnafgr ctgmpie; the
as e i 1P
our SIBhA YR HL) ELDE o Mt PXRNGS 2001 LOChEKELE, can be
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thestdkencarsr ghy&d, and these solvents 20 may be
used in adm xture. As a preferable solvent, a m xed

$olvent of ari@ttsadyisCcos begsaBUghcasr beAZ6@e, in the

toluene and xylene and al cohols, and a m xed sol vent
of mtevdrols salvknal ethe as@l gevemisatd Af mxedossl nent
of toluene 25 and net hanol and a m xed sol vent of
metdfredt and Wneff erence eopridierabietidne dsowmmt of t he
solvent used is not particularly limted, but is

pr éfeertEstul ar ly tloimig-ed mewuty of ereepavp B2, abl gt be
the conpound of the general forrmula [11] or salts

t h&EBIOCERRPTS St 35 difamsty DYSLekpxane 3Rl (Whe) Likes

10 aromatic hydrocarbons such as benzene, toluene, xylene

and the like;
halogenated hydrocarbons such as dichloromethane,
chloroform and the like:

ethers such as tetrahydrofuran, 1,2-dimethoxyethane,

15 bis(2-methoxyethyl)ether, dioxane and the like;

sulfoxides such as dimethyl sulfoxide and the like;
alcohols such as methancol, ethanol, propanol, butanol,
2-propanocl, tert-butanol and the like;

and water and the like; are given, and these solvents

20 may be used in admixture.

25

As a preferable solvent, a mixed solvent of
aromatic hydrocarbons such as benzene, toluene and
xylene and alcohols, apd a mixed solvent of alcochols
and water; are given, and a mixed solvent of toluene
and methanol and a mixed solvent of methanol and water
are preferable.

The amount of the soivent used is not particularly

limited, but is preferably 0.5 to 10 times volume per



As the base used in this reaction, for 5 exanple,
nmet al al koxi de such as sodi um net hoxi de, sodi um

et hoxi de, potassiumtert-butoxide, sodiumtert

but oxi de and the |like; and inorganic base such as
sodi um hydr oxi de, potassi um hydroxi de, barium
hydr oxi de, sodi um car bonate, 620 pot assi um car bonat e

and the like; are given. As a preferabl e base
i nofgdie BhsENE scompeRnd faﬁdtlé%dg%@ﬁ%rBsarraelanélll] or

pota33|un1 rOX|de re preferable. un f
bas%alu s2d l’h%iﬁ |l% JugFe aseﬁ%rt%bfhaang ng mol e
per t he conpound of the general fornula [11]
Eﬁﬁ?% rﬂﬁeof and is preferably 1 to 3 tines nole.

Thi s react | Ohd Sot eLerat e perf ofed bioan orddition

of water. e armun wat er e equa
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the g era or nu salts t er eof ,

pr efriiall Yot Hhxdi ded, %ﬁéé@ﬁﬁ?{/ﬂ@rt%@té;%l&@resodlum tert-

preferably 0.3 to 2 times(v/w) in order to nake it
hawaddig deuniid aheof1 2k s0l vent. The reacti on
tenperature is not particularly limted, but it may
be drcb @ dam ie i sd sath |&s ssddiam Hydr deol dié Ngopioa sis ium
of solvent, and is preferably 10 to 63 40C.

hydroxide, barium hydroxide, sodium carbonate,

10 potassium carbonate and the like; are given.

As a preferable base, inorganic base is
given, and sodium hydroxide and potassium hydroxide are
preferable.

The amount of base used may be equal to or

15 more than 1 time mole per mole of the compound of the

20

25

general formula [11] or salts thereof, and is
preferably 1 to 3 times mole.

This reaction is preferably performed by an
addition of water.

The amocunt of water added may be equal to or
more than 1 time mole per mole of the compound of the
general formula [11] or salts thereof, is preferably
0.1 to 10 times(v/w), and is more preferably 0.3 to 2
times (v/w) in order to make it have the function of
solvent.

The reaction temperature is not particularly
limited, but it may be from 0°C to equal to or less than

the boiling point of solvent, and is preferably 10 to



The reaction tine is not particularly Ilimted, but
may be for 10 mnutes to 50 hours, and is preferably
for 1 to 24 hours. 5 [0071] The conpound of the
fornmula [14] or salts thereof obtained in this way
can be isolated fromthe reaction mxture after the
term nation of the reaction 6Bn the usual manner. 10
For exanple, after the term nation of the reaction,
it 4% be isol ated by acidification with a diluted
hydrochloric acid, extraction wth organic,

sol vent
such as tol UeHE® LRRESHRR it T choh e bF LCbFvLRL
15 . pti ' [ | at t th ;
noy! B 0 bty P oRE TOBHTReEE fr 280 nlegpofing Ls
_Saléreﬁefahﬁ P{@Puf‘dt@f% hesfosmula [141, the salt,
if ot alTy

'S us Known for a salt in acidic group

sucfy@s car boxyl group, is not 20 particularly
limted, but for exanples, salts with alkali mnetal

such as sodi UWhe PYMSGIMNoEesHdIFeEulde[14] ke salts
with alkali earth netal such as calcium nmagnesi um

andHdredf kaitaZnaiminnitmsalds, canbsalsslatéd from the
nitrogen containing organi c base such as trinethyl

ammeactticre tnhiyd tarmien g £ tten ey | ammmisiath, ¢ of the reaction
di i sopropyl et hyl am ne, pyridi ne, N-nethyl pi peridine, N
in the usual manner.

10 For example, after the termination of the
reaction, it can be isolated by acidification with a
diluted hydrochloric acid, extraction with organic
solvent such as toluene, and subsegquent removal of
solvent.

15 In addition, it can be isolated as a salt by
the way of an addition of base into the extract.

As the salt of the compound of the formula
[141, the salt, if it is usually known for a salt in
acidic group such as carboxyl group, is not

20 particularly limited, but for examples, salts with
alkali metal such as sodium, potassium, cesium and the
like;
salts with alkali earth metal such as calcium,
magnesium and the like;

25 ammonium salts,
and salts with nitrogen containing organic base such as
trimethyl amine, triethylamine, tributylamine, N,N-

diisopropylethylamine, pyridine, N-methylpiperidine, N-



64 net hyl nor phol i ne, diethyl am ne, dicycl ohexyl am ne
and the like; are given. As a preferable salt, a salt
with al kali metal such as sodium and potassiumis
given, and a sodiumsalt is 5 preferable. [0072]

[ Production process 5] / | OHR CH2ZOH [1] S/ [15] S

/| [16] ~-'COCHYR O ---'COpH€4S | / [2l / [171 wherein
R1 has the sane_ pmeani ngs as_.the above. i0073£ 10,

3- (B Y HRATBE AT bpRend b TRY LERBRG) propYohPrRex¥epgipe and
t he_conpound of the fornula [17] or salts thereof can
be %¢%ggﬁgﬁ’b?r%u%f%%?lng t he conpound of the fornula
[1 t ditijon re | 0N, WM.t y Ltr]

o A5 P REeR i B AL R LR PR e RE L RERY bl =
th I q ubLegtin ;
core}sp%% o%nég&tf%%]m a %gk%i%l%ﬁ'r e%@?i%ngmd%ﬁﬁtﬁglt e
2l gohote Pipide general fornula [1] in the presence of
acid, subsequently deriving it to the conpound of
gengyatzfornmula [2], and subjecting the conpound of 20
general fornmula [2] to hydrolysis reaction in the

pr eisensbiofidrageroddy 4]

/ ~"~¢cN R'CH,0H [1]

OH
(/D/\/
S [15] S [16]
(D/\/O\,/\cochzRi @ij/\/o\/\cozl_l
S (2] [17]

wherein R' has the same meanings as the above.

[Q073]

10 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic
acid of the compound of the formula [17] or salts
thereof can be produced by subjecting the compound of
the formula [15] to Michael addition reaction with
acrylonitrile in the presence of base to obtain the
15 compound of the formula [16], subsequently subjecting
the compound of the formula [16] to reaction with the
alcohol of the general formula [1l] in the presence of
acid, subsequently deriving it to the compound of
general formula [2], and subjecting the compound cof
20 general formula [2] to hydrolysis reaction in the
presence of base.

[0074]



65 The present process for production is explained
below in detail. Mchael addition reaction: The
conmpound of the formula [161 can be produced by 5
subj ecting the conpound of the fornula [15] to M chae
addition reaction with acrylonitrile in the presence
of base. This reaction is u$¥ally carried out in the
presence of solvent, the solvent used, if it does not
10 affect an ThFIRERREBNPEAESFRaEPT ORFOTl4CREPD 15

| arl t ed ut f exanpl e, aliphatic

ti i

ﬁ;l(rﬁ}li Cj;?lb%%% %%J;%ﬁw a8 ?(Bije,f'rcycl ohexane and the |ike;
' b , tol , I

g;ggﬁﬂé&f&%@@g@hﬁgn&g% @S benzene ol uene, xyl ene

|'ogenat ed” hydrocar bons such as

di : | ke

LT SIBIENE o UELBRAT L IRBITelh e OGEeR D

Pi b reitiory stHY | d&iglind b oXae ARt 18 tigFito Michael
sul f oxi des such as dinethyl sulfoxide and the |ike; 20

ancdairtiia Yred @it Sevisticha@sy 1ot it anbh ,tﬁ@f%réﬁé(hce of
al cohol and the |ike; are given, and these nay be used

inked@.xture. As a preferable solvent, a sole sol vent

of aromatic hydrocarbons and a m xed sol vent of
aromati c 25 Thyidr gemdioimtn ist hengm land d¢aartied yout in the
al cohols are given, a sole solvent of aromatic
hy@ﬂ@@§p§@h§ﬁ Fafivest .sdlhsemolvent used, if it does not

10 affect an influence on the reaction, is not
particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclohexane and the like:
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;

15 halogenated hydrocarbons such as dichloromethane,
chloroform and the like;
ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis{2-methoxyethyl)ether, dioxane and the like;
sulfoxides such as dimethyl sulfoxide and the like;

20 and tertiary alcohols such as tert-butanol, tert-amyl
alcohol and the like; are given, and these may be used
in admixture.

As a preferable solvent, a sole solvent of
aromatic hydrocarbons and a mixed solvent of aromatic

25 hydrocarbons, ethers and tertiary alcohols are given, a
sole solvent of aromatic hydrocarbons, a mixed solvent
of aromatic hydrocarbons and ethers, and a mixed

solvent of aromatic hydrocarbons and tertiary alcohols



of aromatic hydrocarbons and ethers, and a m xed

sol vent of aromatic hydrocarbons and tertiary al cohols
66 are preferable, toluene, a m xed sol vent of

tol uene and tetrahydrofuran, a m xed sol vent of

tol uene and tert- butanol, and a m xed sol vent of

tol uene and tert-amyl alcohéle are nore preferable. 5

The amount of the solvent used is not _particularly
i MERPTHRTIRL9r chRbedng, 02 gnivedoseinest 96| hakupae and

wei ght aof the_conpound of the fornmula_[15], and is

e e e e T St b g | O HEahirRe aRndgEert -
an ditive to,these 10 solvents riyary al cohpls
SOREAGS 4 DRk SOLYEIN Sor Pl TR e R PL Ry pamy
li X 0 as 2-propanol and the

I : kka:l;cogtgér:]ld% é@%ﬁﬁ%@efﬁ%. t hesg mgy be m xed. The

@anount of thepaddiddue: Usedis ﬂ}%n%guséé g h&ss

than 0.5 tines volune per weight of t compound of

t he dfrarimidiad1%p]1 ingitkd S Il 88 abtyremisly ¢ 05 0fol BSStimes
than 0.1 tinmes(v/w). [0075] As the base used in this

r eaeiliunie fef wellyhaxand!tthe a@@pvindase tshehfeemdlB- [15],
di azabi cycl o[ 5. 4. 0] undec-7-ene(DBU),
t etamametsh weamamgriefia dapdno X de, t dbehzyies etfiy! anmoni um
hydr oxi de and the |ike; netal al koxi de such as sodi um
met hoxi de, sddi @fddition, as an additive to these
10 solvents, primary alcohols such as small amount of
methanol and ethanol and the like;
secondary alcohols such as Z2-propancl and the like;
and water and the like; these may be mixed.
The amount of the additive used is equal to
15 or less than 0.5 times volume per weight of the
compound of the formula [15], and is preferably equal
to or less than 0.1 times(v/w).
[0075]
As the base used in this reaction, for
20 example, organic base such as 1,8-
diazabicyclo[5.4.0]undec~7-ene (DBU),
tetramethylammonium hydroxide, benzyltrimethylammonium
hydroxide and the like;
metal alkoxide such as sodium methoxide, sodium
25 ethoxide, potassium tert-butoxide, sodium tert-butoxide
and the like;

inorganic base such as sodium hydroxide, potassium

hydroxide, sodium hydride and the like; are given.



25 et hoxi de, potassiumtert-butoxide, sodium
tert-butoxide and the like; inorganic base such as
sodi um hydr oxi de, potassi um hydroxi de, sodi um hydride
and the like; are given. 67 As a preferable base,
organi c base and netal al koxide are given,

benzyl t ri met hyl ammoni um hydr &Xi de and pot assi um
tert-butoxide are nore preferable. The amount of the

base used nmay*$He? defifeiP5e Fafbr T HARI0. PBDE 2RALBetal
o B P 05 SUBOLDE. . A0 LOLT B ok
SO0 b L SO Y BE S8 ot locdfub et e

desired, quat@g{hany, &%e%ée“@é&@.%@y“ﬁé‘%&ﬁal to

known is given, tetrabutylanmonium brom

enrny ddddBiHRH aTouY U i kY Qhd Oe ﬁé‘f‘ mole of the conﬁ%ound

benzyl tri net hyl ammoni um brom de are 15 preferable. T
amymttHy fAdienciat al s, used MRoReresly ¢ 00Dresog £1
than 0.0001 tinmes nole per nole of the conpound of

t he ifrersmlcal .15], and is preferably 0.01 to 0.1 tines
nole. 20 As the base, for exanple, in the case that

i ndidgditilc base such as sodi um hydroxi de and pot assi um

hydroxi de and the like are used, it is preferable to
In addition, this reaction may be carried out

10 in the presence of catalyst.

15

20

25

As the catalyst used, if desired, quaternary ammonium
salt which is usually known is given,
tetrabutylammonium bromide, benzyltrimethylammonium
chloride and benzyltrimethylammonium bromide are
preferable.

The amount of the catalyst used may be equal
to or more than 0.0001 times mole per mole of the
compound of the formula [15], and is preferably 0.01 to
0.1 times mole.

As the base, for example, in the case that
inorganic base such as sodium hydroxide and potassium
hydroxide and the like are used, it is preferable to
perform this reaction in the presence of catalyst.

The amount of acrylonitrile used in this
reaction may be equal to or more than 1 time mole per
mole of the compound cof the formula [15], and is
preferably 1 tc 2 times mole.

The reaction temperature is not particularly



performthis reaction in the presence of catalyst. The
anount of acrylonitrile used in this 25 reaction nay

be equal to or nore than 1 tine nole per nole of the
conmpound of the forrmula [15], and is preferably 1 to

2 times nole. The reaction tenperature i s not
particularly 68 Ilimted, bue8may be from OC to equa

to or less than the boiling point of solvent, and is

pr figridisdy duto magsde Hheom didt itén agudd ite ¥t less than
particuylarly 5 limted, but may be for 1 mpute

 bid ing Bdteradbl SPFEI B0 hABPIo o fhoy § to

ho
Th E%gnpound of the fornmula [16) obtained in this way
na$3 ‘used as it is in the next reaction wthout

i sol ati on. 1ofh[eoq:7egc.§]s&frggr& Cait% %éﬁ%ﬁf&l%ﬁ%d

conpound of the gener ormul a € pro

' ' t frodf I '
i e e U i s Ea

Pr @3IFes R £ AS Jheniafltddised 4 mddis. reaction, for
exanpl e, inorganic acid such as hydrochloric acid,

sul furic aci ¢hehydmp@rihd R orimde, fdudiicger &y abeimed in
the like; 20 and organic sulfonic acid such as
nmethadze saalyf alaiyc bacivded as it is in the next reaction
without isolation.
10 {0077]

Esterification reaction:

The compound of the general formula [2] can be produced
by subjecting the compound of formula [16] to reaction
with the alcohol of the general formula [1] in the

15 presence acid.

As the acid used in this reaction, for
example, inorganic acid such as hydrochloric acid,
sulfuric acid, hydrogen chloride, hydrogen bromide and
the like;

20 and organic sulfonic acid such as methanesulfonic acid,
p-toluenesulfonic acid and the like; are given.

As a preferable acid, inorganic acid is
given, and sulfuric acid and hydrogen chloride are more
preferable.

25 The amount of the acid used is different in
the amount of the sclwvent used, but may be equal to or

more than 1 time mole per mole of the compound of the

formula [16], and is preferably 2 to 10 times mole.



p-tol uenesul fonic acid and the like; are given. As a
preferable acid, inorganic acid is given, and

sul furic acid and hydrogen chloride are nore
preferable. 25 The ampbunt of the acid used is
different in the anmount of the solvent used, but may
be equal to or nore than 1 ©8ne nol e per nol e of the

compound of the formula [16], and is preferabl¥
10 tines nol &S ghe &l @Wéohl%%h%?n%lfajgeﬁé?%‘ll Fob kil gsed in

LAt " AR o
e P 2 AR an o

suqy id.uted al kyl alcohols such as met hoxy et hanol ,
chloroethanol cycl ohexanet hanol and the |ike; and

s ) derlorle il s, SOy P ReSHYs Aralods phanetdwdl

al cohol and the like;” are given. As a preferable
al eolollixsd,r ai ght chain al kyl al cohols are given, and
nmet hanol , et hanol, propanol and butanol are nore

pr ebsabiitatethe lamudl cfhdlie aldoha aussthipyetitancl,
equal 15 to or nore than 1 tinme nole pre nole of the
comrpdomdethancie fogrohdhe{ab@Ethars praafcertdtd elikes: to 10
times(v/w), and is nore preferably 0.5 to 5

ti s wra)l kivd eddehals swele ast benzyl ed gahwek,i arhesfethyl

IOSOLlcohol and the 1like; are given.

As a preferable alcohol, straight chain alkyl
alcohols are given, and methanol, ethanol, propanol and
butanol are more preferable.

The amount of the alcchol used may be equal
15 to or more than 1 time mole pre mole of the compound of
the formula [16], is preferable 0.5 to 10 times(v/w),
and is more preferably 0.5 to 5 times({v/w} in order to
make it have the function of solvent.

[0078]

20 In this reaction, in the case that inorganic
acid such as sulfuric acid and hydrogen chloride and
the like;

and organic sulfonic acid such as methanesulfonic acid

and the like; are used, it is preferable to perform the

25 reaction with an addition of water.

The amount of water added may be equal to or
more than 1 time mole per mole of the compound of the

formula [16], is preferably 1 to 10 times mole, and is



[0078] 20 In this reaction, in the case that
inorganic acid such as sulfuric acid and hydrogen
chloride and the |like; and organic sulfonic acid such
as met hanesul fonic acid and the like; are used, it is
preferable to performthe 25 reaction wth an
addi ti on of water. The anount’Oof water added may be
equal to or_ nore than 1 tipe nole_per nole of the

comtmP R LR FRPLY of ntP o [1BTeS 8O b eferably 1 to 10
ti mes nol e, dis 70 npore preferably 1 to 6 tjpes
nol e. This rexttT ofFHEY* B2 %éYf ?n%%r¥ﬂrWﬁ§ lBrtggnce
¢ d it |

0 qsroég/?ef{géf yébl\_sé(%ufvn?xﬁ)éyent use it is not

particul ar ed, but the same as M chael

addi ti on reac S . reac

IS not parti cz%ﬁ g{}féy S?%r%lrt%gdug%%i %y%)gﬁ?% o]?r% ggﬁ{:gigrly
?ql!@ﬂmitﬂécﬂr B8sScHd afhmd hes bed dh 4w pé’dlcﬁ‘it%n SPéé(_@E‘ion is
and is preferably 20 to 10 150C. The reaction tine is

notgipagrij cularly limted, but may be for 10 m nutes
to 50 hours, and is preferably for 1 to 24 hours. The

conpound of e genertalod demperd Al rd 5 ohiat neslrt hcularly

this way may be used as it is to the next reaction

wi tHaittddsolbatti oy be from 0°C to equal to or less than
the boiling point of solvent, and is preferably 20 to

10 150°C.

The reaction time is not particularly
limited, but may be for 10 minutes to 50 hours, and is
preferably for 1 to 24 hours.

The compound of the general formula [2]
15 obtained in this way may be used as it is to the next
reaction without isolation.
[0079]

Hydrolysis reaction:
The compound of the general formula [17] or salts
20 thereof can be produced by hydrolyzing the compound of
formula [2] in the presence of base.

This reaction is usually carried out in the
presence of solvent, the solvent used, if it does ncot
affect an influence on the reaction, is not
25 particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclohexane and the like;

aromatic hydrocarbons such as benzene, toluene, xylene

and the like;



[0079] Hydrolysis reaction: The conpound of the
general fornula [17] or salts 20 thereof can be
produced by hydrol yzi ng the conmpound of fornula [2]
in the presence of base. This reaction is usually
carried out in the presence of solvent, the sol vent
used, if it does not affect7an influence on the

o e o oL S, A S et
cycl.ahexane and I;g}' caromatic hydrocarbons such
as hceir?zreoﬁfg?rr? o‘ﬂf%%;e %%’e and the like; 71

hal agenat %quﬁgﬁ%@%ﬁ&&% A1 £ SR8 thane,

chlor of or m and ers su

teQﬁ§B¥gﬁpQHkp%héLf%%§?ethoxyethane, di oxane and the

i ke; 5 sulfoxides su as di net hyl sul foxide and the
9 i kel FoiGRROISu IS afi EitANQu1 €38R0l andHoRaNDd ke ;
but anol, 2-propanol, tert-butanol and the like; and
wategodd st Reidh ke mdthadiolgn e tithd e SUMEN! Hutheyol,
be used in adm xture. 10 As a preferable solvent, a

m Xegroplanerit, dfertthdwmaincdntandigdee 10 Kdre
esterification reaction and al cohols, and a m xed
sobvdnwaskerakochdhe ddtker; are giiwem, @ndl ahdsedolvents
sol vent of toluene and nethanol, and a m xed sol vent

of MaePRalEEdadd WEMEEtaE -nore preferabl e.

10 As a preferable solvent, a mixed solvent of the solvent

15

20

25

used in the esterification reaction and alcohols, and a
mixed solvent of alcohols water are given, and a mixed
solvent of toluene and methancol, and a mixed solvent of
methanol and water are more preferable.

The amount of the solvent used is not
particularly limited, but is preferably 0.5 to 10 times
volume per weight of the compound of the general
formula {2], and is more preferably 0.5 to 3
times (v/w)}.

As the base used in this reaction, for
example, metal alkoxide such as.sodium methoxide,
sodium ethoxide, potassium tert-butoxide, sodium tert-
butoxide and the like;
and inorganic base such as sodium hydroxide, potassium
hydroxide, barium hydroxide, sodium carbonate,
potassium carbonate and the like; are given.

As a preferable base, inorganic base is

given, and sodium hydroxide and potassium hydroxide are



15 The anmount of the solvent used is not particularly
limted, but is preferably 0.5 to 10 tines volune per
wei ght of the conmpound of the general formula [2],
and is nore preferably 0.5 to 3 times(v/w). 20 As the
base used in this reaction, for exanple, netal

al koxi de such as sodi um net hd¥i de, sodi um et hoxi de,

potaégggn;tgrt-butoxide, sodiumtert butoxide and the
| i ket ®and ? %rganic base such as sodi um hydroxi de,

pot assi um 2 d i de, j roxide, sodium
car bonat e, SQ?%§%?ﬁ%$§a?€g%%%ggg%% ?ﬁégl?ﬂg;ggr%qual to
9 V&N md¥Se a AT T atE RABE pd PORGADI Gr DASE | LYot
and sg%iun1hydroxide and pot%ssiun1 ydrogﬁgebg?ggégg ©
prefies apdsraherrmund P | hendase pisefe PRI Pe1edyal cimes
to or nore than 1 tine nole per nole of the conpound

Df mdle. general fornula [2], and is preferably 1 to 3
times 5 nole. This reaction is preferably perforned

with an addiThion daoate@t . isherafmraid] pfpewfermaddetith an
may be equal to or nore than 1 tine nole per nole of

t hadsddripoune ofwater. 10 general fornula [2], is
preferably 0.1 to 10 tines(v/w), and is nore
preferably 0.The @mpuntex waper jaddgdiaray deekeudl to or

have the function of sol vent.
more than 1 time mole per mole of the compound of the

10 general formula [2], is preferably 0.1 to 10
times(v/w}), and is more preferably 0.3 to 2 times(v/w)
in order to make it have the function of solvent.

The reaction temperature is not particularly
limited, but may be from 0°C to equal to or less than
15 the boiling point of solvent, and is preferably 10 to
40°C.

The reaction time is not particularly
limited, but may be for 10 minutes to 50 hours, and is

preferably 1 to 24 hours.

20 [0080]

The compound of the formula [17] or salts
thereof obtained in this way can be isclated from the
reaction mixture after the termination of the reaction
in the usual manner.

25 For example, after the termination of the
reaction, it can be isolated by acidification with
diluted hydrochloric acid, subsequent extraction with

organic solvent such as toluene and removal of solvent.



The reaction tenperature is not particularly Ilimted,

but may be fromOC to equal to or less than 15 the
boiling point of solvent, and is preferably 10 to

40C.. The reaction time is not particularly limted,

but may be for 10 mnutes to 50 hours, and is

preferably 1 to 24 hours. 207B0080] The conpound of

the formula [17] or salts thereof obtained in this

way can be isbt aaddiifrom tie caredes i brohrkedrasattaalt by
the termnation of the reaction in the usual manner.

25 grpraddidmigtte ohfRate tHe Q drhf it e#cef t he

i Tt ed hydr dEIHE S BF SR SRRRUR T hct M Gt
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eXMa2i it Wddh A kRldi Bt Hotkdh @8, Sk Ui and the

pot assium cesiumand the |ike; salts with alkali
eantiikeyet al such as calcium 10 magnesi um and the
llizits with alkali earth metal such as calcium,
10 magnesium and the like;
| ammonium salt,
and salts with nitrogen containing organic base such as
trimethyl amine, triethylamine, tributylamine, N,N-
diisopropylethylamine, pyridine, N-methylpiperidine, N-
15 methylmorpholine, diethylamine, dicyclohexylamine and
the like; are given.
As a preferable salt, a salt with alkali
metal such as sodium and potassium and the like is
given, and a sodium salt is more preferable.

20 [0081]

[Production processes 6]

(/:@NO\/\G%H Activation
S [17] '
HN_ )>—OH o . >—OH
éf:I::j/”\v/ \M/\]/N
8 [18] o]

25 1-(3-{2-(l-benzothiophen-5-



amonium salt, and salts with nitrogen contai ni ng
organi ¢ base such as trinethyl amne, triethylam ne,
tributylam ne, N, N diisopropylethylan ne, pyridine,
N- et hyl pi peri di ne, N 15 net hyl nor phol i ne,
di et hyl am ne, dicycl ohexylam ne and the |like; are
given. As a preferable salt, 7a salt with alkali netal
such as sodi um and potassiumand the like is given,
andy b sobxy) sabpiesy hbreepidirr abde. 020t ho08dhpound of
[ Production processes 6] ~ '0 'CO2H Activation S\ A's
[ 17theNamulo BH =n ke [a8)deced by deriving the
1-(3-(2- (| -benzot hi ophen-5 74
y| RN Drobi ory | feswiiai bl ofr of2the Ebpeehdtor
the formula [18] can be produced by deriving.the
CORAHETS IHL TS Mo JUSCBronaly SURLP RO ot e
eactive derjvative, subsequently subjecti t he 5,
eIV Tl VATV TR W UM BT Vbt T or o e 32 2
az?gz'ﬁqf' 'lnoo.l.r c?‘xal%aslggmtrl"?é)g g f Jt.lbetcr‘?é J.eé@&ﬂ@é gﬁsk?ase.
[0 e presen process‘?or production 1s
explgpigyed below in detail. 10 (0083]

The present process for production is

explained below in detail.

10 ([0083]

Derivation to reactive derivative:
The compound of formula [17] or salts thereof can be
derived to a reactive derivative by reacting it with an
activator.

15 As the reactive derivative, for example, an
acid halide, an acid anhydride, an activated amide and
an activated ester and the like; are given, and an acid
halide is preferable.

As the process of deriving it to the reactive

20 derivative, for example, the derivation to the acid
halide with the use of a halogenating agent such as
thionyl chloride, oxalyl chloride, phosphorus
trichloride, phosphorous pentachloride and the like;
the derivation to the acid anhydride by condensation

25 with an acid halide such as ethyl chloroformate,

isobutyl chlcoroformate, pivaloyl chloride and the like;

the derivation to the activated amide by use of

imidazole condensation and an activated amidation agent



Derivation to reactive derivative: The conpound of
formula [17] or salts thereof can be derived to a
reactive derivative by reacting it with an activator.
15 As the reactive derivative, for exanple, an acid
hal i de, an acid anhydride, an activated am de and an
activated ester and the |likejsare given, and an acid
halide is preferable. As the process of deriving it to
t hesu@dacds vea ri2éh yledi et dazol¢ oanadxangl bike he
derivation to the acid halide with the use of a

hal dgenEhe rde aigenti Qucte ashe ta¢ohyated| o9t ee, bvxal yl
chl ori de, phosphorus trjchloride, phosphorous
perfaRdATHIA Ottt e THKeroPheRO Herfvati on to the
acid anh

dride by condensation 25 wth an acid halide
B e AR A S At Thd ot She Srehont o
i val oyl chl ayi and the like; _the derivation . Lhe.
églct i vat ed ami‘tfe IR 22 or & b %‘é?i%%gﬁﬁg&ve’

an [ .qq m 'qn Y/

cart%'g%]y eg'fll mtgl'argzrglq%d andétgié;{ﬁli ae%f&%ntbd??ﬁsee d%?i?/at ion

to Y r; ti j : :
SRR SR Dl oRiaSal| P AP gertvggton e

ar e fdl W4 TSR & indd o 410 dlieL r@dcdrdv@e is more
derivative, the derivation to the acid halide by use

of prefltala@genati ng agent is preferable, and the
derivation to the acid chloride by use of thionyl
l10chl ori de is mMhree amount of the activator used in this
derivation is different in the kind of the activator,
but for example, in the case of thionyl chleride, it
may be equal to or more than 0.5 times mole per mole of
the compound of the formula [17] or salts thereof, and
15 1is preferably 1 to 2 times mole.

This reaction is usually carried out in the
presence of solvent, the solvent used, if it does not
affect an influence on the reaction, is not
particularly limited, but for example, aliphatic

20 hydrocarbons such as hexane, cyclohexane and the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
halogenated hydrocarbons such as dichloromethane,
chloroform and the like;

25 ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis(2-methoxyethyl)ether, dioxane and the like;
amides such as N,N-dimethylfcrmamide, N,N-

dimethylacetamide, l-methyl-2-pyrrolidone and the like;



preferable. 10 The anount of the activator used in
this derivation is different in the kind of the
activator, but for exanple, in the case of thionyl
chloride, it may be equal to or nore than 0.5 tines
nol e per nole of the conmpound of the fornmula [17] or
salts thereof, and 15 is prefigrably 1 to 2 tines nole.

This reaction is usually carried out in the presence
of swolienides heushl sendinetlylisulfonbde and thefébéke:

an influence on the reaction, is not Eartlculaﬂ
I|rﬁ$¥ﬁF5kﬁHC¢o@Séﬁ%h%Y% a%??%ﬁ%tl%tQE h?ﬁ?%é%?b%ﬁg the

suc as hexane, cycl ohexane and the like; aromatic
& bons such as benzene, toluene, xylene and the

dlgﬁwﬁgg%g g%%%&%%%?%?ﬁﬂ%%%ﬁ%n?,ﬂ%d E%ee%ﬁeré
i %ﬁneﬂttﬁ%lx@%( S8 adeold B0 TS, Likes are

%ﬁerﬁu%cﬁstﬂ\éé\é dn‘[ér’]% {Q'J%&Hm AamNeire .

t hyl‘acet am de, pyrrolidone and the

Ilke 76 suldoxd d&:ﬁeﬁé&@ébﬁé Sbpidy) sebhoxide and

the like; esters such as nethyl acet at e, et hyl

acefyrir> arbdhe sddikeis kedronase Suedl wen@catidneylene and
2-but anone and the like; 5 and nitriles such as

aceatheniltirkd erahdktiheerd idkesh sare teinsnydamtutdesel N2y
be used in adm xture.

10 dimethoxyethane, bis(2-methoxyethyl)ether, dioxane and
the like are given, and toluene and 1,2-dimethoxyethane
are preferable.

The amount of the solvent used is not
particularly limited, but is preferably 1 to 20 times

15 wvolume per weight of the compound of the formula [17]
or salts thereof, and is more preferably 1 to 10
times (v/w).

The reaction temperature is not particularly
limited, but is preferably -60 to 150°C, and is more

20 preferably =30 to 120°C.

The reaction time is not particularly
limited, but is for 10 minutes to 50 hours, and is
preferably 30 minutes to 20 hours.

The reactive derivative of the compound of

25 the formula {17] or salts thereof derived in this way
can be isolated and purified, but it is_preferable to

proceed to the next reaction without isoclation.

[00B4]




As a preferable solvent, aromatic hydrocarbons such
as benzene, toluene and xylene and the |ike and

et hers such as tetrahydrofuran, 1,2 10

di met hoxyet hane, bi s(2-nethoxyethyl)ether, dioxane and
the like are given, and tol uene and

1, 2-di et hoxyet hane are prefigrable. The anount of the
solvent used is not particularly limted, but is
preferably 1 Ani@ftiomeseadSiomt ume per wei ght of the
conmpound of the forrmula [17] or salts thereof, and is
moréredrepetng af tighe ofoxmpkes ((18) . cahebe catedvped by
tenperature is not_particularly limted, but is

pr AL - HEE t S0 HBREOD £ FRE ppact Dee pleFkyabiye. g6 the
to 120C. T ti ti ' t [ | | ,
| P S f s hub Bl (o DA HbRr Siotgat | described

DS 5 AR e TERAARE ot o

sal eQ jved in this way can be isolated and
it S

I's preferable to proceed to the next

reaction w t houty Sl Ald Qlved 484N 1 rédb@fdh ONeor

d
reaction: The conpound of the fornula [18] can be
pr eaiaed Y orRatld Madde R Wd ar deheamaastive
derivative of the conpound of the fornmula [17] or
salkdtig stiop@iopaf] edegdranied, 1,8-diazabicyclo[5.4.0]undec~7-

10 ene(DBU), pyridine and the like;
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and inorganic base such as sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate,
sodium hydrogen carbonate, potassium hydrogencarbonate
and the like; are given.

As a preferable base, inorganic base is
given, and sodium hydroxide is more preferably.

The amount of the base used may be equal to
or more than 1 time mole per mole of the compound of
the formula [17] or salts thereof, and is preferably 1
to 10 times mole.

The amount of 3-azetidinol or salts thereof
may be egual to or more than 1 time mole per mole of
the compound of the formula [17] or salts thereof, and
is preferably 1 to 2 times mole. |

In addition, it is preferable to use 3-
azetidincl or salts thereof in aqueous solution.

The amount of water having 3-azetidinol or

salts thereof dissolved is not particularly limited,



5 above with 3-azetidinol or salts thereof in the
presence of base. As the base used in this reaction,

for exanple, organic base such as triethylam ne,

di i sopropyl et hyl am ne, 1, 8-diazabicycl o[5. 4. 0]undec-7
10 ene(DBU), pyridine and the |ike; and inorganic base
such as sodi um hydroxi de, pott/@ssi um hydroxi de, sodi um
carbonat e, potassium carbonate, sodi um hydrogen
carbdhal®, proteisst m hyt ofentimdonee bunanget heeigke; of
are given. 15 As a preferabl e base, inorganic base is
gi Véie campasud il Hi e ety Fbf b PF etk abl Yreqpetf, and
amount of the base used may be equal to or nore than

1 tisi@PrffieF sy rﬂolté’d'f t“rfé“ec% o“b)nd of the formula

[17) or salt hereof r ef er ab)
times nol e. TR i ol %rn%ﬁllf%rtlcularly

oo i 5 R o, e

%fera S( J5p Rrefgpepbly 1 to 2 tines nole. 25 In
|t|on is preferable to use 3- azetidinol or

Sa' tst her eOfT_h'e_n RAAAIEh SAlnd 1100 nkN & ANDURTL HF1 yat er
havi ng 3-azetidinol or salts thereof "dissolved i's not

pantimgtlear,| Yulti Mist gdr 48 mbHutes RIEfRY aldursl, tand0is
times volunme per weight of the conpound of the
f opmelferfblly dorsdi0t mitnheresofto &w hours.

10 After the termination of the reaction, the
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compound of the formula [18] obtained in this way can
be isolated and purified by crystallization from the
reaction mixture by performing treatments such as
neutralization of the reaction mixture and dilution
with water if necessary, and subsequent operation of
warming and cooling.

[0085]

[Production process 7]

s 0 [19]

1-(3-(2-(1-benzothiophen-5-yl)ethoxy)propyl)azetidin-3-
ol of the compound of the formula [19] or salts thereof
can be produced by subjecting the compound of the
formula {18] to reduction reaction with an addition of
activator such as a protonic acid, a methylating agent

and a silylating agent and the like in the presence of



is preferably 1 to 10 tinmes(v/w). The reaction
tenperature is not particularly 5 limted, but is
preferably -60 to 100C, and is nore preferably -30 to
50C. The reaction tinme is not particularly Ilimted,
but is for 10 mnutes to 50 hours, and is preferably
for 30 minutes to 20 hours. 18 After the termination
of the reactlon the conmpound of the fornula [18]

obedi%fdd et PP ¥Hidare i sol ated and purifi ed by

crystallizatigon fron1the reaction m xtur .

perfor m ng trgﬂt SiRth s U ]ryal‘?az%ﬁlr%% Bit tHe the
s%rrllc'gI )éatfu l}bréqn di lttLH srbljxpenvv\ét evé?t ¢! 1tg doe not

essary, id “Suvsdent Soperation of - warmnin

%Sf%%t %giog?ifglfﬁe[r{c% o 9 HGaSH] YN CH I

51 ﬁ%r@%cﬁla%@zqtlmlwnﬁl | Dt réJPBQt)h?ézﬁé iglidh 3s

of the conpound of t'he fornul a [ 19] or salts

t h@tewfahya&@fmaw odyced ke tHayyettiame t g £anpound of
the 25 fornmula [18] to reduction reaction with an

addiethomyethva¢tithatror diucdanas ahdprdieoiikegciis qiven, and
nmet hyl ati ng agent and a silylating agent and the |ike

i nteheapydseficeaof 189 moalek @lrie fieptadillebor ohydri de. This
reaction is usually carried out in the

In addition, these solvents may be used in

10 admixture of halogenated hydrocarbons such as
dichloromethane, chloroform and the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
and aliphatic hydrocarbons such as hexane, cyclohexane,
15 octane and the like.

The amount of the solvent used is preferably
1 to 20 times volume per weight of the compound of the
formula [18), and is more preferably 3 to 10
times(v/w).

20 [0086]

As the alkali metal borohydride used in this
reaction, for example, sodium borchydride, lithium
borohydride, potassium borohydride and the like; are
given, and sodium borchydride is preferable.

25 The amount of the alkali metal borohydride is
preferably 1 to 10 times mole per mole of the compound

of the formula [18}, and is more preferably 2 to 3

times mole.
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presence of solvent, the solvent used, if it does not
affect an influence on the reaction, is not 5
particularly limted, but for exanple, ethers such as
tetrahydrofuran, 1, 2-dinmethoxyethane, bis(2-

nmet hoxyet hyl ) et her, di oxane and the like; is given,

and tetrahydrofuran is nore8fireferable. In addition,
these solvents nmay be used in 10 adm xture of

hal {é¢§édt ed hydrocarbons such as di chl or omet hane,

chl oroform and the |ike; aromatic_ hydrocarbons such 2gor

benzene, tol déndhecAGHe atgHd 43R |3k P ihdr A F et
hydr ocar.bons such .as heﬁﬁne, cycl oh ne, 15, c%gq;
AN @B 1k @ R i RGN E S AW L i & nydrogen
bl £.0..20 ti Vol i ght. of. th
Copaaaa B Trd RGP ARE rart hard e Rt er abi y
3 hRch0ILIES( ot 2] Q00 fss e AlkAlde MMl the
orohydridé used in this Treaction,” Tor exanple,

sodijym.bor ohydride, |ithium borohydride, potassium
borohydride and the like; are given, and sodi um

boralyginge aits gy aRiAblsRcn2? sThe i 19f1yheraldead de

nmetal borohydride i's preferably 1 to 10 tinmes nole
peandokaeofl ikke eewpour@én.of the fornula [18], and is

nore preferably 2 to 3 tinmes nole. 80

As a preferable activator, protonic acid such
as sulfuric acid , hydrogen chloride and the like; is
given, and sulfuric acid is more preferable.

The amount of the activator used is different
in the kind of the activator, but for example, in the
case of sulfuric acid, it is preferably 0.5 to 1 times
mole per mole of alkali metal borohydride, and is more
preferably 0.5 to 0.6 times mole.

In addition, the addition time of the
activator is different in the kind of the activator,
but in the case of sulfuric acid, it is preferably for
10 minutes to 6 hours, and is more preferably for 30
minutes to 4 hours.

In addition, the activator may be dissolved
in solvent appropriately, and the dissolved solvent may
be added.

[0088}

Further, in the case that the amount of the

alkali metal borochydride is 2.0 to 2.2 times mole per

mole of the compound of the formula {[18] and the amount



[0087] As the activator used in this reaction, for
exanpl e, protonic acid such as sulfuric acid, hydrogen
chloride, trifluoroacetic acid and the |like; 5

met hyl ati ng agent such as dinethyl sulfate and the

i ke; and silylating agent such as trinmethylsilyl
chloride and the like; are gilven. As a preferable
activator, protonic acid such 10 as sulfuric acid

hy drfogehl foHT it i afel hnics thed | 1&eD - § sty drolanger mole of
sulfuric acid is nore preferable. The anpunt of the

actiffattrkdide et ik 149 39 e AoPRipg time of
tivator, but for, exanp] ip.th f | furi
At Ty 0 29 o e T8 AePEPpERd gf ethe

0, £dR s e o] iy ol IR il B EERYy Yeen e
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pr efse@llier ¢ %%%Qdadggses to 6 hours, and is nore
3 .

preferably for mnutes to 4 hours. In addition,

t hg oagtajvat or may be dissolved in solvent

appropriately, and the dissolved solvent may be

added. 25 [0@38] rlewdtien tengdmtoase itdhatot heewnbuntarly

of the alkali netal borohydride is 2.0 to 2.2 tines

nolémpeed, but may be =20 to 150°C, and is preferably 0 to
70°C.

After an addition of activator at 0 to 30°C,
it is preferable to react at 30 to 70°C, and after an
addition of activator at 0 to 30°C, it is more
preferable to react at 40 to 60°C.

The reaction time is not particularly
limited, but may be for 10 minutes to 50 hours, is
preferably for 1 to 20 hours.

[0090]

In the present invention, as a preferable
process for production, the following process is given,

the process by suspending the compound cf the
formula [18] in ether (3-10 times(v/w)), adding alkali
metal borohydride(2 to 3 times mole), adding activator
at 0 to 30°C, and subsequently reacting at 30 to 70°C
for 1 to 20 hours is preferable, the process by
suspending the compound of the formula [18] in ether (3
to 10 times({v/w)), adding sodium borohydride (2 to 3

times mole), adding protonic acid (0.5 to 1 times mole



nol e of the conpound of the fornula [18] and the
amount 81 of sulfuric acidis 0.5 to 0.6 tinmes nole
per nmole of the alkali netal borohydride and the
dropping tine of the sulfuric acidis 1 to 4 hours,
the conpound of the fornula [19] or salts thereof
havi ng high purity can be 5 8Btai ned because of the
further suppression of the formation of by-@goducts

[ 0G8Y] MEHE Faciabnint SRreridrdels #bt0 e t ¢ Harand
|G e 208 PG i S S 82T D 1.
S0 o S5, ¢ el B Rl B e
rrprc%rrfb;o%fn%{ & ef&r‘?m.{l%ac{/l 86]|t AP éegtrﬁag&dx]no%uﬂga:n ; gfc%ofo

tinme not particularl Imte

g RUERS &9w30 ,NAWSind Sodi il HARNdrad (L. o?f)cchoy.r@-

[0090] In the present” invention, as a preferable 20
preqess o er, odueting sdlfidd | PrPARSV 6 times
given, the process by suspending the conpound of the

f ormplllea pet8holle etfhelbodidml bdrioma{ni/de)), =aitilimg alkadtic
nmetal borohydride(2 to 3 tines nole), adding activator
at a@¢itloa30Q, tand0SUbsequintby4r paukbngaati 30bsequett2y

for 1 to 20 hours is preferable, the process by
reacting at 40 to 60°C for 1 to 20 hours is further

10 preferable.

[0091]
After the termination of the reaction, the
compound of the formula [{19] or salts thereof obtained

in this way can be isolate in usual manner.

15 For example, after the termination of the

20

25

reaction, it can be isolated by adding 6.0mol/L
hydrochloric acid to decompose an excessive reducing
agent, cooling to room temperature, subsequently making
the reaction mixture alkaline with aqueous sodium
hydroxide, extracting with organic solvent such as
ethyl acetate, and subsequently removing the soclvent
from the extract.

In addition, it can be isolated as a salt by
an addition of acid into the extract.
[0092]

As the salt of the compound of the formula
[19], the salt, if it is usually known for a salt in

basic group such as amino group, is not particularly



4]

suspendi ng the conpound of the fornmula [18] in ether

(3 to 10 tinmes(v/w), adding sodium borohydride (2 to

3 tines nole), adding protonic acid (0.5 to 1 tines
nole 82 per nole of sodium borohydride) at 0 to 30C,

and subsequently reacting at 30 to 70C for 1 to 20
hours is nore preferable, agd the process by

suspendi ng the conpound of formula [18] in

t etliatiytdrdbf ren @& taxar®1s: t isrls(sy /W) Hh ek rayl soelt dinsuch
borohydride (2.0 to 2.2 tinmes nole), adding sulfuric
aciéd (YR adipm g iamisdl, did Paronist @ ®fd s ot updc acid,
boroﬁyerde),,addin sulfuric acid at 0 to 30C for 1

t o SHfOFE asid édiferiti’P/ reacting at 40 to 60C

for to 2Q hours is further . .10 preferahle. [0091)] .
Af EELEh T AR o S HAY Hn el h SaTb 2% ot acid
of g ;formyla [ctji%]ri%" asf:qlqt s Lhareof cg@a'ﬂ%jariép i &,
way can be Tsdl ate i'n usual” manner- %5 %or exanpl e,

af t.en t:he r4m j . t t dt<an e :
Csnflel gyggdd%%gcg?l&?‘olalél}%'h;%?gﬁw%ﬁ% acl d %%LC actd,
deggpnese cAl AXGeSHi R 1IeMCT c WS, 160t IVrddetic
room tenperature, subsequently nmaking the reaction

m ¥tuHe aabk @hieng iWet:h aqueous sodi um 20 hydr oxi de,
extracting with organi c solvent such as ethyl

acehdt salasdwittbhs egl€nhnliy wefayisugh e setremesdlrfamic
the extract. In addition, it can be isolated as a salt

10byacid, benzenesulfonic acid, toluenesulfonic acid,
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mesitylene sulfonic acid, naphthalenesulfonic acid and
the like; are given.

As a preferable salt, a pharmacologically
acceptable salt is given, and a salt with maleic acid
is more preferable.

[0093]

In the compound of the present invention, if
isomer (for example, optical isomer), hydrate, solvate
and various kinds of crystalline forms exist, the
present invention includes these all.

In addition, in the compound used by the
process for production described above, if isomer (for
example, optical isomer), hydrate, solvate and various
kinds of crystal form exist, all these can be used in

the process for production of the present invention.

Examples

[0094]



an addition of acid into the extract. 25 [0092] As the
salt of the conpound of the formula [19], the salt,

if it is usually known for a salt in basic group such
as amno group, is not particularly 83 Ilimted, but
for exanple, salts with mneral acid such as

hydrochl oric acid, hydrobron®¢ acid, nitric acid,
sulfuric acid and the like; salts with organic

carboxyl i ¢ adiektsudhaaPranafitc dviantion ekl Padescribed
citric.,acid, oxalic acid, fumaric acid, npaleic acid,

sucdi e 48O HRG CHETEN IR e i and RIS T

ach w_trichl roacetic aci%, %pifluoroa et.i a %gtgnqj

t hE&PRE  ard S ST YRR et sl Heied to be
”EFE%E%%%:%%%E%tolo aci d, benzenesul foni ¢ aci d,

¢ ) -

ol uenesul fonic acid, nesitylene sulfonic acid,

na hals ul f.eni i n i : i )
snaphkhali &R raloe%% a6 ¢nand1 g d la{i;e bg: SAMRN. AS case
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a preferable salt, a pharnmacol ogi ca cept abl e

salt thsugl ‘d%%crig@i@nsi%'nt pWirkh B8, C td GarkG drs ipre
preferable. [0093] In the conpound of the present

i nggdticangellf collspRechibaateyarphy, iepB.eal Jisames gel,
hydrate, solvate and various kinds of crystalline
f oOBWB 12X EHt prt B8Q200ppreducitnwdEntFiudr iSidlyedes dhleesieal
all. In addition, in the conpound used by the
Ltd.)
The abbreviations in examples mean the following:
Me: methyl, Et: ethyl, Pr: propyl, Bu: butyl, *Bu: tert-
butyl DMSO-ds: dimethylsulfoxide-dg
[0085]

Reference Example 1

N /@ _"""Hozts /@ —*Hozts /©’B'

To water(275mL) suspension of 546g of
thiophenol was dropwise added water(550mL} solution of
585g of potassium hydroxide at no more than 20°C. Next,
thereto was dropwise added a water (825mL) soclution of
492g of chlorocacetic acid, which was then stirred at 80
to 90°C for 3 hours. After cooling the reaction
mixture, thé pH was adjusted to 1.5 with hydrochloric
acid, and thereto were added 1650mL of dichloromethane
and 550mL of water. The organic layer was separated,

and anhydrous magnesium sulfate was added. Inscluble



process for production described above, if isomer (for

exanpl e, optical isoner), hydrate, solvate and various

kinds of crystal formexist, all these can be used in

25 the process for production of the present

i nvention. Exanples [0094] 84 Next, the present

i nvention will be described Bh the follow ng reference
However, the present invention

exa Ies and e | es,

S eERIdd P IR Vi (B0 {Hor g, £ 5L S ¥ hgadded
(rj:tsgcrl it i< of:ﬁ%ﬁ)%lpw CLﬁ%h]l’e b"%/%\/o ur$ %‘?%F?‘%'Sse%l??‘i%g %1:’29 of
SRS SECOUAC Sl SR B
"o gpuigla so 1D gD L () o deicn
waugxrgé.lue@h(?@} %g} schequéké%f gésdargéw[l@@%hdeaeﬁﬁrt%m%z5mL)
watseaélﬂ&m)ofsqﬁp@nsjforsdaﬁ@ﬁ@u@fltet hlamhetr}cé M@Swas
dr opwi se added water (5501L) solution of 20 585g of
potdgsistiedhydRoxiidd atydredhiiroe itharei2C. A¥edr stirring at

S to 10°C for 1 hour, the precipitate was collected by
filtration to provide solid matter. To this solid
10 matter was added 2000mL of toluene, from which water
was removed by heating and azeotropic distillation.
The reaction mixture was cooled to 5°C over a period of
2 hours. After stirring at the same temperature for 1
hour, crystals precipitate was collected by filtration
15 to provide 1108g of (4-bromophenylthio)acetic acid as
white solid form.
'H-NMR(CDC13;) & value: 3.65(2H,s),7.25-7.35(2H,m),7.40~
7.50(1H,m)
[0096]

20 Reference Example 2

s ("
——i
HS S

To water {600mL) solution of 88.9g of sodium
25 hydroxide was added 200g of 4-bromothiophenol and
dropwise added water (300mL) solution of 105¢g of

chloroacetic acid, which was then stirred at 60 to 70°C



[83]

thereto was dropw se added a water (825nL) sol ution of

492g of chloroacetic acid, which was then stirred at

80 to 90C for 3 hours. After cooling the reaction

m xture, the pH was adjusted to 1.5 with hydrochloric

25 acid, and thereto were added 1650nL of

di chl oronet hane and 550nL o8éwater. The organic | ayer

was separated, and anhydrous magnesi um sul fate was

addet. 1 dssiubl A88r maaldmadhd iTeagiepnfni ztwee te 40°C,

the filtrate was added 5.95g of iron(lll) chloride
and DEFGHE S el RafesB i B o ddre Al ¥ 1% Aok I cHOOmL

was then stirred .at room_tenperature for.5 hoyrs. .
af O Sodoty o PR G SHARE G- | HbRsFganic
was _dropw_se added .wat er (825nL), . sol uti of 79

S0 dFIREa T EPhRt Sh &b i v e W e e

hy .Qri ¢ .achd. er, A t tqHRC f 1
ho%ﬁtfﬁjt}lﬁglg]p%gcict&%t z?t% férrevvatl"s??@(ﬁrﬁraec eeg fboy]:5 k |qf trat itg%e to

Pr Qv de 239! b4 JIBli®lt T Qaldich 199 d & ol Oy Bt {18 r deon ¢
adde ZSOOnE gf #%LI l?enee., af rom whi ch vvatjglraftl vvars rerrrii)ve%l

by pheatiied 2and aze qly-eRiddphEnyltMildkcetine d@aftdPwhite
m xture was cooled to 5C over a period of 2 hours.

Af selLigt ifpkinng at the sane tenperature for 1 hour,
crystals precipitate was collected by filtration 15 to

provi de 1108Ghef Chémiraiophdfyl tvhiloeacetfi CHatiM&@ apectral
white solid form 'H NVR(CDC1l3) 5 val ue:

103. 68( 2PC3) , dgpsed. B8E¢RH g, Taliges7060¢¢Fempnpeoespmple 1.
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[0097])

Example 1-1

H
HozrL /©/B" L : _Br
e

To dichloromethane {750mL} suspension of 250g
of (4-bromophenylthico)acetic acid were added 2.5mL of
N, N-dimethylformamide and 132g of thionyl chloride,
which was thén refluxed for 1 hour. After cocling the
reaction mixture to 20°C, thereto was dropwise added
dichloromethane (1500ml) suspension of 148g of aluminum
chloride at 5 to 15°C, which was then stirred at 15 to
25°C for 1.5 hours. Next, this reaction mixture was
added dropwise to a mixed sclution of 1310mL of water
and 188mL of hydrochloric acid under cooling. The
organic layer was separated, thereto was added 1250mL

of water, and the pH was adjusted to 3.0 with 5%



20 Reference Exanple 2 z HSI1 \ Br HOBr i -~ %0 T
o wat er (600n.) solution of 88.9g of sodium 25

hydr oxi de was added 200g of 4-bronot hi ophenol and
dropwi se added wat er (300nmL) sol ution of 105g of

chl oroacetic acid, which was then stirred at 60 to 70C
86 for 1 hour. After cooling7the reaction mxture to
40C, thereto were added 140niL of hydrochloric acid
and@oDmMiunfcaiagies agiati seso theioheat Bee t @r SOTIC

The organic layer was separated and s|lowy cooled to
5Clagdervas staratatehtaiheawid tehpeat ul@srgtoy were

Ol o P LS U 5 8 0L U6
e Mo\ P PR 20 58 A1 -
SCoTHAE, oo B Pty g e 5 LR o
((jlél%%:rt%rnrg gﬁtecﬂ?]%?[ﬁ izg%)eatﬁc acl %d;fpa}gﬁ'gg UZQ'CSn ao?etic
acid and left unattended in room temperature overnight.
To the reaction solution was added 200mL of 5%
potassium hydroxide aqueous solution, and the organic
10 layer was separated. To the organic layer was 25.0g of
activated carbon, which was then stirred at room
temperature. Insoluble matter was filtered off, and
the solvent of filtrate was distilled off. To the
resultant residue was added cyclohexane, the crystals
15 precipitated were collected by filtration to provide
194g of 5-bromo-2,3-dihydro-l-benzothiophen-3-ol as
pale red solid form.
'H-NMR (CDC13) & value:
2.18(1H,d,J=8.3Hz),3.30(1H,dd,J=12;0,4.4Hz),3.61(1H,dd,
20 J=12.0,6.3Hz),5.30-5.40(1H,m),7.11(1H,d, J=8.3Hz),
7.35(1H,dd,J=8.3,2.0Hz},7.50(1H,d, J=2.0Hz)
(0098}

Example 1-2

H

Br Br
— XY
S S

25



N, N-dinethyl formam de and 132g of thionyl chloride,
whi ch was then refluxed for 1 hour. After cooling the
20 reaction mxture to 20C, thereto was dropw se added
di chl or onet hane(1500nL) suspensi on of 148g of al um num
chloride at 5 to 15C, which was then stirred at 15 to
25C for 1.5 hours. Next, thigg8reaction m xture was
added dropwi se to a m xed solution of 1310nL of water
25 and 188nl Tf dnatrachi @il aciel wnder €bol@dg. offhe-
organi c | ayer was separated, thereto was added 1250nL

of Mt 2 ratmef ited g edre e sk b e B oL Wath sdder 12.4g
t assi bonat _ | ution. Th i

oyt Ricko LRSI 0] QPR tiire it thefas then

added.,15. 3 _f 0 iun1bor§¥¥q$£de and 500nlL of, . o

met ranol* i ch Yifen P BRSO R e ES

h TQ ot t | ut | ded .75

SataRed & B GRSl ARd GAPIEDAEGE P Tndl]

acigq 13nd 4 ef tr JunAt haRAGH, ddy f LEMReL UM £ %ﬁ%ﬁﬁ?Shed'

overnight. To the reaction solution was added
of Wa¥h RODASS Mt de [ BeaUS SAIERD wAKE Ade were
organic 10 | ayer was separated. To the organic | ayer
wagotbiedof toaiiivat a6 sCarpni sehisiiam 100, I rter
at room tenperature. Insoluble matter was filtered
of Bt a&ndo tlBECsol Thatpoécliplitabtewnascdilibckkeddbef f .
To the resultant residue was added cycl ohexane, the

10cr yét slret 16nptec ppiotvated 268ge odo|S-datogw 3y biein zatdtiqmhene
to provide 194g of
5- BeoRsle, Bugphedeelidodrzat-hi ophen- 3- 0l as

1H—NMR(CDC13) & value:
7.27(1H,d,J=5.4H=z),7.44(1H,dd,J=8.5,1.9H=z),7.48(1H,d, J=

5.4Hz),7.74(1H,d, J=8.5Hz),7.97(1H,d,J=1.9Hz}

15 [0099]

Example 2~1

0,Et
Br
{jg J CO,Et WCOZH
—— i . — R
S

20 (1) To 1,2-dimethoxyethane(10mL) suspension of

0.02g of tris(dibenzylideneacetone)dipalladium({0) were
added 0.11g of 10%{w/w)tri(tert-butyl)phosphine/hexane,
1.76g of cesium carbonate, 0.50g of 5-
bromobenzothiophene and 0.45g of diethyl malonate,

25 which was then refluxed for 2 hours. To the reaction
mixture were added water and ethyl acetate, followed by

adjustment to pH2 using 2mol/L hydrochloric acid. The



pale red solid form 'H NVR(CDC13) 5 val ue:
2.18(1H, d, J=8. 3Hz), 3. 30( 1H, dd, J=12. 0, 4. 4Hz) , 3. 61( 1H, dd

20

J=12.0, 6. 3Hz), 5. 30-5. 40( 1H, ), 7. 11( 1H, d, J=8. 3Hz)

7.35(1H, dd, J=8. 3, 2. OHz), 7. 50(1H, d, J=2. OHz) [ 0098]
Exanple 1-2 H Br Br 25 S (8 -~ S 88 To

acet one(600nm.) solution of 300g of 5

br oW N 13- di el ovas begirat i 9phend-dr 1 9@ sovelt eanipdagus
of p-toluenesul fonic acid nonohydrate, which was then
ref“?élﬁﬂﬁflf'ﬁ? MHANY, folkoreed é%ﬁét‘il%ﬁtjsJoJchﬁ‘H ot falsh®

adde acti vat ed car bon, t
st St e e Sl BT G 1 o THE che s Sl cFedue

el e e T S R

51?|t I t%r g%récﬁcthg%?lg\?l ?@Btsz"%&fav%sb?gln%q%t benggﬁlfpopehene69 g

i0

15

20

25

as I [
7. f’%fﬁ“egw I—@ 51344 1HO(]§JT'[ ?3(1?’ 9Hz e 45%1@“5’3
= s%.llildz)f,o}m74(1H d, J=8. 5Hz) , 7. 97(1H d, J= A 9Hz) 15

[0099] Exanple 2-1
'H-NMR(CDC13) & value:

1.27(6H,t,3=7.1Hz),4.1-4.3(4H,m),4.73(1H,s),7.33

(1H,d, J=5.4Hz},7.40(1H,dd, J=8.3,2.0Hz),7.45(14,d, J=5.4H
z},7.87(1H,d,J=8.3Hz),7.87(1H,d, J=2.0Hz)

(2) To ethylene glycol{l.0mL) suspension of 0.25g
of diethyl 2-(l-benzothiophen-5-yl)malonate were added
1.0mL of 40% (w/w) potassium hydroxide aqueous solution
and 0.3mL of water, which was then refluxed for 2
hours. To the reaction mixture were added water and
toluene, and the aqueous layer was separated. The pH
was adjusted to 2 with 6mol/L hydrochloric acid, and
thereto was added ethyl acetate. The organic layer was
separated, and dried over anhydrous magnesium sulfate,
followed by distilling off the solvent under reduced
pressure. The resultant residue was suspeﬁded to SmL
of xylene, and thereto was added 0.0lg of p-
toluenesulfonic acid monohydrate, which was then
refluxed for 30 minutes. The solvent was distilled off
under reduced pressure, and to the resultant residue
were added toluene and cyclohexane. The precipitate

was collected by filtration to provide 0.02g of 2-(1-



O2Et Br CO2Et ~J'-CO2H 20 (1) To

1, 2-di net hoxyet hane(l Onl.) suspensi on of 0.02g of
tris(di benzyli deneacet one)di pal | adi um(0) were added
0.11g of 10%wWwtri(tert-butyl)phosphi ne/ hexane,

1. 76g of cesium carbonate, 0.50g of 5-

br onobenzot hi ophene and 0. 45g0of di ethyl mal onate, 25
whi ch was then refluxed for 2 hours. To the reaction
mi Xeen 20 Wek epeitted wat &tetaid ®thyl aaceebeeyel bbvonedid
by adjustnment to pH2 using 2nol/L hydrochloric acid.
Thef‘58't9n organi c | ayer was separated, and dried over

anhydr ous nagne5|un1sulfate followed by distilling
of f S AR (R aht SuRA&REF educed pressure The resultant

ch?’o%gd){\aasdhypysi ﬂeﬁcj@ﬁf “r;l’ ei‘agnée?@i[ %gleﬁg?)e' = 10:1)
gzo(ﬁr‘%l\/{wzdt(ﬁ' zgfh' ng yf)%{%rfaﬁ lr Bt Lot 1 ' or m

NR(GDC1 3) 6 val ue:

é?(GH t,J=7.1Hz),4.1-4.3(4H M ,4.73(1H,s),7.33 10
(1@g$m5¥§z§£@ 7.40(1H,dd, J=8.3,2. OHz), 7.45(1H,d, J=5.4
H z),7.87(1H,d,J:8.3FE),7.87(1H,d,J:2.0Hz) (2) To

et hyl ene glycol (1. OrL) suspension of 0.25g of diethyl
2- (1- benzot hi ophen-5-yl ) mal onate were i added 1.OrL of
A40% W w) pot assi um hydroxi de aqueokEsBuuti on 15 and

0. 3nk o L 8r, whi ch was xed for 2 hours.
To tion m Xture we
r—————

i0

(1) To 1,2-dimethoxyethane (10mL) solution of
0.11g of 10%(w/w)tri(tert-butyl)phosphine/hexane were
added 0.02g of
tris(dibenzylideneacetone)dipalladium(0), 1.76g of

15 cesium carbonate, 0.50g of 5-bromobenzothiophene and
0.61g of tert-butyl malonate, which was then refluxed
for 2 hours. Next, thereto were added 0.02g of
tris(dibenzylideneacetone)dipalladium(0) and 0.1lg of
10% (w/w)tri (tert-butyl)phosphine/hexane, which was then
20 refluxed for 1 hour. This reaction mixture was added
to a mixed solution of 30mL of water and 20mL of ethyl
acetate, and the pH was adjusted to 3 with 6émol/L

hydrochloric acid. The organic layer was separated,



tol uene, and the aqueous |ayer was separated. The pH

was adjusted to 2 with 6nol/L hydrochloric acid, and

thereto was added ethyl acetate. The organic | ayer was

20 separated, and dried over anhydrous nmagnesi um

sul fate, followed by distilling off the sol vent under

reduced pressure. The resul 8ant resi due was suspended

to 5nL  of xylene, and thereto was added O O g of

t ol &fich &l b it e T G eh YRDFRIHS) IR TRS S AN cmub\;ﬁ%t%eﬁokgowed by

refluxed for 30 m nutes. The solvent was distilled off
feddift e"‘oja‘fﬁﬁt% Hrffer r’é?;‘ﬂﬁff%tpﬁ?%%?‘élﬁ% The

ﬁéfeecsgﬁ & ttegf'%?&f%atn‘%a%: LS S G S PbE b9t (qolumn
oG |th% hen’\;%(%q:\?)etﬂfc acl d at%ﬁ'ac teétl.é”‘i 20:1)
4B ok Y A AT P dprionr

[O%Q%Oéﬁeéqwa%@a% OatiBe fiilq @etBu S 02H /|
'H-NMR (CDC1;3) & value:
1.47(18H4,s),4.55(1H,s),7.32(1H,d, J=5.4Hz),7.39(1H,dd, J=
8.5,1.7Hz),7.43(1H,d, J=5.4Hz},7.84(1H,d, J=1.7Hz},7.86(1
10 H,d,J=8.5Hz)
{2} To toluene (2.5mL) solution of 0.25g of
di(tert-butyl) 2-(l-benzothiophen-5-yl)malonate was
added 0.01g of p-toluenesulfonic acid monohydrate,
which was then refluxed for 1 hour. After cooling the
15 reaction mixture, the precipitate was collected by
- filtration to provide 0.14g of 2-(l-benzothiophen-5-
yl}malonic acid as white soclid form.
'H-NMR (CDC1l;) & value:
4.80(1H,s),7.3-7.5(1H,m),7.47(1H,d, J=5.5Hz),
20 7.77(1H,d,J=5.5Hz),7.89(1H,s),7.97(1H,d, J=8.3Hz)}
(3) To xylene(2mL) suspension of 0.10g of 2-(1-
‘benzothiophen-5-yl)malonic acid was added 4mg of p-
toluenesulfonic acid monohydrate, which.was then
refluxed for 1 hour. The solvent was distilled off
25 under reduced pressure, and to the resultant residue
was added cyclohexane. The precipitate was collected
by filtration to provide 0.08g of 2-(l-benzothiophen-5-

yl)acetic acid as white solid form.



S 10 (1) To 1, 2-di nmet hoxyet hane(l OnlL) sol ution of

0.11g of 10%w w)tri(tert-butyl)phosphi ne/ hexane were
added 0. 02g of

tris(di benzyli deneacetone)di pal | adium(0), 1.76g of 15
cesi um car bonate, 0.50g of 5-bronobenzothi ophene and
0.61g of tert-butyl mal onategzwhich was then refl uxed

for 2 hours. Next, thereto were added 0.029 of

tri s(di benzyl Thierfdaeret onk) st ot | wall wag 09 £ arft-NYR |gpagftral
10%wW wtri(tert-butyl)phosphine/ hexane, which was

t helit 2PG%sf Poxeds ol th Rber vatnies odaceiagb e »dUr € was
adde to a mxed solution of 30nmL of water and 20ni

of &t ] acetate, and the pH was adjusted to 3 with

6 /L _.h hloric acid. The organic |ayer was

se 5?§Fg§¥%%%$ and dried over anhydrous nagnesi um

sul fate, followed by distilling off the solvent under
reduced pressure. The resultant residue_was purified
using silica gel columm chromat ography
hexane: ethyl acetafe Br20:1) 5 10 pgovible 0.49 g of
di (tert-butyl )y 2 Henzot hi op#n- ) reC6hBte as

white solid f®6 LN ~ PicH
1. 47(18H, s), 4. 7s), 7. 32(1H, & J=574Hz), 7. 39( 1H, dd, J

.5,1. 7Hz), 7. 43(1H, d, J=5. 4Hz) , 7. 84(1 H, d, J=1. 7THz) , 7. 86(

zég g'];d’ I=8OHDh etk (Bl Ol (2P le SIS Hinyl

cyanoacetate were added 0.41g of potassium tert-

5(1

O — 0o |

10 butoxide, 0.30g of 5-bromobenzothiophene and 0.02g of

tetrakis (triphenylphosphine}palladium(0), which was
then refluxed for 7.5 hours. To the reaction mixture
was added water, and the pH was adjusted to 2 with

hydrochloric acid. Thereto was added ethyl acetate,

15 and insoluble matter was filtered off. The organic

20

25

layer was separated, washed with water, and dried over
anhydrous magnesium sulfate, followed by distiliing off
the solvent under reduced pressure. The resultant
residue was purified using silica gel column
chromatography (eluent; hexane:ethyl acetate = 5:1} to
provide 0.16g of ethyl 2-(l-benzothiophen-5-yl)-2-
cyanoacetate as pale yellow solid form.

1H—NMR(CDC].3) & value:

1.29(34,t,J=7.1Hz) ,4.25(2H,m),4.84(1H,s},7.37(1H,d, J=5.
4Hz),7.41(1H,dd,J=8.5,1.7Hz),7.54(1H,d, J=5.4Hz),7.92(1H
,d,J=8.5Hz),7.94(1H,d, J=1.7Hz)}



di (tert-butyl) 2-(I-benzothi ophen-5-yl)mal onate was
added O. A g of p-toluenesul fonic acid nonohydrate,

whi ch was then refluxed for 1 hour. After cooling the
15 reaction mxture, the precipitate was coll ected by
filtration to provide 0.14g of 2-(1-benzothi ophen-5-
yl)mal onic acid as white soligd form 'H NVR(CDC13) S
value: 4.80(1H,s),7.3-7.5(1H, m,7.47(1H, d, J=5.5Hz),
20 WIA¥{NH, d, J=5.5Hz), 7. 89(1H,s), 7. 97( 1H, d, J=8. 3Hz)
(3)_To xylene(2nm) suspension of 0.10g of 2-(1-
berfzett bphend 5- yl ) mal oni ¢ acid was added 4ng of p-

t ol uenesul foni c aci d nonohydrate, which was then
refluxed for 1 hour. The solvent was distilled off 25

under reduced pressure,

was sddeth, el ohexane. ~LheMrecipitate %22;:Zbkﬁfkp
¢ i on—tOmpfov . Oééz%f-—-—-—-- 2H
( ¥Z0t hi ophen acetic acid as$ solid

an@Nt o the resul tant residue

form 92 The Chemical shift values of 1H NWVR spectra
in CDCL3 agreed with the val ues of exanple 2-1(2).
[0101] Exanple 2-3 5 N Br COzEt To tol uene(3ni)

sol uti on of (E@ploferns (RAmly sgiozrensien wef 0 abld@dot
0.41g of potassiumtert

5

10

15

20

dichlorobis (triphenylphosphine)palladium(II) were added
0.12g of triphenylphosphine, 0.0lg of sodium
borohydride, 5.79g of potassium tert-butoxide and 2.92g
of ethyl cyancacetate, which was then stirred at room
temperature for 10 minutes. Thereto were added 5.00g
of 5-bromobenzothiophene and 25mL of toluene, which was
then refluxed for 4 hours. Thereto was added 0.14g of
tetrakis (triphenylphosphine)palladium{(0), which was
then refluxed for 2 hours. Next, to the reaction
solution were added 25mL of ethanol, 2.82g of sodium
hydroxide and 5mL of water, which was then refluxed for
6 hours. Thereto was added 2.82g of sodium hydroxide,
which was then refluxed for 5 hours. To the reaction
mixture were added 15mL of water and 0.5g of activated
carbon, and insocluble matter was filtered off. The
aquecus laver was separated, and to the solution was
added 35mL of ethanol. The pH was adjusted to 2 with
15mL of hydrochloric acid. Thereto was added 15mL of
water, which was then stirred at 40°C. Thereto was
added 30mlL of water, which was stirred. After that, it

was cooled. The precipitate was collected by



10 but oxi de, 0.30g of 5-bronobenzothi ophene and 0. 02g
of tetrakis(triphenyl phosphine)palladi un(0), which

was then refiuxed for 7.5 hours. To the reaction

m xture was added water, and the pH was adjusted to 2
with hydrochloric acid. Thereto was added et hyl
acetate, 15 and insoluble mattder was filtered off. The
organic |ayer was separated, washed with water, and
dri %Hl%%FlO%nmd%%‘él%g%eéﬁgn%uBréiebeﬂéPFbmahﬁy 5-
dISti||In of f he sol vent ﬁnder reduc d pressure.

TheY T e3¢ %ﬁtac+ s?ﬂu%a%%syﬁ +?¥i 8ol 4<i F9T%i 1 i ca ge

goguqy ?g Chr ﬁ%%ld%l Yafuégngfeﬁanéu§gégtral

yel (i1 RAPZO! E- 'é%l” "’%%N)A'?E?% W ALY (2) .

2§1m]t J 7. IHz) 4.25(2H, ), 4. 84(1H,s), 7. 37(1H, d, =5
5

AHZ)xabartld 1H 9dd, J=8. 5, 1. 7Hz), 7. 54( 1H, d, J=5. 4Hz) , 7. 92( 1
H ,d,J=8.5Hz),7.94(1H d, J=1. 7Hz) 93 [0102] Exanple
2-4 N Br CQ2Et / ( COZH S S To tol uene(25nL)
suspensi on of 0.16g of

di chl orobi s(tri phenyl phosphi ne) pal | adi u
added 5 0. 12/, nyl phospkipe

S S

NI) were
Y éongEodl um

To 1,2-dimethoxyethane (25mL) suspension of
0.16g of dichlorobis(triphenylphosphine)palladium(II}

were added 0.12g of triphenylphosphine, 0.0lg of sodium

10 borohydride, 5.53g of potassium tert-butoxide and 3.48g

of tert-butyl cyanoacetate, which was then stirred at
room temperature for 10 minutes. Thereto was added
5.00g of 5-bromobenzothiophene, which was then refluxed

for 2 hours. After to the reaction mixture was added

15 15mL of water, the pH was adjusted to 1 with 2mL of

20

hydrochloric acid. The precipitate was collected by
filtration to provide 5.69g of tert-butyl 2-(1-

benzothiophen-5-yl)~2-cyanocacetate as pale yellow solid
form. |
'H-NMR (CDCl3) & value:
1.45(9H,s),4.73(1H,s),7.36(1H,d,J=5.6Hz),7.39(1H,dd, J=8
.9,2.0Hz),7.52(1H,d,J=5.6Hz),7.91(1H,d, J=8.5Hz}, 7.9~

8.0(1H, m)



bor ohydri de, 5.79g of potassiumtert-butoxide and
2.92g of ethyl cyanoacetate, which was then stirred
at room tenperature for 10 m nutes. Thereto were
added 5.00g of 5-bronobenzothi ophene and 25nL of
tol uene, which was 10 then refluxed for 4 hours.
Thereto was added 0.148 of 95
tetrakls(trlphenylphosphlne)palladlun(O) whi ch was
t heh0}@4] uxed for 2 hours. Next, to the reaction
sol ution were added 25nL of ethanol 2.82g of sodium
hy - ETRIES ahid® 5l of water, which was then refl uxed
for 15 6 hours. Thereto was added 2.82g of sodi um
hydr oxi de, which was then refluxed for 5 hours. To
the reaction mxture were deMed | 5nL of water and

j Q. _2Rd i rsol ubl e te
I aﬁé? s seQFr te nd G@.H
& F~35nL of ethanol.’g was
adjusted to 2 wth 5nL of hydrochloric acid. Thereto
was added I5nL of water, which was then stirred at
40C. Thereto was added 30mL of wat er, whi ch was
stirred. Aftdro thhai-direthvasysdaodres(1l . T0eLpreslptiateof
was collected by 94 filtration to provide 3.38g of
2- €B0ge whotirikypsirerbeizof  apdtarce avdrk aadgrd 62 Ve | ofv
solid form The Chem cal shift values of 'H NWR
%p@@ttﬁélslqﬂh temtrdugrdate ind 1o vaff tertofbwkahpl e

2- 1& 0103] Exanple 2-5 N
anoace ate. Thereto were added 8.23g of

dichlorobis (triphenylphosphine)palladium(II) and 6.15g
of triphenylphosphine at 80 to 85°C, which was then
refluxed for 2 hours. WNext, to the reaction mixture
10 were added 500mL of ethylene glycol, 250mL of water and
263g of potassium hydroxide, which was then refluxed
for 4 hours. To the reaction mixture were added 1.50L
of water and 12.5g of kieselguhr (cellpure, product of
Advanced Minerals Company). After inscluble matter was
15 filtered off, to the filtrate was added 250mL of
toluene, and the aqueous layer was separated. To the
aquecus layer were added 375mL of toluene and 375mL of
ethyl acetate, the pH was adjusted to 1 with 505mL of
hydrochloric acid, and the organic layer was separated.
20 The organic layer was treated with|12.5g of activated
carbon. The solvent was distilled off under reduced
pressure, to which was added toluene. The precipitate
was collected by filtration to provide 176g of 2-(1-

benzothiophen-5-yl)acetic acid as white solid form.



/| Br CO2°Bu S ( -'" S To 1, 2-di met hoxyet hane(25nL)
suspensi on of 0.16g of

di chl orobi s(tri phenyl phosphi ne) pal | adi um(11) were
added 0.12g of triphenyl phosphine, O O g of sodium 10
bor ohydri de, 5.53g of potassiumtert-butoxide and
3.48g of tert-butyl cyanoacets& e, which was then
stirred at roomtenperature for 10 n1nutes Thereto
was added 5.Tog GeBipnbnehibftovalophens, Hulilh spectral
then refluxed for 2 hours. After to the reaction

mi xtRrePves 3dEeE 15 s fbheofvadaies of rEampimse 1 (2) -
adj@f(ﬁ? to 1 with 2nL of hydrochlorlc acid. The

pre % hte was collected by filtration to provide

é% efts butyl 2-(1-

benz |ophen 5-yl)-2-cyanoacetate as pale yell ow
solid form 20 1H—NNR(CDC13) 5 val ue:
1.45(9H,s), 4. 73(1H,s), 7. 36(1 H, d, J=5. 6%&) 7.39(1H, dd, J=
8

NC GO, Bu CO,H
H, d2J=8. SHz), 7. 9-

Br I CO2YBu

.5,2.0Hz), 7.52(1H, &
8. O(1H, m 95
SSSTo 1,2
of 5-Dbronoben g pHe re -L
pot assi um t er t¥but 0xi de and 1$Ag o)

tert-butyl S

5 To 1,2-dimethoxyethane (3mL) solution of 0.30g
of 4-bromcbenzothiophene were added 0.33g of potassium
tert-butoxide, 0.21g of tert-butyl cyancacetate, 0.0lg
of dichlorobis (triphenylphosphine)palladium(II} and
0.01g of ﬁriphenylphosphine, which was then refluxed

10 for 40 minutes. Thereto were added 0.33g of potassium

tert-butoxide, 0.0l1g of dichlorcobis(triphenylphosphine)

palladium(II) and 0.01lg of triphenylphosphine, which
was then refluxed for 30 minutes. The reaction mixture
was added to a mixed solution of water and ethyl

15 acetate, and the pH was adjusted to 1 with 6émol/L

hydrochloric acid. The organic layer was separated,

and dried over anhydrous magnesium sulfate, followed by
distilling off the solvent under reduced pressure. The
resultant residue was purified using silica gel column

20 chromatography (eluent; hexane:ethyl acetate = 5:1) to

provide 0.26g of tert-butyl 2-(l-benzothiophen-4-yl)-2-

cyancacetate as pale brown oily form.

l1H-NMR (CDCl3) & value:



cyanoacetate. Thereto were added 8.23g of

di chl orobi s(tri phenyl phosphi ne)pal | adi un(l11) and 6. 15g
of triphenyl phosphine at 80 to 85C, which was then
refluxed for 2 hours. Next, to the reaction m xture 10
wer e added 500nL of ethylene glycol, 250niL of water
and 263g of potassiun1hydroﬁ7de whi ch was then

refl uxed for 4 hours. To the reaction mxture

add]ed421 Hots) ot - Gt Bt Bhd’ 4 %957@%‘% %%s%ﬁ{@hh‘r' 4ST1H, a, 3=7.

A tiﬂz")“fnﬁaﬁﬁ’fg“qiawi-r6i€£é S TR T ol 5 0T o7 R 1, 4, 0=

f|| m& was added 250ni of toluene and the aqueous
Iayer S separated To the aqueous | ayer were added
375 of tol uen 7 C he-p
vvas(lga)dj ust ed to 1 %%%lriéo% Ff )20%%\;1?%0%08% b 259

Aang # R QALga e dga-yar a@f&% i VZ)th Tl@-@y%@aé&%aete

| ayer was treate th 12 car

sohnant amfedistod] e ddudtiderssdicsd opressure, to

whi ch was added tol uene. The precipitate was

coldloactwe ) ipyo ta dtirgd irgRi ok iRfeD\drite OL7AEL A3 f Jedtler, which
benzot hi ophen-5-yl )acetic acid as white solid form 96
TheraGheierals tshirfeid vl 885 wf KH°NMVRogpdchwalr .i n TCDELR
agreed with the values of exanple 2-1(2). [0105]

Ex&epicd izn7 miGtOoR BereCakddad Faters and -tglueng and the

10 aqueous layer was separated. The pH was adjusted to 2

with 6mol/L hydrochloric acid, to which was added ethyl
acetate. The organic layer was separated, and dried
over anhydrous magnesium sulfate, followed by

distilling off the solvent under reduced pressure. To

15 the resultant residue was added cyclohexane. The

20

precipitate was collected by filtration to provide
0.15g of 2-{(l-benzothiophen-~4-yl)acetic acid as white
solid form.

'H-NMR (CDCl3) & value:
3.95(2H,s),7.2-7.4(2dH,m),7.41(1H,d,J=5.5Hz},
7.47(1H,d,J=5.5Hz),7.82(1H,d, J=7.8Hz)

[0106]

Example 3-1

To 340mL of tetrahydrofuran was suspended




5 To 1, 2-di met hoxyet hane(3nL) sol ution of 0.30g of

4- br onobenzot hi ophene were added 0. 33g of potassi um

tert-butoxide, 0.218 of tert-butyl cyanoacetate, O Og

of dichl orobi s(triphenyl phosphi ne)pal | adiun(11) and

O d g of triphenyl phosphi ne, which was then refluxed

10 for 40 m nutes. Thereto weBe added 0. 33g of

pot assium tert-butoxide, O dg of

d| ¢l o?r%mfs(%qqlmﬁferﬁnmﬂ%) o arhieh wrgTe ) daprPped

of trlphenyl hosphi ne, which was then_refluxed

é%? ‘gqqﬂﬁﬁl§ﬁ%qﬁ%&QuQ; W9 fdeblto a

R CIE et
Th% grcg%n elsasyl%rel Svﬁ}elpc?{e%af Iﬁho%\}p/e Lglrfle W€ room

anhydrouds nagnesi u IstrlTring

of f;. %r%‘%lu\’r%ntfo ders neduced prg rserTJ&laresfm@pfe

resi due was puri ed using silica gel co

chrarRiRgARe (a%idé%{‘tasdlﬁw?%c%ﬂliﬂe acﬁ{l&&l’? wa§ then O
provi de 0.26g of tert-butyl

2- t4iheraotrhiropite fridrios.2- THARAARL ikt Afddrl 1t vt
oily form '"H NVR(CDC13) 5 value: 97

1. 42¢8H, ands 688MLHE) tALRMEH, t Tl Aidgn it 40{yidt dyals=7
SHEppArsaEty, ¢o) whichy Wk 5EcHd & 10nd, @t)waﬁteg:z,( Bad, the

= 7.8Hz) (2) To ethylene glycol 1 sol uti on of
100. pEgwas @ﬁjp@ﬁpdb@pyHZ with 48m 0% (w/w)sodium
2 1- benzaot hi ophen-4-yl) - 2- cyanoacetate Wwere added

reKidguasnsoss| S 167 0T AESAHSS] kHer was

h dr oxi de and 0.3nL wat.er, which
sepé%ateg, and was%ed with waﬁer, followed by

distilling off the solvent. Thereto were added
cyclohexane and toluene. The precipitate was collected
15 by filtration to provide 135g of 2-(l-benzothiophen-5-
yl}ethanol as white solid form.
'H-NMR (CDC13) & value:
1.41(1H,t,J=6.0Hz),2.99(2H,t,J=6.5Hz),3.8-4.0(2H,m},
7.22(14,dd,J=8.3,1.7Hz),7.30(14,d,J=5.4Hz),7.44(1H,d,Jd=
20 5.4Hz),7.6-7.7(1H,m),7.83(1H,d,J=8,3Hz)
[0107]
Example 3-2
To 5mL of 1,2-dimethoxyethane was suspended
2.95g of sodium borohydride, to which were dropwise
25 added 1,2-dimethoxyethane(25mlL} solution of 10g of (1-
benzothiophen-5-yl)acetic acid, and 1lmL of 6.%mol/L
hydrochloride/1, 2-dimethoxyethane solution, which was

then stirred at room temperature for 1 hour. To this




was then stirred at 95 to 105C for 1 hour. To the
reaction m xture were added water and tol uene, and the

10 aqueous | ayer was separated. The pH was adjusted to

2 wth 6nol/L hydrochloric acid, to which was added
ethyl acetate. The organic |ayer was separated, and
dried over anhydrous nagnesi?¥m sul fate, foll owed by
distilling off the solvent under reduced Eressure. To

15 TR e | Rt ure staRed iR heklctiddgd| oRbxafeacThene,
preci pitate was collected by fjJtration to provide -

0. By Tt W2y 1‘%%‘?‘12%'?%1’?36%‘%&%/%?/@)r&{:%‘t‘\:%saci hggehf yare
solid. for ' H- NVR(,CDC13 val ue: . 20

3 S A0 20 R 2o 178 | Eot §Se cppg 2mL of 2mol/L
7.47 =5. . {-8 d, J=

- P Ha s O P Ble 0t LTTASe o
SUPeNded 1% om0- 28 Ao 54! w Ldeqe t9quby,

wer e drog:gg%z tetrahyd?d?%r%gﬁégﬁ) _&%%Ifﬁ?o%q%g §€Og

of ol tiezOttH ORVeflrrY | )ARSE | vfa RCha Al &P | Bh&forganic
sul furic acid successively, which was then stirred a
rogmyert eRe Bt E dvidr Zirkh B Ay Burh eael fHfe,

m xture was dropw se added 85nL of acetone, which was
th&wllowed by distilling off the solvent. Thereto were
added cyclohexane and toluene. The precipitate was
10 collected by filtration to provide 7.84g of 2-(1-
benzothiophen-5-yl}ethanol as white solid form.
[0108]
Example 3-3
To 40ml of tetrahydrofuran was suspended
15 4.72g of sodium borohydride, to this solution were
dropwise added tetrahydrofuran{é60mL) solution of 20g of
(l1-benzothiophen-5~yl)acetic acid, and 6.12g of
sulfuric acid. The solution was heated to 66°C,
followed by distilling off about 40mL of the solvent
20 under normal pressure, which was then stirred at same
temperature for 1 hour., After cooling, to this
reaction mixture was dropwise added 10mL of acetone,
which was then stirred for 30 minutes. Thereto were
added 90mL of water and 80mL of toluene. The organic
25 layer was separated, to which was added 60mL of water,
and the pH was adjusted to 13.6 with 5mL of 5mol/L
sodium hydroxide agqueous solution. The organic layer

was separated, washed with water, followed by



stirred for 30 mnutes. Thereto were added 510nL of

wat er and 680nL of toluene. The organic |ayer was
separated, to which was added 510nL of water, and the

10 pH was adjusted to 12 with 48nL of 20% w w) sodi um

hydr oxi de aqueous sol ution. The organic |ayer was
separated, and washed wth wad@&r, followed by

distilling off the solvent. Thereto were added
cycibhelhhbngnef f ot ieneol et praeiipt haretoasecs| fddedd

15 by filtration to provide 1359 of -

2- (WY DM F D - Brlysnet haRof REeGhPiEaE8| VasT 6pmlected

. . I o .
LAY T T B st by inte 11659 506 ) 23! B-aepohipphen-5-
7. 2201 Hodd. 3=8. 3, 1. 7Hz) . 7. 30( 1H.d. J=5. 4Hz) . 7. 44( 1H, d, J
= %l()%dﬂ?lﬁ%‘?ﬂ tfh??ﬁl, .éé‘i’i'}lr, d, J=8. 3)Hz) [8107]

le 3-2 - -di
fﬁg gg n g ed 2-58_5659 r%né}lglo%? % n%%’?% %%?'l%% ?g]te o%Mc% S\ﬁe%%t ral

dr i 5 21 dipet Y&ih tion
of q{qygg@g:fl%( f@%%ﬁzﬁlﬁﬁogﬁn@ y )a?ef?%éggl(f Shes i
of 1Yl /L hydrochloride/1, 2-di net hoxyet hane
solution, which was then stirred at roomtenperature
f olExhnipdy .4-Tlo this 99 reaction m xture was dropw se
added 5nL of acetone, which was then stirred for 30
m nutes. Thereto were added 20niL of water, 30nlL of

t ol ugne _and ofef 2nol /L hydrachlericsacid. Next,
afts adi.“s UGN
S S
(/D/.\/ CO,Pr C@/\/ CO,H
S

(1) To toluene(S5SmL) suspension of 0.23g of

10 40%(w/w)benzyltrimethylammonium hydroxide agueous

solution was added 5.00g of 2-{(l-benzothiophen-5-
yl)ethanol, and dropwise added 2.20mL of acrylonitrile
at 0 to 5°C, which was then stirred at 0 to 20°C for 1

hour. To this reaction mixture was added 0.125mL of

15 hydrochloric acid. Thereto were added 10mL of

20

propancl, 1.0mL of water and 3.1lmL of sulfuric acid,
which was then refluxed for 6.5 hours. After cooling,
to the reaction mixture were added 10mL of water and
10mL of toluene. The organic layer was separated, and
dried over anhydrous magnesium sulfate. After
insoluble matter was filtered off, the solvent was
distilled off under reduced pressure. The resultant

residue was purified using silica gel column



5 9.5 with 20nL of 2nol/L sodi um hydroxi de aqueous

sol ution, the organic |ayer was separated. The organic

| ayer was dried over anhydrous nagnesi um sul f at e,
followed by distilling off the solvent. Thereto were
added cycl ohexane and tol uene. The precipitate was 10
collected by filtration to pr@vide 7.84g of 2-(1-
benzot hi ophen- 5- yI)ethanoI as white solid form

[ 0108 onEargr aptay 3( Tl lofxare rafblydl ot cedmtees 15:1 to
suspended 15 4.72g of sodi um borohydride, to this

sol itk orFQ/vé?Ié’VJd}‘% | S0 Al RE PRY ¥ yﬂ%firrkaweem}ophen-

soI tlgn qﬁ? (1-benzothio hen 5 acetic acid,
A QRH?Q?ERH%P CHeat ed

t 0166 Iome |st|II|ng off about 40mL of the

solg ﬁyRéégb%aér ? pressure, which was then

Tol iR ST mé‘é’fel{?%ﬁrfnéxﬂ%%%? RO Sl

| 0oL o AL one . 18] o Yeed MerSE 1A 4074 J=6. 4

n1nutes Théreto &ﬁge a deJ¥ ﬁ{ of ﬁ@té% an§8§OnL ? z
t olyyene2 (g t9r8aNi7g A5 1 azeenm SRPArAtedsH s P, M@ma d,

was added 60ni of water, —and the pH was adj usted

13 .76 5wi6tHf ) vl 4af( 15179, 3=5 .a¥H ym mm"pﬂad(eua,q:weouws

sol ution. The organic | ayer was separated, washed

wi t{A HByalt, ge=8 . Rzl owed by 100 distilling off the

sol vent, and thereto were added cycl ohexane and

10t ol{déne. The Tpr vetpiaratie hkad.)caldledtieth of 12.0g of propyl

—-{2-(l1-benzothiophen-5-yl}ethoxy)propionate was added
water (12mL) solution of 2.76g of potassium hydroxide,
which was then stirred at room temperature for 1.5

hours. This reaction mixture was distilled off under

15 reduced pressure, to which were added 36mL of toluene

and 36mL of water. The pH was adjusted to 1.9 with 8mL
of émol/L hydrochloric acid. The organic layer was
separated, followed by distilling off the solvent under

reduced pressure. Thereto were added 12mL of toluene

20 and 24mL of cyclohexane. The precipitate was collected

25

by filtration to provide 8.91g of 3-(2-(1-
benzothiophen-5-yl)ethoxy)propionic acid as white solid
form.

'H-NMR (CDC1;) & value:
2.63(2H,t,J=6.2Hz),3.00(2H,t,J=7.1Hz),3.72(2H,t,J=7.1Hz
}.3.74(2H,t,J=6.2Hz),7.20(1H,dd,J=8.4,1.6Hz),7.27(1H,dd
+J=5.5,0.6Hz),7.40(1H,d,J=5.5Hz),7.65-7.70(1H,m}),7.78

(1H,d, J=8.4Hz)



by filtration to provide 16.5g of

2- (1 -benzot hi ophen-5- yl)ethanol as white solid form
5 The Chem cal shift values of "H NMR spectral in
CDC13 agreed with the val ues of exanple 3-1. [0109]
Example 4-1 S i CHSI1%CN-~CN _~ NZ O-~COPr -~ NZ
ON CO2H S~r: (1) To toluenegdnl) suspension of 0.23g

of

10 409 W w) benzyl tri nmet hyl anmoni um hydr oxi de

aquedukl] sol uti on was added 5.00g of

2- (1- benzot hi ophen-5- yl)ethanol, and dropw se added
2. ZXommpte att9gl onitrile at 0 to 5C, which was then
stirred at 0 to 20C for 1 hour. To this reaction

m xture was added 0.125nL of 15 hydrochloric acid.

Ther oH | Ol QLJ}ﬁ?¢ﬁ wat er
and{’3. | f sul f uH-csacyd, i ch was then T efluxsed
for §- rs. After coolg 0 the reaction mxture

were added 1 Onk of water and | OrL of toluene. The
organi c -

Par ate nd 20 driegd
dsi um sul fatgpzaf't.e.r__i.ns ul

f, the solvent was disti

reduced preésure. The resultant residue was burified
using silica gel colum 101 chronatography (eluent;
hexane: et hyl maeeiatferme (Gl tdusperldid® &f Widey o218~ (1-
of propyl 3-(2-(I-benzot hi ophen-

5

10

15

20

benzothiophen-5-yl)ethanol were added 0.23g of

40% (w/w)benzyltrimethylammonium hydroxide agqueous
solution and 2.28mL of tetrahydrofuran, and dropwise
added 2.20mL of acrylonitrile at 0 to 10°C, which was
then stirred at same temperature for 1.5 hours. To
this reaction mixture were added 0.1lmlL of hydrochloric
acid, 10mL of butancl and 5mL of 50%(w/w) sulfuric
acid, which was then refluxed for 15 hours. After
cooling, to the reaction mixture was added 15mL of
water. The organic layer was separated, and dried over
anhydrous magnesium sulfate. After inscoluble matter
was filtered off, the solvent was distilled off under
reduced pressure. The resultant residue was purified
using silica-gel column chromatography{eluent;
hexane:ethyl acetate = 10:1) to provide 6.65g of butyl
3-(2-{1-benzothiophen-5-yl)ethoxy)propionate as
colorless oily form.

1H—NMR{CDCla) ® value:
0.92(3H,t,J=7.4Hz),1.30-1.45(2H,m) ,1.50-1.65(2H, m}, 2.57
(2H,t,J=6.3Hz),2.99(2H,t,J=7.1Hz),3.71(2H,t,J=7.1Hz), 3.



C12. of
1r-

5-yl ) et hoxy) propi onate as colorless oily form

I H NVR(CDC13) 5 value: 5
.91(3H,t,J=7.4Hz),1.57-1.67(2H, m, 2. 58(2H,t, J=6. 4Hz) ,

.99(2H,t,J=7.1Hz),3.71(2H,t,J=7. 1 Hz), 3. 74(2H, t, J=6. 4H

,4.02(2H,t,J=6. 7THz), 7. 20( 1H @&, J=8. 2, 1. 6Hz), 7. 28(1H, d

J=5.6Hz),7.41(1H,d, J=5.6Hz), 7.60-7. 70(I H, m,7.78

1H A QH=8: 21479 - 3HD) (D)0 062 Hhett hdm!l (H2hi] - sbl Lifi @, &£8.3, 1.

|
3 (DY DA bR dbiETe 50 ) Biond) bt bbi el s5 vz hdles -
t i .76 f t i hyd i de,
mﬁﬁéﬁwiﬁ’ o4 ?ﬂbﬁ%ﬁﬂruﬂﬁk enperature for 1.5
e con” o iedb B (ot R S i O O Bue y1

U O B PR rEn Ul SR Pr IR GE s Taddae

| ayeh HaGSmI3eRY1EGn T |1OWeE Rye %iéﬂaiééihﬂlg Bfdrdhede,

sol vent under reduced pressure. Thereto were "added

| i iefh WRlsuerer?@randtefie Afodiy dlfi@tire®r 2 hours.
precipitate was collected by filtration to provide

8. 9hgd sofredotd-onl mibkemzet RiaepREBtS-IdE tdTX Wriapi dwced
acid as white solid form 1H NMR(CDC1l3) 6 val ue: 25

2. 63€3Hure) =Bo2 )i ch. Ger2Haddedr . 30nd) X T2A(124rte Jrid | HmL

VA
10y, sf7wagErt., JThe2|HE) was2@diMsded+® 4.5 6HAh B .Iml
d

15

20

, JEmog /6. bugyozhderim, acids. sAhe PIERITACGEMIWaE 78

(1H,d, J=8.4Hz) 102 g
separated, followed by distilling off the solvent under

reduced pressure. Thereto were added 15mL of toluene
and 30mL of cyclohexane. The precipitate was collected
by filtration to provide 3.60g of 3-(2-(1-
benzothiophen-5-yl)ethoxy)propionic acid as white solid
form.

The Chemical shift values of 'H-NMR spectral
in CDCl; agreed with the values of example 4-1(2).
[0111]

Example 4-3

H 0
o= —
s .
QI ooy e
S

(1) To toluene(5mL) suspension of 5.00g of 2-(1-

benzothiophen-5-yl)ethanol were added 0.23g of



n

10

15

20

25

[0110] Exanple 4-2 OH O-""CN S S 14 NZ 0 CO2Bu
ON-~~CO2H (1) To toluene(5nL) suspension of 5.00g of
2- (1 - benzot hi ophen-5-yl)ethanol were added 0.23g of 5
409% W w) benzyl t ri met hyl ammoni um hydr oxi de aqueous
solution and 2.28nL of tetrahydrofuran, and dropw se
added 2.20rL of acrylonitrili®4at 0 to 100C, which was
then stirred at same tenperature for 1.5 hours. To

t hidd %r{esen bem zvbtnime therlemadedinO Hydr aofi dey draedows i ¢
10 acid, 1O of butanol and 5nL of 50%w w) sulfuric
acis@l Wikiosh apas 2t REMLr effi (pedd ahord e Wiy s ans tcb‘?OPWlse

coolln%T % t he reactiqon m xture was ad
ke

mﬁélge SFgar calcé’)‘t’é-tor\%s“s]@pé‘rtat%af HE&Cg‘r f"éa &her
s W “?ﬁéﬁs%%‘%iaf Sugbar| FPobRafr tagsion
fe%&%ﬂr f%%%%f gddgpi Syl tg{g Slg{r ro%%‘gl %% %%fl'c{' &bmL of

usi ng Si |ca urm CIEIHI‘O

2%%_@?%%5&)’511@0? @Egn o§ Qralk L0 REQYAR @a@&n@‘ro@ﬁd@d

benzot hi op ethoxy)prop|onate as

coboab §f0hgmrﬁeéﬂlcthrMMB2CDQl%h @a%ak%%n refluxed for
0.92(3 1.30-1.45(2H, m, 1.50-1. 65(2H. 1, 2. 5

7 4 hours After cooling, to the reaction mixture were

(2Ht J=6.3Hz),2.99(2Ht, J=7. | Hz), 3. 71(2H,t,J=7.1Hz), 3
483ed 15mL of water and 10mL of toluene. The organic
layer was separated, and dried over anhydrous magnesium
sulfate, After insoluble matter was filtered off, the
solvent was distilled off under reduced pressure. The
resultant residue was purified using silica gel column
chromatography{eluent; hexane:ethyl acetate = 5:1) to
provide 7.36g of methyl 3-(2-(l-benzothiophen-5-
yl)ethoxylpropicnate as colorless oily form.
'H-NMR (CDC13} & value:
2.58(2H,t,J=6.4Hz),2.99(2H,t,J=7.1Hz},3.65(3H,s),3.71(2
H,t,J=7.1Hz),3.74(2H,t,J=6.4Hz),7.20(1H,dd, J=8.3,1.7Hz)
+7.28(1H,d,3=5.4Hz),7.41(1H,d,J=5.4Hz),7.65-7.70(1H,m},
7.78(1H,d,J=8.3Hz)
(2) . To methanol (5mL) solution of 5.00g of methyl
3~ (2~ {1-benzothiophen-5-yl)ethoxy)propionate was added
water (5mL) solution of 1.27g of potassium hydroxide,
which was then stirred at room temperature for 2 hours.
This reaction mixture was distilled off under reduced

pressure, to which were added 30mL of toluene and 30mL

of water. The pH was adjusted to 1.0 with 5mL of



74(2H, t, J=6. 3Hz), 4. 06(2H, t, J=6. 7THz) , 7. 21( 1H, dd, J=8. 3, 1

7Hz), 7. 28(1H,dd, J=5.4,0. 7THz) , 7. 41( 1H, d, J=5. 4Hz) , 7. 65-
7.70(1H m,7.78(1H,d,J=8.3Hz) (2) To nethanol (5mnL)
solution of 5.00g of butyl 5

3-(2-(1-benzot hi ophen-5-yl ) ett®xy) propi onat e was added
wat er (5nl) solution of 1.10g of potassium hydroxi de,
whi @foéls hydroshlerid atidoonThenpegaricelaperovwas
hours. This reaction m xture was distilled off_ under

r ecRRRAF 3 s sk blower vipy chi ikt bl il edf Boke op ot BppEnEnder
d 0 of wat The pH dj
3 SO T UMY SRrel 4 of Ui & | Bybene
t | owed by djstill ff_the sol
nctd TR resaliBnaher b wer eatonts | 6t oy L ooted

LT e ag e

3- ?@ﬁg {55%
V\hl(bt?een( Z;O(;:Iﬁl?L or{rur%)%?ﬁrb%]&rg ?5 alﬁ ues Cw%'—l-afg\ll\/?-?lld
specidmal in CDCL3 agreed with the values of exanpl e
4-1(2). 20 [0111] Exanple 4-3 ------ ow S ~-~CO2Me
"' CO2H S (1)rhEo drainieds( YHI)E S usaisd o OH-MB0Gpictral
2- (1 - benzot hi ophen-5-yl)ethanol were added 0.23g of

in CDCl; agreed with the values of example 4-1(2).

10 [0112]

15

20

Example 4-4

OH O
5 uiity s o
S S
~T
O™ e Ly
S . S

To toluene(50mL) suspension of 50.0g of 2-(1-
benzothiophen-5-yl)ethanol was added 2.35g of
40% (w/w)benzyltrimethylammonium hydroxide aqueous
solution, and dropwise added 17.9g of acryleonitrile at
8 to 15°C, which was then stirred at 10 to 20°C for 1.5
hours. To this reaction mixture were added 1.25mL of
hydrochloric acid, 100mL of propanol and 5.05g of |
water. Thereto was dropwise added 55.0g of sulfuric
acid, which was then refluxed for 6 hours. After
cooling, to the reaction mixture was added 100mL of

water. The organic layer was separated. Theretoc was



104 400(wW w) benzyl tri met hyl anmoni um hydr oxi de aqueous
sol ution and 2.28nlL of tetrahydrofuran, and dropw se
added 2.22nL of acrylonitrile at 5C, which was then
stirred at 0 to 15C for 1.5 hours. To this reaction 5
m xture were added 0.13nlL of hydrochloric acid, | O

of nmethanol and 1.52g of wat® . Thereto was

i ntroduced 9.47g of hydrogen chloride, which was then
r efddfed I of Heriranek tand cherpwhse tadde@ vaber { HmL)

m xture were _added |5nL of water and | Ol of tol uene.

Thé%‘bfa’rﬂrb Ao HayRd UaPIept aedly S ¢ edioteh was
| fat f t I tt

r°“§r%%$?ét“{?@%os“s%q%;§% SR A T H S BITE unde?

“9. e&%e ‘;{Furef R ad$S %gﬁt_*&érﬁé efhq

u3|ng SI iCa gel roné%ograp

Eﬁexﬁﬁﬁﬁfgﬂ“d tznfh%1éﬁﬁgodé)l éfgég'fgﬁb&”

met hyl 3-(2-( enzot en-5y ethoxy)proplonate as

Coh @Rt Qidsy JdHéB 10NV %@ne@ VldIGH was ad usted
2.58(2H, t, J=6. 4Hz), 2. 99( 2H, t, J=7. 1 Hz), 3. 65(3H, 8), 3. 71(

2 to 0.9 with 6mol/L hydrochloric acid, and the organic
Ht,J=7.1Hz), 3. 74(2H,t,J=6.4Hz), 7. 20( 1H, dd, J=8. 3, 1. 7THz

) lﬁ@er was separated. After the solvent was distilled
, 7.28(1H,d, J=5.4Hz), 7. 41(1H,d, J=5.4Hz), 7. 65-7. 70(1 H, m
, OTI78flddrd r@<acel pre@sute , nethearedi Srene soldad didmid of
5.00g of nethyl

103. Fggpfnﬁ’eﬁﬁé{t Ai2Spihe L5 oycletiesapenr oFiben e qigsl tadde va s
wat er (5mL) solution of 1.27g of potaSS|un1hydrOX|de
2509«1\ ERtREsDYhéd LErptica &0 Peomidenmd-&durcd for 2 (1-

Thi s, react ture was distill.ed off nder
re gﬁeéathlbghen—%—bg)eghéx%)proﬁiodfzIac1d as wﬁite solid

form. _
The Chemical shift values .of 'H-NMR spectral
15 in CDCl; agreed with the values of example 4-1(2).
[0113]

Example 4-5

o=y
<fj:[:::r/“\v/0\v/ﬁ\cc,lm' <Z:I:::I/A\V/O\V/ﬁ\cc5H

To toluene(Z260ml) suspension of 260g of 2-(1-
benzothiophen-5-yl)ethanol were added 43.8g of 2~
20 propanol and 1.64g of potassium tert-butoxide, which
was then stirred for 0.5 hours. After cooling the
reaction mixture to 15°C, thereto was dropwise added

116g of acrylonitrile, which was then stirred at 15 to



pressure, to which were added 30nL of toluene and 30nL
of water. The pH was adjusted to 1.0 with 5nL of 105
6nol /L hydrochloric acid. The organic | ayer was
separated, followed by distilling off the sol vent
under reduced pressure. Thereto were added 11nlL of
toluene and 30niL of cycl ohedhe. The precipitate was
collected 5 by filtration to provide 4.51g of 3-(2-(1-
berzothitephdnhouyl-) effiRokisr spachileradiigtagaiare added
em cal shift_yvalues of 'H NMR

oy B4 mé%eep?l@weﬁa%qfh el b 7909
4-1 ., 10 0112 Ex v 4-4 p----" % 14
(7 hiared | Vi (N S o dicid oyt dh
f ) - - hi hen- 5-.vl | d
O st o i REMOEY SRIBH B2k LD NBR A0 5

enzyltri I"ammo (o)
AOWRRYS 15 aFQlayt i i &8 -
acrylonitri nge;ﬁ C%bltlgﬁgjbdcﬁrcp VM|esc§r was ?ﬁéénlg%l%ee %rte

10 alRied0Ggloptt, b5 wat Sindl GAdMIS Jeadliihdll XHrH & he
wer e added 1.25nL of hydrochloric acid, 10dnL of

pr opgaali cand yer0%@ sofsepaaitfed . Tharetth avas gHrM 1S6yer were
added 55. Qg of sulfuric 20 acid, which was then
r efiroped seoaddehiodtdmIAidtfemethanol and water (260mlL)
solution of 164g of potassium hydroxide, which was then
10 stirred at 30 to 35°C for 2 hours. To this reaction
mixture was added 260mL of water, and the aqueous layer
was separated. To the aqueous layer were added 520mL
of toluene and 260mL of water and dropwise added 234mL
of hydrochloric acid, and the organic layer was
15 separated. After 390mL of solvent was distilled off
under reduced pressure from the organic layer, thereto
was added 1040mL of cyclohexane. The precipitate was
collected by filtration to provide 326g of 3-(2-(1-
benzothiophen-5-yl)ethoxy)propionic acid as white solid
20 form.
The Chemical shift values of 'H-NMR spectral
in CDCl; agreed with the values of example 4-1(2).
[0114]
Example 4-6
25 To toluene(360mL} suspension of 180g of 2-(1-
benzothiophen-~5-yl)ethanol was added 4.22g of aqueous
solution of 40%(w/w)benzyltrimethylammonium hydroxide,

and dropwise added 8.04g of acrylonitrile at 30°C.



cooling, to the reaction m xture was added 100nL of
wat er. The organic | ayer was separated. Thereto was
106 added 50rL of methanol and dropwi se added

wat er (50nL) solution of 31.5g of potassium hydroxi de,
which was then stirred at roomtenperature for 1.5
hours. To this reaction nmixi@e were added 75nL of
toluene and 5 75nL of water. The aqueous | ayer was

seffal BB OOt Hed et Be waR2 ahibe MboRHref te of Bhe, theretyy was
was, adj ust ed 0,0 ith_6nol /L hydrochloric¢ acid,
znnF??éy%ﬁ%a%?%edl%ie%émﬁg 3 %?% rlkft YRR was then
sol ye s.distilled.oo0ff u r_reduc r.essure .
thegf/tgjtr%ré,v\%rae@a%%e%g 5%?&606“% rlgd t(?l Sl\iérie ﬁod rTLreoa]fCtlon

CY%W%ef@ea@cﬁ%i%@;&%}'ﬁé@i%@ﬁ%@f{g%gi’d and 180mL

filtration to provide

5 RZO trfld IR 5~ YN SR W) . OfH OFY $u A& d9?7'<§|_<l¥\f‘l\lilvlt§drogen

solid form The Chem cal shift val ues of

spetiiatidel 2t NLCA D 5ra7, eQehiwht ralshe el W8S rAfed at 30 to
exanple 4-1(2). [0113] Exanple 4-5 Nz OH NZ CS

NCaZ¥E Gor' G02MinStée teduerE(2Gedl X osuIpersire ORfter
260g of 2-(1- benzot hi ophen-5-yl)ethanol were added

4389 ldng 2@ prheparesictamh hitdgmd wWeot asddenn 360mL of
tert-butoxide, which
water, and the organic layer was separated. To the
10 organic layer were dropwise added 180mL of methanol,
and water (180mL) solution of 113g of potassium
hydroxide, which was then stirred at 30 to 35°C for 2
hours. To the reaction mixture was added 360mL of
water, and the aqueous layer was separated. To this
15 aqueous layer was added 360mL of toluene and dropwise
added 151mL of hydrochloric acid, and the organic layer
was separated. After 126mL of solvent was distilled
off under normal pressure from the organic layer,
thereto was added 1080mL of cyclohexane. The
20 precipitate was collected by filtration to provide 222g
of 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic acid as
white solid form.
The Chemical shift values of 'H-NMR spectral
in CDCl; agreed with the values of example 4-1(2).
25 [0115]

Example 5-1



was then stirred for 0.5 hours. After cooling the
reaction mxture to 15C, thereto was dropw se added
116g of acrylonitrile, which was then stirred at 15 to
107 25C for 1 hour. To this reaction mxture were
added 6.5nL of hydrochloric acid, 520nL of methano
and 78.9g of water. TheretdGfas introduced 310g of
hydrogen chloride at 10 to 25C, which was then
refluxed for 3 5 hours. After cooling, to the reaction

m Xt G added 78QnlL_ of I d 520nL of
t ol gene or gani@i"&yﬁﬁ’ﬁgﬁkpar ated. To the

per were dropw se added 260ni of net hano

and Wat er( 26 solution of 164g of potassium

hydr oxi de, |’Cc t hen 10 stlrred at 30 to C Eﬁ;

2 hours. To TINS T tien S saﬂd&d”g’g%
To the

wat er, and tireagredn was separ ate
of tolueneQnd 260nL

of water and dropw se added 234nL  of hydrochloric

acid, and the organic |ayer was 15 separated. After

390nmL of solvent was distilled off under reduced
pressure fromnt M&mr gdEnilc 2l-a ekt Hdwreatha navasm sadtesolved
1040nmL of cycl ohexane. The precipitate was collected

Sby16i Dor aeffi 8n (o (prbendetBiephehn-5-12-)(Ethoxy)propionic

10

15

20

25

benzot hi ophen-5-yl ) et hoxy) propi onic acid as mhlte
soRFdd.20TherstoTHerenardedl OsArtt ofaluds of ' H NMWR

spectral _in CDCl3 agreed with the values of exanple
4- Q%@?t yi§ermpmide and 5.23g of thionyl chloride, which

was then stirred at room temperature for 1.5 hours.
This reaction solution was dropwise added to a mixed
solution of 50mL of water, 7.19g of sodium hydroxide
and 7.69g of 3-azetidinol 1/2 tartrate at 5 to 15°C,
which was then stirred at same temperature for 2 hours.
Thereto was added 90mL of water. The precipitate was
collected by filtration to provide 11.0g of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propionyl)azetidin-3~-0l as
white solid form.
1H—NMR(CDC.'L3) & value:
2.25-2.35(2H,m),2.96(2H,t,J=7.0Hz),3.65-3.80
(5H,m),3.85-3.95(1H, m),4.05-4.15(1H,m),4.15-
4.25(1H,m) ,4.40-4.50(1H,m),7.19(1H,dd, J=8.3,1.5Hz),
7.27(1H,d,J=5.4H=z),7.40(1H,d, J=5.4Hz),7.62-7.66(1H,m),
7.78(1H,d,J=8.3Hz)
[0116]
Example 5-2

To 116ml ¢of toluene was suspended 29.0g of 3-



Exanple 4-6 25 To tol uene(360nL) suspension of 180g of
2-(1- benzot hi ophen-5-yl) ethanol was added 4.22g of
aqueous solution of 40%w w) benzyl tri nmet hyl anmoni um
hydr oxi de, and dropw se added 8.04g of acrylonitrile
at 30C. 108 After cooling the reaction mxture to
20C, thereto was dropw se adbed 53. 6g of
acrylonitrile, which was then stirred at 15 to 25C

f or (2~ hbthenzathiepkeneacy | oAt hok ki iF e ik &C addéd- 27

of h drochl oric acid and 180nL 5 of npethanol. Thereto
SLhSHS Gy ek 932C§31 y Iog%% N&T%W%@%%fqm?%%%cand

D 20T ST 230 L Ogvrﬁf'%é,s%)ra"%ﬂ@rred at
L?Sr?nlff@"ﬁ AT e hI0RR hendP s oedf e
Ja R ST T g T D B PR AT 8RS e, TR
whizely st @mlﬁtﬂaﬂ Sh At t-?fbe?%%cféﬁ o A1 feq TO

the reaction m xture was ed 360nL of water, and

t N&AYPHEYHS JRAKSIMINGTE s,%nﬁe&a,telds 9 dﬁl@&@x@qwr@xlde
| ayer was added 360nL of toluene gﬁd dropwi se added

155mid @fS.hydidc B-ardet ialiingh1l antd tertofpaniat |Byeto 2@%,
separated. After 126nlL of solvent was distilled off
und@ichowasl thees strie fedoratt ) drg@ti°C Ifayeit, hotlremetd left
was added 1080ni of cycl ohexane. The 20 precipitate
10wagnagteadedd oyp riiiightat | &fter mrowdiidy Xigy regfction

3-(2- (1 - benzot hi ophen-5-yl ) et hoxy) propi onic acid as
solution, the pH was adjusted to 6 with 7mL of acetic

acid. After stirring at 10 to 15°C for 1 hour, the
precipitate was collected by filtration to provide
31.9g of 1-(3-(2-{l-benzothiophen-5-

15 yl)ethoxy)propionyl)azetidin-3-0l as white solid form.

The Chemical shift values of H-NMR spectral

in CDCl; agreed with the values of example 5-1.
[0117]
Example 5-3

20 In 75mL of 1,2-dimethoxyethane was dissolved
50.0g of 3-(2-(l-benzothiophen-5~yl)ethoxy)propionic
acid. Thereto was added 26.1g of thionyl chloride,
which was then refluxed for 2 hours. After cooling,
this reaction solution was dropwise added to a mixed

25 solution of 125mL of water, 20.0g of sodium hydroxide
and 25.2g of 3-azetidinol hydrochloride at -5 to 10°C,
which was then stirred at 0 to 15°C for 30 minutes.

Thereto was added 75mL of water, which was heated to



white solid form The Chem cal shift values of 'H NWR
spectral in CDCl3 agreed with the val ues of exanple
4-1(2). 25 [0115] Exanple 5-1 109 O ~~CO2H

Activation HN.~>-OH/ ON--OH S| O 1))0000~ In 15nL

of 1, 2-di met hoxyet hane was di ssolved 5 10. Qg of
3-(2-(1-benzot hi ophen-5-yl) ethbxy) propi oni ¢ aci d.

Thereto were added Ol nL of N, N di nethylformani de and

5. 294 Corhiddipe iemdor | A tarhicarlings ttheh RiteGiRitalte was

roomtenmperature_for 1.5 hours. This action
SOl GiTY THF R T v SRAGIRIEE § PEOTR SR d® A0° S oP bt F oA B2~ (1-
50 t 7.490g, of. ,sodi,um hydroxj de and. 7. 69g, of

3 Berllo el -e RO TR NS ool L2901 o

Sti gy erature for 2 hours. Thereto was
ad&ggﬁ%b%%ﬂbqpa%%ggP The precipitate was collected by

giltration teHy Qe &l @hiofe Lrddid2-d4 HoNMR spectral
benzot hi ophen-5-yl) et hoxy) propi onyl )azeti di n-3-0l "as

whiitre Pl dabeeed wht NVRhEDGAIher V& BRample 5-1.

2.25-2.35(2H, m, 2. 96(2H,t, J=7. OHz) , 3. 65- 3. 80

( 5HOMLS3. 85- 3. 95(1H, m), 4. 05- 4. 15(1H, m), 4. 15 20

4.25(1H m, 4.40-4.50(1H m, 7. 19( 1H, dd, J=8. 3, 1. 5Hz) ,
Example 6-1

(/D/\’ NN —oH
S 0
@f\’ O\/\—NO-OH
O,H

e
COH

To bis(Z2-methoxyethyl) ether (5mL)} suspension

10 of 1.00g of 1-(3-(2-(1l-benzothiophen-5-

yl)ethoxy)propionyl)azetidin-3-0l was added 0.37g of
sodium borohydride, which was then cooled to 10°C.
Thereto was dropwise added 2.49mlL of

chlorotrimethylsilane at 5 to 10°C for 20 minutes, which

15 was then stirred at room temperature for 2.5h and at

20

40°C for 4 hours. After cooling, thereto was dropwise
added 3.27mL of 6.0mol/L hydrochloric acid, which was
then stirred at 70 to 75°C for 30 minutes. To the
reaction mixture were added water and ethyl acetate,

and the pH was adjusted to 10.0 with 2.0mol/L sodium



7.27(1H, d, J=5. 4Hz) , 7. 40(1H, d, J=5. 4Hz) , 7. 62- 7. 66( 1H, m),
7.78(1H,d,J=8.3Hz) [0116] Exanple 5-2 25 To 116nL of

t ol uene was suspended 29. Qg of 3 110

(2-(1- benzot hi ophen-5-yl ) et hoxy) propi oni ¢ aci d.

Thereto were added 0. 6nL of N, N-di net hyl f or mam de and
14.5g of thionyl chloride, whizh was then stirred at
roomtenperature for 2 hours. After that, 62nmL of 5
solhegroxade digegdiedsof et imaler Tb@lu@éqam@séwer FaBS
reaction solution was dropw se_added to a m xed

sol IR HFE rd g 7 sShRd R @ren e by o‘Fl‘é}édW%lh‘Fﬁy@I‘ﬂéxF@IEurated

and etidinol 1/2 tartrate at 10 to
Etﬁf?%ﬁg ‘?O}He‘?F ré}‘é‘be%‘fs 2?)0%‘6%@& f of B qr%farws-;.ﬁa added
Ieft 10, unat t ended over ni After cpol

| oA s A S P ke A afoive £ SR pron

Pr R Gndfl b1 S téﬁ'&%%{‘fleﬂ{e%%t&ﬂf’ccﬂ "sd1vent

precip |ta was rftration

Pr Qe 3 i 9% P (Bide (fle&g.?é(}[;c?tﬁ‘f@ he

yl ) et hoxy) propi onyl ) azeti din te SO|Id orm

Thedeamaal & fdue/Jldeadied H Ny scpfeqﬁépélc I &@C%lch
agreed with the values of exanple 5-1. [0117] Exanp e

S- $a20 sl Jehi of flhodr A Helax el haster Vsl di 65 odtiegh
50. g of 3-(2-(1-benzot hi ophen-5-yl)ethoxy) propionic
acetate:2-propanol(4:1) to provide 0.72g of 1-(3-(2~(1-

10 Dbenzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol maleate

as colorless crystal form.

'H-NMR (DMSO-de) & value:
1.65-1,75(2H,m),2.93(2H,t,J=6.9Hz),3.14(2H,t,J=7.4Hz),
3.44(2H,t,J=6.0Hz),3.63(2H,t,J=6,9Hz),3.75-3.85(2H, n),

15 4.15-4.25(2H,m),4.40-4.50(1H,m),6.06(2H,s),7.26

(1H,dd,J=8.3,1.5Hz),7.41(1H,d, J=5.4H2),7.73(1H,d,Jd=5.4H
z},7.70-7.75(1H,m),7.91(1H,d, J=8.3Hz)
(0119]

Example 6-2

20 To 1,2-dimethoxyethane (5mL) suspension of

25

1.00g of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl}azetidin-3-0l was added 0.37g of
sodium borohydride, which was then cooled to 10°C.
Thereto was dropwise added 2.49mL of
chlorotrimethylsilane at 5 to 10°C, which was then
stirred at room temperature for 2.5h and at 40°C for 4
hours. After cooling, thereto was dropwise added

3.27mL of 6.0mcl/L hydrochloric acid, which was then



acid. Thereto was added 26.1g of thionyl chloride,

whi ch was then refluxed for 2 hours. After cooling,

this reaction solution was dropw se added to a m xed

25 solution of 125nL of water, 20.0g of sodium

hydroxi de and 25.2g of 3-azetidinol hydrochloride at

-5 to 10C, which was then sti3red at 0 to 15C for 30
mnutes. Thereto was added 75nL of water, which was
heatebred 18t 740 ahd Wifssol3fediinafties. cdt itfy ngrction
precjpitate was collected by filtration to provide
SG_W%-frel-"(%EE( Zac%cied water and ethyl acetate, and the pH

T AR A L AL o
CBAESST d SHR0 FEG MU Vol e,
£ R P P A ot

1- GhArills RRRARIY UWMNBRiyn.  Thereto were added
yl ) et hoxy) pr opi onyl )azeti di n-3-ol was added 0.37g of

S OGINHPAR RN Widgrides 1 uh il Mase thrh £Aa0lwtdd ddbon.
Thereto was dropw se added 2.49nL of
chidttetr iimsicylsid ake tair wdo G drd XY "ieSsolvent
wh;gg distilled off under reduced pressure. To the
10 resultant residue was added 0.36g of maleic acid, which
was solidified from a mixed solvent (5mL) of ethyl
acetate:2-propanol(4:1}) to provide 0.71g of 1-{3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol maleate
as colorless crystal form.
15 The Chemical shift values of 'H-NMR spectral
| in DMSO-dgs agreed with the values of example 6-1.
[0120)
Example 6-3

To tetrahydrofuran{5mlL} suspension of 1.00g
20 of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 0.37g of
sodium borohydride, and dropwise added
tetrahydrofuran(lmL) solution of 0.75mL of
trifluorcacetic acid for 30 minutes, which was then
25 refluxed for 2 hours. After cooling, thereto was
dropwise added 3.27mL of 6.0mol/L hydrochloric acid,

which was then refluxed for 1.5 hours. To the reaction

mixture were added water and ethyl acetate, and the



15 was then stirred at roomtenperature for 2.5h and

at 40C for 4 hours. After cooling, thereto was

dropwi se added 3.27nL of 6.0Onol/L hydrochloric acid,
which was then stirred at 70 to 75C for 30 m nutes.

To the reaction mxture were added water and et hyl
acetate, 20 and the pH was ddjdsted to 10.0 with

2. Onol/L sodium 112 hydroxi de aqueous sol ution. The

or P USyarYStad'a s erpataded washe e R o @s | Y2 yex hwas
wat ey, and saturated sodi um chloride aqueous sol ution.

Th&E&s %&&@&a@hﬁ}%@w i ¢ uREIHIR Enalo-0
i, . 5 A i ] ,
MR 0SB ADD s By SRR Tl 9 P e The
. ) I i .
o Bl SIS, A S MEER PPSh on

5 %84 0¥ RN bRt 1l %A?%/lglm WAL RRRRAN 4t e on,

10pfs

to provide 0.72g of 1- (11

beazat birgRbe dvery @i RPONP HRRHAZR idilradol mteat e

as colorless crystal form 1H'NVR(DVSO d6) S val ue:

1. 6asbl 6b(2HmaEk t2r9 ¥adH fi. 1 teteHe)r 3. MR dL vkt 4H
3.44(2H,t,J=6. OHz), 3. 63(2H,t, J=6. 9Hz) , 3. 75- 3. 85(2H, M,
15d4s1514e350ZH, nhoérdtedu@d]l hradsstr@G( 21 s )the 2esultant
(1H,dd, J=8.3,1.5Hz), 7. 41(1H,d, J=5.4Hz), 7. 73(1H,d, J=5. 4

H repiduzowds7sddednp,. 3691 cfHre 1348, Biad)d, [Whitikd] was
ExanELe_6:2 20 To 1,2-dinethoxyethane85n%? suspensi on
olidified from a mixed solvent(5mL) of ethyl

acetate:Z2-propancl (4:1) to provide 0.62g of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l maleate
as colorless crystal form.

The Chemical shift values of 'H-NMR spectral

15 in DMSO-d¢ agreed with the values of example 6-1.

20

25

[0121]
Example 6-4

To tetrahydrofuran(3mL) suspension of 0.50g
of 1-(3~(2-{l-benzothiophen-5-yl)ethoxy)propionyl)
azetidin-3-o0l was added 0.19g of sodium borohydride,
which was then heated to 50°C. Thereto was dropwise
added tetrahydrofuran{lmlL) solution of 0.46mL of
dimethyl sulfate at 50 to 55°C for 10 minutes, which was
then stirred at same temperature for 2.5 hours. After
cooling, thereto was dropwise added 1.64mL of 6.0mol/L
hydrochloric acid, which was then refluxed for 1.5
hours. To the reaction mixture was added ethyl

acetate, and the pH was adjusted to 10.0 with



1.00g of 1-(3-(2-(1-benzothi ophen-5-

yl ) et hoxy) pr opi onyl ) azeti di n-3-0ol was added 0.37g of

sodi um bor ohydri de, which was then cooled to 10C.

Theret o was dropw se added 2.49nL of 25
chlorotrinethylsilane at 5 to 10C, which was then

stirred at roomtenperature ¥lor 2. 5h and at 40C for 4
hours. After cooling, thereto was dropw se added

3. 2R (vofw lssohigim Lh¥ganokds araeeaes dso bt Epn wasTh@eprganic

113 stirred at 70 to 75C for 30 mnutes._ To the
r ed@¥S YaA 3R S dtﬂﬁt?%‘”éiu%ﬁl%%%ylwh%t%ﬁ%er and

ﬁ;d the H vvas adju ted%:?? ambe%g%%ﬁzjc%‘ml/L Sgé'rled

=] hed tiall th
saturar e%f%d O e b e Lisaluleé/ou\g sorbhrsh, Mirte
i t%%qufatsg:Hl?ﬁﬂ:;o e s ?“ﬁ“@%‘%ﬁ%‘% YR orr

SOl yeity ﬁ%@ld@cﬁtdﬂés%r@‘f U emd %ﬂﬂ@%ﬁug%as

the 10 resultant "resi due was added 0.36g of maleic
acizdidedhioch sgnas sRllicdid ied d,r ampianmweed 0l Ment{&ddrom a
of et hyl acetate:2-propano|(4:1) to provide 0.71g of

1- m3xed- cbiveaenzct.hsagherS-athyl acetate:2-propanol(4:1)
et hoxy) propyl )azetidin-3-0l naleate as colorless

cr st pirofvadm 013 9ghe fClienidcdl2 —sHi-tenra e mfert +3-NIVR
spectral in DVMSO d6 agreed with the val ues of exanple

106- ¥l) ergngpEp@wgn@z@tgdln 3-0] maleate as colorless

crystal form.

The Chemical shift values of 'H-NMR spectral
in DMSO-d¢ agreed with the values of example 6-1.

[0122]

15 Example 6-5

20

25

To bis(2-methoxyethyl) ether (5mL} suspension
of 1.00g of 1-(3-(2~{(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 0.37g of
sodium borohydride, which was then cooled to 10°C.
Thereto was dropwise added 2.46mlL of 4.0mol/L hydrogen
chloride/dioxane at 5 to 15°C for 12 minutes, which was
then stirred at same temperature for 30 minutes, at
room temperature for 3 hours and at 35 to 40°C for 6
hours. After cooling, thereto was dropwise added
3.27mL of 6.0mol/L hydrochloric acid, which was then
stirred at 65 to 70°C for 1.5 hours. To the reaction
mixture were added water and ethyl acetate, and the pH

was adjusted to0.10.0 with 2.0mol/L sodium hydroxide



U'I

To tetrahydrofuran(5nL) suspension of 1.00g 20 of
1-(3-(2-(1-benzot hi ophen-5

yl ) et hoxy) propi onyl )azeti di n-3-ol was added 0. 37g of
sodi um bor ohydri de, and dropw se added
tetrahydrofuran(l nL) solution of 0.75nL of
trifluoroacetic acid for 30 jmewtes, which was then 25
refluxed for 2 hours. After cooling, thereto was

dr gMesaisadued 3. A@vnl Tfe x@eolid Inproord Driepanited,
whi ch was then refluxed for 1.5 hours. To the reaction
m xaghe dvsestuadddd Mat el tdhvadiaiy |argt et atera il $rium
114 _aqueous | ayer was separated. To the aqueous | ayer

vva§ hleddéle @tqagﬁo‘ﬂa%eioétvetmghd (e T e BRI AA9R4 t o

Thgnhg th ZOW S sodi ggg@ggro§ide aqy%§%§ solutlon
SO i

drous gneglun1su

Af tw% dl@%qllligl @ b rde%%: fcfdc,I ?)q:ecgguré he ﬁ'ﬁ%‘t

Sdstil Jced pressure. To

r e%\élsm@tantr %Iﬂ@%e%sa%%oo &%gofomﬁéa@%&d which
whi ch was 10 solidified froma m xéd sol vent (5n.) of

it l(agls( g@t(llﬁ'd@&@ea FropaROnikel) slod vimaVigHe,)0. eyl
beazethtephepropunbat(dany) pooptondziet icdigegE-of IvalFate- (1-
as colorless crystal form The Chem cal shift val ues

100of behizbiVRisphenr-al-y11 &thoxPVPOog§ lagrzedd diint+8-tdle maleate

val ues of exanple 6-1. [0121]
as colorless crystal form.

'H-NMR in DMSO-dg¢ agreed with the values of
example 6-1.

[0123]

15 Example 6€-6

20

25

To 1,2-dimethoxyethane (5mL) suspension of
1.00g of 1-(3-{2-{1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-o0l was added 0.37g of

sodium borohydride, which was then cooled to 10°C.

Thereto was dropwise added 2.46mL of 4.0mol/L hydrogen
chloride/dioxane at 5 to 15°C for 10 minutes, which was
then stirred at same temperature for 1 hour, at room
temperature for 3.5 hours and at 35 to 40°C for 6 hours.
After cooling, thereto was dropwise added 3.27mL of
6.0mol/L hydrochloric acid, which was then stirred at
65 to 70°C for 1.5 hours. To the reaction mixture were
added water and ethyl acetate, and the pH was adjusted

to 10.0 with 2.0mol/L sodium hydroxide aqueous
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Exanpl e 6-4 To tetrahydrofuran(3mnm) suspension of
0.50g of
1- (3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propi onyl) 20
azetidin-3-ol was added 0.19g of sodi um borohydri de,
whi ch was then heated to 50C. Thereto was dropw se
added tetrahydrofuran(ln) sawtion of 0.46nL of
di met hyl sulfate at 50 to 55C for 10 mi nutes, which
wassotttdrorst i rited ctgasdine teanpenwtursedaraized, hashked
After 25 cooling, thereto was dropw se added 1.64nlL of
6. GfsIyant iaddrvo ¢l tdy iwea te dinduii adingesed Hegdiret | ehdepride
for 1.5 hours. To the reaction mxture was added

et rﬁﬂueoéléet‘sé’tléltlé%’d t ﬁ‘éledflfft\ﬁaé*’ed%ﬂ Ftase P t h
115 200(.w d | ut Th

of SaarE Sy A S a5 & ea\%%é‘i%%srsbéﬁuﬁn{f?%% %w
A RN, Sl

;jngtq'sterbzllgegf ;zs%tft Spdt® RS Ao tdle R YA HSurcant

under uce ssur e

re%els&ame E:%%' %%ewa% 3@%0'%% Qra].l%QCOfadI%{ eyt a4 Gas
which was solidified froma m xed solvent(3 75nL) of

et Byl i ag et atie f2oRl @p&l&&b% sbllvehn® (Bl ¢ @u4la of
1-(3-(2- (I -benzot hi ophen-5 10

yl xethaxy) prppybpacet(4diln- 8cobrowlicat ©® .33 @for)-ess- (2-(1-
crystal form The Chem cal shift values of 1H NWR

10spkeneathiophBhE0-g6 ) aghead ) pirbpyilha zedlivd $1-3f-cdx aadlemte

6-1. (0122]
as colorless crystal form.

'H-NMR in DMSO-d¢ agreed with the values of example 6-1.
[0124]

Example 6-7

15 To 1,2~dimethoxyethane (70mL} suspension of

20.0g of 1-(3-(2~(l-benzothiophen-5-
vl)ethoxy)propionyl)azetidin-3~-0l was added 5.46g of
sodium borohydride, which was then cooled to 15°C.

Thereto was dropwise added 20.6mL of 7.0mol/L hydrogen

20 chloride/1,2-dimethoxyethane at 15 to 20°C for 40

25

minutes, which was then stirred at room temperature for
1.5 hours and at 53 to 57°C for 4 hours. .After cooling,
thereto was dropwise added 65.5mL of 6.0mol/L
hydrochloric acid, which was then stirred at 65 to 70°C
for 1 hour. The reaction mixture was concentrated
under reduced pressure, thereto were added 100mL of
water and 100mlL of ethyl acetate, and the pH was

adjusted to 10.0 with 5.0mol/L sodium hydroxide aqueous



&

15 Exanple 6-5 To bis(2-nethoxyethyl) ether (5nl)
suspension of 1.00g of 1-(3-(2-(1-benzothi ophen-5-

yl ) et hoxy) propi onyl )azeti di n-3-ol was added 0. 37g of
sodi um bor ohydri de, which was then cooled to 10C. 20
Thereto was dropw se added 2.46nL of 4. Ol /L hydrogen
chl oride/ di oxane at 5 to 15Qifgr 12 m nutes, which was
then stirred at sanme tenperature for 30 m nutes, at

r o ittEniper at ket dort!s: hganiand are B57ap 4@ fared,
hours. After cooling, thereto was dropw se added 25

3. 7Afhest wa ot ML it or iandidite Dihi was vedl edlepd to
stirred at 65 to 70C for 1.5 hours. To the reaction

mi Xt & iy & -RRI Tndt st oftdl Bty 12 Gt at Bre RGPS phpver
was adj usted .to, 10.0 wi,th 2. Omwl ' hydr oxi de
iR sy o i e d agtinl B SRy

se ted, shed, sequeni.i al.l i t er. .an

satlggl %:egtagt%'so iumP e Ai%GT iaé; uasc}-'l%do\l?so 210 u i"bjhtfel‘1 %‘eorr%?lo/ L
wer, e 0 [ at [ vat
o B R L™ R e
SolaNkephad téidS! itld &t il WwideladRIUGRI, GRS Wyndium
the resultant residue was added 0.36g of mal eic acid,
Whis@h fat@s S @lfitdizf 1186 flpmea nivted: sl anti(tidad £E, the
ethyl acetate: 2-propanol (4:1) to provide 0.86g of

1- 631¢Bntlwk@ distilled off under reduced pressure. To
benzot hi ophen-5-yl) et hoxy) propyl ) azeti di n-3-0l nal eate

10astbel oebedsaotysealiduer maslEdheR] i7n 2260 fdMadgrieedicid,

15

20

25

with the val ues of
which was solidified from a mixed solvent (100mL} of

ethyl acetate:2-propancl(4:1) to provide 19.2g of 1-(3-
(2-(l-benzothiophen-5-yl)ethoxy)propyl)azetidin-3~-ol
maleate as colorless crystal form.
[0125]
Example 6-8

To tetrahydrofuran(35.0mL) suspension of
5.00g of 1-(3-(2-(1l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 1.61g of
sodium borohydride, and dropwise added
tetrahydrofuran(15mL) solution of 2.0%g of sulfuric
acid at room température for 30 minutes, which was then
stirred at 48 to 52°C for 7.5 hours. After cooling,
thereto was dropwise added 16.4mL of 6.0mol/L
hydrochloric acid, which was then refluxed for 1 hour.
The reaction mixture was concentrated under reduced
pressure, thereto were added water and ethyl acetate,

and the pH was adjusted to 9.5 with 5.0mol/L sodium



exanple 6-1. [0123] 15 Exanple 6-6 To

1, 2-di net hoxyet hane(5nL) suspension of 1.00g of

1- (3-(2-(1-benzot hi ophen- 5- .

yl ) et hoxy) propi onyl )azeti di n-3-ol was added 0.37g of
sodi um bor ohydri de, which was then cooled to 10C. 20
Thereto was dropw se added 2.146nL of 4. Orol/L hydrogen
chl ori de/ di oxane at 5 to 15C for 10 m nutes, which was
t héyydGxided agfuesafe samyarut ur e romgaroig 1683tel”r OGRA
tenperature for 3.5 hours and at 35 to 40C for
hofeParakader Ao Masded rertd &%‘d@-’%ﬁ%vﬁ %d’éﬂlorlde

3.27nmL of 25 .6. ChD|/L hi
C hauEeT SR 1A 1Ps ¢ %r@%?oorw%%'% SEat ARy
t t et hyl t
L BSRE L St E R Bnc? SRR DR AR
h 1 |
0Y dReh 40 130HERE L khe SO oFE MLV
sah%@&@%&tﬁ@ﬂ%ﬁ%&f 'x%auc@q%%%éﬁ&t | an, t-Héer]:‘i‘atsQlltant

wer e added anhydrous nmagnesium sulfate and acti vat ed
carbanduédf Wak addesiohullig Bt kRl wRs ddild ened ¥f fwad he
solvent was distilled off under reduced pressure. To
t heol ediillfi adt fremsadme xeds saddesttQ.2364g.)ofo fmaltiyad aci d,
which was solidified froma m xed sol vent (5nL) of
et hgetaneefapevpapodddndl) (4ol proeipkov.8&90 oF3d df3-(2- (1~
1-(3-(2-(1 10

10pehenentbphphes-Hyéi BbRpXy) pppPydl aziedilnid~Grodamedeate

n

as colorless crystal form.
1H-NMR in DMSO-ds agreed with the values of
example 6-1.
[0126]
15 Example 6-9
To tetrahydrofuran(2.38L) suspension of 340g
of 1-(3-(2~(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 110g of
sodium borohydride, and dropwise added
20_ tetrahydrofuran(1.02L) solution of 142g of sulfuric
acid at room temperature for 1 hour, which was then
stirred at 45 to 55°C for 5 hours. After cooling,
thereto was added 170mL of acetone and dropwise added
204mL of 36% hydrochloric acid, which was then stirred
25 at room temperature for 3 hours and left unattended
overnight. To the reaction mixture was added 1.02L of
water, and 3.34L of the solvent was distilled off under

reduced pressure. After cooling, thereto was added



as colorless crystal form 1H NVR in DVSO d6 agreed

with the values of exanple 6-1. [0124] Exanple 6-7 15

To 1, 2-di met hoxyet hane(70nL) suspension of 20.Qg of

1- (3-(2-(1- benzot hi ophen- 5-

yl ) et hoxy) propi onyl )azeti di n-3-ol was added 5. 46g of

sodi um borohydri de, which wasz® hen cool ed to 15C.

Theret o was dropw se added 20.6nmL of 7. Onrol/L hydrogen

20 @hb &l i e/t Py Hi s by et drathed ppibs¢ 02 @0 fiort D (0. 68L)
m nutes, which was then stirred at roomtenperature

f orsouEi ¢y % hip ff spdigis Ay deexidecat sL4 Are e22°C,

cooling, thereto was dropw se added 65 5nl of
6. CHEATT. YRRIFGEHT G5 IERS B wihi th WS én 39 Fiiett es-

05 ARG L5 et Jous, TNE Lpact ] on MALULe veS, 1y o

d f . £, ethyl. d
The e Be: 3 & 200 W s R B ol ™"

(he B o _
Ly R G T Sr il Mol Y SR fraphed
LG H oISk ol W Tt Nl o £

acid. The aqueous |ayer was separated, To which was

addeideOr. 0afl. eithpl-propeeiaate.3.0he, R Ware aduadd s
10.0 with 5.Omwl/L sodi um hydr oxi de agqueous sol uti on.
Thedistddded bffeundeas reepacal ¢hessunshi clThsas:taddedte
anhydrous magnesium sulfate. After insoluble matter

10wagdfiedt ér. @8Lobff, ethyl acetate and 34g of activated

carbon, which was stirred for 20 minutes. Insoluble
matter was filtered off and washed with 0.34L of ethyl
acetate. The filtrate and washings were combined,

thereto was added 116g of maleic acid. After this

15 reaction mixture was heated and dissolved, it was

20

25

slowly cooled. The precipitate was collected by
filtration to provide 376g of 1-(3-(2-(l-benzothiophen-
S5-yl)ethoxy)propyl)azetidin-3-ol maleate as colorless
crystal form.

'H-NMR in DMSO-d¢ agreed with the values of
example 6-1,
[0127]
Example 6-10

To tetrahydrofuran(250mL) suspension of 50.0g
of 1-(3-(2-(1~benzothiophen-5-
yl)ethoxy)prOpionyl)azetidin—3~ol was added 13.6g of
sodium borohydride, and dropwise added 18.5g of

sulfuric acid at room temperature for 3 hours, which
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solvent was distilled off under reduced pressure. To
10 the resultant residue was added 7.22g of maleic
acid, which was solidified froma m xed
solvent (1 OOML.) of ethyl acetate:2-propanol (4:1) to
provi de 19.2g of 1-(3-

(2- (I -benzot hi ophen-5-yl) et i@dly) propyl ) azeti di n- 3- ol
mal eate as colorless crystal form 15 [0125] Exanple
6- 8'arp thetry afyidrrsfdirath (485 . D5 Sugpendi-Gn holurss, 08d teflr

1- (3-(2-(1- benzot hi ophen- 5-
yl RaHSRa) pridin s eatetaddlast L s anrfane. By dropwise

20 sodi u?&%““ﬁ{f??,%m@ﬁﬂﬂ%fo&hﬁe add%g}l%ruﬂ'fllﬁrcftb was

mte rature for nut es

:52‘ trle &4 ES‘: tho TEHE +f or O7 %o’iﬁ Ctl,&fr{ é‘f’l ure was
[ d
CO%OT‘.S‘I%?’L LRE Sie0 it U SRl Mt W, Mlisnithed, off
foruni:lerx}o %du 'E:Ie Prr%%%tdr%n mTDﬁtelire%oV‘%sC%gfd(?H rRfReL of

under uce essure, thereto were a ter and

et axhlch %E@‘i:%te anghdt R Rl i\WRs addicks Wl dr 19 gt tdblution
5.0l /L sodi um 119 hydr oxi de aqueous sol ution. The

or g&nuG.bgyer wes iusepgidaieddeard washed 204°Ch The organic
saturated sodi um chloride aqueous solution. Thereto
weilleyaddedsasbpdrated, migsaeidumithl Pate saad vac tdhndatrdaie
carbon. After 5 insoluble matter was filtered off, the

10sokgeatusasoldidonl.| eFheketonderer addedd 58r.<s wife zerd ite

the resul tant
and 5.0g of activated carbon, which was then stirred

for 20 minutes. Inscluble matter was filtered off and
washed with 100mL of ethyl acetate. The filtrate and

washings were combined, thereto were added 63mL of

15 ethyl acetate, 75mL of 2-propancl and 17.1g of maleic

acid. After this reaction mixture was heated and
dissolved, it was slowly cooled. The precipitate was
collected by filtration to provide 56.7g of 1-(3-(2-(1-

benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l maleate

20 as colorless crystal form.

25

'H-NMR in DMSO-d¢ agreed with the values of example 6-1.

INDUSTRIAL APPLICABILITY
[0128]

The process forrproduction of 1-(3-{(2-(1~
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol and
salts thereof of the present invention has the

following characteristics, (1) safety to human body,



resi due was added 1.81g of mal eic acid, which was
solidified froma m xed sol vent (25nL) of ethyl

acet at e: 2-propanol (4:1) to provide 4.82g of 1-(3-(2-(1
10 benzot hi ophen-5-yl) et hoxy) propyl )azeti din-3-0

mal eate as colorless crystal form 'H NVR in DVBO d6
agreed with the values of @axanple 6-1. [0126] 15
Exanpl e 6-9 To tetrahydrofuran(2.38L) suspension of
340¢) abwlen3-i(2nfibniteniz dickidepleet 53) a possibility of
yl ) et hoxy) propi onyl )azeti di n-3-ol was added 110g of
sotiaem boegdreddiote, aadd sér Spwitde &dge¢fzFe, the process
tetrahydrofuran(1l.02L) solution of 142g of sulfuric
acPd at (Bodartldmpengothd opdent Smour, which was then
stirred at 45 to 55C for 5 hours. After _cooling, )

t h¥teeEhRsY) Q&G’Qél’li?éﬁElélF-né'@éPgn@“Qn&at}ltép\ﬁh?%eé’édéos
204nL og 36%.hydrochloric_acid,_ which was then stirred
525USEEPhoRt ARDEFAEAPE PP 25U S En @ TOSFE Sinat t ended
overnight. To the reaction m xture was added 1.02L of
water, and 3.34L of the solvent was distilled off
under reduced pressure. After cooling, thereto was
added 120 0.68L of ethyl acetate, and dropw se added
wat er (O 68L) solution of 147g of sodi um hydroxi de at
14 to 22C, which was then stirred at 7 to 15C for 30
m nutes. Insoluble matter was filtered off, washed
with 0.34L of



5 ethyl acetate. The filtrate and washi ngs were

conbi ned, and the organic | ayer was separated, washed
with 0.68L of water. After to the organic |ayer was
added 2.04L of 2-propanol, 3.0lL of the solvent was
distilled off under reduced pressure. Thereto were 10
added 1.02L of ethyl acetatgozand 34g of activated
carbon, which was stirred for 20 m nutes. Insoluble
matter was filtered of f antiLAB$hed with 0. 34L of ethyl
acetate. The filtrate and washi ngs were conbi ned,

t héret o was &dgedcersy fofr paicsiustasind ofAflel3 1 (@ s It5
reaction m xture was heated and di ssol ved, it was

s| SRnzotbdloaenTie Y3, edhsyars oRd ) eaatectior Jpl or salts

ration to provide

2[%gggfpéipggﬁfgpﬁg&ﬁﬁéz%% %%acting a (phenylthio)acetic
5-yl ).et hox rqpyl )azeti.di n-3- ol | eate as .col qr] ess
o G PRI, BRI et Soser e te The
val f e 6-1. [0127] Exanple 6-10 To
te9%§%§ }o;§?§h ESOHL) suspensi on of 50.0g 25 of
1- (3-(2-(1-benzot hi ophen-5
yl') et hoxy) propi onyl ) azet i di n-3-ol was added 13.6g of
sodi um bor ohiiﬂe andXdr opwi se added 18. 5g of
a

sul furic aci tenperature for 3 hours, which
121 was then at 45 to 55C for 4.5 hours.
After cooling?” thefeto was added | SnL of acetone and
dr opw se

wherein X' represents a halogen atom,

with a halogenating agent to obtain an acid halide

represented by the general formula:
2 1
o
S

wherein X? represents a halogen atom; X' has the same
meanings as the above,
subsequently subjecting the acid halide to
intramolecular ring closure reaction in the presence of
Lewis acid, subsequently subjecting it to reduction

reaction to obtain a dihydrobenzothiophene derivative

represented by the general formula:

H 1



added 120nL of 6.Onol/L hydrochloric acid, which was
then refluxed for 1 hour. To the reaction m xture was
5 added 150nL of water, and the solvent was distilled
of f under reduced pressure. Thereto was added 200nL
of ethyl acetate, and dropw se added wat er (| COnl)
solution of 43.99g of sodi umzaydroxide at 10 to 21C
The organic |ayer was separated, washed with 20%
sodi um chl ori de 10 aqueous solution. Thereto were
added 50. of zeolite and 5.0g of activated carbon,
whiveerRds #hehasgt theedameoneaninbAusesthenabrysle
matter was filtered off and. washed with 100mlL of

et FPSEEEEREY PREISCLENSG: &hgndihwdambsgedidyiophene

B
his. i i h d d_ di | ol

LaetpoRaERTS KhULRIE 108 R 18 no T3 BNy ddohene
fi LOB i . 1- - .
holEarRETvbo BEOULERLRR B8 Fhel et Formyra: |

20 as colorless crystal form '"HNWVR in DVMBO d6 agreed
with the values of exanple 6-1. | NDUSTRI AL

APPLI CABI LI TY X5 The process for production of
1-(3-(2-(1-
benzot hi ophen hoxy) propyl ) azeti di n-3-ol and

salts thereof "of the present invention has the
foll ow ng characteristics, (1) safety to human body,
122 (2) low environnental |oads and (3) a possibility

Of wherein X! has the same meanings as the above,
subsequently coupling the 5-halogeno-l-benzothiophene
derivative with a malonic acid derivative or salts

thereof represented by the general formula:

¢

R

wherein R? and R® represent identically or differently
an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group,

in the presence of base and palladium catalyst to
obtain a benzothiophene derivative or salts thereof

represented by the general formula:



mass production, and so forth, therefore, the process
of 1-(3-(2-(1-benzot hi ophen-5-
yl ) et hoxy) propyl ) azeti din-3-0l and salts thereof is 5
useful as industrial manufacturing process. 123
CLAIM5 1. A process for production of 1-(3-(2-(1
benzot hi ophen-5-yl) et hoxy) gragyl ) azeti di n-3-0l or
salts thereof characterized by reacting a
(phenyl thio)acetic acid derivative or salts thereof
represented by the general fornula: 02H X wherein X1
represents a halogen atom w th a hal ogenati ng agent
to obtain an ag Al Les._xepresented by the genera
formula: OX2 ei n B represents a hal ogen at om
X1 has the sang i ngs as the above, subsequently
subjecting the acid halide to intranolecular ring
closure reaction in the presence of Lewi s acid,
subsequently subjecting it to reduction reaction to
obiakkedndiRAYdhabrhzod b qg{@ﬂ@axﬁ@rmé@uﬂ@s s8PERSeabEde,
by the general formula: H~ aX

subsequently reacting the benzothlophene derivative or

salts thereof with acid or base, subjecting it to
decarboxylation reaction if necessary, to obtain a
benzothicpheneacetic acid derivative or salts thereof

represented by the general formula:

4
(/.:©,0H2002R
S .

wherein R* represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or
aralkyl group,

subsequently subjecting the benzothiopheneacetic acid
derivative or salts thereof to hydrolysis reaction if
necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
alkali metal borohydride to obtain 2-(l-benzothiophen-
5-yl)ethanol, subsequently subjecting 2-(1-
benzothiophen-5-yl)ethanol to Michael addition reaction
with acrylonitrile in the presence of base,
subsequently subjecting it to reaction with én alcohol

represented by the general formula:



124 wherein X1 has the sanme neani ngs as the above,
subsequently subjecting the di hydrobenzot hi ophene
derivative to dehydration reaction in the presence of
acid catalyst to obtain a 5-hal ogeno-I-benzot hi ophene
derivative represented by the general formula: X ~ |
\ S wherein X1 has the saneiz®ani ngs as the above,
subsequent |y coupling the 5-hal ogeno-1|-benzot hi ophene
derivative with a malonic acid derivative or salts

t her eof repreRaDHgokby the general fornula: ~'2 R3
wherein R2 and R3°represent identically or differently

an unsubstituted or substituted al kyl oxycar bonyl
cycl oal kyl oxycar bonyl or aral kyl oxycar bonyl group or a

1in th f b d I 1 adi
catalStH ' PR R o s S Sh e Bt (VaT e o
Eghg%%ﬂ%?fﬁgte&%ﬁg%ﬁ%@é&k&%%&rﬁiﬁffﬁrgﬁcigéfy§f:ogzgryl
group,
in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula:

S

wherein R' has the same meanings as the above,
subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base to obtain a 3-(2-{l-benzothiophen-5-
yl)ethoxy)propionic acid or salts thereof, subsequently
converting 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic
acid or salts thereof to a reactive derivative,
subsequently reacting the reactive derivative with 3-
azetidinol or salts thereof in the presence of base to
obtain 1-{(3-(2~(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l, subsequently
subjecting 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin—B—ol to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride.

2. A process for production of 1-(3-(2-(1-



wherein R2 and R3 have the sanme neani ngs as the above,
subsequently reacting the benzot hi ophene derivative or
salts thereof with acid or base, subjecting it to
decar boxyl ati on reaction if necessary, to obtain a
benzot hi opheneacetic acid derivative or salts thereof
represented by the general fithula: / ( CH2ZCO2R4 S
Cwherein R4 represents a hydrogen atom or an

unRATAT Hukerh o~ Subst ¢ thew regyl) 23et bdinyd-ot or salts

aral kyl group, subsequently subjecting the

be Wﬁ%fprfgp?eraﬁt‘"e’%‘?%l%%‘? PY qRYREPY A o7 TR PSSR Rt sof
to hydrqlysis reaction if. necessar subhsequent |

L e R e TR LT TR o T
of | wat.or in the presence alkali netal borohydride
t()éﬁ%%ﬁﬁ%'Z-(l-benzothiophen- 5-yl ) et hanol ,
subsequent |y subjecting 2-(1-

benzot hi ophen-5-yl)ethanol to Mchael addition
reaction wth.acponiXrile in the presence of base
subsequently | ng it to reaction with an al coho
represented b e general formula: 126 R CH2CH
wherein R reﬁ?esents a hydrogen atom or an
unsubstituted or substituted al kyl, cycloal kyl or aryl
group, in the presence of acid to obtain a propionic

aCiflerein X' represents a halogen atom,

with a malonic acid derivative or salts thereof

represented by the general formula:

<

R

wherein R® and R® represent identically or differently
an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group,

in the presence of base and palladium catalyst to
obtain a benzothiophene derivative or salts thereof

represented by the general formula:

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



ester derivative represented by the general fornula:
ON~CO2CH2RI S wherein Rl has the sanme neani ngs as the
above, subsequently subjecting the propionic acid
ester derivative to hydrolysis reaction in the
presence of base to obtain a 3-(2-(1-benzothi ophen-5-
yl ) et hoxy) propionic acid or sagts thereof,
subsequently converting
3- (ulfdepegrriol hi ophening yihetbexy) phdppbane dacivabive or
salts thereof to a reactive derivative, subsequently
rea%ftlrt‘rfg ghrre@hcrite aekd var | hasei t sulziearbng di hokoor
salts thereof in the presence of base to obtain .
]_(q§ququxkﬁﬁ%ﬁ {ﬁﬁﬁﬁgqpng necessary, to obtain a

Bieé{‘)t R q’t%l% azetj d hq& ubseggent dailts thereof

¥L;§ettp Oxggrpcro .0 %edfqeetr%éjllao 3z olr?l%/%tlreductl on

in the
presence of alkall nmet al borohydride. 2.. A process
for production of 1-(3-(2-(1 127
benzot hi ophen- Y H)‘,OO%FM )azetidin-3-o0ol or
salts thereof/ eri zed by coupling a
5- hal ogeno-| - g p) ophene derivative represented by
the general fBrnula: X S wherein X1 represents a
hal ogen at om

wherein R* represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or
aralkyl group;

subsequently subjecting the benzothiopheneacetic acid
derivative or salts thereof to hydrolysis reaction if
necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
of alkali metal borohydride to obtain 2-(1-
benzothiophen-5-yl)ethanol, subsequently subjecting 2-
(1-benzothiophen-5-yl)ethanol to Michael addition
reaction with acrylonitrile in the presence of base,
subsequently subjecting it to reaction with an alcohol

represented by the general formula:

R'CH,OH

wherein R! represents a hydrogen atom or an

unsubstituted or substituted alkyl, cycloalkyl or aryl

group,



with a malonic acid derivative or salts thereof
represented by the general formula: R2 | R3 wherein
R2 and R3 represent identically or differently an
unsubstituted or substituted al kyl oxycarbonyl,

cycl oal kyl oxycar bonyl or aral kyl oxycar bonyl group or a
cyano group, in the presencel®»® base and pal | adi um
catalyst to obtain a benzothi ophene derivative or
salts thrreepdserepreSertitd by oheageneraropbenitaacid
3 RS 1 ~ wherein R2 and R3 have the sane neani ngs as

t he® TR LoDt L SeRpePTFIt ey | higet general formula:
benzot hi ophene derivative or salts thereof with acid
or base, subjecting it to decarboxylation reaction if

necessary, to ch%ﬂg@ggﬁig§tic acid
derivative or¢Sal hereof repr by the

gener al fornulg' R4 S wherein R4 represents a
hydrogen atom Or an unsubstituted or substituted

al kyl, cycloal kyl or aral kyl group,
wherein R' has the same meanings as the above,
subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base to obtain 3~ (2-(l1-benzothiophen-5-
yl)ethoxy)propionic acid or salts thereof, subsequently
converting 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic
acid or salts thereof to a reactive derivative,
subsequently reacting the reactive derivative with 3-
azetidinol or salts thereof in the presence of base to
obtain 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l, subsequently
subjecting 1-(3-(2~-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride.
3. A process for production of 1-(3-(2~(1-
benzothicphen-5-yl) ethoxy)propyl)azetidin-3-0l1 or sailts
thereof characterized by subjecting 2-(l-benzothiophen-
5-yl)ethanol to Michael addition reaction with
acrylonitrile in the presence of base, subsequently
subjecting it to reaction with an alcochol represented

by the general formula:



subsequent |y subjecting the benzot hi opheneacetic acid
derivative or salts thereof to hydrolysis reaction if
necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
of alkali nmetal borohydride to obtain 2-(1-
benzot hi ophen-5-yl ) ethanol,130bsequentl|ly subjecting
2- (1-benzot hi ophen-5-yl)ethanol to M chael addition
reaction with acrylonitrile in the presence of base,
subsequent |y Rb@}pgﬁjng it to reaction with an al coho
represented by t hé general fornula: RICH2OH wherein
Rl represents a hydrogen atomor an unsubstituted or
substituted al kyl, cycloal kyl or aryl group, 129 in

t he presen of acid to Obﬁﬁ; a propionic acid ester
derTHERTE B o predestad sy THEESEaT A0 ThIA  CO2CHDR
S {1 . t . ' th b
BB AL 008 4L SR RALLNOR08 15 RRYEN or arnn

derdMalki ve to hydrolysis reaction in the presence of
base to obtain 3-(2-(1-benzot hi ophen-5-

yl )iet ROy )Rl G A & PreSalls fhef ¢9fopionic acid

subsequently converting

3- (e&tel krRyyAatdt iah aferrad It 10Xy R i &ra PCESrRila:
salts thereof to a reactive derivative, subsequently
reacting the reactive derivative with 3-

S

wherein R' has the same meanings as the above,
subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base to obtain 3-(2-(l-benzothiophen-5-
yl)ethoxy)propionic acid or salts thereof, subsequently
converting 3-(2-(l-benzothiophen-5~yl)ethoxy)propionic
acid or salts thereof to a reactive derivative,
subsequently reacting the reactive derivative with 3-
azetidinol or salts thereof in the presence of base to
obtain 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l, subseguently
subjecting 1-(3-{(2-(l-benzothiophen-5-
yl)ethoxy)propionyl})azetidin-3-0l to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride.

4. A process for production of a 5-halogeno-1-



azetidinol or salts thereof in the presence of base to
obtain 1-(3-(2-(1-benzothiophen-5 yl)

et hoxy) propi onyl )azeti di n-3-0l, subsequently

subj ecting 1-(3-(2-(1-benzot hi ophen-5-

yl ) et hoxy) propi onyl )azeti din-3-0l to reduction
reaction wth an addition of3activator in the
presence of alkali netal borohydride. 3. A process

f orPpn Bofue PRReRe derBvabiye.-represented by the general
benzot hi ophen-5-yl) et hoxy) propyl ) azeti di n-3-0l or

sal 1™}t eof characterized by subjecting

2- (1- benzot hi ophen- 5-yl)ethanol to M chael addition
reaction with acrylonitrile in the presence of base,
subsequently subje tiqg‘it to reaction with an

al cohol repreggn f by the general formula: 130

Rl CH2OH wher eNn _E @o esents a hydrogen atom or an
unsubstituted & svbstituted al kyl, cycloal kyl or aryl
group, in the presence of acid to obtain a propionic
acid ester derivative represented by the genera
forpul a:. /il 1. ~~CORCH2RI_ .S wherein Rl has the
satl I fs " SO TERE o e P LS5 R0 QR y subj ecti ng
th I, OPRI+QI 5 [ . derj vat.l LS., a
oo o e il ] B A ISV Sacia
3- (erlilvat8RZO Y WY Rhereof represented by the general

1
Y
S

wherein X' has the same meanings as the above,

formula:

with a halogenating agent to obtain an acid halide

represented by the general formula:
2 1
T
S

wherein X* represents a halogen atom; X' has the same
meanings as the above,
subsequently subjecting the acid halide to
intramolecular ring closure reaction in the presence of

Lewis acid, subsequently subjecting it to reduction

reaction to obtain a dihydrobenzothiophene derivative



yl ) et hoxy) propionic acid or salts thereof,
subsequently converting
3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propionic acid or
salts thereof to a reactive derivative, subsequently
reacting the reactive derivative with 3- azetidinol or
salts thereof in the presence3pf base to obtain
1- (3-(2-(1-benzot hi ophen-5 yl)
et hoxy) psept edyiby aze¢ | gemeBadl fosmbsequent |y
subj ecting 1-(3-(2-(1-benzot hi ophen-5-
yl ) et hoxy) pr opi onyl )azetidin-3-o0l to reduction
reaction w tHQan addition of activator in the
presence of al kyl i X borohydride. 4. A process
for production/of al ogeno-1 131 benzot hi ophene
derivative rep g gt gl by the general fornmula: S
wherein X1 repr®esents a hal ogen atom characterized by
reacting a (phenylthio)acetic acid derivative or
salts thereof represented by the general fornula: 02H
\' X S wherein X1 has the sane neani ngs as the above,
wi thexdial ofehatsi theageme neaokingisn amn tde dbwate,de
represented by the general forrmula: Ox2 S
subsequently subjecting the dihydrobenzothiophene

derivative to dehydration reaction in the presence of
acid catalyst.

5. The process for production according to any
one of claims 1 to 4, characterized by crystallizing
crystals of a dihydrobenzophenone derivative

represented by the general formula:

H 1

wherein X' represents a halogen atom,

and isolating the crystals.

6. A process for production of a 5-halogeno-1-
benzothiophene derivative represented by the genéral

formula:

1

oy



wherein X2 represents a hal ogen atom X1 has the sane
nmeani ngs as the above, subsequently subjecting the
acid halide to intranolecular ring closure reaction
in the presence of Lew s acid, subsequently
subjecting it to reduction reaction to obtain a

di hydr obenzot hi ophene derivai3¥e 132 represented by
the general formula: HO .S wherein X1 has the sane
meafh el s | HerasReat s @\ths?éq?cm |ataubj ecti ng t he

di hydr obenzot hi ophene derivative to dehydration

r edCRF AL TR 1 FRA gresEHe S B 1NAcH dd%:%Y‘é’F?}g?nz@Ph%@ne
process for roductlon according to any, one oi cl ai s
1t e‘&”%’a AT 5 Y st |$e‘z““ﬁ@ ct95Tars  of a
di hydr obenzophenone derivative represented by the
general fornmula: H XL S| wherein X1 represents a
hal ogen at omRland |solah|ng the crystals. 6. A
process for prog a 5-hal ogeno-1 -

benzot hi ophene ive represented by the genera
formul a: X~ S

wherein X' has the same meanings as the above,

to dehydration reaction in the presence of acid
catalyst.

7. The process for production according to any
one of claims 4 to 6, wherein X! is a bromine atom or an
iodine atom.

8. A process for production of a benzothiophene

derivative or salts thereof represented by the general

CI K
S R’

wherein R? and R® represent identically or differently

formula:

an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group,

characterized by.coupling a benzothiophene derivative

represented by the general formula:



/ I ~ 133 wherein X1 represents a hal ogen atom
characterized by subjecting a di hydrobenzophenone
derivative represented by the general formula: HX1L S
wherein X1 has the same neani ngs as the above, to
dehydration reaction in the presence of acid
catalyst. 7. The process forl®toduction according to
any one of clalns4to 6, wherein X1 is a brom ne
atomor an igding 1 8. A process for production
of a benzot hi ophe gerivative or salts thereof
represented by™t he general fornmula: 2 s S wherein R2
and R3 represent identically or differently an
unsubstituted or substituted al kyl oxycar bonyl,
CY Gt doH XY ¢RERAMEN Y aAhdl1iogeexeambonyl group or a
cyano group, characterized by coupling a
beRzaiti0 Rl iderd dviad | ke i ¥ aPIes et esh Diys tHige seser al
formula: 134

represented by the general formula:

<

R

wherein R? and R® have the same meanings as the above,
in the presence of base and palladium catalyst.

9. The process for production of a
benzothiophene derivative according to claim 8, wherein

X! and a group represented by the general formula:

2

-,

R

bond to 4- or S5-position of the benzothiophene ring.
10. The process for production of a
benzothiophene derivative according to claim 8 or 9,
wherein X' and a group represented by the general

formula:

2

~,



<S: wherein X1 represents a halogen atom wth a

mal oni ¢ acid derivative or salts thereof represented

by the general fornmula: R2 R3 wherein R2 and R3 have

t he same neani ngs as the above, in the presence of

base and pal |l adium catal yst. 9. The process for
production of a benzot hi ophkre derivative according

to claim8, wherein X1 and a group represented by the
gene?af ¥ForaTpasitionpaf ghe blaﬂrawghaopbens- B&BPt | on

of %Ee benzot hi ophene ring. 10. The grocess for

protticti on of TAS BEACHTHi bPhaRECARF F AR IEEELREi A 2nY
to claim8 pr.9 wherein X1 and.a group.represented .
by THE Ghretai™ (b i 2 5 78 o SRSERLAGR] 7Y Fromine
?-Qgﬁ&ﬁhgp gﬁ {$51§@ 3£iophene ring. 11. The process

or production according to any one of clainms 1, 2

anch 8, t o 10, o M08 & Oy HrdFule PELTEFE BLRILLR 1 Phencacetic

i odi ne at om
acid derivative or salts thereof represented by the

general formula:

(:@cnzcozn‘
s

wherein R! represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or
aralkyl group,

characterized by reacting a benzothiophene derivative

or salts thereof represented by the general formula:

QK
R3

wherein R? and R® represent identically or differently
an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group, with acid or base, and subjecting it to
decarboxylation reaction if necessary.

13. The process for production of a
benzothiopheneacetic acid derivative or salts thereof

according to claim 12, wherein a group represented by




12. A process for production of a benzot hi opheneacetic
acid derivative or salts thereof represented by the
general formula: S CH2ZCO2R4 wherein R4 represents a
hydrogen atom or an unsubstituted or substituted

al kyl, cycloalkyl or aralkyhsgroup, characterized by
reacti ng a benzot hi ophene derivative or salts thereof
reptrsegérdrly tbemgegeral fornmula: 2 R3 wherein R2
and R3 represent identically or differently an
unsubstituted or substituted al kyl oxycarbonyl,

cycl oal kyl oxycar benyl or aral kyl oxycar bonyl group or a
cyano group, witftacid or base, and subjecting it to
decar boxyl at i gaction i f necessary. 13. The process
for production oRa benzothiopheneacetic acid
derivative or salts thereof according to claim 12,
wherein a group represented by 136 the genera
formula: 42 R3 and a group represented by the genera
fordfd a8 JrQMROCERZESRMEEd Ooy-tlhhe Geposali barvrlane
benzot hi ophene ring. 14. The process for production
of a

4
—CH,CO,R'

bond to 4- or 5-position of the benzothiophene ring.

14. The process for production of a

benzothicpheneacetic acid derivative or salts thereof

according to claim 12 or 13, wherein a group

represented by the general formula:

2

—,

R
and a group represented by the general formula:
4
—CH,CO,R

bond to 5-position of the benzothiophene ring.
15. A process for production of a
benzothiopheneacetic acid derivative or salts thereof

represented by the general formula:



benzot hi opheneacetic acid derivative or salts thereof
according to claim12 or 13, wherein a group
represented by the general formula: 4 R3 and a group
represented by the general fornmula: -CH2CO2R4 bond to
5-position of the benzothioppgpe ring. 15. A process
for production of a benzothi opheneacetic acid
derivative or salts thereof represented by the
general fornula: 1 CH2CC2R4 wherein R4 represents

a hydrogen at ) k&t@tﬁ‘ uted or substituted

al kyl , cycl oalM é*i group, characterized by
coupllng a ben®2ot hi"6phene derivative represented by
the general fornula: <JO X, wherein X1 represents a
hal ogen atom w th a malonic acid derivative or salts
t her,eo r nt yth f.or ~2 R9
e xfe]&g%@ g%%e%%np: %y%gc%fg{l 3 o;t{'%‘)rra 2

Pepresént Qferently
anlﬁﬁﬁﬂﬁﬁf
cycl oal ky 3&?%%?6%% or afﬂ%ﬁg %%ar ﬁéigﬁy% % %f a

aralkyl group,

characterized by coupling a benzothiophene derivative

represented by the general formula:

>
S .

wherein X' represents a halogen atom,
with a malonic acid derivative or salts thereof

represented by the general formula:

2

¢

R

wherein R? and R® represent identically or differently
an unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group,

in the presence of base and palladium catalyst to
cbtain a benzothiophene derivative or salts thereof

represented by the general formula:



cyano group, in the presence of base and pal |l adi um
catalyst to obtain a benzothi ophene derivative or
salts thereof represented by the general fornula: 138
2 /3 wherein R2 and R3 have the sanme neanings as the
above, subsequently reacti ngg he benzot hi ophene
derivative or salts thereof with acid or base, and
subjecting it to decarboxylation reaction if
necessary. 16. The process for production of a

benzot hi ophen aghd derivative or salts thereof
according to . W@erein X1, a group represented
by the general 8fo a:R42 R3 and a group represented
by the general fornula: -CH2CO2R4 bond to 4- or
5-position of the benzothiophene ring. 17. The
process_forzproduc ion of a benzothi opheneacetic acid
demhgaeilve For agdl RS haee colte smermeapgingschai ihesabeve,

16, wherein X1, a group represented by the general,
f oSS Sguend Lyrreacting the benzothiophene derivative or

salts thereof with acid or base, and subjecting it to
decarboxylation reaction if necessary.

16. The process for production of a
benzothiopheneacetic acid derivative or salts thereof
according to claim 15, wherein X', a group represented

by the general formula:

2

~{,

R

and a group represented by the general formula:
4
—CH,CO,R

bond to 4- or 5-position of the
benzothiophene ring.
17. The process for production of a
benzothiopheneacetic acid derivative or salts thereof
according to claim 15 or 16, wherein X!, a group

represented by the general formula:



R3 and a group represented by the general fornula:
-CH2CO2R4 bond to 5-position of the benzot hi ophene
ring. 18. The process for production according to any
one of clainms 15 to 17, wherein X1 is a brom ne atom
or an iodine atom 19. The p3®cess for production
according to any one of clains 1, 2 and 8 to 18,
wherein R2 is an unsubstituted or substituted

al kyl oxycar bonyl .2 cycl oal kyl oxycar bonyl or

aralkyloxycaggggﬁl group or a cyano group; R3 is an
unsubstitute gubstituted al kyl oxycarbonyl,

cycl oal kyl oxycarRonyl or aral kyl oxycar bonyl group.
20. A process for production of 2-(1-
benzot hi ophen-5-yl ) et hanol characterized by subjecting
a benzot hi opheneacetic acid derivative or salts

t NEPELR TR SERISF B Th P Y rits STl LPrekay
CH2C02R4 wherein R4 represents a hydrogen atom or an
140 unsubstituted or substituted alkyl, cycloalkyl or

aral kyl group—gR @ujndl ysis reaction i f necessary,
and subjecting it2 td reduction reaction with an
addition of activator in the presence of alkali netal
borohydride. 21. A process for production of 3-(2-(1-

bond to 5-position of the benzothiophene ring.

18, The process for production according to any
one of claims 15 to 17, wherein X' is a bromine atom or
an iodine atom.

19, The process for production according to any
one of claims 1, 2 and 8 to 18, wherein R® is an
unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group; R’ is an unsubstituted or substituted
alkyloxycarbonyl, cycloalkyloxycarbonyl or
aralkyloxycarbonyl group.

20. A process for production of 2-(1*
benzothiophen-5-yl)ethanol characterized by subjecting
a benzothiopheneacetic acid derivative or salts thereof

represented by the general formula:

4
(/j@,cuzcozn
S

wherein R* represents a hydrogen atom or an



benzot hi ophen-5-yl) ethoxy)propionic acid or salts

t hereof characterized by subjecting

2- (1- benzot hi ophen- 5-yl)ethanol to M chael addition
reaction with acrylonitrile in the presence of base,
subsequently subjecting it gteoreaction wth an

al cohol represented by the general formula: R CH2OH
whevesnbRlitrepedsent suhshytnbgénadkegi ocyahoalkyl or
unsubstituted or substituted al kyl, cycloal kyl or aryl
gr oapalkyil t GeopPesence of acid to obtain a propionic
acid ester_derivative represented by the genera

f or iRl BYAr Gy SEepEppRIien hhePeFRSRAITHas2RReSERARCTING it
o7 ot OFF ST O LT BF LR r V5ki ¥6 PEURAPDI §Ej Ot ivator in
or ok SrtFelr S OE R DR bt S EaL( 12obENYBF AR Bphen- 5-y1)
by b et g 21 bEn Sho R E AR PRSPy LT RR2F L EG o

M‘%Eﬁﬂoéﬁkgﬁﬂéﬁhéﬁﬁfii@@h&&#?pr@ﬁidﬁ?@!é&i&eoknséb€s

presence of ‘base, subsequent subjecting It to
I eagid @b M dHh - 28 €050 BEPS@SPEt €ng bY- t Peb8RAGERLophen~

formula: R CH2COH
5-yl)ethanol to Michael addition reaction with
acrylonitrile in the presence of base, subsequently
subjecting it to reaction with an alcohol represented

by the general formula:

R'CH,OH

wherein R! represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or aryl
group,

in the presence of acid to obtain a propionic acid

~ester derivative represented by the general formula:

(:@A/O\/\cochzRi
S

wherein R! has the same meanings as the above,
subsequently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of

base.



wherein RL represents a hydrogen atom or an
unsubstituted or substituted al kyl, cycloal kyl or aryl
group, in the presence of acid to obtain a propionic
acid ester derivative represented by the genera
formula: CO2CH2ZR S whereim KA has the sane neani ngs
as the above, and subjecting the propionic acid ester
derd%ati ve t dChéypirotess storaerddact honhef pBesencé-of
base according to any one of claimse 1 to 3 and 21
wheér&1 3P o re - ugkd $Bhexy FRFPRI R € @@l%y@Fo@@%tS

chlgride. 23. The process for production of 3-%2-@17
bertARIRH IR ERGH T Bty pF Ul 9% Endcf ol brbedFpLhiophen-

h f ized b bj j , \
D S e Mot LA 08 xpasiion hre i on
t i.th 142 | itri i
oAbt ehae ip A QNG O Bl Pl ERE0CR Shery

2 OB SANE 1ot AP An TOLONGT FefFBtheea

represents a ogen atom or an

- ungipstid WL 1 sthisdditds ed al kyl, cycloal kyl or aryl
group, In the presence of acid to obtain a propionic

acid ester derivative represented by the genera

fornul a: 0~1§Qﬂ§ﬂ8ﬁ'
2

wherein R? represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or aryl
group,

in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula:

8

wherein R' has the same meanings as the above,

and subjecting the propionic acid ester derivative to
hydrolysis reaction in the presence of base according
to any one of claims 1 to 3 and 21, wherein the acid
used is sulfuric acid or hydrogen chloride.

23. The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2-(l-benzothiophen-

5-yl)ethanol to Michael addition reaction with



O S Dwherein Rl has the sane neani ngs as the above,
and subjecting the propionic acid ester derivative to
hydrol ysis reaction in the presence of base according
to any one of clainms 1 to 3, 21 and 22, wherein the
acid used is hydrogen chloride and Rl is a hydr ogen
atom 24. The process for production of 3-(2-(1-
berot W ophent Be yi) didoxygpenpe onf cbased sebsafitgntly
thereof characterized by subjecting
2=(SMkslok M ophetr EE@¢§%Q%aMb¢ht®nN@b%@h¢laﬁgpreéﬁnted
reaction with acrylonitrile in the presence of base,
sulfeduintIsre st MR it to reaction with an

al cohol represented by the general formula: 143 R
CH2CH wherein R1 represents a hydrogen atom or an
unsubsti t ut edRdeH gDBbtltuted al kyl, cycloal kyl or aryl
group, in the presence of acid to obtain a propionic

aci d- ester t r n

for mul a: 5%1{ V%o%%gr%%%%ﬁ%er ei H&%% g%as %én Same "
rreamsmﬂ;%tqscdt% O\ o AN S ept g, égecmmw&r aryl
acid ester derivative to hydrolysis reaction in

pr ggergs of base according

in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula:

(:@/\/0\/\0020"‘2“1
S

wherein R! has the same meanings as the above,

and subjecting the propionic acid ester derivative to
hydrolysis reaction in the presence of base according
to any one of claims 1 to 3, 21 and 22, wherein the
acid used is hydrogen chloride and R' is a hydrogen
atom.

24, The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2= {l-benzothiophen-
5-yl)ethanol to Michael addition reaction with
acrylonitrile in the presence of base, subsequently
subjecting it to reaction with an alcochol represented

by the general formula:



to any one of clainms 1 to 3, 21 and 22, wherein the

acid used is sulfuric acid and RL is ethyl group. 25.

A process for production of 1-(3-(2-(1-
benzot hi ophen-5-yl) ethoxy) propi onyl)azetidin-3-0
characterized by converting Bs$2-(1-benzot hi ophen- 5-

yl ) et hoxy) propionic acid or salts thereof to a

reacti ve derivative, subsequently reacting the

reactive derh@gpjeﬁimﬁth 3-azetidinol or salts

thereof in the pPResence of base, subsequently
crystallizing crystals fromthe reaction m xture. 26.

A process for production of 1-(3-(2-(1-

benzot hi ophen-5-yl ) et hoxy) propyl ) azetidin-3-ol or
saltRereHerR o PSS ST 8 &y HHPEaibj @™ RF BY 3- (2- (1

144 benzot hi ophen-5-yl ) et hoxy) propi onyl )azetidi n- 3- ol

o UL G b atn |P e st sy Foresefaet byl g Caryy
inghe presence of alkali netal borohydride. 27. The

pr es®% or production of 1-(3-(2-(1-

be th] - 5-yl) 3 0 tidip-3-0l.0r_ .
Salrit%g Jlﬁgirl?éeobfe?bé’yé Sﬁf&g&g@ Etfg& WA 2L B P53 818" acid

1- (Gt (e szt orlisns&s :
yI)ethox&%ﬁ?bpioﬁg%)azeti%ﬁﬁﬁ%SC)yt%P?é%%%?f%% formula
reaction wth an addition of activator in the

presence of alkali _metal herohydride according to any
one of clai s / ant-70, cg‘u;ﬁlaé activator
used is at | ey compound seledted froma
protonic acid,Sa mefhyl ating agent and a silylating
agent. 28. The process for production of 1-(3-(2-(1-

wherein R' has the same meanings as the above,

and subjecting the propionic acid ester derivative to
hydrolysis reaction in the presence of base according
to any one of claims 1 to 3, 21 and 22, wherein the
acid used is sulfuric acid and R' is ethyl group.

25. A process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxry)propionyl})azetidin-3-ol
characterized by converting 3-(2-(l-benzothiophen-5-
yl)ethoxy) propionic acid or salts thereof to a
reactive derivative, subsegquently reacting the reactive
derivative with 3-azetidinol or salts thereof in the
presence of base, subsequently crystallizing crystals
from the reaction mixture.

26. A process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-o0l or salts

thereof characterized by subjecting 1-(3-(2-(1-



benzot hi ophen-5-yl) et hoxy) propyl ) azeti di n-3-0ol or

salts thereof by subjecting

1- (3-(2-(1-benzot hi ophen- 5-

yl ) et hoxy) propi onyl )azeti di n-3-0l to reduction

reaction wth an addition ofgactivator in the

presence of alkali netal borohydride according to any
onebefhzothiophéntb-y3) efBoapdp2dépinhglé¢ametiedin-3-0l1 to
activator used is sulfuric acid. 29. The process for

pr odedurbhonf rga¢Bipr-¢ith an addition of activator in the
benzot hi ophen-5-yl ) et hoxy) propyl )azetidin-3-ol or

sal PEeSehefedf @ikgbbj@e{aggboro ydride.

1- (3-(2-(1-benzot hi ophen- 5- )

yl )é? hoxy) pr oyi‘%nQF‘)’g%%?i 8PR- Brefuchipedaét tof 3-(2-(1-

br et R ORRRAT s Y hbehROsE) BhgaYL Ge SRt T b RgotoCEngales
onetﬁéﬁ&é@k%r%udﬁﬁ)egti Sdlgg%%.?’zg? -%@ﬁ%gkﬁaégﬁi%g@ll

met al  'boro e” UsSé i's I'um'bor o
30.,,1N; ' 0% 11 (3x(22Gd=+ 1 :
berorr ReneE Ry PR ERE St aEn iy a1 Pgl reffcrion reaction
saly sch tAereadi OYors UDE €64 MBator in the presence of alkali
1- (3-(2-(1-benzot hi ophen- 5-

Y| e o YD g S1Dy Diydle azedd Eling- 8 40y r688ChFOBlaims 1 to 3
reaction wth an addition of activator in the

pr egeh@s Ofwlad dkain thetadt bogohy dised hscat diegstoonay

one of clainms 1 to 3 and 26 to 29, wherein the anount

of compaunid seliectsbdrims H.Brooowié a¢ches apheteiating
nol e of the alkali metal borohydride and the process

i s agntaanst iz el Iyl atddinggent furic acid at 0 to 30C

for 10 mnutes to 6 hours and subsequently Egagéi?g

at 280 to 70cThe process for production of
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol or salts
thereof by subjecting 1-(3-(2-(l-benzothiophen~5-
yl)ethoxy)propionyl)azetidin-3-ol to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride according to any one of claims 1 to
3, 26 and 27, wherein the activator used is sulfuric
acid. |
29. The process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l or salts
thereof by subjecting 1-(3-(2-{(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride according to any one of claims 1 to 3

and 26 to 28, wherein the alkali metal borohydride used

is sodium borohydride.



31. A di hydrobenzot hi ophene derivative represented by
the general formula: HO CX S wherein X1 represents a
hal ogen atom 32. The di hydrobenzot hi ophene derivative
according to claim 31, wherein X1 is a brom ne atom
33. A benzot hi ophene derivatiyge or salts thereof
represented by the general fornmula: z S f / Ra

whezelin R2 anth&3prepeesenbri geptinealiby ef di-fiBerent(ly
146 an unsubstituted or substituted al kyl oxycar bonyl,

cy dhemat &iyh bogylcan bhHAayl } etharka) kybpyyracbongingBeop or aalts
cyano group. 34. The benzot hi ophene derivative or
saltikerepirlenfsweterding to(dra2m(33benhetbinapReni-§-an
unsupstituted or substituted al kyl oxycarbonyl, _
cy Y b Ky e\ ePBbPYY 1 bz @k bl k9t dxgLakBoR§PUGEHAD BRagtion
cyano group; and, R3 is an unsubstituted or substituted

al KA RRrddyELioR\Rf AFkIYB%GEat Bohlye BFesence of alkali
| kyl b | . 35. The b t hi h .

Gttt B e 14d THEIF g oo BiRGOPS. CFafhiagsop to 3

34’anﬁlﬁ]gé;6elt{]o aZ@,r ow%eréler?rteggnélggur?iy E)PesngSEQ: acid used

for
is 0.5 to 0.6 times mole per mole of the alkali metal

borohydride and the process is characterized by adding
sulfuric acid at 0 to 30°C for 10 minutes to 6 hours,
and subsequently reacting at 30 to 70°C

31. A dihydrobenzothiophene derivative

represented by the general formula:

t@r"'
S

wherein X! represents a halogen atom.

32. The dihydrobenzothiophene derivative
according to claim 31, wherein X' is a bromine atom.
33. A benzothiophene derivative or salts thereof

represented by the general formula:

1K
S R’

wherein R? and R® represent identically or differently



R3 4 bonds to 4- or 5-position of the benzothi ophene
ring. 36. The benzot hi ophene derivative or salts

t hereof according to any one of clainms 33 to 35,

wherein a group represented by the general fornula: 2

--C R3 bonds to 5-position efsthe benzot hi ophene

ring. 37. A propionic acid ester derivative
repapsentebstbyuthd genenhktfiontedaalk4loxycarbonyl,
OOZCHZR S wherein Rl represents a hydrogen atom or

an CYfisapskyiorgdasbosrbsert aradkalrylycaspenyal Ryeugr or a

aryl group
cyarnoc group.

34. The benzothiophene derivative or salts
thereof according to claim 33, wherein R®* is an
unsubstituted or substituted alkyloxycarbonyl,
cycloalkyloxycarbonyl or aralkyloxycarbonyl group or a
cyano group; and R® is an unsubstituted or substituted
alkyloxycarbonyl, cycloalkylexycarbonyl or

aralkyloxycarbonyl group.

35. The benzothiophene derivative or salts
thereof according to claim 33 or 34, wherein a group

represented by the general formula:

2

~,

R

bonds to 4- or 5-position of the benzothiophene ring.
36. The benzothiophene derivative or salts
thereof according to any one of claims 33 to 35,

wherein a group represented by the general formula:

2

—,

R

bonds to 5-position of the benzothiophene ring.

37. A propionic acid ester derivative represented

by the general formula:



147

S

wherein R? represents a hydrogen atom or an
unsubstituted or substituted alkyl, cycloalkyl or aryl

group.



