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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 )azetidi n-3-ol or salts thereof which
is useful as renedies f nervous system and
peri pheral nerve d!seaé%%%ﬁg%éﬁggbUND ART 10 [0002]
1- (3-(2- (Jphenzat aPh8bicrIOoN OF 1-(3-(2-(1-

yl ) et hoxy) propyl )azetidin-3-0ol or salts thereof has

nerve prot egEN® AL IUEN-THIWME HI@KYS PRope, )pr onot i on
action and neurite outgrowth action, and is a useful
15 conpound aszrerpuies-bnroresArat TRERDOS system 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
sUBjEedt iGhy THE INVENTIMMNyenzot hi ophen- 5-yl ) et hoxy)

propi onyl )azetidin-3-o0l obtained from
S-MgMWﬂ-benzothiophen-S 2 yl)ethoxy)propionic acid or

its salts thereof to . .
%%e present invention relates to a new

process for production of 1-(3~(2-(l-benzothiophen-5-
yl)ethoxy)propyl)azetidin-3—-o0l or salts thereof which
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-ol or salts thereof has
nerve protective action, nerve regeneration promotion
action and neurite outgrowth action, and is a useful
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)-1-benzothiophene with 3-azetidinol

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

obtained from 3-(2-(l-benzothiophen-5-
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reduction reaction with borane-tetrahydrofuran conpl ex
or subjecting it to reduction reaction with sodi um

bor ohydride in the presence of boron trifluoride 5
conpl ex tetrahydrofuran conplex, and so forth are
known (patent document 1). However, the process of
(1) has the foll ow ng def ect s, (A) the yield is |ow,

Ilcated rocedur s of urlflcat|on S
Y1r c%t B o U c%cf]bcfra ogr S0 are e eecreesosl,%glr}y, (O

€ 0 wast CINA S80-J0r 1
nhreéadgldpo{:lidonnar éetlprnocess gof %ﬂe&can%h be sat [ sf e

as, A @l fmRyh s NG, MeRC8SHn “kaecqlatg%%um&e
process "has the foll om ng defects, (A) the 15 process

usesrdrgagents of der %ﬁ%sl&ideaf@fdwwrﬁftﬁ@mio&&deand
boron trifluoride tetrahydrofuran and so forth, which

ar@mArd® We traHwrrdredy cdripgghlxy, fdmimeablferthhisgll known
toxi c and having problens of stability, (B)

t higragfeorte dcatumenit AN .i s necessary to handle and store

20 it and special equipnents are required, and so

forth. [000Bweveradding @rocgssa ofr ddesdrgfsorthe following
production of _ _ .
3-deLecksnendt Hihgphdrlsl yiis) dofox y)Fdr STBHIICEEd or

salts thereof used in (2). nenti oned abqve, for

eRhifgIsEures ﬂﬁewqf&ﬁaﬁd% 5068588 e iERoldit! OO ED
pr cess of s ectin 1- benz t.hi_ophe I)eth noI
{ TR0z 25 EFoh TREAEPEN i L SR = 15 0
S G, UL R 11 1o

In addition, the process of (2) cannot be
satisfied as an industrial manufacturing process,
because the process has the following defects, (A) the
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
it and special equipments are required, and so forth.
[0003]

In addition, as a process for production of
3-(2-(1-benzothiophen-5-yl)ethoxy)propionic acid or
salts thereof used in (2) mentioned 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



process of subjecting 2-(1-benzothi ophen-5-yl)ethanol
to Mchael addition reaction with acrylonitrile,
subsequently subjecting it to hydrolysis with acid,
and so forth (patent docunent 1). 5 However, the
processes of (3) and (4) cannot be satisfied as

i ndustrial manufacturing pr otesses, because these

PL9e835ss JPua i (PLLON 1 dol oo 6. LRSS Al
ofcdnansgst Sallea n ol se 1 AR,

ofsd@&w&wfﬁr&ﬁo&g%ﬁﬁgﬂrw anfd iy wfi conhustddle and

i sobut ene gas in ert-butylati'on reaction, the

prasesseef (Beedthaidd@ightof)hydrolysis with acid is
|l ow, and so forth. 15 [0004] As a process for

5 producti on giowevdr, ey @doapss iyl (Bt karbl (4sedrinot
(3) and (4) nentioned above, for exanple, the
f ddd owe thigs fpireat esss eisnduarter ikiowg nyfSctalpinar ggo afs ses,
subj ecting 5-nethyl -1 20 benzot hi ophene to brom nation
wiklgraNig® dissig @rngasies dave dchedaliloving afgaie, the
conpounds to obtain (1-
b&rastafisogHen-3-1y| (Pacdvominaduat s fipsedipause of the
subjecting it to hydrolysis, subsequently subjectin
| OO HTHiT G or PR O © [ G £ois, (B)
3), 25 (,6) a.process of, reactin .

10 5 SRS5HEH SRR S dite T m%%htgsnéasﬁeurﬁet%‘l& dggcause
G rd reagent, s eqetec; b% [ j .
LR AR U SIUEILLY o LSS0 B ey
ai%%%ﬂ%%%eo%a%“EEPQQJgéf%JBEtylation reaction, the

process of (4): the yield of hydrolysis with acid is
low, and so 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-



d benzot hi ophene) car bal dehyde to Wttig reaction with
met hoxynet hyl ene ylide, subsequently subjecting it to
hydrol ysis to obtain (1-benzothi ophen-5-

yl ) acet al dehyde, subsequently subjecting it to 5
reduction reaction, and so forth (patent docunent 3).
However, the processes of ( to (7) cannot be

Saﬁéﬁ%@%@hé@@}@é%&id%ﬁ;@ taﬁé“f& L %rl%:aeééeén with

because 't f oceésses ects

(A)letw%;gxﬁ L RLES PEVE. A Shb Sk @Yy P% ée’lné Ei)t 6\:0
hi ghly 10 toxic reagent(cyano npounds) 1s used

;&1 pogeni s resaent (el hydenscoxisiednis- used, (D)
hldﬁly i gnitable reagentg%butylI%thlunficilgnard

I eppeRtdt AT dehhg@sl, {B)saqesetily esuwfedding eacti®on are
conplicated, and so forth. 15 [0005] On the other

5 hareuatsi gt acsssesort orandrodutdttdn gfatent document 3) .

10

15

20

25

benzot hi opheneacetic acid derivative or salts
t her eof , f orHewanpt e, thdheprfotd oanpproresses(ar ecannot

known rocess of subjecting the hydroxyl group

ZGD%fSQd@rﬁzfoltﬁ?F ‘h%@rﬁtj Lr%qigmmq di;ocesses,

subsequently subjectlng it to reaction with cyano
%S%M%%W&W%M%%ﬁfﬁlqe@e“sr (A)

subaeguerggjay 3 ect | gsgfellg\tgl t 0 h drpgtlgy S 3; noH3 pat %1ghly

7- Xopdel 4 tetrah dr ohe othlo he e oduced
f oS Eregrgoetrh (564?@1 é}C{o]SZ) skyser gact on wi th

g% ﬁ;%{éﬁ%&etﬁ% &rentSURTRAYGIY ok Y 96t 1Rt {9
highly ignitable reagents (butyllithium, Grignard
reagent) are used, (E) procedures of the reaction are
complicated, and so forth.

[0005]

On the other hand, as processes for
production of benzothiopheneacetic acid derivative or
salts thereof, for example, the following processes are
known, (8) a process of subjecting the hydroxyl group
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-
tetrahydrobenzothiophene produced from 3—bromotﬁiophene
to Reformatsky reaction with ethyl bromoacetate,
subsequently subjecting it to aromatization by

dehydrogenation by use of sulfur, and subjecting it to



dehydr ogenati on by use of sulfur, and subjecting it to
5 hydrolysis, and so forth (non-patent docunent 4).
However, the processes of (8) and (9) cannot be
satisfied as industrial manufacturing processes,
because these processes have the foll ow ng defects,

(A) 5 internedi ates have a §}inulatory property, (B) a
hi.,gh | C t£cy.ano, c 0 ' @)

e s oG o

required, (Qofhare @{e SN SIaPS O (dhe i ocess 4ot

the yield is low (F) the reaction tenperature is

high, s{tQs Mraeediresy it tite ddhyeactdOm@®ocesses,
conplicated, and so forth. [0006] In addition, as a
prissessd ahdqyodrdddsf hbrdhalirgena-loweny addaplsnea)
derivative, for exanple, the follow ng processes are

5 kniowrg rafell)a tee pricoes 2 oft indlA arteact i;ypperty, (B) a highly
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4- hal ogenot hi ophenol with 2 hal ogenoacet al dehyde
ditestivy | rEeatealt (ayarive qumesemcks Jofis bessal,t ol @bttdigrefore,

2- (4- hal ogenophenyl t hi o) acet al dehyde di net hyl acet al ,

s issEddastted sutsadaatd iaf twe s Gentaremsiestdlrad,r iy there

closure reaction in the presence of 20 pal yphosphoric

adit§, TRRY S¢S f (tﬁ’c?npﬁgtc@ﬁ%s déourkdst Ylﬁl%étseﬂﬂtow' (F)

docunent 4, patent docunent, 5).. However, the process

ot PTG 6k BHOSRHR & Aoy 1 (dusacadi-es S the
facturing process ecause th rrgcess has the

?%%%S%ﬁﬁﬁ gégegFgP ﬁﬁth ’cgﬁgﬁﬁgasggt%rocedures such

ag @b%ﬁillation or silica gel columm chromat ography

ang so'forth are necessary to

In addition, as a process for production of
5-halogeno-l-benzothiophene derivative, for example,
the following processes are known, (10) a process of
reacting 4-halogenothiophenol with 2-
halogenocacetaldehyde dimethylacetal in the presence of
base to obtain 2-(4-halogenophenylthio)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 the following defects, (A)
complicated procedures such as distillation or silica
gel column chromatography and so forth are necessary to
isolated because the production intermediates are oily

substances, (B) treatments of the process are



I sol ated because the production internediates are oily
substances, (B) treatnents of the process are 6
conplicated in ring closure reaction by use of
phosphat e conpound because conplicated by-products
form (C) conplicated procedures such as distillation
or silica gel colum chronat%graphy and so forth are 5

necessar 0.separ at e 5-hal ogeno-1| - benzot hi ophene

QT TORL T VRESF r b T OF ! Dot BT OHUET s BocRtod T K 1

B Bl L8 QRIS LA IEHLOS PO Pea ) AL B AR
phesaRor sy COTROUNAS: £ nat - & &g £ &5 C&E‘f& i &ft&ﬁstlpllation

procedures for treatnent, and so fort 0007) As

4-hal o0enes hy Ophedlnd Setdib { d@dapiEE AN BDOME. are

for exanple, (11) a process of ~subjecting thioanisole

5t nded ogenat i ®nsapd 1 €| DFH A @¥n d-51 5O diEh i ophene
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subsequently subjecting it to denethylation wth

| adagel extciesss of rah| By tmeed (Ipaterndddocunentaye (HL)r a
process of reacting (4-hal ogenophenylthio)acetic acid
widdr isodi e s didvae lJav tel pires encientof, sl tamlarge
hydroxi de (patent docunent 7),:é;3) a process of

r B g 126 i dhialwigk noiadiez érie i antedbul whurch contains

nmonochl oride in the presence of zinc chloride to

oRASPRATE syEmssieriiat pRYsing i (RP sifiidflient | y
suQiect wi.th hydrochloric

jng it_to reduction reactio
& d’-czeidﬁ’clge(spsftoetnttrtf@ctlﬁ‘l‘?é’fﬁ' aé)da S(014%1°’%F rocess of
r gﬁ}' g 1, 4-di hal ogenobenzene 25 with sodi um
h3 rosul fide in 1-nmethyl-2-pyrrolidone

As 4-halogenothiophenol used in (10)
mentioned above, for example, (11) a process of
subjecting thioanisole to halogenation with chlorine or
bromine, subsequently subjecting it to demethylation
with large excess of chlorine (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
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-dihalogenobenzene
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,



(patent docunent 9), and so forth are known. However,
the processes of (11) to (14) cannot be satisfied as

i ndustrial manufacturing processes, 7 because these
processes have the follow ng defects, (A) the yield

is low, (B) isomers form (G high reaction

tenperature is required, (D) reagents that bear |arge
enyéE QNEBNEhd HadSy SMEds &S KN Orime o5 sdhfdesafects, (a)
used, 5 and so forth. [0008] Further, as a process

f otheretkicd i 0 DIwa (Henzodlt ophesen de(dvaiige fem fon
(phenyl thio) acetic acid derivative or salts thereof,

f orerexarpt wre the Adqdiotddw () prooesses @ret ke, large
(15) a process of subjecting it to intranolecul ar

ri eV e oyent rleadd guch e hehveisencer ofullfeles ars dised,
subsequently subjecting it to reduction reaction,

S susaitrenteitisubj ecting it to dehydration reaction,
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ang%so forth (patent docunent 15 10). However, in this
pr , the structure of produced conpound is

limted. [O%O@tl%p,at ent dorcument f(ﬂr 20 Icgiﬁ r.nat i onal
publ i cati on "Ng." 53717038 G4 P Pariph! &t- [t ot dtterit
2]ber1EJ:<))Q:]E1%'.%‘%3%%n%ul(JeeJ:‘t:'Livnati[ eatterngm daoc(lf)q‘Fe%tylsc]hio) acetic
acid derivative or salts thereof, for example, the
following 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
10).
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
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25 International publication No. 99/31,056 panphl et
[ pat ent docunent 4] International publication No.

02/ 100, 850 8 panphl et [patent docunent 5]
International publication No. 2,005/012,291 panphlet
5 [ patent docunent 6] Japan%§e Pat ent Lai d- Open No.
HO8- 143533 bulletin [patent” docunent 7] Japanese
Pq&gmgh}@%d-cpen No. HO5-178816 10 bulletin [patent
document 8] Japanese Patent Lai d-Qpen No. HO05-140086

buldetdi [@Ratemdndocument 9] 15 Japanese Pat ent
Lai d- OQpen No. H04-182463 bulletin [patent docunent

10] I nt er natiranatn Pt Catgs iNea t 1981 4% 967, 0 @it e191
20 [non-patent docunent 1] Journal of Medicina
Crmstret (J. Med. Chem ), 1991, Vol. 34, p. 65-73
[ non- pat ent docunent 2]
[patent document 6]
Japanese Patent Laid-Open No. H08-143533
bulletin
[patent document 7]
Japanese Patent Laid-Open No. H05-178816
bulletin
[patent document 8]
Japanese Patent Laid-Open No. H05-140086
bulletin
[patent document 9]
Japanese Patent Laid-Open No. H04-182463
bulletin
[patent document 10]
International publication No. 98/43,967
pamphlet
[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.
Chem.), 1997, Vol. 40, p 1049-1062
[non-patent document 3]

Nippon Kagaku Zashi, 1967, Vol. 88, p. 445-

447
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Journal of Medicinal Chemstry (J. Med. 25 Chem),
1997, Vol . 40, p 1049-1062 [non-patent docunent 3]

Ni ppon Kagaku Zashi, 1967, Vol. 88, p. 445- 447 9

[ non- patent docunent 4] Journal of Heterocyclic
Chemi stry (J. Heterocyclic em), 1965, Vol. 2, p.
44-48 [non-patent docunent 5] 5 Journal of Medicina

Cherbst byt bde (g/ggume@%q), 2003, Vol. 46, p 2446- 2455
DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY

TfHE I (NVE(NTI ?lﬂauﬂ;oai 094 O e e POV P € ESISerh DE £ PF Odpict | oNn
of 1-(3-(2-(I-

beitziod o ophene Schydn et hoxyg pr opyl ) azetp di 4434691 and
salts thereof, process which has safety to hunan body,

| olmenvwaoemerdetuteadsSland a possibility of mass 15
production, is strongly expected. MEANS TO SOLVE THE

PROBLEM [ 00 iquiradleroft Méedd ¢igians trmeiss t thel pr déasht 20
i nventors have studi ed zeal ously and consequently, and
f Sdf that2G a rocks Ror24fdifcrd on of 1-(3-(2-(1-
benzot hi ophen- 5-yl ) et hoxy) propyl )azeti di n-3-o0l or
salts thereof from 2-(1-benzothi ophen-5-yl)ethanol, a

p&ﬁﬁﬁﬁﬁstéﬂ'C&rqgﬂftfﬁybﬁyldﬁ-(z-(l-benzothiophen-5
PROBLEM TO BE SOLVED BY THE INVENTION
[0010]

A new process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol 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-ol 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



25 yl )ethoxy)propionic acid 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 subjecting it te 10 reaction with an

al cohol represented by the general fornmula [1]:

R CEROH: DA 7, Wher £h Na Rlo 8P £SEAL S &ty A5 poetle af B 011
an unsubstituted or substituted al kyl, cycl oal kyl or
arybrmb1group; in the presence of acid to obtain a
propionic acid ester derivative represented by the
general formuka 5%& :‘ngIEC}QRl [21 <0 r/ S

IDO O~ whRreHp Hakl t he sanme neanings as the
above, 10 subsequently subjecting the propionic acid
ester derivative to hydrolysis reaction in the
priesencin ' depseserhies pr dyidowigenacitdrestrernder i vat i ve
represented by the general fornmula [2]: COR2CH2R [ 21
S. unSulplek e redRI0th el el walred bl hgscwust aaledbovie, aryl

being inportant internediates in the production of 3-
5 group,

in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula

(o) 1
(/U\/ ~TT00,CHR )
S

wherein R' has the same meanings as the above,

[2]:

10 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]:

o 1
(/DA/ 7 TO0GHR
S

15 wherein R! has the same meanings as the above,
being important intermediates in the production of 3-
(2-(1-benzothiophen-5-yl)ethoxy)propionic acid or salts

thereof;



5

(2-(1-benzot hi ophen-5-yl ) et hoxy) propi onic acid or

salts thereof; 11 a process for production of

1- (3-(2-(1-benzot hi ophen-5- yl) et hoxy)

propi onyl )azetidin-3-o0l or salts thereof

characterized by deriving 3-(2-(1-benzot hi ophen- 5-

yl ) et hoxy) propionic acid or salts thereof to a
reacbirveebsdebrvatbigct sthsegquen( By (reattbagzbhigiophen-5-
reactive derivative with 3-azetidinol or salts

t hgt eethoryi heropiesehtezef ibase3-ahdosubskgsetitéyeof
crystallizing the crystals fromthe reaction m xture;

a phatestefbreprioruderoning 3-(2-(l-benzothiophen-5-

1- (3-(2-(1-benzot hi ophen-5- 10 yl) et hoxy) propyl) .
az¥ti gFposvbrropieni ¢ sacherenf sathareee e Zzedo by reactive
subjecting 1-(3-(2-(1-benzot hi ophen- 5- .

yl g%’fh%%%%?op?%%‘?‘é%%ﬂﬂi Feaching ot hedtRiFlohve

T REEHER: BT af ka1 et b o bR S H S P 480 i the
duct i f 1-(3-(2-{1-b t.hji ophen-5-
TETRaS i bt e ot R e AL P RPN ke

Sy Ao £ open

tion reaction with

acd Wddd | & e esence pf(ilgfzgo sihseauaitdphil 5-

subjecting it to reaction with an ol represented

10 byy 1hher gangmtodyanMH 2o ild in-R-GR G+ [shilt shai&idbR

15
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has the sanme neani ngs as the above, in the presence of
acilth ez tehtiadad doyprof erdtciraci - (Rstey ( Jderdnmdtiniephen—5-
represented by the general formula
yl)ethoxy)propionyl)azetidin-3-0l to reduction reaction
with an addition of activator in the presence of alkali
metal borohydride; and
a process for production of 1-(3-(2~(l-benzothiophen-5-
yl)ethoxy)propyl)azetidin~-3-0ol 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 alcohol represented

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]:



25 [2]: 12 O0---~C02CH2R [2] . wherein Rl has the
sane neani ngs as the above, subsequently subjecting
the propionic acid ester derivatives to hydrolysis
reaction in the presence of base to obtain
3-(2-(1-benzot hi ophen-5 5 yl;pet hoxy) propionic acid or
salts thereof, subsequently <converting it to a
reactive derivative, subsequently reacting the
reactive derivative wih BOpzetldlnoI or, salts
thereof in thg™py ( abHaR - (3-
(2-(1-benzot N op -yI)ethoxy)proﬁloﬁyI etidin-3
10 ol, subseq@nt™NFsubjecting it to reduction
reaction wth an addition of activator in the
presence of alkali netal borohydride. [0012) In
addj tion, the present inventors have found 15 that in
th%h%%%%%s% dEeD-fhe k?e?r‘&‘-’oﬂﬁaéﬁﬁ’&? 5y |Oh& RRYIE - whi ch
startln materi al , rocess for, grodu tion of a
5 PP SEHR T L Bendol Fif GHNere e T VRt P Gprdseen by

h | f S wh
Cop BEOBCAL Lo B 1518 e n o - eplsseni .
(p&egy' &l@a@&ﬁ'ede%y&t @enéﬂoesﬂl hye or salts

t hereof represent enera
5 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-{1l-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]:
1

X
(/j@ (6]
S

wherein X! represents a halogen atom,

20 characterized by reacting a (phenylthio)acetic acid



formula [3]: @®H 1 [31 S wherein X1 has the sane

nmeani ngs as the above, wth a hal ogenating agent to
obtain an acid halide 5 represented by the genera
formula [4]: OX2 [41 wherein X2 represents a hal ogen
atom X1 has the sane neanhggs as the above,
subsequently subjecting the acid halide to

I & APl ecl afr rd N0 £ Q& f AGEF O Atk d W8y RNeseGReral
of 10 Lew s acid, subsequently subjecting’it to
regyeth 0N ERCtion to obtain a di hydrobenzot hi ophene
derivative represented by the general fornmula [5]: HO
X ~[57 S wherein X1 has the sane nmeanings as the
above, and subjecting the di hydrobenzot hi ophene
derivative t@O,H>-Gafyydration reaction in the presence
of acid catalyst t hg 3di hydr obenzot hi ophene
derivative re d by the general fornmula [5]: H
X~ [ 5]

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

5 represented by the general formula [4]:

2 1
oX X
[4]

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]:

HO 1

[5]

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

15 dehydration reaction in the presence of acid catalyst:



S wherein X1 has the sane neani ngs as the above,

being inportant internediates in the process for 5
producti on of a 5-hal ogeno-I|-benzot hi ophene derivative
represented by the general formula [6]: [6] 141 <300"
wherein X1 has the same neapings as the above; the

5- hal ogeno-| - benzot hi ophene éerivative represented by
thengenr @hrdidmid e {8dhent et KhMheS eidp s diased N9y the
same meani ngs as the above, can be produced at sinple
prosesty esttidna tdogh purity by crystallizing and
isolating crystals of the dihydrobenzothi ophene
derivative represented by the general formula [5]: 15
HO X ~ [5] jpgwherein X1 has the sane neanings as the
above, subseduent| sg@jecting the crystals to
dehydration o, a %rocess for production of
benzot hi ophene dg it i vé9l5 or salts thereof
represented bySthé&~general fornul a

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

represented by the general formula [6]:

X'I
(/t@/ (6]
S

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

by the general formula [6]:

X1
Y
S

10 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]:



5

10

15

[9] 2 cUR [s] wherein R2 and R3 represent identically
or differently an unsubstituted or substituted

al kyl oxycarbonyl, cycl oal kyl oxycar bonyl or

ar al kyl oxycar bonyl group or 10 cyano group,
characterized by coupling a;Renzothi ophene derivative
represented by the general %ornula [7]: X [7] wherein
X' has the sanme neani ngs as the above, in the
presence of ﬁgﬁe and palladiumcatalyst with a 15

mal oni ¢ aci d ‘therivative,tor salts thereof represented
by the generg oJi: k%h 16 R2 [81 R3 wherein R2
and R3 have tRe db nea gs as the above; a process
for producti onSof ~&hzot hi opheneacetic acid

derivative or salts thereof represented by the genera
formula [10]: CH2CO2R4 [101 5 wherein R4 represents a
hydrogen at.om or unsubstituted or substituted alkyl,

cyHIIR I 1X obhagr &Ry Bageolisaniagsr ast EPez 880K¢
reacti ng a henzot hj ophene derivative or salts_ thereof
r esd’?)e%eéﬁ{ee’&qt}y St‘%@%ﬁ%?é\galt%eorw%a[lﬁ togdehyqrgtion

reaction;

a process for production of benzothiophene derivative

or salts thereof represented by the general formula

[9]:

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 general formula [7]:

(/t@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

wherein R2 and R3 have the sanme neani ngs as the above,
10 with acid or base, subjecting the benzothi ophene
derivative or salts thereof to decarboxyl ation
reaction if necessary; the benzothi ophene derivative
represented by the general %ornula [9]: 17 2 DY[s1
S| R3 wherein R2 and R3 ha&e t he sane neani ngs as the
above, being inportant internediates in the process
for productiop of benzothi opheneacetic acid
derivative orR salts thereof represented by the
general formil a [3@]: CH2C2R4 [101 : G- S 5 wherein
R4 has the s nmeani ngs as the above; a process for
production of 2-(1-benzothi ophen-5- yl)ethano
characterized by subjecting a benzothi opheneacetic
acid derivative or salts thereof represented by the
general  foryul a %%1%: CH2CO2R4 [111 S 10 wherein R4
hadheFelil e arca ngavasthResaBsvBS2RoNAFdREI YEfEsaboves

reaction if pecessary,. subseguentl subjecting it to.
" URATTRPS chek | AP MG - Olh SadrTh gt pfopheneacetic acid
derivative or salts thereof represented by the general

formula [10}]:

{t@cmcoﬁ [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 [9]

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]:



10

15

activator in the presence of alkali netal borohydride;
and 15 a process for production of
2- (1- benzot hi ophen-5- yl)ethanol characterized by
reacting a 18 (phenylthio)acetic acid derivative or
salts thereof represented the general formula [3]:
X ~@H1 [31 S wherein X1 has the sanme neani ngs as
the above, wth a hal ogenating agent to obtain an
acid halide 5 represenjed by the general formula [4]:
x2 Xi [41 wher8in R1 and X2 have the same neanings
as the above entlg] subj ecting the acid halide
to intranol egal qgsclosure reaction in the
presence of Lew s acid, subsequently subjecting it to
reduction 10 reaction to obtain a
dihydrobenzothiophene derivative represented by the

n X1 has _the s

|, farnul
“é‘ﬁ L ERd Bl 6at® ﬁﬁ%saamsnm%ﬁ%f eBt; haCt RROVE
k%ﬂB%ﬁ%}ﬁ%”¥ﬂF%rﬁ¥ﬁ %ﬁ\%%téECkﬂ95¥§g3(¥Er

reacjt e presence O
production of benzothiopheneacetic acid derivative or

salts thereof represented by the general formula [10]:

®6”2002R4 [10]

wherein R® has the same meanings as the above;

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

represented by the general formula [11]:

CH,CO,R’
(/j©/ [11]
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



acid catalyst to obtain a 5-hal ogeno-1I-benzot hi ophene
derivative represented by the general fornmula [6] [sl
wherein X1 has the sanme neani ngs as the above,
subsequent |y coupling the 5-hal ogeno-1|-benzot hi ophene
5 derivative with a malonic_acid derivative or salts

t hereof represented by the d‘neral formula [8]: R2 (
R3(éﬁ%n%@ﬁ?%?aé@t?@da&”dhé%?i%@@ié@”& MEANL 098, @Sc L pe
above, “in the presence of base and pafladlun1cata yst
t oreQbLALAL 83 bEpZoL DI gpheng) desiyvativespr salts
thereof 10 represented by the general fornula [12]:

R2 [121 wherein R2 and R3 have the sanme neani hgs as

t he above, subsequently reacting the benzot hi ophene
derivative oﬁ‘(o2 ereof wth acid or base,

subjecting it to gar b ation reaction if
necessary, to a2 enzot hi opheneacetic acid
derivative or salts thereof represented by the
general fornula [11]: / CH2 CO24 wherein R4 has the
sane neani ngs as the above, subsequently subjecting,
t hehbenzottli opkeneaceane ariathimoderisvathievabavesal ts
thereof to hydrolysis reaction if necessary,

S ubsEyuetid yogery teioig rgyent ttoo radeucin eom acid halide

5 represented by the general formula [4]:

ox’ X'
T (4]
S

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]:

HQ ,

[5]

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

derivative to dehydration reaction in the presence of



reaction with an addition of activator in the presence
of al kali netal borohydride. [0013] 10 Further, the
present inventors have found that a process for
production of 1-(3-(2-(1-benzothi ophen-5-

yl ) et hoxy) propyl ) azeti di n-3-@gl or salts thereof
characterized by reacting a (phenylthio)acetic acid 15
desévatiyves ofssald sodhereof 5%ﬁc%ﬁ@dlhyeﬂitec&%&r@e
formula [3]:" 02H 1 [3] S wherein X1 has the sane
medént Ngst Ase thep Bdhovesed Wi e ree hpd ragenati gnagents t:o
obtain an acid halide represented by the genera
formula [4]: 21 OX2 X [4] wherein X1 and X2 have the
same meani ngs as the above, subsequently subjecting
the aci d hal ige Ot ranol ecul ar ring closure
reaction in enceEle Lewi s acid, subsequently
subj ecting itgtoON#duction 5 reaction to obtain a

di hydr obenzot hi ophene derivative represented by the
general formula [5]: HOX i I ~ [sl s

wherein X! has the same meanings as the above,

subsequently coupling the 5-halogeno-l-benzothiophene

5 derivative with a malonic acid derivative or salts

10

thereof represented by the general formula ([8]:

RZ

¢,

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

represented by the general formula [12]:

3
R [12]

N

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 to

decarboxylation reaction if necessary, to obtain a



wherein X1 has sane the neanings as the above,
subsequently subjecting the di hydrobenzot hi ophene
derivative to dehydration reaction in the presence of
10 acid catalyst to obtain a
5- hal ogeno-| - benzot hi ophene .deri vative represented by
the general formula [6]: éf S wherein X1 has the

En A58 05 A, Lde; abo a/fd aSHPREAURDIY &

ogeno- Penzot |op ene erivative wt on|c
aCf@pﬁ@ééN@@&V@yoﬁhé éﬁbéé&tf6¥ﬁﬁiafﬁﬁiﬁsented by the
general formula [8]: [s1 R3 wherein R2 and
R3 have same neani ngs as the above, in the presence
of base and pal |l adium catal ysts to obtain a
benzot hi opheng-g ,Mal ts thereof
repr esent ed ner al forqﬂhﬁ][lzl: R2 R[121 S&
5 wherein R2 g ave the sane Treani ngs as the
above, subsequently reacting the benzothi ophene
derivative or salts thereof with acid or base,
subjecting it to decarboxylation reaction if
nedessairy R aaebtain samebarzotihicepheneaeetbovagi d
derivative or salts thereof 10 represented by the
gendgrsagqierthy ssybldcting, the benzothiopheneacetic acid

5 derivative or salts thereof to hydrolysis reaction if

10

15

necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
of alkali metal bofohydride.
[0013]

Further, the present inventors have found
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
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,
with a halogenating agent to obtain an acid halide

represented by the general formula [4]:



10

15

CH2Q2R4 wherein R4 have the same neanings as the
above, subsequently subjecting the
benzot hi opheneacetic acid derivative or salts thereof
to hydrolysis reaction if necessary, subsequently
subjecting it to reduction é? reaction with an
addition of activator in thé presence 23 of alKkal
net al borohydride to obtain 2-(I-

benzot hi ophen | ) et hanol, subsequently subjecting 2-
(1-benzothio hgdy 4 aChanol to M chael addition
reaction MAt%S Ptri in the presence of base, 5
subsequent |y ngiqélo reaction with an al cohol
represented by*the general fornmula [1]: R CH2OH [1 ]
wherein R has the sanme neani ngs as the above, in the
presence of acid to obtain a propionic acid ester

d%ﬁé@éiﬂ exlf %%He%@nﬁ§9e bﬂhé hgaﬁénﬁééhlﬁaé Myl athéoalkglze ,
R1[2) S wherein Rl has the sanme neanings as the

ab@&&%e qEDsBA U e tSi QﬁiérébiJWhémﬂﬂé(ﬂu(3 aci d
ester der|vat|ve to hydrolysis reaction in the

priasertes Kculkas e ity dilal ur S-fexddidenzotdiopheisdndd of

yl ) et hoxy) propi onic acid or salts thereof,
subseipientild, sdmeertdmgly subjecting it to reduction
3-(2-(I-benzot hi ophen-5-yl) et hoxy)propionic acid or
sataacttivey dof Al ad r eactiihaesd grdnzattihiphans stajqueritt jwe
reacting the reactive derivative with 3-

represented by the general formula [5]:

HO

[5]

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

derivative represented by the general formula [6]:

X1
(/D [6]
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

azetidinol or salts thereof in the presence of base to
20 obtain 1-(3-(2-(1-benzothi ophen- 5-
yl ) et hoxy) propi onyl )azeti di n-3-0l, and subsequently 24
subj ecting 1-(3-(2-(1-benzot hi ophen-5-
yl ) et hoxy) propi onyl )azeti di n-3-0ol to reduction
reaction wth an addition activator in the
presence of alkali netal borohydride, and have
conpl eted the ?resent 5 invention. EFFECT OF THE
I NVENTION [ OR 4% The process for production of
1-(3-(2-(1 1 8]
benzot hi opheng®-yl ) et hoxy) propyl ) - 3-azeti di nol or
salts thereo? of the present invention has the
following characteristics, (1) the yield is high, (2)
silica gel colum chromatography is not required, (3)
t hgretei g, R? t4iRl afouAlcobawas RS nisigsmak! thedhbove,
reagents whi ch have 15 harnful ness and probl ens of
stabi | thy presante UsEdoasddandopd DI &d urAnch t by Pt ocess
is useful as industrial manufacturing process. [0015]
Theb pa D es sbémzofph Dokitdnondef i Baf 2vg lor 28a1ts thereof
benzot hi ophen-5-yl ) et hoxy) propionic acid or salts
t heeeogseftedeopridsentenaweht formbhbs thel f ol | owi ng
characteristics, (1) by-products are snall
(2)infl ammabl e gases do not occur, (3) the yield is
hi gh, and so forth, a¢§ the process is useful as 25
i ndustrial manufacturipg process.

3

R

[12]

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’
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



[0016] The process for production of
benzot hi opheneacetic acid derivative or salts thereof
25 represented by the general fornula [10] of the
present invention has the follow ng characteristics,
(1) stinulative internediates are not used during the
process, (2) highly toxic reagents(cyano conpounds)
ar@f5aMQ&lﬂSﬁ§tai3%098H?Bk§§éegotBﬁééﬂﬁnﬁs(@f wast e
are not required, (4) the nunber of steps of the
proerssthsophemi-5(H) ) bRaybe| dsiibs8h@bnt (§) stb9bcting 2-
reaction tenperature is not required, (7) reaction

pr 6t edem esthaoehsiaApt el ) abdasol f oot Wi chadl t &@dpt beess
is useful as 10 industrial manufacturing process.

[ 00aF¢t Tore piotessrybenproiietinntid Bréa¢ngenof | base,
benzot hi ophene derivatives represented by the genera

Sf P pRFedyEItbY $Hel prlebratit nventeant hars whieh fan | aldelgol

10

15

20

15 characteristics, (1) by-products are few, (2)
;nﬁ????%ﬁ@?ﬁgcﬁﬁl?Rﬁ[ﬁﬁ*%ﬁ%ﬁdf?@m%lﬁp[%]brocedure such
as extraction and crystallization, (3) therefore,
conplicated refining procedures such as distillation
or silica dBK:UgOhﬁn [chl omat ogr aphy are not required,
and 20 so forth, and the process is useful as

i ndustrial manufacturing process. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [0018] 25 The present

| RMRINA QN HiS haXPkaknedkel@Wniifgs as the above,
in the presence of acid to obtain a propionic acid

ester derivative represented by the general formula

0] 1
Y oo
S

wherein R' has the same meanings as the above,

[271:

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-o0l, and subsequently



detail. In the present specification, unless

ot herwi se specified, the term "hal ogen atom' neans t
26 fluorine atom chlorine atom brom ne atom or
iodine atom the term "al kyl group"” nmeans a strai ght
or branched chain Cl_12alk u group, for exanple,

nmet hyl, ethyl, 5 propyl, isdpropyl, butyl, sec-butyl,

ISQQy§a&tlﬁ§ri @URyL<1p@@£¥&thiéﬁpéﬁlyl hexyl
hepty octyl or the [like; the tern1"cyc|oa|ky|

gr pupet ?ﬁp@o@Qﬁ?Y?é@@tMin YroOUPso f BEd&XaPh reaction
cycl opr opy cyclobutyl 10 cycl opentyl, cycl ohexyl or
t heith ken 4deitesm Saratkiydagsoudl teansré&fence of alkali
ard _6al kyl group, for exanple, benzyl,
dizpﬂtemylkvretwdridét yand Fihmmtd:mhple‘rrmthtﬂneyl petdarht or
the like; the term "al koxy group" neans a straight or
5 primceridions chain Cl _6al kyl oxy group, for exanple,
nmet hoxy, ethoxy, propoxy, isopropoxy, butoxy,
i sobut oxy, sec-butoxy, tert-butoxy, pentyloxy,
iso ent vl oxy or the like: the term "al kyl oxycar bonyl
C §ﬂ¥sﬁ¥¥ﬁ§ﬁﬁo r branched chain

C1$#é%bkyloxycarbonyl group, for exanple, 20
car bonyl, ethoxycarbonyl, 1,1

o et by oronery SALB e S QB RRPVERL B« 22 (o o
10 p%@HHdPﬁﬂgﬂﬂgﬂnﬁ §¥ ééﬁ%§§lﬁ%opyl)—B—azetldlnol 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 dsed, and
so forth, and the process is useful as industrial
manufacturing process.

[0015]
The process for production of 3-(2-(1-

20 benzothiophen—S—yl)ethoxy)propionic acid or salts
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

25 industrial manufacturing process.

[0016]
The process for production of

benzothiopheneacetic acid derivative or salts thereof



the term "cycl oal kyl oxycar bonyl group” neans a C3- 25
6cycl oal kyl oxycar bonyl group, for exanple,

cycl opropoxycar bonyl, cycl obut oxycar bonyl

cycl opent yl oxycar bonyl , cyclohexyloxycarbonyl or the
l'ike; 27 the tern1"ara|ky|9§ycarbonyl group” nmeans an
ar Cl 6al kyl oxycar bonyl group, for exanple,

beyégkggaﬁ@é@?pyl rhe PRERELDY| PXYRATDOPYY ] 055 ta@e |g'>1!‘@sent

ernms "aryl” group” means group, for exanp e,

phepyént Naphb Yyl cios Fhe1dik r@? therderai s kenyl ( )VOUIO
means a C2_12al kenyl group, exanpl e, V|nyI,

propaiyl at bk enyt e rifpedt £rys | af@mtyl usedepieiyd ,the
octenyl or the like, respectively. [0019] 10 The

alkydcesycl 02) kylglahyl aoylc greupernts Rlyamy cdmepounds) are
substituted with at | east one group selected froma

Shatogersed onf3la ¢y bikgdted dupsatanents o igrvag;e anre not
al kyl group, a cycloal kyl group, an al koxy group, an
al kKRGAredyr ol dree awr%i@% OF iy ehethe KL 0 Q&S ST Hies
aIkonx&iarbonyl cIoaIkonxycarbonyI and
ariky| bxXy ddthom\glgrivugigh Ro(Q) #%FrﬁﬁﬁQEQOn
substituted with at | east, on gp@u%fse ected fro

h?k%ﬁ%ﬁffaa‘i%ﬁ Wl sV Sp TSP O aH dres

I
glakenﬁ g%gLugr oaunp&gsﬁodojgonrk%lr yIgalr gcrgcuhp %%%OQI%Q}%ﬁﬁn as
10 aI ust&yl %ﬁﬁjf ralr g Suip of R4 may be

stltute east e group sel ect ed
[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



froma hal ogen atom a hydroxyl group, a nitro group,
an al kyl group, a cycloal kyl group, an al koxy group,
an 25 al kenyl group and an aryl group or the |ike.
[0020] In the present invention, the follow ng
processes are given for preferable manufacturing 28
processes. [0021] For the p?8duction of

3-£2-(1-ben i 0 =, b=y h i .oni [
R e B e e e i
supiggting 2-(1- benzot hi ophen-5-yl)ethanol to M chae

addition reaction in the presence of base with

actiyeé ofe frf i 1 £1 ky S UDSREIENid In$ eaCi # Mt dHt Wit hh@dhched
al cohol represented by the general fornula [1]: 10
R &R20H ¢1],ailkereigrokdb , hd@e rt ke asle , me@nihyds ashthe

above, in the presence of acid to obtain a propionic
5 agpxbpillb, estarraerl vaiitel r epresenteld, bysdhe generatt -
formula [2] | O-~CO2CH2R1[2] /O S O 20 wherein Rl
hagut e REnE eani saperdsythdeanove hemid/ lsuls @l my tHee
prqf£é¥ﬂ c acid ester derivative to
the term "cycloalkyl group" means a Cisgcycloalkyl
group, for example, cyclopropyl, cyclobutyl,
10 cyclopentyl, cyclohexyl or the like;
the term "aralkyl group" means an arCi-g¢alkyl group, for
example, benzyl, diphenylmethyl, trityl, phenethyl,
naphthylmethyl or the like;
the term "alkoxy group" means a straight or branched
15 chain Cj_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_jpalkyloxycarbonyl group, for example,
20 methoxycarbonyl, ethoxycarbonyl, 1,1-
dimethylpropoxycarbonyl, isopropoxycarbonyl, 2-
ethylhexyloxycarbonyl, tert-butoxycarbonyl, tert-
pentyloxycarbonyl or the like;
the term "cycloalkyloxycarbonyl group" means a Cs;-
25 gcycloalkyloxycarbonyl group, for example,
cyclopropoxycarbonyl, cyclobutoxycarbonyl,

cyclopentyloxycarbonyl, cyclohexyloxycarbonyl or the

like;



hydrol ysis reaction in the presence of base, the
process for production in which R is a hydrogen atom
or an alkyl group is preferable, the process for 25
production in which RL is a hydrogen atom nethyl
group, ethyl group or prop%l group i s nore
preferable, and the process for production in which

Rlths @ePMd“QS§Dk$I<9£§/Q£r}g§n ft@yéu@f O b S ngsmr_
nore preferable he process for production in which

t Ngs 186} 1 x QG drSy 18R/ AR, 9 € BGintblleS D@Ll Rardthyl,
the process for production in which the acid used is

5 shiefietth el @eych tsotylrogerhehl Dké de is nore

preferable. In the case that the acid is hydrogen

chtioe | derms h'ta py b cgssud 'brmgarmosl uct owm, | fomescdmdle, s
hydrogen atomis preferable. In the case that the acid

Si sehen¥r imapdtilyl A0 the biloeess for production in

which R1 is ethyl group is preferable. [0022] In the
prigeesseor" prlienict i rPwd” mgang & (G-12alkenyl group, for
benzothlophen 5-yl ) et hoxy propyl)azetldln 3-o0l or
seﬁ%%@p:ﬁitWﬁQXQﬁ BRPRGH] QWEFHY » pentenyl, hexenyl,

ML o e %ﬁ'@iocgéf%'}red.%%ero|r%sooeﬁewc%won

rqﬂﬁ} Mﬁth an addition of activator in the
presen e of aIkaIi net al borohydride, the process for

production i, d
10 IS sodlun1boré%yé' Q%b 'S pégggﬁgtfgghTEy #ggggig may

15

20

25

f ¥e @ﬂ%@ﬁﬂﬂdﬂéd'Wﬂ@ﬁ‘gttﬂéést 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.

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
group and an aryl group or the like.

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



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 is sulfuric acid is nore
preferable. In the case tha% the activator is sulfuric
acid, the process for produ ?ion in which the vol une
of iLc acid used is 0.5-0.6 tines nole per nole
ofprégééﬁ%éélkali metal borohydride, the addition of
suffowic acid at 0 to 30C for 10 mnutes to 6 hours
and the subsequent reaction at 30 to 70C is
preferable. fO023e Hrddicthen ppodBEt2-0N Herfzothiophen-—
di hydr obenzot hi ophene derivative represented by the
geiey bl eflosw) @rdi] onHO 2 id [&f sSL 19 vieredfH, Xin hase
t he sane neani ngs as the above, in the process for

S5 priogeetsonf oy preadidhigpra by pharjgething acetlic acid

10

15

20

25

derivative or salts thereof represented by the
g&@?@thmﬁﬁﬁfa‘ifﬂl ¢ thanpH 43 Mi dhatleradhl Mo azeaHel on
sane neani ngs as the above, 15 wth a halggenatlng
ag“é'htt}t% s arhdapnalitde acrylonitrile

subsequently reacting it with an alcohol represented 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

o) 1
(/D/\/ ~Te0,0HR
S

wherein R' has the same meanings as the above,

[271:

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 alkyl 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



represented by the general fornmula [4]: Ox2 1 [4] 20
wherein X1 and X2 have the sane neani ngs as the above,
subsequently subjecting the acid halide to 31

i ntranol ecul ar ring closure reaction in the presence
of Lewis acid, subsequentl&gﬁubjecting it to
reduction reaction, the process for production in
Whiehy X ghksug iShEQFinerahom arbropipe-atomor an

i odi ne a?on1|s 5 preferable, the process for
production ithahpebcddsi So phs@itheont oM Whiem 198 Heid
atomis nore preferable, andp the process for
prosedtionan nimbirgdn Xl asid bs opreLepdiohe, | snd uthder
nore preferable. [0024] 10 For the production of a
5-hadogenctdr emdotthi @phemevldech vialhe veci@preseénted by
the general fornmula [6]: 15 wherein X1 has the sane

S mesinl figsli asachd abdvedrogen t¢lel ¥ bdests frerprocrict Fanle -

10
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25

by subjecting a_ dihydrobenzot hi ophene derivative
represent ed EW e cammerat fohmaaldsis Molsegen |51

S 20, wherein X1 has the sane neani ngs as the, above,,
é%loriée, the process for producté%n fh w ié% R 'is

hydrogen atom is preferable.

In the case that the acid is sulfuric acid,
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
thereof by subjecting 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l to reduction reaction
with an addition of activétor in the presence of alkali
metal borohydride, the process for production in which
the alkali metal borohydride used is sodium borohydride
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
is sulfuric acid is more preferable.

. In the case that the activator 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



to dehydration reaction in the presence of acid

catal yst, the process for production in which X1 is a
32 chlorine atom a bromne atomor an iodine atomis
preferable, the process for production in which X1 is

a bromne atomor an iodingsatomis nore preferable,
and the process for production in which XI is a
brepkng1 REOM bt byrbheari@Ee phef 1abl eonl[8925]1 Hiric
the process for isolation by crystallizing crystals

of aaidi &y do obenzotdiapheare rdeniteat ivee 6 nepres eed Hy
the general fornmula [5], the process for 10 isolation
bysebpysgatht zremct tof ram a0 &b i pifat iic dnedrcocarizon

such as hexane and cycl ohexane and so forth is
prE®@Z23bl e, the process for isolation by

crystallizing it fromhexane or cycl ohexane is nore

pref erabl e, éﬁﬁiQhﬁaRﬁ@ﬁ%ﬁﬁ#@%ﬁofs%l%&h!ﬁﬁ@@eq%pthlophene
crystallizing it fromcycl ohexane is further nore
pr%ef%]r‘é?oqje‘.’e [R5 SR pridtucdsuirdt Hemsbthi bphene

derivative or salts thereof represented by the genera
20 forrmula [9]: 2 C9] <clYR whe rein R2 and R3 have
the same nedd®ngs as tgg above,

[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 1
oX X
[4]
S

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

subsequently subjecting the acid halide to



25 the process for production by subjecting a
benzot hi ophene derivative represented by the genera
formula [7]: 33 X [7] wherein X has the sane

meani ngs as the above, 5 to coupling reaction with a
mal oni ¢ acid derivative or 3 alts thereof represented
by the general fornmula [8a] ""in the presence of the

pal | adinm cat 8l ¥sti AYd-bassre rég%éloﬁaﬁnmbﬁéeﬁﬂe§§%be of
represents an unsubstituted or substituted

al Ky 0Xy£1 BONY L s 8Y&E 0L KV @Xysat DaRY] t Ofo 1Beduction
ar al kyl oxycar bonyl group; R2 has sane neani ngs as the
abpyectisn preferpbbesss htopriocessct dDon produict dlonxi ns a
which R2 is an al kyl oxycar bonyl group, an

arahkytoxg cardonyd lgraujpne ozt @ cyanm gi odijxe R8zom sian
al kyl oxycarbonyl group or an 15 aral kyl oxycarbonyl,

S greuptesaie e prefpradtes foe m%@e@@@@rlfm‘d@%@hﬂén is a

10

15

20

inwhich R is a Cl 4al kyl oxycar bonyl ou
zn@?om%ﬂ%y¢%¥?da¥b%%y%O%ﬁQﬁuﬁtQW %ﬁcﬂ@#ﬁ)@ﬁ%£%F
a Cl 4a|ky|oxycarbony| ou

@@mq&ﬁ%& J&)E i3 Yigreher riefeldiiidne g tom
The PEOGESS for rodu ti in which X1 is a chlorine
atjlﬁn tg?eolfn%%r%t%lfﬁ I %Elef odine atomis preferable,

g) process for production in which X1 is a

m aton1or an iodine atomis further

For the production of a 5-halogeno-1-

, jand

benzothiophene derivative represented by the general

formula [6]:

X1
(/t©/ (6]
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]:

- HQ

X
[5]
S

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



34 preferable. The process for production in which Xl
bonds to 4- or 5-positon of the benzothi ophene ring
is preferable, and the process for production in

whi ch X1 5 bonds 5-positon of the benzot hi ophene ring
is further preferable. [OO%é] In the process for
production of a benzothi ophéneacetic acid derivative

or h f s y r :
fo?ﬁ%%§§?%of§&@yg%é§%%ﬁﬁ%%]§ﬂ%§ﬂ%€r%§2§h4 agﬂ%Igigzne
MegpL NFSa3be | henaDOVEsedS e Progess; doriPraduat ixonis a
by reacting a benzot hi ophene 'derivative or salts

t her @afné epr @ et eth byod hee gt als dorenpse fHals1d2 and

S 1 / R3a [9a] wherein R2 and R3a have the sane

megine ngso@ss ¢ hito mhovejuctidrh acivhorh bdsds subjreatineg atom
it to decarboxylation 20 reaction if necessary, is

5 pries$ efabtleg r tiver priocessrdlore production in which R2 is

10

15

20

25

an_al kyl oxycar bonyl group, an aral kyl oxycar bonyl
gr 2ok a cyano group; R3a is an al kyl oxycar bonyl
group or an aral kyl oxycarbonyl group 35 is nore

pref erabl e, Hhdhhepases LS Forisplrii@n &y igFysfaldhizing
R%£§§é%fgﬁﬁ?kf¥h9ﬁ%ﬁ%@¥¥9gté?é%ﬂéaé“&é?f%%tive
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 isolation by
crystallizing it from hexane or cyclohexane is more
preferable, and the process for isolation 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]:

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]:



10

15

20

4al kyl oxycar bonyl group or a cyano group; R3a is a Cl_
4al kyl oxycar bonyl group or an arCl_4al kyl oxycar bonyl 5
group is further preferable. [0028] The process for
production in which the group represented by the
general formula: 2 R3a wherein R2 and R3a have the
sane neani ngs as the above, 10 bonds to 4- or
5-position of the benzothi ophene ring is preferable,
and the process fqgx_production in which the group
bonds to 5-pgogi T tthe_benzot hi ophene ring is
further prefe o@- 6029@7 15 The process for
production i nSthi the group represented by the
general fornula: -CH2ZCO2R4 wherein R4 has the sane
meani ngs as the above, bonds to 4- or 5-position of

thehbenzot I gphene ring is pr.eferabl Cl t he

or GEEEET oF PPGAUAE St NARTORSENE 26T 665 Bands t o

5- ' t t hi h ' i S . th ,

o Q7SN Ao LR S ORI TG | o I
' t ' [tut
gﬁ%@%%ba k%B%Sé;r&a 3‘?&? Z%%%plﬁ%ge%lefera L}le%J &ﬂae]
proceste JRsdHQAUGH i1k |gh WH EhirR4cd 8 18y Y Hr8hse :

atom an alkyl 5 group or an aral kyl group is
preferable, and the

2

R
< [8al]
R3a

wherein R’ represents an unsubstituted or substituted
alkyloxycarbonyl, cycloalkyloxycarbonyl or
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
aralkyloxycarbonyl group is more preferable, the
process for production in which R® is a Ci-
salkyloxycarbonyl group, an arCi-gjalkyloxycarbonyl group
Oor a cyano group; R* is a Ci-galkyloxycarbonyl group or
an arCji.salkyloxycarbonyl 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



process for production in which R4 is a hydrogen atom
a Cl 4dalkyl group or an ard _4 al kyl group is further
preferable. [0030] 10 In the propionic acid ester
derivative represented by the general formula [2]:
CO2CH2R[ 21 S wherein Rl has,the same neanings as the
above, the follow ng conpounés are given for a
preterablgiccompound. 15 The conpound of which Rl is a
hydrogen atom or an al kyl group is preferable, the
conpound of wheChrRlesk Srar ydsQgeni &k oM @hi®t Wl bonds
group, an ethyl group or a propyl group is nore
predetabbe, 5apdsiben conponcb@izothi gphdei simg is
hydrogen atom or an ethyl group is further 20
prefefabiiele] 003d] the protdysrdbenzotdiophenein which X'
derivative represented by the general fornmula [5]: 37
5 H 4S5 75 i £F on XAL halse thrnzeipel oplenagsing ihefurther
above, 5 the follow ng conpounds are given for a
pr@#%ﬁ%&ﬁ%ﬂeconpound. The conmpound of which X1 is a

chh%é'ﬂe atom a

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

10 represented by the general formula [10]:

(/St@CHZCOZR4 [10]

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

formula [9%9a]:

2

R
(/j@-< 3a [ga]
S R

wherein R? and R3® have the same meanings as the above,
with acid or base, subjecting it to decarboxylation

20 reaction if necessary, 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 aralkyloxycarbonyl group



brom ne atomor an iodine atomis preferable, the
conpound of which X1 is a brom ne atomor an iodine
atom 10 is nore preferable, and the conpound of which
Xl is a bromne atomis further preferable. [0032] In
a benzot hi ophene derivative Qr salts thereof
represented by the general ?ornula [9]: R R3 [97 15

wheg ehhr 82, 208 R3p Dave, f hier sane-Jeani ngsy as-dhe-ahayein
the foll ow ng conpounds are given for a preferable

CORPOENAR? The L TPRUNG, 10fx e iR ig ¥, an arc,-
al kyl oxycar bonyl, cycl oal kyl oxycar bonyl or 20

ar &l iyl logyeardemyll growp or a CHand grouwp;i R°* is a Ci-
preferable, the conpound of which R2 is an

al Jelkgdycardaaryin vgr gupupar rakal lkylCoxpdanioxylcagbony lor

38 a cyano group is nore preferable, and the conpound

S5 ofgrauw cks Ruttgher Qirefed taldloxycar bonyl group, an arCl_

10

15

20

4al kyl oxycar bonyl group or a cyano group is further
priét&&bl e. 5 The conpound of which R3 is an
al kyl oxycar bgnyl , cycl oal kyl oxycar bonyl . or

ar al kyl oxycarBomACGTBUP 9% Bt ETEif e, 11 Hd ihgdimgroup
f which R3, i | kyl b |
AP CRt Oy PSS 14, e T er abl o, and the

10 conmpound of which R3 is a C, _4al kyl oxycar bonyl

group or
:3a

R

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

The process for production in which the group

represented by the general formula:
—CH,CO,R"
2¥2

wherein R? has the same meanings as the above, 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.



ard _4al kyl oxycar bonyl group is further preferable.

[ 0033] The conpound of which the group represented by
the general fornula: -<2 R3 15 wherein R2 and R3 have

t he sane neani ngs as the above, bonds to 4- or
5-position of the benzothio ne ring is preferable,
and, the conpound of which the group bonds to

5-posi tion ofhthgrbeazset RbeppenguetNoni snfHRiBEIR® is a
preferable. 20 As the representative conmpound of the
gehgdabgefoahuhaof 94notnsabbsithes@obrofubbei presenklkyl,
invention, for exanple, the follow ng conpounds are

gi vgnlodhknl tabl arakkyiepresentis mneéhyiblgy otipe pBoicess
regresents a tert-butyl group. 39 [0034] [TABLE 1] N

N TPr ppEfu¢tion QoPBuicls R® /is0zEthydcRen /atonQOREr alkyl
Nz~ CO2tBu S/ 0S NC CO2Et NC CX2tBu S S/ E 020

S COPEPUR RIOGTE®EBLKYL group is preferable, and the

10

15

20

process for production in which R* is a hydrogen atom, a
Ci-qalkyl group or an arC;-y alkyl group is further
preferable.
[0030]

In the propionic acid ester derivative

represented by the general formula [2]:

O\//\ 1
(/D/\/ COCHR 12
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]:



5

10

15

20

S/ S6 5 [0035] Next, the process for production of
the present invention is explained. [0036] 10

[ Production process 1] 02 H1 \ X1 ~SX21 X [3] [4] Xi
HO\ X X S SS [13] [5] [6] wherein X1 and X2 have
the same meanings as the above. 40 [0037] The
conpound of the general formula [5] can be produced
by deriving the conpound of the general fornula [3]
or salts thefgof to an acid halide, 5 subsequently
subj ecting t acid halyde to intranolecular ring

cl osure reacti e presence of Lew s acid,
subsequent | y ' g iB}o reduction reaction. The
conmpound of th&8 gene formula [5] can 10 be derived
to the conmpound of general fornula [6] easily by
subjecting it to dehydration reaction in the presence
of acid catal yst. [0038] The conpound of the genera
fofmat@id 3! ¥fas 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]:

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
aralkyloxycarbonyl group or a cyano group 1is
preferable, the compound of which R? is an

alkyloxycarbonyl group, an aralkyloxycarbonyl group or



t he conpound

15 salts thereof, for exanple, can be obtained easily
and with good yield by reacting thiophenol with
chl oroacetic acid in the presence of base to obtain

(phenyl thi o)acetic acid, subsequently subjecting
(phenyl thio)acetic acid to ogenating reaction, or
20 reacting 4-hal ogenot hi ophenol with chl oroacetic
adecanotB%oQFeignﬁérQaﬁﬁeféBaEgg'thﬁa thBeceabbuRl of
general formula [3], if it is usually
knewnchor? ai Sad tc, L4 1agl sht o DIy Sughows, cat hoxyl
group, is not 25 particularly limted, but for
exanptel ossatdioamth gadkaldr netatarsucihrasg siodi fimther
potassium cesiumand the like; salts with alkal
eaprafeseblesuch as calcium 41 magnesium and the
| i ke; anmonium salts; and salts with nitrogen

5contalnlng o?@%n@@mB@B@ds®EhW%sChtRlﬂétﬁylanlne

10

15

20

| am ne, tributyl am ne,

triet
di %’abf%y%#mﬁéh n%yclp%myh%xyw%@wl pPPeri di ne,

i ne, diethy]am ne, dicyclohexylam ne
an%ra{’ﬁﬁw@a?%%wgl%wp[Jo%s@fe%% 51 S chie yr i of
for Prodg@t 2 aA S 1y gl Iakggd bel ow_ i n _det ai

TED R di &g5’ ﬁ?%: SRt iPUPTRE Ehpound of
r re |
the Qﬁgco %Iou 3% %}5@&& fle %xﬁ%%ﬁa{‘s B r OTSAYEELL DYe | 8ACH 1 NG
compound of which R® is a Ci-gqalkyloxycarbonyl group or
arCi-qalkyloxycarbonyl group is further preferable.
[0033]
The compound of which the group represented

by the general formula:

—

R

wherein R? and R® have the same meanings as the above,
bonds to 4- or 5-position of the benzothiophene ring is
preferable, and, the compound of which the group bonds
to 5-position of the benzothiophene ring is further
preferable.

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.



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 Lewis acid. [0040] This
reaction is usually carried3 ut in the 20 presence of
sol vent, the solvent used, i'f it does not affect an
|n{by§59e on the reaction, is not particularly
limted, for exanple, allphatlc hal ogenat ed
hy@f@gg@bp s such as dichl oronet hane, chloroform

di chl oroethane and the like; 25 nitro conpounds such
as nitronethane, nitrobenzene and the |ike; and
carbon disulfide and the |like; are given, and these
solvents may be used in agNn xture. 42 As gpreferable
sol vent, ali phatic halogeat ed hydrocar-on is given,
and di chl or omet haffe noC&,bt ef er/ he GdhyRint of

ited, but is
RPEY
[0041] 10 As th& hall ogenati ig ager
Et0,0CO,Et ‘Bu0,C-_-CO, Bu
CEB 4
S S

preferably 1 to 58 tines (¥%¥une per wei ght (viw) of
alz 4s
reaction, for exafpl & phosphorus ozy
Next, the process for production of the

t he conpound of the gener formula [3] of
; \,\b .
Rhitl
phosphorus oxybron1de Qgsehorus trlchlorlde

thereof, and is npre
E{E NCE ECO Bu

[0035]

present invention is explained.
[0036]

10 [Production process 1]

1 1
iozDX iO)iO/X
s s

[3] [4]

o o O

[13]

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



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

hal ogenati ng agent, but fo%Oexaane, in the case of
thionyl chloride, it may be "equal to or nore than 0.5
timggsfpl e per nole of the 20 conpound of the genera
formula [3] or salts thereof, and is preferably 1 to
2 times nol erhé 084@bodsdLen shackenaised FOAMS (5] can
reaction, for exanple, alum num chloride, alum num
brioai gdeodbos®no5dé £idlnertde, cohpamhaind £ et hackhe o8 e,
iron chloride, tin chloride, nercuric chloride,
suféumikta at3d endséhes| ikereaf et@i arengcadidhal Udd num
chloride is preferable. The anobunt of Lewi s acid used

Smeyulpeeqernt 1Y s corimprighe hamid halhiedeote per nole

of the conpound of general fornmula [3] or salts

t heregAmo kg &r prt@rabdsurd 1S t9mhesn nohe. PTOoF3je of
5 The reaction tenperature is not particularly ‘

| iTRY et 2Py i T ePoly DRI IRD Hr Teseeddrhi e
boilic%r,}%.LC oint of solvent, and is preferably 0 to 70C.

THe G f'on time is not particularly linited, but is
for 10 m nutgs to 50 hours nd is 10 preferably. for
30 minutes. (420 WER L [GoddfE deherdd HSHALEY Y5 %an

10 be derived to the compound of general formula [6]

20

25

easily by subjecting it to dehydration reaction in the
presence of acid catalyst.
[0038]

The compound of the general formula [3] or
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
reacting 4-halogenothiophenol with chloroacetic acid in
the preéence 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
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,



The conpound of the general fornula [13] obtained in
this way can be isolated and purified, but it is
preferable to proceed to the next reaction 15 w t hout

i solation. [0045] Reduction reaction: The conmpound of
the general fornula [5] can he produced by subjecting
t he conpound of the general fornmula [13] 20 to

reﬂgﬁhégﬂuﬁeéﬁ&iQHe kaé.reaction is usually carried
out rn the presence of solvent, the solvent used, if

i tageesinat saifect an influence on the reaction, is
not particularly limted, but for exanple, aliphatic

hakegesal €d Wy€h ogaf bORSn SUEht: asn2hgdbehh Ol ONBEHANEUCh as
chl orof orm dichl oroethane and the |ike; ethers such
ast t eheahy taof we ant rlle Pk ¢l aret hoxyet haneylamine, N,N-
bi s(2- met hoxyet hyl ) et her, di oxane and the |ike; 44

5 andldesopuehy bt Ny Nardi met hyy f od e désméNylpiperidine, N-
di met hyl acet am de, 1-nethyl-2-pyrrolidone and the
| iRethy b frixe Hiwe s udhe day bimien ey | d oy ¢ bleley bargl néreand
i ke; _alcohols such as nethanol, ethanol, propanol, 2

pahle?: IR shiofend the like; nitriles such as

5 Pto
ac&%gg%{rile and the like; esters such as nethyl
ac , ethyl acetate and the Ilike; nitro conmpounds

such as’ni trgrethane,  nitrobenzene, and, 40 the [ike

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.



aromati ¢ hydrocarbons such as benzene, tol uene, xylene
and the like; and water and the |ike; are given, and
these solvents may be used in adm xture. 15 As a
preferable solvent, a m xed solvent of aliphatic

hal ogenat ed hydrocarbons and_al cohols are given, a

mi xed sol vent of dichl or omef'kane and methanol is nore

f bl e. A h . ' 20
Parti cul ar v n e b bras BTy 4 TEeb e
Voﬂlyﬂgg@ﬁétél@'th&rcs’éawén@f@%ﬂd%ﬁf ihe @fcg?fé‘éomethane

I 3 and a o1l

formula [13], I's nore preferably 3t

tipestyt)prd 804611 25 As the reduci ng agent used in
this reaction, for exanple, alkali nmetal such as

l'ithium soditenamnfoiasst WRansblihent ikesd alkaldt earth
metal such as magnesi um cal ciumand the 45 |ike;

5 mepaat t suche @lsy Ziingi tead Urbut ung Edw O bly tAriaumO iTiomgs
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samarium sel enium sodium hydrosulfite and the |ike,
aritbsate paf waiage: (ehwall Rf Sheetaimgopudrd def sihoh general
di i sobutyl al um ni um hydride, trialkylalum nium
hylcrimgela stEnma $addrd derassrgdoursnd sy drwss I earably 3
the |.ike; conpl ex conpound of borohydride such as

sddfi Um WdEshyd™)de, 1t hi um borohydride, potassium

bﬂﬁﬁﬂ%ﬂride

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
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
compound of the general formula {3] or salts thereof,
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



10 and the |ike; conplex conpound of alum nium hydride
such as lithium alum num hydride and the |ike; and
borane and al kyl borane and the like; are given. As a
preferabl e reduci ng agent, conplex 15 conpound of
borohydride is given, and sqdi um borohydride is nore
preferable. The anount of the reducing agent used is
di 6fenspt tmathe Kind Q14 heer erﬁ’é‘Pé ngs a@l@é‘tcor%’éurﬁ@rof
exanple, in the case of the conplex conpound of 20
bogehy sl deo rintil day3 becegsdl + & orlEr&®f £ d@ni d. @Beferably
times nole per nole of the conpound of the genera
fornmuas filids ramteis preferably 0.25 to 2 tinmes nole.
[0047] The reaction tenperature is not particularly
25[0043ted, but is from-20C to equal to or less than
t he b0|I|ng poi nt of solvent, and is preferably 0 to

570C. The reHee i erRet ien | ECRRAT AL CLA ardy pamiieglarly

but |s for 10 mnutes to 50 hours, and is 46

'y Yy 189 Hidut e to t@oel%l@rls to PGO4§]SSTﬁé1an the
und of the neral fornmula [5] n tryé%
W%??D et S5 T4 YL Gb T S TR brEo 1o
by L e
Crystialdd Zﬁdtﬁ&é rom a Fﬂﬂ@ﬂt“ﬁ( hcyodré’cFchQP&S SHED @S

hexane, cyc exane an

10 preferably for 30 minutes to 20 hours.

15

20

25

[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
without isolation.

[0045]

Reduction reaction:

The compound of the general formula [5] can be produced
by subjecting the compound of the general formula [13]
to reduction reaction. This reaction is usually
carried out in the presence of solvent, the solvent
used, 1f it does not affect an influence on the
reaction, is not particularly limited, but for example,
aliphatic 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;



is preferable, the process of crystallization from 10
hexane or cycl ohexane is nore preferable, and the
process of crystallization fromcycl ohexane is further
preferable. [0049] Dehydration reaction: 15 The
conmpound of the general fornyla [6] can be produced
by subjecting the conpound of the general fornula [5]
t oaflehudr aLiAnaEeRckigink P he-pheacnse Qf wacid _
catal yst. [0050] 20 This reaction is usual ly carried
outiimBthheacpeesenss 0fmsohyent pihecsobyeat aigetheifike;
it does not affect an influence on the reaction, is
nosulparidesnl anty bsnidiedthput shoroexaaphed ahéephakéec
hydr ocar bons such as hexane, cycl ohexane and the |ike;
25a hconal § cshydr s andbinsnslic he Bisahehz epeopénd Lenz;

xyl ene and the like; aliphatic hal ogenat ed

S hyRiF eearpbnsbeteno hsandi e ok bet hane, chl or of or m
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di chl oroethane and the 47 |ike; ethers such as

t ARy HPDf BrGh, 29, 2Cf ot hiokyRt #afhethe like;
big%Z-netho et hyl )et her, dioxane and the |ike;

anfT oes” 3UtH s N RE h Vet #57 F 0t franf ey L Nefpsate ‘and the

di ltepylacetanide, 1- met hyl - 2- pyrrol i done and the
| i'Ke; " sul foxi des such as di nethyl sul foxide and the

| i o COARESURHE b Ao "B W ¢ AGEL Al fne P r S AL ana
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.

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
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).

[00406]

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



i ke; ketones such as acetone, 2-butanone and the

i ke; 10 al cohols such as nethanol, ethanol,

propanol , 2- propanol, butanol and the like; nitriles
such as acetonitrile and the |ike; aliphatic
carboxylic acid such as aceti.c acid, proplonlc acid
and the like; 15 and water ééd t he I|k are given,
ang;these may be wused in adm xture. As a preferabl e
solvent, ketone is given, and acetone is nore

preées abkecn The 2Nt 5 B Heus ol MeRdndised: d snNak, 20ron,
particul arly limted, but is preferably 1to 50 tines
V Of Mifi®r P&, vwda;gémxﬁﬁ, t fved CanpepdeL i1 £ hes ganerdle like,
formula [5], and is preferably 1 to 10 tines(v/w).

[ 054 ] skt & hef adiebeatatyss; used in this reaction, 25
for exanple, Broensted acids such as hydrochloric

S achelal suydnirde swwihd, asred hisgsset floniwnigciwy hydride,

10

15

20

25

trifluoronmethanesul fonic acid, p-toluenesulfonic acid,
di el d pakelui raidin et tdfe |$iannylg hyhdl devi@nrpeinr,
such as al um num chl oride, boron trifluoride, boron

trWXﬁﬂQﬁ%%ﬁ?%uﬂPQiﬁﬁq|#&¥eare gi ven, and

r(}JHL‘jlenesulfonlc %ﬁegﬁmpﬁﬁgge{;% ;ragseos?o unt ?]Icwan

gboooroo e m1I ecéf oorOhonj%d%’t é)ql aosusr}LdumOfbotrh%ydrlde

enerat’ ornUIa
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
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
borohydride, it may be equal to or more than 0.25 times
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 0 to 70°C.

The reaction time is not particularly

limited, but is for 10 minutes to 50 hours, and is
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times nole. [0052] The reaction tenperature is not
particularly 10 limted, but is from-20C to equal to

or

| ess than the boiling point of solvent, and is

preferably 0 to 70C. The reaction tine is not
particularly limted, but is for 10 mnutes to 50
hours, and is preferably for 30 mnutes to 20 hours.

15 k@@é%bbﬁ?r99905b0H19598§5§02b03L§&r§.CO Xi 00-~D3
[7f[9] 20" wh R3” and

erein R2, and X1 have the sane

meappng$ as the above. [0054] As the conpound of the
general fornmula [8] or salts thereof, for exanple,

di et hyl nmal onatecodpdtirttof 26hbusyhd ranl ooahelaetl hyl
cyano acetate, tert-butyl cyano 49 acetate,
mabbbannedi Le andsthey| ke, baresedr ket 2d. is[ 0056 Thext
conpound of the general formula [9] or salts thereof
Scahcpet produteloby Sub]etitmg bhe Bt conppunbevibideto
general forrmula [7] to coupling reaction with the

c

ohpoliee of t tihe gereral 1 otnul B¢ 8Frydkakal ts t her eof

in the presence of base and palladium catalyst, in

the presencel’s? REREHee Of FryrtliFeten from aliphatic

hydrocarbons such as hexane, cyclohexane and the like
is preferable, the process of crystallization from
hexane or cyclohexane is more preferable, and the
process of crystallization from cyclohexane is further
preferable.
[0049]

Dehydration reaction:
The compound of the general formula [6] can be produced
by subjecting the compound of the general formula [5]
to dehydration reaction in the presence of acid
catalyst.

[0050]

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
hydrocarbons such as hexane, cyclohexane and the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
aliphatic halogenated hydrocarbons such as

dichloromethane, chloroform, dichloroethane and the



presence or absence of reducing agent. 10 This
reaction is usually carried out in the presence of
solvent, the solvent used, if it does not affect a
bad i nfluence on the reaction, is not particularly
limted, but for exanple, augphatic hydr ocar bons such
as hexane, cycl ohexane and t'he |ike; 15 hal ogenated
hyde ggar bons such as dichl oronet hane, chloroform

di chl or oet hane and the like; ethers such as

tettpbydr otidhans de2rghpRESOXYLE hANE2 —dimethoxyethane,
bi s(2- net hoxyet hyl ) et her, di oxane and the |i ke’

ariohai 2 embyloeeat hpnse shieh, asibenzengndt ohaeneke xyl ene
20 and the like; am des such as N, N-di net hyl f or mam de,
N, &Neidie sres hyh aget Wil teimdt et Hiytm@mpye y ol j lone and t he
i ke; sulfoxides such as dinethyl sulfoxide and the
5| iddanetlegt et suide asl sty beetayero bidyhe ared atlee ahike
the 25 like; ketones such as acetone, 2-butanone and

t el fetdey| gegbo| a5 s@iéﬁﬁfdsyhe%mhmid%tmothe like;

pr anol , butanol ﬁropanol 2- net hyl - 2- pr opano

TS 1R 3D Tl hidre it s RINRS et o 1374 ethe

ag%lthe like; are given, and these may be used in
%ﬁLwe The anmpbunt of the solvent used is not

‘“ﬂé 5%@ ré&%ﬂIgg:é%%%gﬁ%ﬂ;fiﬂﬁ€gﬁ%f“”§#% tﬁéz¥£klnes

une per wel conmpoun e genera

1of°ar1'EéJrﬁ>1[s7]s daé %né%ﬁ%frf‘élab'é‘tri'afﬁ&,lop%%&’/ W. As
ase use in this react’ion or
propanol, butanol and the like;
nitriles such as acetonitrile and the like;
aliphatic carboxylic acid such as acetic acid,
propionic acid and the like;
15 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
20 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,
25 for example, Broensted acids such as hydrochloric acid,
sulfuric acid, methanesulfonic acid,

trifluoromethanesulfonic acid, p-toluenesulfonic acid,

dichloroacetic acid and the like;



exanpl e, netal al koxi de such as sodi um net hoxi de,
sodi um et hoxi de, potassiumtert-butoxide and sodi um 10
tert-butoxide and the |ike; inorganic base such as
sodi um hydr oxi de, potassi um hydroxi de, sodi um
car bonat e, potassi um carbon 3le, cesi um car bonat e,
bari um car bonat e, sodlun1phosphate pot assi um
ph9§9h§é\§13599i&'”§ hydr i de; angd: Rehassism do, ydride and
l'i ke; organic base such as triethylam he, N N

dl tﬁ@ﬁl@@yi@éh%@mﬂetrpwﬁmtme ang thee | 1kes; akfe given,
gi ven. The anount of the base used may be equal to 20
oramare-tdbnede du eomidd eapid 1ol erofetdiel €onpound of
the general formula [7], is preferably 2 to 10 tines
nol e, and i sTimerangeef evfbilye 2a¢nd 4cd taregs mokeed [ODH6)e
As the palladiumcatalyst used in this 25 reaction,

S f rdiexand er meelze Paan o UM buktknes mole per mole of the
palladlun}carbon pal | adi um bl ack and the Iike;

| rReRd il | E FRRRNAL STRIMES? pht | adiAn thl brite;to 1

anlcéﬁ adlun1salt such as pall adi um acetate; 51
1%5%%% Elaf%humcorrplex such as

é (trlphenylphosphlne) pal | adi um (0),
q phenylphosphlne)palladlun1(ll) chlorlde 1,1 -

bt R L e R R e Y B G R
10 anG it | IK® 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]

[Production process 2]

20 wherein R?*, R® and X! have the same meanings as the
above.
[0054]
As the compound of the general formula [8] or
salts theréof, for example, diethyl malonate, di(tert-

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



and pol yner fixed organopal | adi um conpl ex such as

bi s(acetate)tri phenyl phosphi ne palladium (Il) carried
in polyner, di(acetate)dicycl ohexyl phosphi ne pal | adi um
10 (Il) carried in polynmer and the |Iike; are given.
The anount of the palladi umycatal yst used is not
particularly limted, but is preferably 0.0001 to 1

ti gescavbe REToRdher 914 hengoppoundref geseratkéosaul a
[7], and I1s nore preferably is 0.005 to 0.1 tines
nDH905515 [0057] As the ligand used, if desired, in
this reaction, for exanple, trialkylphosphines such
as trinethylphosphpoendtof (teetgduwyd) phosphl mel @hdor
the 1like; 20 tricycloal kyl phosphi nes such as

t r sedes ohlexye phosphi e papduce@ by keybjecting the
triaryl phosphi nes such as trlphenylghosphlne

St reempPgiphoshhiie dererak forrular{al K9 ¢hieRbHIY es
RS DT e 8 A TR o
r’r@%ps“#qsa@f&;en G he e PR RRINA “HRE et Facion

”%%4’%% daz"% o SRR A Lo e
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oct af%%éréog%et hfgacet one an éjd&k%ﬁﬁ? aﬁéﬁ/ﬂ acet one,

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, 1is not
particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclohexane and the like;
halogenated hydrocarbons such as dichloromethane,
chloroform, dichlorocethane 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, ethanol, propanol, butanol,

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



am nes such as trinethylam ne, triethylam ne,

tripropylamne, triisopropylamne and the |ike;

1, 1' - bi s(di phenyl phosphi no)ferrocene; and

2, 2- bi s(di phenyl phosphi no)-1, 1' - bi napht hyl and the 10
I'i ke; are given. The anpunt ;@f the |igand used is not
particularly limted, but is preferably 0.0001 to 2
tiges APtLipes smbie £f Lhecsompeund oig general kd orand a
[7], and is nore preferably 0.005 to 0.2 tinmes nole.
155{ 0058 als tihess eflugi g agedntiusedhitdudesired, in
this reaction, for exanple, conplex conpound of

bor ohydri de Buehemasut tdf urhdosohyerti deseds oids umt

bor ohydri de, cal ci um borohydride, triacetoxy sodi um 20
bo@@h@rmmb@rlxsobﬁmﬁﬁ@j/amtboi@r@/mf@@@m ¥ heo 13k e iniess
gi ven. The anount of the reducing agent used i s not

5 pafet @i ap¢y WeiAahted L bite i eop@ing gbf (e oppietal 1
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tines nDIe,P nmol e of the conpound of(general‘§prnula
255 QAL NG Jis st et HrFSrRRRL 0. b1ER ol . W RS HE

The anpunt of t ound of eneral fornula 8] is
1 t0 5 Ll e A AR P DT e ComSAE Bl Sener al
fornul 7] d r.e erab 1 to tinmes .53 . nole.

THiE R eaéc’t |moentaga %{OD laér F it ouatS aﬁo%u%nb = ,lcgelr)fd

prs%o%.rﬂpleytl"ﬁ)txﬁq% ,t %o]t%%% Rt Elefﬂ B LUl b nd U Frum

tert-butoxide and the like;

inorganic base such as sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate,
cesium carbonate, barium carbonate, sodium phosphate,
potassium phosphate, sodium hydride and potassium
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
or more than 1 time mole per mole of the compound of
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;
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5 [0059] The conpound of general fornula [9] or salts
thereof obtained in this way nay be used as it is in
the next reaction without isolation. [0060] 10

[ Production process 3] 2 -zz S, R3 3 ( / CH2CO2R4
[9] [10] wherein R2, R3 and 34 have the same neani ngs
as the 15 above. [0061] The conpound of the general

f obighacha0l agk umsabhsithesgeh gan be produced by
reacting the conpound of the general formula [9] or
sakesrthRéseotiphthyaphdsghine) basel haitie (Py psence or
absence of water, in the presence or absence of

al bohotrishbpgtphogehineppatibedi boxylal i onloeade) oh, 1f-
necessary. This reaction is usually carried out in the
priesehdérbengbpherphinnbfepryenne uped]adiunt ( abés not

25 affect a bad influence on the reaction, is no
pa?ltﬂr%lr%ﬂ yEri o dEen pyt i doreasahpre) dwabh%m@msho and

d%oc rbons such as hexane, cycl ohexane and the |ike;
haF hfed hydrocarbons such as di chl or onet hane,

LSSl LS D 1 R 1
bis(acetate)triphenylphosphine palladium (II) carried
in polymer, di(acetate)dicyclohexylphosphine palladium
(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.
[0057]

As the ligand used, if desired, in this
reaction, for example, trialkylphosphines such as
trimethylphosphine, tri(tert-butyl)phosphine and the
like;
tricycloalkylphosphines such as tricyclohexylphosphine
and the like;
triarylphosphines such as triphenylphosphine,
tritolylphosphine and the like;
trialkyl phosphites such as trimethyl phosphite,
triethyl phosphite, tributyl phosphite and the like;
tricycloalkyl phosphites such as tricyclohexyl
phosphite and the like;

triaryl phosphites such as triphenyl phosphite and the



5 bi s(2-net hoxyet hyl )ether, dioxane and the |ike;
aromati ¢ hydrocarbons such as benzene, toluene, xylene
and the |ike; am des such as N, N-di met hyl f or mam de,
N, N- di net hyl acet am de, 1-nethyl-2-pyrrolidone and the
l'i ke; 10 sul foxides such as.di methyl sulfoxide and
the like; esters such as ethyl acetate, butyl acetate
angdikhe |ike; ketones such as acetone, 2-butanone and
the |like; alcohols such as nethanol, ethanol,

pr opanekel bukhanelt sd8h2apropanel s (2; apthyl - 2- propanol
and the like; glycols such as ethylene glycol,
propyheney ghyeny ] ) idi @t hyl ewre ghycol dansnd hehd i kieke;
nitriles such as acetonitrile and the |ike; and water
andikdeohékesualn eay)i ¥enty badetdese may be 20 used in
adm xture. The anpunt of the solvent used is not

Spareteblurrgacehviaeetone andpilet bbbty 1 to 50 tines
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vol upe per weight of the conmpound of the gepera
f ATASE [%‘}C}bra%a?lfjs‘“ef?féﬁe%\‘m%ndt?%ew]ea%%?er ably 1

25 to 15 t 0062 t he aci in this
r et oY :/Qt ][at%? %&ﬁarﬁjsn?]ﬁﬁ% d]rjckeam d,
sul f e d 55 os horic.acid, hydrogen chlorlde
h;id’r]ggen félrﬁhaeeny “fo)kfer%o%%n%c car boxylic

aghgjS?KgLEEE@Hfgﬂéh§¥ﬂﬁbsphlno -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 cyano borohydride and the like; 1is
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
[8] 1is 1 to 5 times mole per mole of the compound of

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



trichloroacetic acid, trifluoroacetic acid and the 5
i ke; and organic sulfonic acid such as

nmet hanesul fonic acid, p-toluenesulfonic acid and the
i ke; are given. The anmount of the acid used may be
equal to or nore than 0.001 _tinmes nole per nole of

t he conpound 10 of the gené@al formula [9] or salts
thﬁgﬁgf, and is preferably 0.01 to 5 tines nole. In
addrtron, the acid may be used as solvent. In
addition, aspihe baserysgtndp BOI SarffaGLL08: 2L0h to
exanpl e, netal al koxide such” as sodi um 15 net hoxi de,
soglh o etheKide r PAURSH MM Erls DK ¢gerandnisodieuiy 24
tert-butoxide and the Tike; inorganic base such as
sodbwaz hydr oxi de, potassi um hydroxide, barium
hydr oxi de, sodi um carbonate, potassium carbonate and

5the00b%e; 20 and organi c base such as triethyl am ne,

10

15

20

25

N, N- diisopropyl ethylamne, pyridine and the like; are
gi ven. The diaintorgbolmadeoflisgehesal form@lai hes omwlsalts
per nmole of the conpound of general formula [9] or 25
satheredferaddfaingd iz Pred erabpiney ke Bsednes hbles in
The amount of water used, if desired, in this

r ] iHRRT iLeqt i arti el 135t i@, but is

prﬁ%gﬁﬁbly 0.5 to 5 tines volune per weight of the 56
co d of general fornula [9] or salts thereof in

Orfﬁ¥o&&%€§%ﬁaﬁﬁoéﬁﬁ¥§ §Pe function of sol vent.

RZ
(/t@—( , — @CHZCOZR4
s R
[e]

[10]

wherein R?, R?® and R! have the same meanings as the
above.
[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
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As the alcohol used, if desired, in this reaction,

for exanple, primary al cohols such as 5 nethanol,

et hanol , propanol, butanol and the like; and glycols
such as ethyl ene glycol, propylene glycol, diethylene
glycol and the like; are givwen. The amount of the

al cohol used is not particdlarly limted, but is

prefarabhyLond §QC§ ggnﬁéxaAQ V@béﬂ@h@§£p$6asattﬁé ihee;
conmpound of general formula [9] or salts thereof in

ordelofonsbke hydheyerbbes &UBEtALONAOEN SOLYREEtRalH] S
reaction nmay be carried out at 0 to 200C, and

prefitsabfyrmt 20chk DodbOthfioe dndri ik elive 24 15 hours.
[ 0063] Decarboxyl ati on reacti on which may be
pettloenedsich nes essaryhydrctnramd DUk -dimbieadx ygthase,
the‘acid used, if desired, in this reaction, for 20

3 extahp| &;me Har e ey ot thenc hd bexdyelroeh| ohe cl bke d,

sul furic, acid, phosphoric acid, hydrogen chloride,

hﬁ:ﬁ%?éhl BrivrERCHMRPRHeSUTk S dIYJaFRRE c AF DHIGHG ¢ achene

such. a eIIC.aCId trichl oroacetic acid,
t ritd ?) Gc acid and the 25 like; and organic

| . d | f [ -tol
SHERE FEG Sha R e et ""%@anﬁuﬁf of
thﬁn?ecﬂn?}rll%sceedcém éoe e%@?ﬁm}l 2'5 r(c){.[olr&x)&oen ar{]d Otkpe()lllke,

e conp
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,
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;

and water and the like; are given, and these may be
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
to 15 ﬁimes(v/w).

[0062]
As the acid used in this reaction, inorganic

acid such as hydrochloric acid, sulfuric acid,



of general fornula [9] or salts thereof, and is
preferably 0.01 to 5 tinmes nole. In addition, the acid
may be used as solvent. 5 [0064] This reaction nay be
carried out if necessary in coexistent of solvent.
The solvent used, if it does. ot affect a bad

i nfl uence on the reaction, i'S not particularly
|'§h5§§hori9 butqfop @%Qﬁghechﬁka@ét'ﬁ @¥§%@Ea$PQH§de
such as hexane, cycyo hexane and t he % al ogenat ed
hydracarboniseich as di chl or onet hane, chloroforn1

di chl oroet hane and the |ike; ethers such as

t ed raduytic of artedix y 13 2- gt 1@t boxly et haseetidbacid,

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

aromath bo hyak @t bomsd s uthi Akuberzese] c t ot Lbénand xythene
and the |ike; am des such as N, N-di net hyl f or mam de,

5hlh¥k@4nEthylacetan1de 1- et hyl - 2-pyrrol i done and the
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i ke; 20 sul foxides such as dinethyl sulfoxide and

t FE g %@ar@s@ eF&L SRt a&C ik hyichcas drethane sl fertatacid,

and t l'i ke; ketones such as acetone, 2-butanone and

ity ,ne%fmcs ich A nehhahbfS ei”l?%n%’rven

e e T G

ni ?Lfl es stgAc ngs Oa{)cglt gtr,]ﬂ%/ &eqr%é: he P%‘S%é compound
of the general formula [9] or salts thereof, 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
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;
and organic base such as triethylamine, N,N-
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



wherein R4 has the same nea

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

used in adm xture. This reaction nay be carried out at
50 to 200C, and preferably at 50 to 150C for 1 mnute

to 24 5 hours. [0065] [Production process 4]

CH2CO2R4 CH2CO2H CH S | #] S( [14] -~ S| [15]
ngs as the above. [0066]

10c3m§5u9 géQQPgﬂ §o¥ﬁ&ggh@@?'opfsgg€s €9QPQHEdin

he fornu can be produced by Jecting t

CO@P@@Bdté’fm&ﬂ@ genesal ERemphactidd of salisnthereof
to hydrolysis reaction if necessary, and der|V|ng it

to (1-benzoths ophena beyhdacetég, actf ddosidSdsal hsthis
t hereof of the conpound of the formul a [ 14],

subs®ctioot | v stibgeatp g, (dr heazpt i ophehs Ssyth aget i c
acid or salts thereof to reduction reaction with an

5 aduithamo bf efthdval orpropahel prieseacel oindl kad i 1kt al
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borohydride. 20 This reaction is usually carried out

i Prhedlyreberchiasgttnteng hel gedVerprereteng fglycol,
does not. affect an influence on the reaction, is not
pat 1S Ti¥FIeEnBuEne ok ilskanpre, 9EI®Rr s such as

tetrahydrofuran, 1, 2-di xyet hane, bis(2, 59
met hoxyet hy| 57 (R8RS UL o g“%@l?%é o}iyeedits gi<en,

ar}o%rtlcularly limited, but is preferably 0.5 to 5 times

volume per weight of the compound of general formula
[9] 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
hours.
[0063]

Decarboxylation reaction which may be
performed if necessary is carried out by heating
As the acid used, if desired, in this reaction, for
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,
trichloroacetic acid, trifluorocacetic acid and the
like;
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



tetrahydrofuran is preferable. In addition, these

sol vents may be mxed wiwth a solvent of hal ogenated
hydr ocar bons such as 5 di chl oronet hane, chl orof orm and
the |ike; aromati c hydrocarbons such as benzene,

t ol uene, xylene and the |I%% and al i phatic

hydr ocar bons such as hexane,” ‘cycl ohexane, octane and

the,| fngﬁ? ?ﬁgnt beoph xednsol &L §B¥ R§1 S g'FhéochSound

anount o e solvent used 1S no articu

|'8Et§QnePHE EsrRheberabl ¥, s&@tgotﬁéﬂééf VQhH”EsPEY
wei ght of the conpound of the formula [14] or salts
th@f@@éra@ﬂ? osoprebesabiyed 1140 tlnES(v/wD- [0067]

15 As the alkali metal borohydride used in this

reaction, foInexadapteonsothanadodohydrbdeuskdtsusvlvent.
bor ohydri de, potassi um borohydride and the |ike; are

Sgi Ve®o4band sodi um borohydride is preferable. The

anmount of the alkali netal borohydride 20 used may be
equal to or Fbpie reéagtionimey b ecperiedl eutoffthecessary
conpound of the fornula [14] or salts thereof, is

prit efedristen ab $ohe’ntol e, and is nore preferably

1to 2 tinmes nole. 0068] 25 As the activator used in
this reactid%hef%ﬁlv rﬂ#%ﬁ pt bt bhi &L s At &gt 2 bad

chloride, trif] uorpa

J d dr
sortt L 8RS ST ST et e ESAER i ted,

10 hwgg}_e& C&%}SP@ aa(lelgﬁ{aeglé a}pygroggrbons such as hexane,
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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, l1-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, ethanol, 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:



The amount of the activator used is different in the
kind of the activator, but for exanple, but in the
case of sulfuric acid it is preferably 0.5 to 1 tines
nol e per nole of the alkali netal borohydride, 5 and
is nore preferably 0.5 to 0.6 tines nole. In addition,
the addition tine of the a vator is different in

Gt Ndcgl Lha eALT YALDY, o uba kDot NEnGasEaL

Far e "aci I'S pre m nutes 1o’
hogggd @Hdaa§lgpﬁ§epreferably for 30 10 m nutes to 2
hours. In addition, the activator may be dissolved in
sol vent appr@ﬁisakébMtlaﬁdmapebel§§9ky§g sQtvept soByo
be added. [0069] 15 The reaction tenperature i s not
par00twy) ary ptdMadtasly it Fmyrde 5@Q trorl50Ginaned its 24
preferably O to 80C Further, the process by the

Saddotirsn of the activator at 0 to 30C and the
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subsequent reaction at 40 20 to 80C is nore
préPepabl e, because generation of by products can be
squressed In addition, the reaction tinme is not
FedPaFign | PReEeds Ut is for 10 mnutes to 50
hours, and is preferably for 1 to 20 hours. 25 [0070]
In addltlon the hydrolysis reaction of the conpound

of e gHad;ofRfr mula [1 Orcﬁéddﬂ t her eo OH
ma b rriéd out—if ery rray be_per ¢ @
S [11] S [14] [15]

wherein R* has the same meanings as the above.
[0066]

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



61 by a reaction in a manner per se, for exanple, the
conpound of the fornmula [14] or salts thereof can be
derived by subjecting it to hydrolysis reaction in the
presence of base. 5 This reaction is usually carried

out in the presence solvent, the solvent used, if it
does not affect an influence on the reaction, is not

0 . O h e i phat.i ¢,

o Sakast L bt Buble XaTphe ) AKLPURL Sivep, ane

10- ar eARL bRy AL QCALbRPS eSHEH1 &S benzene, tol uene,
xyl ene and the Iike; hal ogenated hydrocarbons such as

di chl or onet hafeadqa bl 66 0f BhEs@ngot hient & kfay eblensx88Chith
as tetrahydrofuran, 1,2-dinmethoxyethane, 5

bi 8 (2o reé¢hoxyet iyl ) @&het ed dh pradea Biveh § heudh kes
sul foxi des such as di net hyl sul foxide and the |ike;

5 al ¢ bl srouethase methaood fo et hamdl ther bpeapl , but anol

2-propanol, tert-butanol and the Ilike; and water and

t herdnklei c dredgpeanhorndstteses sotveens, 20lwayebexylene
used in adm xture. As a preferable solvent, a m xed
sAVentheflikgomati ¢ hydrocarbons such as benzene,

tol uene and xylene and al cohols, and a m xed so| vent

of 2B hdPRat Hn YAE FATRERS gF Weth, 2 AMPE %A I x 8l SHP NS,

f tol 5 th d a mxed sol vent of
AR S VR et T 1 GRE bt EE T Sttt 1R resed

10solvent useqw{s not
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€ amou @ré% Ctl'i*llearsléllvent 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, trifluorocacetic acid and the like is given,

and sulfuric acid and hydrogen chloride are preferable.



limted, but is preferably 0.5 to 10 tinmes vol une per
62 weight of the conpound of the general fornula [11]
or salts thereof, and is nore preferably 0.5 to 5
times(v/w). As the base used in this reaction, for 5
exanpl e, netal al koxi de such as sodlun1nethOX|de

sodi um et hoxi de, potaSS|un1té}t but oxi de, sodiumtert

but oxi de and E% ahbbﬁt gfdthgoggegbgaggsgséacQsaalfferent

sodi um hydr oxi pot assi um I OXI

hYQﬁo%thklﬁedbE”£ﬁéfQee%bgto%o potassiupLgarhonabgr in
and the like; are given. As a preferable base,

I nergaphsebasesiisrugi¥efciandtsodi gpehydapxide. ando 1
pot assi um hydroxi de are preferable. The anpunt of

basémasetdobaypbe mglal ofothe alkabbrreethianbdrbhparnoke

per nole of the conpound of the general fornula [11]
Sorasdl £s nbeeepfefandoliyg Prefeoabl § fimes3mbiaes nol e.

This reaction is preferably perforned by an addition

of water. 20IThaddhbupn, ofheneddibddedtimy e elgeal to

or nore than 1 tine nole per nole of the conpound of

th%Ctb%®%95Il$o¢hﬁf%¥?ﬂ§]l%rtgglkkn@h@fe6$e @gtlvator,

pr ef er abl 0.1 to 10 tjnes( v/mg and {s nor

pr ?%r%%lgh% P$2 of TRHESTVFWCIR b ded Pﬁeﬁﬁﬁ%b%Y for

the functiopn of 25 solyent. The rea
el P e 0 nRpurRt crdrty more PREFLLERLy sor 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 temperature 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 of the general formula [11] or salts thereof

which may be carried out if necessary may be performed



l[imted, but it may be fromOC to equal to or |ess
than the boiling point of solvent, and is preferably
10 to 63 40C. The reaction tinme is not particularly
limted, but may be for 10 mnutes to 50 hours, and is
preferably for 1 to 24 hours:; 5 [0071] The conpound of
the formula [14] or salts thereof obtained in this
vayycanrbectsehat gdaf RaAhthepeheagt i en-nbxtppeeaf taE
the termnation of the reaction in the usual manner.
10cbapoexanpkernhaf Eeemting t{eam pat kantof thBeeof can be
reaction, it can be isolated by acidification with a
di Hatédedydyoshboetciagi it ext hgdrbbpsikst heacgaoncin the
sol vent such as toluene, and subsequent renoval of
sobvenencégsofnbaddition, it can be isolated as a salt
by the way of an addition of base into the extract.

SAs the salt Bpisheceorpoundsotsuhélyotanricd] a4, inhghe
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salt, if it is usuallg known for a salt in acidic
e

grtpsSehch asl¥arboxyhegrolipentsuasd, 26f paFt #eaf arPy
salts with alkalj netal

limted, but.f | es,
SULHE S5t 5Ol 1 LHOR a5 SVt NS CEP ARt SAB the PPFke: sl ts
wih ol kel parihELal shehess calelil o FRgRestuM

e 1l
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;

ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis(2-methoxyethyl)ether, dioxane and the like;
sulfoxides such as dimethyl sulfoxide and the like;
alcohols such as methanol, ethanol, propanol, butanol,
2-propanol, tert-butanol and the like;

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

As a preferable solvent, a mixed solvent of
aromatic hydrocarbons such as benzene, toluene and
xylene and alcohols, and a mixed solvent of alcohols
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 solvent used is not particularly

limited, but is preferably 0.5 to 10 times volume per



and salts with nitrogen containing organic base such
as trinmethyl amne, triethylamne, tributylam ne,
N, N- diisopropyl et hyl am ne, pyridine,

N- et hyl pi peri dine, N 64 nethyl norpholi ne,

di et hyl am ne, dlcyclohexylaqkpe and the like; are
given. As a preferable salt,"™a salt with al kali netal

Su%@l%ﬁt %@dnglggﬁgeah? gkughes ghxen; @egma1QOQa%

salt i's 5 prefer Producti on process
OHob1£sOLhENCRe CHERH E%]mogeL%§éf§rE$§L ERCHgRs 0
------- CO2H S| / L2] S| 17] wherein Rl has the
sagemaeanR/RYs as the above. [0073] 10
3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propionic acid of

t he conpoundAsf thbebésenukad[ 1] thi ssaktstibher €éot can
be produced by subjecting the conpound of the formula

o[ 16xampl#f chaek laddkokbder eachi aa wptihumaneyhoridei | e

in the presence of base to obtain the 15 conpound of

th§0¢bvmu¢bh9&5$e,sD@%éQQEHmlyeggbpégﬂxhge t fedium tert-
nmpound of the forpnula [16] to reaction with the

aI%Bﬁ%¥l%? #he 5%%e¥h¥efornula [1] in the presence of

aci d, subsequent| derivin 0 the
IR g SO s %ﬁjae A AR LT
genshal 1L Ml 2 [ al L9y drolysis fgaction o Lhe

10 potassium carbonate and the like; are given.
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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
more than 1 time mole per mole of the compound of the
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 amount 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



presence of base. [0074] 65 The present process for
production is explained belowin detail. M chae

addi tion reaction: The conpound of the fornula [16]
can be produced by 5 subjecting the conpound of the
formula [15] to Mchael addiition reaction with
acrylonitrile in the presen & of base. This reaction
isyggual ly carried out in the presence of solvent,
the solvent used, if it does not 10 affect an
influence onrfbe LgacibPNrihs NOtnparphstaniyriy
limted, but for exanple, aliphatic ydr ocar bons such
as1 hexese, wyelehexsaerandid heihikes taropBhders, and is
hydr ocar bons such as benzene, toluene, xylene and the
| i kes fdbalhiby ofjenat eto hy4riosardons such as

di chl oronet hane, chloroformand the like; ethers such

5as[@@t¥hhydrof uran, 1, 2-di nethoxyet hane,
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bi s(2- met hoxyet hyl ) et her, di oxane and the |ike;
sul f oxi des sticd eenelwed i e foxidelantl4heotik@it0
and tertiary al cohols such as tert-butanol, tert-anyl
al et olamPinEned kit Hres giaercanane t heeka ey becnsEe
in adm xture, As a preferable solvent, a sole solvent
ofF ekt iTELHyHF D Honst - T 3@k 331 Ybnthofreaction
anonq;ic 2§ihydrog§rbons, ethers and tertiary
al dbndts Wi '
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 subsequent removal of
solvent.
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
[14], the salt, if it is usually known for a salt in
acidic group such as carboxyl group, is not
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;
ammonium salts,
and salts with nitrogen containing organic base such as

trimethyl amine, triethylamine, tributylamine, N,N-

diisopropylethylamine, pyridine, N-methylpiperidine, N-



sol e solvent of aromatic hydrocarbons, a m xed sol vent
of aromati c 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

t ol uene and tetrahydrofura%4 a m xed sol vent of
toluene and tert- butanol, and a m xed sol vent of

to - anyly . . _aregE .
T R R A
li phted;xbut ;-8 giekgrably 0.5 to 10 tinmes volune per
wei ght of the conpound of the fornula [15], and is
nmone preferabhy1 8. Bale, 3at kaLS(MAvh. al Radddinkton, sash as
an additive to these 10 solvents, primary al cohols
susbdasmsamatl| pamassi uaf is ngi hanpl aaddaesbahakh aattt he
i ke; secondary al cohols such as 2-propanol and the

Slikeefenadleater and the |ike; these may be mi xed. The
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anmount of the additive used is equal to 15 or |ess
t hB90®25 tines vol ume per weight of the conpound of
the formula [15], and is preferably equal to or |ess
t hERT @3UCt} plesRUPGFSS [DD75] As the base used in this
reaction, for 20 exanple, organic base such as 1, 8-

t et s @i um hydr heoz@rigrt A eRyEHI[am
hy¢r o and t he—ke: ¢ne al koxi de sggh—as—sed+uﬁf——
met soxie?, [1&ddi um S [16]

ES [2] S [17]

wherein R! has the same meanings as the above.
[0073]

3-(2-(1l~-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
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 of
general formula [2] to hydrolysis reaction in the
presence of base.

[0074]



25 et hoxi de, potassiumtert-butoxide, sodium
tert-butoxide and the |ike; inorganic base such as
sodi um hydr oxi de, potassi um hydroxi de, sodi um hydri de
and the like; are given. 67 As a preferable base,
organi c base and net al alko§§de are given,
benzyltrinethylannnniun1hydr§

tert'bUtOXid@hérﬁrggéﬁt?%fggé§9|forT?ﬁgﬁggHg%Bogsthe

xi de and potassi um

base used may be equa 5 or nore 1 tinmes
MoELpPeIndBl Be Dbwt he goppound of the formula [15],
and 1s preferably 0.01 to 0.1 times nole. [0076] In
addi thea] ibdstieacté@scidy: be carried out 10 in the
presence of catalyst. As the catalyst used, if

deBhe ecompuiat @r ofir ynanfonhuba a6t adh che i sroduaklyby
known is given, tetrabutylamoni um brom de,

5 besizly] ¢ ¢ Wy hyhaneempomnd chf orheefarmula [15] to Michael
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benzyl tri met hyl ammoni um brom de are 15 preferable. The
arm@%%tmntlfﬁéa@a%%ymt@s@@rmnb@meh@am tloe opraperce of
than 0.0001 tinmes nole per nole of the conpound of

t RAF%T nul a [15], and is preferably 0.01 to 0.1 tines
nole. 20 As the base, for exanple, in the case that

i nor gani ¢ baser SUCH Gst Ybdt UM ROk T Ak pot st ubke

AL 308 L5 ke, 2 SR kP L TP o
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;
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;
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
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



The amount of acrylonitrile used in this 25 reaction
may be equal to or nore than 1 tinme nole per nole of

t he conpound of the formula [15], and is preferably 1
to 2 tinmes nole. The reaction tenperature is not
particularly 68 Ilimted, but may be fromOC to equa

to or less than the boiliné&boint of solvent, and is
pr r 35C. react i ' ' t

art CoRrar Py BoRr nPhi PBut Py Ba FoTVE N o sobgeg and
hoWes raAPdrb8urRRef 87 AbLY4f 051 30, M BEl €8118n4 BAUr Sert-
The conpound of the fornula [16] obtained in this way
Myubend$£dand htmigebNsbhcnEXbrr €aCLEAR Wkt BEYE -amyl
i solation. 10 [0077] Esterification reaction: The
coapoundl ofr&éheogenpraketepmula [ 2] can be produced

by subjecting the conmpound of fornula [16] to reaction

5with the al cthel ambutheofjeneeabolvenul asgd] isnndhe 15
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presence acid. As the acid used in this reaction, for
expapt &cul avigabinibedd Butchiasphgfevehlpre5atpd]l0 times
sul furic acid, hydrogen chloride, hydrogen brom de and

t heclvRe:; PoD waEdlbE gahi EheurdBpPendcPd Shehfazmula [15],
met hanesul foni c acid, _p-toluenesul fonic acid and the

| i % GF dUF Vet S IRT O bY ef er abP e ak1BeS (1ibY hani ¢ aci d

'S In addition, as an additive to these
solvents, primary alcohols such as small amount of
methanol and ethanol and the like;

secondary alcohols such as 2-propancl and the like;
and water and the like; these may be mixed.

The amount of the additive used is equal to
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
example, organic base such as 1,8-
diazabicyclo[5.4.0]Jundec~7-ene(DBU),
tetramethylammonium hydroxide, benzyltrimethylammonium
hydroxide and the like;
metal alkoxide such as sodium methoxide, sodium
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.



given, and sulfuric acid and hydrogen chloride are
nore preferable. 25 The anmount of the acid used is
different in the anmount of the solvent used, but my
be equal to or nore than 1 tine nole per nole of the
conpound of the fornmula [16,7 and is preferably 2 to
10 times nole. 69 As the alcohol of general fornula

[1] used in %Q'é ﬁ?é?%kgﬂ abﬁ Ea'?anﬁﬁé'Ba Ek¥ha metal

al cohol s suc ano ano r opano

bug apgks qrent-angk vand EQEL htE@me%hpﬁgﬂﬁgﬁguﬁhﬁyarox1de
al kyl al cohols Such as isobutanol and the

SUQﬁﬁlpbt@gs@hKY£e§£CBﬁ@bﬁlééCBréSmHEéh@ﬁ&f@kﬁ@ﬂ@'

chl or oet hanol , cycl ohexanet hanol and the |ike; and

ar al kyl alCOhDéSaﬁUﬁhtanbEhéybaabcobéﬁ mphepet ylhallOo
al cohol and the like; are given. As a preferable

Sal cohmbresthamn ght 0¢hai nimékyholal pehohslaref gthencompdund

nmet hanol , et hanol, propanol and butanol are nore
pref eklapl €ormhba ahbbht afidt he prebhokblged. fhytbel. 1
equal 15 to or nore than 1 tinme nole pre nole of the
cd%ﬁ@%%dm%¥e the formula [16], is preferable 0.5 to 10
ﬂ@i? $ , and is nore preferably 0.5to 5
[ in order to mnmeke it have the function of

| vent. [00 0 In th t
; nor gani c[ TE i S MR PR abron R g SReRicd out

10 Cr&lr&)r’&l’gg E?Péjsence of catalyst.
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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 of the formula [15], and is
preferably 1 to 2 times mole.

The reaction temperature is not particularly



the like; and organic sulfonic acid such as

nmet hanesul fonic acid and the like; are used, it is
preferable to performthe 25 reaction with an

addi tion of water. The anmount of water added may be
equal to or nore than 1 ti nol e per nole of the
conpound of the formula [16]°, is preferably 1 to 10
ti - e, ' e er 0 f

ot S AR b BECr s TR0 R 1R T 1 e
Oftﬁglﬂgﬂiinﬁs $D§t$9kV§81vQ§€d’ah& ks 89éferably 0 to
particularly % I'imited, but the sane as M chael
addgtd on reaction is given. The reaction tenperature
is not particularly limted, but may be fromOC to
equal to or Tiessrédhaniohheimeiisngopopattofusalyent,
and is preferably 20 to 10 150C. The reaction tine is

5nolimared cubat yay | bven fed, 1 buinney be 2orhd@rs) naheésis
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to 50 hours, and is preferably for 1 to 24 hours. The
canpolmbioly t her geghermhutes nud ad [2puds. obt ai ned in

this way may be used as it is to the next reaction
wi t hout i sol B¢ orenp@aTd]oHythrel fersulaatt $ brobikéned in
conmpound of the general fornula [17] or salts 20

t Nt DY BAMBE Bt StRRE P DY hyHF of §zFhRy 29et coppobhern of

without isolation.
[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 [1l] in the
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;
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.

The amount of the acid used is different in
the amount of the solvent 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.



formula [2] in the presence of base. 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 25 particularly limted, but for
exanpl e, aliphatic hydrocanpns such as hexane,

cycl ohexane and the |ike; aromatic hydrocarbons such

as benzene, 10l ygBes1X¥hENE,rARARLNE 1 EKEmuTL [1] used in
hal ogenat ed hydrocarbons such as di chl or onet hane,

chtpiof pearandnt he kikeigBthehsi8UENKAS alcohols such as

tetrahydrofuran, 1, 2-di nethoxyethane, di oxane and the

| i kethénsu) f exhadesl suphopsndi rebhiyhnsu) f pxhtenandahfiethe

i ke; alcohols such as nethanol, ethanol, propanol,

butakel, 2-propanol, tert-butanol and the like; and

water and the |ike; are given, and these solvents may
Shebyzrehed el xtatkyllalaghal prefieh abs el sobveanel gand

m xed sol vent of the solvent wused in the

este?i¥1%xtion reaction and al cohols, and a nixed

sol vent of al cohols water are given, and a m xed

sof Vet 1 104t & 01 3Rl aRtCHRe haindich a2 %e*hkil%iﬂ %Blll?%‘h%r
f h | d t f LIS T
i ST B oS TSl S IS 1R
1 i I 0.5 10, ti I
%%ﬁig%ﬁl llgié)ﬁ%fgzgﬁé%rés 6&52%& 1 1ESho g #@%ﬁé@%yl

li ¢
we e conpound © € gener or N

10 aNgh dShdP T PIEHE POLY; Care L von LT MES(V/ W)

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

The amount of the alcohol 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

25

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
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



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

et hoxi de, potassiumtert-butoxide, sodiumtert

but oxi de and the |ike; and inorganic base such as
sodi um hydr oxi de, potassiunLN;S hydr oxi de, barium
hydr oxi de, sodi um carbonate, "~ potassi um car bonate and
theolrekereaeeagiyen. s cacpretergbke base, inorganic
base is given, and sodi um hydroxi de and potassi um
hydr oxi de areniz rpaetecabhgsy Fhepameypheaf ihhenbase
used may be equal to or nore than 1 tine nole per
nopbeeetntheofonpadundtof the general formula [2], and
is preferably 1 to 3 tines 5 nole. This reaction is
preferably pasfbohaedowwehtansedddiiti 0r obtwatetictherly
anobunt of water added nay be equal to or nore than

St | htMEbed, pert nbhe sfmehescYihpband efldihéoni®egehépanl is
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formula [2], is preferably 0.1 to 10 tines(v/w, and

i sIHDFR-preferably 0.3 to 2 tinmes(v/w) in order to

make it have_the function of solvent. The reaction

t enper at ur e ?genB?aEBF?PCE?%P?ﬁatPFﬁi%%d?OByP?ﬁﬁﬁcBéarly

PIO6E Bhel ol chSEio, dRdpe borll g point,

L;ﬂ%?ggo?gf%%a$%£$§!ggh%o%%éﬂifegndbfé S?¥f8§a£9§ %8 to
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]
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
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 not
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;



preferably 1 to 24 hours. 20 [0080] The conpound of
the fornmula [17] or salts thereof obtained in this
way can be isolated fromthe reaction mxture after
the termination of the reaction in the usual manner.
25 For exanple, after the tey %1nation of the

reaction, it can be isol ated by
dlhuu@qehx@@achba&b%a@%bqs %u@%eg@eaacﬁab&@%kk%aﬂ@ th
organi ¢ sol vent such as toluene and renoval
sokueBtofé3m bkAdaddet 10Re;it can be lsolated as a salt
by an addition of base into the extract. As the salt
of ethersonpobndsofethaehfdroihaan] 17] 2-theesabkyeichaht,

acidification with

is usually known for a salt in 5 acidic group such as

cadb@xyhegaodthEslmﬁe;particuIarly limted, but for
exang salts with alkali netal such as sodi um
5pofB5PK

hflegesbgh anddinethyilkeulsakidewand shkallike;
earth netal such as calcium 10 nmagnesi um and t he
I|ﬁéco%ﬂ%%n?ﬁﬁ¥séﬁtmeéﬁan§ékt§tﬁﬁﬂﬁ ni PFegapol, butanol,

t met hyl am ne,
TP eGP ERT he. CFFFBOLyRaN nandNERE LI Ees

h d N- h j i di
oL arpepL e ?ﬁ‘%"%k%%éféﬂf?meng‘.e%% OS5 Shifents
ap?:ygpﬁa+%g§ 1T840 YeR, o As a preferable salt, a salt

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 methanol, 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



metal such as sodi um and potassiumand the like is

given, and a sodiumsalt is nore preferable. 20 [0081]

[ Production processes 6] GOH Activation s [17] HNO ~

/| O--OH S 1 / [18] 0 25 1-(3-(2-(I-benzothiophen-5 74
yl') et hoxy) propi onyl ) azeti di n;3-ol of the conpound of

the fornmula [18] can be produced by deriving the

coppeurd  0fict.he formula [17] or salts thereof to a
reacti ve derivative, subsequently subjecting the 5
reactive derirnat bweuh® am daki easkeagkdomay bR 3qual to
azetidinol or salts thereof in the presence of base.

[ 0082noThetpresént ipeomeds ber poadduoti ahei sompound of
expl ai ned below in detail. 10 [0083] Derivation to

r eabei yenderilvavirvelaThélcorpdund ptefermbla [1Zp Or times
salts thereof can be derived to a reactive derivative
Shympégeting it with an activator. 15 As the reactive
derivative, for exanple, an acid halide, an acid
anhydride, akPa8t F7aredornidePaRdcraRlicPryhrencdsrafh an
and like, are given, and an acid halide is

the,
orefSGhPR. OF wate

The amount of water added may be equal to or
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 [00801

The compound of the formula [17] or salts
thereof obtained in this way can be isolated 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.



As the process of deriving it to the reactive 20
derivative, for exanple, the derivation to the acid
halide with the use of a hal ogenating agent such as
thionyl chloride, oxalyl chloride, phosphorus
trichloride, phosphorous pentachloride and the |ike;
the derivation to the acid gﬁhydride by condensati on

25 with i d d f o mat
Sobuty1 Cht 61 oPORHBLE™ pf var 991 "GnEBP1GEC ANt Reta Lt By

"5 ﬁbﬁlgﬁrb¥aﬂ o0 o khepactiyated am de by use of

azo condensa ifon and an activated am dati on

agent 75 sugh agecay bonytdi) g dagghenandst PRel EKBrula
and the derivation to the activated ester by

copgensathensM th prnitrophesehiid-known for a salt in
nercaptobenzothlazole and the like; are given. 5 As

5t hectlet ¢ vgtbap $ach hes reachodxel derongl i ve, not he
derivation to the acid halide by use of a
hapagehat 1l aglpgeinitsd prieher &bt eexamdléhesdetsvaition
to the acid chloride by use of thionyl chloride is
mok kka bt efietabl sucll e Theodhwont potasheunct f9aten agédthe
inthis derivation is different in the kind of the
actik@&t or, but for exanple, in the case of thionyl
chl ori de, ,|t may. be equal to or nore than 0,5 tines

rnﬁ%#?ﬁaW%ﬁﬁeﬁ%ﬁal%rﬁ?%ﬁﬁqmﬁﬁﬁﬁo?u?%ea?o?ﬂﬁ?éUT&7] or

sal ts thereof s preferably 1 to 2 tines nole.
10'HW%9W%§&HWcﬁp?agﬁ§ﬁg} § carried out in the presence
ofréagvent \e sol vent used, if it does not
a nium'’ sa ,

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]

25

[Production processes 6]

(/j©/\/o\/\cozH Activation
D
S [17]
HN<>*‘°H O\J/\“/N<>>—OH

—_
S

1-(3-(2-(1l~benzothiophen-5-



affect an influence on the reaction, is not
particularly limted, but for exanple, aliphatic 20
hydr ocar bons such as hexane, cycl ohexane and the |ike;
aromati ¢ hydrocarbons such as benzene, tol uene, xylene
and the |ike; hal ogenated hydrocarbons such as

di chl or onet hane, chl orof orm%nd the |ike; 25 ethers

b 402 %%%%2%%%3@ﬁa?e%a?%szaﬁ“2 B Ehe] FRpound o
e e e Y T S S

"ESmpZ@ndSkaQKédgérﬁH§Q @§7ﬂla§taxht§U££@%égg 88d;
the |1 ke; esters such as nethyl acetate, ethyl

acetateiapdqathevatike; 5@E§@§§eﬁﬁ@9 §§b§§@€9ﬁ§ the
2-but anone and the like; 5 and nitriles such

5a0ﬁé@ﬁtivel@eandatheelt&eamaa@tlghvgaacamdnthesa Bpay

be used in adm xture. As a preferable sol vent,
arapatidinbydoocasboastsechofisihehzenpretohuenefandse.
xyl ene and the Iike and ethers such as

tet@@®ytrof uran, 1,2 10 di net hoxyet hane,

bi s(2- met hoxyet hyl ) et her, di oxane and the |ike are
given, and tBh@epec @Rt IPPoacAet Aoxyrrhdnetianels
preferable The anpunt of the solvent used is not
pa?%?%&&ljr%‘?‘ﬂybﬂ?ﬂ’t%‘a detrits preferably 1 to 20 times

per wei ght of the conpound of the fornula
10[1b¥&%?f§

15

20

25

alts thereof, and is nore preferably 1 to 10

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.

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
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
with an acid halide such as ethyl chloroformate,
isobutyl chloroformate, pivaloyl chloride and the like;
the derivation to the activated amide by use of

imidazole condensation and an activated amidation agent



times(v/w). The reaction tenperature is not
particularly limted, but is preferably -60 to 150C,
and is nore 20 preferably -30 to 120C. The reaction
time is not particularly limted, but is for 10
mnutes to 50 hours, and is_ preferably 30 mnutes to
20 hours. The reactlve deriVative of the compound of
25_t he formul aIt t here der ved inthis
oy e anSoe Flaral bk ke te s P Bhac T

pr §{u§r ghl ed%gaoxé%{f 9§§e9%m&aé h§c£‘f€%t E& ?‘Qété’gh ¥t hout

i sol atr1on. ation reacti on: e COfT'pOUI’]d

of -t hgehosruba {184 ;tSﬂﬁ‘l@f?oﬂ%&qgfedzby reacting the
solution of the reactive derivative of the conpound

of mé heap st ot il 28T e S@hd st hber ed ; deserbesn. 5

above with 3-azetidinol or salts thereof in the
5presence of Aasehe Asetheabbse tisethé nréddsiveadéirOnative,

for exanple, organic base such as triethylam ne,

di it soprapiv et hyh ane nehe 1a8idi mahbieyioy ok $e JoD]andec- 7

10 ene(DBU), pyridine and the |ike; and inorgani c base

s Utdhl egersydi ngn dgit o xi €lep r oot sl em amy drlox i der i sadi om to

carbonate pot assi um car bonat e, =~ sodi um hydrogen

n%ﬁled Cﬁ?&%@s‘i‘%rﬁ%%ﬁ%@%c@?% echlpvgideel $ jmere

are 15 As a preferable base, inorganic base is
pre era

10 The amount of the activator used in this
derivation is different in the kind of the activator,
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 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-dimethylformamide, N,N-

dimethylacetamide, 1l-methyl-2-pyrrolidone and the like;



gi ven, and sodi um hydroxide is nore preferably. The
anount of the base used may be equal to or nore than
1 time nole per nole of the conmpound of the fornula
[17] or salts thereof, and is preferably 1 20 to 10
times nole. The anobunt of 3-azetidinol or salts
thereof nay be equal to or re than 1 tinme nole per

1%}»@ SEROEng?ngFHﬂ gﬁﬂghglhylm?ir (58 g%}ce;

there I'S pref nes nol €.

additLoa, shEh'ésp&éﬁﬁg§b58eEQt85ee§n %ZSEbgéﬁg'?HB the

salts thereof I n aqueous solution. The anmount of water
hayiipg; 3-azetidinol or salts thereof dissolved is not
particularly limted, 78 but is preferably 1 to 20

t i REBoNELUBBCcREasWatgbbnef 2tbetenspeusfdotheéheike;
formula [171 or salts thereof, and is preferably 1 to
510ahdmestyviwgs Fhehreachtonohehpeiat aned tsendbike; are
particularly 5 limted, but is preferably -60 to
100Cyemndand tipeee papfleeabsgd- B0 &dmbROir&he reacti on
time is not particularly Ilimted, but is for 10

m nutes to 58S haupsefandoie sele@etabayom@tleo m nut es
to 20 hours. 10 After the termi nation of the reaction,

t Hevd %%%ekemas ofUEheas dPamFant 18O bpear nald| nYiene aag
Colhe OfykeoLet o and purif1 ed by, stystallizalion from
& 'A%%t;ét 0oL, 10Es t2aRLL 00, TLEN I Pl 3T hHELO0e ana
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 volume 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 isolation.

[0084]



15 with water if necessary, and subsequent operation
of warm ng and cooling. [0085] [Production process
717 1 N-OH/ I O% ND-OH 20 S[18] 0 S [18]

1- (3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3
- of of the conpound of the formula [19] or salts

t hereof can be produced by Ebbjecting t he conpound of
the 25 fornu%%f 1%& to_reduction reaction with an

addi tion of “adfivatdr *SGEHh*88 a protonic acid, a

" he CBrBoente Car 8" Bribnt TaPdP A By APPab e pe°

reaght@AnyS tueuabhyitGahr hedraut rbAkhee PEEIEAEE Rl of the
sol vent, the solvent used, if it does not affect an

i nEbipBGaJOB Lt REer €86hl10A, [1F]1NBL BaPa@k! kedkabkYdescribed
limted, but for exanple, ethers such as

5t ehbahydwothr 3Razér2ddhort bexget Banehebesf2in the
nmet hoxyet hyl ) et her, di oxane and the like; is given,
andresehcahypdr bdaean is nore preferable. In addition,
these solvents may be used in 10 adm xture of
hal ogenat ed Agdtbeabbsasusedhinsthdschearbmenhafier
chl oroformand the |ike; aromatic hydrocarbons such as
beﬁ%@ﬁ@}etoPH@ﬂ@}Cx?Péﬁesuﬁhdaﬁhérﬂﬁkbyléménabiphatic
hydr pcar bons_such as,hexane8 cycl ohexane, 15 octane
an 1fﬁ%pF?Rg}ethylamlne, 1,8-diazabicyclo[5.4.0]undec-7-
10 ene(DBU), pyridine and the like;
and inorganic base such as sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate,
sodium hydrogen carbonate, potassium hydrogencarbonate
and the like; are given.
15 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

20 to 10 times mole.

The amount of 3-azetidinol or salts thereof
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 2 times mole.

25 In addition, it is preferable to use 3-
azetidinol or salts thereof in aqueous solution.

The amount of water having 3-azetidinol or

salts thereof dissolved is not particularly limited,



The armount of the solvent used is preferably 1 to 20
times vol unme per wei ght of the conpound of the

formula [18], and is nore preferably 3 to 10
times(v/w). 20 [0086] As the alkali netal borohydride
used in this reaction, for exanple, sodium

bor ohydride, |ithium borohyﬁ%ide, pot assi um

b drid d i ke; . gi d_sodi um .
oP SRy 6P H6°T &7 Brof ef abe? 025 TRE SHOURC B 't He- dkalf

: . bl :
rer o SHOPIELO2 Lag REFLSIENLLoA b AL ERCTOLE) anc
moyg preterably 2 t9 3o %iﬂ@§<vpk§= 80 [0087] As the
activator used in this reaction, tor exanple,

protoni c aci thsugbadsistl temperacihide h¥dregeParticularly
chloride, trifluoroacetic acid and the '"like; 5

5 et hwi eéd pgbagens soeheasbdinesbytosubbat e and fdhanore

10

15

25

i ke; and silylating agent such as trinethylsilyl
chhoeferabbnd-3hetdi k@C.are given. As a preferable
activator, protonic acid such 10 as sulfuric acid ,
hydr ogen chl®r¢ decagiti ohet ihkeisiBotghgehicahgrly
sulfuric acid is nore preferable. The anount of the
ackivaEet, Used 13 ERrfEd eninutasthe RPn@owFsihend is
activator, but for exanple, in the case of sulfuric

adi TR LYl LY phf i AP BESS 150 127 | hrers -

After the termination of the reaction, the
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]

<¢:I:::r/\V/O\//\H/N<>>~oﬁL~'-/ O\v/\\/N<>>—OH

S [18] o S [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



15 nole per nole of alkali netal borohydride, and is
nore preferably 0.5 to 0.6 tines nole. In addition,
the addition tine of the activator is different in
the kind of the activator, but in the case of

sul furic acid, it is prefer y for 20 10 m nutes to 6
hours, and is nore preferably for 30 mnutes to 4

hoyrs. 1k n,additign, the;activator may be dissolved in
so# P eP&, ang'

vent appropri at t he di ssol ved sol vent may

be added. 25T5998§£a59559e58 hgugmgypéﬁgxﬁgatohﬁein the
anount of the alkali netal borohydride is 2.0 to 2.2

tipessaRte persombatOf thheseotpatndsel, the fier auka not
[18] and the anpbunt 81 of sulfuric acidis 0.5 to 0.6

ti aeseovl enpenfhuéecef ont breakkattiort aksbavehydri de

and the dropping tine of the sulfuric acidis 1 to 4
Shopastithbacbypbimited, thet fornakampld] ethsakt such as

t hereof having high purity can be 5 obtai ned because

of tehealiydrhursuppt essionephoxiethfne mabish2of

by-products [0089] The reaction tenperature is not

pafttieerwetyyl] ehherd, dboxanayahd QB@ Ltdkep0oEs gadens and

preferablg Oto 10 70C. After an addition of

act§arordseteran BpcroreiPretpraPifabl e to react at

30 to 70C, d after.an addition of activator at to
30C, it is ﬁ&?e déltlon, Qhese 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 borohydride, lithium
borohydride, potassium borohydride and the like; are
given, and sodium borohydride 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.



preferable to react at 40 to 60C. 15 The reaction tine
is not particularly Ilimted, but may be for 10
mnutes to 50 hours, is preferably for 1 to 20 hours.
[0090] In the present invention, as a preferable 20
process for production, the follow ng process is
gi ven, the process by suspéﬁdlng t he conpound of the
foigygz [18] in ether (3-10 tines(v/w)), adding alkal
%rohydride(z to 3 tinmes nole), adding activator

at 0 to 30C pangd,subsequently,5€acthngnak §Qa&9139c £3r

for 1 to 20 hours is preferable, the process
suspendi &9 Hher §QIPONRI] oéuéneaéowykarﬂé%cw eh%‘@fogeﬁ
(3 to 10 tines(v/w)), adding sodlun1borohydr|de 2to

3 chloesdepl €}ir bddl dgedt Ot oat£daghd {ReSlivel tinmes
nole 82 per nole of sodium borohydride) at 0 to 30C

5 ande tisyibsegue ndden t esicth ngs adl iBOthpl 78QCFfoe dnd ot2€

15

20

25

hours is nore preferable, and the process by
susplendi ng the conpound of fornula [18] in
tetrahydrofuran (3 to 10 5 tinmes(v/w g addi ng sodi um
borhyei i eatng agept 2sueh nps trmrégt ﬁhmhglsghmﬂ@e
acid (0.5 to 0.6 tinmes nole per nole of sodium
boshyidte dehke acRFPP@S @R uric acid at 0 to 30C for 1

Lo 4 hours, a0, subseauently. feacling oL 40,18 800 cucn
Afatsers&lh uJ_Iiecr négf I,orh rotg?een rc%’lftzlrfcgé ar?g 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 borohydride is 2.0 to 2.2 times mole per

mole of the compound of the formula [18] and the amount



conmpound of the forrmula [19] or salts thereof obtained
inthis way can be isolate in usual manner. 15 For
exanple, after the termnation of the reaction, it
can be isolated by adding 6. Ol /L hydrochloric acid
to deconpose an excessive reducing agent, cooling to
roomtenperature, subsequen@l meki ng the reaction

m xture. al kaline.with aguepus,sedium 20 hydr oxi d
ot Pt Bt Rgt b REBTGAR £ Sar yoht CshiRe o OH gt Hote of

f‘ﬁ@f»}é‘t £1xapd rﬁ%@%ﬁﬂﬂ%&h%d@&@véﬂgew@ iﬁ%ﬁeég% ’EEI‘RQ} of

e extract. rtron; 1t can I sol at as a Ssa

byt h@ns@fgi F1Ona0fqagkdi pHost Heuex! r ast . cémpbR82brAdhe
the salt of the compound of the fornula [19?, t he

safbrmiifai 1195 ¢pudhlyskpewpebornaveabthigh pasity can be

group such as amno group, is not particularly 83
51icihtethedubedDlisexafiptiee saktlew sbppraesabnact dtisach

as hydrochloric acid, hydrobromic acid, nitric acid,

suféxmattiari of doyg-phedticke; salts with organic

carboxylic acid such as formc acid, 5 acetic acid,

ci t99®%hcid, oxalic acid, fumaric acid, maleic acid,

succinic acid, malic acid, tartaric acid, aspartic

acid, trichlBroatteleriterperatybe obBeltPt Paktdcaharly

the Ijke; and salts with sul fonig acid such as
e ﬁ?ihfi QA P&l ‘b‘éngg@%‘sul%ilcs agigferably 0 to

10to} nesul fonic acid, nesitylene sulfonic acid,
naphttal enesul foni c acid and

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.

15 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

20 process for production, the following process is given,

the process by suspending the compound of 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

25 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



the like; are given. As a preferable salt, a

phar macol ogically acceptable salt is given, and a
salt with naleic acid 15 is nore preferable. [0093]
In the conpound of the present invention, if isoner
(for exanple, optical isoneg), hydrate, solvate and
various kinds of crystallin % or ms exi st, the 20

[ ti - ].nc aLl. 1l pn_.addétio in
S oL O b BR b Bea8) %t O b Po Gt e

desGhbbgdeaPOyerebfr LRQMBE 600K, €¥&MPES, ORI CAd hours is
i soner), hydrate, solvate and various kinds of

crystal pforarexisf, andll thbBeseogass by usedpiAd28gt bRe
process for production of the present invention.
Exaoppesnd 0084foBdul Nex1ig] t he peesenydragenshon3wedl 10
be described in the foll ow ng reference exanples and

5 exaiptesv/w Homevdding heopiesepdromyéntden(2sOnod 2.2
intended to be limted thereto. 5 The mxing ratios
i ntimRsS el s A@iny volfvweicpebde(Owbthoud-6 times
description in particular, the carrier in_ silica gel
cdluth R gt R aptyd i e By oy ix e el add Byg 1977 BEC
PS QgB( roduct_ of Fuji Silysia Chemcal Ltd.). 10
THE HOBT O dd GHE G r?géx&rrﬁﬂoesfl & Strh @ o 19 URA e - Y
el e i R oUW oo REgedP Y (BU PN s LB L8 e,

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
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

20 hydroxide, extracting with organic solvent such as
ethyl acetate, and subsequently removing the solvent
from the extract.

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

25 [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



butyl DVMSO d6: di nmet hyl sul f oxi de-d6 [ 0095] Reference
Exanple 1 15 HO2~ | HO2QI Br HSJi S -~ S To

wat er (275m.) suspensi on of 546g of thiophenol was
dropwi se added wat er (550nmL) sol ution of 20 585g of
pot assi um hydroxi de at no nore than 20C. Next, thereto
mas dropmﬁse added a mater(é%%nt) sol ution of 492g of

EQ@?@% 'Bu@ck8%¢§gé& 1@BSSET§ge%EkErﬁgn32a§oagﬁ8 such

hours oolin reac

thssphyﬁ@gcﬁdby§kegcaa 1hgd%bkb Rydr ehhorh9t2§casbgd

and thereto were added 1650nL o dIC ["or onet hane
550ntrativaterd dhe ergamigelayer was separated, and
anhydr ous magnesi um sul fate was added. Insol uble 85

maghetswasthi bteagdcotirpbandiie &bedfslithake wasmaddedid,
5.959 of iron(lll) chloride, and dropw se added 832g

S5ofacBtbm aeidl S5itoid0&:idhi chalhs bbed, sfunaedcabcid,

15

20

25

room tenperature for 5 hours. After cooling the
reagiebn &csd) usioninbe58:idhenat bcwasidy opakseraddadid,
wat er (825nm.) solution of 187g of sodiumsulfite, and

t RSP Was a@ﬁ?ustéuchlgrv@@ﬁthydageﬁ}otrefh@©§0a¢@te¢
stirring at |5 to 10C for 1 hour, the precipitate was
co??%%t%@db9h6f1+¥?atlon to provide solid matter. To

this._ solj 10 tt was added 2000nL of tol uene
2 S 6 R e e R e Sn e St engr £on o

dlgtlél téﬁ%@nesulfonlc acid, toluenesulfonic acid,

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]



The reaction m xture was cooled to 5C over a period of
2 hours. After stirring at the sanme tenperature for 1
hour, crystals precipitate was collected by filtration
15 to provide 1108g of (4-bronophenylthio)acetic acid
as white solid form 1H NMR(CDCl13) 6 val ue:

3.65(2H, s), 7. 25-7. 35(2H, m) , 7.40- 7.50(1 H ) [0096] 20

Ref erence Exggggg gPEE%%e¥e§E25§%§§Eigg WQE§rgéog§ngibed

sol uti on of um roxi de was ad

2009 QBe4f9ﬁ@HQEH%QPQ989&né@derﬁQ@@ESQnQdQQQmples.
wat er (300n.) sol ufion of 105g of "chloroacetic acid,

whieRevas, t bpa %Eéééﬁ@ 2hvERt1on 798 86t fAtehabQUfe be
After cooling the reaction mxture to 40C, thereto

wel emaddedtAd0stoof hydrochloric acid and 600niL of
tol uene, which was then heated to 80C. The organic

5| aVee masisepantied andtis¢é owlyenosl edetbybColésheéer B case
stirring at the same tenperature for 1 hour, the
crysthdet plestcpiphienwas pattéctiarbythel caatrien io
provi de 243g of (4-bronophenylthio)acetic acid as
whFteiC3o¥eH FolWin Ther chehe@aiPBYI i$ Ralluesibica HHAMR

10 in CDCl13 agreed with the val ues of

fgﬁ@iﬁi@ eXanpt et 408 (pHedrst ERBnpret 1941y Chemical
Ltd.).

10 The abbreviations in examples mean the following:

Me: methyl, Et: ethyl, Pr: propyl, Bu: butyl, *Bu: tert-

butyl DMSO-dg: dimethylsulfoxide-~dg

[0095]

Reference Example 1

SO O

To water (275mL) suspension of 546g of

15

thiophenol was dropwise added water(550mL) solution of
20 585g of potassium hydroxide at no more than 20°C. Next,
thereto was dropwise added a water(825mL) solution of
492g of chloroacetic acid, which was then stirred ét 80
to 90°C for 3 hours. After cooling the reaction
mixture, the pH was adjusted to 1.5 with hydrochloric
25 acid, and thereto were added 1650mL of dichloromethane
and 550mL of water. The organic layer was separated,

and anhydrous magnesium sulfate was added. 1Insoluble



HO®2 Br Br S I / g 15 To dichl oronet hane(750n.)
suspensi on of 250g of (4-bronophenylthio)acetic acid
were added 2.5nL of N, N-dinethylformm de and 132g
of thionyl chloride, which was then refluxed for 1
hour. After cooling the 20 &ggction m xture to 20C,
thereto was dropw se added I chl or onet hane( 1500n.)

SUﬁQ%EékowaefflﬂégrQB ek%n1§HH1t8 ggg'9§1§£§§ L0.15Cadeq

which was then stirred at 1 ours.

Next oshbs £eagliren) nbxnekgdéasanadggepgﬁng@éee308§2g of
m xed sol ution of 1310nL of water 25 and 188nL of

hydroebher&t actd uotler wonth Ngas Hieen 05 @Rt &d | @Y €Fcom
was separated, thereto was added 1250nL of water, and

t heeppewasuad] fistedl houBs0 WAtheb%831ipgt aksi usaction
carbonat e aqueous solution. The organic |ayer was
Ssepatatednand tWHl ethameBC wakhetmimy e eaddattiedh tdr G/R SmL)
of sodi um borohydride and 500nL of nethanol, which
wagotWehort ¥ r 7 atofosedigoCsrbiigep Aodrshe TpHt Wes
reaction solutlon was added. 750nL of water, followed
bya%ﬁT%%?%e%t 6L BTN e iR REC aEet Re1daci AEhAY FBiFring at

‘e E%?Bﬂﬁ%m%rr%%ﬁ%&ﬁ%%eﬁgt&ww%%w by
h d | ut th 10 |
kL e B P ts G Pl B e S5 e o Y S

10 a%éé’@éleq/\lé:§r%)nso V%'(?(g&nrr%??f t\‘pc?fu ng r rlegorgt ol:‘:i?&[in w%ter

tenperature er was Ttere
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 (CDC1l3) & value: 3.65(2H,s),7.25-7.35(2H,m),7.40~

7.50(1H,m)

[0096]

20 Reference Example 2

g ("
———
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 105g of

chloroacetic acid, which was then stirred at 60 to 70°C



the solvent of filtrate was distilled off. To the
resul tant resi due was added cycl ohexane, the crystals
15 precipitated were collected by filtration to
provi de 194g of

5- br ono- 2, 3-di hydr o-1 - benzot hi ophen-3-01 as pale red
solid forn1 1H NVR( CDC13) b &fal ue;

2. %881ﬁ gb 8 SE%%ér cog}t%gdtﬂe reabtlogk%ixt glt%d90°C

7SRO R A 526 370 Bty 9 el afyd S8 T o Bbpe oo

Exgepl g1 dere thléhlwa38£h§ﬁ §Eagéd8§o 46°c. The organic
acet one(600nl) solution of

br 089Pe 2, B2 di Q&?é@a’ce@eﬁﬁat Ql@ﬁb?nc§opéd\/\@§ getgled A2 £hg
of p-toluenesul fonic acid nonohydrate, which was then

5re§;tuxeﬂnc§oait 2theus sme Toethperseacti oorsol bbuon vas 5
added 15. Qg of activated carbon, which was then
stecryethlsd nsotobbetabet eas wasliettededyof i 1andt was hed
with 300nL of acetone. The filtrate and washi ngs were
copbdniede 2039hdEh (dalsrdnopiezel tldteda2f0bal aofdwas evhite
at 5 to 15C. The precipitate was col |l ected by 10
fisetdi®P®o provi de 2689 of 5-brono- | - benzot hi ophene

as pale purple solid form 1H N ;ECDClB% 6 val ue
The Chemical shift values o H-NMR spectral

10 in CDClz agreed with the values of reference example 1.
[0097]

Example 1-1

HO
HO Br Br
z‘-"k
S S

i5

To dichloromethane (750mL) suspension of 250g
of (4—bromophenylthib)acetic acid were added 2.5mL of
N, N-dimethylformamide and 132g of thionyl chloride,
which was then refluxed for 1 hour. After cooling the
20 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 solution of 1310mL of water

25 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%



7.27(1H, d, J=5. 4Hz), 7. 44(1H, dd, J=8. 5, 1. 9Hz) , 7. 48(1H, d, J
= b5.4Hz),7.74(1 Hd,J=8.5Hz),7.97(1H,d, J=1.9Hz) 15
[0099] Example 2-1 2Bt Br / | COREt / * ( CO2H S
- ~SS20 (1) To 1, 2-di met hoxyet hane(l OnlL) suspensi on
of 0.02g of trls(dlbenzyl|deneacetone)d|palIadlun(O)
mere added O Il g of

coBath i REroRg L FBRRRE, BEORARDS: | hal SRahi
0. 48901 ,dLeL iyl upl.anate. (25:uhi ch vas then.refl ured
for Ours e reaction mxture were a ed

anQdQEHthaggt étfeso&%ho%gom}dr%gbuéhﬁe 5boke BFZ2

using 2nol /L hydrochloric acid 89 organic |ayer
Wﬁﬁe@ﬁaﬁbﬁteﬁhléﬂdwﬁél@HeﬁV§51§BBMd59U§O gBonest Uy 2
sul fate, followed by distilling off the solvent under

5r eduged. pressure. rdhetiesukbant ipaswddeadwas pooinf.i ed

10

15

20

25

using silica gel colum chromatography 5 (el uent;
hexaberet iyl lagetiabe adi0sthetd poopHde0OubdIng aobtic
di et hyl 2-(1-benzot hi ophen-5-yl)nmal onate as white
soh¢Hdf andh lafH NVMRECDEN3$d6ivakgem temperature overnight.
1.27(6Ht,J=7.1Hz),4.1-4.3(4H m,4.73(IHs),7.33 10
(ﬂlpdtbesrawf}lqn4@@@#@@3&883anei|z§OQmI45@ﬁH5a J=5.4
Hz),7.87(1H,d,J=8,3Hz),7.87(IH d,J=2.0Hz) (2) To
et%??%ﬁ%ﬂ%ﬁy%%${?x{ﬂi)a%%%%%ﬁs?%h“%%oﬁr2§@d the organic

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
precipitated were collected by filtration to provide
194g of 5-bromo-2,3~-dihydro-l-benzothiophen-3-0l as
pale red solid form.

1H—-NMR(CDC13) o value:
2.18(1H,d,J=8.3Hz),3.30(1H,dd,J=12.0,4.4Hz),3.61 (1H,dd,
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

HQ

Br Br
Y — Y
S S



of diethyl 2-(l-benzothi ophen-5-yl)nal onate were added
1. 0L of 40%w w) potassium hydroxi de aqueous sol ution
15 and 0. 3nmL of water, which was then refluxed for 2
hours. To the reaction m xture were added water and
tol uene, and the aqueous |ayer was separated. The pH
was adjusted to 2 with 6nol /48 hydrochl oric acid, and
thereto was added et hyl etate. The organig .l ayer _was
20 separated?oaﬁaegPPéé6§©8i?aﬁﬂ§8F68§ ﬁgghgggu =

sultate., Lol aued by distiLLing,offsthe solventunder .,

uce bressu e. u residue was suspenae

too%”b—éﬁ?yé%é@ﬁffogﬂg EBEEeh8n8ﬁ§aﬁggSg %hEEEngigthen

t ol uene oni ¢ acl d nonohydrat e, Ich was then

retbuxgdeforo302nhButes. Thecsal vepttvwes dbshihbgdyatf
under reduced pressure, and to the resultant residue

swes@dadded. bgl vengcandatyal ehexane. withenpwgsi phtat e

10

15

20

25

was collected by filtration to provide 0.02g of 2-(1
90stbhenzdt hi Dphehublyl hatetircwasi diasepatiecy€l how washed
solid form 1H NVR(CDCl3) 5 val ue:

3. WEtRH3 Q)M Qf 7aB¢Ubhe) , 7TRO(fHL Urdts. dirld) yasbings were

7.44(1H,d, J=5.4Hz),7.73(1 H,s),7.83(1H,d, J=8. | Hz)

[ ompimdnmpte whochhowdy dBpr@heBadded 2E0mL of water
at 5 to 15°C. The precipitate was collected by
filtration to provide 268g of 5-bromo-l-benzothiophene
as pale purple solid form.
lH—NMR(CDC13) d value:
7.27(1H,d,J=5.4Hz),7.44(1H,dd,J=8.5,1.9Hz),7.48(1H,d, J=

5.4Hz),7.74(1H,d,J=8.5Hz),7.97(1H,d, J=1.9Hz)

[0099]
Example 2~-1
OzEt

Br

(/t@/ J CO,Et (/U\cozH
— —
S S S

(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,
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



O2H / I COH -~/ CO2H S S 10 (1) To
1, 2-di met hoxyet hane(1 On.) solution of QO1lg of
109w wtri(tert-butyl)phosphi ne/ hexane were added
0.02g of tris(dibenzylideneacetone)di palladi un(0),
1.76g of 15 cesium carbonate, 0.50g of
5- bronnbenzothiophene and 6“%19 of tert-butyl

was t hen rg uxed hour s

. ..
th8Fg€8lﬁe 3y§5d883 JsE0ror Sla 42%ed BO8°anhfibous

T e A

th@Bl@QnEeBhHéEdééaﬁcéthHés?IPés r@?étkgguﬂké Hr§e§@éue

added to a m xed solution of 30mL of water an

Ofw§§thr1§§§Baﬁ§ln§ngllh§apﬁ%mﬁ§o§QMHSE§Qoh§t§gﬂhbHy
6nol /L hydrochloric acid e organic | ayer was

5sepalated; Bdxanbdethiyedagyestanhydoous fagpestuae 0.69 g
sulfate, followed by distilling off the sol vent under
r edficétlephesstir ¢l-BhrzoteSophantS5+es) dakonasepasi thede
using silica gel columm chromat ography (el uent;
hexahed &ohyl acetate = 20:1) 5 to provide 0.49 g of
di(tert-butyl) 2-(1-benzothiophen- 5-yl)nalonate as
mhﬁfﬁNMﬁﬂqDﬁlhérﬁlV@HﬂﬁWR(CDClS) 5 val ue:

1 47§18 g 55{&Fisg 7. 32 %Ehdmf =5. ?g% ,7.39%|H dd, J

10 3 prd; JF2s Ty 3 MY 8 01, é‘g'z} 484 6hdy J7Ladt, & 58 4w
z),7.87(1H,d,J=8.3Hz),7.87(1H,d,J=2.0Hz)
(2) To ethylene glycol (1.0mL) suspension of 0.25g
of diethyl 2-(l-benzothiophen-5-yl)malonate were added
1.0mL of 40%(w/w) potassium hydroxide aqueous solution

15 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

20 separated, and dried over anhydrous magnesium sulfate,
followed by distilling off the solvent under reduced
pressure. The resultant residue was suspended to 5mL
of xylene, and thereto was added 0.0lg of p-
toluenesulfonic acid monohydrate, which was then

25 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-



10 H,d, J=8.5Hz) (2) To toluene(2.5nm) solution of
0.25g of di(tert-butyl)

2- (1- benzot hi ophen-5-yl ) mal onate was added O O g of
p-t ol uenesul foni ¢ aci d nonohydrate, which was then
refluxed for 1 hour. After coollng the 15 reaction
n1xture the precipitate mas(%ollected by flltratlon

FOVI e 149 1- benzot en- 5- mal on
acP %ﬁOPgego |Hl$8§ﬁFch?ﬁ Eé}eayééﬁﬁg 2014
.?3% H s),7.3-7.5(1H, m, 7. 47(1H d, J=5. 5Hz)
7. H, d, J=5. 5Hz), 7.89(1H,s), 797(1HdJ83Hz) (3)
To1 Bal)) su i.on of 0.10g of 2-(1-
be#?%?ﬁ?géhen 5%§ﬁ§ﬁgﬁbnlc acid was added 4ng of p-

tobueu¢§glgpnvcza¢lg mnahydr aberpwhi ghswagz4 hen
refl uxed 1 hour. The solvent was distilled off 25

5unweu4meﬂu@ed—pte§ﬁwre.7adet@ { hespesul Haotgr egkgdue

10

15

20

was added cycl ohexane. The precipitate was coll ected
by[@iLb0tation to provide 0.08g of

2- (1-benzot hi ophen-5- yl)acetic acid as white solid

f okxamPPe The Chemical shift values of 'H NVR spectra
in CDC13 agreed with the val ues of exanple 2-1(2).
[0101] Exanmple 2-3 5 N COREt <S:'1 Br

o, ‘Bu
Br
/ co, Bu
CC)H - . <?i]:::]/ﬁ\CC)H
S
(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
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 0.1l1lg of
10% (w/w)tri(tert-butyl)phosphine/hexane, which was then
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,



[ 30. S CC To toluene(3nL) solution of

0.21g of ethyl cyanoacetate were added 0.41g of

potassiumtert 10 butoxi de, 0.30g of

5- br onobenzot hi ophene and 0. 02g of

tetrakls(trlphenylphosphlnekpalladlun(O) whi ch was

then refluxed for 7.5 hours.°To the reaction mxture
wat er

hyaPﬁcﬁ%??cOx%rdan%r%‘fg hedagakt "af st Pacelhrdoved by
ang, Lpsol uple PRt Lt ves, i1 terad,offq,T0e BroaDic. one

| ayer was s parate wat er, and drre

an9¥9&99§n9398§§aH@1§§£f§£?1f§8&|8§§§gb¥lﬁhé£'&éhneolumn
of the sol vent under reduced pressure. The reéesultant

reéhﬂ@ﬁa@@@r@y %fkéﬂuéﬁtngh§k£féa 8€hyCOL8ERa2E = 20:1)
chromat ography (el uent; hexane:ethyl acetate = 5:1) to

5provi geoPideoo pfoeghyt Qi (debenzet i ppheni Spyhrolhiophen-

10

15

20

25

cyanoacetate as pale yellow solid form 1H NVR(CDC13)

ch5vpl uealonate as white solid form.

1. 29(3H t,J=7.1Hz),4.25(2H, m,4.84(1H,s), 7.37(1H,d, J=5
H&NMR(CDC13) e} value

4Hz) , 7. 41(1H, dd, J=8. 5, 1. 7FE% 4$1H d,J E& 92&

H 1470 5&&0475®m¥m*$h, 2V¥&a 9@=5{®&@2]7 %ﬁbﬁe d,J=

2- 4 N Br / 1_| COREt y [/ C2H S/ /.S

,1.7Hz),7.43(1H,d, J=5. 4Hz) 7.84(lH,d,J=1.7Hz),7.86(l

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
reaction mixture, the precipitate was collected by
filtration to provide 0.14g of 2-(l-benzothiophen-5-
yl)malonic acid as white solid form.
'H-NMR (CDC13) & value:
4.80(1H4,s),7.3-7.5(1H,m),7.47(1H,d, J=5.5Hz),
7.77(14,d,3=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
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.



To tol uene(25nm) suspension of 0.16g of

di chl orobi s(tri phenyl phosphi ne) pal l adiun(I1) were
added 5 0.12g of triphenyl phosphine, O A g of sodium
bor ohydri de, 5.79g of potassiumtert-butoxide and
2.92g of ethyl cyanoacetate, which was then stirred
at room tenperature for 10 % nutes. Thereto were

dded 5.00 f 5:-b i d; f
Foone, opi ERE SRR ECRReRAPLD | FROGE 2B S Fr Dpectral
Th .. 140 .0f
ThELeLac 105 AAIe0 ALMBION oo oe crmole 2l (2]

thegipefl uxed for 2 hours. Next, to the reaction
solution were added 25nL of ethanol, 2.82g of sodium
hydroxhde ang Snl of water, which was then refl uxed
for 15 6 hours. Thereto was added 2.82g of sodi um

5hydroxi de, which was then refluxed for 5 hours. To

ter and
matter was

the reaction nixture were added |5nL o
0.5g of activated carpon, and i nsol ubl ¢

filtered of f. /FueQutk , and to
@ dded_3 anol . pH was
. 5m. of hy ic acid. Thereto

t he solution4ﬁas
adj usted to Zgw

was added I5nL of water, which was then stirred at
40C. Thereto was added 30niL of water, which was
stirred. After that, it was cooled. The precipitate
was col | ect exb yo Bdend { 3k )ats@ut Doprovi @e2 Bg 38f) ofhyl
2- (1- benzot hi ophen-5- yl)acetic acid as pale yell ow
solyahdarahatheveGhenndddd shiflg vaf usst sl NMRt-
spectral in CDCl3 agreed with the val ues of exanple

1&)2J@{quid§,[dmdg%g of 5-bromobenzothiophene and 0.02g of

15

20

25

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,
and insoluble matter was filtered off. The organic
layer was separated, washed with water, and dried over
anhydrous magnesium sulfate, followed by distilling 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.

'H-NMR (CDC13) & value:

1.29(3H,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)



5

10

15

20

Exanple 2-5 CN Br CO2tBu To

1, 2-di net hoxyet hane(25nlL) suspension of 0.16g of

di chl orobi s(tri phenyl phosphi ne) pal l adium(11) were

added 0.12g of triphenyl phosphine, 0.01g of sodium 10

bor ohydri de, 5.53g of potassiumtert-butoxide and

3 489 of tert but yl cyanoacé%%te whi ch was then
|6;§g roon1tenperature for 10 minutes. Thereto
wad éd 5. 00g of 5-bronobenzot hi ophene, which was

th uxeg for 2 hours. After to the reaction

n1§93%§5%a2 gdded 15 I 5nL of water, the pH was

adjusted to 1 with 2nL of hydrochloric acid. The

preci pitate was coll ected filtration to provide

5. 699 of tegt-butyl 2-(1-

be Sphen- 5-yl
solN m—26>

1. 4§(9 s) L4, 73( 1H8%))
8

.5,2.0Hz) 7 52(1 H, d, J=5. 6Hz) , 7. 91( 1H, d, J=8. 5Hz) , 7. 9-

o E T ool PRt at ATRLE FaSelus Tatl BF BREEP o Se0g
of 4 B 0T SPBHEF0L N 9Rhens. Ness: AdHEd: 2760u0111) were added

0.12g of triphenylphosphine, 0.01g of sodium

aectat e as 'oo,H
13) 26 varde:
”36( 1H, d, J=5. 6H3) , 7239( 1H, dd, J=

borohydride, 5.79g of potassium tert-butoxide and 2.92g
of ethyl cyanoacetate, 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 0.1l4g 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 insoluble matter was filtered off. The
aqueous layer 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 30mL of water, which was stirred. After that, it

was cooled. The precipitate was collected by



5 potassiumtert-butoxide and 174g of tert-butyl
cyanoacetate. Thereto were added 8.23g of
di chl orobi s(tri phenyl phosphi ne) pal | adi um(11) and 6. 159
of triphenyl phosphine at 80 to 85C, which was then
refluxed for 2 hours. Next, fo the reaction m xture 10
wer e added 500nL of ethylen ‘blycol, 250nL of water
andg: : t Lum.hyd i de, ~whi, c - e
o ed Por o REOreTETIoRY T 2Rt h e B nen-o
ad?@?aée@@é a@ﬁd“@ge%aﬁgdyéglég of 1 kisesgl-guhr
(cel l pure, product o Advanced M neral s Conpany).
After insol uphe oBEheEaVashibtfivhlgegdoef f— Nk tdiectral
filtrate was added 250nmiL of toluene, and the aqueous
| ayer Chas; sepasad edi thfcHdeva B oS d:a3e51 svex-el grided
375nL of toluene and 375nL of ethyl acetate, the pH
Swas0adpusted to 1 with 505k of hydrochloric acid,
and the organic |ayer was separated. 20 The organic
| ajspmpbe £reated with 12.5g of activated carbon. The
sol vent was distilled off under reduced pressure, to
whi ch was added toluene. The precipitate was
collected by filtration to provide 176gCN 2-(1-

benzot hi ophen-5-yl) a ;ic acid as ite solid form
96 The ChenigatshafT- val ues Y goclgal in
CDC13 agreed\wit e vatdes ( ol e 2-1(2)

[0105] Exanpl 8 2% CO2t Bu CO: s 65 To
1, 2- di met hoxyet hane(3nL) sol ution of 0.30g

To 1,2-dimethoxyethane (25mL) suspension of
0.16g of dichlorobis (triphenylphosphine)palladium(II)
were added 0.12g of triphenylphosphine, 0.01g of sodium
10 Dborohydride, 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
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.

20 'H-NMR(CDCl;) & value:
1.45(9H,s),4.73(1H,s),7.36(1H,d,J=5.6Hz),7.39(1H,dd, J=8
.5,2.0Hz),7.52(1H,d,J=5.6Hz),7.91(1H,d,J=8.5Hz),7.9-

8.0(1H,m)



of 4-bronobenzot hi ophene were added 0.33g of potassium
tert-butoxide, 0.21g of tert-butyl cyanoacetate, 0.0 g
of di chl orobi s(tri phenyl phosphi ne)pal |l adi un(11) and
O d g of triphenyl phosphi ne, which was then refluxed
10 for 40 m nutes. Thereto W§§e added 0. 33g of
pot assium tert-butoxide, g of
dlgplgrﬁbls(triphenylphosphlne) pal I adium(11) and

tri phenyl phosphi ne, which was then refluxed
fogxgg Anytegs. The reaction mxture was added to a
m xed solutlon of water and ethyl 15 acetate, and the
pH was adjusted to 1 with 6nol/L hydrochloric acid.
The organic | ayer was separ.hed and dried over

anhydr ous gnesium sul fate] followed by distilling

of f Ent undgrreRlycesgriggsure. The~ st Ty H
re { s pui-bi €0 [Siﬂ i ?&a gel—eat{imm 2

chr &mat™vgr aphy (el uént; Rexane: et hyl acet a®e :1) to

provi de 0.26g of tert-butyl
2-(1- benzothiophen 4-yl)-2- cyanoacetate as pale brown

o o0 9, sentne &notndeyarhesedls005) 7oaduricn 957
512509, 25 ITPECI2RCREG T IOBBRPE HeFesARHES. 3769 9F d. 3

5S.%%%§§%2%§2%%rgjﬁﬁpg%fgg 9%3095Q§'8¥L%e§9L85£99 of
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2'%&@@5&9{@%3@5%&& wefyang V\?t gt 83 V‘Sfe added

aqueous solution of 40% mbpot SSI um
hyglt &1 sleossl ( Or Bhe 8§ 1 ¥RE HR 1 MBI 581 1 ¥@SukeR) SEharedisg

at 95 to 105C for 1 hour. To the "reaction n1xture

wes £ taeitsitenal stio apidi Aol aen@) asdsste, which was then
refluxed for 2 hours. Next, to the reaction mixture
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 insoluble matter was
filtered off, to the filtrate was added 250mL of
toluene, and the aqueous layer was separated. To the
aqueous 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.
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.
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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 magnesi um sul fate, foll owed by
distilling off the solvent under reduced pressure. To
15 the resultant residue maé%hdded cycl ohexane. The

0 150" of 2 (1 BeROGUR OpnEn -y F THEEE: B act 108 e

g@(%heimaz‘%g%%ﬁq% if‘%{fedoa?%lje 2-1(2)

7 ﬁ@i@y yd, J=5. 5Hz), 7. 82(1H,d, J=7. 8Hz) [0106) Exanple
OR2H-; <171 OH S To 340nL of :

teEkgﬁygéoQunan was suspended 98 50.2g of sodium

bor ohydri de, to which were dropped

t et rahydr of uran(340nL) solution of 170g of (1-

benzot hi ophen-5-yl)acetic acid, and 65¢lg of sulfuric

aci d successivel y,pwhi ch was the Q,Bd at room 5 _-CO,H

tenperature for 2. ® hours. To thi$ reaction mxture

was dropwi se gddedagbnlL of a A whi ch was t

stirred for 3 s, Ther p added 01
wat er and 680 ol uene nic |ayer

separated, to which was added 510niL of water, and the
10 pH was adjusted to 12 with 48nL of 209&m/mbsodium

To 1,2~-dimethoxyethane (3mL) solution of 0.30g
of 4-bromobenzothiophene were added 0.33g of potassium
tert-butoxide, 0.21g of tert-butyl cyanocacetate, 0.0lg
of dichlorobis (triphenylphosphine)palladium(II) and
0.01g of triphenylphosphine, which was then refluxed
for 40 minutes. Thereto were added 0.33g of potassium
tert-butoxide, 0.0lg of dichlorobis (triphenylphosphine)
palladium(II) and 0.0l1g of triphenylphosphine, which
was then refluxed for 30 minutes. The reaction mixture
was added to a mixed solution of water and ethyl
acetate, and the pH was adjusted to 1 with 6mol/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
chromatography (eluent; hexane:ethyl acetate = 5:1) to
provide 0.26g of tert-butyl 2~ (l-benzothiophen-4-yl)-2-
cyanoacetate as pale brown oily form.

lH-NMR (CDCls) & value:



hydr oxi de aqueous sol ution. The organic |ayer was
separated, and washed with water, followed by
distilling off the solvent. Thereto were added

cycl ohexane and tol uene. The precipitate was coll ected
15 by filtration to provide 135g of

2- (1- benzot hi ophen- 5- yI)etH%hoI as white solid form
1H

1 A1 PAOE 526 20Re | 15 85 3r36 (Fis ety - 318) aTo Bty & 7
T §BLAHA0ITR. 3, B thph, 0L, 47501, 1, 4400 8, -

Examphe)3-2 To 5L of 1, 2-di met hoxyet hane was
suspended 2.95g of sodi um borohydride, to which were

dropyi se 25rgddedyileRedimBtRoxyebhanesdsnk) ogobit ponsy

of 1Oy of (1 benzot hi ophen-5-yl)acetic acid, and |1 nL

50f06. QaptFbuthydpechl-pehdet ti dpdefettRoxyebhapenocacetate

sol ution, which was then stirred at roomtenperature

f owetehadded Td. 0l so89aqueanti snlotxbur efwas dr opw se
added 5nL of acetone, which was then stirred for 30

m A0% ¢6/wihetesoiwer bydaddede2ontl 6f 3mat ef, wd0at, oihich
toluene and 2nL of 2nol/L hydrochloric acid. Next,
afvep thenpstivasedditisPedteol85% sfay th oML of T@nghe L
sodi um hydr oxi de aqueous solution, the organic |ayer
Vase3ephrat B tHhe %?ﬁ%nﬁédeﬁaV%FeﬁaénﬁrF@gU%V%r ahd the

hyd i Ifate, . fol by distilli
10 GAHEHa S T FERE " Ther Sro AEEd:  aBRBaSLy B BnBAANECRRLS 2
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20

tqxftne6mJ?ﬁLpﬁ;&é@éﬁfégigﬁgcid, 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
the resultant residue was added cyclohexane. The
precipitate was collected by filtration to provide
0.15g of 2-(l-benzothiophen-4-yl)acetic acid as white
solid form.
'H-NMR (CDC1l3) & value:
3.95(2H,s),7.2-7.4(2H,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

OH
S S

To 340mL of tetrahydrofuran was suspended



10 collected by filtration to provide 7.84g of 2-(1-

benzot hi ophen-5-yl)ethanol as white solid form

[0108] Exanple 3-3 To 40nL of tetrahydrofuran was

suspended 15 4.72g of sodi um borohydride, to this

solution were dropw se added tetrahydrofuran(60ni)

solution of 20g of (1- benzéﬁ%iophen 5 yl )acetic acid,
sulfuric a on_was heate%

PoSaerd Yok et HoLSnafk e o Bar Phibho R RoaEphE
S°L¥§Péhggr899§£nn9ﬁﬂﬁt)p58§§ £ESn %ﬁ ?90 ftQ§n

stirre t sane tenperature our.

COBEhEchiQ?EQh55 &??SEEQBc”&éEHYGaM@S6§V98“b§esé@@§91c
of acetone whi ch was then stirred for

M Yt @Ssudbes &1 ve VRJ ewh@eﬂeﬁagoﬁhe@fsw@wédaaﬁ 8@% of
tol uene. The organic 25 | ayer was separated, to which

5wasempdest oLlrof nabehourand Thetptswasaadjost adxtare

15

20

25

13.6 with 5nL of Snol/L sodi um hydroxi de aqueous -
sobais | dnopwhee oxda@ded c8bajeof sastseparabedh washeben
wth water, followed by 100 distilling off the
sotvenred aher t herrinunese abdedeteyetvhexddedahyOml of
tol uene. The precipitate was collected by filtration
tdW®¢%W|%Qﬁ1@§®@Lo@f2t?hu%@ﬁzotﬂh%p%é%a%lcyl§ﬁﬁﬁaﬂ®$
as white solid form 5 The Chem cal shift val

1F§$®ﬁ?%ﬁﬁﬁﬂr?ﬂ W?%FQIY&% %@?%%d5%?$¥ ?ﬁew@B?HeSaB? the
v!raes 3ac}j uitoelcggt].o 1?81911 of 20%(w/w)sodium

hydroxide aqueous solution. The organic layer was
separated, and washed with water, followed by
distilling off the solvent. Thereto were added
cyclohexane and toluene. The precipitate was collected
by filtration to provide 135g of 2-(l-benzothiophen-5-
yl)ethanol as white solid form.
'H-NMR (CDC1;3) & value:
1.41(1H,t,J=6.0Hz),2.99(2H,t,J=6.5Hz),3.8-4.0(2H,m),
7.22(1H,dd,J=8.3,1.7Hz),7.30(1H,d,J=5.4Hz),7.44(1H,d,Jd=
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
added 1, 2-dimethoxyethane (25mL) solution of 10g of (1-
benzothiophen-5-yl)acetic acid, and 11lmL of 6.9%9mol/L
hydrochloride/1,2-dimethoxyethane solution, which was

then stirred at room temperature for 1 hour. To this



31 OH3 Il " CN--s S1 i 0~~CO2Pr -f S| i 0" ~~CO2H
(1) To toluene(5nlL) suspension of 0.23g of 10 400(wW w)
benzyl tri net hyl ammoni um hydr oxi de aqueous sol ution
was added 5.00g of 2-(1-benzothiophen-5- yl)ethanol,
and dropw se added 2.20nL of acrylonitrile at O to
5C, which was then stirred at® 0 to 20C for 1 hour. To

t Léa&ﬁ?ghiﬁgxghg%uQﬁarggoggggg ggéégnbegio%?acetone,

h
hydrochl ori c aci 0O"Weré a

prQH?BR'waE'EHEnO%tT@Lga ?89 §Ol 'n8£e§g|f§ﬁgge@?:9ere

whi ch was then refluxed for 6.5 hours. After cooling,

toagBieqreaet.i 68 Whxbd! espRf.eoadded bR .0h Yat.ebrapdol /L
| O of toluene. The organic | ayer was separated, and

20n ¢t + €6h DY €1 c anbydl ouserBgNEst UM sHEf pliewa Af h@fusted to
i nsoluble matter was filtered off, the solvent was

5di 815 | wedh of fmunder 2metut edopt eashyerothecr egubdant
residue was purified using silica gel colum 101
chs obwt oo aphlye (ergent¢ hexaneves hyépacetade =TAS&: drganic
7:1) to provide 7.21g of propyl 3-(2-(1-benzothi ophen-
5-1Ayer Hoxs ) Pr bpil ordte aRhydrons assgpesyufosul fate,

1H NMR(CDC13) 5 value; 5
0. Takkyed o7 Aty 1l 5yg 1067 (Pre n§obvest 2H, Thoestarygre

2 & dydidnd e % d (B Sede T TR - 3 d A1 L 47021
o) ERIA R B R D b ey 2 PR ¢
g%@%o&?ﬁb%r}—Sl—oyf)%tJ&@Ftngfég@glfgl piipn of

[0108]

Example 3-3

To 40mL of tetrahydrofuran was suspended

15 4.72g of sodium borohydride, to this solution were
dropwise added tetrahydrofuran(60mL) solution of 20g of
(1-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 aqueocus solution. The organic layer

was separated, washed with water, followed by



3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propi onate was added
wat er (12nL) solution of 2.76g of potassium hydroxide,
whi ch was then stirred at roomtenperature for 1.5
hours. This reaction m xture was distilled off under
15 reduced pressure, to which were added 36nL of
toluene and 36nL of water.l%He pH was adjusted to 1.9

I er uad RaeRaTat e, SPo Folied By GTSEFIF: Ha o1 - eRe
SoLyenugder oradusedopressibe: cTNegh 0 ver g,80d5d) cored

I2nt 0 uene xane

pr I | t.-abl -
s et 6 A s v b o o

aci,d)ashwhblt eagsolhécef 96Mi g1 NMR( CDCL3) b val ue: 25
2. 3(2H, t,J=6.2Hz), 3. 00(2H, t, J=7.1 Hz), 3. 72(2H, t, J=7. | H

5z The Chemical shift values of 'H-NMR spectral
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20

),3.74(2H,t,J=6. 2Hz), 7. 20( 1H, dd, J=8. 4, 1. 6Hz), 7. 27( 1H, d
d in CDCl; agreed with the values of example 3-1.
,J=5.5,0.6Hz),7.40(1H,d, J=5.5Hz), 7. 65-7. 70(1H, m, 7. 78
(1 HO3E8. 4Hz) 102 [0110] Exanple 4-2 11-Z %% OH 3 m
O'RCN 0--~002Bu 0"-~CO2H (1) To tol uene(5nl)
suBpansieniot 5.00g of 2-(1-

benzot hi ophen-5-yl ) et hanol were added 0.23g of 5

409% W w) benzyl t ri met hyl amoni um hydr oxi de aqueous

sokytjifiTnd\2£ﬂ$nL of<fftifﬁydﬁgb0kgnA\éﬁd dr opwi se
(D/\/O\/\CO ,Pr (/j©/\/ 0\/\002H
S

(1) To toluene (5mL) suspension of 0.23g of

40% (w/w)benzyltrimethylammonium hydroxide aqueous
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
hydrochloric acid. Thereto were added 10mL of
propanol, 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



added 2.20m. of acrylonitrile at 0 to 10C, which was

then stirred at sane tenperature for 1.5 hours. To

this reaction m xture were added 0.l nL of hydrochloric

10 acid, 10nL of butanol and 5nlL of 50% w w) sulfuric
acid, which was then refluxig for 15 hours. After
cooling, to the reaction m Gre was added |5nL of

wat_er.. I ic | . ar , ried.qver
A0S0 CRREALY: dan B ar B AR o rlBl e Futt & 1150
vas . fi| ter 8do0ffie Hheisobvent pas disbillhed.ott undero,
reducéd.pygsgure? The ?esultaﬁperesiZue(mageg%gfﬂﬁggken
uskng1$kkheaygpkopebHARCAEORBY 84N ARBY CehYeRrbim,
hexane: et hyl acetate = 10:1) to provide 6.65g of butyl

3- {2-MR bemzpi)hisophanred- y1 ) et hoxy) pr opi onate as 20
colorless oily form 1H NVR(CDC13) 6 val ue:
50. 9203K3H, 973=4Ha)z]1, 3051-45622A) m1, 305%.(BEH( 2HTAE. 2HG) ,
7

(28, 02328, BHIF/21B9{ 2B V L J2K, L HZF731HL| 2B, T4d2H, EHEFH34Hz
. 103

74{ 2#; 92 928, BHZF 04708 2H; RO I 18, A6 y=9. 24 L 1FHldd, J=8831H, d,

THITO 76598 ATt 4l (JEE4T05 7REY) 77 4801H; A0 I8, B Y ; 7865-

7. 1H, 7.78(1H d,J=8.3Hz 2) To net hanol (5nl)
sozgéf%hg%$'%g6gg of butyl 5) (2)

103, (- benet opher; 2 YAART exAPLaR!gpl s e pddedy

ISl e L, 1 4 OO LIRS PO LBF G e
SR RSN 6L o, e co Rl s f koL,
3.wiicWfwas 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 6mol/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

by filtration to provide 8.91g of 3-(2-(1-
benzothiophen-5-yl)ethoxy)propionic acid as white solid
form.

'H-NMR (CDC13) & value:
25 2.63(2H,t,J=6.2Hz),3.00(24,t,Jd=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)
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6nmol /L hydrochloric acid. The organic | ayer was

separated, followed by distilling off the sol vent

under reduced pressure. Thereto were added 15nL of

toluene and 30nL of cycl ohexane. The precipitate was

collected 15 by filtration to provide 3.60g of

3-(2- (1 - benzot hi ophen- 5-yl }&¢hoxy) propi onic acid as

mhibﬁ § lid form The Chemi cal shift values of 'H NWR
edtt in CDC13 agreed with the values of exanple
&&2% l20 L 1111 Exanple 4-3 NZ CHC "Z O-\CN 14

W--- OCO2H CO S (1) To toluene(5nl)
suspenS|on of 5.00g of 2-(1-
benzot hi ophen- 5- )ethanol were addeo

0.23g of 104
' Rqueous

nrofuran and dropwrse
m. of acrylon|$r| at 5C, whi ch was t hen

stlrred at 0 to 15C for 1.5 hours. To thls reaction_5

m xture N3t gy dr ochl or N5 \/\COZH

of nmetdhan nd 1.52g of Wett er —Fhewetd

i ntrodu 7479 of hydrogen chloride, S was t hen

refluxed for 4 hours. After cooling, to the reaction

m xture were added |5nL of water and | OrL of tol uene.

Thélbrgani c 10 tayeenadSmkepanapedsiandofr bedOgvef 2-(1-

aqgggéggglggggfséugl)ethanol were added 0.23g of
40% (w/w)benzyltrimethylammonium hydroxide aqueous
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 0.1mL of hydrochloric
acid, 10mL of butanol 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 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 = 10:1) to provide 6.65g of butyl
3-(2-(1l-benzothiophen-5-yl)ethoxy)propionate as
colorless oily form.
'H-NMR (CDC1l3;) & 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.



sul fate. After insoluble matter was filtered off, the
sol vent was distilled off under reduced pressure. The
resultant residue was purified using silica gel colum
chromat ogr aphy( el uent; hexane: ethyl acetate = 5:1) to
15 provide 7.36g of nethyl 3-%2-(I-benzothiophen-5

yl ) et hoxy) propi onate as col 6PPess oily form

o ABUSH Cr Tob: ST 706 (3Hy £: 9=5- 78] - 3- B3¢ 3 851, 3919 1-
| a,F?3£77rﬁéf}§f?ﬂ(ﬂﬁ?f?3967ﬂﬁ&)774%68?#?68?3&§§§?177@?‘
?77%2?{&F6T5é%5Zﬁé}??gaffﬁH?g?ﬁ=5.4%&),7.65-7.70(|H,n)

: 61978(1H’dTézﬁegﬁB%oi¥%mﬂP get haneh(8rly . sohutiropuef,1
5.00g of nethyl

53- 2L 1 hepant bt pPBER=h-5} )&l BOXKYXPI pRopNahetwagaaddaded
wat er (5nmL) solution of 1.27g of potassi um hydroxi de,
25wabeeh5mas sbeatsbnroedlat 0goom petpesatiur eyfioox2de,
hours. This reaction mxture was distilled off under
redoited wpseskBenestiorefii eh weros adudpdr3dOnteoforolubners.
and 30nL of water. The pH was adjusted to 1.0 with
5nthb$ 165ctboml pixhyde ochbodietadciad ThE vngani seduced
| ayer was separated, followed bg distilling off the
soPTRRtUiRdelC Vbt edepr edddrd. STHEr ef ot RéHengdaRe 30mL

11 of toluene and 30nL of cyci ohexanpe. L The
10pr€%i%§?%¥e m%%ec%ﬁlﬁ%feﬂdéuﬁ§¥$iF?rét oﬁlFE pr oUFd8t

AP BORE R o RE i ThEhenghvaSt Cahr Y P virfes
Of s Ik MR SPEELY Pl OES: AT B8T HhENehDCoYRLURE Bhoor
reduced pressure. Thereto were added 15mL of toluene
and 30mL of cyclohexane. The precipitate was collected
15 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).
20 [0111]

Example 4-3

OH 0
O —ay T
S S
QU oo Oy
S S

(1) To toluene (5mL) suspension of 5.00g of 2-(1-

benzothiophen-5-yl)ethanol were added 0.23g of



10 [0112] Exanple 4-4 NZ OH 30 O ~~CN S 0 CO2Pr CO2H
S To tol uene(50nL) suspension of 50.0g of 2-(1-

benzot hi ophen-5-yl) et hanol was added 2. 35g of

40% W w) benzyl t ri met hyl ammoni um hydr oxi de aqueous 15
sol ution, and dropw se added 17.9g of acrylonitrile at
8 to 15C, which was then sti¥fed at 10 to 20C for 1.5

nyaD Biw] 8 ben Sl G el Tt ah Splinare Bha e o oroS
vegr. . Ther et yas. df opwi se. added. 95, O of 3yl pchs: 20

; i ch was en re ) ours. er
cooLiog, %Fé’z&i‘eof eacti ooy, M X1 vk ey waseadded A0Qms afhen
wat er. The organic layer was separated. Thereto was

106t ; peldeds ©0mLe ©F 1 st hanioly andhdrepwi s®, added reaction
wat er (50nL) solution of 31.5g of potassi um hydroxide,

5 Whh Cht 88 wéhernaddéd r@dl ahnL repmyenpeibbti€e do1d,l. BomL of
hours. To this reaction m xture were added 75nL of

t chergnen@ndarbd 7612 @f o vat £t e r TheTlaguetniswa ayent waguced
separated, thereto was added 100ni of tol uene, the pH
was. Aty ust dydtaydn chd ¢ hi &epl wiidly dvae htloen cratldzed for
and the organic |ayer was separated. After the

sol veitrsvas Afitsty |¢eeling i unddre recheieopriebstpes were

thereto were added 501 of 10 toluene and 125m_ of )
cYRI MY, OTheiaii i pid at Gihef toluene. The organic

10 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
15 provide 7.36g of methyl 3-(2-(l-benzothiophen-5-
yl)ethoxy)propionate 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)
20 ,7.28(1H,d,J=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-(1l-benzothiophen-5-yl)ethoxy)propionate was added
water (5mL) solution of 1.27g of potassium hydroxide,

25 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



collected by filtration to provide 59.6g of 3-(2-(1-
benzot hi ophen-5-yl ) et hoxy)propionic acid as white
solid form The Chemical shift values of 1H NWR
spectral 15 in CDC1l3 agreed with the val ues of
exanpl e 4- 1(2) [0113] Exangﬁe 4-5 OHNZ O-'-~CN X
1<1 S | [0 2Me -1W CO2H To

berdSirEaRR gtégﬁ ??2?ﬁé§2?°f 78898aR5 Laver 230
prQB QEtQHd %ogﬁg 8& Bgtﬁ§§£9ﬂh%§§to?Htg édgol$@hghunder

en stirre ours er coo I'ng the

re@é&h@@d”b%égﬁﬁréo 1§§éréhsr@égew@adgao@mhﬁeoédgsguene
16g of acrylonitrile, which was then stirred at to

103nd2§§hi06f1c9@ybhe§9néhlSThéaﬁké@ﬂ ﬂtétér@a§E&§11ected
added 6.5nL of hydrochloric acid, 520niL of nethano

S5andy 781 9gradiomater prdnedet 0. 3ag bnt pedpeed-310g of
hydrogen chloride at 10 to 25C, which was then
r ebénxedthfoph8nS5hply sthéky ppropbbning, atbdt he weatei solid
m xture were added 7801 of water and 520nL of
t ofoehe, and the organic |ayer was separated. To the
organic |ayer were dropw se added 260nL of nethano
and wat er ( 260%¢)Chewi ¢l ophbft 16afues pbt d5diMinspectral
hydr oxi de, which was then 10 stirred at 30 to 35C for
2 TR ICT TGRS PEA (G RO © e I oo of

E&glzﬁnd t he aqueous | ayer

Example 4-4

O =y

(D/\/O\/\co Pr é,t©/\/0\/\COZH
—
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
15 solution, and dropwise added 17.9g of acrylonitrile 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

20 acid, which was then refluxed for 6 hours. After

cooling, to the reaction mixture was added 100mL of

water. The organic layer was separated. Thereto was



was separated. To the aqueous |ayer were added 520nL

of toluene and 260r1L of water and dropw se added 234ni

of hydrochloric acid, and the organic | ayer was 15

separated. After 390nL of solvent was distilled off

under reduced pressure fron1§Ee organic layer, thereto

was added 1040nL of cyclohe% e. The precipitate was

co e ficltrati t rovi .326 f 3= (2-(l+

COLLBELEdAnY, bl LESbLAR, L 4B Akt 3250, 8L Sy gell S0

Sogbgut%gnngnblTQS S%egbﬁéks Uhfhy&§b§§§e9fwﬁﬁbwwaas
CDC13 d wth the

spectral in agre t val ues of exanple

4-i0éh. stfi0tdd] aExapBhetdmbeat et @buenet3alnky. o
suspensi on of 180g of 2-(1- benzot hi ophen-5-yl)ethano

washagddedadt23g af xagueowsresabybbonsaf, of toluene and
4094w w) benzyl t ri met hyl ammoni um hydr oxi de, and

5dr opmi.sefaddedr8. 02heobiqacvykonaterl vaat s8pErates,

After cooling the reaction mxture to 20C, thereto was

dr oheirstoaddedad3e8globmbco ¥l bailtiehke, thhi pH was &Hgnsted

stirred at 15 to 25C for 2 hours. To this reaction .

m &® uP e Wt Bh atided/ D7hvdeechidrbehpoifle agfdthadorgenic

5 of methanol. Thereto was introduced 97g of hydrogen

chl®YfHe"a? 38PEHAD8E; whf AT wRBSt Revertrea disseligd
O mnutes and refluxed for 3 hours. Aft

40C
oo e TR R eSSt PRt PRES AtaEs adRe 5pnL of

10Vw%éiue§$daﬁgel?ggfgégpéf gég%%%%gep éggrﬁ%?B%E%F%Owas

15

20

organi ¢ Tayer were 180
collected by filtration to provide 59.6g of 3-(2-(1-

benzothiophen-5-yl)ethoxy)propionic acid as white solid
form. _

The Chemical shift values of 'H-NMR spectral
in CDClj; agreed with the values of example 4-1(2).
[0113]

Example 4-5

OH o
S e iite s
S S
<;:]:::]/ﬁ\v/ ,Me ____—’-<f:]:::]//\w/ CO,H
S S

To toluene(260mL) suspension of 260g of 2-(1-
benzothiophen-5-yl)ethanol were added 43.8g of 2-
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



and water (180nL) solution of 113g of potassium
hydr oxi de, which was then stirred at 30 to 35C for 2
hours. To the reaction m xture was added 360niL of

wat er, and the aqueous | ayer was separated. To this 15
aqueous | ayer was added 360n§ of tol uene and dropw se
added | SI nL of hydrochloric1 Zid, and the organic

| ayes te e 6ml. of solvent was

o 21 25 ST ek Rl TR e B o

la%?EmL_EPeﬁ?&?o&ﬁﬁo?ﬁ?egcéggggégﬁptgfcﬁgbﬁéﬁgf'aHBSé8.9g

20 precipitate was collecte ration to provi
223¢ woteB: (2rhirbenzpi bi oRPEBAG-¥h) &1 DeXY} PhORLQRLS
acid as white solid form The Chem cal "shift” val ues

of chtbNMR specto ato 25°dDGH3 Agnesd tMdrh Adve wad deso 13
exanple 4-1(2). 25 [01151 Exanple 5-1 109 OO2H

S5Achownsi onAfter 1dosl SadiN-to - Ok / r&adbh 1B Btuta dbnt
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of 1, 2-di met hoxyet hane was di ssolved 5 10. Qg of

3-§d€d - bebmiot dff ophiesr Sayd ) 22 Groky) prioplesne, acddthe
Thereto were added O I nL of N, N dinethylfornmam de and

5. 2BgaBEC t Fa 09w | wash | 2rpaiea tehi chTo velse t frege i ¢ r tedentwere
roomtenperature for 1.5 hours. This reaction

s A ERR O v R pirlt Ge- aefbiete tlop e b died water (260mlL)

solution of 164g of potassium hydroxide, which was then
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 234mlL
of hydrochloric acid, and the organic layer was
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
form.

The Chemical shift values of 'H-NMR spectral
in CDCl; agreed with the values of example 4-1(2).
[0114]
Example 4-6 ‘

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.



10 solution of 501 of water, 7.19g of sodi um

hydroxi de and 7.69g of 3-azetidinol 1/2 tartrate at 5
to 15C, which was then stirred at sane tenperature

for 2 hours. Thereto was added 90nL of water. The
precipitate was collected ?¥8filtration to provide
1.0y of 1-(3-(2-(1 15

be t.hi azet bdbn- 3-

oS0 P B P R LBy R Uy4 8, 2018 SR8 was

2. é%#w%é@'é‘dﬁbd%%% Ho ke, écZyQB’Elt?:L@é 3w§9ch was then
3.85 95(1H .05-4715(1H m

4 2bi tHen) ad. 49- 405Q64¢‘| f@r 2 ﬁ%d—ﬂ’b .dd T]o-gtk31§- J%gc)tlon
7.27(1H,d, J=5.4Hz), 7. 40(1H, d, J=5. 4Hz), 7. 62- 7. 66( 1H, m) ,

7. f8kitrd, 4e8e3Haef021fl. oExApplechidr2b Ieidlent 0BomL
t ol uene was suspended 29.0Qg of 3 110
5(20f1mbehaot hi opiibarbtyl yes hoxyypdopednbégactdhydrogen
Theret o were added 0.6nL of N, N-di net hyl f or manmi de and
14¢Bgonidehdonyl thl 8bTGle, whitilicivamstidrersstiredh@mt30 to
roomtenperature for 2 hours. After that, 62nL of 5

sof YEntfapssYisinutes astd nafderzaddited p*r@smﬁ e Afftgs
reactjon solution was dropw se added to a m x
so?%?%b%goft%7ﬁﬂeoFeﬁﬁFé?n %QXQQr%fW%%d?@ﬁ?ﬁy%?%&?d%f
and of 3-azetidi nol 2 tartrate at

AR e *ﬁh%t?r%ral%tlazbefowaz%cs?%?ritﬁgur “Lfigthe

o) kel P eXFEL AN ALhoS FROM 96 Uhsonnt

Ofaﬁﬁxﬁééér (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-(1l-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



5

10

15

20

25

acid. After stirring at 10 to 15C for 1 hour, the
precipitate was collected by filtration to provide
31.9g of 1-(3-(2-(1-benzothiophen-5 15

yl ) et hoxy) propi onyl )azetidin-3-0l as white solid form
The Chem cal shift val ues qL H NVR spectral in CDC13
agreed with the val ues of e Qfpl e 5-1. [0117] Exanple
5-3 20 In 75nL of 1, 2-di methoxyet hane was di ssol ved
50. g of 3-(2-(1-benzot hi ophen-5-yl)ethoxy)propionic

aci g ~addé$ 6, lcefvdthownyl chlori de,
whKCh hen refl uxe éﬁ 2~trour-s—®Aft er cool i ng,
thig on solution was dropw se added to a m xed
25 solution ofjAl25nL of water, 20.Qg of sodiu

hydr oxi de HMd -Qd of 3-a etioinob hy ocngéi}dqjgt
-5 to 10C {fch was ghe T red” at torl Tor 30
m nutes. Thereto was\adde b of wat er ,, whi ch was
heated to 111 40C and séTved. After cé%ling, t he
precipitate was collected by filtration to provide
56.5g of 1-(3-(2-(I-

benzothiophen-§Q¥L%ethoxy propi onyl )azetidin-3-0| as
white solid ¥Formms chel ChedittnSAYEhamae Ueas giissolved

e B el SRR AR R Bl P
S

acid. Thereto were added 0.1mL of N,N-

dimethylformamide 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.

'H-NMR (CDCl;3) & 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=5.4Hz),7.40(iH,d,J=5.4Hz),7.62—7.66(1H,m),
7.78(1H,d,J=8.3Hz)

[0116]

Example 5-2

To 1ll6mL of toluene was suspended 29.0g of 3-



O-N>--0H S ~-CO2H <COX2H To bi s(2-nethoxyethyl)
et her (5nL) suspension 10 of 1.008 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 mgf then cooled to 10C.
Thereto was dropw se added 4om of

chliar ot £ et byl st ane_at géé%éhégm RN G s H

mhlch 57wWas rre 00 era

an 0 r URS e Af Ler ycRoki ng
e T R A Ao i

whiighsyass thednsti Ehedratie /OwhOciSFaborndl Btnutes. at
To the” reaction m xture were added water and et hyl

acebamneterdPepithutberpH wascadsust gtéo 40ad, WobhL of
2.0mol /L sodium 112 hydroxi de aqueous sol ution. The

50r gabvent ayes sastisepadraféeédundasheddseqdeptéeatliyew thhis
wat er and saturated sodium chloride aqueous sol ution.
Theeatoiwer gohddedn wakydropsisagaddednisusfateednd
activated carbon. 5 After insoluble matter was
fisobneionfelf $helsof veaternas3dPgtf| eadobpm hyidepxide
reduced pressure. To the resultant residue was ad

%@ o7 - Rl of Szeretidhneh l(AstapFratei2d %%WaZOdC
J?%@?vg%egtl%%@m%t‘flar?% %1'2 %ﬁcet a§§°C For opaqnoolu(r4 al d left
1o DR paten: ) o P s s e
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 vyl)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



"H NVMR(DVSO-d6) 5 val ue:

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=6.0OHz), 3. 63(2H,t, J=6.9Hz), 3. 75- 3. 85(2H, M,

15 4.15-4.25(2H,n), 4. 40-4.50(1H,n), 6. 06(2H,s), 7. 26
(1H,dd, J=8.3,1.5Hz),7.41(1 J=5.4Hz),7.73(1H,d, J=5.4

H z),7.70-7.75(I1H, M, 7.91(1H d, J=8.3Hz) [0119]

Ex e - 2- di 0 e( ) Sl

of U OB o L (8 (1 Berzat by opRbn oo pRUSRETEL O vas
yl et hexyrarspi enykrazebhdip- 3relivessaddgdo@. 37gzofio- (1-
sodi um borohydri de, which was then cooled to 10C
TheestotwaspHenpwi-se) addedy PoA8plonl1 28zetidin-3-01 as
chiorotrinethylsilane at 5 to 10C, which was then
stwhitd avlidomteoperature for 2.5h and at 40C for 4
hours. After cooling, thereto was dropw se added

53.27nL of 6.Thel Chehydabchhdffcvatiids whi Gh-NER spmrtral

10

15

20

113 stirred at 70 to 75C for 30 mnutes. To the
rebiet F Rl mMadand widie det W erofarrkamihg  Tckt at e,
and the pH was adjusted to 10.0 with 2. Omwl /L sodi um
hyEIQjo]xﬁsble aqueous sol ution. The organic |ayer was
separ ated, 5 washed sequentially with water and
%ﬁ?r‘é\?g%l Qobi um chloride aqueous sol ution. Thereto

wer e added anhydrous magnesi um sul fate and acti vat ed
carbon. After insoluble matter was filtered off, the

of dgtg reduced pressure. To
resi do a Ié'd—O—.—%g of mal eic

(/D/\/ O\/\-N<>-OH
S (/—COZH

COH

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 2.49mL of
chlorotrimethylsilane at 5 to 10°C for 20 minutes, 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 6.0mol/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



was solidified froma m xed sol vent (5nL) of ethyl

acet ate: 2-propanol (4:1) to provide 0.71g of
1-(3-(2-(1-

benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3-0ol nual eate
as colorless crystal form &ﬁZThe Chem cal shift

val ues of 'H NMR spectral DVBO- d6 agreed with the

YR8 o IR EERE) Joashantron o Brdoy 20 ET ves

1- Qé g%a@%dbeQéghgﬁoggaﬂeﬁt1ally with water and_saturated
yI)thoxy)proplonyl)azetldln 3-0l was added 0.37g of

sodbdruRoEahyes HdeagaBdudr apWM ¢ oaddednereto were added
tetrahydrofuran(l nL) solution of 0.75nL of
triehhyareaeemagnasidmf e188tE aHbesctwWiaeBdwasrbban 25
refluxed for 2 hours. After cooling, thereto was

5dr apweseiaddédbde2mattot Ga®mili/lkelrgdr oclil, orhe aoildent

whi ch was then refluxed for 1.5 hours. To the reaction

m wearéigkiéladdedfwatderanddechyl pacesare, afid the

114 aqueous | ayer was separated. To the aqueous | ayer
wasesaledterpyldugevaseaddnd PhéopHoRaBaddjigsaedds owhich
10.0 with 209%w w) sodi um hydroxi de agueous sol uti on.
Th%asoF@éﬁ?éfFﬁ9eFrﬁﬁsas@b&?gté@lvﬁﬁ§ﬁgﬂLéea§eﬁFhéﬂly

SCH U PONe: JERAORPRGH hyLl SRpHPBLSSnRgRad: i ColPala™ (1-

was, fi
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syl Lo 1 LEST dpgsvas Aghgd 0. 369 of maleic acid,

whi ch™ was
'H-NMR (DMSO-dg) & 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,m),
4.15-4.25(2H,m) ,4.40-4.50(1H,m),6.06(2H,s),7.26
(14,dd,J=8.3,1.5Hz),7.41(1H,d,J=5.4Hz),7.73(1H,d, J=5.4H
z),7.70-7.75(1H,m) ,7.91 (1H,d, J=8.3Hz)
[0119]
Example 6-2

To 1,2-dimethoxyethane (5mL) suspension of

1.00g of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-ol 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 6.0mol/L hydrochloric acid, which was then



10 solidified froma m xed sol vent (5nL) of ethyl

acet ate: 2-propanol (4:1) to provide 0.62g of
1-(3-(2-(I-

benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3-0ol nual eate
as colorless crystal forn1D£gg>Chenical shift val ues
of 1H NWR spectral 15 in d6 agreed with the

Va%%§%§§é g%aﬁﬁ'go 7%oc %ggzééﬁﬁﬁ$53£§06_bePhe reaction

tetra uran(3nmL) suspénsi 0

1- &%x&%réle§QZQHBéQPQ§Ee§ XhheE@HgX)QEQEQQQV'é %Othe pH

azetidin-3-ol was ad di um bor ohy

whizeB wasuthes hsa&@dotqléacé bhenet.oswagulr Wk%%lde
added tetrahydrofurar. (I nL) solution of 0.46

di agtbylissebiateoat 50htoobfenfier 130w watsegepwaa@tad,
was then stirred at sane tenperature for 2.5 hours.
5Af vesh28 seqliengiatherefohwastdropmiseaaddeded. 640t unf
6. Omol /L hydrochloric acid, which was then refluxed
f oehlogiddoaggeoTs sheutdanti ofihergtar eewasaddddd
ethyl acetate, and the pH was adjusted to 10.0 with
1130hpdepws m%%eawmngﬁaa@ agdesosivatadi earbThe
Waganlc | ayer was separated, washed seguentlall y_ wth
%?eénansg%%%%%x%@t %Hlﬂﬁ?cﬁPéF?H%daa Eoukhgopat VeRAt
and dried pyer a y nesiumsulfate. Afte
t%f aﬁs

st et RS F ) FEfdaogPEoFRELSo] vaRt
0 rEol ?“‘?Eée.suﬁ%%ég HHRA00 T35 of  RPRP ECaRF iy whicn
LD 405 SOLIL TE 80 1L %?ﬁ”ééf\%ﬁ?'(é’rﬁﬂ (8¢ 720y Of
acetate:2-propanol(4:1) to provide 0.71lg of 1-(3-(2-(1-
benzothiophen-5~yl)ethoxy)propyl)azetidin-3-0l maleate
as colorless crystal form.
15 The Chemical shift values of 'H-NMR spectral
| in DMSO-d¢ agreed with the values of example 6-1.
[0120]
Example 6-3
To tetrahydrofuran(5mL) suspension of 1.00g
20 of 1-(3-(2-(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-o0l was added 0.37g of
sodium borohydride, and dropwise added
tetrahydrofuran (1mL) solution of 0.75mL of
trifluoroacetic 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



to provide 0.49g of 1-(3-(2-(1-benzothiophen-5 10

yl ) et hoxy) propyl ) azeti di n-3-0ol mal eate as col orl ess
crystal form The Chem cal shift values of 1H NWR
spectral in DVSO d6 agreed with the val ues of exanple
6-1. [0122] 15 Exanple 6-5_To bis(2-nethoxyethyl)

et her (5nmL) suspension of i?@Og of
1-(3-(2-(15benzot hi ophen- 5

31 SEEREES) BRORT ooy BIBET T RCa- of “whB® aBEEEHSaTGYEF "2
sod] borghydy i t hgn, cQo 0
SoghuanbOrRDYdLLdey ot ghveeLDEn,SoLaduLeeddC, 20,0
chiorhdgddiQxanesaliiamt AydpCxi Qe A4uBbaYt 881 uWabah Wage
then stirred at sanme tenperature for 30 m nutes, at

r oopyieiper aydr ewhor sphott sdpniladhedSstquélEi B0 ybwith
hours. After cooling, thereto was dropw se added 25

53. 2Ttk r ofnd. Envlthtbydsoahlarcklacide whuebuwasolhenon,

10

15

20

25

stirred at 65 to 70C for 1.5 hours. To the reaction

m adr ér ived eowedegnhpdeouanagt dyiumcst df et eandAfher pH
was adjusted to 10.0 with 2. Orol /L sodi um hydroxi de
l1nsabuebdsnsbierivas ThetergdndEf) ajke aasvent was
separated, washed sequentially with water and

sattrlat B S gof Ly NERT oF fdeCad LRBuSSYBP ut | HR. tirheFesltant

were added anhydrou nesi um sul fate and acti vat ed
car S WG § eéf&g?fgo(sug?% FhtPetehas2F+ it eVRECHI¥2St he

solylces 150141 000 L UVET, ISguE e PhgRglr e, T
V\’{'Lc.lcg:el]cate:2—propanol(4:1) to provide 0.62g of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-o0l maleate

as colorless crystal form.

The Chemical shift values of 'H-NMR spectral
in DMSO-d¢ agreed with the values of example 6-1.
[0121]
Example 6-4

To tetrahydrofuran(3mL) suspension of 0.50g
of 1-(3-(2-(1l-benzothiophen-5-yl)ethoxy)propionyl)
azetidin-3-ol was added 0.19g of sodium borohydride,
which was then heated to 50°C. Thereto was dropwise
added tetrahydrofuran(iml) 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



was solidified froma m xed sol vent (5nL) of ethyl

acet ate: 2-propanol (4:1) to provide 0.86g of 1-(3-(2-(1
10 benzot hi ophen-5-yl) et hoxy) propyl )azetidin-3-0

mal eate as colorless crystal form 1H NVR in DVBO d6
agreed with the values of exanple 6-1. [0123] 15
Exanpl e 6-6 To 1, 2-di met hoxy&Phane(5nmL) suspension of

ii?@?ﬁ%%v%éﬁ%éﬁ%é@&?gggiﬁéP%gggﬁﬁéﬁégl§aa88-o.%98 gFoanic
. . . . 87
ThELUPEPOLENNELL Oy S RDHER LOSNoROOL RN 1t hatlr and
chlog el di X2t of1 101 15C.E0E 10 BhAYLes,, Whkah vsg

then stirred at sane tenperat our, at room

t egPer ak Mk 8L O s InBghOLE Smald1 8Lt 85 tRFA8E fAEcBuble
hours. After cooling, thereto was dropw se added

53.Rdttepfw2d Bi Onolél Bydy ochbosblvast dwawhilebtWased off

10 ¢ hel kst rory
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then stirred at 65 to 70C for 1.5 hours. To the

r eacdie oNradxted epreseuraddetdowaher randl ebhyl raseétiatewas
and the pH was adjusted to 10.0 with 2. Omwl /L sodi um
hyahidxd de. BtweofisndlFicsatidi onhidhevasganltdisyed fmsm a
separated, washed sequentially with water and

satixed et boehund chboki def effuebuscebhet snpryhenet 64:1)
wer e added anhydrous rmagnesi um sul fate and activated
carbdrorEdRr0 54 Phsef ubr B3 bt T et ~RRRZPERiePRENGPT, the

solvent. was. distj]| f r r r T
i)aggkfhinygggf mg gggg gseggfoglesg

crystal form.

The Chemical shift values of 'H-NMR spectral
in DMSO-ds agreed with the values of example 6-1.
[0122]
Example 6-5

To bis(2-methoxyethyl) ether (5mL) suspension
of 1.00g of 1-(3~(2-(l-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 fpr 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 to 10.0 with 2.0mol/L sodium hydroxide



resi due was added 0.36g of maleic acid, which was
solidified froma m xed sol vent (5nL) of ethyl
acet at e: 2-propanol (4:1) to provide 0.93g 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 ekdfple 6-1. [0124] Exanple
6-7 15 To 1, 2- dlnethox%ethane(7ChL) suspensi on of
Oaﬁbe%Fsls?éuFQQ@i beR2 oPhPBPhenigyer was Separated
oxy i on azetjidin s added of
2 ol SeBob 5??a%ﬁiﬁhvahhmhét?ﬁeﬁmgoaa A58 5245004t
Th er S dro Wi.se ed 20. |/ dr ogen
20° cg?rlﬁge?q&e 25 %O oxyet g%egg? %ép? éaggfor 40
m e t e
M D f8rondl £hoHas; Lhel, BEALL el gt o LophLLerPeL AUk

urs”and at urs After

BCQthQQ indHERKLO M@@tgfoﬁﬁéS?lﬁggﬁgd65f§nttﬁé solvent
6. Ol /L hydrochloric acid, which was then stirred at

6549 dD&xiRbedObrE hQHEY F@@ué@@%t@ﬁsﬁtétw@o\/\@ﬁe
concentrated under reduced pressure, thereto were

adelesh 1 €0t 6dsidaé ewaandddOOnt. ®8bgedhyhadettabeidandnich
the pH was adjusted to 10.0 with 5.Onol/L sodi um
hywh ©xs ki digfieedist #d8 a sol xkd oso L énel Smhe of gabhgl
| ayer was separated, washed with 500 of water, and
t hecpi-h vas? aelf esteel {H: 111, ‘00mﬁ>r<hV6d©1%l$§9h9ﬁrbchBoK2c
aC|d The a ueous | ayer was separated to which was
10 ackerser erpt hyyl be et wl RrOAYE) pretbdingpuet dBateate
10.0 Mﬁth 5 Onol /L

as colorless crystal form.

!H-NMR in DMSO-dg¢ agreed with the values of

example 6-1.

[0123]
15 Example 6-6

To 1,2-dimethoxyethane (5mL) suspension of

1.00g of 1-(3-(2-(l-benzothiophen~-5-
yl)ethoxy)propionyl)azetidin-3-ol was added 0.37g of
sodium borohydride, which was then cooled to 10°C.
20 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
25 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



sodi um hydr oxi de aqueous sol ution. The organic |ayer
was separated, to which was added anhydrous nmagnesi um
sul fate. After insoluble matter was filtered off, the
solvent was distilled off under reduced pressure. To
10 the resultant residue was_added 7.22g of maleic
acid, which was solidified#foma nixed

( t hyl tate: 2- [ (4:1) t
;?%é?négégFgg%%gfi;§§pyc fg§e% Sas EéBQ%Q?e&, wgshgd
(2:L) - |,0 -5 et hox r %a idin-3-0l .
7 car 6 B bbl of  oaa 2 ryratr ot hPREHA05 58y Sh s S
6-§%J@oa§t£§bu@£9£yra@ﬁ§§e98t@e§ysg§@éa09n9§dr§u909 of
1- (3-(2- (1-benzot hi ophen- 5-
Yl heghexydRr ol pavd ) azet 48t Do3r 84 Maspaddedade 619 of
20 sodi um bor ohydri de, and dropw se added

5t et fiadyals DE utanf dbmd s Spl Utéoed ob £ 2, 098 Ofo BUAUIrvgs
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acid at roomtenperature for 30 m nutes, which was

t hdnst slled edf it ud@et or&EQE-ddrpreSshodir s. TAf ties resultant
cooling, thereto was dropw se added 16. 4nl of

6. 1wl due 2B hyattdeh| Or3 g aef dpa i chaokd, thiehch efdsixed
for 1 hour. The reaction mXxture was concentrated

untiekl FefdiRBdf r it e Uk e d t ek eant (hle) aeifledith®dt er and

ethyl acetate, and the pH was adjusted to 9.5 w
s.%%&}‘r

19 SoTARRATTSL |y o5 o oL 368 U o (TE2— (1-
e T ort oY Y RS ST A D St kpate
\é\% eocﬂoqdoix%qte}pshycdg}?s S, r%aoqrr}ne.si um sul fate and acti vat ed
'H-NMR in DMSO-d¢ agreed with the values of example 6-1.
[0124]
Example 6-7
To 1,2-dimethoxyethane (70mL) suspension of
20.0g of 1-(3-(2-(1l-benzothiophen-5-
yl)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
chloride/1,2-dimethoxyethane at 15 to 20°C for 40
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 100mL of ethyl acetate, and the pH was

adjusted to 10.0 with 5.0mol/L sodium hydroxide aqueous



5 insoluble matter was filtered off, the solvent was
distilled off under reduced pressure. To the resultant
resi due was added 1.81g of nmaleic acid, which was
solidified froma m xed sol vent (25nL) of ethyl

acet ate: 2-propanol (4:1) to provide 4.82g of 1-(3-(2-(l
10 benzothiophen-5-y|)ethox5}%ropyl)azetidin-3-o
nalegte. as color[esg cr¥stat form 1H NWVR in DNB§>d6
agPeeltwPeh t hETGAI HES B gaﬁkﬁngﬁéeé-Y?S[éTEGfatf ’
Exanple .6-9 _To_tetrahydrofuran(2. 38L) suspensi,on_of
SaBg o e 1T £ pbRt: BBRa e ! ophidn e pRAREMSMSNs0La o
yl ) egh PLORJ ) di n-3-ql ad

2 obt o bbrohy dnPTiL) BEEhEhToFLS! AbES, "0RRE 2HEoRk 1ayer
te&%@“¥@ﬁ9£&£é&§'tQZ%%iéﬁLg%éggﬂeédlééﬂLohfsékﬁ f1c

aci at roomtenperature our, which was then

sstheeegdrat 4Pnht OphSFabosdPubesaStoALbed G90hi BYomol /L.
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thereto was added 170nL of acetone and dropw se added
204stiaoh BPYrbydsechlaeebasasbbutWbhch was bhgansti Laedr
25 at roomtenperature for 3 hours and | eft unattended
oveani ghpardoed het o evlot conwas xéddedwashaddeds 1m&@he of um
wat er, and 3.34L of the solvent was distilled off -
unstet fateduckiitpr essspbub M tmatceol vag, fiheeced 9hS, the
added 120 0.68L of ethyl acetate, and dropw se added
wetet(enearys dbsutlbad opfi4reder sediaathpaessige. atTo

14 to 22C,. which was then stirred_at 7 to 15C for 30
-%@@eggsultant residue was added 7.22g of maleic acid,

m
which was solidified from a mixed solvent (100mL) of
ethyl acetate:2-propanol{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-(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-ol was added 1.6lg of
sodium borochydride, and dropwise added
tetrahydrofuran (15mL) solution of 2.09g of sulfuric
acid at room temperature 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



I nsol uble matter was filtered off, washed with 0. 34L
of 5 ethyl acetate. The filtrate and washi ngs were
conmbi ned, and the organic |ayer was separat ed,. washed
with 0.68L of water. After to the organic |ayer was
added 2.04L of 2-propanol, 3 01L of the solvent was
distilled off under reduced h?essure Thereto were 10
adde etate a

g R e A PR G A TE
maLLel vesa ! gred. 0L G vesned WA N Gyl ol SN

trate and was I Ngs were co

t her el 9, ¥as, pdded, 1168, Of - MBI £l £e a&c‘i&‘ed Al feratdis 15

reactlon m xture was heated and di ssolved, 1t was

S| @A ve $00h eghi1 Adves PL g Q&Eﬂ&&te\!@sc&%d)@ﬁ eflr yr
filtration to provide 376g of

5 1-{Bs ¢ Pulf le hepzothivphentltered off, the solvent was
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5-yl ) et hoxy) propyl )azeti din-3-ol nal eate as col orl ess
cro/sdtal 1 Text no £ 2 Quridd ANMR duc EMVEEF ekbs g eedTaM e tiesultant
val ues of exanple 6-1. [0127] Exanple 6-10 To

t etesiul ofas s &S0 )8 lsw sple s ol of a&0d Ogvh 28h ofas
1-(3-(2-(1-benzot hi ophen-5

y19&kHbidAgst ooy yeizead dinl Gt (Zweeladdee sy by of

sodi um bor ohydri de, and dropw se added 18. 5g of

s’k &-rw%ﬁarrqﬂom et RIE9ord SRS, Iwhiche— (1-
B B S B SRS L BT B g gpe
dE@P 5iorless crystal form.
'H-NMR in DMSO-ds¢ agreed with the values of
example 6-1.
[0126]
Example 6-9
To tetrahydrofuran(2.38L) suspension of 340g
of 1-(3~(2-(1l-benzothiophen~5-
yl)ethoxy)propionyl)azetidin-3-ol was added 110g of
sodium borohydride, and dropwise added
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
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



added 120nL of 6.0Omol /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 water (| COnl)
solution of 43.9g of sodi uk¥Rydroxi de at 10 to 21C.

Th ani_c er was _separ ated, washed th 20%
sodi ShLREoPtte! 16°Ba66600 250 §FPBHlS%héP§%8 WaF& (0 68L)
adde ol nd_5 ct at ed_carbhg
ﬁ %lon gnléﬁgr?edso oPmZBCﬁF u es I n%gluglég @
f h 1

ﬁﬁﬁﬁsﬁﬁéstéhgﬁL§Q%9ﬁ%ﬁi InsS e b oM flces.
CO@H%B@leEhﬁégEQrmﬁég ﬁgﬁggréénkaf %gsﬁEEY%léﬁebaEQL of
75m. of 2-propanol and 17.1g of nmal gic acid.

5t héﬁhF@ag&é@atén Xt Whe M§th§@éegnén\dasﬂhﬁ§9| M@Qe lt
was slowWy cooled. The precipitate was collected by

fitompihed, t an@roneder5enig Dhydr(Bab2séparated, washed
benzothiophen-5-y|)ethoxy)propyl)azetidin-3-o| mal eat e

20washcol 68L.esf waystal Abtar tét NMR ongVBO téyagreed

with the values of exanple 6-1. | NDUSTRI AL

APRUGESABE LAY ¢D128propandhe Protessif bhe psotivent omasf

be‘%“z%‘ﬁhlb%e%f% ‘31/11191%% h%é’(‘?‘)%?@p%?%%‘éf? di nTBepptandere
sal%g hereof of the present inventjion has

107 AT nby: Chlar Gbr S REL | G857 59 %%@e%@gt%fh@%ﬂahv%ae}
e A reniaL | e L B
PrRLESSr 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

slowly cooled. The precipitate was collected by
filtration to provide 376g of 1-(3-(2-(l-benzothiophen-
5-yl)ethoxy)propyl)azetidin-3-0l maleate as colorless
crystal form.

20 'H-NMR in DMSO-dg¢ agreed with the values of

example 6-1.
[0127]
Example 6-10
To tetrahydrofuran(250mL) suspension of 50.0g
25 of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 13.6g‘of
sodium borohydride, and dropwise added 18.5g of

sulfuric acid at room temperature for 3 hours, which



of 1-(3-(2-(1-benzot hi ophen- 5-

yl ) et hoxy) propyl )azetidin-3-o0l and salts thereof is 5
useful as industrial manufacturing process. 123
CLAIM5 1. A process for production of 1-(3-(2-(l
benzot hi ophen-5-yl) et hoxy) propyl ) azeti di n-3-0ol or
salts thereof characterizeb2gy reacting a

(phenylthio)aceti ci er | ive o | t s thergeqf
FCBRBbheRCE DI EERE 2BehS 5 FERmAE g (iore & e

wh b X1 n a g t | -
B e
rephaseni 8enpYokhg 68087 n{QFaUh 8o r XX acfy! dnyBereLs
X2 represents a hal ogen atom X1 has the sane

MeERERTSe BBukbg BHPVE, nSUPsequenthy s&REecbhngdikbere was
acid halide to intranolecular ring closure reaction

51 NadlBed p1 8SeNCEF Ofat &EWM SnacCtile Stibsequentisydistilled off
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subjecting it to reduction reaction to obtain a

di lnyde obesxtotdd ophessuder | VELE veto reps esédeed2 Oyt het

general fornmula: HOi 124 wherein X1 has the sane .

meabinysaast athe, adnd edrogubse aned ywaitdy €t 0mg) t felution

dihgdrobenzothiophene .
of 43.9g of sodium hydroxide at 10 to 21°C. The organic
layer was separated, washed with 20% sodium chloride
aqueous solution. Thereto were added 50.0g of zeolite
and 5.0g of activated carbon, which was then stirred
for 20 minutes. Insoluble matter was filtered off and
washed with 100mL of ethyl acetate. The filtrate and
washings were combined, thereto were added 63mL of
ethyl acetate, 75mL of 2-propanol 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-ol maleate

as colorless crystal form.

'H-NMR in DMSO-dg¢ agreed with the values of example 6-1.

INDUSTRIAL APPLICABILITY
[0128]

The process for‘production of 1-(3~(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l and
salts thereof of the present invention has the

following characteristics, (1) safety to human body,



derivative to dehydration reaction in the presence of
acid catalyst to obtain a 5-hal ogeno-| -benzot hi ophene
derivative represented by the general forrmula: yX1 S
wherein X1 has the sanme neani ngs as the above,
subsequent |y coupling the 5-hal ogeno-1|-benzot hi ophene
derivative with a malonic ak?4 derivative or salts

t hereof represented by the general fornul a: .
whGr &1 hovoRRRa R apt b s GRHaT Gal 1 5 BebarPt bt ehe P
an_unsubstituted or_suybstituted al kyl oxycar bon

o B R Pk S Bong T of o ab 2l Rt oxTRThere! Groreres

cy roup,,ingt f- base and pal | adi um

ca algs?yt&z g%t§§%92€%gﬁ§§ ﬁi%phene derivative or

%%e@lh@iﬁ%roﬁfpf§§<§@£§£‘nb3’—$fea19@n§£?‘@:sf@ﬁé@%@f 125

S|~ wherein R2 and R3 have the sane neani ngs

5 asud ey pbgyei nassbseguenihyrdeaeting phdcess. _
benzot hi ophene derivative or salts thereof with acid
or base, subjecting it to decarboxylation reaction if
necessary, to obtain a benzothi opheneacetic acid
derivative or salts thereof represented by the
general formul a:



CHZCOZR S | ~ wherein R4 represents a hydrogen atom
or an unsubstituted or substituted al kyl, cycl oal kyl

or aral kyl group, subsequently subjecting the
benzot hi opheneacetic acid derivative or salts thereof
to hydrolysis reaction if nRegessary, subsequently
subjecting it to reduction reaction wth an addition
of activator in the presenggmsal kali metal borohydride
to obtain 2-(I-benzothiophen- 5-yl)ethanol,
subsequent | ¥ subeesi POr 2ptbduction of 1-(3-(2-(1-
benzot hi ophen-5-yl )ethanol to M chael addition
reactooniophéh-aeyy) enhoxry) propylhezptédéne@-ofl basealts
subsequently subjecting it to reaction with an al coho

r epeeset edabyctheigedebwl réachiha: a128heRYCHROH) acetic
wherein R represents a hydrogen atom or an
unsuBsEerivedive subskltat EBearky| repyersarryl Pyr tafy!
grou in the presence of acid to obtain a propionic
aﬁ?ﬁeré§t§Pr@éEPVative represented by the genera
formula: O-~CORCH2R1 wherein R has the sane neani ngs
as the above, subsequently subjecting the propionic

i vext o hydrolysis reaction in the

acid ester i va
presence of ‘ obtain a 3-(2-(l-benzot hi ophen- 5-
yl ) et hoxy) prpi o

hcid or salts thereof,
subsequent |y

wherein X' represents a halogen atom,
with a halogenating agent to obtain an acid halide

represented by the general formula:
2
S

wherein X°® represents a halogen atom; X' has the same

1

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:

HQ 1



converting 3-(2-(1-benzot hi ophen-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-(1-benzothi ophen-5-
yl ) et hoxy) pr opi 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
reactéion X'witls ameaddintd oreaofiract iaatdre iabdve
presence of alkali netal borohydride. 2. A process
forbgrodtret iIvewf) de{Brg 2tifd dPfFydrobenzothiophene
benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3-o0l or
SHEEVathe? do? Py det ek P2 el dyt toupl Rngha presence of
5- hal ogeno- 1- benzot hi ophene derivative represented by
tHel Yerrral YSE oruPatadxt a/51hglegenppet ehanixpthiophene
aggresents a hal ogen atom mﬁth a nalfngc acid.
TVERTVES of SREF TSN ERErBHf H07 ePresEnt etChbYUthe
general fornmula: 2 R3 wherein R2 and R3 represent
identically or differently an unsubstituted or

substituted ﬁﬂbonyl, cycl oal kyl oxycar bonyl
or aral kylo | group or a cyano graup

wherein X' has the same meanings as the above,
subsequently coupling the 5-halogeno-1l-benzothiophene
derivative 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
obtain a benzothiophene derivative or salts thereof

represented by the general formula:



in the presence of base and pall adiumcatal yst to
obtai n a benzot hi ophene derivative or salts thereof
represented by the general formula: R2 / \ R3 S
wherein R2 and R3 have the sanme neani ngs as the above,
128 subsequently reacting tBe benzot hi ophene
derivative or salts thereof with acid or base,
subjecting it to decarboxylation reaction if
necessary, to obtain ap benzot hi opheneacetic acid
derivative or salts tiRereof represented by the
general formyl a: PO2R4 S wherein R4 represents a
unBubstituted or substituted
al kyl, cycl oal_k aral kyl group, subsequently
subj ecting tKe benzot hi opheneacetic acid derivative
or salts thereof to hydrolysis reaction if necessary,
subsequent |y subjecting it to reduction reaction with
n t f kal, i
awh%?g%%r%hy rlg@ he S % W@Eﬂ?ﬁg% e éﬂe %bove

?@HEQ&H&QHB?Q §e¥bi§h aEﬁE béHQé@HHSﬁhEMeSHQk?GéEEQe or

1- benzot hi ophen-5-vyl anol to Mc dition
reactsopnw-tBragiyhoaktai be basthespheseneaqgof thase,
subsequently subjecting it to reaction with an al coho
repeespokelabyohhecgenenal iFonaukasary, to obtain a

benzothiopheneacetic acid derivative or salts thereof

represented by the general formula:

(/D/CHzcozR4
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 an alcohol

represented by the general formula:



R1ICH2OH wherein Rl represents a hydrogen atom or an
unsubstituted or substituted al kyl, cycloal kyl or aryl
group, 129 in the presence of acid to obtain a
propionic acid ester derivative represented by the
general fornula: 0~-~C02CH2R,;S wherein R has the
sane neani ngs as the above, subsequently subjecting
the propionic acid ester derivative to hydrolysis

reaction ingf sence of base to obtain
3-(2-(I-ben§%€%ﬁggﬁen-5- yl ) et hoxy) propi onic 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
rebetrény Rheremoetdntes deriydtoyen witdm 3or azet i di nol or
salts thereof in the presence of base to obtain
lupgubgtitupedzorhpophentsied alkyl, cycloalkyl or aryl
yl ) et hoxy) propi onyl )azeti di n-3-0l, subsequently
stbPeeti ng 1-(3-(2-(1-benzot hi ophen-5-

yl ) et hoxy) pr opi onyl )azetidin-3-o0l to reductiq

r 28cEPBnPTRPERCEN°4d8FE FofRCo Pbﬁétli“vﬁt BFOPﬁOPHS acid
P%g %Fogﬁgf hlgp IeP§eE§n?F50E¥d e generalp%%%%% a:
benzot hi ophen- 5-yl ) et hoxy) propyl ) azeti di n- 3-ol or
salts thereof characterized by subjecting

2- (1- benzot hi “Yythharol oM ghael addition
reaction wit 272
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-
y1l)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-(1-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.

2. A process for production of 1-(3-(2-(1-



acrylonitrile in the presence of base, subsequently
subjecting it to reaction with an al cohol represented
by the general fornula: 130 RICHZOH wherein R
represents a hydrogen atomor an unsubstituted or
substituted al kyl, cycloal kyl,»or aryl group, in the
presence of acid to obtain a propionic acid ester
dséhy@thysphsﬁt§8§m§@dhexysBeog9m¢éabtﬁaﬁﬂubaol or salts
CQZCHZRI S wherein R has the same neanings as the
abn¥eecof sghaeguestl yegubjeebupyihbeapcopntbbenacid
ester derivative to hydrolysis reaction in the
pbeseackiophehasdetdvabtiaenr8pf2sEéhtbdnbgt hhephgenesal
yl ) et hoxy) propionic acid or salts thereof,
sbbswylent|y converting

3-(2-(I-benzot hi ophen-5-yl) et hoxy)propionic acid or
salts thereof to a reactive derivative, subsequently
reacting the reactlveégerlvatlve with 3- azetidinol or
salts thereo/' { Q esence of base to obtain
1-(3-(2-(1-bBenzg ophen-5 yl)

et hoxy) propi @iyl )Zeti di n-3-0l, subsequently

subj ecting 1-(3-(2-(1-benzot hi ophen-5-

yl ) et hoxy) propi onyl )azeti din-3-ol to reduction
reaction wth an addition of activator in the
plBsERdE &f BERBEFFENhBLAI NBLPIRYIRFEB: 131

with a malonic acid derivative or salts thereof

represented by the general formula:

2

"

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,



4. The process for production according to claim 1 or
2, wherein X1 is a bromne atomor an iodine atom 5.
The process for production according to any one of
claims 1, 2 or 4, wherein R2 is an unsubstituted or
substituted al kyl oxycarbonyhpgcycl oal kyl oxycar bonyl
or aral kyl oxycarbonyl group or a cyano group; R3 is an
hénit B Ssastbsd itk ederdk kyh Oxyleandodytivative or
cycl oal kyl oxycar bonyl or aral kyl oxycar bonyl group. 6.
Tdeel ps oclessed Hrwptiodact d oor obadSe ( 2s@ltjecting it to
benzot hi ophen-5-yl) ethoxy)propionic acid or salts
tdheceoboxhbaatter readt bynsubj metengary, to obtain a
2- (| - benzot hi ophen- 5-yl)ethanol to M chael addition
riecietPohiophencaceyionte il deThvahevpr eseheetof thaseot
subsequent | subjecting it to reaction with an
ﬁ%ﬁ%ﬂse%%%e%\én‘ﬁ 8 IBYStRE §eHBYAR fornul a; RLCH2OH
wherein RlL represents a hydrogen atom or an
unsubstituted or substituted al kyl, cycloal kyl or aryl
group, in the pre encgkptxgqfﬂ to obtain a propionic
acid ester gery Ve réepresented by the genera
formula: / o (VCHZR S 132 wherein Rl has the
same meani ngS as e above, and subjecting it he
propionic acid ester derivative to hydrolysis
reaction in the presence of base according to any one

Os]:vhe(a:;:g“irrln':’R/;L }eopg’ésé@teg eeli nh}t/ gogz%:rll daggrgdof San

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-y1l)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,



sul furic acid or hydrogen chloride. 7. The process for
production of 3-(2-(1- benzothi ophen-5-yl)

et hoxy) propionic acid or salts thereof characterized
by subjecting 2-(1-benzothi ophen- 5-yl)ethanol to

M chael addition reaction whblh acrylonitrile in the
presence of base, subsequently subjecting it to
reacthonpmeddnad af cabdl tepsiesentes pbypibeigeaeial
fornmul a: RICH2OH wherein Rl represents a hydrogen

ad ore Ordan vamnsud st ¢p it eehoed sipsthe ugedeab kyformula:
cycl oal kyl or aryl group, in the presence of acid to
obtain a propionic acid ester derivative represented
by the general fornmula; CH2R1 1'5~ S
wherein Rl hA .ane negﬁrﬁ§%X3§3Hﬂgpabove and
subj ecti ng t\he
hydrol ysi s réhct|on in the presence of base according
to any one of clainms 1, 2, 3 or 6, wherein the acid
used I's hydrogen chloride and RL is a hydrogen atom

benz %jhl g%ﬁe}%rocceqs%s eat“Lo propﬁ%%é)fta}%dgbr Salts
2 1§§%%§%t£?g% %58919 §H Jgf%bﬂenlc acid ester

to M chael: addi ti on

r@@ﬁﬁ&@l%tbo 1@9&%@95&5' k@abelbﬂelﬁr esengec8tnbaser
subsequent |y

base to obtain 3-(2-(l-benzothiophen-5-

y1l)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-
y1l)ethoxy)propionyl)azetidin-3-o0l, subsequently
subjecting 1-(3-(2-(1l-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-o0l 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-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l 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 alcohol represented

by the general formula:



subjecting it to reaction with an al cohol represented
by the general formula: R CH2OH wherein Rl represents
a hydrogen atom or an unsubstituted or substituted

al kyl, cycl oal kyl or aryl group, in the presence of
acid to obtain a propionic agid ester derivative
represented by the general formula: 0 CO2CHZ2R
wherein R1 has the sane neani ngs as the above, and
subj ecti ng hgtﬁt%ﬁlonic acid ester derivative to
hydrol ysi s in the presence of base according
to any one of clains 1, 2, 3 or 6, wherein the acid
used is sulfuric acid and RL is ethyl group. 9. A
process for production of 1-(3-(2-(1-

behgoe b opheredgd 9rethox ) phopye) aziedh dbn-Ba ol or

salts thereof characterized by subjecting 1-(3-(2-(I-
bengebat bphkeadsoy| FubshakyFprlopl byl ) 8Y6EPaLlY3- er psyl
reduction reaction with an addition of activator in
t#E°4B4 presence of alkali met al borohydride 10. The
procegs for %roduc ion é %

bthzbt'fi BpHig n%eyP§e?ﬁ6 nyr g§ }QzétPaPﬁlgnéF gFid
Salgefzafflgg%%g¥hSUb g%géggd by the general formula:

yl ) et hoxy) pr opi onyl )azetidin-3-ol to reduct i on

reaction wth an additio of activator in the
presence of 3 TEha Ebe?6hx§5 gtcording to any

one of cl ai 3 or 9, mhere?n ?he activat or
used is at | egst

ge

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-o0l, subsequently
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 borchydride.



conpound selected froma protonic acid, a nethylating
agent and a silylating agent. 11. The process for
production of 1-(3-(2-(1-

benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3-o0l or

salts thereof by subjectingizq

1-(3-(2-(1-benzot hi ophen- 5-

yd ) et hoxy) priepi pryde g et b di prdaettionr &du6tfiong to claim
reaction wth an addition of activator in the

@ esernce wiewd kal X' inetaalbdworiotey driahe @ccor diodine armym.
one of claims 1, 2, 3, 9 or 10, wherein the activator
used i s sulThe iproeesd. £d2. pTbéuptr bersacfordpngduct fon
of 1-(3-(2-(I-

rerez 02 i ©pems 5Ly | 3 ephoky) prepgifaRetiHian Jmsukgtituted
salts thereof by subjecting
IDK3S%§§¥gﬁ%%@@o@hkbb@@ﬁcgrbonyl cycloalkyloxycarbonyl
yl ) et hoxy) propi onyl )azeti din-3-ol to reduction
r%%c%?%%ﬁyik¥%c% %Hﬂ?t?BﬂUBfoﬁc?|€¥FBP PROPRe R° is an
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b nzothlop 0 Cdin-3-al
bgnzot hl opheRe So¥baeLBoK) PRl azehi dinadel. (ar

lbéﬁz&@h{é pREAZHL NI ?pQEHoﬁy propionic acid or salts
yl) et oxy)proplony azetidin-3-ol to reduction

repeiéOn cMhtlcesraddit b?nsabg aetivat or (iAbkheothiophen-
presence of alkali netal borohydride according to any
obey Df echanok flo Rich3el19addffidbh eeratliowherie¢hn t he
amount of sulfuric acid wused is 0.5 to 0.6 tines nole
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process is characterized by

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:

S



addi ng sulfuric acid at 0 to 30C for 10 mnutes to 6
hours, and subsequently reacting at 30 to 70C.

132
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, wherein the acid used is
sulfuric acid or hydrogen chloride.
7. The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2-(1—Qenzothi0phen—
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:

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, 2, 3 or 6, wherein the acid

used is hydrogen chloride and R' is a hydrogen atom.
Y g9
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8. The process for production of 3-(2-(1-
benzothiophen-5-y1l) 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 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:

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, 2, 3 or 6, wherein the acid
used is sulfuric acid and R' is ethyl group.

9. A process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l or salts
thereof characterized by subjecting 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propionyl)azetidin-3-0l to

reduction reaction with an addition of activator in the
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presence of alkali metal borohydride.
10. 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-(l-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, 2,
3 or 9, wherein the activator used is at }east one
compound selected from a protonic acid, a methylating
agent and a silylating agent.
11. 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-(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, 2,
3, 9 or 10, wherein the activator used is sulfuric
acid.
12. 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-(l-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, 2,
3, 9, 10 or 11, wherein the alkali metal borohydride
used is sodium borohydride.
13. The process for production of 1-(3-(2-(1-

benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l or salts
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thereof by subjecting 1-(3-(2-(l-benzothiophen-5-
y1l)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, 2,
3, 9, 10, 11 or 12, wherein the amount of sulfuric acid
used 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.



