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 ) azeti di n-3-Dl or salts thereof which
is useful as renmedies for central nervous system and
peri pheral nerve di seadé&SCHAGKIGROUND ART 10 [ 0002]
1- (3-(2-(1- benzot hi ophen- 5- _

yl ) et hoxy BRBHAS SR8t i RRGRUEHION 0B g 1 631 her £6F has

nerve protective actio erve regeneration pronotion

n
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15 conmpound |.€ r.ge system and
peri pher al ngﬁééﬁgﬁggaééég 9§ g#@@§s§§§§g§? 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

sulyire st of0 the( InvENT(Tonpenzot hi ophen- 5-yl ) et hoxy)

propi onyl )azetidin-3-ol obtained from
3-[020(3- benzot hi ophen-5 2 yl)ethoxy)propionic acid or
its salts thereof to
The present invention relates to a new
process for production of 1-(3-(2-(l-benzothiophen-5-
5 yl)ethoxy)propyl)azetidin-3-0l or salts thereof which

is useful as remedies for central nervous system and

peripheral nerve diseases.

BACKGROUND ART
10 [0002]
1-(3-(2-{1l-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
15 compound as remedies for central nervous system and
peripheral nerve diseases.
As processes for production of this compound,
for example, (1) a process of reacting 5-(2-(3-
chloropropoxy}ethyl)-l-benzothiophene with 3-azetidinol
20 or salts thereof, (2) a process of subjecting 1-(3-(2-

(l1-benzothiophen-5-yl)ethoxy) propionyl)azetidin-3-ol

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




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 following defecZs, (A the yield is |ow,
(B). conplicated procedures of purification such as
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20 it and speci al eqU|pnents are required, and so

forth. [000%jwdveaddifié Ofrod@Ss& HFOCEFShASr the following
production of

3-deXdct=dhenzot hilopheine 5d yi 9 eldwoxy Py opompi tcated or

salts thereof used in (2) nentioned above, for
exarqilegurds tdie gwil Didatgl gn ovesisezs as el koawael (@plamn
process of subjecting 2-(1-benzothi ophen-5-yl)ethano
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acrylate, subsequently subjecting it to

deasEe Lsusaetesh, aud o Forth.

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, attenticn 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)ethano

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 processes, because these
processes have the follow ng defects, the process of

(3) : PEAresE prfodudtisdtdng Beddudergfotthephsgcirrignegthanol
of trans-esterification of acrylic acid, (B) 10

specit&l Maghiagrercs idien reacidnrs wirtd g e telckirs e

of the occurrence of a |large quantity of caonbustible ,

i sobftbReYastily gebdectipgt yiraticoMydadisd Wit acid, and
process .of (4): the yield of hydrolysis with acid is
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subj ecting benzot hi ophene to brom nati on

Wit hbékzgﬁggoﬁ%g'bnb?%%_%ssaedhgger eael i 1Wlih L YRR cts, the

conmpounds to obtaih

be”?ﬁkbbess%fﬁspam oyt prbeunctbFeGueMeddbuse of the
subjecting it to hydrolysis, subsequently subjecting

It docueduateopfr eaahboastaenfpaheiondodurentyllic 2cid, (B)

3), 25 (6) a process of reacting

56 br speciabeagoipmephsnendi theatmgneés amet oregtiaied because

Gignard reagent, subsequently subjecting it to )

r eacef obhei ehcerhgheaecbxadéatpat gnantdsyumdnicompustiple

a process of subjecting 5-(lI _
isobutene gas in de-tert-butylation 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-y1l)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-



4 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 (5) to (7) cannot be
satisfied as industrial manufacturing processes,

becabsazolhbdeppesees seabaialed videe ticoWidtiiny meefcdcian with

(A) internmedi ates have a stinulatory property, (B) a

hi ghl'¢thoxyBRItE YL eaGe HliEPan 6 EEHINFRI)Y ishyssFin)it to
[ i t (et hyl ide) i d, (D
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bénzot hi 6pheneaceti c aci efivative oF- salts

ther eof, Tor cxaRLE: | Bhcl ALLONLIGPLIOISIERANE) cannot

known, (8) a process of subjecting the hydroxyl group

20 opebgpeothigghgnerRENaRRk 4t OnBALGERRAL9% processes,
subsequently subjecting it to reaction with cyano

conpedBgaséothebbaphobenzekhhapberaacebdnowinge defects, (A)
subsequently subjecting it to hydrolysis (non-patent

docub®rtée ridgdi£O¢sahprecasstohulabpegt prgpéraye- 485, @ highly

25 tetrahydrobenzot hi ophene produced from

B0 brooxihi pphgert (cpaief oompbskys) edst usrdw t{B)eghyl

bronpacetate, subsequently subjecting it to

ar ongafene@enby reagent (ethylene oxide) is used, (D)
highly ignitable reagents(butyllithium, Grignard
reagent) are used, (E) procedures of the reaction are
complicated, and so forth.

15 [0005]

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

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

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

25 tetrahydrobenzothiophene produced from 3~bromothiophene

to Reformatsky reaction with ethyl 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 follow ng defects,

(A) 5 internedi ates have a stianulatory property, (B) a

hi ghl toxi c reagent (cyano conmpounds) is used, (C

thg‘ry SMesisgompd &a dPatiheatames oM @mgrt 4) .

required, (D) there are many steps of the process (E)

the yield i s P8REYeER) then@59EsSSsh tentfer @it el T)s cannot

hi gh, ). pr.ocedures of the_. 10 reaction are
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2- (4- hal ogenophenyl t hi 0) acet al dehyde di net hyl acet al ,
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closure reaction in the presence of 20 pol yphosphoric
acafle madysstépst Bf( nhA- pabedbsdqEUNMERE yielpatientlow, (F)
docunent 4, patent docunent 5). However, the process
of tiig¢Oregahhnoh bempesattsteedsabigh,i riduspricaledures of the
manuf acturing process, because the process has the

101 or ok hgn dereceempl Araesdeoaptli sat ddrphecedur es such
as distillation or silica gel colum chromatography
ant0%@f¥orth 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

15 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

20 polyphosphoric acid, and so forth (non-patent document
5, patent document 4, patent document 5).

However, the process of (10} cannot be
satisfied as an industrial manufacturing process,
because the process has thé following defects, (A)

25 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
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I sol at ed 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 chromategraphy and so forth are 5
necessary to separate 5-hal ogeno-| -benzot hi ophene
derpmpiigatedr bm fongedlbygupeodeetrs ibec bysaseheifr
derivatives have low nelting points, (D) a large
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phosphorus conpounds that require conplicated 10 )
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reacti ng 1, 4-di hal ogenobenzene 25 with sodi um
hy@0&siil fi de in 1-met hyl - 2-pyrrolidone

As 4-halogenothiophencl 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-dihalogencbenzene
with sodium hydrosulfide in l1-methyl-2-pyrrolidone
(patent document 9), and so forth are known.

However, the processes of (1l1) 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) isonmers form (C) high reaction

tenperature is required, (D) 7reagents that bear |arge
envi ronnent | oads such as chlorine or sulfide are
useBCause ahlesy PBPFﬁSSF@OBBYeFGP?héPllﬁglégpF§€€§§Sf (A)

for rodu ion of a benzothi ophene deriva froma
REVPERES) Sacbeve (BT GSUBPFIAEPTE: or CY ?w%t prePesHLon

h@ﬁé@r LGue L0, 20ghEHEar 18 PHOSGERES, BHBHERD. 1axae
£LO5 r?trfﬁé?&é 0L 4, Ny %hﬁhﬁ SSQCSrOEu&%‘ﬁ"dﬁ aGdsed,
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5 subseauent L ye ubjectlng |t to dehydration reacti on,

10

15

20

25

and so forth patent docunent 15 10). However, in this
progess; the structure of produced conpound is
limted. [0009] [patent docunent 1] 20 Internationa

publ i cation No-tKs 035s 64 /prpasps| ebr [ pabanttdeauseEnty

2] EP0129478 bulletin [patent docunent 3]
benzothiophene derivative from a (phenylthio) acetic
acid derivative or salts thereof, for example, the
fellowing 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]

Internaticnal 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] Japanese Patent Lai d-Open No.
HO8- 143533 bulletin [patent8 docunent 7] Japanese
Patent Lai d- Open No. H05-178816 10 bulletin [patent
e18] Japanese Patent Laid-Open No. HO5- 140086

tin [patent do ument 9] 15 Japanese Patent
Lﬁ %ﬁﬁ£14§? 463 bulletin [patent document
10] Internat na ubl i 98/ e
20 [non paté%% 4%&3 éﬁf éﬁhﬁ?ﬁﬁl?ﬁ dl%f%§$98T£ 291
e (J. Med. Chen1) 1991, Vol. 34, p. 65-73
[ hon- patent 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-~0Open 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
fnon-patent document 3]

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

447




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

Chem stry (J. Heterocyclic Chem), 1965, Vol. 2, p.
44-48 [non-patent document 5] % Journal of Medicina
Chem stry (J. Med. Chem), 2003, Vol. 46, p 2446-2455
DI SCLOSURP e tHEqawset N PROBLEM TO BE SOLVED BY

THE | NVENTI ON 10 OOlQJ A new process for roduc%ion
of 1_(3_(2_(1_Jbu nal of Heterocyclic Chemistry (J.

ool t SRR R S R T g B 4 bod
sa : i as 0 ody,
I [ [, | ibilit f 15
b o o Do EANS TO SLVE TrE

PROBLEM [ 0011] jlnder. t he géﬁ%ﬁﬂn%@%mﬂ‘@r&g;ﬁ?%eép

i nventors have studi ed zeal ously and conseq y, and
foungnkhat ,i Bo@30r 9eASS 4fQr Poroduetd o of 1-(3-(2-(1-
benzot hi ophen- 5-yl ) et hoxy) propyl )azetidi n-3-o0l or
salts thereof from 2-(1-benzothi ophen-5-yl)ethanol, a
process for production of 3-(2-(1-benzothiophen-5

DISCLOSURE QF THE INVENTION
PROBLEM TQO BE SOLVED BY THE INVENTION
10 [0010}

A new process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy) propyl)azetidin-3-ol and
saltsrthereof, process which has safety to human body,
low environmental loads and a possibility of mass

L5 production, is strongly expected.

MEANS TO SOLVE THE PROBLEM
[0011]
Under the circumstances, the present

20 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-

25 yl)ethoxy)propionic acid or salts thereof characterized
by subjecting 2-{1-benzothiophen-5-yl)ethanocl to
Michael addition reaction with acrylonitrile in the

presence of base, subsequently subjecting it to
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15

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 to 10 reaction with an

al cohol represented by the]dbneral formula [1]:

R CH20H El | .wherein. Rl represents ydr ogen at.om Qr
e hiapstithen oFcsubLl FEEBRCRTRY! BYog BP0 deaN s
af%kmu?aQTQED’ in the presence of acid to obtain a
pr opl oni ¢ aci ester derivative represented by the
general formyla [2J: ON---~CO2CH2R1121 wherein Rl
has the sanR CbgOHhgs[ B} the above, 10 subsequently

subj ecting the propionic acid ester derivative to
hydrol ysis reaction in the presence of base; the

REIPEON, CrA ' t egt egh by the
gener al f%r(r?uel%a&g[zeq{t&ed }%J}Cl—ge eﬁ(%ls wherein Rl

hass iihet Staite deah| @ﬂssﬂﬁtlt;b@damk?l, bei/AgobMROLt 3Rt aryl
internmedi ates in the production o -

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

salts thereof; 11 a process for production of

Lir{ EHL-gredbmmzotdi ophih-Se obtain a propionic acid

ester derivative represented by the general formula

[2]:
o~ 1
@/\/ COLRR 2]
)

wherein R' has the same meanings as the above,
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]:

0 1
Iy oot
S

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

thereof;



yl) et hoxy) propionyl)azetidin-3-0l1 or salts thereof
characterized by deriving 3-(2-(l-benzot hi ophen-5-
yl ) et hoxy) propi onic acid or salts thereof to a
reactive 5 derivative, subsequently reacting the
reactive derivative with 3-azetidinol or salts
thereof in the presence of baséd, and subsequently

crystalljzing the crystals fromihe.reaction m xture; e
a pr&% é%% %#gFﬁéﬁhﬁﬁl ?F% on 0911 ?3 ?E Qi genzoEngphen 5

1- (3~ (244 i,0 - . h

azet L O o T g A S P RRY ) choreor
subj eatd M@ deli3rd 2 H1 -penzptdy opheR: br—penzothiophen-5-
yl ) et hoxy) propi onyl yazeti di n-3-0l to reduction

r eactyioret ) pibgiddi Ad e id REt3 VBt Orehdrdde to a reactive
presence of alkali netal borohydride; and 15 a

prooc elks- ifvart ipreqd uaid s odn tlrf dak=f Indp ezt Ké ophene 5-

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

. Chadzatieritzed by t$ulf-ectd nigl ihdqll -dyenzol ths odhere S in the

yl )ethanol to Mchael addition reaction with _

acr ylpggistenidee dfn balse praask o ssfqurrsel y stigstpukehi 2yn@othe

subjecting it to reaction with an al cohol represented

by t K& Y§éErdBalf rosy flilea eHCt IRTCHEGH Y1 wherein Rl has

t he sanme neani ngs as the above, in the presence of .

aci d2t BIGESEn Lo tpPEPddwitd et lestdy (defiRgnzRthiophen—5-

g@%&ggxwggc}%ngn%rzaeltifdolrn@g—%l ?bsr [szgl'tslztheoreéf

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 presence of alkali
metal borohydride; and

15 a process for production of 1-(3-(2-(l-benzothiophen-5-
yl)ethoxylpropyl)azetidin-3-ol or salts thereof
.characterized by subjecting 2-(l-benzothiophen-5-
yl)ethanol to Michael addition reaction with
acrylonitrile in the presence of base, subsequently

20 subjecting it to reaction with an alcoheol represented

by the general formula [11]:

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

25 [2]:




wherein RL has the sanme 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-benzothi ophen-5 5

yl) et hoxy) propi onic acid or,_salts thereof,
subsequently converting itt“to a reactive derivative,
subsequently reacting the reactive derivative with
3-azetidinol or salts thereof in the presence of base

to obtain 1- o~ 1
I 5-yl)et hoxy)%?b%“@ﬁyﬂa]azet idin-3

(2-(1-benzo
10 ol , subseguen subjecting it to reduction
reaction wth an addition of activator in the
presence of alkali netal borohydride. [0012] In
addition, the present inventors have found 15 that in
ttee PE0e as's 1efs Zt(el -eemz aidiraphen-4s yinetdteaned, which
is a starting material, a process for production of a
St eagesroe 1 v beizpédit Dpdnetiee deropadnve aepdessheed by
the general formula [6]: S wherein X1 represents a
hee moigeart: iateam t @ Chydiar bies % | zeaicbion edot thg presence of
phenyl thi o)acetic acid 13 derivative or salts
t dfo radpraise M et bl thengereiapherobnula [3]: X

Q@X2H [3] S wherein X1 has the sane neanings as the
S aidwthoxyl)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~ (1-benzothiophen—~5-yl)ethoxy)propionyl)azetidin-3-
10 ol, subsequently subjecting it to reduction reaction

with an addition of activator in the presence of alkalil

metal borohydride.

(00123

In addition, the present inventors have found

15 that in the process of 2-(1-benzothiophen-~5-yl)ethanocl

which is a starting material, a process for production

of a 5-halogeno—l—benzothiophene‘derivative represented

by the general formula [6]:
1

X
(/Ij [6]
S

wherein X' represents a halogen atom,

20 characterized by reacting a (phenylthioc)acetic acid




~with a hal ogenating agent to obtain an acid halide 5
represented by the general formula [4]: OX2 [4l
wherein X2 represents a hal ogen atom X1 has the sane
meani ngs as the above, subsequently subjecting the
acid halide to intranolecular ring closure reaction
in the presence of 10 Lewis a&Pd, subsequently
subjectln%%ai to reduction reaction to obtain a

di hy §&d1 Y SEherre e finERS e TYRAFIERAPHythifeIeneral
general la [5]: HO XI [5] S wherein X1 has the

samsfa qﬁgﬁﬁﬂs t he above, and subjecting the

di hydr obenzot hi ophene derivative to 15 dehydrati on
reaction in the presence of acid catalyst; 14 the

di hydr obenzot hi dervative represented by the
general formul Q? ] clt' #l [51 S wherein X1 has

the sane neanin P § bei ng i nport ant
internmedi ates in br ocess for 5 production of a

5- hal ogeno-| - benzot hi ophene derivative represented by

the general fornula [6]:

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]:

ox? X'
?\ ,©/ (4]
S

wherein X2 represents a halogen atom; X! has the same

meanings as the above,

subsequently subjecting the acid halide to

intramclecular ring closure reaction in the presence of
10 Lewis acid, subsegquently subjecting it to reduction

reaction to obtain a dihydrobenzothiophene derivative

represented by the general formula [5]:

HO

[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;




[61 wherein X1 has the sanme neanings as the above; the
5- hal ogeno- | - benzot hi ophene derivative represented by
the general fornula [6]: [61 10 wherein X1 has the
same meani ngs as the above, can be produced at sinple
procedures with a high purity by crystallizing and
isolating crystals of the di robenzothiophene

dori YaL! ¥eu[ GRLESRLe i BYaLhg agenerdy LoLtula Like By che
abov §gpsggy§u% I[]§hjloject|ng t he crystals to

dehy r Fron ~reac a process for production of
benzot hi ophene derivative 5 or salts thereof

repr esent ed byH. e general formula [91:. cOQR [9]
wherein R2 and''R3 represepnt identically or differently
an unsubsti t ut ed/® tut ed al kyl oxycar bonyl

cycl oal kyl oxycafbo r ar[®Xkyl oxycarbonyl group or
10 cyano group, giares#teri zed by coupling a
benzot hi ophene derivative represented by the genera
formula [7]: X

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]:

x1
Y e
S

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

by the general formula [6]:

XI
oY e
S

10 wherein X' has the same meanings as the above,
can be produced at simple procedures with a high purity
by crystallizing and isoclating crystals of the

dihydrobenzothiophene derivative represented by the

general formula [5]:




" [7] S :05 wherein X1 has the sane neanings as the
above, in the presence of base and pall adi um cat al yst
with a 15 malonic acid derivative or salts thereof
represented by the general fornula [8] 16 R2 [8] R3
wherein R2 and R3 have the sanme neani ngs as the above;
a process for production of beh2zot hi opheneacetic acid
derivative or salts thereof represented by the genera
formula [10]: CH2CO2R4 [10] 5 wherein R4 represents a
hydrogen atom tdQunsubstityted or substituted al kyl,
cycl oal kyl or aralky -romp characterized by
reacting a benzq e drspvative or salts thereof
represented by t mula [9] co; [ 9]
wherein R2 and have the sane neani ngs as the above,
10 with acid or base, subjecting the benzothi ophene
derivative or salts thereof to decarboxyl ation
react,h@heihf xPeLESSRRY;: shilg m@aﬁ%ssoaaer&@led%ﬁo\c@t ive
represented by the general fornula [9]:

subsequently subjecting the crystals to dehydration

reaction;
a process for production of benzothiophene derivative

5 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
10 cyano grocup,

characterized by coupling a benzothiophene derivative

represented by the general formula [7]:

(/j@»x‘ [7]
S

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

the general formula [8]




10

/ 2 3 [s] wherein R2 and R3 have the sanme neani ngs as
the above, being inportant internediates in the
process for production of benzothi opheneacetic acid
derivative or salts thereof represented by the
general formula [10]: | , CH2CO2R4 [10] 5 wherein R4
has the same meani ngs as tH& above; a process for
production of 2-(1-benzothi ophen-5- yl)ethano
characteri zed by subjecting a benzothi opheneacetic
acid derivaty %e or salts thereof represented by the
gener al forgula [8}1] : CH2CO2R4 [11] 10 wherein R4 has
the sane ne ngngs as the above, to hydrolysis reaction
i f necessary, subsequently subjecting it to reductive
reaction with an addition of activator in the
presence of alkali netal borohydride; and 15 a
process for production of 2-(1-benzothi ophen-5-
whethnnak? el aCt aavaedhby sheacCicdgingkd as the above;
(phenyl thio)acetic acid derivative or salts thereof
repesen edf dy phedgenionl of obenkath3pphnedceRiE RELd
S wherein X1 has the sane nmeani ngs as the above,
derivative or salts thereof represented by the general

formula {10]:

(/I}cﬂzcozla‘ [10]
s

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]

S R

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 [2]:




wi th a hal ogenating agent to obtain an acid halide 5
represented by the general formula [4]: OX2 [41
wherein X1 and X2 have the same neani hgs as the above,
subsequent|ly subjecting the acid halide to

i ntranol ecul ar ring closure reaction in the presence
of Lewis acid, subsequently Islibjecting it to
reduction 10 reaction to obtain a
dlhydrobenzothlophene derivative represented by the
general fornula Fthkl [s7 S wherein X1 has the
sane neani ngs /A =rove[ subsequently subjecting

t he di hydrobe ane 8grivative to dehydration
reaction in th&p of 19 acid catalyst to
obtai n a 5-hal ogeno-| -benzot hi ophene derivative
represented by the general formula [6]: [s] wherein
X1 has the same neani ngs as the above, subsequently
couptengin ¥ Zrhlrdgeaoel thenzant opleriagss aderihatabere,
with a malonic acid derivative or salts thereof

r epreebent swbdwtame pehermediatanl an[ 8he pR2CEsE8FOrR3

production of benzothiopheneacetic acid derivative or

salts thereof represented by the general formula [10]:

{)CHZCOZR4 [10]

5 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’
S

10 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

15 a process for production of 2-{l1-benzothiophen-5-

yl)ethanol characterized by reacting a




wherein R2 and R3 have the sanme neani ngs as the above,
in the presence of base and pall adium catal yst to
obtai n a benzot hi ophene derivative or salts thereof 10
represented by the general formula [12]: R2 R [12] S
wherein R2 and R3 have the sanme neani ngs as the above,
subsequently reacting the benzbt hi ophene derivative or
salts thereof with acid or base, subjecting_it to
dechphboryl bhioharehtti onlff dpsdgasavy, oo saBis thereet
benzot hi opheneacetic acid derivative or _salts thereof

r epfeRERTRAUCHY PRetiyenefarrfér AAFRUL 2131 2O R4

0010, wherein R4 has the sane nmeani ngs as the above,
subsequent |y subjecting, the benzot hi opheneacetic acid
5 derivative gy $al th@Weof to hydrolysis reaction

i f necessary, ' tl yl;ﬁfbj ecting it to reduction
reaction with>xan _daddi th on activator in the presence
of alkali netalSborvfydride. [0013] 10 Further, the
present inventors have found that a process for
production of 1-(3-(2-(1-benzothi ophen-5-

or salts, .t hereof

I hox) A | i di n-3- ol
Y nariard RSk 33E el Sran s s Ssie Arter 4

with a halogenating agent to obtain an acid halide

5 represented by the general formula [4]:
2 1
OX X
[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 [3]:

HO

[5]

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

derivative to dehydration reaction in the presence of



10

15 derivative or salts thereof represented by the
general formula [3]: 02H 1/ [3] S wherein X1 has
the sane nmeani ngs as the above, wth a hal ogenati ng
agent to obtain an acid halide represented by the
general formula [4]: 21 OX2 [4] S wherein X1 and X2
have the same meani ngs as tli¥e above, subsequently
subjecting the acid halide to |ntranolecular Lng
AOrB BT G i HP R pf edehRLOBRNOT VPSR AEF I OPhene
subsequent|ly subjecting it to reduction.5 reactign_to
o Yl i (o GERY ot hi OBhERS FePFvati 6o e LEoAt e
by the general fornmula [5]: HO X1 | [51 S wherein X1
has sanme the neani ngs as the above, subsequently
subj ecting the diQydrobenzot hi ophene derivative to
dehydrati on/# ] iT he presence of 10 acid
catalyst to go 5 a 5 | ogeno- | - benzot hi ophene
derivative repreSénted by the general fornula [6]:
[6] S

wherein X' has the same meanings as the above,
subsequently coupling the S5-halogeno-i-benzothiophene
derivative with a malonic acid derivative or salts

thereof represented by the general formula [8]:

RZ
(. 18]
R3

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]:

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 the sanme neani ngs as the above,
subsequently coupling the 5-hal ogeno-I -benzot hi ophene
derivative with a nmalonic acid derivative or salts 15
t hereof represented by the general fornmula [8]: 22 2
[8] R3 wherein R2 and R3 have sane neani ngs as the
above, in the presence of baséland paIIadiun1cataIyst

to obtain _a benzothi ophene derivative or sa

t her @@fﬂzortéwv@meéd:%qu e e i Bt v ot YRl &F [51@11‘:8 Rhgreot
[12] erejn R2 and R3 have_t he ani ngs as

t he &?é:{f Se‘?@ﬁisé)d’ué:m PFEAT P T ‘éf%gﬁ]zgfhl ophene
derivative or salts thereof with acid or base,

subjecting it to decarboxylation reactlon i f

necessary, to obfain.g ccnzgthmppheneacetlc acid
derivative or s#t?3 3 eof 2 ented by the

gener al fornulﬁeé ' CH2CC2R4 1 S wherein R4

have the sane [ as the above, subsequently

subj ecting the benzot hi opheneacetic acid derivative
or salts thereof to hydrolysis reaction if necessary,

SUbS%ﬂ%§QE%yRguRLSCEBQgsg%et8eESQH%%igg the above,

subsequently subjecting, the benzothiopheneacetic acid

5 derivative or salts thereof to hydrolysis reaction if
necessary, subsequently subjecting it to reduction
reaction with an addition of activator in the presence
of alkali metal borohydride.

[0013]

i0 Further, the present inventors have found
that
a process for prodﬁction of 1-(3-(2~{l-benzothiophen-5-
yl)ethoxy)propyl)azetidin-3-0l or salts thereof
characterized by reacting a (phenylthio)acetic acid

15 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]:




15 reaction with an addition of activator in the
presence 23 of alkali netal borohydride to obtain

2- (1- benzot hi ophen-5-yl) ethanol, subsequently

subj ecting 2- (1-benzothi ophen-5-yl)ethanol to M chae
addition reaction wth acrylonitrile in the presence
of base, 5 subsequently subj2kting it to reaction with
an al cohol represented by the general formula [1]:

R CH2ZOH [1 ] wherein Rl has the same neani ngs as the
above, in th ksse ce Rﬂ acid to obtain a propionic
acid ester Eﬁgresented by the genera
fornula 10 ﬁg? #&1[21 wherein RL has the
sane neani ngs & t above, subsequently subjecting
the propionic acid ester derivative to hydrolysis
reaction in the presence of base to obtain

b Ra enr B B i ot R S0% °8h e o8l
o PBSPARRBR Y1 598 TEAA P £ HoR VAL A L b b equent |y
arfLralerBErIFR S, PIbaIRE SPabiion d STt e of
y1 YEERSS Bropr Ry FaTarial AU538°C 8 i Cedi B

5SU?ESEE'&8§1 116(gb(:gflg‘;lébaﬂﬁ%@o%@ﬂ%%’t%'io hene derivative
yl pr

10

15

et hoxy opi onyl )azetidin-3-o0l to reduction
reagpr88ented by the general formula [5}:

HQ

X1
S

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
oY o
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]:



with an addition of activator in the presence of

al kali netal borohydride, and have conpleted the
present 5 invention. EFFECT OF THE | NVENTI ON [0014]
The process for production of 1-(3-(2-(1 10

benzot hi ophen-5-yl) et hoxy) propyl ) - 3-azeti di nol or
salts thereof of the presentZd nvention has the
following characteristics, (1) the yield is high, (2)
silica gel colum chronmatography is not required, (3)
t heref ore, tl%ﬁzarmunt of wastes is small, (4)

reagents whic
stability are

haE 15 har nful ness and problenB of
ngt used and so forth, and the process

is useful as |Rdustr|al nanufacturlng process. [0015]
The process for production of 3-(2-(1- 20
benzot hi ophen-5-yl ) ethoxy)propionic acid or salts

i w0

2 f 1 anmmabl t th d

Lo ‘??aﬂs%rf?so SRRE%EbIRL SFGcbartdus HepykShgsbeeo
| NG5t A1 TS ACH LG BT 9CPE0.  1L00L] The PEREess:

for pro uc

IOp eneaceti c acC

the present invention has the

dery st éy&@dgﬁ%t&é hgéﬁgéaﬁfofﬁeissmfd by the

general formul

foll owi ng characteristics, (1)

5

10

15

R2

3

4 R 121

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

represented by the general formula [11]:

CH,GO,R’
(/j@/ [11]
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
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15

20

stinulative internedi ates are not used during the
process, (2) highly toxic reagents(cyano conpounds)

are 5 not used, (3) conplicated treatnments of waste

are not required, (4) the nunber of steps of the
process is few, (5) the yield is high, (6) high
reaction tenperature is nét3 required, (7) reaction
procedures are sinple, .and so forth, and the process
PEP R g PhaRefyrafSaafar SEEREPag siocens.

[ 7].Jhe proces roduction_of 5:hal nQ-l - _
e Ot DRBrE Eert (StnBR8tt chiBlefbedtsd SHE Sekirg 2
f . [ i nyenpt i t ol l.awi ng
e e e e e T
i i £ oIk 16 A P BIEL L £1 T RY b B esBhoECHT 8asuch
as extraction and crystallization, (3) therefore,

A d gadredl  ef iy foe Ph@CceduE §srepehian dishi hhakiieBhol
or silica gel colum chromat ography are not required,
areb s dDrdh, tlandydher I ocesmuls psptul as

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

i nvention iR'{?HE@H' ngth pelow in detail. In the
present speciti€ation, unless otherw se specified,

the term "hal ogen atonf neans 26 fluorine atom
chlorine atom bromne atomor iodine atom

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

(U\/ O C0,0HR o
S

wherein R! has the same meanings as the above,

[2]1:

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




the term"al kyl group” nmeans a straight or branched
chain Cl_12alkyl group, for exanple, nethyl, ethyl, 5
propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-
butyl, pentyl, |sopentyl hexyl, heptyl, octyl or the
l'ike; the tern1"cyc|oa|ky| group nmeans a
C3_S$cycl oal kyl group, for ex&hple, cyclopropyl,

I t I qQh I the |ike;
PRI LI S e, L N
BT PR . rocrin
S e Bhcums e %tg;zx,%ﬁgvr"m@%c%%%Sﬁ%%ec%af ke
pf OROXY1 béPBﬁ?HQ%Me bHIﬁaXMavbSEQth‘?L)é}‘_edS%%ebLﬂr@%nt

tert-butoxy, pentyloxy, |sopenty oxy or the like; the
ser phvahkybgxycar bonyl group” neans a straight or
branched chain Cl_12al kyl oxycar bonyl group, for
exanpl e, 20 net hoxycarbonyl, ethoxycarbonyl, 1,1

di met hyl pr opoxycar bonyl , i sopropoxycarbonyl, 2-

et yFHeXYy | OR yTAF bDRYENTIENt - but oxycar bonyl, tert-
pent yl oxycar bonyl or the like; the term
"cyt®@®bd kyl oxycar bonyl group" neans a C3- 25

gcycl oal kyl oxycar bonyl group, for exanple,
cyclopropoxyc%h%dﬁ9¢ce§§cf@bupéﬂ§@§ﬁb@ﬂypf 1-(3-(2-(1-
cyclopentyloxycarbon cycl ohexyl oxycar bonyl or th

19§ ikenzothiophent oy YﬁI%I:lR%bwéanéhyﬁ @FSGédlﬁ@&n§raﬁalts
aI%%ereof of the present invention has the fcllowing

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 used, and
so forth, and the process is useful as industrial
manufacturing process.

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

20 benzothiophen-5-yl)ethoxy)propionic acid or salts
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
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15

20

25

6al kyl oxycar bonyl group, for exanpl e,

benzyl oxycar bonyl, phenethyl oxycarbonyl or the |ike;
the terms "aryl group" nmeans group, for exanple, 5
phenyl, naphthyl or the like; the term "al kenyl group”
means a C2_12al kenyl group, for exanple, vinyl,
propenyl, butenyl, pentenyl45hexenyl, heptenyl,

octenyl or the like, respectively. [0019 10 The

aFRPEE sepéiegabry It han geareya lgfeupwia Ril Hayet vehie present
substituted with_at | east one g{oup selected from a

haP8Geh 180 oReSa HFd FRYICYIrGu s R aF afi 1ot Yridii,
| kyl v s | oal kyl : I 4
apkemyrIeays shsrtreiaite draupion i AHEhe dhg e

I, l.kyl
R S4B  Mhmpon) are
SHBSt [ kuked (4t Eoﬁglli%%]%%do%‘ie%rt%é%tsselo%CtvFadsﬂc d UB& not
hal ogen af om "a hydroxyl group, a nitro group, an

abkyh i r@HQUR4) At BUChARLEY o@ QYR AR AIHRX Yo HQUYY &
al kenyl 20 group and an aryl group or the I'ike. The

akky| , (syctnal kyklandsahahky! (@howa of hctiwh be
substituted with at | east one group selected froma
hatmgenaatios) ia hpdr exyuigedyp,(7a meac® igmoyrocaiures
al kyl group, a cycloal kyl group, an al koxy group, an
25ra| kemplegrang andfamthiybkndr tbe prodesd ikeuseful as
[0020] In the present invention, the follow ng
ptedessesabhreagifeatpsingr precabse manuf acturing 28

[0017]

The process for production of 5-halogeno-1-
benzothiophene derivatives represented by the general
formula [6] of the present invention has the following
characteristics, {l1) 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
so forth, and the process is useful as industrial

manufacturing process.

BEST MODE FOR CARRYING OUT THE INVENTION
[0018]

The present invention is explained below in
detail.

In the present specification, unless

ctherwise specified, the term "halogen atom" means
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processes. [0021] For the production of
3-(2-(1-benzot hi ophen- 5-yl)ethoxy)propionic acid or
salts thereof, in the 5 process for production by

subj ecting 2-(I- benzothi ophen-5-yl)ethanol to M chae
addition reaction in the presence of base with
acrylonitrile, subsequently¢éreacting it with an

al cohol, represented by the general formula [1£:,18,
RICHPOH 1oL 2 5T TR a2 t PR SRREMMRENnthge 8% tRELine
abov§ﬂ_in the presence of acid to obtain a propionic
adl"P™15 ester derivative represented by the general

f (theu't%rni ZJaZL C{_%rgg’i.{ 1 mesa%s ég)s%\gfgf Be R&{.‘ E@?a%gﬁed

sane meani ngs ove, an ] €cti ng

rQpj.Qnic aci S eri [ h Si
P LRy HEbuRE b (Ml o (MHECHIS, Sty

pradiril on d Mﬁbqug Rl a dwdnogem at ook yan abkyl

group’is prefera the process for 25 production in

Witk &Ry 1R1 pe?lt@lhydmﬂﬂh@p,mhé@}bylh%@yp, o€tPYlor the
group or propyl group is nore preferable, and the
pridkess for production in which RL is a hydrogen atom
or 29 ethyl group is further nore preferable. The
prthee s rivor” qyadehadtkiydn growd| aledie adtdscycloalkyl

group, for example, cyclopropyl, cyclcbutyl,
cyclopentyl, cyclchexyl or the like;

the term "aralkyl group" means an arCj;.galkyl group, for
example, benzyl, diphenylmethyl, trityl, phenethyl,
naphthylmethyl or the like;

the term "alkoxy group" means a straight or branched
chain Ci.galkyloxy group, for example, methoxy, ethoxy,
pPropoxy, isopropoxy, butoxy, iscbutoxy, sec-butoxy,
tert-butoxy, pentyloxy, isopentyloxy or the like;

the term "alkyloxycarbonyl group” means a straight or
branched chain C;-;;alkyloxycarbonyl group, for example,
methoxycarbonyl, ethoxycarbonyl, 1,1-
dimethylpropoxycarbonyl, isopropoxycarbonyl, 2-
ethylhexyloxycarbonyl, tert-butoxycarbonyl, tert-
pentyloxycarbonyl or the like;

the term "cycloalkyloxycarbonyl group" means a Cs-
sgcycloalkyloxycarbonyl group, for example,
cyclopropoxycarbonyl, cyclobutoxycarbonyl,

cyclepentyloxycarbonyl, cyclohexyloxycarbonyl or the

like;




used is an inorganic acid is preferable, and the
process for production in which the acid used is 5

sul furic acid or hydrogen chloride is nore preferable.
In the case that the acid is hydrogen chloride, the
process for production in which RL is hydrogen atom
is preferable. In the case tha¥ the acid is sulfuric

acid, 10 the process for production in which Rl is
et S GaF i"S T adieteraagbQuo2 g raur 't e DA 2 For

d [ f 1-(3-(2-(1-
DensBt kY SEHERE SPORY & H6RYPpr SBY1 FAZERLGN n PSR Jgrxyoarbonyl,
PR S S s T Like:
| [ | Inwdi_n- 3-.0l '
B R T R L e

@reggggglgfngbh@hg g@t%%ebqgﬁg%dride, the process for

production 1 n-whi the al kal1 nmetal borohydride used

| s sadi yarhorghydnide gr%thd”S mRizefserAll, e, a TR nRNOGRSYp, for
for production in which the activator used is a

proeqBmplagi ¢isyeh gsopenflr,i Guaendl apddvnaigemexenyl,
chloride and so forth is preferable, and the process

f or hppodngl | onckenwyili elr the adiieyatrerspesed v2A v .S
sulfuric acid is nore preferable. In the case that the
actifi08L8% is sulfuric acid, the process for

Broduction in which the volune of sulfuric acid used |
1Ps 0.5-0.6 tiHhe adk¥lperymdbaldylz@nd Reydl l@qumefalR™ may

borohydrjde, the addition of sulfuric
be substituted with at least one group selected from a

halogen atom, a hydroxyl group, a nitro group, an alkyl
group, a cycloalkyl group, an alkoxy group, an alkenyl
group and an aryl group or the like.

15 The alkyloxycarbonyl, cyclecalkyloxycarbonyl
and aralkyloxycarbonyl group of R? and R?® may be
substituted with at least one group selected from a
halegen atom, a hydroxyl group, a nitro group, an alkyl
group, a cycloalkyl group, an alkoxy group, an alkenyl

20 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

25 alkenyl group and an aryl group or the like.

[06020]
In the present invention, the following

precesses are given for preferable manufacturing



acid at 0 to 30C for 10 mnutes to 6 hours and the
subsequent reaction at 30 to 70C is preferable. [0023]
5 For the production of a dihydrobenzot hi ophene
derivative represented by the general fornmula [5]: HO
X1 [51 S 10 wherein X1 has the sane neanings as the
above, in the process for prodfiction by reacting a
(phen ItQE%Qacetlc acid derivative or salts thereof
repr %Y the general fornmula [3]: Xr 2H 1 [3]
% Xl has the sanme neani ngs as the above, 15
MAth ogenating agent to obtain an acid halide

repre_sent ed by EI)?; yo o ]%dJc({{fB-H e 4 gpxél ﬁérﬂ @ophen—

wherein X1 and have the sane neani ng ove

SUbS%ﬂ?@QQﬂﬁ o34h] %1@11@%&‘8 Ghald 046 1o Sdecf, in the

i ntrandl écul ar “ri ng closure reaction 1n the presence

ofs LeWcesaCirdr peReuantd ¥ s Wit Edtithd t21 o1~
reduction reaction, the process for production in

whi cbeXktolth idphehl-G-ylg edtheMola dy Milditacll APt Bdh reaction
iodine atomis
in the presence of base with acrylonitrile,
subsequently reacting it with an alcohol represented by

the general formula [1]:

10 .
R'CH,0H [1]

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

15 ester derivative represented by the general formula

O~ 1
(D/\/ COLHR (2]
S

20 wherein R' has the same meanings as the above,

[(21:

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

25 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




5 preferable, the process for production in which X1
is a bromne atomor an iodine atomis nore
preferable, and the process for production in which
Xl is a bromne atom is further nore preferable
[0024] 10 For the production of a 5-hal ogeno-I -
benzot hi ophene derivative repffsented by the genera

formyla [6]: [s]. S 15 wherein X1 has the sane

o DS Ak D bt TR i B BRESRER b oduct i on

by subj ecting di hydr obenzot hi ophene derivatiyv .
repr esent ed byﬁ}%é)r&/gceensesr aiinorf ﬁﬂ%‘?“éﬁ%‘f? HO ¥ Cg(l tf%laCld

20 is ; ; ' b ,
SR X M SA I e e i ond

deh e pres acid

ggt Antlesd e PIACRER U APAHEL PN hd I Ghudddl Ssa

chlorine atom a bromne atomor an iodine atomis

Br efsenatif.c e dPIRCesHded@dUSE i@ 16 wbk&hprdrésable.
a bromne atomor an’iodine atomis nore preferable,

and the proceass they qasedutidorcié aidhi Xihydrégen
brom ne atom 5 is further nore preferable.
chloride, the process for production in which R' is
hydrogen atom is preferable.
In the case that the acid is sulfuric acid,
10 the process for production in which R' is ethyl group is
preferable.
[0022]
In the process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol or salts
15 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 cof alkali
metal borohydride, the process for production in which
the alkali metal borohydride used is sodium borohydride
20 is preferable. |
The process for production in which the
activator used is a protonic acid such as sulfuric acid
and hydrogen chloride and so forth is preferable, and
the process for production in which the activator used
25 1is sulfuric acid is more preferable.

In the case that the 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




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

crystalljzi it from hexane aor cycl ohexane is )
o ol Bl it B BeRaart 8 | LoParran hgns T sulfuric

EI%?E?LL%Z'@%Z%(}@ e BT brt b HERZB T BpHERE

der e r te er al
20 or nu er%]]?%éél% £F9§0 mﬁériﬁﬁ@dfdép%e%le%a% t he
sa i ngs as the above, 25 the process for
production by subjecting a benzothiophene derivative

g epresent ed @%ﬁtﬁhéﬁﬁﬁ%éﬁct{@ﬁn@faa[&lhyé§ob§hzb%h1§phene

wherein X1 has the sanme neanings as the above, 5t

Coupd iREatiBas tneir dd d it &d B OFhE @Eh&r JBr Fy¥ahiYe q_>5]
salts thereof represented by the general fornula [8a]

in the presence of the palladium catal yst and base:
HO

X1
2:©/ (5]
S

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]:

Y

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

subsequently subjecting the acid halide to



2 [8a] Rae wherein R3a represents an unsubstituted or
substituted al kyl oxycarbonyl, cycl oal kyl oxycar bonyl

or 10 aral kyl oxycar bonyl group; R2 has same neani ngs

as the above, is preferable, the process for

production in which R2 is an al kyl oxycarbonyl group,

an aral kyl oxycarbonyl group 3t a cyano group; R31 is

an al kyl oxycarbonyl group or an 15 aral kyl oxycar bonyl
gro&BtFém ?é“éﬁéféﬂ&ﬁléloﬁﬁéepF§@§§§0Fbﬁjbﬁ%%RuHQQﬂ?”ce of

arCﬁhkggtgﬁﬁbicEFE%ﬁﬁPégkg§L %%%EggéL gcg "eq%ﬁ$%%9
Cl. 4
o CFeAaE oL EEr BaE s 2B Bropirion dnortigh & 28 2

ThecRESEgﬁé LOEnDr gdUSLEGN Sl M 6 XD S An< MOk

at o an 1odine atomis pre

9ndp1»@9e958§@88tﬁgr ngeeggt QR b@o}aﬁbceho%l inl %mach Xl is a

br om ne at om or Ine atomiIs rther

prebesabhe. afhR e&osﬁS%B%epae%ctﬂsomdr@ \yyeqférmale, and
bonds to 4- or 5-positon of the benzothi ophene ring

i's tipeepesabke, fardptbauptoeassnf ahiphodtticisoa bAomine atom
whi ch X1 5 bonds 5-positon of the benzothi ophene ring

I s fsrfhetheprebeecapkefef8B82€] I n the process for
production of a
[0024]
10 For the production of a 5-halogenc-1-
benzothiophene derivative represented by the general

formula {6]:

x'l
éﬁ:I:::T’ (6]
S

wherein X' has the same meanings as the above,

15

in the process for production by subjecting a
dihydrobenzothiophene derivative represented by the

general formula [5]:

HO

x1
<>:]::::I/ [6]
S

20 wherein X' has the same meanings as the above,
tc dehydration reaction in the presence of acid

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



10

15

20

25

benzot hi opheneacetic acid derivative or salts thereof
10 represented by the general formula [10]: CH2CO2R4
[10] wherein R4 has the sane neani ngs as the above, 15
the process for production by reacting a
benzot hi ophene derivative or salts thereof
represented by the general 3%ornula [9a]: ~ ~ R2 S |

é9a$ wherein R2 and R3a have the sage nmeani ngs as

tﬂ%* bbU®, L@t h2 aRFAMbRe pake™ ShbfBctP énPtaF8m 15

d b ti 20 t f .
FEEraRpS, tﬁﬁepmééé‘%f%S'r‘pbsaﬂﬁﬁfiﬁﬁf%hmﬁ&ﬁhe 5 e
%‘r&llﬁéoﬁ&ﬁ‘r&?”ﬂ% 958&‘1%61 Igmaié' Jﬁ%ﬁk %@%BQ ¥he ang

group of a cyano xycar onyr

n 5
preferé%?@gsand K%%&@ﬁ@@i@ﬁ ¥£ GhOUR 2 1ésarE¥&h1n% atom

e process production in

Rs | 5y e Kdr 4Rb Ky | OxyeaFony! group, an arCl_
4al kyl oxycar bonyl™ group or a cyano group; R3a is a Cl_

4l ky$ pxycar bonyl group or an ar G _4al kyl oxycar bonyl 5
group is further preferable. [0028] The process for
producti on Im tie chrddesgrowp isepaesentivy byythellizing
general fornula: z 43a wherein R2 and R3a have the
sanes el i g sa. abi My atsrvaeg t Hobioagls deridvapive
5-position of the benzothi ophene rin
represented by the general formula ?5}, the process for
isolation by crystallizing it from an aliphatic
hydrocarbon such as hexane and cyclohexane and sc forth
is preferable, the process for isclation 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]:

2

(D—& o]
s R

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

formula [7]:



preferable, and the process for production in which
the group bonds to 5-positon of the benzot hi ophene
ring is further preferable. [0029] 15 The process
for production in which the group represented by the
general fornula: -CH2CO2R4 wherein R4 has the sane
meani ngs as the above, bonds t&3 4- or 5-position of
t he benzot hi ophene ring is preferable, and the
process for production in which the 20 group bonds to
5-posi ton of thesheraghi ophene ring is further
preferable. 36 /Th %sm production in which R4

i s a hydrogen at@naTs{=gEn unsubstituted or substituted

al kyl, cycloal kyl or aral kyl group is preferable, the
process for production in which R4 is a hydrogen

atom an alkyl 5 group or an aral kyl group is

pr ef ghabkén Hhdhidetipe osems fhoanpngdusti ohei abwkiech R4

is a hydrogen atom a Cl_4alkyl group or an ard _4
abkykogrouplisgf uetheionpwéfcér abheloni@3@cidl@dm wdisive or
propionic acid ester derivative represented by the
genefalltsotharacf2repeazenzrd bg wher geneRalhdormmda [8a]
sane neani ngs as the above, the foll ow ng_conpounds

ar e gpvghefgpegeﬁggf@ﬁagh@ palladium catalyst and base:

2

¢ Isal

Rl

wherein R*® represents an unsubstituted or substituted
alkyloxycarbonyl, cycloalkyloxycarbonyl or

10 aralkyloxycarbonyl group; R® has same meanings as the
above,
is preferable, the process for production in which R® is
an alkyloxycarbonyl group, an aralkyloxycarbonyl group
or a cyano group; R’ is an alkyloxycarbonyl group or an

15 aralkyloxycarbonyl group is more preferable, the
process for production in which R? is a C;-
salkyloxycarbonyl group, an arC;alkyloxycarbonyl group
or a cyano group; R is a Ci-salkyloxycarbonyl group or
an arC;4alkyloxycarbonyl group is further preferable.

20 The process for production in which X' is a
chlorine atom, a bromine atom or an iodine atom is
preferable, and the process for productién in which x?

is a bromine atom or an iodine atom is further



10

15

20

conpound. 15 The conpound of which Rl is a hydrogen
atomor an alkyl group is preferable, the conpound of
which RlL is a hydrogen atom a nethyl group, an ethyl
group or a propyl group is nore preferable, and the
conpound of which RL is a hydrogen atom or an et hyl
group is further 20 preferdBle. [0031] In a

di hydr ob ot hi ophene derivative represented by the
géﬁé? IForfula [5]: 37 HOI [51 hSCr X wherein X1
has the sa meani ngs_as_the above,.5 the foll ow.n
conpounds g%ehegi%% Bt R Epr o0 cbﬂp%ﬁﬁﬁhm%'hgz’onds
c und. .of e ' c ' - ] be
a?%ﬁ?%rqﬁﬁ?:ﬁﬁ%ﬁ?%ﬁéﬁfﬂg“%?é(ﬁéﬁﬁégﬁﬁ%%g Edﬁ g%%d of

W th1% 2 HPUHE AHLBA! Al | A fecRL oM 10 kifich x!

more preferable, and the conpound of wnich X1 is a
brmdze 2B iltod Wi hele M R1EP HohddO3R{nd i@ further

benzot hi ophene derivative or salts thereof
r ppfedeenatbad by the general formula [9]: Rz [s3 3
[0027]
In the process for production of a

benzothiopheneacetic acid derivative or salts thereof

represented by the general formula [10]:

@wzcozﬁ [10]

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

formula [9%9a}:

2

R
(D( 3a [ga]
S R

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

alkyloxycarbonyl group or an aralkyloxycarbonyl group




15 wherein R2 and R3 have the sane neani ngs as the

above, the follow ng conpounds are given for a

preferable conpound. The conpound of which R2 is an

al kyl oxycar bonyl , cycl oal kyl oxycar bonyl or 20

ar al kyl oxycarbonyl group or a cyano group is

preferabl e, the conpound of ¥hich R2 is an

alkglox carboEyI %roup, an aralkylgéycarbonyl roup or,

38153y EnBTEEGURE IS nBFE HPEf BERSISES dd THE d-n
| oxycarb an_arCl_

2;1"'&%‘%552?f%h%y@—gﬁ'gﬁ%iygi Gahe Eaiby vBh ey
T . . 3a
P R oty £ PO 015 Ml Mipbdpf R 55 a o

ar [ f bl
R BN S S

5ar@$gubogycgﬁpgﬁﬁk f@g@rgglgpre preferable, and the

10

15

20

10 conpound of ich R3 is a Cl_4alkyl oxycarbonyl

orpupz®r ar G _4al kyl oxycar bonyl group is further
preferable. [0033] The conmpound of which the group
represent ed Thy phecgeseralr pooaubaioR2inR&hith the group
wherein R2 and R3 have the sanme neani ngs as the above,
borfsresertedrbp-posi ¢emaral fbembéazot hi ophene ring

is preferable, and, the conpound of which the group

bonds
:33

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.



to 5-position of the benzothi ophene ring is further
preferable. 20 As the representative conpound of the
general fornmula [9] or salts thereof of the present

i nvention, for exanple, the follow ng conpounds are
given. In a table, Et represents an ethyl group, tBu
represents a tert-butyl group3639 [0034] [TABLE 1] N
N | \ COet Bu t S/ S QREt QRtBu, S % COREt

C02t Bu NC %W%JO%%@QCVIO%tWGWEtR4 is a
/ S 5 003 Next he process for
prg§3%t| %ﬁ+ﬁ£ﬁed alkyl,

[00%@:1035& k[yEEr %(}u%trjaqrﬂ:ﬁr %Cr%%% ]i]s ~82|}erabfg, %e in:ocess
for production in which R* is a hydrogen atom, an alkyl

S5 group or an aralkyl group is preferable, and the
process for production in which R* is a hydrogen atom, a
Ci-qalkyl group or an arC;.y alkyl group is further
preferable.

(0030}

10 In the propionic acid ester derivative

represented by the general formula {2]:

O\V/“\
({;@/\/ CO,CH R[2]

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

15 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

20 preferable.
(0031]

In a dihydrobenzothiophene derivative

represented by the general formula [5]:



[3] [4 O\ XH\N SX I/ S S [13] [5] [6] wherein
X1 and X2 have the sane neanings as the above. 40

[ 0037] The conpound of the general fornula L'51 can

be produced by deriving the conmpound of the genera
formula [3] or salts thereof to an acid halide, 5
subsequent|y subjecting the &tid halide to

i ntranol ecular ring closure reaction in the presence
of Lewis acid, subsequently subjecting it to
reduction re#etion. The,conpound of the genera
formula [5] ca -Merived to the conpound of
general formnu -asi%g]by subjecting it to
dehydrati on re: n the” presence of acid

catal yst. [003 The conpound of the general formula
[3 or 15 salts thereof, for exanple, can be obtai ned
easily and w th good yield by reacting thiopheno

with chlorpacetic acid in the presence of base to

obYREFELR phelAS HitP atats R RIS 33 chhiengbyve,

5 Su 'eq%%fg (ghen | thi o)acetic acid to halo eqﬁﬁ%ﬁg
r € B RF 29 FRERPYRGS 42RSI B3¥RBL RPEpRe RS e
(ﬂ%éﬁé@gﬁg]c acid in the presence base.

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 iocdine atom

10 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]:

15 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
20 aralkyloxycarbonyl group or a cyano group is
preferable, the compound of which R? is an

alkyloxycarbonyl group, an aralkyloxycarbonyl group or



In addition, the salt of the conpound of genera
formula [3], if it is usually known for a salt in
acidi c group such as carboxyl group, is not 25
particularly Iimted, but for exanple, salts with

al kali metal such as sodium potassium cesiumand the
like; salts with alkali earth ﬁ%%al such as caIC|um
41 nmagnesium and the like; a msalts; and sa

with %l??%B%ngEBHPa?ﬁlﬂ@r%raﬁﬁ ErB d&:saBA &be COmPOUHd of
t th | t th t but yI
d{:ggpr%pﬁr%?ﬁﬁﬁaakﬁe %ﬁ;ﬂ?ﬁ?ﬁ?gﬁfu ¥h€£%€§9r?ﬁ %EC*

d
and 4taJh1 allrt{eb%d/l lé%t%ac%rhe 5 eifé 5&%2}6&?&&

for Fﬁf@%@%égwb!s 10 expl ai ned bel ow i n detai
I ntranol ecul ar ring closure reaction: The conpound of

the general formd a-dddduc@nobewhprrduteds by, reacting
t he conpound of the general formula [3] or salts

t her exifk i &y @a b PgENat ¥ o VRPL o pch Obohy @i Bran aci d
hal i de, subsequently subjecting the acid halide to
i nt r anmod Bopl @y cd rgprey bsgr@us ebast poafénablée pheseompound of
of Lewi s aC|d [0040] This reaction is usually carried
out iwhitdie R*20 spreseddy lokyseintemtyl tdeowgplouerdn used,
if it does not
aralkyloxycarbonyl group is more preferable, and the
10 compound of which R® is a Ci-salkyloxycarbonyl group or
arCi-qalkyloxycarbonyl group is further preferable.
[0033]
The compound of which the group represented

by the general formula:

_"< 3

R

15 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.

20 As the representative compound of the general
formula {9] or salts thereof of the present invention,
for example, the following compounds are given.

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

represents a tert-butyl group.




affect an influence on the reaction, is not
particularly limted, for exanple, aliphatic

hal ogenat ed hydrocarbons such as di chl or onmet hane,

chl orof orm dichloroethane and the like; 25 nitro
conmpounds such as nitronet hane, nitrobenzene and the
i ke; and carbon disulfide afd the Iike; are given,
and these solvents nmay be used in adm xture. 42 As a
pré@%@éble sol vent, aliphatic hal ogenated hydrocarbons
is_given, . and dlchloronethane is nore preferable. The
a pL %fllhe sol vent used is not 5 particularly
limted, but is preferably 1 to 50 tinmes volune per
m5|ght(v/mb of the conpound of the general fornula
[3] or saltsthereof;—and s norepreferabl to—15

times(v/w). [0041] 10 As whe hal ogenati ng »Bent used

in this reaction 0 AV phosphors t
oxychl oride, phd @ oxy%(t)m' de{ pl hor%{gzsu
trichioride, pho§pho bus pent achl orSdeT1 hi onyl
chloride, thionyl brom And oxalyl chlorgg Bg

gi ven, and t hi onyl .chhoride is preferab e?

amount of the haldgg | ¢@fpmt in
the kind of the hg or exanpl e,

in the case of thlonyl chlorlde e equal to

or nore than 0.5 tl(mjsélcseper m)l e o&ct heco tBu
Et0,C\-CO,Et ‘Bu0,C._-CO, Bu

@LJD 4

S s

Next, the process for production of the

[0035]

present invention is explained.

(0036}

10 {[Production process 1]

1
i"”@’ x i,(j —
e
S S

[3] [4]

[1 3]

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




10

15

20

25

20 compound of the general formula [3] or salts
thereof, and is preferably 1 to 2 tinmes nole. [0042]
As Lewis acid used in this reaction, for exanple,

al um num chl ori de, al um num brom de, boron 25
trifluoride, titaniumtetrachloride, iron chloride,
tin chloride, mercuric chldide, sulfuric acid and

tF@ %%Ee are given, and alum numchloride is
p P bl e. The anmount of Lewis acid used may be equa

compound of [FGcERAP POy ikl BRE SPEBFTedl FETTHAReGP] SE
A d Ay pt PP bR oot Y cPenBBagra,

iﬁoﬁﬁ@m@% L sqvak weQéotheésb%gagcgaeha@%lei ng

poi nt of vent, and I's prefera o 70C The

raasdd Qiedd TP s 9o o PRETERY| 86y nhidhkedo but is for
10 niﬁ%?%s ?% 50 2our£§éand is 10 preferagly for 30

nmiit@so teciZa hopisg ¢ 004dle Theac0iPAUNE ehet Peesence of
general fornmula [13 obtained in this way can be

iIsoticd et iadyd pubbsddqeeht byt subjetcsipgelier abl ectioction
proceed to the next reaction 15 w thout isolation.
[ B]idReduct i on reaction: The conpound of the general

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

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

[0038]

The compound of the general formula [3] ox
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,



by subjecting the conpound of the general fornmula [13]
20 to reduction reaction. This reaction is usually
carried out in the presence of solvent, the sol vent
used, if it does not affect an influence on the
reaction, is not particularly limted, but for

exanpl e, aliphatic hal ogenatedthydrocarbons such as
25 di chl oronret hane, chloroform dichl oroethane and the
li ke; mé?ﬁ@?éu§uéﬁda§h?eﬂﬁ§ﬁydrofuran

1, 2- di met hoxyet h bi s(2- met hoxyet hyl ) et her,

di oxaABmGRHIHE2 FRé 44 anides such as

, N-d h |
1 et OR. SXbE ST BEFhoRat BnbepntORE REnIhg, Pliriss bagen such as
ﬁ;tﬁgﬁg{ﬁ¥£hﬁfé£$%égfg§fgt§QE§Eg58 t%ﬁ%ﬁ@%&%p%ﬁgp A y-

the |affso §y1§§%§#&§%§§a3g9£ %BF"ﬁ—ﬁgﬁh&ﬁﬁébbﬁﬁdlne, N-

esters SUC as  net acetate~a

|'i ke;mdd ¥ DnSBPROUNELS, S@f@tﬁ§l§hlﬁ@neaﬁégélohexylamlne and
nltrobenzene and 10 the [ike, aromatic ydrocaf bons

such tase beizeneard ojiese, xyl ene and the like; and
water and the like; are given, and these solvents my

be usE3i® adm xture. 15 As a preferable solvent, a

m xed sol vent of aliphatic hal ogenated hydrocarbons

and al cohol s arke ginesggnta pioees sofevenprofiluction is

di chl or omet hane and net hano

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, dichlorcethane 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.




is nore preferable. The anpbunt of the solvent used is
not 20 particularly limted, but preferably 1 to 50
times volune per weight of the conmpound of the
general fornmula [13], and is nore preferably 3 to 15
times(v/w). [0046] 25 As the reducing agent used in
this reaction, for exanple, 4@ kali netal such as
l'ithium sodium potassiumand the |ike; alkali earth
metal such asPFrayriess iffaRb® cFahvant. t AdiRBatfrke;
nmetal . such as é%n , alum nium chrome, titanium ir

sart 1R AT

. , on
OKRUNT hyfr SEYER | t andndieRLoFpREEhane

anqigq%ts of tﬂ%? G%tals; 5 metal hydride such as

di i'sobutyT df'umi

ydride, trialkylalumnium

hydride, "stangpd fdde, compounds oo hydi osh| pe, apd

the like; conplex conpound

borohydri de suc

ssodi i horphwdn i‘i‘lgutt%&,t R pym P%%%/gé)}%g]ﬁ%p?t 932‘}3 M imes

borohydri de 0 an

e |1 ke; ound

al u INireMgawd Ri G HUGHY WAS df R oRbMIARUSE hyEE | §€neral
and the like; and borane and al kyl borane and the

|l esrrale givemr sAS te RRiieh) adedus i éragshéferably 3
conpl ex 15 conpound of borohydride is given, and
sodicumhSharialesdr/de .i s nore preferable.
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[0041]

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



The amount of the reducing agent used is different in
the kind of the reducing agent, but for exanple, in
the case of the conpl ex conpound of 20 borohydride, it
may be equal to or nore than 0.25 tinmes nole per nole
of the conpound of the general fornmula [13], and is
preferably 0.25 to 2 times nol &3 [0047] The reaction

tenperature is not particularly 25 limted, but is
from @BOEOYS BR@ml Lt olBe Tese PRENTPHE OBofhPngopsrRPd of

of solvent, apd is. pr r abl to 70C. _The reaction

time $HGEL phP TR aﬁii ?Fn‘%/‘?gﬁ? bereefy opngols preferably
m nut es 50, hours,,and is 46 preferably for 30
n1nutgéu%gafﬁﬁﬁﬁn%ﬁle[0048] The conpound of the
generfﬂoj§ylnﬂ a [5] obtained in this way may be used

as it 1s1nthe next 5 reaction wthout isolation,

buf it is prefefﬁgﬂfégékiggl@gﬁbégffgr&f¥§tﬂ%£i55991cu1ar1y

the crystal. The process of cryst zation from

al i phigitnt iG edly dhRC A PORSoB UCTD @S hEXRI] B! HNEXSNe than the
and the like 1is preferable, the process of

crystaillizaf ippidy off b hexane Hid C:y§|}1@fk_@i(@ﬁ_§b_il§ o0te 70°C.
preferable, and the process of crystallization from
cycl ohexane i s The thesrct jpprefteimad| s 109494 r Debytaalyon
reacti on: 15 The conpound of the general fornula [6]
can Bempiteducdmt is for 10 minutes to 50 hours, and is
10 preferably for 30 minutes to 20 hours.

[0044]

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

15 without isolation.
[0045]
Reduction reaction:
The compound of the general formula [5] can be produced
by subjecting the compound of the general formula [13]
20 to reduction reaction. This reaction is usually
carried out in the presence of solvent, the solvent
used, if it does not affect an influence on the
reaction, is not particularly limited, but for example,
aliphatic halogenated hydrocarbons such as
25 dichloromethane, chloroform, dichloroethane and the
like;
ethers such as tetrahydrofuran, 1,2-dimethoxyethane,

bis (2-methoxyethyl)ether, dioxane and the like;
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by subjecting the conpound of the general fornmula [5]
to dehydration reaction in the presence of acid

catal yst. [0050] 20 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 limted, bﬁt for exanple, aliphatic

b h h d the Iik
R A i B B bR B e W vene,
XH fBEh %g%ekg%lﬁgkel %E%%fyl al%%?né%fgrgg%Fhe like;

rocarnons suc OI‘O hane

dbﬁhk@%@@E agﬁcﬂn% tﬁgméZh hi ke, f@QﬁE§eﬂﬂf”ﬁﬁ§llke,

t et rahydr of ur an oxyet ane,

baiéahﬂﬁbhgﬁﬁﬁtax|h@thﬁhold'%%ﬁ%%o@ndﬁHQ%éddﬁ$ 2-
am des such as N N-dlnethylfornan1de N, N 5

dbrephpbacebaghdel inAethyl 12+pyrrol i done and the
i ke; sulfoxides such as dinmethyl sulfoxide and the

Inkerilest eushsashaastortbylilacahat eheetli)le ;acet at e

and the 1like; ketones such as acetone, 2-butanone and

téetérkesuciOzaal wehblyyy suehaas, nethgiokhcettthanand the

prpgsnol, 2- propanol, butanol and the like; nitriles
as acetonitrile and the like; aliphatic

car boxylic acid such as acetic acid, propionic acid
It ¥ PeCppreunds such as nitromethane, nitrobenzene and

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 sclvent, 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).

[0046]

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




15 and water and the like; are given, and these may be
used in adm xture. As a preferable solvent, ketone is
given, and acetone is nore preferable. The anount of
the solvent used is not 20 particularly limted, but
is preferably 1 to 50 tinmes volune per weight of the
conpound of the general fornuld& [5], and is
preferably 1 to 10 times(v/w). [0051] As the acid
catal¥sf€Used in this reaction, 25 for exanple
Broensted acids such, as h rochlorlc acid, su

aC|dImﬁb AHESU F DA P Gl Y P HER Y of BRERRankd ??6HWC iron,
aci d, - Juenesgﬂfonlc a0|%k%%g%yhlor0f§§Eéca§&|ghgn§lke'

the |7 e TEW'Y ac] a5 A

chloghggsg%géwatgﬂggéjcéggi boron trichloride and

are given p-tol uenesul fonic acid is

preef grahden Uﬁmh ofs t%%&fﬂﬂdﬁl&ﬁeﬁy@?{de,

be 5 equal to or nore than 0.0001 t1nmes nole per

of t%lﬂ%ﬁl@l%l@fltﬁth%ﬂﬁf@i@' dodiaN B | rJ.@é‘dcdnﬁ ound,
0.001 to 1 tines nole. (0052] Thelgg%ctlgi P

t enpergirgsa lighe@inddatd cullgly 10 limted, but is
from-20C to equal to or less than the boiling poi nt

of salomgritex awthpicsinpl effetadohytiode/ (Gich Tde s@dictmon

time is not particularly limted, but is for 10

m nubegohydsd deourld thangh ibprohydride, potassium borohydride

10 and the like;
complex compound of aluminium hydride such as lithium
aluminum hydride and the like;
and borane and alkyl borane and the like; are given.
As a preferable reducing agent, complex
15 compound of borohydride is given, and scdium
borohydride is more preferable.

The amount of the reducing agent used is
different in the kind of the reducing agent, but for
example, in the case of the complex compound of

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

25 limited, but is from -20°C to equal to or less than the
boiling point of solvent, and is preferably 0 to 70°C.

The reaction time is not particularly

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




preferably for 30 mnutes to 20 hours. 15 [0053]

[ Production process 21 RZ[8] z X R3 ( c+ [7] [8]

20 wherein R2, R3 and X1 have the sane nmeani ngs as the
above. [0054] As the conpound of the general formula
[8] or salts thereof, for exanple, diethyl nalonate,
di (tert- 25 butyl) nal onate, ett§l cyano acetate,

tert-b | _cyano 49 cetate, longnitrile and the

| ke: BaPEeRaPRY 647 SPoBaErTrRe coRdodTeT ¢ he

gener mula [9] or salts thereof can be produced
fooh8

by subjecting the 5 conpound of the general formnula

[7] to COUp|ingThée88h?8ﬁnP‘E% the ggggggﬁdf%&ﬂUT% [5]
0 salt

general fornmula [8] S there I'n the presence

of basgrapdepalhaghyus wgdt AhyShe LBeHN8sPRE@SERCEOkhe next
absence of ligand, in the presence or absence of

redlucreagcagent widRodbi ssbactibAN barusvakkypedireirghle to

out in the presence of solvent, the solvent used, if

it doesohete atflegtcaybadlipkingntReonrbealeaction,

'S not The process of crystallization from aliphatic
hydrocarbons such as hexane, cyclohexane and the like
is preferable, the process of crystallization from

10 hexane or cyclohexane is more preferable, and the
process of crystallization from cyclohexane is further
preferable.

{0049}
Dehydration reaction:

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

[0050]

20 This reaction is usually carried out in the
presence of scolvent, 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;

25 aromatic hydrocarbons such as benzene, toluene, xylene
and the like;

aliphatic halogenated hydrocarbons such as

dichloromethane, chloroform, dichloroethane and the




particularly limted, but for exanple, aliphatic

hydr ocar bons such as hexane, cycl ohexane and the |ike;
15 hal ogenat ed hydrocar bons such as di chl or onet hane,
chl orof orm dichloroethane and the Iike; ethers such
as tetrahydrofuran, 1,2-dinethoxyethane,

bi s(2- net hoxyet hyl ) et her, di oxdle and the |ike;
arona%ic hydrocarbons such as benzene, toluene, xylene
20 and*¥fe i ke; am des such as N, N-di net hyl f or mam de,

N, N di.et hyl tam d - et hyl - 2- li.d d

N e, SLTEL DL BGELED, SR dn B DM 2o O dg0E A0 e
i ke; £ h t d

the 281 T o irEre Bh Bl PoCa R anBOh, BREL 21EeE"

t he |aln|§1§:ies al,gahol s ﬁ,q@lhﬁﬁe%fggﬂnarﬁffiganﬁl N-

propanol, butanol, 2-propanol; 2-nethyl-2-pfopano

argl tdiend dHeel a &b ardite Ni 1 1ihd @Sy BLUEDC @88 €HOAL EhhCthe 1ike:
and the liKe; are given, and these may be used in

adm xulrfox s afeitadfdiherippl venl regedel 8n80the like;
particularly limted, but is preferably 1 to 20 tines

5 volastemersusi g neftHle onpotend ofhyheagevetal and the
formula [7], and is preferably 1 to 10 tinmes(v/w). As
the Bdde;used in this reaction, for exanple, netal

al koxi de such as sodi um net hoxi de, sodi um et hoxi de,

pot a¥&it@metse rudiutask iafe tame s i aronerandutloxi Heke:

and the like; inorganic base such as sodi um hydroxi de,
Bgtaggpgﬁpls such as methanol, ethanol, propanol, 2-

propanol, butancl 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,

dichlorcacetic acid and the like:;




hydr oxi de, sodi um carbonate, potassium carbonat e,

cesi um car bonate, barium carbonate, sodi um phosphate,
pot assi um phosphat e, sodi um hydri de and potassi um 15
hydri de and the |ike; organic base such as
triethylamne, N N d||soprogylethylan1ne, pyri di ne
and the like; are given anount of the base used

RS S e S A (B bR ™
f bl tg 10 t | d f b
DT e mdeaon %‘é%hlférﬁeea%ﬂI%“u#ﬁ%ériq§%39l¥enr

t t al
08 T S Ty L
and the l'k%he gﬁﬁ%&nb% Qﬂéiggfﬁnégﬂé ih i may be

pal | adi um chl ori organi c pa adlun1s such as

pabhadi um acehdte: thhn QAP iad) %l@rﬁéﬁ&é}@%ﬁsthe
tetraki s(triphenyl phosphi ne) palladi um (0),

bestbbuphesy! phespeneghpaldcasivam (197, dHoride. dol'to 1
bi s(di phenyl phosphi no) ferrocene paIIadlun1(II) 5
chimesdapleri s(di benzyl i deneacet one) di pal | adi um (0)

and the |ike; and polyner fixed organopal | adi um
cbfPb8% such as bis(acetate)triphenyl phosphine

pal ladium (11) carried in polyner,

di (acet at e) @heytraRéskphphesphiras uyal liadingh rertiigularly
carried in polynmer and the |ike; are given.

10 Timited, but is from -20°C to equal to or less than the
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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.

[0053]

[Production process 21}

e O

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

2

( [8]

above.
{0054]

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

butyl} malonate, ethyl cyano acetate, tert-butyl cyano




The amount of the palladiumcatal yst used is not
particularly limted, but is preferably 0.0001 to 1
times nole per nole of the conmpound of general fornula
[7], and is nore preferably is 0.005 to 0.1 tines
nole. 15 [0057] As the ligand used, if desired, in
this reaction, for exanple, t#éPalkyl phosphines such

as trinethyl phasphine, tri(tert-butyl)phosphine and

t he alcia%g,t%oﬂﬁai%%l@ﬁ ﬁ{ﬁ%d}ﬂ%eﬁl@tmﬁ% marketed.
tric%%b%ggxylphosphine and the |ike;

triaryl'phosphi nes such as tri phenyl phosphi ne,

tritolyl phosphi the like; trialkyl phosphites

such as trinetE®% %ﬁ%%fﬁ?%tfhggqﬁﬂQﬁ aﬁﬂééﬁﬁﬁ%%,[gl or
trib Li-e dth ke, r.j cysl.oal kyl
phos%%?%gghg%g%bgscgﬁig%%?%#%i%%ed %ﬁ%spﬁ% %?%ﬁ%?t?ﬁf

| Bkecoimpbanl oBhesRNykeS rSUC ARl ARANW, %Qﬁﬁmx{ge

and the 52 Ilike; imdazoliumsalt such as

1,3-beatRidnbwithi gRENYLRRRAY) bH ¢320lHaHD G Fdfiia [8]
and the |ike; diketones such as acetylacetone, 5

oct abrusabasetibacerona ane pheskhke odMbRee SWeh RS 1adium
trinmethylam ne, triethylamne, tripropylam ne,
triicopropyt aninetbadptrheehickepr absence of ligand, in the
1, 1" - bi s(di phenyl phosphi no) ferrocene; and

2, 2-BFefenphery | Phoephenof - teduchngapbehyl. and t he

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

15 bhalogenated hydrocarbons such as dichloromethane,
chloroform, dichloroethane and the like:
ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
bis (2-methoxyethyl)ether, dioxane and the like;
aromatic hydrocarbons such as benzene, toluene, xylene

20 and the like;
amides such as N,N-dimethylformamide, N, N~
dimethylacetamide, l-methyl-2-pyrrolidone and the like:
sulfoxides such as dimethyl sulfoxide and the like;
esters such as ethyl acetate, butyl acetate and the

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

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



10 li ke; are given. The anpbunt of the ligand used is
not particularly limted, but is preferably 0.0001 to
2 tinmes nole per nole of the conpound of genera
formula [7], and is nore preferably 0.005 to 0.2
times nole. 15 [0058] As the reducing agent used, if
desired, in this reaction, foPlexanple, conplex

conp f__.borohydride such as, |ithium borohydride,
sodi %ﬁbdﬁlgrtoﬁﬁk/l 15 deiClt A Ti 3F B O e Rnd tFhackt bry are
sodi yn2Q b ride, sodium cyano borohydride and

t he Iléimke; ‘| %r“@&?‘%&?de Tie! g)rﬁ)dﬁélcgflrf hae‘;"i1 futihy agent
used is not pahld y 14 m,te t is preferab
0.0001 to 1 ti mascﬁﬂnol%gltpe(:lrf % eedsé?fl%j%net C %Cgu]n%l rb?%l

genepaktfieuihad 23 ihfle ANG S i@rp%eqe%fa%&@blf/ Qs U6 L0, e g

0.1 tinmes nole. The anount of the conpound-of genera

f 6r mubaump8peirsweibatb ot MBS RSN B & eg@]‘%ral
conpound of general forrmula [7], and is preferably 1
to 2fokme$as537] pokad Ibi @r@@%&bmg MY c0Q (€ &ifleR0( MY .
at 0 to 200C, and preferably at 50 to 150C for 1
mnute to 24 RAsutbe BapB0HSkdThe cbipowedcefigenarad
formula [9] or salts thereof obtained in this way may
be uR%¥MRLS; t¢sal nalkheidexsurkaeti sndwumhaethoxide,

i sol ati on.
sodium ethoxide, potassium tert-butoxide and sodium

10 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

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

The amount of the base used may be equal to

20 or more than 1 time mole per mole of the cdmpound of
the general formula [7], is preferably 2 to 10 times
mole, and is more preferably 2 to 4 times mole.
[0056]

As the palladium catalyst used in this

25 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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[0060] 10 [Production process 3] R.S CH2C02R4 [ 9]
[10] wherein R2, R3 and R4 have the sane neani ngs as
the 15 above. [0061] The conpound of the genera
formula [10] or salts thereof can be produced by
reacting the conmpound of the general forrmula [9] or
salts thereof with acid 20 ® base in the presence or
ab§en%e g&lm%ter, in ﬁhe sprz_l(s:ence or absence of
alPcdrRoPPsapf &Lt F§™ P o UFet & oxyl ati on reaction if
n AV o] [ .S, _ysual,liy [ out in the
p?ggzﬁgégéFIggﬁséE?%hF%ghégfﬁeg%ﬂﬁéggsq|fﬁﬁf does not
25;afifec ' ; [ .S ot r_
élg(E%gbhlénQ?g%bteghgﬁgggagﬁam% A% Wit 1,1

particularly or exanple, aliphatic

hysls paaphRens 1 sHeBpAI NG raRC oceve Phaarg w@nd ihe |ike;
hal ogenat ed hydr ocar bons such as di chl or onet hane,

cbhooelaem tdishtiopeatpanaeaedceliend) kg pagtiRRriSims U@ and

“as tetrahydrofuran, 1,2-dinethoxyethane, 5

bts¢2iikehoxyet hyl ) et her, di oxane and the |ike;
aromati ¢ hydrocarbons such as benzene, toluene, xylene
anddt pelym&e; f aredesrgavhpasd 1Ndiloi mwetpyllekosmahn des
N, N- di net hyl acet am de, 1-nethyl-2-pyrrolidone and the
| hkal{acqabatel tvkpdesysnbhspbidenpabyrddunf dililde cargied

tfg $éf§%er, 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




esters such as ethyl acetate, butyl acetate and the

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

i ke; alcohols such as nethanol, ethanol, propanol,
but anol, 15 2-propanol, 2-nethyl-2-propanol and the

l'ike; glycols such as ethylen

| ycol, propylene

e
gl ycol, diethylene glycol and’¥ he like; nitriles such
as a gkgnltrlle and the Ilke and water and the |iKke;
are given, and these may be 20 used in admi xture. The

amount;; o -Lhe s0kye tsﬂ%ﬁd ;S NalpiRANt icly-arly

limted, but 1s preferably 1 to 50 tines volune per

vei ght_»lﬁfethp@pﬁefrgmﬂue&zbhgugle&%wmdfeordm aHe9l1 i0e ;
salts thereof, Is nore preferably 1 25 to 15

ti rreaﬂké%neEOQﬁah As hhetggthdettnaed,in this reaction,
inorganic acid such as hydrochloric acid, sulfuric
abi docbbflpbospbetiytaaetdnehyddogee dhlker;i de, hydrogen
brom de and the like; organic carboxylic acid such as
acet aminesdsuchrashtoimetbyilemaced, triethydreodosti c
acid and the 5 like; and organic sulfonic acid such
as nerhanepylanine, a‘ét@llsogrpﬁ'bf@}éﬁ'é@@l podi ¢hgcild kand
the |ike; are gi ven. The anpunt of the acid used may
be efudl -Bbs( @%Ph%?ElPhaﬁpblOGifﬁFﬁ8§eﬁ§Pe per ol e of

the co u
annpg,ggbls(dlphenylphosphlno)—1,1’—b1naphthyl and the

10 1like; are given.

25

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; is
given.

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

The amount of the compound of general formula
[8] is 1 to 5 times mole per mole of the compound of

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



10 of the general fornmula [9] or salts thereof, and is
preferably 0.01 to 5 tinmes nole. In addition, the acid
may be used as solvent. |In addition, as the base used
inthis reaction, for exanple, netal al koxide such as
sodi um 15 net hoxi de, sodi um et hoxi de, potassi um
tert-butoxi de and sodiumtertsButoxide and the |ike;

i norgani ¢ base such as sodi um hydroxi de, potassi um

hydr 8€le, bari um hydroxi de, sodi um car bonat e,

pot assi um car bgonate and the like; 20 and, organj c base
such as tri et hy’dm F€2N4er M3k & (ﬁﬁ/‘l"’é]ﬁél%‘r‘ﬁ gt Y to
pyridine.and the |ike, are__ giLyen. o unt . of .base
DY ey 20 67t DG OPFRREERROFetne) B E@f@ﬁ%%%nﬂ‘&ﬂ@e to 24
of g%%%%%l formula [9] or 25 salts thereof, and is
preferably 2 to 5 tines nole. The anmobunt of water
ugediob%9 esired, inthis reaction, is not
particularly limted, but is preferably 0.5 to 5

times vol ume pekne Rfd Jre gheconpoungh of genesalsaits
formula (9] or salts thereof in order to nmake It have

the tueebb@ncBtasekwenhn ths s hayahtOhde usesi 44 it is in
desired, in this reaction, for exanple, primary

al cobhksnenthraachioet kdrndloutetizaialtiqur.opanol

butanol and the like; and glycols such as ethylene

gl ycdPO6piopyl ene glycol, diethylene glycol and the
|i ke; are given. The anmount of the al cohol used is not
10 [Production process 3]

2
OO — (o
S R’ S
[9]

[10]

> and R! have the same meanings as the

wherein R?, R
15 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

20 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

25 affect a bad influence on the reaction, is not

particularly limited, but for example, aliphatic



particularly limted, but is preferably 0.5 to 5 tines
10 vol une per weight of the conpound of genera
formula [9] or salts thereof in order to nake it have
the function of solvent. This reaction may be carried
out at 0 to 200C, and preferably at 20 to 150C for 1
ninute to 24 15 hours [ 0063]* Decar boxyl ati on

ch ma performed if_necessar

ca C%éég%%¥%?®5h% ??n@s %@X?ﬂ%'aEYBlBQEHan?fg&@sFP?dlike’
t f 0 h
;2 TG Pk 62 PReR (P Teh adP do FASSBROFFEoREr .
L £ n?” ch1$‘¥9é19t9§ s bL oFf 9{? apd, Lhe like;
organlc car | acrd such as acétrcacrd,

tﬂégﬂéyQQQEHk é#¥ éf&@ﬁ?@ﬁet%FZQQiﬁe@ngygﬁhagé,

i ke; and organlc acli d suc

gretdranesi a0 £y Qi ¢h ) eﬁxé@' uensxsKéf oRlcraei dignd the
i ke; are given. The anDunt of the acid used may be

equtontst i hylrdBH it ns €:190ds thaRse B et petiefiB] €xffiene
the conpound of general fornmula (9] or salts thereof,

anchnics thy efigtegbly 0.01 to 5 tines nole. In addition
the acid may be used as solvent. 5 [0064] This
r eadotiiders rmuctbea s at N -atlineithy X fonacassdey Nj K-
coexi stent of solvent.
dimethylacetamide, l1-methyl-2-pyrrolidone and the like:;
10 sulfoxides such as dimethyl sulfoxide and the like:;
esters such as ethyl acetate, butyl acetate and the
like;
ketones such as acetone, 2-butanone and the like;
alcohols such as methanol, ethanol, propanol, butanol,
15 2-propanocl, 2-methyl-2-propanol and the like;
glycels such as ethylene glycol, propylene glycol,
diethylene glycol and the like;
nitriles such as acetonitrile and the like;
and water and the like; are given, and these may be
20 used in admixture.

The amount of the solvent used is not
particularly limited, but is preferably 1 to 50 times
volume per weight of the compound of the general
formula [9] or salts thereof, and is more preferably 1

25 to 15 fimes(v/w).
[0062]

As the acid used in this reaction, inorganic

acid such as hydrochloric acid, sulfuric acid,




The solvent used, if it does not affect a bad

i nfl uence on the reaction, is not particularly

limted, 10 but for exanple, aliphatic hydrocarbons

such as hexane, cycl ohexane and the |ike; hal ogenated
hydr ocar bon such as dichl oronet hane, chl oroform

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

t et rahydr of uran, 1, 2-di nmet hoxyet hane,

bi s( RERIPRAGET HYF) et h%ydr%%&aﬁlélaﬁad?hehwiﬂfz@gen bromide
aronatl q§grocarbons such as benzene, toluene, xylene
and ﬁﬂé LR des such as N, N-dlnethylfornan1de

N, N- dlrreth | acet am th #QOQ gndthe
I|ke Iqﬁéﬁ ?uﬁ?l %%C %OXI and
the lt{qﬂﬁeck?lecifoea[{ SHC *h@fd et@yiff&&@asetget x!clacshat Ehe

and t et ones such &S acet one but anone an
the ljikes. alcohols such as net hanol, et hanol,
propanol , butanol, 25 2-propanol, 2-nethy|-2-propano

and tgj |d i YAl fForSiUe h@sd edliwh eqe BékQhesulfonic acid,
propyl ene glycol, diethylene glycol and the |ike;

ni trig-asisidte Asl ARaetondid |endanthé hei ké Keard8giasd.

water and the like; are given, and these nay be used

in adm xture. Ties ameantd af neye bectdrused may beé &Gual to

to 200C, and preferably at 50 to 150C for 1 mnute to

24 ®rhowrs HhEE63%].001 times mole per mole of the compound

10 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

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

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

25 salts therecof, 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



10

15

20

25

[ Production process 4] CH2ZGR2R4 / | CH2ZCO2ZH OH S/
[11 ] S \%[14] S [15] wherein R4 has the sane

nmeani ngs as the above. [0066] 10

2- (I - benzot hi ophen-5-yl ) et hanol of the conpound of
the forrmula [15] can be produced by subjecting the
conpound of the general foPffula [11] or salts thereof
to hydrolysis reactjon i

f pec far ,_a 9 g rivi@g.it
PR K A GPHH: SESTISER | & At a5o) 15 0arEeT in
th f of the | d .of the f I
elSel O d e, SO L S Loue Lifbene o1
acld or saids HERlohg el PP 8a2Lean thi Bnad
addi tion of “activator in the ptesence of al kal'i netal

it%geraﬂ]]%iq;rl A€ 20 TdH 51 & ef;%irﬁ’&hts%sayégﬁ&iy gakhi gd out

resence of sol vent, e solvent used, if it

N1, aldfieato BN b AEHUEHCE R 4R61 T 8AGL LRE, 1ikeRot
particularly limted, but for exanple, ethers such as

t8ld A Hraith la?- i Hptdoxygl yese, prspléle glycol,
nmet hoxyet hyl ) et her, di oxane and the |like; is given,

an@ tHyetarah ydrpfar aand stips el ekabl @re | giwedi tion, these
solvents may be mxed with a solvent of hal ogenated
hydr ocar borhes umiowst Sodi T oxbrehdhnesedhidr apdr m and
the like; aromatic hydrocarbons such as benzene, )
m@nﬂiuglaqmyyﬁjmxﬁﬂﬂxrhptik%;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.

[GC63]

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




and al i phatic hydrocarbons such as hexane,

cycl ohexane, octane and the |ike; and the m xed

sol vent may be used. 10 The anount of the sol vent
used is not particularly limted, but is preferably 1
to 20 tinmes volune per wei ght of the conpound of the
formula [14] or salts thereof 57and is preferably 2 to
10 tinmes(v/iw. [0067% 15 As the_al kal i t al
bor oY rTeee uklean §- ¢ istl$%%cPP6ﬁ,pPBrmgigwﬁﬁthe compound

di um bor ohydride, |ithigym b o Bie
o bR FRemb 0T o2 SR LR
b L de e T t of the alkali
ng[g&g%ﬁ%)%d$¥8é?6§6€€5§dth§§sgg8250ar to grawofg

than 1 time nolg,p of LLhe.¢ ngd .0 e 1vent.
formul a [14] orf%d$§%f? g?éo ?é %ggg?gggrgglgs%atgslgo ven
tnpesﬂdggé@ and is nore preferably 1 to 2 tines nole.

[0068] 25 ‘As the activator used in this reaction, for

exanpl e, prot onfig; k&b SHLHN aBa§Ubé UEs erasHdoulydrogeressary
chloride, trifluoroacetic acid and the like is given,

and siH faugdsei qedsk anfl syvegen chloride are

preferable. 60 The anobunt of the activator used is
different in tHeh&kiswloént hesedt i VAt bt, dbas hot affect a bad
exanple, but in the case of sulfuric acid it is

pr ef drefdluerg:ss arp the tiemct ot e pernabl pastichéaznlyalimited,
nmetal borohydride, 5 and is nore preferably 0.5 to

% tuted ofolexanmladd timtinydErerBRORFNBUBR RRehexane,

cyclohexane and the like;

halogenated hydrocarbon such as dichloromethane,

chlcroform, dichleorcethane and the like;

ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
15 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;
20 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, propancl, butancl,
25 2-propanol, 2-methyl-2-propancl and the like;

glycols such as ethylene glycol, propylene glycol,

diethylene glycol and the like:;

nitriles such as acetonitrile and the like;




activator is different in the kind of the activator,
but in the case of sulfuric acid it is preferably for
10 mnutes to 6 hours, and is nore preferably for 30
10 mnutes to 2 hours. In addition, the activator may
be di ssolved in solvent appropriately, and the

di ssol ved solvent may be ad®8&d. [0069] 15 The
reactjon tenperature js not particularly I|imted, but
may? Wazfoe% ARG o ohtke s pFefetyphy dhfothgge may be
Furthe the rocess by the addition of the activator
at %fﬁ e subsequent reaction at 40 20 to
80C is nnre efer becaus enerati qn_o

products can 1E sd%%%%%%ed]n?% AddT F%ﬁe t he r@gc? on®

ti mRygog, n%gloe%tf'e%%ﬁg) %tl g Led, 15%‘ 'f?&of qr :!Lglufg to 24

m nutes’to

hou IS prefera

ShoWsrs25 [0070] In addition, the hydronS|s reaction

10

15

20

of the conmpound of the general fornmula [11] or salts
t hgoeas] which may be carried out if necessary may be
perfornmed 61 by a reaction in a nmanner per se, for
exdPplogludtien ¢ompewyd 4f the fornmula [14] or salts

t hereof can be derived by subjecting it to hydrolysis
reaction in the presence of base. 5 This reaction is

USUjI Iy caréliiz%z&ut in ;he CH,CO,H (:g\’(m
s: : [11] s:© [14] S [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 therecof 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-



presence sol vent, the solvent used, if it does not

affect an influence on the reaction, is not

particularly limted, but for exanple, aliphatic

hydr ocar bons such as hexane, cycl ohexane and the |ike;

10 aromati ¢ hydrocarbons such as benzene, tol uene,

xylene and the |ike; hal ogérfat ed hydrocarbons such as

di chl oronet hane, chloroformand the |ike; ethers such
asm%b@éh%hbﬁb?sherl digrapeheryetthgndikeys is given, and
b|s§2 nmet hoxyet hyl ) et her, di oxane and the |ike;

suF FbkRREdre Eﬁaéslalﬁé?ﬁ?Fa?&FfOX|de and the |ike;

al cohol s suc et hanol an but.ano

h | '
S bropanol . TRrISRLEAADY HRESEnEOLVRET SATd N A i tn
g ALkSen@! SeOhYER,RRM-LRSS BRLYERLS 20max, be
ra e SO

vent a m xed

580&1@@109& me EORBL geg%gg? 9{%?% ghmebenzene

10

15

20

25

t ol uene an m xed sol vent
0fa§6ﬁ§@9&3%%@ﬁgc¥@$§ﬁs ahen9h¥eRendhfea %b&%@n%pl%gﬁ%ne

of toluene and net hanol and a m xed $olvent of
meih@nghe antkavat er are preferable. The anount of the
solvent used is not particularly limted, but is
praafcrabi ph#x £c tloydOota MBSNn¥OEUGR per h6Zanwei ghtclohexane,
t he conpound of the general forrmula [11] or salts

t hertegie aandl tlse nbklee pr &fidr abe ymdx&dt sobvehkmeafvbw) used.
As the base used in this reaction, for

The amount of the solvent used is not
particularly limited, but is preferably 1 to 20 times
velume per weight of the compound of the formula [14]
or salts thereof, and is preferably 2 to 10 times(v/w).
[00671

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 mocre
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.



5 exanpl e, netal al koxi de such as sodi um net hoxi de,

sodi um et hoxi de, potassiumtert-butoxide, sodiumtert

but oxi de and the like; and inorganic base such as

sodi um hydr oxi de, potassi um hydroxi de, barium

hydr oxi de, sodi um carbonate, 10 potassi um carbonate

and the like; are given. As &breferable base,

inorganic base is given, and sodi um hydroxide and

pot assi um hyd?Bﬁu BBOHRE Ofr sher abtévathe aWsghtl ofdifferent
base used gual to,or 15 pore than 1 tinme nole
perlﬂDF%eo?agﬂeogoﬁﬁﬁuﬁﬂtbFaFﬂ§' goheRr £&ARRlE [ PHE in

o 7% (Sadd ﬁ% I e Bt bl

Of YBREL - Tﬂ,’isf&&%t‘é‘t }?ft%‘@tgi;{gﬂe%e%& %%r%%&gﬂr&fd%,

nore t the
h ener resalt h
$nepgererabil i Brosels Shessel ide

preferably O. ﬁntQdéltibﬁesﬁMé“%dﬁﬂtQBHeElhﬁ ek e et
have the function of 25 solvent. The reaction

t enped kAl ®r | Bs N@L £ paréheulArtie kinnt ed, thet actifator,
be fromOC to equal to or less than the boiling point

of md vientthanthss ¢f efel fibrycl8cia 68 i40frefkheably for
reaction tinme is not particularly limted, but nmay be

f orlOLOndriuhg st o6 SEotos)r sandnisisore preferably for 30

10 minutes to 2 hours.

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

[0069]

15 The reaction temperature is not particularly
limited, but may be -20 to 150°C, and is preferably 0 to
g80°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




.

preferably for 1 to 24 hours. 5 [0071] The conpound of
the fornmula [14] or salts thereof obtained in this
way can be isolated fromthe reaction mxture after
the termination of the reaction in the usual manner.
10 For exanple, after the termnation of the

reaction, it can be isolatedly acidification with a
di | uted hydrochloric acid, extraction with organic
sdPY et Tedchiar 1Bl MR NERdPStbSEqueRt F@ﬁﬁWaﬁ'oﬁhe

I .15 dditi ' be isol d I
2oLt d L BELEE R oL AR LGB L LR B0 80 e
As.th I h d, of I :
“SyA0E 8] by Lo IEGEPIRORRC 1 {BECAGETM! Bl 06 cns

ar oxyl group, is not 20 particularly
| i‘?ﬁ)se%’?&% 72 B8,

ut” for exanples, salts with alkali neta

5such as sodium s pALaSel &M 1 §eabuanapdchbechi kar Sl tche
with alkali earth nmetal such as calCium magnesi um

angl-d e dé keo1 Zon@MBNE USH $AERS, udBd, sakt stwdbls not
nitrogen containing organi c base such as trinethyl

and ifsct raetivyf anémee o i bueéykaatoeonN, Ns not
di i sopropyl et hyl am ne, pyridine, N nethyl piperidine, N
64pametdryl amk phioimiteed di ethyfam agamdileyckahphpitas ne
and the |like; are given.
hydrocarbons such as hexane, cyclohexane and the like;
10 aromatic hydrocarbons such as benzene, toluene, xylene
and the like:
halcgenated hydrocarbons such as dichloromethane,
chloroform and the like;
ethers such as tetrahydrofuran, 1,2-dimethoxyethane,
15 bis(2-methoxyethyl)ether, dioxane and the like;
sulfoxides such as dimethyl sulfoxide and the like;
alcohols such as methanol, ethancol, propancl, butanol,
2-propanol, tert-butanol and the like;
and water and the like; are given, and these solvents
20 may be used in admixture.

As a preferable soclvent, 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

25 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




As a preferable salt, a salt with alkali netal such as
sodi um and potassiumis given, and a sodiumsalt is 5
preferable. [0072] [Production process 5) OH CN
RCH2OH [11 s | [15] g :0"~ [1s] ON~~CO2CH2R
ON-"C2H s i [2] s [17] wherein RL has the sane
meani ngs as the above. [0073] &K£0

3-(2- hi ophen- 5-yI ) et h
the. CORBEhA DT LERco PR née%_fl%?%%é Pal” Erarude ) o

be prod ced by supjecting the conp for
[15] 3 c%%%f %gﬁl??%ng?eﬁgf?oﬂ ?Hagi¥r§| nlprlle
in the $§£ﬂ§e of base to obtain the 15 conpound of
t he fornu , Subsequently subjecting the

conpound of th%AgoEH%” éé6ifé8 %?aEﬁiQnr$ﬁEglgge foF

al cohol of the genera or nu In"the presénte o

wE(ieﬁﬂﬁﬁﬁﬂuﬁ@déa(Eika&fﬂb'éuéﬁ é@esééﬂﬁﬁuﬂgt85x1de
general formula [2], and subjecting the compound of 20

genersd ifud raﬁra»il?detga@w&égiurﬁlﬁef@a@ut@maa tBedium tert-
presence of base. [0074] 65 The present process for

pr odumtticonides arekisd redkdel ow in detail. M chael

addi tion reaction:
and inorganic base such as sodium hydroxide, potassium
hydroxide, barium hydroxide, sodium carbonate,

10 potassium carbonate and the like; are given.

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

The amount of base used may be equal to or

15 more than 1 time mole per mole of the compound of the
general formula [11] or salts thereof, and is
preferably 1 to 3 times mole.

This reaction is preferably performed by an
addition of water.

20 The amount of water added may be equal to or
more than 1 time mole per mole of the compound of the
general formula [l1l] 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

25 solvent.

The reaction temperature is not particularly

limited, but it may be from 0°C to equal to or less than

the boiling point of solvent, and is preferably 10 to




The conpound of the fornula [16] can be produced by 5
subj ecting the conpound of the fornmula [15] to M chael
addition reaction with acrylonitrile in the presence
of base. This reaction is usually carried out in the
presence of solvent, the solvent used, if it does not
10 affect an i nfl uence on the %®action, is not

parti ﬁ%ﬁarly limted, but for exanple, aliphatic

hydr bons such as hexane, cycl ohexane and the I|ike;
aromati c hydro Ss_benzene, toI ene, }ylene

rbons such
and the IiKke; ?% hgﬁgﬁgﬁgpe lﬁydﬁgcafbo S suéh
d'Chk?ﬁgEEgpgpSt mgglggo ”?%”ﬂlhﬂ% o ke 5§'HHG%§““§hd is

as te uran hoxyet hane
b'S(Sr5§é98%¥§t98k)§tESf24dh8§§%e and the Iike;

sul foxi des suth as dinethyl sulfoxide and the Iike; 20
apd L@@tlgry al cohols such as tert-butanol, tert-anyl
al co and the like; are given, and these nmay be used

in adm xture. @ﬁeac@mﬁbahabbe sabveEBirmud asalig |salrventl ts
of aromatic hydrocarbons and a m xed sol vent of

ar onshecec25ohydinedr hbanshiet Ways candbkeritsicdrayed from the
al cohol s are given, a sole solvent of aromatic
hydroearbbos, maxtiixeda§bevehhe bbrmiomiition of the reaction
hydrocar bons and ethers, and a m xed solvent of
aron%nl%h%y@$@@hrméﬁ§eﬁnd tertiary alcohols 66 are

referable, toluene, a m xed _sol vent of toqluene and
@t r ahydr of ur aROT aCkPRBUCs 0P GERT bhet bREBASALARTY &ft Lthe

reaction, it can be isolated by acidification with a
diluted hydrochloric acid, extraction with organic
solvent such as toluene, and subsequent removal of
solvent.

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

As the salt of the compound of the formula

(14}, the salt, if it is usually known for a salt in
acidic group such as carboxyl group, is not

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

25 ammonium salts,
and salts with nitrogen containing organic base such as

trimethyl amine, triethylamine, tributylamine, N,N-

diisopropylethylamine, pyridine, N-methylpiperidine, N-




10

15

20

butanol, and a m xed sol vent of toluene and tert-anyl

al cohol are nore preferable. 5 The anount of the
solvent used is not particularly limted, but is
preferably 0.5 to 10 tines volune per weight of the
conmpound of the formula [15], and is nore preferably
0.5 to 3 tinmes(v/w). In addi4 on, as an additive to
these 10 solvents, primary._al cohols such as snall,

AR Y FOTRRE himbt GHAE Y haRonC and’ EHE LpigaYy amine and
se ondfr%/ al cohol s such as 2-propanol and the Iike;

Wat &€ ant" T he' Y¥%ke; these may be nixed. The anount
ofad Ne aadi L ye) used | s §q¥$%tt81tﬂr5aﬁ?¥< hess %Q%”SQ-CE as
ti mes vol Une per wei ght of e conpouna of "the
f [ , ' refe e I I t han
0 ) BT B TR Y s 2 Pty 32 28
et MepfOr 20 exanpl e, organic base such as 1, 8-
di'azabi cycl o[ 5. 4.0] undec-7-ene(DBU),

t etocemeet hyl anmoni um hydr oxi de, benzyl t ri met hyl anmoni um
hydr oxi de and the |ike; netal al koxide such as sodi um
meftth@duts; i o roaekds edhoxi de, pot assi um
tert-butoxide, sodiumtert-butoxide and the |iKke;

i norgani ¢ base such as sodi um hydroxi de, potassium

hydr oxi-de oM hydri de apgd the loke~are @

base, .o ga pase amﬂal %&ﬁir'bH(ﬁ] -
S [15] S [16]
(/D/\,O\/\COZGHZRu (/D/\/O\/\GOZH
S [2] S [17]

wherein R' has the same meanings as the above.

[0073]

3-(2-{l-benzothiophen~5-yl)ethoxy)propionic
acid of the compound of the formula [17] or salts
thereof can be produced by subjecting the compound of
the formula [15] to Michael addition reaction with
acrylonitrile in the presence of base to obtain the
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]




al koxi de are given, benzyltrinmethyl ammoni um hydr oxi de
and potassiumtert-butoxide are nore preferable. The
anmount of the base used may be equal to 5 or nore than
0.0001 tinmes nole per nole of the conpound of the
formula [15], and is preferably 0.01 to 0.1 tines
nol e. [0076] In addition, thisébeaction may be carried

out 10 in theéﬁ{esence of catalyst. As the catalyst
used, if desiréddi® RS aBrifihi ter REPIUGH eh +8

usual | y _known i s given,  tetrabutylamoni um brom de,
benzﬁ’%}rliarwﬂWP&&%%i%deaﬁJ&ri de” and

benzyl.t ri_net hy ni um br.om de are 15 preferable. The
amu#ltlcg‘?gﬁhgdggt@;%%tre@scécdm%y be equal to or nore

t han-Q..0 ti. I 0 he

t he frrglrem%lg)glp[ofgﬁs O?r)uﬁlle:e%re el%labqué]o.%alr?%ggm%qul?%%%sby

g € suBY eé%églge tﬂ@s%onfpguéx%mi/tg}eoifbltrmele?a[sﬁf h@t Michael

i norganic b such as“sodi u roxi de and potassium
hydr ggiide i and Ffhedliioke wah® Weads1ddid:s 1 eferiad tdsence of

performthis reaction in the presence of catalyst. The

anoupksef acrylonitrile used in this 25 reacti on nay

be equal to or nore than 1 tinme nole per nole of the

conpound of thehfier pekatfibm isandued 1ypreafariadl yoult tin the

2 tinmes nole. The reaction tenperature i s not

part presanty 6& solvent, the solvent used, if it does not

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

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

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

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

25 hydrocarbons, ethers and tertiary alcohcls 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




limted, but may be fromOC to equal to or less than
the boiling point of solvent, and is preferably 0 to
35C. The reaction tinme is not particularly 5 limnmted,
but may be for 1 minute to 24 hours, and is
preferably for 30 mnutes to 4 hours. The conpound of
the fornmula [16] obtained iné6this way may be used as
it is in the next reaction wthout isolation. 10

[ OGFA ESIETah e i ohl teet i driine eB#PBUAJOSS tPhEene and
eneral fornula [2] can, be produced subj ecting the
goﬁﬁ&ﬁ?d‘yéjfr‘?%% '1;1 g f%ljxef%p?%%\%?ﬁ“bn"%}?ﬁuj?ﬁ‘é ﬁPgoESFt‘
f .t neral,formula,[1],in the.15 presence  acid, As

Che A Tioae 1Sy vt "Fe rfo DgRe e L e -Gy
i nar ' id loric acid, sulfuric
gp?ﬁ%§ﬁ¥§ﬁg%%%“%ﬁ%%#ﬁﬁﬁg%%§g§%gen brom de and the

gike: 20 and YfOalduAld O e A SHEN88d 15 not

p-to ul fon

met hanesul f oni ¢ aci d, uenes ic acid and the

|1 p@ir 3119 MEN- 1 3RS 1 PF e ald ?J?éf@rabﬂﬁ’r 9a8i €oa¢hdtimes
is given, and sulfuric acid and hydrogen chloride are

MK 1 upiee iRiralled.ghdb offhe aibiip®ind her aehd Eseduls [15],
different in the anmount of the solvent used, but my

beaaqudls morer prafea-didian (L & ive Itange(vrmwl e of the
conpound of the fornula [16], and is preferably 2 to
10 times nol @én addition, as an additive to these
10 solvents, primary alcohols such as small amount of
methanol and ethanol and the like;
secondary alcohols such as Z-propanol and the like;
and water and the like; these may be mixed.
The amount of the additive used is equal to
15 or less than 0.5 times volume per weight of the
compound of the formula [15], and is preferably equal
to or less than 0.1 times(v/w).
[0075]
As the base used in this reaction, for
20 example, organic base such as 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
tetramethylammonium hydroxide, benzyltrimethylammonium
hydroxide and the like;
metal alkoxide such as sodium methoxide, sodium
25 ethoxide, potassium tert-butoxide, sodium tert-butoxide
and the like;

incrganic base such as sodium hydroxide, potassium

hydroxide, sodium hydride and the like; are given.
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69 As the al cohol of general formula [1] used in this
reaction, a straight chain al kyl alcohols such as

nmet hanol , et hanol, propanol, butanol, pentanol and the

i ke; 5 branched chain al kyl al cohols such as

I sobutanol and the like; substituted al kyl al cohols

such as net hoxy ethanol, chédroethanol,

cycl ohexanet hanol and the like; and aral kyl al cohols

such as benz®k al pokdlerapiendtasd, or@aalicohwseanmnd eetal

like;, are given. As a preferable al cohol, straight
chal KogiLkgl argl g6HEPs zeyiler mediy Iraedrigin hydroxide
et hanol , propanol and  butanol are nore preferable

il i RS B LT
formul a [ 16] Hi aBPBPEPS& 53§ 165 %Y( ‘?N)equaa]gdto

5 rokh fagrggggs{ngg' Bofa2 el MRS G S Oompounc
R g °§?‘§géﬁa§ﬁe§%ff%%“aﬁ &S -”Cﬁ-hl

an@iﬁégaﬂbﬁ eSul fonic acid such as nethanesul fonic acid
and t e; are used, it is preferable to perform
thepp2gjreaction with an addition of water. The anount

of water added may be equal to or nore than 1 tine

nol e per nol enokdéibeicappetngd ekathdon may be carried out

in the presence of catalyst.

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 pbtassium
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



formula [16], is preferably 1 to 10 tines nole, and is
70 nore preferably 1 to 6 tines nole. This reaction

may be perforned in the presence of solvent. As the
solvent used, it is not particularly 5 limted, but

the same as M chael addition reaction is given. The
reaction tenperature is not p&dicularly I|imted, but
may be fromOC to equal to or less than the b0|I|ng

poi nktiroftesdl vart mandos st peef Gy <piab tqeensbess than
The reaction tine is not particularly limted, but

may Y R HinGigrits ¢b S0lnetks, a%dl?sprsﬁsréPém § to
for 1 to 24 hours. The conpound of the general formula
[2] B obtained in this way may be used as it is to

the next reagtion w thout jsolation.

Hydrol ysi s remﬂ?cﬁ?aﬁ?% Lompbdunt® ?O¥ %aﬁg%%P%Frly
feor mulyds fehy] (Ol %?Argpoungfége{ eplngal fgl PEOAYARY, Phnd is

hydrol'yzing the co
Pr eS6NG& fp RASEr HY E?fméé?ﬂe' £ MSyakly carried out

in the presence of vent sol vent used, if it
does not aff egfe albrgilensce gﬁletb@nﬁ@ggtwa] bbtB9hed in

25 particularly Iimted, but for exanple, aliphatic

hydrogcay hens nagpibeas;st@%ad@, i€yt ohexane aadtt heakiken
without isolation.

10 [0077]

Esterification reaction:

The compound of the general formula [2] can be produced
by subjecting the compound of formula [16] to reaction
with the alcohol of the general formula [l1] in the
presence acid.

As the acid used in this reaction, for
example, inorganic acid such as hydrochloric acid,
sulfuric acid, hydreogen 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 hydrcogen chloride are more
preferable.

The amount of the acid used is different in
the amount of the solvent used, but may be egual to or
more than 1 time mole per mole of the compound of the

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




aromati ¢ hydrocarbons such as benzene, tol uene, xylene
and the like; 71 hal ogenated hydrocarbons such as

di chl oronmet hane, chloroformand the |ike; ethers such
as tetrahydrofuran, 1,2-dinethoxyethane, dioxane and
the like; 5 sulfoxides such as dinethyl sulfoxide and
the like; alcohols such as f#thanol, ethano

propanol , butanol, 2-propanol, tert-butanol and t he

like; and wat’%ér thrd alisehqlkof grangiafertommyla hbkk used in
olvents be used in adm xture. 10 As a preferable

sof vVeéfit reac LBd SolSFrRH It ﬂ%@lémﬂé?ﬁl U HS tHech as
este fIC t|o reaction and h Is and a . m xed
SorELhehGR: LPEBRERY war ARl R oy ARG and the

soh eat of toluene and nethanol and a m xed sol vent
nefhanol and water are nore preferable. 15 The

SanBHQBcHEdtBﬁa§8|¥§ ra%ﬁ%o&%&%0%qﬁﬁﬂt§(¥g5gd anol and
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limted, but s pre tinmes une per
metggtlgkeghe conmpound of the general formula [2],
and is nore preferably 0.5 to 3 tines(v/w). 20 As the

basebusetutadt Bl gyl eattoddl sf @licheXamMilethd®} Athanol,
al koxi de such as sodi um net hoxi de, sodi um et hoxi de,

potassrosthendl putoxildaexaadithanbar anduttex de iwnd t he

i ke; and inorgani c base such as sodi um hydroxi de,
poidsénai kb a¥ydobrilde subbr kenbeydydxiadecheddi whenethyl
Cagfggﬁgf’and the like; are given.

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

The amount of the alcohol used may be equal
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]

In this reaction, in the case that inorganic
acid such as sulfuric acid and hydrogen chloride and
the like;
and organic sulfonic acid such as methanesulfonic acid
and the like; are used, it is preferable to perform the
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




pot assi um car bonate and the |ike; are given. As a

pref erabl e base, inorganic base is given, and sodi um
hydr oxi de and pot assi um hydroxi de are 72 preferable.
The amount of the base used may be equal to or nore
than 1 tinme nole per nole of the conpound of the
general formula [2], and is pfeferably 1 to 3 times 5

nole. This reaction_is preferabl erformed with an
addP??%nPB?fﬁﬁ?€¥¥ #hanﬁDEﬁPeﬁf%ﬂg?er added may be

|t th 1 ti I I f th
compound of tHA-S 16°G8haPHI PP 81 el ROESPINES frerdian y

0. i MBS and is nore preferably 0.3 to 2
tiﬁ%é%%%é%é ?ﬁ %¥%ﬁ%an meke it have the function of

sol vent. The A@aéﬁéogoi€gﬂgfééé&? g @QtnB%rEbQ@f@ﬂﬂérly
limted, but may be fromOC to equal to or |ess than

35 1hei hed] 1159: Poht s She SO VADERaBND a1 1 R Bhekally ibd is

to 400C. The reaction tinme is not particularly

l'i rgiesh. but may be for 10 mnutes to 50 hours, and is

preferably 1 to 24 hours. 20 [0080] The conpound of

the fornul a [T¢ psaselés téhpeeatueobt dbnadti pathiigularly

way can be isolated fromthe reaction mxture after

t hel iresrtrechathwn rody tihe feart0Wh to reqieel usvabr nhaserthan
the boiling point of solvent, and is preferably 20 to

10 150°C.

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

The compound of the general formula [2]

15 obtained in this way may be used as it is to the next
reaction without isclation.
[0079]
Hydrolysis reaction:
The compound of the general formula [17] or salts
20 thereof can be produced by hydrolyzing the compound of
formula [2] in the presence of base.

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

25 particularly limited, but for example, aliphatic
hydrocarbons such as hexane, cyclchexane and the like;

aromatic hydrocarbons such as benzene, toluene, xylene

and the like;



25 For exanple, after the termnation of the

reaction, it can be isolated by acidification with

di l uted hydrochl oric acid, subsequent extraction with
organi ¢ solvent such as toluene and renoval of
solvent. 73 In addition, it can be isolated as a salt
by an addition of base into the/lextract. As the salt

of the conmpound of the formula [17], the salt, if it
i s usraméf%z%m ‘F‘%Sidracéélo?”?’nSughaéﬁdﬁéc&l&&ﬁ“%@%

b I I I d, b f
xanpt o taF B 238 Che kTt kofor ) Such as sod Ein >
p0ta'§ﬁﬁ{%f0§3& nggngeﬁpghﬁék fBrgalti ﬂL 4h ag% gethane,

earth mne SUC as Ca nesi um an

l'i ke; gD um salt. apgd.salts with nitrogen
contal ning organic %ase such as trimethyl anine,

tri etdiyl AR NGes tEhOMt XS A A8 hDE Nyl foxide and the like;
di i sopropyl et hyl am ne, pyridine, N-nethylpiperidine, N

15 mefiwdHer phohdmeas dhet iyhan nétth@YC| QB@Fﬁh@m N@utanol,
and the like; are given. As a preferab e sa a salt

Wi t h Zdkadpandet at e strehuesnsDdhnd 8Rd pPokassi um and

the like is given, and a sodiumsalt is nore

pr ef erablwate0 {ri08de [ Piloducdrengpresesard 6hese solvents

O ~-~C02H Activation [y7]
may be used in admixture.

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

15 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).

20 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

25 hydroxide, barium hydroxide, sodium carbonate,
potassium carbonate and the like; are given.

As a preferable base, incorganic base is

given, and sodium hydroxide and potassium hydroxide are




HN---~ ~ ON~>-OH S [18] 0 25
1-(3-(2-(1-benzot hi ophen-5 74

yl ) et hoxy) propi onyl )azeti di n-3-0l1 of the conpound of
the forrmula [18] can be produced by deriving the
conmpound of the fornmula [17] or_salts thereof to a
reactive derivative, subsequenfﬁ@ subjecting the 5
reactjive deriyative to am dation reaction with 3-
azet i RTRDFTdF Salts thereof in the presence of base.

[0082] The pre s fo r ti.on

expl ai ned beloafﬁ% %é?gﬁf.O%O£?g0§%%nggﬁga%anbFoequal to
eactiVendied | veha Vet e £o1Ropad Rb1LOBRULAL Lhhplung of
salts thereof can be erived to a reactive gerlv tive

by rea¢d idhdta M brRRlaafh Yaheh. i45pAerERELN A4 k¥ 3 times
derivative, for exanple, an acid halide, an acCid

armhydidde, an activated anmide and an activated ester

and the like; are given, and an acid halide is

preferable. As This presessonfidepra¥fagablyt peklfiermed with an
reactive 20 derivative, for exanple, the derivation

to theldidiibn haff ivketew th t he use of a hal ogenating

agent such as thionyl chloride, oxalyl chloride,

phosphorus trild cmelant phibswihioevusdpedt mell bei gquaddto or

the like; the derivation to the acid_anhydride by
cond&Est itdign 1 time mole per mole of thé 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 sclvent, and is preferably 10 to
40°C.

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

20 {0080]

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



25 with an acid halide such as ethyl chlorofornmate,

i sobutyl chloroformate, pivaloyl chloride and the

like; the derivation to the activated am de by use of
i m dazol e condensation and an activated am dation

agent 75 such as carbonyl diim dazole and the |ike;

and the derivation to the activated ester by
condensation with p-nitrophenol, 2-

mer capt obenzdnhiggdddite cand itthesdn keg i@l afiadms 52 Asalt by
the derivation to the reactive derivative, the
depPvatrdéhirs thebasied ivdio ddspeisgadr- a

hal ogenati ng_agent is _preferable, and the derivation
to the aci dAehitBfi g&lby odsdhsr qamRane H et ggula

nor preferable. 1Q The .amount .of the actjivator ed,
i E7 2 e B0aE ot B ShGaRr Dt Ton e RE SR i
actiyv r but for exanple, in the case of thionyl
Serreiabe orpthsh®he 550 T ore v ShrE e hdn 5 11 s
no of . t co u of f or . r
sakgée?%%?g%$¥.gﬁﬁaggdrsgg?e?g?aﬁF%HﬁffB gﬂPﬁﬁéizﬁﬁ e.
Thi$rheachbenli subauak! )éoa%w,eg)o%ts it N&e HEF UL the
of solvent, the solvent used, if it does not affect
anjiréluence on the reaction, is not particularly

limted, but for exanple, aliphatic 20 hydrocarbons
susiies wWwexAnelkeyel ehexhanpesnd Ghlehl i@ee;calarionmti c

hydr ocar bons such as benzene, toluene, xylene and the
10| ikagnésiogeantethbydli kear bons such as
di chl or onet hane,
ammonium salt,
and salts with nitrogen containing organic base such as
trimethyl amine, triethylamine, tributylamine, N,N-
diisopropylethylamine, pyridine, N-methylpiperidine, N-
15 methylmorpholine, diethylamine, dicyclohexylamine and
the like; are given.
As a preferable salt, a salt with alkali
metal such as sodium and potassium and the like is
given, and a sodium salt is more preferable.

20 [0081]

[Production processes 6]

<:©/\/0\/\002H Activation
(171 <>—
HN_ >—OH o \/\"/"9‘0”

—_—

s [18] 0

25 1-{(3-(2-(l-benzothiophen-5-



chl oroform and the |ike; 25 ethers such as
tetrahydr of uran, 1, 2-di net hoxyet hane,

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

am des such as N, N-di et hyl f ormam de, N, N-

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

l'ike; 76 sulfoxides such as7di net hyl sul foxi de and

the like, esters such as nethyl acetate, ethyl

ac et lalte ey Xieop 19 kel ) g tokdEn sehil aef ateeopempound of
2-butanone and the like; 5 and nitriles such as

acéFtQﬁmqorlT“fuelaanfdmt}hé:%rf ke piedueRqdhy ApElvhRgethay
o SRR, e LSS Henstnets t bhokser aha 2
praic 3ro ur é:ﬁvaf%’eilgds h%ecg}%éuf%a%%bjecung the

tetra
bi
2 SAPHE MY, a6l RS

pr%&%&%@ﬂ%oiT%% ?@:ﬂﬁéfég% ‘ﬂ é%ﬁ)%?@%%ﬁé ot pase.

particularly limte but 1s prefe 1to O tines
15 (volgene per wei ght of the conpound of the formnula
[17] or salts thereof, and is nore preferably 1 to 10
tinmes(v/w). The peagkn®ndreeeyatide gifodi@ition is
particularly limted, but is preferably -60 to 150C,
andxpdanoed b2Qopr éherdattlay 1-.30 t o 120C. The reaction
time is not particularly limted, but is for 10

10ni h0P881to 50 hours, and is

15

20

25

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



preferably 30 m nutes to 20 hours. The reactive
derivative of the conpound of 25 the fornula [17] or
salts thereof derived in this way can be isolated and
purified, but it is preferable to proceed to the next
reaction wi thout isolation. [0084] 77 Am dation
reaction: The conpound of th&d% ornmula (18] can be
produced by reacting the solution of the reactive
derf¥elt i 32 errboryldoipodadobe end fbemifikef17] or
salts thereof described 5 above with 3-azetidinol or
sal 3 1 Ht TRt He pheskhe et ipaked asteRebhase
this. reaction, for exa organi ¢ base such

d i ,
e T SRy Lt SBEr G et Ryt A ne.
1, 8-di ' | o[.5. 4.0 de¢-7 10 DBU) , i di
and AP T LT bt SRR et bogRtRe” "
&ydrox!de, P §*%Hé”ﬁef@%?é¥% etosggéupég§£99$a&8rivative,
pot assi um car bonate,  sodi Um hydf ogen car bonat e,

POtASSidHP My RIENGRIBANAL & g %&’H&%aﬂ;%klﬁée%f gi ven.

15 As a preferabl e base, 1 norganic S glven, and

SOdidl@d%ﬂHtQ%igﬂ%déﬂWée preferably, Jdhe amuatr2hathen to

base used may be equal to or nore than 1 tine nole

percheolseief dMerderpandid of henfoiyul enld#1derisahbse
thereof, and is preferably 1 20 to 10 tines nole. The

anpuetfeglabdeazeti di nol or salts thereof

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, cyclchexane 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, l-methyl-2-pyrrolidone and the like;




10

15

20

25

may be equal to or nore than 1 tine nole per nole of

t he conpound of the formula [17] or salts thereof, and
is preferably 1 to 2 tinmes nole. 25 In addition, it is
preferable to use 3- azetidinol or salts thereof in
aqueous sol ution. The anount of water having
3-azetidinol or salts thereof 7di ssol ved is not
particularly limted, 78 but is preferably 1 to 20

ti mesWdluElgfersu@l gt bmetihel corpbemidefarflethe like;
formula [17]

10 t (SPEEEF WEChTIRS Meddti o dsdifetat@iriey } sapEate and the
parti
100C,

i e et opls B ol Aot ond, M SR liod Dol gie: hikes
: %eZQHHOH&%r&&% fsh%fhf

can ohgehsOhAlLAnRAE Ry Heethday oy lddgatd on from

neutralizationpaf at BerRAGHIQN JHMIHE AYbd Mt ion 15
with water if necessary, and subsequent operation of

war nhpgragd rbeaki Bach( @88bEn ZdeleQdeil@h AL S6y 1/dnd and
O%WNO™MH/ O,~ ,N3-OH 20 s L18] O -~ s | [197

or salts thereof, and is preferably 1 to

larly 5 limted, but is preferably -60 to
dis nore preferably -30 to 50C. The reaction
r,.10

15

e S AERLEN o Rk o

compoun the

reacfion mxture by performng treatments such as

the like and ethers such as tetrahydrofuran, 1,2~
dimethoxyethane, bis(2-methoxyethyl)ether, dioxane and
the like are given, and toluene and 1,2-dimethoxyethane
are preferable.

The amount of the solvent used is not
particularly limited, but is preferably 1 to 20 times
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
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
the formula [17] or salts thereof derived in this way
can be isclated and purified, but it is preferable to
proceed to the next reaction without isclation.

[0084]



1- (3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propyl ) azetidi n-3
- ol of the conpound of the fornula [19] or salts

t hereof can be produced by subjecting the conmpound of
the 25 fornmula [18] to reduction reaction with an
addition of activator such as a protonic acid, a

met hyl ating agent and a silylating agent and the |ike
in the presence of 79 alkali metal borohydride. This
reaction is usudtigatienrieelouionn the presence of
solvent, the solvent used, if jt does not _affect an

i nf | JaHc STPHE rehcthont orBubat (58 parenchraprgduced by

limted, but far et hers such as

tetrdﬁ?ﬂ? e]gégq%*ﬁﬁrﬁ&y%ﬁ%aﬁ%acg}g?2der1vat1ve of the
t hox th t di

and G0 ef i Y Er B Ll P anreltentagaFFofieseribed

h*qes%bso% Sﬂht MY, eti*éﬁgoi 1§af‘9£”{1%é'£go?hm the

al ogenate Urocarbons such as” o drchl of one
chl orgf éyég ‘%f*ﬁ%é ke; aromatic hydrocarbons such as
benz uene, Xylene and the |ike; and aliphatic

hydr ocar bons SUEh @ ﬁ?@%ﬂi‘%sédchph%f@ereaé@l@ﬁt apgr
and the |like. The anpbunt of the solvent used is

pref exalil e, 1 drgya?li d idRse \ldHrea pef r et gt awiné he
conpound of the fornula [18], and is nore preferably

3 t 0diQ sbiprepi/evhylad(ie)086)8 -Abid tebiad @l o [ fed ad ] undec~7-

bor ohydri de used in this

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 tc 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-
azetidinel or salts thereof in aqueous sclution.

The amount of water having 3-azetidinol or

salts thereof dissolved is not particularly limited,




reaction, for exanple, sodium borohydride, |ithium

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

gi ven, and sodi um borohydride is preferable. 25 The
amount of the alkali nmetal borohydride is preferably
1to 10 tinmes nole per nole of the conpound of the
fornula [18] and is nore prefesably 2 to 3 tines

nol e. [0087 As the activator used in this

reacﬁ‘—k‘}n i gyre %, prot2hitiees dveliche asesukéighe of
aci d, hydrogen chloride, trifluoroacetic acid and the

i keths GOMRPIAG mj— dgentf guehl asl H heehysabus f sherand, and
the [like; and sil atln agent such as trinmethylsilyl

chl oftdBTeARd e | &SR/ Ws- a preferabl e
activator, pro&gnlc aC|d such 10 as sulfuric acid

hydr ogen chlorl g 5@8QHh?q iHEIPS LAt U ¢hs nEfy particularly
syl f i d r e bIe t of the
agt|$%?grg§§e E% gF% gﬁ? |n ﬁﬁbqﬁ?ﬁgP it f@d 18 more

acti MaLekyalY t be, in the case of sulfuric
aC|d¥ it Fg p&efgpably%g g to 1 tinmes 15 nole per nole

of alkali met ah‘h@%@ﬁ&@!&bﬁe fad 1isS B $a "%ﬂ?fa%{i'

0.5to 0.6 times nole. In a &ltion e a&%htlon %@

of thﬂnlﬁéﬁl,VBﬁ@flsSkafﬁgrﬁlﬁ‘_hu't’ést he oG Rfrd heand is

activator, but in the case of sulfuric acid, it

preferabéyabby £6r180nidHLESst @06 200Ubsrsand i s mDre

freferably for 30

0 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

15 with water if necessary, and subsequent operation of
warming and cooling.

f0085]

[Production process 7]

O oYy O
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

25 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




mnutes to 4 hours. In addition, the activator may be
di ssolved in solvent appropriately, and the dissol ved
solvent may be added. 25 [0088] Further, in the case
that the anount of the alkali netal borohydride is
2.0to 2.2 times nole per nole of the conpound of the
formul a [18] and the anmount 8179 of sulfuric acid is
0.5to 6 times nole per nole of the alkali netal

bord%&%ﬁi%k@%ﬁﬁ#t?@ﬁ%@b@b%ﬁ% time of the sulfuric
acid is 1 to 4 hours, the co ound E the fornmula |, h
[19] or salts ?q&ﬁeﬁﬁa?ﬁ&?ﬁg ﬁﬁuﬁg Vt§afﬁﬁege°§t in the
bt db t f th f
For RIS By S otties 1o 8%{»1%%@9{@%%{1?2# it"foes not
I d, b
-23‘% Al 5 f‘&@f.%e‘*%?%'f%? IR AR LT e
bl
o Pt dh Soty PR ad, ot t*i??a%xé% 45, PEEherS e a:

act ARl SE P0G, 2 Laide tRbLyRERARE AL €S 0-T eact
at 40 to 60C. 15 The reaction tine is not particul arly

| i Mndeftho it HEY) dehd®) dloxamelt £5dt hd01 hREESisi §iven, and
preferably for 1 to 20 hours. [0090] In the present
I nvertirahydso fugareliey aidee preferable.
In addition, these solvents may be used in
10 admixture of halogenated hydrocarbons such as
dichloromethane, chloroform and the like;
aromatic hydrocarbons such as benzene, toluene, xylene
and the like;
and aliphatic hydrocarbons such as hexane, cyclohexane,
15 octane and the like.

The amcunt 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
borchydride, potassium borohydride and the like; are
given, and sodium borohydride is preferable.

25 The amount of the alkali metal borchydride 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.




20 process for production, the follow ng process is
given, the process by suspending the conpound of the
formula (18] in ether (3-10 tines(v/w)), adding alkal
net al borohydride(2 to 3 tines nole), adding activator
at 0 to 30C, and subsequently reacting at 30 to 70C 25
for 1 to 20 hours is preferabBé, the process by
suspendi ng the conpound of the fornula [18] in ether
(3 kW90 times(v/w)), adding sodi um borohydride (2 to

3 tinmes nole), adding protonic acid, (0.5 to 1 tinpes
nol e 82 per fol & STk At Pordtsdridelhas veggtaee, for

o o SRRSO Lecting 2120 L0 BG (011150 20sogen
[ th . d aof. f 8], 1 .

RS e TR AN LI SO,

Bor R B2 Dol LIPS A sl sl L L

bor ghydr.i de), adding sulfuric acid at 0 to 30C for 1
to 4 hours, and subsequently reacting at 40 to 60C

forahdt @129 1R@UNY ayelid thAiRM ol ﬁﬁﬁ@ﬂfl@;ﬁi@ilifﬂo&ﬂoride
After the termnation of the reaction, the conpound
of thd taemillike;18re0lgisalri.s t hereof obtained in this
way can be isolate in usual manner. 15 For exanpl e,
after the ter@isnat poeferadie addctdtory, ipretonbe acid such
i sol ated by adding 6.O0wl/L hydrochloric acid to .
1fecafpsyefamiexaedsi ve hysihagiany chdgenide coul ithe thike: is
room tenperature, subsequently making
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

15 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

20 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.

25 [0088]
Further, in the case that the amount of the

alkali metal borchydride is 2.0 to 2.2 times mole per

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




the reaction m xture al kaline wth aqueous sodi um 20
hydr oxi de, extracting with organi c sol vent such as

et hyl acetate, and subsequently renoving the sol vent
fromthe 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 conp8ind of the fornula

[19], the salt, if it is usually known for a salt in

basi &LgPedd Udéh agd darind -t dip,0i & tgtepaneleurar |gole of
83 ILﬂit , hut for exanple, salts wth mneral acid
such® saﬁ?fe.lacﬁ‘%railc bagiaky i Aishi G koPRmiRY | ime of

id I [ id d the |ike; I i th [
o0 g MG A% 15 G L A o e
e FerRsd 950l b S5ty WIS 3efing LS IRLY can oo
o5, pppLAELbaERELLC caek e W 3 ) £

met hagesHtE BRI 67 gguggbgucQ%nzenesulfonic aci d,
tol uenesul fonic acid, nesitylene sulfonic acid,

naphfbagepesul fonic acid and the |ike; are given. As
a preferable salt, a pharmacologically acceptable
salt is given, TasdraasghbnWtehpalatheeaGisd nokd dartithiflarly

preferable. [0093] In the conpound of the present
i nvehimbhedj fbut may be -20 to 150°C, and is preferably 0 to
i0 7G°C.

After an addition of activator at 0 to 30°C,
it is preferable to react at 30 to 70°C, and after an
addition of activator at 0 to 30°C, it is more
preferable to react at 40 to 60°C.

i5 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




i soner (for exanple, optical isonmer), hydrate, solvate
and various kinds of crystalline forns exist, the 20
present invention includes these all. In addition, in
t he conpound used by the process for production
descri bed above, if isonmer (for exanple, optica

i somer), hydrate, solvate and 8rious kinds of

crystal formexist, all_ these can be used in 25 the

procksE Foteprbatetish BPrehedpidsentti AvéRrt iSPnC, and

Exanpl es [0094] 84 Next, t nyentjop will |
be. QEUERTERET hY 1 R of PP hg Perdr dRee ERBrpl b Bhahours is
N e

i nten

ereto. he?m>Xi g ratirfos

i t t I o i
in they .&?@_éf%@rﬂl%(gl[’fgfhéﬁ Eéﬁ?ah%%g?g%ﬁac 13,50 10

descri lon In particu

carrier I

ol W& ORY P 8REYNd Ss B WimShbLEERyARk de BY $27ZH200
PSQLOOB( product of Fuji Silysia Chenical Ltd.). 10

The @iy eviditd ONSadidli X aswl esri®aaci e (D0kl ewi 006 MBhes
methyl, Et: ethyl, Pr: propyl, Bu: butyl, tBu: tert-

but ydo IMHe 1l Gio i et hydbsinih oxb ten dérf Q095] adBehgr ent€uric
Example 1 151 %H®2 I %9HO S\ & HS'O  ~r

10

15

20

25

acid at 0 to 30°C for 1 to 4 hours, and subsequently
reacting at 40 to 60°C for 1 to 20 hours is further
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.

For example, after the termination of the
reaction, it can be isclated by adding 6.0mol/L
hydrochloric acid to decompose an excessive reducing
agent, coeling to room temperature, subsequently making
the reaction mixture alkaline with aqueous sodium
hydroxide, extracting with organic solvent such as
ethyl acetate; and subsequently removing the solvent
from the extract.

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

[0092]

As the salt of the compound of the formula

[19]}, the salt, if it is usually known for a salt in

basic group such as amino group, is not particularly



To wat er (275nL) suspension of 546g of thiophenol was

dr opwi se added wat er (550nL) solution of 20 585g of

pot assi um hydroxi de at no nore than 20C. Next,

thereto was dropw se added a water (825nL) sol ution of

492g of chl oroacetic acid, which was then stirred at

80 to 90C for 3 hours. Afterggooling the reaction

m xture, the pH was adjusted to 1.5 with hydrochloric

25 déind,teghd erforno swme eldesp 1850l tibfmineral acid such
di chl oronet hane and 550nL of water. The organic |ayer

was 3e pydasd Lo afierd ol ShigpTest uns sl faterhasacid,
added., Insoluble 85 natter, was filtered off, and to

t he ST A Ade &dved s 9596 of iron(111) chlori de,

and dropwi se.added 832g of Bromne at 5 to 10C, which .
s SEHER. SEILs &F SR o BA HOEWIG A A (RHC8 ApufQEmic acid,
fter i he .reaction b sqlution to 5C. thereto

fas S50t 20110 Ed Ve BB ST (9 G oF S oL
sodj | fite, . j;usted. 1. ' . .
hydroeh Ror ALy, S PRARE r?sacﬂalttg fhdy Tpttdriq aciq,
houésph?%iﬁrg%ﬁ@ht%E%dﬁ%%fﬁ@ééQQF?%éﬁﬁ,fﬂﬁfffﬁéfﬁbéé&ic
provide solid matter. To this solid 10 ‘matter was
addedidoQ@al +at tglkkgne, from which water was renoved

by heating and azeotropic distillation. The reaction

m xéodesadsscaaltad st fogiovacia Reidhot Dimethdisslfonic

After stirring at the sane tenperature for 1 hour
1@ryacalls benecepesafléowas aclidectted usneduitfiatiomdix o
provide 1108g of (4-bronophenylthio)acetic acid as
whi Fessbyianeopsml LoRi NVRCEDBC1 3ppd thalligeesulfonic acid and
3. 65(2H sL,7.25-7.35(2H,n),7.40-
the like; are given.

As a preferable salt, a pharmacologically

acceptable salt is given, and a salt with maleic acid
15 1is 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

20 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

25 the process for production of the present invention.

Examples

[0094]



7.50(1H, m [0096] 20 Reference Exanple 2 Br 7Br HOZA

al 14 HSY S To water(600nm.) solution of 88.9g of

sodi um 25 hydroxi de was added 200g of

4- br onot hi ophenol and dr opwi se added wat er (300m.)

sol ution of 105g of <chloroacetic acid, which was then
stirred at 60 to 70C 86 for 84 hour. After cooling the
reaction mxture to 40C, thereto were added 140nL of
hydrochlorlc Nerh- ahae6@6ﬁﬁe“6flp8ﬁﬂéﬁ@n Wiildh Bfaglescribed

then h 80C. Th anic | ayer was separated
and sIo 9%%%?%ﬂn?or% g?%re§a§9 FF|ﬁ§da€xgH@l§§he

g&gfe {ﬁélé theengrgﬁgglgﬂgreCI en%ed to be

coI ected by on 0 prov
(4-pr %g#g acetlc aC|d as white solid form
The Chenlcal t values of 'H NWR spectral 10 in

DG e S e ce.,e 1.
[ooggiagiéﬁg?gtﬁ@lég 1ﬂa$H§ e@&eﬁ@g L8BCRye¥BARkE .1 A case

without description in partlcular, the carrier in
silica gel column chromatography is B.W. silica gel,
BW-127ZH or PSQ100B(product of Fuji Silysia Chemical
Ltd.}.

10 The abbreviations in examples mean the following:

Me: methyl, Et: ethyl, Pr: propyl, Bu: butyl, ®Bu: tert-
butyl DMSO-d¢: dimethylsulfoxide-dg

[0095]

Reference Example 1

15

i /@ ____Hozis /@ _______Hozts /@’Br

To water (275mL} suspension of 546g of
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
4929 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




15 To di chl oronet hane(750nm.) suspension of 250g of

(4- bronophenyl t hi o) acetic acid were added 2.5nL of N,

N- di net hyl f ormanmi de and 132g of thionyl chloride,

whi ch was then refluxed for 1 hour. After cooling the

20 reaction mxture to 20C, thereto was dropw se added

di chl Or onet hane(1500m.) suspefSi on of 148g of al um num
chloride at 5 to 15C, which was then stirred at 15 to
25CTRGHoT. ¥agodid temed oftthi irdbde? idre nf ki trateasas added
added ,dropwi se to_a m xed sol ution of 1310nL of water

25 and 88 6P Hydldc MMdard doi pnshdBorRwioie nyddae832g of

ic. ted, theret dded 1250nL
of REpEIHRLEE BopERRLS' S bl BaS: Sngho ik eshiagy Foon
t j |t i . h [ )
oSSR IOTRL SISOl LT S
ddeg1 46 i Ldg_and. 500nL of
added14bi 39 6 §q9)u§%@959$y95g Srgggbg?ogéegqf8gt§ré825mL)

met hanol , whi ch was en stirred a

houssiudOchherr easgi gr s8HY YO dded 47
mater,ufo?lomed by&adjusgﬁggk’ggwgﬁﬁgb E@?%ggg%é%|8ﬁs

aciad st ¢é@f 1. 2inai ¢ @nEedrbBhN 8ALt aBRer at |y .
overnight. To the reaction solution was agggg f&dﬁflng at

of $9%0 ph‘assicumihyanoxi dehaqieats seate | 98s a9818B8ed by
organic 10 | ayer was separated. To the organic | ayer

wast PB: @t ofn e tpnen bde caobbd, mabteb. wagot hBR sSkionied
at room tenperature. Insoluble matter was filtered
1t mathnr ware addednO®Pnkidfraokuens, dEsdinl Wadchf water
To the resultant residue was added cycl ohexane, the
chﬁﬁﬂ%?mOVEd by heating and azeotropic distillation.
The reaction mixture was cooled to 5°C over a period of
2 hours. After stirring at the same temperature for 1
hour, crystals precipitate was collected by filtration
15 to provide 1108g of (4-bromophenylthio)acetic acid as
white solid form.
'H-NMR (CDC13;) & value: 3.65(2H,s),7.25-7.35(2d,m), 7.40-
7.50(1H, m)
[0096]

20 Reference Example 2

B
s Oy
—
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




15 precipitated were collected by filtration to

provi de 1949 of

5- brono- 2, 3-di hydro- | - benzot hi ophen-3-0l as pale red

solid form 1H NMR(CDC13) 6 val ue:

2.18(1 H, d, J=8. 3Hz), 3. 30(1H, dd, J=12. 0, 4. 4Hz) , 3. 61( 1H, dd

, 20 86

J=12.0, 6. 3Hz), 5.30-5.40(1H, m, 7. 11(1H, d, J=8. 3Hz) ,

7. 35(1 B, dhw=8. A X ) oF1 b i Hhel, Ie2cOHzh miBOBBE to 40°C,

Exanple 1-2 HOBr Br 25 S| S| 88 To

ac &t Booine swidad okt OfL 30Dghyirechloric acid and 600mL

br onp- 2, 3-di hydr o-1 - benzot hi ophen-3-0l was added 12. 4g

of - ttelreissulvhoiie s dhimorsared etowhP @h wakhe Heppganic

refluxed for 2 hours. To(ihe reaction sol ution was E
Eotgéﬁ After

addéy °f5 %35 SRRt NRE Rt Rt Y vipeke

irred.. 1nsal ybl fil d of f, and washed
T I TG0RT G ot GBS TR IS Eio el Rthoe B o

TRk 2L U8 o RS ORI L U8
L PR AP e A AR B . 4P s o

7. 28034, G055, 4Hz) , 7. 44( 1H, dd, J=8. 5, 1. 9Hz) , 7. 48( 1H, d, J
= 5. 4Fz) . 7. 74(1 H, d, J=8. 5Hz), 7. 97(1 H. d, J=1. 9Hz) 15
[ 0099] The Chemical shift values of H-NMR spectral

10 in CBCl; agreed with the values of reference example 1.

15

20

25

[0097]

Example 1-1

H
Hozi /@r Br }IjBr
s .
S S

To dichloromethane (750mL) suspension of 250g
of (4-bromophenylthio}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
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
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%



Exanple 2-1 2Bt 3, 8--~ CO2Et_ . | CO2H S 20 (1)

To 1, 2-di net hoxyet hane(l OrL) suspension of 0.02g of
tris(di benzyli deneacet one)di pal | adi um(0) were added
0.11g of 10%wWwtri(tert-butyl)phosphi ne/ hexane,

1. 76g of cesium carbonate, 0.50g of 5-

br onobenzot hi ophene and 0. 4588@f di et hyl mal onate, 25
whi ch was then refluxed for 2 hours. To the reaction

m xPHESHVE sdddPnadtcera amb s gt leicetat e, Thel dogedic
by lad'ustnent to pH2 using 2nol/L hydrochl oric acid.
The “89 ¢ foMFaniSCPEAFEE WD K et b 0 @ -dr iTéd raer were

h ' | f , foll. d by distilli
o EHREH 15BN BT, Ha St R st 0T eca 1 ant
. e T 0 |
Chr B Rands O e e et LA IAC abr @20y o) 2
d 6 i.et hyl .
50 pegykde §, gﬁgnf%fé'ﬁ% Yolution was added 750mk o

2-(1-benzothio mal onat'e “as

1H | ye: : . .

1 O Crk L, Sor e A 2ISCHRCRF, £or3 S pengs e
1Hadid=8nd4Hz : =8§n3 OVe

! 7). 7 87(1H %ftE:ggéi&—quggeg???H%O% 8%)%%}%@1%" Srfigne.

et Hyb etiee gtyaot { dn Qsb) usispenskondatd0 23er, ofr diset hyl
2- (1- benzot hi ophen-5-yl ) mal onate were added 1.OrL of

409 ot a3 s pab aspd vox hdr agiideuaqeeous isal, Uinen thid calhnic
0.3nL of water, which was then refluxed for 2
10 layer was separated. To the organic layer was 25.0g of
activated carbon, which was then stirred at room
temperature. Insoluble matter was filtered off, and
the solvent of filtrate was distilled off. To the
resultant residue was added cyclochexane, the crystals
15 precipitated were collected by filtration to provide
194g of 5-bromo-2, 3-dihydro~l-benzothiophen-3-o0l as
pale red solid form.
'H-NMR (CDC1l3)} & value:
2.18(1H,d,J=8.3Hz),3.30(1H,dd,J=12.G,4.4Hz),3.61(1H,dd,
20 J=12.0,6.3Hz),5.30-5.40(1H,m), 7.11(1H,d, J=8. 3Hz),
7.35(1H,dd,J=8.3,2.0Hz),7.50(1H,d, J=2.0Hz)
[0098] |

Example 1-2

HQ

Br Br
— Oy
25 S S




10

15

20

25

hours. To the reaction m xture were added water and
toluene, and the aqueous |ayer was separated. The pH

was adjusted to 2 with 6nol/L hydrochloric acid, and
thereto was added ethyl acetate. The organic |ayer was
20 separated, and dried over anhydrous magnesi um
sulfate, followed by distildd ng off the solvent under
reduced pressure. The resultant residue was suspended
to 5m.  of x@@eﬁ%?t%ﬂtﬁﬂaméeosmgtaqae@fosaoﬁ: @ff2|c5$—

tql uenesul fonj c aci d nonohydrate, which was then

Tt 'f%"r" %Y%%%"é%.en#ﬂ%héepbéﬁﬁmlé Wit ﬁﬂﬁ§gi - 49
u r.r ced pressure, and to the resultant residue
e e BT 2S00 hdad USETRE: e Fape Cher
Wa S t ' atipn to provide 0. . 2-

90 %%n)lz%fhf%rp%nﬁ%l%)acg ifch%clf%la(églﬁﬂl §°$Bfozll8ﬂ/ as
SQdctbd f1of. RGPS € .

3.76( 2H, s),?%. 3(1H ,a/.‘g?’{wégﬁ,‘k%?m&?? gen

7 A4t I35 M 16 TR{dtd S)wd —8f d
[010(% Exanpl e 2-2 &, et Pluds SOLEELLed e E B washe

CuahCAIImI, of acetone. The filtrate and washings were
combined, to which was dropwise added 2700mL of water
at 5 to 15°C. The precipitate was collected by
filtration to provide 268g of S5-bromo-l-benzothiophene
as pale purple solid form.

'H~NMR(CDC1l3) & 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
(Ij / COzEt (/D/\c OZH
——
S S S
(1) To 1,2—dimethoxyethane(10mL} suspension of

0.02g9 of tris(dibenzylideneacetone)dipalladium(0) were
added 0.11q 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




I~s 10 (1) To 1, 2-di net hoxyet hane(l Or.) sol uti on of
Ollg of 10w wtri(tert-butyl)phosphi ne/ hexane were
added 0. 02g of

tris(di benzyli deneacetone)di pal | adium(0), 1.76g of 15
cesi um car bonate, 0.50g of 5-bronobenzothi ophene and
0.61g of tert-butyl nmal onate,gshich was then refl uxed

for 2 hours. Next, thereto were added 0.02g of

tri stdebénzybydenwacetsepe)kditeal,| actidur{rtl)edndrd): ldrghwirous
10%w w)tri(tert-butyl)phosphi ne/ hexane, which was

t heagoepepnugad fage, 1 fhddprwethby désdtiildnng xaflfr e hwas
added. to a m xed solution of 30nm of water and 20nL
of BPRYENtaBBEGEeredHEENBIEESHAS - adThst e@3d t3ni tyesidue

6mol / L h¥drocglorlc ach“ The organic | ayer was
sep’t at BUr 1 §1°daHa1api 841 dGar 98rh Al oTe ééﬁﬂ&ﬁﬁﬂﬂraphy
uILa e {Qléomed b d'stil%i gfé QH ol vent .und
FealiShienr bsufFane THENY) CORPEAE Fedfdde s BpdifIted - 69
using §ili gel 9% 2] tography (el uent; .
hexané?i%%ﬁg} gcé?a gggoﬁﬁ?fgﬂantg 5?&%?&8“@%&935 &Plte
di(géifdbﬂ%%#) 2- (| -benzot hi ophen- 5-yl)nmal onate as
white soll orm 'H NVMR(CDC13) 5 val ue:
1. #4308 ®©pcd, 556! Badhe?- 32(1H, d, J=5. 4Hz), 7. 39(1 H, dd, J
8. 5, L7, o, &3( 1) Jab1 4z} (1uPhf | bl d33Th, Bz ). B386(
1 10 H d,J=8.5Hz) (2) To toluene(2.5nm) solution of
1. 26 ,af, J=€b (412X ;DLAYLIH, dd, J=8.3,2.0Hz),7.45(1H,d, J=5. 4H
2- (1- benzot hi ophen-5-yl ) nmal onat e was
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-(l1-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-



added O. A g of p-toluenesul fonic acid nonohydrate,

whi ch was then refluxed for 1 hour. After cooling the
15 reaction mxture, the precipitate was coll ected by
filtration to provide 0.14g of 2-(1-benzothi ophen-5-
yl)mal onic acid as white solid form 1H NVR(CDC13) 6
value: 4.80(1H,s),7.3-7.5(1d0m,7.47(IH d, J=5.5Hz),
20 7.77(1H,d, J=5.5Hz), 7.89(1H,s), 7. 97(1H, d, J=8. 3Hz)

( 3)bTz Xt betiomt ) - sluspensi onaoid0agOgasde g2efiow solid
benzot hi ophen-5-yl ) mal oni ¢ aci d was added 4ng of p-

t olffeffesul foni ¢ aci d nonohydrate, which was then
refluxed for 1 hour. The solvent was distilled off 25
undér P@HG@E@Jbr@sgﬁiée and to the resultant residue

S% aﬁif& ; f&exfg{e/ ]O%he P eﬁ%?i;{at ergszlﬁogl ect ed
R e

in agreed with the values of exanple 2-1(2).
[Ofgﬁﬁkéxanple 2-3 5 N Br CO2Et S To toluene(3nlL)
Solutdnn Ofo 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

10

Br
/ co, Bu
COH — éf:]:::j,/\130 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), 1.76ég of

15 cesium carbonate, 0.50g of S5-bromobenzothiophene and
0.61lg of tert-butyl malonate, which was then refluxed
for 2 hours. Next, thereto were added 0.02g of
tris{dibenzylidenecacetone)dipalladium(0) and 0.11g of
10% (w/w)tri(tert-butyl)phosphine/hexane, which was then
20 refluxed for 1 hour. This reaction mixture was added
to a mixed solution of 30mL of water and 20mL of ethyl
acetate, and the pH was adjusted to 3 with émol/L

hydrochloric acid. The corganic layer was separated,



tetraki s(tri phenyl phosphi ne) pal | adi un{0), which was
then refluxed for 7.5 hours. To the reaction m xture
was added water, and the pH was adjusted to 2 with
hydrochloric acid. Thereto was added et hyl acetate, 15
and insoluble matter was filtered off. The organic
| ayer was separated, washed wiith water, and dried over
anhydr ous magnesi um sul fate, followed by distiIIin%
of fand hér 5efl vend r umdieyd redacedgpesssur sulThéey edgiltlomed by
residue was purified using silica gel colum 20 h
chraist oht aphyo { €| teat sohesahe BiAy| raEBEaHePECSSHFeg The
provide 0.16g of ethyl 2-(1-benzothiophen-5-yl)-2-
cyarpackiane Beshdre yaf| BUFs6iFd FEIRP SH?N)(&@( 8Bt s umn
5 val ue: B )
1. XAt oerephy) (alvepby Rf*anga tHNYY, 2957618, 4 F55 1
. 25 .
' j = —{1- t hen-

S50 PuAHAE il 4269 500 FREFOFEBRPENLY, o8 LR AP Y R e
H ,d,J=8.5Hz).7.94(1H, d, J=]1. 3 [0102] Exanple
2-451¥fkwa§§ﬁ3t%;%§ %Eﬁgﬁ §$1éH$%O?oruene(25nL)
sus ' . 16 .
diéﬁfgﬁgﬁgggﬁfgp e%??%ﬁﬁsphine)pa!ladiun(ll) were
addeds 7 b 9 120, #fs& {iphgnyhphosRR| agI=6. Ghg)of7 .sedilmmdd, J=

8.5,1.7Hz),7.43(1H,d,J=5.4Hz),7.84(1H,d,J=l.7Hz),7.86(1
10 H,d,J=8.5Hz)
(2) To toluene(2.5mL) solution of 0.25g of
di (tert-butyl) 2-(l-benzothiophen-5-yl)malonate was
added 0.01g of p-toluenesulfonic acid monohydrate,
which was then refluxed for 1 hour. After cooling the
15 reaction mixture, the precipitate was collected by
filtration to provide 0.1l4g of 2-(1l-benzothiophen-5-
yl)malonic acid as white solid form.
'H-NMR (CDC13) & value:
4.80(1H,s),7.3-7.5(1H,m),7.47(1H,d, J=5.5Hz),
20 7.77(1H,d,J=5.5Hz),7.89(1H,s),7.97(1H,d,J=8.3Hz)
(3) To xylene (2mL) suspension of 0.10g of 2-(1~
benzothiophen-5-ylimalonic acid was added 4mg of p-
toluenesulfonic acid monohydrate, which was then
refluxed for 1 hour. The solvent was distilled off
25 wunder 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.




bor ohydri de, 5.79g of potassiumtert-butoxide and
2.92g of ethyl cyanoacetate, which was then stirred

room tenperature for 10 m nutes. Thereto were

added 5.008 of 5-bronobenzothi ophene and 25nL of

t ol uene, which was 10 then refluxed for 4 hours.

Thereto was added 0. 14g of 92

tetrakis(triphenyl phosphine)pal | adi un(Q, which was
then refl uxe@heoCheticwds st valpas et e Bt spectral

5

10

15

20

25

solution were added 25nL of ethanol, 2.82g _of _sqdiym
hydRo%PEds apdr 8t Bithatbe, VAREER RdsSKR e Prihddd -
for 15 6 hours. Thereto was added 2.82g of sodi um
hydPéRilde, which was then refluxed for 5 hours. To
the reactiqgn_ m xture were added 15nL of water and

0. EgeBPI5cer

filtered off. The aqueous |layer was separated, and to
the solution was 20 added 35niL of ethano The pH was
adjusted to 2 with 15nL of hydrochloric Qcid. Thereto
was added 15ni_of t @y, Which
40C. Thereto #asy adged 30n off/
stirred. Afte i [
was col | ected %y 97
2- (1-benzot hi ophen-5- yl)acetic acid as pale yell ow
solid form The Chemical shift values of 'H NWR

(. i I
ey DY St shaartany

Qated carbon, and insoluble matter was

irred at
’ 'éﬁ% S
2 e precipitate

filtratio fo provi de 3.38g of

anpl e r
cyanocacetate were added 0.41g of potassium tert-

butoxide, 0.30g of 5-bromobenzothiophene and 0.02g of
tetrakis (triphenylphosphine)palladium(0), which was
then refluxed for 7.5 hours. To the reaction mixture
was added water, and the pH was adjusted to 2 with
hydrochloric acid. Thereto was added ethyl acetate,
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-
cyanocacetate as pale yellow solid form.

'H-NMR (CDC1l3) & 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)




S To 1, 2-di met hoxyet hane(25nL) suspension of 0.16g of
di chl orobi s(tri phenyl phosphi ne)pal l adiun(l1) were
added 0.12g of triphenyl phosphine, O A g of sodium 10
bor ohydri de, 5.53g of potassiumtert-butoxide and
3.48g of tert-butyl cyanoacetate, which was then
stirred at roomtenperature bar 10 m nutes. Thereto
was added 5.00g of 5-bronobenzot hi ophene, which was
t henfOldfdluxed for 2 hours. After to the reaction

m xture was added 15 15nL of water, the pH was

adj Ustasbiteo Z-40i t h 2nl of  hydrochloric acid. The
precipitate was collected by filtration to provide
5.69g of tert-butyl 2-(1-

benzot hi ophen-5-yl)-2-cyano@bet ate as pal e yel | ow

solig o -B20 1H b val ue:
1. 45¢9 4. Z3(1H, HoQ,Ef =5 6hiz (7. H, {92
8 S S

.5,2.0Hz), 7. 52( 1H, d,S:]=5. 6Hz), 7. 91( 1H, d, J=8. 5Hz) , 7. 9-
8.0(1H, M 95 [0104] Exanple 2-6 N MS Br / CO2LBu

CQ2H S ~ -~ S To 1, 2-di met hoxyet hane(1. OOL) sol ution

of 250g of 5-Thr dobemrotHimphensyenelondell 2766906L5

pot assi umtert-butoxide and 174g of tert-butyl

cyaddgbdracd i stiarighe ngimh aridelde® Pl afium{II) were added

5 0.12g of triphenylphosphine, 0.01g of sodium

, (1

borohydride, 5.79g of potassium tert-butoxide and 2.92g
of ethyl cyanocacetate, which was then stirred at room
temperature for 10 minutes. Thereto were added 5.00g
of S5-bromobenzothiophene and 25mL of toluene, which was

10 then refluxed for 4 hours. Thereto was added 0.14g of
tetrakis (triphenylphosphine)palladium{0}, which was
then refluxed for 2 hours. Next, to the reaction
sclution were added 25mL of ethancol, 2.82g of sodium
hydroxide and 5mL of water, which was then refluxed for

15 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 coff. The
aqueous layer was separated, and to the solution was

20 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




di chl orobi s(tri phenyl phosphi ne) pal | adi un(11) and 6. 15g
of triphenyl phosphine at 80 to 85C, which was then
refluxed for 2 hours. Next, to the reaction m xture 10
wer e added 500nL of ethylene glycol, 250n of water
and 263g of potassium hydroxi de, which was then
refluxed for 4 hours. To tH§4react|on m xture were

dded 1.50L f ter d 12.5 f ki hr .
?cgﬁﬂgaaewarEaug’?ro%#dgﬂévgﬁee%f&znéh% r%a%aa“r pen=5-
Af t qubIe matter .was filtered to the
fiyigg?g nhs54dedS2BBHE 3F 3I38ﬁéd ﬁ&“‘he aqueous

STim of 1o ABRaCERni oL, PRarRISRTNR S BATLHERNR, 8 93?3”‘1
Waspn, ﬁbéftqg% #‘Wﬂﬁﬁ @Q@n¥a9uesh89r %Q#ﬁiéCZQQ

and t ayer was separ at ed. e organlc

5Ia¥§{0g@s treated with 12.59 of activated carbon. The

vent was distilled off under reduced pressure, to

whg glmpas added tol uene. The precipitate was
collected by filtration to provide 176g of 2-(1-
benzot hi ophen-5-yl)acetic acid as white solid form 96
The Chemical shift values of 1H NWR spegpyal in CDC13
agr eed mnth t he values_of exanple 2-1(2)]. [0105]

4-bronnbenzof~ eF eg-U~3F0 of potassium
tert-butoxide, 0.21g of tert-butyl cyanoacetate, O Og
of dichl orobis(triphenyl phosphi ne)pal |l adi un(l1) and
To 1,2-dimethoxyethane (25mL) suspension of

0.16g of dichlorobis (triphenylphosphine)palladium(II}

were added 0.12g of triphenylphosphine, 0.0lg of sodium
10 borohydride, 5.53g of potassium tert-butoxide and 3.48g
of tert-butyl cyanocacetate, 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 2ZmL of
hydrochloric acid. The precipitate was collected by
filtration to provide 5.69g of tert-butyl 2-(1-
benzothiophen-5-~yl) -2~cyanoacetate 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)



O d g of triphenyl phosphi ne, which was then refluxed
10 for 40 m nutes. Thereto were added 0. 33g of

pot assium tert-butoxide, O dg of

di chl orobi s(tri phenyl phosphi ne) palladiun(ll) and

O d g of triphenyl phosphine, which was then refl uxed
for 30 mnutes. The reaction nfXture was added to a
m xed sol ution of water and ethyl 15 acetate, and the
pH wa818djusted to 1 with 6nmol /L hydrochl oric aci d.
The gr%anac | ayer was separated, and dried over

anhy 878U fagn8si um sul fate, followed by distilling
of f the solvent under reduced pressure. The resultant
residue was purified using silica gel colum 20

chromat ogr aphy (el uent; hexan Net hyl acetate = 5:1) to

provi ge_0~26gBef tert-.Qu t
2- (12 @ : cyaﬁgat.,Bé‘t ate gﬁCOZH
oily & al ue: 97

N
1.42(9H, s), 5. 03(1H, s), 7. 39(1H, t, J=7. 8Hz) , 7. 49( 1H, d, J=7

8Hz), 7. 54(1H, d, J=5. 6Hz), 7. 59( 1H, d, J=5. 6Hz), 7. 92(1H, d, J
= 7.8Hz) (2) To &t hydemethbygekhknertl) 09dl)utsicdmtofon of
0.258 5 of tert-butyl

2- ( 129mzef hPophemchenkptniephavacweiee adgede Zddged

1. OnL of aqueous sol ution of 40% w w) potassi um

hy dreXaies B beBhtbetovader anghitdAg Rés tem&mbstivir ed

at 95 to 105C for 1 hour, To the reacti%n m xture

ver EHIRACHER €7 - antiPebEhenBeranadeRe $0<aquedus | ayer

10 SRR R 8% e B RPRRShR 888 Bert RO 6150

The ¥ W&ér@fﬁh%bfﬁgaéét §8’ tgnQSd(E,i ensjhich was then
refluxed for 2 hours. Next, tc the reaction mixture

10 were added 500mL of ethylene glycol, 250mL of water and
263g of potassium hydroxide, which was then refluxed
for 4 hours. To the reaction mixture were added 1.50L
of water and 12.5g of kieselguhr (cellpure, product of
Advanced Minerals Company). After inscluble matter was

15 filtered off, to the filtrate was added 250mL of
toluene, and the aqueous layer was separated. To the
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.

20 The organic layer was treated with'12.5g of activated
carbon. The solvent was distilled off under reduced
pressure, to which was added toluene. The precipitate
was collected by filtration to provide 176g of 2-(1-

benzothiophen~5-yl)acetic acid as white solid form.




over anhydrous magnesi um sul fate, followed by

distilling off the solvent under reduced pressure. To

15 the resultant residue was added cycl ohexane. The
precipitate was collected by filtration to provide

0. 15g of 2-(1-benzothiophen-4-y|)acetic acid as white
solid form l+NM%CDﬂ3)ESVa®e 20
3.95(2H,s),7.2-7.4(2H m, 7. 41(1H, d, J=5. 5Hz)

7. 47( 1H, d, J=5.Bpe)Clrespeahy, shity. gagypes) gfosH-ERnppactral
3-1 COxHOH S S To 340nL of tetra rof uran S
susplého%%cbsags@e?g Wdft%&d}%ma&&%%%g %%am%eaﬁr%ﬁm

wer e ed tetrahydrofuran(340n.) solution of 1709
of (ﬁ nzothiophen-5-y|)acetic acid, and 65.1g of
sul f successively, whi ch was then stirred at
room nperature for 2.5 hours. To this reaction

n1xture was dropwi se added 85nL of acetone, which was

then stirred for 30 minutes. Thereto wefe added 510n
Of b =
separated, to whi chBas added 510nL]of water,

wat er and 680nL of tol uene. Bg | ayer was

and t he

CO,H

10 pH was adjusted tiQ 12 with 4 209&m/mbsod'um

hydr oxi de aqueg
separ at ed, and“as
distilling off ol vent. Thé&teto"were added

10

15

20

To 1,2-dimethoxyethane (3mL) solution of 0.30g
of 4-bromobenzothicophene 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)
paliadium(II} and 0.01g 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 émol/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.

'H-NMR(CDCls) & value:



16

15

20

cycl ohexane and tol uene. The precipitate was coll ected

15 by filtration to provide 135g of

2- (1- benzot hi ophen-5- yl)ethanol as white solid form

"'"H NVR(CDC13) 6 val ue:

1.41(1Ht,J=6. OHz), 2. 99(2H,t, J=6. 5Hz), 3. 8-4.0(2H m,
7.22(1H,dd, J=8. 3, 1. 7THz), 7. 3@(1H, d, J=5. 4Hz), 7. 44(1H,d, J
=20 5.4Hz),7.6-7.7(1H, m, 7. 83(1H, d, J=8. 3Hz 0107]
Exians! €913 ,To. G libfs )1, 2- 3P hbkihbxyet hBHe) wds 42 (1H,d, J=7.
suspended 2.95g of sodi um borohydride, to which were
cﬂ&ﬁﬁﬁéﬂ}3&%%&kﬁxﬁﬁ§2§@¥h€?h@%&éghgnQTQSﬁﬂf}sakggﬁéﬁfd'J=
of | of (1- benzot hi ophen-5-yl)acetic acid, and |l nL

of 7 W&ol / L hydrochl ori de/ 1, 2- di met hoxyet hane

f §¢2“>t1i ﬁﬂur.“‘f“T%%h%“ﬁle@%Q:flei%Mi?’ﬂf&% PBT kg BEue2so
h e Fhies .

%ﬁ%@-ﬁ%&y@f??@fﬁe%@&éﬁﬁ%ﬁa? "t é??j%a&%%@ate

T R S T

Sqfh%umﬂ)/)gzgcgzgiscg%hlﬂﬂ USPHSox SQL UshQNe . SE SEJRALEr] avelich

was separ e organic layer was dried over

anydrois, nagnesddmews ate, 1069t | ryed o stitditige
of f the solvent. Thereto were added cycl ohexane and

t dlelienE.onl el 86 phd Bt eadasd IRatet| entledobyene, and the
filtration to provide 7.84g of 2-(1-

bengaihiophare’s-wdd etdpaodtes. whThe bl wdsf edfusted to 2
[0108]
with 6émol/L hydrochloric acid, to which was added ethyl
acetate. The organic layer was separated, and dried
over anhydrous magnesium sulfate, followed by
distilling off the solvent under reduced pressure. To
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(24,s),7.2-7.4(2H,m},7.41(1H,d, J=5.5Hz},
7.47(14,d,J=5.5Hz),7.82(1H,d,J=7.8Hz)
[0106]

Example 3-1

OH
(Ij\cozH . (tg/\/
S S

To 340mL of tetrahydrofuran was suspended




Exanpl e 3-3 To 40nL of tetrahydrofuran was suspended
15 4.72g of sodi um borohydride, to this solution were
dropwi se added tetrahydrofuran(60nL) solution of 20g

of (1-benzot hi ophen-5-yl)acetic acid, and 6.12g of

sul furic acid. The solution was heated to 66C,

followed by distilling off abdii 40nL of the sol vent

20 under normal pressure, which was then stirred at
sane50t dapef asadeunoborohydr idart &0 wbGIGng et duarped

reacti on m xture was drogmnse added | OnL. _of acetone,
whi chefhadhyfeplerpp(d40mGy §91H1tﬁ8f1e§f %Hé?rgetoof v&e]r

dded 90 8Qn_of h

25 fea?%%%gog%ﬁ%fétgﬂ%fzstaxﬁf’éﬁtl SSBuey e lturic
t d .t t t

ol 1914 S AL UF b3T o8 il das. BPl AN %%n@.mc

13368{%?;%‘????{?9@ §¢>f d? h%’aﬁB gowi t %ng%e re%'dt‘l‘%%d Rkture

€ SO vent reto were

addegl; C&f&@b@;@ngdags behyene: aEEQO%eC Ly (M Gafikhen
col l ected y t1l

tration to provide 16.5g of

2- (1sbepeeg hiophen-rinyt et hangbrasowWiictre Selded fHaromML of
5 The Chemical shift values of 1H NVWR spectral in

CDClida gt e£6d We 8 bmt hef vabuasnel expspbegdnic [1@1QY was
Example 4-1 H ~~CN CN ~~CQ2Pr C~~CQ2H S -~ S
separated, to which was added 510mL of water, and the
10 pH was adjusted to 12 with 48mL of 20% (w/w)sodium
hydroxide agqueous 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
15 by filtration to provide 135g of 2-{l-benzothiophen-5-
yl)ethanol as white solid form.
'H-NMR (CDC13) & value:
1.41(1H,t,J=6.0Hz),2.99(2H,t,J=6.5Hz),3.8-4.0(2H,m},
7.22(1H,dd, J=8.3,1.7Hz),7.30(1H,d,J3=5.4Hz),7.44(14,d,J=
20 5.4Hz),7.6-7.7(1H,m),7.83(1H,d,J=8.3Hz)
[0107]
Example 3-2
To 5mL of 1,2-dimethoxyethane was suspended
2.95g of sodium borohydride, to which were dropwise
25 added 1,2-dimethoxyethane(25ml) soluticn of 10g of (1l-
benzothiophen-5-yl)acetic acid, and 1llmL of 6.9%mol/L
hydrochloride/1, 2-dimethoxyethane solution, which was

then stirred at room temperature for 1 hour. To this



(1) To toluene(5nL) suspension of 0.23g of 10

4094w w) benzyl t ri met hyl amoni um hydr oxi de aqueous

sol uti on was added 5.00g of 2-(1-benzothi ophen-5-

yl ) et hanol, and dropw se added 2.20nL of acrylonitrile
at 0 to 5C, which was then stirred at 0 to 20C for 1
hour. To this reaction m xturé&@9as added 0.125nL of

15 hydrochloric acid. Thereto were added 10nL of
propemettian GrixbRroavesr @raPYisgLagresyPmyr iod ageFone,

whi ch was then refluxed for 6.5 _hours. After gggjlng
g t'HRl FlR e $ ohh AR xE bt BE Rer E0&ddEdm 4B 5T &g Were

2 d?q?%%é%@rrfaﬂﬁ%?esé’%gﬁigﬁg's,%eig‘@m GRoBALALE]: 9,10, /1
I

'd.“:ﬂw LT 5 g L RELEY DB Yoo <o

f AR QLSébagﬁﬁgﬁkrdg:%lx‘i% %%eous

rowa ographylbeluent exane: et acetate =

7 1)%$fh$H§W'd@hg gﬂ?aﬁicplg ¥k ﬁaQZS@%aQ%Qé@th'Qﬁ@e@rganlc

5-yl) et hoxy)propi onate as co | ess oi form
1H NVRIEGDGI3Y & Vad USve P anh¥drous magnesium sulfate,

0.91(3H,t,J=7.4Hz),1.57-1.67(2H, m, 2. 58(2H, t, J=6. 4Hz) ,

2. 9K RH dwekF by HE) s Bi Y1{ 24, £ 8=ThkHep13eRd( 2HThedeAMere

?,4-iﬁdéﬁi¢ydrﬁhé%aﬁe7aﬁ@(ﬂ$ﬂddné =8. 2he. pHeripi28(keHwa s

, J=b.6Hz),7.41(1H,d,J=5.6Hz),7.60-7.70(1H, m,7.78

JOLH, cchJJ:es:m@)by 16iY Qx)anbomrem anao(rigm_ji 84bupifoR ~dfl -

%2( %e(nozfqrgﬁcmhﬁ@p‘@rehl Be"ym%@h o%5) pRréprofaté wdSTBdded

mat%&%%%ﬂﬁ) solution of 2.76g of potassium hydroxide,
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 aqueous solution. The organic layer

was separated, washed with water, followed by




whi ch was then stirred at roomtenperature for 1.5
hours. This reaction mxture was distilled off under
15 reduced pressure, to which were added 36nL of
toluene and 36nL of water. The pH was adjusted to 1.9
with 8L of 6nol/L hydrochloric acid. The organic
| ayer was separated, followe@d by distilling off the
sol vent under reduced pressure. Thereto were added
12¢éisbilidhdenéf2bhango2apntof a8yt téiesedife et added
preciEitate was col |l ected bﬁ filtration to provide
8. 91glehenaps- pad beARBRRI opAER- BPEPOIEIRGHP) pichihilected
acjd gs.white solid for ' VR 13) val ue:, 2
s BTy EoB ks ‘BBt R, 16359 Ploy 3 17BEsRAt TR -5-
z . .
), BLYaEBRReL 28 whETe7596¢ I HE8d™=8. 4, 1. 6Hz) , 7. 27( 1H, d
d . . 1
5 3=5. 5, 0. 6H] 5. AOFTECAL 98B 1E R, Y37 V8S. 970 TMR, SBegE Tt
(1 J_‘hdcﬁc?fg U)o D2y (IPIH Fxpaps eoé-éx%bw@-\ll.lo S
-~S N~ 1"0~COZBu ' O-~CQZH S o (1) To
t ol ¢'eme{ 5Snl) suspension of 5.008 of 2-(1-
benzot hi ophen-5-yl ) et hanol were added 0.23g of 5
4084 avhyw) depzy! tri met hyl ammoni um hydr oxi de aqueous

sol ution and 2.28nlL of tetrahydrofuran, and dropw se
added 2.20m. of acrylonitrile at 0 to 10C, which was

H
oy =y —
S S
Y eor e Yo
S )

(1) To toluene(5mL) suspension of 0.23g of

10 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

15 hydrochloric acid. Thereto were added 10mL of
propancol, 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

20 dried over anhydrous magnesium sulfate. After
inscluble matter was filtered off, the solvent was
distilled off under reduced pressure. The resultant

residue was purified using silica gel column




then stirred at sanme tenperature for 1.5 hours. To

this reaction m xture were added O.InL of hydrochloric

10 acid, | OnL of butanol and 5nL of 50%w w) sulfuric

acid, which was then refluxed for 15 hours. After

cooling, to the reaction m xture was added |5nL of

wat er. The organic | ayer was geparated, and dried over
anhydrous magnesi um sul fate. After insoluble natter

15 wakrémbtegedpbif (eflhensol remanmastdivit iddegdtaf f= 15:1 to
under reduced pressure. The resultant residue was

puri Tr el tasprgviiei da2del ofopyapyl 3-(2-(l-benzothicphen-
chromat ogr aphy(el uent; hexane: ethyl acetate = 10:1) to
prov?d%l e%@@xg*pggpypnate as colorless oily form.

3-(2r e zoth| o hen- 5 yl') et hoxy) propionate as 20
col or('fé\?% mValPgiNVR( CDC13) 5 val ue:

0 926 361 t3d ¥ §H;)4lg[23301154[5§2|5|7%ﬁ 13022 s Jnzy,
_( 2H 3 J5foBHe) 52 9Pzl 5. 9T (2h18) 027 Tk, B Y21, 26 ane
T4(2H 4 ,07628H2) 596 094211, 4. I5614HaY, §-8101H @82)5% 26k 1H, 4,
7Hz) 775 2844H, ﬂd41]|(:|§H4d0J1‘5|ZQSHZ) 43(&bi-4. d53145%) , 7-.6%

7.70(1H M, 7. 78(1H d, J=8 (2) To methanol ém_)

sol utimpm,of=5. Hg) of butyl 5

3-(2-(1-benzot hi ophen-5-yl ) et hoxy) propi onat e was added

Mt efq)5nL) sol T imetlodndl 108mDf golassonnolfydeovigdef propyl
which was then stirred at roomtenperature for 2

hourZ- (2 Ttrﬂi-sberrea:mhmphndﬂx-t-@ﬂel Weshdkgi prbpdooateumder added
reduced gressure to which were added 30niL of tol uene

and vZOMAr ([I2rdf) vierlert iameopH whsY adf usebassdum. bydicopide,

3.5nL of 6nmol/L hydrochloric acid. The or%anl c |ayer
WaSwhlch was then stirred at room temperature for 1.5

hours. This reaction mixture was distilled off under
15 reduced pressure, to which were added 36mL of toluene
and 36mL of water. The pH was adjusted to 1.9 with 8mL
of 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(2H,t,J=7.1Hz),3.72(2H,t,J=7.1Hz
).,3.74(2H,t,J3=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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15

20

separated, followed by distilling off the sol vent
under reduced pressure. Thereto were added 15ni of
toluene and 30niL of cycl ohexane. The precipitate was
collected 15 by filtration to provide 3.60g of
3-(2-(1- benzot hi ophen-5-yl)ethoxy)propionic acid as
white solid form The Chemigal shift values of 1H NWR
spectral in CDCl3 agreed with the val ues of exanple
4 10210120 [0111] Exanple 4-3 14 130~ S S 0 COzwme
| O-~CZH 01 I, DOS 14 S 14 (1) To tol uene(5nl)
su%%@%@l@n4o? 5. OOg of 2-(1-
benzot hi ophen-5-yl ) et hanol were added 0.23g of 104
400(mﬂmbbenzy|tr|nethylannonlunlhydrOX|de aqueous

ropw se
Wi oroMas-Pen

ht 5C, WhIC
- rs. To this reaction 5
of hydrochloric acid, 10
Thereto 0

. After cooling, tWQ e~Feacti on
m xture mere added 15nmL of water and | OrL of tol uene.
The organic

(1} To toluene (5mL) suspension of 5.00g of 2-(1-
benzothiophen-5-yl)ethanol were added 0.23g of

40% (w/w)benzyltrimethylammonium hydroxide agqueous
solution and 2.28mL of tetrahydrofuran, and dropwise
added 2.20mL of acrylonitrile at 0 to 10°C, which was
then stirred at same temperature for 1.5 hours. To
this reaction mixture were added 0.1lml of hydrochloric
acid, 10mL of butancl and 5mL of 50%(w/w) sulfuric
acid, which was then refluxed for 15 hours. After
cooling, to the reaction mixture was added 15mL of
water. The organic layer was separated, and dried over
anhydrous magnesium sulfate. After inscluble matter
was filtered off, the solvent was distilled off under
reduced pressure. The resultant residue was purified
using silica gel column chromatography(eluent;
hexane:ethyl acetate = 10:1) to provide 6.65g of butyl
3-(2-(1-benzothiophen-5-yl}ethoxy)propionate as
colorless oily form.

'H-NMR (CDC13) & 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.



10 l ayer was separated, and dried over anhydrous

magnesi um sul fate. After insoluble matter was

filtered off, the solvent was distilled off under

reduced pressure. The resultant residue was purified

using silica gel colum chromatography(el uent;

hexane: et hyl acetate = 5:1) tq@o3l5 provide 7.36g of

nmet hyl 3-(2-(I-benzot hi ophen-5 yl) et hoxy) propi onate as

col off4d248l, di, y-6f. GHm) , 411NN, EDCEY . Blajal UeZl (1H,dd, J=8.3,1.
2.58(2H,t,J=6.4Hz),2.99(2H,t,J=7.1 Hz), 3. 65(3H,s), 3. 71(

2 7Hz),7.28(1H,dd,J=5.4,0.7Hz),7.41(1H,d,J=5.4Hz),7.65~

Ht,J=7.1Hz),3. 74(2H,t, J=6.4Hz), 7. 20(1H,dd, J=8. 3, 1. 7Hz
)y 26-70(1H,m),7.78(1H,d, J=8.3Hz)

, 7.28(1H,d, J=5.4Hz),7.41(1H,d, J=5.4Hz), 7. 65-7. 70(1 H

, 7.%( 1H, d, I8, @)ﬁﬁ‘a(‘?;l <f&%ﬁ%%€5mf idid o Gty

5.00 t hyl -(2-(1-b t hi ophen-5-yl) et

DF’opng%t‘ g‘iﬁgéngagggop éS?g’ﬁ-ﬁ)é {}{}ipogﬁ/po#oerf oxé?raosf added
tassi ' .25 whi ¢h t tir.red

Perpar bbb enParatinaPl Seri a bRl s By RlasdiiRe,

di still d '
SLAbE, B VOB UG PSR S o

added uene ‘an

adj ushed 18adt oW hxPlke0{ial0ai 8M0l1/dd M QR ieduced

acid. The organic |l ayer was separated, foll owed by

di stprbikBgref f tbhgnsehvaBreladaed PRotIced AASKHHE and 30mL
Thereto were added |l L of toluene and 30nmL of

thcl onexater. ThEher pHI phbabajvwatecoltoedt.&d Wi thy 3.5mL of

filtration to provide 4.51g of 3-(2-(I-

benzatbdl dhhepdbeogh) erhoxgprdopi Ghiec cagiach iss lwhictre was

solid form The Chem cal shift values of 1H NWR

spect¢pdrated, followed by distilling off the solvent under
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
)y
S S
(]@/\/ CO,Me (/jg/\/ CO,H
S S

(1) To toluene (5mL} suspension of 5.00g of 2-(1-

benzothiophen-5-yl)ethanol were added 0.23g of



5

10

15

20

25

in CDC13 agreed with the values of exanple 4-1(2). 10
[01121 Exanple 4-4 CHON"~\CN 14 S!~ S ~-CO2Pr 01
O-\CX2H To tol uene(501) suspension of 50.0gy of 2-(1-
benzot hi ophen-5-yl) et hanol was added 2. 35g of

409% W w) benzyl t ri met hyl ammoni um hydr oxi de aqueous 15
sol ution, and dropw se addetl0d7.9g of acrylonitrile at
8 to 15C, which was then stirred at 10 to 20C for 1.5
hotiP% (w1e) benzyt eneneohyhRRTONE Ule Ny dy@dd d el APBYAO US
hydrochl oric acid, 100nL of propanol and 5.05g of

vasetut Tpra2d nwedd@kophi setaabydrssugiof a8E Axorwise
OBty 2 1 S2Thet T oREEY BAM KL LFe2has Guduh-hofieS oFen
kel i L1 §8Y e SRl o TTEL L MBS o
veb SRTRT engchbbenact i, 56 BLGBOLATSRIE Pt Utha o

Po JéﬁgI%%dgiﬁigafﬁgt69nw9£éiureTH@ESthagg Zi@%d@hced

f "water. The aqueous | ayer was

sepajff eds %ﬁ&%&@é@ YReopdded RA98L Rbst ehuaneertitg&epHor
was adjusted to 0.9 with 6nol/L hydrochloric acid,

and Rderor g@(‘f@er'@d@liﬂ?ﬁ sepanat edachibar mik@ure were

sol vent was distilled off under reduced pressure,

t hedddd Vi @fldegt &Omdndf10mL of toluene. The organic
layer was separated, and dried over anhydrous magnesium
sulfate. After inscluble matter was filtered off, the
solvent was distilled off under reduced pressure. The
resultant residue was purified using silica gel column
chromatography (eluent; hexane:ethyl acetate = 5:1) to
provide 7.36g of methyl 3-(2-(l-benzothiophen-5-
yl)ethoxy)propionate as colorless oily form.

'H-NMR (CDC13) & value:
2.58(2H,t,3=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)
;,1.28(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-(l-benzothiophen-5-yl)ethoxy)propionate was added
water {5mL) solution of 1.27g of potassium hydroxide,
which was then stirred at room temperature for 2 hours.
This reaction mixture was distilled off under reduced

pressure, to which were added 30mL of toluene and 30mL

of water. The pH was adjusted to 1.0 with 5mL of



10 toluene and 125nL of cycl ohexane. The precipitate

was 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 Chenical shift values of 'H NWR

spectral 15 in CDC13 agreed with the val ues of

exanple 4-1(2). [0113] Exanpke54-5 CHO % S S

0'~—~C2Me / O~'~COZH S S To toluene(260nL)

suspehal Oh bydreoglerig- ¢FidenzBhRi opbenis- wa))’@tmm

wer e added 43.8g of 2 20 propanol and 1.64

pot a3 YRR it - Eﬂa%bszwag bmﬂéﬁtw\f&énﬂh@ﬁfs |hrer§él>lf"@rnt under

0.5 ho After cooling the reaction mxture tq 15

therETdioed BFSpARLE- adﬁ‘aareﬁ%@esfe 2805 Fon (3, oluene

whi ch en.stir at 15 tq 107_ 25C.for hou
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addeth A#80L of water and 520nL of tol uene, and the
organi c |l ayer was separated. To the organic | ayer were

dropwi se addedrréQmieicidet Slanpt aaduvat of( 260M4R spectral
sol ution of 164g of potassi um hydroxi de, which was

thenn CDCl; agreed with the values of example 4-1(2).

10 [0112]

Example 4-4
OH O
<§:]:::]/”\»/ 4;:]:::]/’\~/ ~"cN
S S
(/;©/\/ CO,Pr (D/\/ COH
S

Tc 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




10 stirred at 30 to 35C for 2 hours. To this reaction
m xture was added 260nL of water, and the aqueous

| ayer was separated. To the aqueous |ayer were added
520nL of toluene and 260ni of water and dropw se
added 234nL of hydrochloric acid, and the organic

| ayer was 15 separated. Afterl®®0nlL of sol vent was
distilled off under reduced pressure fromthe oagan

| ay 9818l Oleke it TROATEPYESEl SHEXANESE ThA OmL)

260D S - Eet ot PHRE B! SERROKI B oBlORcas

"Ei %iig; it i r'jstgiﬁ: %ft"erfﬁ%el%%%gg%éi%-%}%&fﬁé ro
Fe I e wélp%é%%‘d%? g@xj{w%éf téPudfe and

t ol uene( suspension o

Benzeihl ey ) efhangl, ass adged: 4,229:0H2 p9HEQUS

solution of 40% wW w) benzyltrimethyl anmoni um

hydrguerdao waiyl didnisrmdded & Ddenof essypbRNiAEi h&justed
at 30C. 108 After cooling the reaction mxture to

20Ct o heretd tWassmadr Ap W yaEr astiiask- 63. £@i@f and the organic
acrylonitrile, which was then stirred at 15 to 25C

f or 12veounss Begdruatadcactifirer nibe el vwene edsedi2Znlled
of hydrochloric acid and 180nL 5 of nethanol. Thereto

was Cift nodigged-egirest dnedroyen Wit oeticevere 19dded 25QnL of
whi ch was then stirred at 30 to 40C for 30 m nutes

18nd trdienge @icorl 23mHomrds CyAr ke xani i nghe thr¢gkpitate was

reaction m xture was added 360nL of,
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
15 in CDCl; agreed with the values of example 4-1(2).
[0113]

Example 4-5

OH O
O
S S
(/j©/\/0\/\COZMe (/—D/\/ 0\/\0 o,H
S S

To toluene(260mL) suspension of 260g of 2-(1-
benzothiophen-5-yl)ethanol were added 43.8g of 2-
20 propanol and 1.64g of potassium tert-butoxide, which
was then stirred for 0.5 hours. After cooling the
reaction mixture to 15°C, thereto was dropwise added

116g of acrylonitrile, which was then stirred at 15 to



water, and the organic | ayer was separated. To the 10
organi c | ayer were dropwi se added 180nL of nethanol
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 360nL of

wat er, and the aqueous | ayerlWds separated. To this 15

aqueous | ayer was added 360nmL of toluene and dropw se
addedd HIGH lofhAydr ol oS atG LT 0w If‘#ét‘éﬁ%a‘ﬁ‘?’ée added

| a was, se rate After 126 of sal ven
i 281 TTAT Pt EGRTo ot na i O ongafh PEOREERe Bl gand: 78- 99

I h dded h

Zgygfrem%ﬁe;? Ll %%‘w%a%%g LTINS H R SR
2oaghids (g (o Aegepsde 0 “%?f’c%q“‘é%% AL For 3

spf hdiNVR faéo {h(gDCééEXeﬂéefgaMBnt mxxakee%e%

exanple 4-1 anple 5-1 109 I\ 0~~802H

ACtd gedd omoﬁ, Iﬂ!&*%aa@eﬁ amﬁ 520mr. e tMaent, Oaha thal
of 1, 2-di net hoxyet hane was di ssolved 5 10. Cg of

3- (Grdah e rnzotd ophensSpytd €ENOXYTHr ORe 0Bk §andel Uayer were
Thereto were added O I nL of N, N dinethylformanm de and
5. 2B mii ddiaddd chd il def mdatlednol and water (260mlL)
solution of 164g of potassium hydroxide, which was then
10 stirred at 30 to 35°C for 2 hours. To this reaction
mixture was added 260mL of water, and the aqueous layer
was separated. To the aqueous layer were added 520mL
of teoluene and 260mL of water and dropwise added 234mL
of hydrochloric acid, and the organic layer was
15 separated. After 390mL of sclvent was distilled off
under reduced pressure from the organic layer, thereto
was added 1040mL of cyclohexane. The precipitate was
collected by filtration to provide 326g of 3-(2-(1-
benzothiophen-5-yl)ethoxy)propionic acid as white solid
20 form.
The Chemical shift values of 'H-NMR spectral
in CDCl; agreed with the wvalues of example 4-1(2).
[0114]
Example 4-6 A
25 To toluene (360mL) suspension of 180g of 2-(1-
benzothiophen-5-yl)ethanol was added 4.22g of aqueous

sclution of 40%{(w/w)benzyltrimethylammonium hydroxide,

and dropwise added 8.04g of acrylonitrile at 30°C.




was then stirred at roomtenperature for 1.5 hours.
This reaction solution was dropw se added to a m xed
10 solution of 501 of water, 7.19g of sodium

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 addéd®onm. of water. The

|p|r e%prj L artl?c(og\l\ﬁ?iil_g?%lljﬂggcrteeadctbiyor{ inllitgtat.tlrieonté % (S)JCO,Vitqqeereto was
b i_ophen-5: yl ' I tidin-3:0l
eSO Sl S0y B A el 8 ik s chen
2.25-.2.; H,.0) .2 obv, =1 05-3.8Q, . ;
2,5 8 A e Jo 6 00 seacnion

4. 25l Hrre? 1 Qe adfieb 17 - o0 (W b s B Jaé%‘!%l)Hand 180mL

7.27(1H d, J=5. 4Hz), 7. 40(1H, d, J=5."4Hz), 7. 62- 7. 66( 1H, m)

75780 Hm@thaBoldtlz) THakkGle Wanpltednidedd Iny ldfmy@fogen
tol uene was suspended 29.CQg of 3 110

( 2- ( thherzakehiaephen-+or VSPel haky -pr @gsothenasitd.rred at 30 to
Thereto were added 0. 6nL of N, N-di net hyl f ormam de and

14. 5¢408¢ fdorodylmehboesdendwhe€hurads tthen 3shioured atafter
roomtenperature for 2 hours. After that, 62nL of 5

sol veaplaag, dicst ithiee g eafcft iiprd vi 9tachec edh praskiag o3 60m sof
reaction solution was dropw se added to a m xed

sol u¥RbRTef 2aB¥nthef oxgEaic 13ved orRSsSERARahR} oxiTe the
.of _3-azetidinol 1/2 tartrate at 10 to

nd 25.7 20C,
T cATHATLENAAYEE: PEEE Sropyiss ssiderbr Bpnlont dirfianol,

Ieftand water(180mL) solution of 113g of potassium

hydroxide, which was then stirred at 30 to 35°C for 2
hours. To the reaction mixture was added 360mL of
water, and the aquecus 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 126émL of solvent was distilled
off under normal pressure from the organic layer,
thereto was added 1080mL of cyclohexane. The

20 precipitate was collected by filtration to provide 222g
of 3-(2-(l-benzothiophen-5-yl)ethoxy)propionic acid as
white solid form.

The Chemical shift values of 'H-NMR spectral

in CDCl; agreed with the values of example 4-1(2).

25 [0115]

Example 5-1




10 unattended overnight. After cooling the reaction
solution, the pH was adjusted to 6 with 7nL of acetic
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 )azeti di n-13:%| as white solid form
The Chem cal shift values of 'H NWR spectral in CDCLl3
agreed with the values of exanple 5-1. [0117] Exanple
5-3 20 | 5 of @, 2-ehnet hox a was di ssol ved
50. o} -(1-beﬁ?ﬁ?hxﬂﬂﬂénégiﬁfnghoxy)propionic
aci d o was added 26.1g of thionyl chloride,
whicﬁsmas then refluxed for 2 hours. After cooling,
this reactio 0 ' was dropw se added to a

AINGZ5 Pt et e 26 -

ed
25 solution © ) W&OH
hydr ochl ori de at

hydr oxi de anmd—25—2g»of
-5 to 10C, which was t #red at 0 to £C for 30

m nutes. Thereto was added 75nL of water, which was
heated to 111 40C and di ssol ved. After cooling, the
precipitate was collected by filtration to provide

56. 59 of 1-(31(2416#kL of 1,2-dimethoxyethane was dissolved
benzot hi ophen-5-yl ) et hoxy) propi onyl ) azeti di n-3-o0l as

®hi 16.8qgl pd Ber{E+ (3 -Pea zCtdiicpdlersti fitl \edl hmsy Jgfropionic
"H NMR spectral in CDC1l3 agreed with the val ues of
exagplid.5- Thefeto8perex agsled @-.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

10 solution of 50mL of water, 7.1%g 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-

15 benzothiophen-5-yl)ethoxy)propionyl)azetidin-3-o0l as
white solid form.

'H-NMR (CDC1l3) & 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-

20 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(1H,d,J=5.4Hz),7.62-7.66(1H,m),
7.78(1H,d,J=8.3Hz)

(0116}
Example 5-2
25 To 1l6mL of toluene was suspended 29.0g of 3-




I () O"-)r-N~>-0H S, 0 -N~>-0OH S ~C2H (CX2H To
bi s(2- met hoxyet hyl ) ether(5nL) suspension 10 of 1.00g
of 1-(3-(2-(1-benzot hi ophen-5-

yl ) et hoxy) propi onyl )azeti di n-3-ol was added 0.37g of
sodi um bor ohydri de, which was then cooled to 10C.
Thereto was dropwi se added 2149ni of

chlgrotrinet hyl sil ane at to 10C for 20 mi nutes
whi'€R {15PGREC HéHPE?PFgééﬁéFtPSG‘%}P&?EéTO% &5t 2. 5h

t .40C f h . Aft [ . { L
o5 ol S gr R TR SR, o
whi ¢h [ 70 5C.f j
s Ehgbeg HELOL TRl OutGE R oL ol B o

g?g%g%?Eeﬁ%e?qu%?ngE;EBEOQQEQSt@Qt%% 1050 Widohy, of

di um dr oxi de aqueous sol ution. The

50r g8 &nt YL MRSt iseRar akedunashed dseadeRidedldhira tIrhis
wat er and saturated sodium chloride aqueous sol ution.

ThesgtoidRr sopddedn aBbydrep&isagaasedmsulsf aticeand
activated carbon. 5 After insoluble matter was

fisobnetonfdf 8heLsofFveateryasd3diost blfl eddafuln tiydieroxide

reduced pressure. To the resultant residue was added

0.26¢ 5. 7wl ef c3agtdtidhinoh l@stsokirditki ed flidorca 20°C,

m xed sol vent (5nL) of ethyl acetate:2-propanol (4:1)

t ovlptelyivies Ot Ty stizred-ap- €8 to 25°C rfor 1 hour and left

benzothiophen-5-y|)ethoxykgropyl)azetidin-3-o| mal eat e

10 unattended overnight. ter cooling the reaction
solution, the pH was adjusted to 6 with 7mL of acetic
acid. After stirring at 10 to 15°C for 1 hour, the
precipitate was collected by filtration to provide
31.9g of 1~ (3~(2~{l-benzothiophen-5-

15 yl)ethoxy)propionyl)azetidin-3-ol 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 26.1lg 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 teo 15°C for 30 minutes.

Thereto was added 75ml. of water, which was heated to



as colorless crystal form | H NVR (DVSO d6) 6 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.OHz), 3. 63(2H,t, J=6.9Hz), 3. 75-3.85(2H, M,
15 4.15-4.25(2H,m, 4. 40-4.50(1H n), 6. 06(2H, s), 7. 26
(1H, dd, J=8. 3, 1. 5Hz) 741(1HdJS4Hz) 7.73(1H d, J=5.4
H z) 7 70 7.75(1H m, 7. 91(1H1& J=8.3Hz) [0119]

0850 57 4 {30 t8BAY. DERbSE NFannaRys. the” tHREIE Mhee was
Vi >eggeggw%apbg%)ﬁzf%tt'l% N3 ol MASANEE D 376 0f3_ (2 (1

sodi um boro whi ch "was en coo

TherSEQzﬁ@ﬁ1ng@WL%Qg§ag%go%g4%Eép ﬁ¥%1azet1 1n 3-cl as

chlorotrinmethylsilan
stiryrecat sH09m Fepperature for 2.5h and at 40C for 4
hours. After cooling, thereto was dropw se added

3527nL of 6. Owhelchydiesh! ehiigragiaduethich ‘wasiMkhepectral
113 stirred at 70 to 75C for 30 m nutes. To the

r eactnoQDC i xdgure=dew etladeles waleesand ekhwplacetate,

and the pH was adjusted to 10.0 with 2. Omwl /L sodi um

hydr 6&188] aqueous sol ution. The organic |layer was
separated, 5 washed sequentially with water and

sat Ubsg@Bleofirim chlori de aqueous sol ution. Thereto

wer e added anhydrous magnesi um sul fate and acti vat ed
carbon. After insoluble matter was filtered off, the

sol ve ~st L0.e f u r reduced pressure. To
the & N OH ___
S O

o
S (/—Ct)zH

CO,H

To bis(2-methoxyethyl) ether (5mL) suspension

10 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

15 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,

20 and the pH was adjusted to 10.0 with 2.0mol/L sodium




10 resultant residue was added 0.36g of naleic acid,
which was solidified froma m xed sol vent (5nL) of
ethyl acetate: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-ol nual eate
as colorless crystal form 13 2The Chemical shift

val ues of ' H NWMR spectral, in DMSO- d6 agreed with the

vapéf€§°8§fld§xé‘r‘ﬂb’ieé?u§ POLUGPI0] BRMARIBIE TPpYeT was

ae%%gg dr%fgg%g%g %é%%%%%é%ly w1th(%%ter agd saturated

haoxy i,anyl azetldln was dde 0.37
%Igélm og:g) 8 e PN S opv%nusteloéldd o:lah q: W © added

g?ﬁgé?égg:&?§9a0|b f%b§§8%%l%ﬁtes@asyéﬂ$%Mﬁﬁﬁ %ﬂlZS

5r ehAkbxed;if,9612pN8URS Ak g,r sCQQ'l'tré&’e& hefel A Y8Ssolvent

10

15

20

25

dropwi se added 3.27ni of 6.Owl /L hydrochl’oric acid,

whi;g8 westtheadr eflfuxgdeorclue oW sstird .he Feaatd on
m xture were added water and ethyl acetate, and the

114esaguenysrkayatewasassapdeat €d.36t0 dihenaAaqieouscildByefhich
was added ethyl acetate, and the pH was adjusted to

10w8s spihd20%@d/ fromodi ninkkydsedivee ta(Gurdgu S @ttty lon.

The organic | ayer was separated, washed sequentially

wi akeBatmt érpanganatl ddat eédteopireomicl ér.i"de afudous3— (2-(1-
solution, and dried over anhydrous nagnesi um sul f at e.
AfpeRzothiepheneSmil | eEhasy) Prrpeld e zeftidinns wd| wardeate

was distilled off under reduced pressure. To the
r 2% $9hprless crystal form.

'H-NMR (DMSO-d¢) & 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
{(1H,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 (5mlL) 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 coocled 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



resi due was added 0.36g of maleic acid, which was 10
solidified froma m xed sol vent (5nL) of ethyl
acet at e: 2-propanol (4:1) to provide 0.62g of
1-(3-(2-(1-
benzot hi ophen-5-yl ) et hoxy) propyl )azetidi n-3-ol nal eate
as colorless crystal form THelThem cal shift val ues
of 1H- NWR spectral 15 in DVBO-d6 agreed with the _
val $és rgedex@d@nplGe t&r 177.5°C] §vx1]3 OExsimite - 4 Trp the reaction
t et rahydrofuran(3nlL) suspension of 0.50g of
1- (3HEMEe W&%&ﬁﬁ&?&]é‘fﬁ@@l%r& HO5BY bropebaye) 208d the pH
azeti di n- 3- ol s added 0.1 of sodium borohydri de, .
At S TR st o 0o B0 SHTOLEL BT HD S SESkide
add t et rahydr of.uran(l solution of 0.46n of
i meChy OIS P AES 50 TS SRS T hUTRE ST EAted

S I.rred .at e f u :
4P ua B, SHLAICEL 30 1SR PR Wif 180, 20 P DOUE S
6. Cmhbl:; dY deRellAl 1561301y Wifte 8%, Lhep, Telddped

hours. To the reaction m xture was added

et hﬁhhg@%@h@t fhagﬂ&@ihhﬁ st e adidIst@oi d o dD SaMbd A,

115 20% w w) sodi um hydr oxi de aqueous sol ution. The

or gafiter Lagelupas sepkat s EShed sf@Ent ithd ysad tént
wat er and saturated sodium chloride aqueous sol ution,
andwdsi ddstavéedanlfyduode rmagregiadnmd saire . AfTe@rthe
insoluble 5 matter was filtered off, the solvent was
1Qi srephédaotf regidoe redueddias dssifie ofTaalwic acid, which
resul tant residue was added 0.188 of maleic acid,
whi ¥Aswasladifded dgomy aninaxed solvent (5mL) of ethyl

acetate:Z2-propanol (4:1) to provide 0.71g 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-(l-benzothiophen~5-
yl)ethoxy)propionyl)azetidin-3-ocl was added 0.37g of
sodium borohydride, and dropwise added
tetrahydrofuran(lmL) solution of 0.75mL of
trifluorocacetic acid for 30 minutes, which was then
25 refluxed for 2 hours. After cooling, thereto was
dropwise added 3.27mL of 6.0mel/L hydrochloric acid,
which was then refluxed for 1.5 hours. To the reaction

mixture were added water and ethyl acetate, and the



m xed sol vent (3.75nL) of ethyl acetate: 2-propanol (4:1)

to provide 0.49g of 1-(3-(2-(1-benzothiophen-5 10

yl ) et hoxy) propyl ) azeti di n-3-0l 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 Td4bi s(2-net hoxyet hyl)

et her (5nmL) suspension of 1.00g of

1- (39p90p3- %éﬁg@tna§pﬁ@ﬁagated To the agqueous layer was

1)eth | d dded Q.37 of

LU AR RO bRyl PAET> Gt cROGRSRENEH B9 el s HRE 20 0O

Th / added 2 46ni of 4. Ql /L hyd

chf%ff*ae?“@?&séﬁ WSS%H%%&O?% e SRR oS OV v e

th 0

e TS0 FIF SETERPEE b Ay i
i t

P s gg??fgﬁea‘r R S R R S

St'éﬁgdd§{e§5o§9r79§h QEOQSSmQ?H%§1uﬁoshﬁ%a&%ﬁCtW@%er

m xture were added water hyl acetate, and the pH

wasi @gp s Be 19t £8r Owikt i 2c OBl/ brgodicha Rydresitderas
116 aqueous solution. The organic | ayer was

sepdd &t £l ed WaBhedndegueatiaklly ppesBuwat.er Tandthe resultant

saturated sodium chloride aqueous solution. Thereto

weree sitdied washyddedsOndfgesitumadeliftateiand wadiahy ataed

carbon. 5 After insoluble matter was filtered off, the
1@olsehidifibed df som| fetined andeentdindedofr €fdiyde. To

t he
acetate:2-propanocl (4:1) to provide 0.62g of 1-(3-(2-(1-

benzothiophen-5-yl)ethoxy)propyl)azetidin-3-cl maleate
as colorless crystal form.
The Chemical shift values of 'H~NMR spectral

15 in DMSO-d¢ agreed with the values of example 6-1.
[0121]

Example 6-4 -
To tetrahydrofuran{3mL) suspension of 0.50g
of 1-(3-(2-(l-benzothiophen-5-yl)ethoxy)propionyl)

20 azetidin-3-ol was added 0.19g of sodium borohydride,
which was then heated to 50°C. Thereto was dropwise
added tetrahydrofuran{lmL) 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

25 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



resul tant residue was added 0.36g of naleic acid,

which was solidified froma m xed sol vent (SnL) of

ethyl acetate: 2-propanol (4:1) to provide 0.86g of
1-(3-(2-(1 10

benzot hi ophen-5-yl ) et hoxy) propyl ) azeti di n-3-0ol nual eate

as colorless crystal form "HitNVR in DVSO d6 agreed

with the values of exanple 6-1. [0123] 15 Exanple

6- & OFo( v/ W2 shhdriadrn Oxy@t hiahaé Satilesus penditbnoof. The0grganic
of 1-(3-(2-(1-benzothi ophen-5-

yl )letrex yyas optrna edet vashed- spawastaddéd Bishgweter and
sodi um bor ohydri de, which was then cooled to 10C. 20
Thesaitur afed drUbiis cClakoieile agnecss 20E-EELPD h%‘ﬂo(j{éﬁe‘j
chlori de/di oxane at 5 to, 15C for 10 m putes,

t hévast .%@ﬁﬂ%m‘sa&lﬁe@rﬂ%ﬁb@?a@a}%&?%r 1ARBEF 8016

ig ragz#&E{%%&ﬁl/ j Teg%at 3T %@B&ﬁé%féaagalled of f

3. 27 gnn

t hel'wrgs_ g rﬁ’eqsdlc? ?su EO?{(.}% 0{111% ﬁ%%‘?%tgﬁkc?ﬁ%ﬁue was
A R T L O YR B aeBighron <

hy%rl%od%cﬁm@p@@s 17157mL>so<Lthéamy1 TQ@e@é@é”QCpk@pﬂ&hom@% 1)

separated, washed sequentially with water and

satdy yrefisrdiom ohl OF | de(3-amiepLsb skt hoophdheret o
wer e added anhydrous nagne5|un1sulfate and acti vated

10cariogrt hHypopyisid 2t sl imt3-esl wasléatéeasdcolbriehes
sol vent was
crystal form.

The Chemical shift values of 'H-NMR spectral
in DMSO-dg agreed with the values of example 6-1.
[0122]

15 Example 6-5

To bis(2-methoxyethyl} ether (5mL) suspension
of 1.00g of 1-(3—(2—(l—benzothiophen—S—
yl)ethoxy)propionyl)azetidin-3-o0l 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 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 ©
hours. After cooling, thereto was dropwise added

25 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 scdium hydroxide




distilled off under reduced pressure. To the resultant
resi due was added 0.36g of nmaleic acid, which was
solidified froma m xed sol vent (5nmL) of ethyl

acetate: 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 crystaljifgorm 1H NVR in DVSO d6
agreed with the values of exanple 6-1. [0124] Exanple
6- 7 affheda sl s2idicieihox yekhane@rdr )l ssuspenss osemdrated,
20. Qg of 1-(3-(2-(1-benzothi ophen-5-

yl ) etbbry) peapieanyik)ldye wiidihn vatelr wosl addetr B etbgpadium
sodi um bor ohydri de, which was then cooled to 15C.
Therbilorids ddupmuse sedadd org. 6fhegfety GlY 1ad8aiR ogen
20 chl oride/ 1, 2-di nmet hoxyet hane at 15 to 20C for 40

m naﬂéydrmﬁcwa@agsw@n sgdlifpted agd raﬁrﬁwaéa%r%m@

1.5 hours and at 53 to 57C for 0 Afte
éoof\ﬂa@r lflﬁéllépéewg@t&re&pWe &&&@&%@Oﬁé}i gie Solvent

6. Omol / L. hydrochl d, h

65 £657 &:9¥ ETCB S pfe g gg&“%ﬁa%‘s.ﬁ%%%ﬁ'er%dthe
trate d t

aaenSropHECoF S iiker PANGSHGBET BhH el o Tl Bl Sy whien

the, pkl §1d§?h88t ﬁg&o alfliGeW G FereQED('E/ﬁng)SQSjE Wehyl

hydr oxi e aqueous ution. After t organi c

| aY§&e¥\@§esQDBEBFSQOl (Waihe@i Wiptr'&vﬁ%t Qfg et 1k (2~ (1~
the pH was adjusted to h 6. Omwl /L hydrochloric

16Ci Eenﬂ‘)@hi‘@?ﬁ@ﬂs5|-§r1$éthw5t§*) peppial ede i W o MWaga leate
added 500 of et hyl
as colorless crystal form.
'H-NMR in DMSO-d¢ 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~(1l-benzothiophen-5-
yl)ethoxy}propionyl)azetidin-3-0l 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 aqueocus



5 acetate. The pH was adjusted to 10.0 with 5. Omwl/L
sodi um hydr oxi de aqueous sol ution. The organic | ayer
was separated, to which was added anhydrous magnesi um
sul fate. After insoluble matter was filtered off, the
solvent was distilled off under reduced pressure. To
10 the resultant residue was mdded 7.22g of maleic
acid, which was solidified froma m xed
sol verittlidinl ) Tie etdyhiackiate: Raproeppavhiddl) waghed
provi de 19.2g of 1-(3-
( 2- (SledeaTriotahl Jap et 15 - wa b e m@)Wb@yaya@eﬁpdnnmscbﬂorlde
mal eate as colorless crystal form 15 50125 Exanpl e
6 8 BBt a%@ﬂd%‘tblfqnan(%?m? wWekpedfed 8RhYSrong of
1-(3-(2- (l benzothlo hen- 5-
yI ) SABEA P %zae‘tq' ARTEBIR RS2 Ha0Rd 126187 of

o Slr%bié%%a” CSag i FUORE S5r 339%? SRFYERFCvas
h
e S BLOVLERe M HEremur o
16.4
6. ORSTACSS “%%ﬁa?%?%r. S ae et é%l?heﬁf’%%% 622

f or sb1RQUIE ] edl - dre 8f tnh 130k dN 3 AF n VBSIIGPNS ENE £ RY €
under reduced pressure, thereto were added water and

et hylceaericatzeprapithdingt PH Was @i eisd€do § 939. S WL L3~ (2- (1-
5.0ml /L sodlun1119 hydr oxi de aqueous sol ution. The

10r g@eine otiy @ipheas- 5-sapardied; ) prsh wbisdest idif h-3~01 maleate
saturated sodi um chloride aqueous solution. Thereto

wer esadeeerdmmadranystal form.

H-NMR in DMSO-d¢ agreed with the values of example 6-1.
[0124]
Example 6-7

15 To 1,2-dimethoxyethane (70mL} suspension of
20.0g of 1-(3-{2-(1-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

20 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

25 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



magnesi um sul fate and activated carbon. After 5
insoluble matter was filtered off, the solvent was
distilled off under reduced pressure. To the resultant
resi due was added 1.81g of nmal eic acid, which was
solidified froma m xed sol vent (25nL) of ethyl
acet ate: 2-propanol (4:1) to proygde 4.82g of 1-(3-(2-(1
10 benzot hi ophen-5-yl) et hoxy) propyl )azetidin-3-0
mal e But Bsncol Bftesstbeysradnior irydH NWR iseprbivBOed6
agreed with the values of exanple 6-1. [0126] 15
Exarprehed gvifoh t 2@mhhgfr edbetn( 2nd8thesadpensi gaigpsted to
34Og]t of 1-(3-(2-(1-benzothiophen-5
yl ) et Hox8 Bt opi Ryl J ey apab 80Bi cwasidddedhe16gusprus layer
sodi um bor ohydri de, and dropw se ded_20
C ot I RIS 06) VAbF L Ven B10882508F o6 FiRve

id at, roomt erature for 1 hou ich hen
s TR Va7 <Shetred o, LD BogiR, o BRoL/
t her ' . 170 c ne.and d | e
20t B it Sl 0 R BB Er B ver
25 3lad QUBLETRE At 3,40u dahglhrynat hepded;
overna}gght. aII'o the' rée;é;lgflﬁg%hm%?uérgdégsaagggé 1. OZLBof, o

wat eyl e 3. HteHf {06 BRbVENha V@S dhiabi Fiedebl off, the

under reduced pressure. After cooling, thereto was
addewdbiktht GfSBld it ellwd GERt@i@er andddeeavnbsasaddad To

wat er (O. 68L) solution of 147g of sodi um hydroxi de at

M the?2@Esultant residue was added 7.22g of maleic acid,
which was solidified from a mixed solvent (100mL) of
ethyl acetate:2-propanol(4:1) to provide 19.2g of 1-(3-
(2-(1-benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol
maleate as colorless crystal form.

15 [0125]
Example 6-8

Tc tetrahydrofuran{35.0mL) suspension of

5.00g of 1-(3-(2-(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 1.61lg of

20 sodium borohydride, 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

25 hydrochloric acid, which was then refluxed for 1 hour.
The reaction mixture was ccncentrated under reduced

pressure, theretc were added water and ethyl acetate,

and the pH was adjusted to 9.5 with 5.0mol/L sodium



10

15

20

25

whi ch was then stirred at 7 to 15C for 30 m nutes.

I nsoluble matter was filtered off, washed with 0. 34L
of 5 ethyl acetate. The filtrate and washi ngs were
conmbi ned, and the organic layer was separated, washed
with 0.68L of water. After to the organic |ayer was
added 2. 04L of 2-propanol, Bi91L of the solvent was
distilled off under reduced pressure. Thereto were 10
addetr dx 02t afuastihy/ | s@bet bbe. anBh84groénact Lageedwas
carbon, which was stirred for 20 mnutes. Insoluble
megetRarr aterd f igndreabhdd widdh wastieta wpd hsoddun ehlerhyge
acetate. The filtrate and washi ngs were conbi ned,

t OIS Snei0 atiden 11 1 el e S aefided A RRYAERHE 15
reacti on n1xtg{e was heat ed, and di ssol ved,

$Wﬁﬂ%?ﬁﬁﬂﬂ ﬁQQnﬂﬁ?%ﬁ% c%ﬁ??%cte%£5?r

fllllcitfro?ltéxlb(qge tﬂ@r@r OV! de %'Zlﬁlq:ered off, the solvent was

ot @Mafﬁ%%ﬁ% SRR o S Fie PhgSEBeant
6-.1.0:

! SRR e AR 301 HE L ORGSR yas

1363162&(1%(@%@ MY Jolvent (25mL) of eth 3y69 of

yl ) et hoxy) pr opi onyl ) azeti di n-3-0ol was added 1
s adiett@tqrohyrdipaae ] @nd )drepVdser adkled, 48y 5gf of - (3- (2- (1-

sul furic acid at roomtenperature for 3 hours, which
1B&nzoadh ibpéenstbi-yie @ tioxdh drohil0 4 oet M tn+dwwE . maleate
A;;egolorless crystal form.
'H~-NMR in DMSO-dg¢ agreed with the values of
example 6-1.
[0126]
Example 6-9
To tetrahydrofuran(2.38L) suspension of 340g
of 1-(3-(2-(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-c0l was added 110g of
sodium borohydride, and dropwise added
tetrahydrofuran(1.02L) solution ¢f 14Zg 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



cooling, thereto was added 15nL of acetone and
dropwi se added 120nlL of 6.Onol/L hydrochloric acid,
which was then refluxed for 1 hour. To the reaction
m xture was 5 added 150niL of water, and the sol vent
was distilled off wunder reduced pressure. Thereto was
added 200nmL of ethyl acetatieg and dropw se added
matergICIhL) solution of 43.9g of sodi um hydroxi de at
109t §321ef ThEvér gastetel apad wWaopscsar acedd westeed(0 . 68L)
mﬁth 20% sodi_um chl oride 10 aqueous sol ution. Thereto
wer8lh8den 86. &47af cfesPriem &w@rexegeoﬁtadﬂiﬁatéﬁfc,
car mhlcppmas then stirred for 20 m nutes.

In‘ggf’ﬁgl ¥3HabPER FRITFPA: 8Fed &Pf 1A7W fREsABAmBREKeS.
10 I t at filt t d hi
L0k Bl R B4S” LPE-EALERSS, nlEReRD oas oo

f d | I d.
5aCEL LS 2 L2 9 ZTHéOEifgraﬁgsaﬁéaygaﬁéﬁ”% g'ggbﬁggd

After"this reaction mX

| tcymS: 3eQM ¥ngoph €4, %Qﬁég $8b8?t?5§3§?§af%%éh¢°%%%hed

by filtration to prOV|

banzek N opdiero - wad ek hoxyk peppyb) BRET bl qale

20 as colorless crystal form bDN%8>gg agrgg
widddddie2 Vi mest of - &16-1. 01L|\15>£JSEBéAbolvent was
APPLI CABI LI TY [ 0128 25 The process for production of
1-dia{i2tledd off under reduced pressure. Thereto were
benzot hi ophen-5-yl ) et hoxy) propyl )azeti di n-3-o0l and

10 s@dded Her®df aof attteyprasstdte naedt Bon bAsatheévated

15

20

25

follow ng characteristics, (1) safety to human body,
1ZRTROp, vk BnwWaro riteint e d | bads?@miii@yes. po¥ssbilibile

Ofrnatter 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
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-ol maleate as colorless
crystal form.

'H-NMR in DMSO-ds agreed with the values of
example 6-1.
[0127]
Example 6-10

To tetrahydrofuran(250mL) suspension of 50.0g
of 1-(3-(2-(1-benzothiophen-5-
yl)ethoxy)propionyl)azetidin-3-0l was added 13.6g of
sodium borohydride, and dropwise added 18.5g of

sulfuric acid at room temperature for 3 hours, which




mass production, and so forth, therefore, the process

of 1-(3-(2-(1-benzot hi ophen-5-

yl ) et hoxy) propyl ) azeti din-3-0l and salts thereof is 5
useful as industrial manufacturing process. 123

CLAIM5 1. A process for production of 3-(2-(I-
benzot hi ophen-5-yl) ethoxy)prngmi onic acid or salts

t hereof characterized by subjecting

2- ( valsetherhisaphered Btyldetdrarfd®Ct doM dhdelhcaddit | drfter
reaction with acrylonitrile in the presence of base,
subsegdénl, y theulsitec tiawy addead Yedetdoraagtionenmnd dropwise
al cohol represented by the general formula; R CH2CH

wheRERRARL 20881 ede -9 Wdiosedtiewisr amid, which was

unsubstituted or substituted al kyl, cycl oal kyl or argl

gr olipeni fefhexgled@ifcd doUci d Tth Wil SR B IRbEtRre was

cid, ester. derivative represented hy tqﬁ eneral .

or RIS PUEED Blfp H3 18 RSKb IThRE WA e Kbt =t 11ed off

meani.ngs as .t he above, subs ent.l jecti

o o T TRaha e B S At S W i 28 of

reagton L D! SRENEE et AWkt WM PIREGRE) [ 1ution

pro%ucglonES%ggg(zgfﬁk%ﬁgﬁ?gt |og%en-§{y ( ?

et hg¥y B! 9pi 8R ¢oAGMh Hydiddidle HerepPisharRct emeedrganic

by subjecting 2-?1-benzoth|ophen-
layer was separated, washed with 20% sodium chloride

10 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

15 ethyl acetate, 75mL of 2-propancl and 17.1g of maleic
acid. After this reaction mixture was heated and
dissclved, it was slowly cooled. The precipitate was
collected by filtration to provide 56.7g of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-0l maleate

20 as colorless crystal form.

'H-NMR in DMSO-ds agreed with the values of example 6-1.

INDUSTRIAL APPLICABILITY
[0128]

25 The process for production of 1-(3-(2-(1-
benzothiophen-5-yl)ethoxy)propyl)azetidin-3-ol and
salts thereof of the present invention has the

following characteristics, (1) safety to human body,



5-yl)ethanol to Mchael addition reaction with
acrylonitrile in the presence of base, subsequently

124 subjecting it to reaction with an al coho

represented by the general fornula: RLCH2OH wherein

Rl represents a hydrogen atomor an unsubstituted or
substituted al kyl, cycloal kyl ppzaryl group, in the
presence of acid to obtain a propionic acid ester

deri v&2) viow epneseonreenbylt heagenarndl (Bor aupassibility of
O-CO2CH2R1 S. wherein Rl has the sane neanings as the
aboverashdesedjeeiomg am@ pe oppbhlie hbfdeésrey the process
derivative to hydrolysis reaction in the presence of

base ¥cchr inge~tb-ReaFerhiompeRrePn the acid used is

sul furic acid or hydrogen, ¢chloride. 3. Th rocess :
for pro C?"ah)Q)‘FOI%YJ(b@%?tl‘%b%‘zgfﬁfo%ﬁ@nﬁéi’y'g)t ereol 1s
63?03%%%% pionic acid or,salts t@ereof characgerized

by’ s P 2R e bt HROPRERC T 8E §1Y P hRHGF St 0

M chael addition reaction with acrylonitrile in the
presence of base, subsequently subjecting it to
reaction with an al cohol represented by the genera

formul a: RICH2COH 125 wherein Rl represents a hydrogen
atom or an



unsubstituted or substituted al kyl, cycloal kyl or aryl
group, in the presence of acid to obtain a propionic
acid ester derivative represented by the genera
formula: COCH2R wherein R has the sane neani ngs as
the above, and subjecting the_ propionic acid ester
derivative to hydrolysis reac}gﬁn in the presence of
base according to claiml orléiwﬁﬂerein the acid used
STa

i's hydrogen chloride and RL S ydrogen atom 4.

The process 1 r MOl o fecielcily ot 3- (2 (1.

benzaot hi ophen- ropionic acid or salts

t hep,eof, ehALATeL.ized by bl AG M onic acid or salts
2- (1-banzot hEophen. %gl—)w et HAErRonic acld or sal

I eaghieQRoM dha r@EEANET idve dubitdte: e sence- windmseiophen-
subsequently subjecting it to reaction with an
al cohgll ) eepaesantted Milnhddle grhiariain freramt jaon RLGHR OH
wherein RL represents a hydrogen atom or an
uns alastyiltomtied idre siubsthiet @rebealdeylgf dadeal kybseuentyly
group, in the presence of acid to obtain a propionic
aci subdstodri rgerity 4t e arcdprass evittdd By atrohyeharepresented
formula: 126 CO2CH2R wherein Rl has the sanme neani ngs
as tive tAisowenesd IUBIE&E i ng the propionic acid ester
derivative to hydrolysis reaction in the presence of
base according ,

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,
subseguently subjecting the propionic acid ester
derivative to hydrolysis reaction in the presence of
base.

2. The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2-{l-benzothiophen-
5-yl)ethanol to Michael addition reaction with

acrylonitrile in the presence of base, subsequently



toclaiml or 2, wherein the acid used is sulfuric
acid and Rl is ethyl group. S. A propionic acid ester
derivative represented by the general fornula: ' ‘

ol
or
or

-"-~ C02CH2R1L wherein R represents a hydrogen atom

gpylun;?gatituted or substifiged al kyl, cycl oal kyl
p.

subjecting it to reaction with an alcohol represented

by the general formula:
1
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 claim 1, wherein the acid used is sulfuric acid or
hydrogen chloride.

3. The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2-(l-benzothiophen-
5-yl)ethanol to Michael addition reaction with
acrylenitrile in the presence of base, subsequently
subjecting it to reaction with an alcchel represented

by the general formula:

R'CH,OH



125
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 ¢laim 1 or 2, wherein the acid used is hydrogen
chloride and R' is a hydrogen atom.

4. The process for production of 3-(2-(1-
benzothiophen-5-yl) ethoxy)propionic acid or salts
thereof characterized by subjecting 2-(l-benzothiophen-
5-yl)ethanol to Michael addition reaction with
acrylonitrile in the presence of base, subsequently
subjecting it to reaction with an alcchol 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 propiocnic acid

ester derivative represented by the general formula:
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S

wherein R' has the same meanings as the above, and
subjecting the propicnic acid ester derivative to
hydrolysis reaction in the presence of base according
to claim 1 or 2, wherein the acid used is sulfuric acid
and R* is ethyl group.

5. A propionic acid ester derivative represented

by the general formula:

S

wherein R' represents a hydrogen atom or an

unsubstituted or substituted alkyl, cycloalkyl or aryl

group.




