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1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF OPTI CALLY
ACTI VE AM NE DERI VATIVES 5 Technical Field The
present invention relates to a process for production
of an optically active am ne de?ivative havi ng hi gh
purity, wherein the formation of side products is
suppressed. 10 Background Art Although JP-A 11-140073
and JP- A 2002-212063 di scl ose a nethod for producing
(S)-2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4- b]furan 8- y|)etffﬂﬁca"rﬁ%’fe1%droch| oride by
means 15 of asymmetric reduction fro

(E) - 2- (&R%CES% E@Brgﬁggpgwpﬁ OF OPTICALLY ACTIVE AMINE
i ndeno[ 5, 4-b] furan-8-ylidene)ethyl am ne hydrochl ori de

as starting material, bothEREtAGdEESAre not enough as

an industrial production nethod in which the

formati on of side products is suppressed and

hi gh-purity crystals of (S)-2 20
(Ig6hiiBatefiabydr o- 2H i ndeno[ 5, 4- b] furan- 8-yl ) et hyl am

ine hydrochloride are produced with high yield. In
particohar, presebltens afghttixrcont&pht L e §bdeapr§Qﬁﬁk%s for

represented by the following fornulae (I11") an
(bModuciohZNfOan optically active amine derivative having
high purity, wherein the formation of side products is

suppressed.

Background Art

Although JP-A 11-140073 and JP-A 2002-212063 disclose
a method for producing (§)-2-(1,6,7,8-tetrahydro-2H-
indeno([5,4-b]furan-8-yl)ethylamine hydrochloride by means
of asymmetric reduction from (E)-2-{%,6,7,8-tetrahydrc-2H-
indeno{5,4¥b]furan—B—ylidene)ethylamine hydrochloride as
starting material, both methods are not enough as an
industrial production method in which the formation of side
products is suppressed and high-purity crystals of (S)-2-
(1,6,7,8—tetrahydro"2H—indeno[5,4~b]furan—B—yl)ethylamine
hydrochloride are produced with high yield. In particular,
problems are to control the side products represented by

the following formulae (III') and (IV').
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HZN H2N (~) (IV) On the other hand, dinerization of
benzof uran conpound under the presence of Pd-catal yst
is described in Liebigs. Ann. Chem, 10,945 (1989)
and J. Chem Soc. (A), 1324 5 (1968). However, these
cases are the dinerization by Qinding of two aromatic
rings, and the structures of their diners are
different fromthose of dimers forned by the reaction
bet ween aromatic ring and benzyl position, |ike
conmpound represented by the above f<¢ .
addition, J. Chem Soc. D, 736 €ﬁ970) giHsc] osgs t hat
oxi dat i on of benzyl position of benzofurg gnpound

takes place under the presence of P , but
formation of dinmer is not descrlbed . 15

Di scl osure of Invention The obj eet { he present
invention is to provide an indystr process for
PL G sr\ optically active e derivative
Wi ) Ld #&nhd high purity, t he
formati @ le products h lled. 3 As a
‘result ® Si ve studi es' 2 et he above

probl em “the™resent inventors foundhhat in the steps

of produmti on of the opticallygeyive am ne
derivative, the formation of S|de product s

Ezgrggﬁgg %Fﬂ%g Qgéﬁt 6%g%gga g lll'%e%%%f%ran compound
under the presence of Pd-catalyst is described in Liebigs.
Ann. Chem., 10,945 (1989) and J. Chem. Soc. (A), 1324
(1968). However, these cases are the dimerization by
binding of two aromatic rings, and the structures of their
dimers are different from those of dimers formed by the
reaction between aromatic ring and benzyl position, like
compound represented by the above formula (IV'). 1In
addition, J. Chem. Soc. D, 736 (1970) discloses that
oxidation of benzyl position of benzofuran compound takes

place under the presence of Pd-catalyst, but formation of

dimer is not described therein.

Disclosure of Invention

The object of the present invention is to provide an
industrial process for production of an optically active
amine derivative with high vield and high purity, wherein

the formation of side products is controlled.
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pH and tenperature of the reaction solution at the
time of catalytic reduction with Pd-C and the
solution at the time of post-treatnent thereof, and
conpl eted the present inventlon 10 That is, the
present invention provides: (1)3A process for

pr oduci ng (S)-2-(1,6,7,8-tetrahydro-

2H i ndeno[ 5, 4-b] furan- 8-yl )ethyl am ne or a salt

thereof, which conprises step (i): a step for
asynneﬁ§|@a|r§sul§dmﬁ;gptens1ve studies to sclve the above

(BE)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan-8 15
yprdé&emetmﬁaﬂprmsemtaiaabhtbherémmndtthamc&habﬁﬁ,steps of
and step (ii): a step for catalytically reducing the

rpaoﬁuonloprQﬂDCthemﬁpﬁmﬁhlIySb@ﬁl@é @hide  €@GtivARive, the
tenperature of 40C to 100C and pH 3 to 9 with a

Cﬁbahaﬁion(beTh%JQkpcg§ So@eCOs di PEpLRsERGed by the above
above-nenti oned (1) 0 wherein the reaction

t EFPRLALYN @ THA « §t%ﬁui'$?v S O9C £o CZR@EO ikdﬂgywcontrolllng

process accor di ng to the above- nenti one

the Qgﬁ @eﬁ%@&g&h&% ¥ 3L géaét% hgogg &ﬁ:fgtn q$ time of

according t e above nen i‘oned

t ,
E?%@%% a%?s?é?ﬁag ﬁ*eth St | BABGSPLiE i RReak rphe time
e L Y T
(1,6, 7, 8-tetrahydro-2Hindeno[ 5, 4-b)furan-8- 5
y%ﬁ%ﬁ §+?%rop|onan1de conprising step (a): a step for

That is, the present invention provides:

(1) A process for preducing (S)-2-(1,6,7,8-tetrahydro-
2H-indeno[5, 4-b] furan-8-yl)ethylamine or a salt thereof,
which comprises step (i): a step for asymmetrically
reducing (E)-2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-b]furan-§-
ylidene)ethylamine or a salt thereof with a catalyst, and
step (ii): a step for catalytically reducing the reaction
proeduct obtained in step (i} at a reaction temperature of
40°C to 100°C and pH 3 to 9 with a catalyst,

(2) The process according to the above-mentiocned (1),
wherein the reaction temperature in step (ii) 1is 50°C to
70°C,

{3) The process according to the above-mentioned (1),
wherein the pH in step (ii) is 5 to 7,

(4) The process according to the above-mentioned (1),

wherein the catalyst in step (i) is Ru-BINAP catalyst,
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propi onyl ating the am no group of (S)-2-(1,6,7, 8-
tetrahydr o- 2H i ndeno[ 5, 4-b] furan-8-yl)ethylam ne or a
salt thereof obtained in the process according to the
above- nentioned (1), and step (b): a step for
crystallizing by 10 addi ng aqueéus solvent to the
reaction solution obtained in step (a), (7) Crystals
of (S)-N-[2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4- b] furan-8-yl)ethyl]propi onam de, wherein
each cGnt éiite afredessoapoundsngepreser esbdyethentioned (1),
following 15 forrmulae (1), (I11), (11l) and (1V) is

O whEXely whieghtatarl ydtesisy sgwp t hiei t oial pgant eatadysthe
conmpounds represented by the follow ng formulae (I)

to (1V)a)s Q. Zﬁ/@@&ey\ﬁl glh:tr or rd®8Sinp chQét%l%N @'f' Q -[2-

N HH off \ OHaAH\ ) ONT10H O
EVG,OL@Ltetrahydro—ZH lndeno[5,4—b]furan—8-
yl)ethyl]jpropionamide, comprising step (a): a step for
propionylating the amino group of (5)-2-(1,6,7,8-
tetrahydro—ZH-indeno[S,4—b]furan~8~yl)ethylamine or a salt
thereof obtained in the process according to the above-
mentioned (1), and step (b): a step for crystallizing by
adding aqueous solvent to the reaction sclution obtained in
step (a),

{7) Crystals of (8)-N-[2-(1,6,7,8-tetrahydro-2H-
indeno[5,4—b]furan—8—yl)ethyl]propionamide, wherein each
content of the compounds represented by the following
formulae (I), (II), (III) and (IV) is 0.15% by weight or
less, and the total content of the compounds represented by

the following formulae (I} to (IV) is 0.2% by weight or

less,
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(8) Crystals of (S)-N[2-(1,6,7,8-tetrahydro-2H
i ndeno[ 5, 4-b) furan-8-yl)ethyl] propi onam de, wherein
each content of the conpounds represented by the
following 5 fornmulae (1), (Il11) and (1V) is 0.15% by
weight or less, and the contenf of the conpound
represented by the following formula (Il) is 0.02 to
0.15% by weight, and further the total content of the
corpounds represented by the foll ow ng fornulae (1)
|7|EEIV) is 0.2% by MEIg t or 10 less, 6 O 0 0O AHH
3 O

al a0

p ; ) b

N H Hi 9()The cryst al dtng to the 0
above- ne dj(7) ot (8), vy the content o

conmpound Y.epregented by forIg i's 0.10% by

wei ghttllor less, 5 (10) A éBhp03|t|on conpri si ngn)
(S)-N-[2-(1,6,7, 8-

t et rahyd¥o- 2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl ] pr opi onam
de d G dsrepresented by the follow ng

A
H
(V)
(8) Crystals of (S)-N-[2-(1,6,7,8-tetrahydro-2H-

indeno[5,4—b]furan—8—yljethyl}propionamide, wherein each
content of the compounds represented by the following
formulae (I), (III) and (IV) is 0.15% by weight or less,
and the content of the compound represented by the
following formula (II) is 0.02 to 0.15% by weight, and
further the total content of the compounds represented by
the following formulae (I) to (IV) is 0.2% by weight or

less,
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(rr)y, (1) and (1V), wherein relative to 100 parts by
wei ght of (S)-N-[2-(1,6,7,8-tetrahydro-2Hindeno[5, 4
10 b]furan-8-yl)ethyl]propi onam de, each content of
the conpounds represented by the foll ow ng fornmul ae
(1), (11), (111) and (1V) is 06to 0.15 part by wei ght
and the total content of the conpounds represented by
the following forrmulae (1) to (I1V) is 0 to 0.2 part
by(¥E|ght 700 oaFi OOH /\H(l) H\~N (i) O~ \
ff O HO NHFI v) {11) A conpqi;J\on

Cc RO (S)F™][ 2- N ~8

t et r ahydrQ«2H4 ndeno[ 5, 4+b] f U\, 2-yl9 et hy ]pﬂopi
de and pounds 'repres g the follow n
formul ae , Wherein

5 (11), (|||3 |
rel atitbe to 100 parts by W8 ght o
(S)- N—[20(1 6, 7, 8-t et rahydr o- 2H i ndeno['5, 4-

(1V)

(2} The crystals according to the above-mentioned (7)
or (8), wherein the content of the compound represented by
formula (I) is 0.10% by weight or less,

(10) A composition comprising (S)—-N-[2-(1,6,7,8-
tetrahydro-ZH-indeno[5, 4~-b]furan-8-yl)ethyl]propionamide
and the compcunds represented by the following formulae (I),
(IT), (III)} and ({(IV), wherein relative to 100 parts by
weight of (S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-
b]furan-8-yl}ethyl]lpropionamide, each content of the
compounds represented by the following formulae (I), (II},
(IIT) and (IV) is 0 to 0.15 part by weight and the total
content of the compounds represented by the following

formulae (I) to (IV) is 0 to 0.2 part by weight,
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b] furan-8-yl)ethyl ] propi onam de, each content of the
conpounds represented by the followng fornmulae (1),
(rrr)y and (1V) is 0 to 0.15 part by weight, and the
content of 10 the conpound represented by the
following formula (Il1) is 0.027to 0.15 part by
wei ght, and further the total content of the
compounds represented by the followi ng fornulae (1)
to (IV) is Oto 0.2 part by weight, 8 0 0 OANN\V
)‘)iHu) ThHO \ | Hoo®O Hm~HO I / (11)%~) 00"
n A 1 (l A

of f \

N

conpgsiiian gcordi ng t ot he \a nt i oned N (10 o)
(11), whe he content of : pound represe
by fornmulh\g s O0to 0.10 pa wei ght 5 reld

to 10QIparts by weight of ({5)-N-[2-(1,6,7,8- (m)
t et rahydr o- 2H i ndeno| 5, 4- b]

furaq;f;il)ethyl]propionanide, O

(V)

(11) & composition comprising (S)-N-[2-(1,6,7,8-
tetrahydro—ZH-indeno[S,4-b}furan—B—yl)etbyl}propionamide
and the compcunds represented by the following formulae (I),
(IT), (IXII) and (IV), wherein relative to 100 parts by
weight of (S)=N-[2-(1,6,7,8~tetrahydro-2H-indeno[5, 4~
b]furan-8-yl)ethyl]propionamide, each content of the
compounds represented by the following formulae (I), (III)
and (IV) is 0 toc 0.15 part by weight, and the content of
the compound represented by the following formula (II) is
0.02 to 0.15 part by weight, and further the total content
of the compounds represented by the following formulae (I)

to (IV) is 0 to 0.2 part by weight,



AN H , , NCH (I) (13) The crystals according to the
above-nentioned (7) or the conposition according to

t he above-nenti oned (10) 10 which is prepared on a
commercial scale, (14) A process for producing

1, 2,6, 7-tetrahydro-BH indeno[ 584-b] furan- 8- one,
conprising a step for reducing

4, 5-di brono-1, 2,6, 7-tetrahydro- 8H i ndeno[ 5, 4- b] furan-8
-one 9 with Pd-C cata&yst under the condition:
hygﬁogen pressure (MrPa) 0.02 x gas-liquig§, overal
nsf er hr) ~ 4

| u

Use Bf t
menti one
t her apeu
conmposhtion according to the above menti oned (i)
which is a preventive or therapeutic agent for sleep
di sorder®Q and 10 (17) A nethod for the prevention or
trea i sorder, conprising adm nistering
t he cryst@ﬂs b to the above-nentioned (8) or
the conposition ¥@ding to the above-nenti oned
(10). 15 Brie [ [
HPLC chart [ stfows result of analysis of conpound
(1) to (1¥) 7 he crystals of (S)-N

(V)

(12) The composition according to the above-mentioned
{10) or (11), wherein the content of the compound
represented by formula (I) is 0 to 0.10 part by weight
relative to 100 parts by weight of (8)-N-[2-(1,6,7,8-

tetrahydro—ZH—indeno[S,4—b]furan—S—yl)ethyl]propionamide,
O

A

N wH o)

(1)

(13) The crystals according to the above-mentioned (7)
or the composition according to the above-mentioned (10),
which is prepared on a commercial scale,

(14) A process for producing 1,2,6,7-tetrahydro-8H-
indeno[5,4-b] furan-8-one, comprising a step for reducing

4,5—dibromo—l,2,6,7-tetrahydro—8H-indeno{5,4—b]furan—8—one
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[2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b]furan-8- yl)

et hyl ] pr opi onam de. 20 Best Mode for Carrying Qut the
I nvention Exanples of the salt of
(S)-2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4- b]furan 8- yl)ethylanﬁne in the present
invention include salts with an inorganic acid such
as hydrochloric 25 acid, sulfuric acid, and nitric
acid, salts with an organic 10 acid such as formc
awifh Bdefi caseilystamdderi foheoraackttiion:aci d, and t he
like. I'n addition,
(Eyd299én6pkéﬁduﬁafﬂwﬂﬁp-2H4duﬁﬂﬂﬁ5gés—liquid[overall mass
b] furan- 8-yl i dene) et hyl am ne which is a raw conpound
t orbesférusedufner cbbe rpradugt i@ymeh + 0,43,
(S)-2-(1,6,7,8-tetrahydro-2H

|ndenok§5ﬂ bl &r ane 8o ethylsagiine g c@rgﬁbg tper e above-

of the present invention can be produce a net

QEéﬁfigﬁgd'n 7yP- fbgoogh31%9§ghf§g@&rés PEtgmxkfgventive or

catalytically redu

' h d b] f 8
Rt §%9F§F5%t%§au& SRORHERryst Such as

Pd- C, eacting t.he obtaine

1,2, 6, gf? tFéﬁy&P@ﬁéﬁﬁﬁ%ﬂﬁuﬁ%?ng%ﬂquF%nthoﬁQQM%TmenthHEd
yl ngnet hyl phosphonate, followed by

VS@ @H'ﬁﬁnd‘sv\ﬁ HPEOBaIE L1 ¥at &Iy dhergadiogpaent for sleep

thods thereto. 15 In the catalytic reduction step,
S rddiction of
4, 5-di brono-1, 2,6, 7-tetrahydro- 8H i ndeno[ 5, 4-b] furan-8
- one thh tk TeFRo@dfeutthy prsvegtion or treatment of sleep
4, 5-di brono-1, 2,6, 7-
disorder, comprising administering the crystals according

to the above-mentioned (8) or the composition according to

the above-mentioned (10).

Brief Description of Drawings

Figure 1 1s &a HPLC chart which shows result of
analysis of compound (I) tec (IV) in the crystals of (S)-N-
(2-(1,6,7,8-tetrahydro-2H-indeno[5, 4~b) furan-8-

yl)ethyl]propionamide.

Best Mcde for Carrying Qut the Invention

Examples of the salt of (S)-2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b]furan-8-yl)ethylamine in the present invention
include salts with an inorganic acid such as hvdrochloric

acid, sulfuric acid, and nitric acid, salts with an organic
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t et rahydr o- 8H i ndeno[ 5, 4- b] f uran- 8- one, organic

solvent, and if desired, a base, then preferably

after displacing 20 the systemw th nitrogen, adding

catal ytic reduction catalyst thereto, followed by
pressurizing with hydrogen and Qtlrrlng Here, from

the viewpoint of formation control of side product
(specifically, dimer), it is preferred that the 25

reaction should be carried out under the condition of
1BCcifydriogerapr éssmie anddgasceitdui dcavgr and messfluoroacetic
transfer volunme coefficient, which neets the

i aequial iatyt thyedrldgen pressure (MPa) > -0.02 x
gas-liquid overall mass transfer vol une coefficient

(1/ hr) Th 0a243itboiier eim),- zt—h(el,%wlsiﬂdétﬂ:é}yfdﬁélzﬁmﬁ%deno 5,4-
transfer volune coefficient can be determ ned with

Na2 808 apeBhod jasncdeseriligd Hjon Aataf 114 n
after-nentlg%éd Efgwp gll Ehrther t%e gSw Compound to be

%g%&g{%gpaﬁg{é gEg&SBEE)BEa%f °”(fd 2 ;:ngé Ly 80 té‘etrahydro 2H-

SR T B ot of e
SRR L D B it 1
engronge pafest oo by convee on o g
(Eoncggﬁggﬁéon 2?%f%e£gggg yd¥§ gHK&ngg;o%% %1%]furan g8-one
with catalytic reduction catalyst such as Pd-C, then
reacting the obtained 1,2,6,7-tetrahydro-8H~indenol[5, 4-
b} furan-8-one with diethyl cyanomethylphosphonate, followed
by hydrogenating with cobalt catalyst, or analogous methods
thereto.

In the catalytic reduction step, catalytic reduction
of 4,5-dibromo-1,2,6,7-tetrahydro-8H-indeno(5, 4-b] furan-8-
one can be carried out by mixing 4,5-dibromo-1,2,6,7-
tetrahydro~8H-indeno(5, 4-b] furan-8-one, organic solvent,
and if desired, a base, then preferably after displacing
the system with nitrogen, adding catalytic reduction
catalyst thereto, followed by pressurizing with hydrogen
and stirring.

Here, from the viewpoint of formation control of side

product (specifically, dimer), it is preferred that the

reaction should be carried out under the condition of
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Here, KL is a mass transfer coefficient for liquid, Cl

is a concentration which is in equilibriumwth gas

partial 20 pressure in gas bubble and Cis a

saturated concentration at a given time, and (Cl1-C) is

a driving force for gas absorptiton. In addition,

given that Ais a gas-liquid contact area and VL is a

vol une of liquid, since increasing rate VLdC/ dt 25 of

gas concentration in solution is equal to dissolution
12vdratgerof pgassuriee Rokl owkrgléequdti onveanlie gawen. transfer
NAA = VLdC/ dt (2) Thus, equation: dC/ dt = KLA(CL1-C)/VL

( 8plEmies cerfinded errmgmurordfulnees (sl )t i {juality:

Furthernore, given that A/VL is represented by a: gas-

| hgdirdgient e5feane o eaupgy unido areax gddatiioi WG¥ra11 mass
KLa(Cl-C) (4) is given. 10 Since it is difficult to

obt-ahB rthe veasmd @t riidileh! ace/ area: @ 4ndependently
in gas-liquid stirring operation, mass transfer

Vﬁ!ayg?ncoefgﬂec' eggszE ;i gui %‘}ggﬁatl]’f orrﬁgﬂsaui &%}g%délégft volume

a and mass transfer icoeffic
aggg;?zﬁ% o G Ry o o

PREPREL, SRSabad el age B eR 8 DeSPES e
IargerFS%% e%EIrLIn%ydrogen pressure in the present reaction
is usually 0.1 to 1 MPa, preferably 0.3 to 0.5 MPa.

In gas-liquid system, rate Np in which gas dissolves

in solution per unit contact area can be expressed like in
the case of dissolution rate in solid-liquid system,

extraction rate 1in 1liquid-liguid system and transfer

phenomenon in heat transfer by convection, and given in the

form of {mass transfer coefficient) X (concentration
difference).
Na = Ky (Cy:-C} (1)

Here, K, is a mass transfer coefficient for liquid, C; is a
concentration which is in equilibrium with gas partial
preésure in gas bubble and C is a saturated concentration
at a given time, and (C;-C) 1is a driving force for gas
absorption.

In addition, given that A is a gas-liquid contact area
and V, is a volume of liquid, since increasing rate VidC/dt

of gas concentration in solution is equal to dissolution
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rate. Exanples of the organic solvent used in the
present 20 reaction include formc acid, acetic acid,
net hanol, ethanol, N-nethylpyrrolidone and the Iike,
and particularly preferred is nethanol. These

sol vents may be used alone, or 1dith a mixture of 2 or
nore of them The anount of solvent to be used is 5
to 100 nmL, preferably 15 to 25 nm., per 1 g 25 of raw
conmpound. 13 Exanples of the base used in the present
r sacei od oacl uddcarinidrouns cdiwm aoetcde, b&Et @Nyen.
pyridi ne, NaHCO3, Na2CO3, and the like. In

parti cik@ars @dydttous @9di um acetate and Et 3N are
preferred. The anount of base to be 5 used is usually

2 to 3TAagui vakeat: impl:es. Exanples of the catalytic
reduction catalyst used in the present reaction

i ncludgcPdtC= Ry R2¢, Ry AH203,  (REnCl[P(C6H5) 3] 3) and
the |ike. The anount of catalytic reduction catalyst

t 9sPEepsedal $rLhl B el 8al MRle (A 10 S/ 1000

qgui valent nole, preferably 1/ equi valent nole to

31100 BRULKaLE: (LR Lol BNE AR LIOL 0 I ed by a0 gas-
10RELr B0 Er Bbry°a08=Fo PROC R AeRe PSR on L1 o

(D)~ 2- ! §e 7R ealrinar o- 381 ndenol 5. 4- b]  ur an- 8-

is giwven.

Since it is difficult to obtain the gas-liquid
interface area: a independently in gas-liquid stirring
operation, mass transfer volume coefficient for liquid Kpa
which is a product of a and mass transfer coefficient for
liquid Kp is used as an index to express gas absorbability.

In addition, from the fact that when stirring rate is
incfeased, gas-liguid interface area: a becomes larger, it
can generally be said that Kya becomes larger with stirring
rate.

Examples of the organic solvent used in the present
reaction include formic acid, acetic acid, methanol,
ethanol, N-methylpyrrolidone and the like, and particularly
preferred is methanol. These sclvents may be used alone, or
with a mixture of 2 or more of them. The amount of solvent

to be used is 5 to 100 mL, preferably 15 to 25 mL, per 1 g

of raw compound.
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yl i dene)ethyl ami ne used in the present invention can

be used in a formof free conpound or a salt thereof.
Exanpl es 20 of such salt include a salt with an

i norganic acid such as hydrochloric acid, sulfuric

acid, and nitric acid, a salt Wth an organic acid

such as formc acid, acetic acid, and trifluoroacetic

acid, and the |ike. The process for producing
(S)-2-(1,6,7,8-tetrahydro- 25

2H i ndénefupl4sh] bar arh8- Yaset hybadi nen orthé splkesent reaction
thereof of 14 the present invention is conprised of

stapl(dp fathydsymaekoddan yaceeues N Hthe, r @Wridine, NaHCO,,
compound: (E)-2-(1,6,7, 8-

t Rhr@by,dr emtt idrieno[5:4- b]frur a8 i dene) el @b 0E  sodium
or a salt thereof, and step (ii) for converting the
Sé@@tQE@d%ﬁﬁi5Etﬁdt99eagﬁ%@‘yiégpdﬁﬁésaﬁghﬂ nede i Base to be
step (i) to target co oung by catal ytic reduction.

T. S ' eductiagn _in. i) s carried out by

uggﬁg %g?ﬁ%9%?}ga%d%éxgngﬁgé%gﬁegﬁbﬁmg%?ﬁlyst for
asynmet.ric_reductd on include_ Rutheni um.opti cal .
activekfﬂmg%Sgpﬁﬁ%é&@%nﬁﬁg§?(§&98| ction g:tdiyst used in
odiun}o?tically actiyve phosghine caonpl.ex

(RSB Sent i dinfiiptaTtal Fydddtve FBRosphi RECzr  Rh-Al:0s,
cgmglex &Ir-BINAP), and the like. As a Ru-BI NAP ,
coPBFYEF (Cepdel 11 caNY, tTRELAKER) - TBENAPTOWE2HBf 3, catalytic
{RuCI(Benzene)k&R)-BlNAP 1a, {Rud (p- 15

GRRRe} I PR) CBItRARISItCIt © { ReBrYsRyRendYLOR) eBINAR} § B , mole to
{Rul (p-Cynene) [ (R) - BI NAP] } 1 3, .

{@01@50 Cy@enes L ¢Ry - BPARP] prefamdbilye 1I/il0E mamivalent mole to
exenplified. These catal ysts can be

3/100 equivalent mole relative to 1 mole of raw compound to
be used in step (1i).

The reaction temperature of the present reaction is
usually 10°C to 100°C, preferably 30°C to 50°C, and the
reaction time is usually 1 to 50 hrs, preferably 2 to 10
hrs.

(E})-2-(1,¢6,7,8-tetrahydro-2H-indenc[5, 4-b] furan-8-
ylidene)ethylamine used in the present invention can be
used in a form of free compound or a salt thereof. Examples
of such salt include a salt with an inorganic acid such as
hydrochloric acid, sulfuric acid, and nitric acid, a salt
with an organic acid such as formic acid, acetic acid, and
triflucroacetic acid, and the like.

The process for producing (8)-2-(1,6,7,8-tetrahydro-

2H-indeno[5, 4~b}furan-8-yl)ethylamine or a salt thereof of
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prepared according to a known nethod, for exanple,

nmet hods described in JP-B 07-57758, JP-A 11-140073,

etc. 20 As an asymetric reduction catalyst,

{Rud (Benzene)[ (R)-BINAP] }C is preferably used. Wen

a salt of (E)-2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4-b] furan-8-ylidene)ethylam ne is used as raw
compound in the asymetric reduction reaction of step

(i), 25 it is converted to a free conpound by al kal

t that ngtesctfe  dirssaltvesh | nior gaBhmprsebventof angtep (i) for
asymmetric reduction catalyst is added to the

sabkyinmeitriard ivheredhei RgyWIRL riLy keduehingn reartpon 6,7, 8-
is carried out under pressure and hydrogen

at R SRRSHS o -2 HE AReS 5°f4 tbh% ﬁgﬁen I Q:levr?é")teﬁﬂ‘;iéf%?ne or a

aromati ¢ hydrocarbons (e. enzene

aESQEOk? Q%o? égggggqg%0|ul tQQﬂpaCéﬁkﬁﬁ%Jﬁ?Ghﬁgatl§é product

esters (efh

h h
GE5 e e?tﬁés’ﬂeﬁi S aReeIRB Py SHED) (1) to targer
hal o enateﬁ hédrOﬁarbonsﬁg g d|chloronethane
dFRRFBr o8t RinEata YHC ZRtyedies.g.

N, N-di pet hyl formam de, etc.), and the |ike. These

sol vent8enayyBRehsdd APERELion 1R SR rilxt drse Girmiest out by
nore of them_ and anong them a m xed sol vent of

tePlBfe &Fdadstdtanol ang nisveddsivenefof siBh  catalyst  for
t et rahydr of uran and nethanol, and the like are

pReyerebdic Thedumbdnat ofinsdudent Rushipsiwgedptschltly active
1000 nm., preferably 2 to 20 ni, per 1 g of raw

conpspnine complex (Ru-BINAP), Rhodium-optically active

phosphine complex (Rh—-BINAP), Iridium-optically active
phosphine complex (Ir-BINAP), and the like.

As & Ru-BINAP catalyst, specifically, RuClg[(R)-

BINAP]:N (CyHs) 3, {RuCl (Benzene) { (R} -BINAP] }C1, {RuCl (p-
Cymene) [ (R) -BINAP]}C1, {RuBr {p-Cymene) [ {R) -BINAP] }Br,
{Rul (p—-Cymene) [ (R)~BINAP] } 15, {Rul (p-Cymene) [ (R) -BINAFP] } I

and the like are exemplified. These catalysts can be
prepared according to a known method, for example, methods
described in JP-B 07-57758, JP-A 11-140073, etc.

As an asymmetric reduction catalyst,
{RuCl (Benzene) [ (R) -BINAP] }Cl is preferably used.

When a salt of (B)-2-(1,06,7,8-tetrahydro~-2H-
indeno{5,4—b]furan—B—ylidene)ethylamine is used as raw
compound in the asymmetric reduction reaction of step (i),

it is converted to a free compound by alkali treatment,
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The amobunt to be added of the asymmetric reduction

catal yst used in the present reaction is 1/2

equi valent 20 nole to 1/2000 equival ent nol e,

preferably 1/10 equivalent nole to 1/1000 equi val ent

mole relative to 1 nole of raw l&onpound, and the

hydrogen pressure is 0.5 to 15 MPa, preferably 3 to

11 MPa. In addition, the reaction tenperature is 0 to

150C, 25 preferably 10 to 80C, and the reaction tine

i digsplveR0dni6orhesicpr ebérablty 5atd 58spmmet¥he reduction
catal ytic reduction reaction of the above- nentioned
stepaliyisk iis @atdéddtouthaskebguthent,eacid ahersot i | @8ymmetric

obtained in step (i) . In the reaction solution 5
obtdupedonn skeptlion tike cumound rapresgied byrdibeure and
followng formula (111") is included as side product,

anddrbBehhatabepheirs),, this side product is converted
by the catalytic reduction to the target conpound,

that i =2- . : .

(1?6, ;?}ééﬁlg%[?ghyg;fo- écﬂ-ei ngerﬁg[rg,%- bﬁ?llﬁreélnt- 8-13}?3]@'%%% a‘-’lrﬁ‘:omatlc

[ i \ 10 (1I.L1.') _Th tion of .the

bechant Pired=Sees (rIfPe’ BERAL of s 1SR (o5

T ' to e reaction solution  obtained in ste

(otnefon o st BREGTA Fo of L HoRar s, R9ARSEN G acetate,
i ssolve the reaction product at a 15

acid to ﬁ
AT RY Ur S BBV 108~ t neécedadtionepFoducteflers (e.g.,

transferred to aqueous | ayer by stirring or shaking,
thgpPropyl ether, diethyl ether, tetrahydrofuran (THF),

etc.), halcgenated hydrocarbons (e.g., dichloromethane,

dichleocroethane, etc.), amides (e.g., N,N—dimeth?lformamide,

etc.), and the like. These solvents may be used alone, or

with a mixture of 2 or more of them, and among them, a
mixed solvent of toluene and methanol, a mixed solvent of
tetrahydrofuran and methanol, and the like are preferred.
The amount of solvent to be used is 1 to 1000 ml,
preferably 2 to 20 mL, per 1 g of raw compound.

The amount to be added of the asymmetric reduction
catalyst used in the present reaction is 1/2 equivalent
mole to 1/2000 equivalent mole, preferably 1/10 equivalent
mole to 1/1000 eguivalent mole relative to 1 mole of raw
compound, and the hydrogen pressure is 0.5 to 15 MPa,
preferably 3 to 11 MPa.

In addition, the reaction temperature is 0 to 150°C,

preferably 10 to 80°C, and the reaction time is 0.5 to 200
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the aqueous | ayer is separated. The obtai ned aqueous

layer is adjusted to pH 3 to 9, preferably 5 to 7,

with aklali such as dilute aqueous sodi um hydroxi de
solution, and 20 catalytic reduction catalyst is added
thereto to reduce under pressuté and hydrogen

at nosphere. Exanples of the catalytic reduction

catal yst used in 17 the present reaction include

Pd-C, Pt02, Rh-A1203, (Rhd[P(C6H5)3]3), and the

| hk&, PrefgypbAt &f teatd yrisc reduction catal yst to

be used is 1/2 equivalent nole to 1/2000 equival ent

nol e, Phef ercadlal ifikd egeduaként mtemdtnidn 1/ 660 the above-
equi valent nole relative to 1 nole of raw conpound to
beensedned ssepp(i)iipnd d hedidreepenpr egsihg | 8h0. Sreaction
to 15 MPa, preferably 3 to 11 MPa. In addition, the

reatht 06nt eyMErAtdd e ins $06t q3300Cy pref erahby i88C solution
to 70C, and the reaction tine is 0.5 to 10 200 hrs,

psief g1 abhy Bnt a2 hrs ,Th%h(eea%hgeuie' UE%?PeggB?%Be%y the

in the catalytic Treduction reaction 1s filtere

PSS SRS ) | LECLRLAAD A DY O, ana
R AR . SRRy ip ndihfed by the
{g%f{ﬁf‘%“ gggu{::gﬂ;gﬁ foEfe LS LeSUtiNg 4 that is, (s)-2-
AR STl SR LSRRI

HoN M“H

(I

The reaction of the above-mentioned step (ii) 1is
carried out as follows. That is, to the reaction solution
obtained in step (i) is added enough amount of dilute
hydrochloric acid to dissolve the reaction product at a
temperature below 10°C, and the reaction product is
transferred to aqueous layer by stirring or shaking, then
the aqueous layer is separated. The cbtained aqueous layer
is adjusted to pH 3 to 9, preferably 5 to 7, with aklali
such as dilute aguecus sodium hydroxide solution, and
catalytic reduction catalyst is added thereto to reduce
under pressure and hydrogen atmosphere.

Examples of the catalytic reduction catalyst used in
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20 When the reaction and the post-treatnent of the
above- nentioned step (ii) are carried out w thout pH

control, that is, under a strongly acidic condition
bel ow about pH 1, the above-nenti oned benzofuran
derivative (111') is formed wi th about 5 to 10% and

di hydrobenzofuran dinmer (I1V') is 25 fornmed wth about
0.2% which are side products. In 18 contrast, the
production anmount of these side products can be
stpfr esBEESEBt bel BRROL0TY amtlhwldel dW-T,029Pt02,  Rh-Al,03,
respectlvely by carrying out under the condition of

pHRBCLE (FeHpr-dher adyd pHbe t di%eof The @meseant of catalytic
|nvent|on 5 The process for producing a crystal of

( BpeNect2on( lgd &1 Pt ettkahydr as2d- i ngdenoR5, dgbl fa1an-8mole to
yl')ethyl] propionam de of the present invention wll

bt /2desceigeed shelew.ndhe, %@é?éféab?ayCQWB' 22102 18P mole to
(a) for propionylating the am no group of

(5y580(dgfita8ed® mol lat £
tetrahydro 2H—|ndeng[§ Eebaf&ﬁén 8- fl)eﬁhyfamﬁﬁy CO%Pound o

Y i BRI SR g 0 ¢ e 2
qﬁ%agbgg{g% dro §H-|n eﬁd[S 4-b] furan-8-yl)ethyl am
1 DRoaires TR SRS OGS0 Soec o so0vc,
(e S0 5 56 Cethany A b: 2PPChddrd] 5achpar i 5 0.5 to
é%%ethylan1ne is used in the formof salt, it is

Vetted PreferaelyoApband®byra-conventional net hod,

foll owed by. subjecting to propionylation reaction.
Exanpl Bs¢ of repgtion solution obtained in the catalytic

reduction reaction is filtered to remove the catalyst, and
treated using a method known per se (e.g., concentration,
crystallization, recrystallization, chromatography, etc.)
to give (S)-2~(1,6,7,8-tetrahydro-2H~indeno[5, 4-b] furan-8-
vl)ethylamine.

Furthermore, the resulting (S)-2-(1,6,7,8-tetrahydro-
2H—indeno[5,4»b]furan—B—yl)ethylamine can be converted to a
desired salt according to a conventional method.

When the reaction and the post-treatment of the above-

mentioned step (ii) are carried out without pH contrcl,

that is, under a strongly acidic conditicn below about pH 1,

the above-mentioned benzofuran derivative (ITI') is formed
with about 5 to 10% and dihydrobenzofuran dimer (IV') is

formed with about 0.2%, which are side products. 1In
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20 propionyl ati ng agent include propionyl halides such

as propionyl chloride and propionyl brom de. The

anmount of propionylating agent to be used is a ratio

of 1 - 2l to 1 nol of

(S)-2-(1, 6,7, 8-tetrahydro-2Hi nd&no[ 5, 4- b] f ur an- 8-
yl)ethylam ne. 25 The reaction is carried out in a

sol vent, and exanples 19 of the solvent include

ethers such as tetrahydrofuran, diethyl ether,

dicoR&Fa sand the -kl or Hokgret hapent abéolidlese suihe agroducts can
nmet hanol , et hanol and propanol, hydrocarbons such as
b@ﬁzerml,pptmsim, tycl beéxane Qa.rﬁﬂ%w,exaaﬁd anicdesosush  0.02%,
as 5 N, N-di met hyl f ormam de and N, N-di et hyl acet ami de,

hakegenatiee 1lyy drocacHongi S4iChuas WhHddd ofgsethaAgtion of pH 3
chl orof orm carbon tetrachl ori de and

1£2- @i, Cb&@f@%ﬁaﬁd@e?ﬁ i ol 17es S ugh gﬁ@sfeeﬁ@niﬂx?éﬂn?lé‘ﬂd
propionitrile, sulfoxides such as met hyl sul f oxi de,

and thepki kﬁr@@@sé‘ nExed spl ﬁ@fméo %E:éf?gt ai NLEE (3) -N-[2-

aIia tetrahydrofuran is pre erre eaction ti

s1ugual hytgtmgh?a 50 _48 4003 Praeld fusua\ﬁ 30 mnutes

to 6 hrs ere ron tenp eratu(e [ Iy -20 to

2%?F%EFQ§E§E§B%XQaF29:ghy ro §5$é§gsgb% Qlono will be

25k d 5,4-b]f t hyl de |

cry'g?sﬂv‘ffé Beb§add iy %?é%%%ﬁgyg%pic%&’ép"l?%r%%ioifZgaepon for
ution obtained in step (a). Exanples of_ the aqueous

s%F%%h?nYﬁﬁFbH% C|F9€matémln6uregﬂé%%W Bdrified-2-(1,6,7,8-

water, etc. The anount of aqueous sol vent to be added
Ige%;§%¥g505§H 1ndeno[5 -b] furan-8-yljethylamine, and step

(b) for crystallizing out of the reaction solution obtained
in step (a). Namely, in step (a), the amino group of (S)-2-
(1,6,7,8—tetrahydro—2H~indeno[5,4—b]furan—8—yl)ethy1amine
obtained in the above-mentioned process is reacted with a
propionylating agent to propionylate. When the raw material,
(§)-2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-b]jfuran-8-
yi)ethylamine is used in the form of salt, it is converted
toc free compound by a conventional method, followed by
subjecting to propionylation reaction. Examples of the
propiconylating agent include propionyl halides such as
propionyl chloride and propionyl bromide. The amount of
propionylating agent to be used is a ratio of 1 - 2 mol to
1 mol of (5)-2~(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
yl)ethylamine. |

The reaction is carried out in a solvent, and examples
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20 volume of 0.5 - 5 to the reaction sol ution obtained

in step (a). The crystallization tenperature is

usually -20 to 60C, preferably -10 to 40C. The

crystals of (S)-N-[2-(1,6,7,8-tetrahydro-2H indeno[5,
4-b]furan-8-yl)ethyl ] propionani d&¢ is obtained with 25

hi gh yield of 97% by collecting the precipitated

crystals 20 by filtration. Hi ghly pure crystals of
(S)-N-[2-(1,6,7, 8-

t &fr ah{8r oS2H £ htlenb] 5l 4dd] falrfeer 8- Wit hyls] ptepiehgdirofuran,
de can be obtained by further recrystallizing the

obt.githed erhstral sdivoamet kanol 1wateimeth2kyefhane, alcchols
Al t hough the crystals of (S)-N-[2-(1, 6,7, 8-tetrahydro-
2Buichdero[bedhbh bl ar-tirarglet dyd | prophenant dg,ai@ Meshs such
in the process of the present invention may have a

passbbhkzehy, ebleeMal Mg dNS HUPOUNAS. £ 608 SEM 8Ds such as
by the followng fornulae (1) to (1V) as inpurities

(knnt-hempresent AQArmspeci ficathpp, hereiﬁ?ﬁl§¥xethylacetamide,

sonetinmes réferred to as conpound (I) to (

Eﬁ%g@&&hgﬁgﬁ)' ¥ @$gﬁ$£§$£F0f %ﬂﬁglConggﬁggﬁ%éé%&éfbmethahe,

i's 0.15% b ess and fur
COL SR byt "o RREe kol e b P -a e thane,
katkhieg)ghgﬁ gg kgk%nfgrile and propiocnitrile, sulfoxides
such as dimethylsulfoxide, and the like and a mixed solvent
thereof, inter alia, tetrahydrofuran 1is preferred. The
reaction time is usually 5 minutes to 48 hrs, preferably 30
minutes to 6 hrs. The reaction temperature is usually -20
to 200°C, preferably -10 to 50°C.

In step (b), crystals of (S8)-N-[2-(1,¢6,7,8~tetrahydro-
2H—indeno[5,4—b]furan—S—yl)ethyl]propionamide is
crystallized by adding agueous solvent to the reaction
solution obtained in step (a). Examples of the agueous
solvent include city water, pure water, purified water, etc.
The amount of agueous scolvent to be added is a ratio by
volume of 0.5 - 5 to the reaction solution obtained in step
(a). The crystallization temperature is usually =20 to 60°C,
preferably -10 to 40°C.

The crystals of (S)-N-{2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b] furan-8-yl)ethyl]propionamide is obtained with

high yield of 97% by collecting the precipitated crystals
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~HmMH O OOi NHH 15 (IV) For exanple, in the

crystals of (S)-N[2-(1,6,7,8 21

t et rahydr o- 2H i ndeno[ 5, 4- b] furan- 8-yl .) et hyl ] propi onam

ide obtained in the process of the present invention,

the contents of conpound (I11)24nd (I1V) are each

bel ow the detection |imt of |ess than 0.02% by

wei ght (HPI,C), the 5 content of conpound (1) is about

0.1% by weight or less (preferably, 0.03% by wei ght

ok ess)trahtionhe Hogmtlentpefe cogpaaid (d4) (B$-wboat (1,6, 7, 8-
0.02 to about 0.15% by weight, and further total

¢ trttenath vafr ¢+ -clotaun s, {41 ] f@r{d M- 5) @bpyl | pPoB@¥hamide

by wei ght or less. 10 As descri bed above,
hicgherbgualitaitey st si@fF+h&r- Necrystallizing the obtained
[2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4Y b] furan-8- yl)

ethylsk anlsORirQRAME R AN 8 Hr oduced by controlling the
content of inpurities, and as a result, inprovenent of

5 ot B B OF SLam Ty s He VT we b eo elpact Bhranyazo-

Fypt hernpre, ?,fl t{Jg)-l\_l- 2-(.1 7,.8-tetrahydro-2H . _
i ngenoFg?‘ffﬁbc’]’ uf%gn- S )B%PHQI% yolﬂipo??é?ﬁ“ﬂ'églr?]s‘?%se%bﬁﬁlned in
nggieci ne redurft it%n of inmpurities has extrenel o
S|gniPF85ﬁFS o ¢ present 1nvention may havé a possibility
of containing the compounds represented by the following
formulae (I) to (IV) as dimpurities (in the present
specification, hereinafter, sometimes referred to as
compound (I} to (IV), respectively), each content of the
compounds (I) to (IV) 1is 0.15% by weight or less and

further total content of the compounds (I) to (IV) is about

0.20% by weight or less.

/Ok 0O 0O
N/\: ? /\ ? A ?—
H ,\\\\H 0 \ﬁ” . -1"‘\H O H -“\\H o
(1) : () :

(1) :

(V)

For example, in the crystals of (S)-N-[2-(1,6,7,8-
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meani ng fromthe viewpoint of quality assurance to

patients. 20 According to the present invention, such
crystals can be produced on a commercial scale. In

addi tion, by using such crystaFsd, the conposition of

the present invention can be 22 manufactured

according to a known net hod.

(S)-N-[2-(1, 6, 7, 8-tetrahydro-2Hindeno[ 5, 4- b] f ur an- 8-

y ER tEBRY K opdipiimsemiad e ,dif- ke mresert L evient | pnopasnamide
physi ol ogi cal activity such as affinity for nelatonin
5obésépedr, inn ki tpwomedms dowtthexi pireypeand fewention, the
side effects. Therefore, it can be used for

pceneahtng @hd cdmp@ainidig (sLeep-awdkefulinessre each below the
dysrhythma, jet lag, biorhythm upset due to work in
theeecehbht 9 811G , os€38@Ralthd®! anehel iy, dL$gAse @frLc), the
reproducti on and neuroendocri ne, 10 seni’l e denenti a,
ALGRELRE! o db8RASEnqVal)0USs dieeasesy. PECHPARLEGn: or Less
with aging (e.g., prevention of aging etc.),” cerebral

C} ' di sorder e [ et , . head

S RN ey o e bRy, BPE S cnd®Bontent of
convul si on, i ety, depressjion, Parkinson' s djsease,
LEFRRBIENTh, 151 26660 -Cancet SPPRE o 5 dPEbeteignt, and
cluster headache, and the_|like, and furthernore, it

| SULEGT eFPRELI VTG nitfindritfuGPEPPEAdSNddt r di SITV) is about
mental stabilization and ovul ati on adjustnent (e.g.,
contPackpyreapht20rTAessonpounds of the present

i nvention can be used in

As described above, higher~quality crystals of (S)-N-
[2-(1,6,7,8-tetrahydro-2H-indeno{5, 4-b] furan-8-
yl)ethyllpropionamide can be produced by controlling the
content of impurities, and as a result, improvement of
crystallinity accompanied with improvement of purity,
improvement of stability and the 1like are expected.
Furthermore, when {S)-N~-[2-(1,6,7,8~tetrahydro-2H-
indeno[5,4-b]furan-8-yl)ethyl]propionamide is used as
medicine, reduction of impurities has extremely significant
meaning from the viewpoint of quality assurance to patients.
According to the present invention, such crystals can be
produced on a commercial scale. In addition, by using such

crystals, the composition of the present invention can be
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conbi nation wth anti depressant (e.g., im pram ne,

cl om pram ne, noxiptiline, phenelzine, amtriptyline

hydrochl ori de, nortriptyline hydrochl ori de, anoxapi ne,

m anserin hydrochl oride, maprotiline hydrochloride, 25

sul piride, fluvoxam ne nal eate, 2€razodone

hydr ochl ori de, 23 paroxetine hydrochl ori de,

m | naci pran hydrochl oride, fluoxetine, venlafaxine,

M trazapi ne, Sertraline, citalopram duloxetine,

r BBoREECHEr eNb elcooadiidg) to anthrenmwi etethdrydig (e. g.

di azepam oxazolam bromazepam 5 al prazol am

cl onazépanrN-Hasdilr, ®nE,, St-dardaspiyrdomne AH-tiratea)q [ 5 ad] furan-8-

stabilizer (e.g., lithium val proic acid,

caibanbzépppepicaniidenents a thiaeld peefentt AGHRGLtion has a

donepezil, rivastigm ne, gal antam ne, nemantine),

aphiypsychetbe1dr gt 16819 . shalroperd dQlsrielianzapide, melatonin

ri speridone, quetiapine, 10 zi prasi done,

CRLOEREQRBZIfIE, 3HiRildde, hakl P cB’era.Zthﬁ.)cit and . fewer side

antiepileptic drug (e.g., phenobarbital, gé%apentln,

t L0, bal in) ,..cerehral _ci lLlatLon i nprovi

OB TR ) A T ane ™ adernet 11 Kb Fe e fhg  and
of ;adm ni_str.ation forminclude (1 1 :

g%ﬁ?%#gﬁ?aﬁﬁggpoﬁaieéﬁﬁ&%gﬁn-;ﬁﬁ%ﬁ?QW%%mtéFEega@y biorhythm

fornu#atin% tq§ congOﬁnd of thﬁ grese t, invention and

tR°T oi M use~Ur u§CERmuIthnebisP§, ()i idi%ul BhReous Seasonal

adninistrftion of two kinds of preparations_obtained )

g0 13 hel 5 | ndiIRE onpduntieBECERet prBsatd | mEddeRsiocrine,

and the 20 joint use drug separately, via an identica

A et réeheptia, Alzheimer's disease, various diseases

accompanied with aging (e.g., prevention of aging etc.),
cerebral circulation disorder (cerebral apoplexy etc.},
head injury, bone marrow injury, stress, epilepsy,
convulsion, anxiety, depression, Parkinson's disease,
hypertension, glaucoma, cancer, insomnia, diabetes, cluster

headache, and the 1like, and furthermore, it is also

effective for immunomodulation, nootropism, mental
stabilization and ovulation adjustment (e.g.,
contracepyion) .

The compounds of the present invention can be used in
combination with antidepressant (e.g., imipramine,
clomipramine, noxiptiline, phenelzine, amitriptyline
hydrochloride, nortriptyline hydrochloride, amoxapine,
mianserin hydrochloride, mapretiline hydrochloride,

sulpiride, fluvoxamine maleate, trazodone hydrochloride,
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route, (3) sequential and intermttent adm nistration

of two kinds of preparations obtained by formulating

the conmpound of the present invention and the joint

use drug separately, via an identical admnistration

route, (4) 25 sinultaneous admi BPstration of two kinds

of preparations 24 obtained by fornulating the

compound of the present invention and the joint use

drug separately, via different administration routes
ap@re3eptideguentinfirandlonideni t t entlnaadmimirst r ahydnoochloride,

two kinds of preparations obtained by 5 formul ating

t fid uoarpdmed of thenpasfsente] nvenMidiaagitke |oiddrtraline,
use drug separately, via different adm nistration
rotitescpeag, admaiséLatigg, i n arcpoder idfk,the Moclobemide),
conmpound of the present i nvention -. the jOInt use

deHE: a8kiec@EGM Arahr atLog, in @15§¥§Eﬁe 05 €531 afd, 49Sfomazepan,
of the joint use 10 drug can be sel ect ed appropri at éf

b@ﬁﬁgageléﬁe Q£1@ﬁ§ﬁé$¥m,u%ﬁ%ﬁ%ﬁ&?Q%hekgnaggthgﬁe citrate),

ratlo of bl énding the cohpoun rese
tiongand { oi nt, use drug appr o riately .
?ggtedqﬁepéL %gion aeféHﬂlnlsgﬁgglgﬁ“ SUbJ%EPrOéﬁ acid,
ratlon rout ubj ect  dj sease synpton1 15 a
st SRiNgha ERGLARREN thgy (% 9 whé GHidie, donepezil,

admln tratlon %ﬂect is human, 0.01 to 100 parts b¥,
vet GRE b‘ﬁm%ﬂ%r j ATtERE RSy PEMapE 1Redd r%F’éiLP%CF@ jc drug
p rt by wejght of the conpound of the present

Seft i ofdloperidol, olanzapine, risperidone, quetiapine,

(S) N—[2 (1,6,7, 8- tetrahydro 2H i ndeno[ 5, 4- b] f ur an- 8-

g LRy %’ﬂﬂ?pr optlokRIpHendt inte preasanmridwent Fonipdarazole),
be used

antiepileptic drug (e.g., phenobarbital, gabapentin,
tiagabin, pregabalin) , cerebral circulation improving drug,

brain metabeclic stimulant, and the like.

Examples of administration form include (1)
administration ¢f a single preparation obtained by
formulating the compound of the present invention and the
joint use drug simultaneously, (2) simultaneous
administration of two kinds of preparations obtained by
formulating the compound of the present invention and the
joint use drug separately, via an identical administration
route, (3) sequential and intermittent administration of
two kinds of preparations obtained by formulating the
compound of the present invention and the joint use drug
separately, via an identical administration route, (4)

simultaneous administration of two kinds of preparations
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as a pharmaceutical raw material with grinding by Jet
ml etc., and a content uniformty in preparation and
the like can be assured by adjusting the particle
size (nmedian size) to about 1 to 10 pm 25 The
particle size can be nmeasured ag4fol |l ows by using 25
comerci ally avail abl e neasuring apparatus. A 100 ni

Erl enmeyer flask equi pped with stopper is charged

with 0.05 g of sanple, and 50 nL of dispersion nedium

i ©radded fer eftarmilleet ImMxtiire danpoursdi af edhai phebent
ul trasonic wave for about 5 mnutes with shaking and

midivieg t itom GirMe thes Usiensiys ditudfOsdpaeft &l gpershonifferent
mediumis added about 100 pL of this suspension, and

a aldesthilsy ra48rdr et s uger Hhesdpld o 1o é’r?@diﬁtQPmlttent
[ D spersion nedium 10 O. 1Wbsod|un1lauryl sul f

S @l tyr,
SRR S O ARk R R R e Y

E&thﬂ%%&@%ﬂ%%% %gk@%%%%?%ﬁi%brH%h%%$$é§t%¥%%$%+o% and the
uni t (wet dIS er H st anda of t
3051 ol S fdeve raragﬁww o drpi L Pt don
n%%% esn?gt . %%mi%%%%rg%q n ln;%%lg?der of the compound of
the present invention - the joint use drug, or
administration in a reverse order). A dose of the joint use
drug can be selected appropriately based on the clinically
used dosage. In addition, a ratic of blending the compound
of the present invention and the joint use drug can be
appropriately selected depending on an administration
subject, an administration route, subject disease, symptom,
a combination, and the like. For example, when the
administration subject is human, 0.01 to 100 parts by
weight of the joint use drug c¢an be used relative to 1 part
by weight of the compound of the present invention.
(S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-b]furan-8-
vyl)ethyl]propionamide of the present invention can be used
as a pharmaceutical raw material with grinding by Jet mil
etc., and a content uniformity in preparation and the like
can be assured by adjusting the particle size (median size)

tc about 1 to 10 um.

The particle size can be measured as follows by using
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Stirring speed: 50% Sanpling tine: 1 second

Measurenment time: 10 seconds The conpound of .the

present invention can be safely 25 adm nistered

orally or parenterally (e.g. local, rectal, 26

i ntravenous adm ni stration etc.)z%s it 1s or by

formulating into pharmaceutical preparations such as

tabl es (including sugar-coated tablets, filmcoating

tabl ets), powders, granules, capsules, solutions,
ertP8N®hSia sigpensi bablesnpapsctabl eppagappssitori es,

sust ai ned-rel ease agents and adhesive preparations by

m xi ng & {9 0a phafdcuiregiccal FYasaccepigiped caritiherstopper is
according to a conventional nmethod (e.g., nethod

dedwidetl withap@angSe gPhaf mecondei,a, 28HC.90 AL CONt @Nkpersion
of the conpound in the pharmaceutical conposition 10

i snausival | ysabodded. @hetretE00% by wWeightrbased P.Lgkéchfated with
e

whol e conposition. The present invention wll

f untthersaxpt atped o &%%@%|SQM1M@%le¥%Qﬁ EREk?ﬁ%”Qnd mixing

Ref erence Exanpl es and Exanpl es ut e presen

| ReeNgE QB i ﬁﬁgggthBEQ.UQJFQ%SQE&5C> a&PgégrgigﬂpF%%dium. is

addi tion, eac breviation in the Referént

an, ha h ol |.ow meani ngs. . DBF: ,
2,gF%%ﬁggkgggnzgggrgﬁiFéﬁ? tHYs suspg€nsion, and a test 1is

RSP Y e R s
e%BXgp%}g%b%f%kg%q&ﬁbenzofuran-5-y|)propionate

0.1% sodium lauryl sulfate solution saturated with (S)-N-
[2—(1,6,7,8—tetrahydro—2H—indeno{5,4-b]furan—8—
yliethyl]lpropionamide

[Apparatus]

HELOS system KF (Sympatec GmbH)

HELOS sensor

CUVETTE dispersion unit (wet disperser)

HELOS standard software: WINDOX 3.2 (for Windows) or
equivalent

[Condition for measurement]

Focal length: 100 mm

Stirring speed: 50%

Sampling time: 1 second

Measurement time: 10 seconds

The compound of the present invention can be safely

administered orally or parenterally (e.g. local, rectal,
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DBA:

3-(6, 7-di brono- 2, 3- di hydr obenzof uran-5-yl ) propi oni c

acid BIF:

4, 5-di brono-1, 2, 6, 7-tetrahydr o- BHi ndeno[ 5, 4- b] f ur an-
8-one 25 THI: 26
1,2,6,7-tetrahydro-8FLindeno[5,4-b]furan-8-one 27

ICN. (B)-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan- 8-
ylldene)acetonltrlle EAI HCL:

( EntzaveEreus gudneirrighychiol @t ¢hdehof 5, 4t bl fupanbg- formulating
yl i dene) et hyl am ne hydrochloride 5 (S)-AM HCL:

($pt2- Ehagma@utetaadhymirap 2tk t holenofbeH-as tables (including
b] f uran- 8-yl ) et hyl am ne hydrochl ori de Reference

Exagplre cbat2d3-t@Adedrnbenziah L&mﬁu@atmiéiﬁgydepo@ers ,

PCOC13

O-1\ DWW/ CHO 10 DBF FBA

2g3abuhydr, okepsaflwan éollelclganfﬁe’?erﬁﬁ'Péioﬁé‘d Ny ens:.ons,
di met hyl f ormam de (134 g, 1830 nnDI) were mxe

heatedapand  pho: g@a%ﬁ%ﬂxevsch'sqrg@a%@ﬁr@le 43 &%m and

were added fher

o at an 1 nner tenperature 0]

heat e t :
LR L KRR T T

an | nner
héécegggg%ﬁogg e%U|tlc%66F] re VWEB&%EE%&&HQP%%SEhOd (e.g.,

to water

un&er

method described in Japanese Pharmacopoeia, etc.). A

content of the compound in the pharmaceutical composition

is usually about 0.01 to 100% by weight based on the whole

composition.

The present invention will be further explained in

detail by way of the following Reference Examples and

Examples, but the present invention is not limited to these

Examples. In addition, each abbreviation in the Reference

Examples and Examples has the following meanings.

DBF:

FBA:

PPN:

PPE:

DBA:

acid

BIF:

8-ocne

THI:

2,3-dihydrobenzofuran
2,3-dihydrobenzofuran-5-carbaldehyde

ethyl (E)-3-(2,3-dihydrobenzofuran-5-yl)propencate
ethyl 3-(2,3-dihydrobenzofuran-5-yl)propionate

- (6, 7-dibromo-2, 3-dihydrobenzofuran-5-yl)propionic

4,5-dibromo-1, 2, 6, 7-tetrahydro-8H-indeno (5, 4-b] furan-

1,2,6,7-tetrahydro-8H~indenc[5, 4-b] furan-8-one



and stirred at roomtenperature for 5 hrs. The
resulting mxture was extracted with toluene, and the
extract was 20 washed sequentially with water,
saturated sodi um bicarbonate aqueous sol ution and
water, and the organic | ayer ¢ concentrated under
vacuumto give a toluene solution of the title
conmpound (amount 340 g, apparent 28 vyield 1000).
Ref erence Exanple 2 Ethyl
(EFN3- (2, 3- di hy dr Ghenzbfimtat Sshadipr opénadenoc 05 CO2E] furan-8-
O(EtQZP-/ O t-BuONa cHO toluene CO2Et 5 FBA PPN To
t Heldehe! aoetE34@ rg)leof 2, 3- Di hydr obenzof ur an- 5-
car bal dehyde (832 nmol) in toluene obtained in the
abaveiClst e Pwag -added Jroomse Hyd @ -H-indeno [5, 4-b] furan-8-
phosphonoacetate (205 g, 916 mmol) under cool I ng.
Thebdens$ B8 pENSGM@AeOh y@edicumdy iH butyl ate (88.0 g,
1187 mmol ) in toluene (530 g) was added dropw se, and

5 StsrLedr 1 hr, anddfjurther acetd_ ' _4)_an N
V\/Sat[er 1((Ij%(gfgrlg) wer e agge)dzdpgrﬁv%ggz%&ee?cg%weﬁg tndeno(s, 4
r - On_ Al .tenperature, and
e E b P R e P A e Washed 15
sequentially with saturated sodi um bi carbonate aqueous
sol ution and water, and the organic |ayer was

9%95§Pé£§éegxample 1

2,3~Dihydrobenzofuran-5-carbaldehyde
d . PoOCl {
e
DMF
CHO
DBF FBA

2,3-Dihydrobenzofuran (100 g, 832 mmol) and N,N-

10

dimethylformamide (134 g, 1830 mmol) were mixed and heated,
and phosphorus oxychloride (255 g, 1643 mmol) were added
thereto at an inner temperature of 70 to 80°C over 2 hrs.
15 The reaction mixture was heated at an inner temperature of
80 to 90°C and stirred for 7.5 hrs. Then, the resulting
mixture was added dropwise to water (1000 g) under cooling,
and stirred at room temperature for 5 hrs. The resulting
mixture was extracted with toluene, and the extract was
20 washed seguentially with water, saturated sodium
bicarbonate aqueous solution and water, and the crganic
layer was concentrated under vacuum to give a toluene

solution of the title compound (amount 340 g, apparent
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to bel ow 300 nmL under vacuum Then to the residue was
added nethanol (396 g) to heat and dissolve. To the
sol ution was added dropwi se water (500 g) at room
tenperature, and 20 stirred to deposit crystals, which
was collected by filtration and8dried under reduced
pressure to give title conpound (anount 161 g, yield
88.1% . 29 Reference Exanple 3 Ethyl

3-(2,3-di hydrobenzof uran-5-yl)propionate HC I \ ::iH
/| RPN 1PPE &%t hy |

(E)-3-(2, 3-di hydrobenzof uran-5-yl ) propenoate (50.0 g,
227 mol ) was dissolved in acetic acid (312 g), and
the reaction systemwas replaced with nitrogen. Then,
5RePdrErick Fxagnplas dry wei ght) was added to the
solution and pressurized with hydrogen to 196 to 294
kRahyThe EBQ 3 0ot -84 (WAS T RAGEASE Al ROC r
a pr eyssurEg of ()Qtl% t\g@?% kPa. T‘%tea cata J{S/)’;It)ﬂo\/\géngggg
filtered, and washed with acetic acid (208 g) to give
a uti on of t%e tokl e ound in acetic acid

( t 569(@®ﬁapﬁérent 100%9. 15 Reference
Exa 4 >

3-( i br ono=B¥O¥ad| hydr o fran- 5-yl ) propi oni ¢
acid 1) “BP2 dolksneco2Et AcONa C I\ ©8™2H --~/ 2)
Na2 $IeA PPN

To the solution (340 g) of 2,3-Dihydrobenzofuran-5-
carbaldehyde (832 mmol) in toluene obtained in the above
step was added dropwise triethyl phosphonoacetate (205 g,
916 mmol) under cooling. Then, a suspension of sodium t-
butylate (88.0 g, 1187 mmol) in toluene (530 g) was added
dropwise, and stirred for 1 hr, and further acetic acid (20
g) and water (500 g) were added dropwise therete. The
reaction mixture was warmed to room temperature, and
separated the layers. The organic layer was washed
sequentially with saturated sodium bicarbonate aqueous
solution and water, and the organic layer was concentrated
to below 300 mL under vacuum. Then to the residue was added
methanol (396 g) to heat and dissolve. To the solution was
added dropwise water (500 g¢g) at room temperature, and
stirred to deposit crystals, which was collected by
filtration and dried under reduced pressure to give title

compound (amount 161 g, yield 88.1%).
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Br PPE CH3CN Br DBA To the solution of PPE in acetic

acid (569 g, 227 mmol) obtained in the above step was

added anhydrous sodium 20 acetate (18.6 g), and

brom ne (222 g) was added dropwi se thereto under

stirring and cooling over 2 hrs.29%fter 30 reacti ng

for 4 hrs at roomtenperature, the reaction mxture

was added dropwi se to a cool ed 15% aqueous sol ution

of sodiumsulfite (670 nL), and stirred for 30

m nutes. To the reaction solution was added

acetonitrile (118 g), and 5 reacted for 2 hrs with

hé&@hergnamddixamgflaxd then cool ed gradual |y and

stirred for 1 hr to crystallize. The crystals were

calthedt ed (8 F-dithnats cire n ¥@shesh V6t {1 Wt 6F 1 oRRd= dri ed

under vacuumto gjve title conpound (anount 63.3 g,

[ 73.29%. 10HRef efence Exanpl e 5

rono-1, 2, ®dis t dr 07, H i ndeno[ 5, 4-b] furan-8
SOC12 O DVF, 0 H2) AICI3 Br ODB,

enzene Br BIF

PPN PPE
Ethyl (E)—3—(2,3—dihydrobenzofuran—5~yl)propenoate

(50.0 g, 227 mmol) was dissolved in acetic acid (312 g),
and the reaction system was replaced with nitrogen. Then,
5% Pd/C (4.96 g, as dry weight) was added te the sclution
and pressurized with hydrogen to 196 to 294 kPa. The
mixture was reacted at 50°C for 1 hr under a pressure of
196 to 294 kPa. The catalyst was filtered, and washed with
acetic acid (208 g¢g) to give a solution of the title

compound in acetic acid (amount 569 g, apparent yield 100%).

Reference Example 4

3—(6,7—Dibromo—2,3~dihydrobenzofuran—5—yl)propionic acid

d 1) Brg
COLEt AcONa O CO,H
2) Na2803
CH;CN
PPE 3 B DBA

To the solution of PPE in acetic acid (569 g, 227
mmol} obtained in the above step was added anhydrous sodium
acetate (18.6 g), and bromine ({222 g) was added dropwise

thereto under stirring and cooling over 2 hrs. After
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3-(6, 7- D brono- 2, 3-di hydr obenzof uran-5-yl ) propi onic

15 acid (40.0 g, 114 mmol ), o-dichl orobenzene (182 Q)

and N, N di net hyl formam de (0.1 g) were m xed, and

thionyl chloride (17.7 g, 149 mol) was added

dropwi se thereto at inner tenpépature of 42C,

followed by stirring for 30 to 40 mnutes to give a

solution of acid chloride. Then, to the 20 sol ution

was added anhydrous al um niumchloride (17.5 g, 132
nMrSEFtitRdseéial 4poREisondtungepni ceewbekripfigyreandthe reaction
stirred for 30 m nutes. Methanol (475 g) was prepared
3nixsEper aesl pddadd ddwwissetiomn sobal ¢dnl Wasaqaddeds solution
dropwi se to the nmethanol to crystallize. To the
crystadiupatsudifitsol (6 7ToOmmbas addedtdropd SoWaRE®m{fbtes. To
g) under cooling, and stirred for 30 m nutes. The

ctiist alemondriom coblect 66 Bwsd ddddd abbehenandilbe wWels o), and
crystals were washed sequentially wth nethanol,

WakgEtegatagat 2d nagueptisy SAbHEL AR QAfn®Odi UB¥1ux, then cooled
bi carbonate, water, and nethanol, followed by drying

ggggggéy?8“%&2&%F%&%@d§%ﬁ@'q %&te&lé%§§¥§%&ﬁ§%ﬂ3@ﬁ%c%rystals
pérf, CplRbLauiny Wt QRenel; Jskh i Ha 8008 e} Pand dariea

under vacuum to give title compound (amount 63.3 g, yield

73.2%).

Reference Example 5

4,5-Dibromo-1, 2,6, 7-tetrahydro-8H-indeno[5, 4-b] furan-8-one

1) SOCl, o
0 DMF, ODB O
CO,H -
2) AlCI
Br ODB, MeOH '
Br DBA Br BIF

ODB: o-dichlorobenzene
3-(6, 7-Dibromo-2, 3~dihydrobenzofuran-5-yl)propionic
acid (40.0 g, 114 mmol), o~dichlorobenzene (182 g) and N,N-
dimethylformamide (0.1 g) were mixed, and thionyl chloride
(17.7 g, 149 mmol) was added dropwise thereto at inner
temperature of 42°C, followed by stirring for 30 to 40
minutes to give a solution of acid chloride. Then, to the
solution was added anhydrous aluminium chloride (17.5 g,
132 mmol) in several portions under ice-cooling, and

stirred for 30 minutes. Methanol (475 g) was prepared
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Br BIF TH (1)

4,5-Di brono-1, 2,6, 7-tetrahydro-8H i ndeno[ 5, 4-b] furan-8

- one (280 kg, 843npl), anhydrous sodium acetate (173

kg, 15 2109 nol), nethanol (6384 L) were m xed, and

the reaction systemwas repl ace i th nitrogen. Then,

to the reaction m xture was added 10% Pd/ C (30. 8 kg,

as dry weight), and pressurized with hydrogen to 0.29

to 0.49 MPa, and_catalytically reduced at about 40C

f e TS I 4 rerd i ¥he nge 2ot ben seehuaigni vrEngddate dropwise to
that the gas-liquid overall mass transfer coefficient

KitéYel/ hpgthanabouttol5. cThetzhl btgst Twas fhet ecegstaddization
the filtrate was concentrated under reduced pressure,

are lfudritdre rwasatatdevh sdanjplens ¢ ovdher 3276r @5i difler cooling, and
foll owed by concentrating under reduced pressure to
sufstrintedt efolie 30| veitut«x00l IPhe apdysthlEi NGefOF cbiMected by
to mature. The crystallization solution was filtered

t @igivvetieRf, CANStahs Qfetlidtsconpoyade( ammindg124kentiaily
as dry weight, 5 yield 86.6%". The content of diner in

t be rnet | s | e . 19 ight .. ( :
T Catl o ot op UeT b oot ol 2 e 27 K oAl i g2 sodiun
agti har, (6 , j gi A .trade ,na
R 1 ot nEPhE AP oA T g undes
1_hr der. ref] ux, d filtered. The filtrate and

vvgg P#gis%\?ergg&ceo)éclé%?rgato d trdet cor“?dﬂ‘brb‘% &%‘%@%r%@i%) ‘

then, the residue was refluxed for 1 hr - and cool ed.

Water (306 L) was added thereto under cooling,

Example 1

1,2,6,7-Tetrahydro-8H-indeno[5, 4-b] furan-8-one

0 1} H,, Pd-C o
o) AcONa, MeOH o)
2) MeQH B}
Br
THI

Br  BIF
(1) 4,5-Dibromo-1,2,6,7-tetrahydro-8H-indeno[5, 4-b] furan—-8-

one (280 kg, B843mol), anhydrous sedium acetate (173 kg,
2109 mol), methanol (6384 L) were mixed, and the reaction
system was replaced with nitrogen. Then, to the reaction
nixture was added 10% Pd/C (30.8 kg, as dry weight), and
pressurized with hydrogen to 0.29 to 0.49 MPa, and
catalytically reduced at about 40°C for 8 hrs with stirring
at such a stirring rate that the gas-liquid overall mass
transfer coefficient Kia(l/hr) is about 15. The catalyst
was filtered, and the filtrate was concentrated under

reduced pressure, and further water was added to the
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matured for 1 hr, and the precipitate was coll ected by

15 filtration, followed by drying under reduced

pressure to give title conmpound (anmount 117 kg, yield

92.1% . (3) Gas-liquid overall mass transfer

coefficient Here, the gas-liqui d2verall mass transfer
coefficient was determ ned by Na2SG3 net hod. 20 1)

Na2SOB net hod (sodiumsulfite nethod) (a) Principle
Sodi um sul fite (Na2SCB8), in an aqueous sol ution

t H&rseigiue cofiv et p¥eto byodiomesut fat eng Na28@4) byduced pressure
reacting wth oxygen which was incorporated fromair.

The reedcttiionmt2s that esobvent f i coehthy dAsSt seOPPangdrb® 1 hr to
absorption rate of 33 oxygen (oxygen absorption is

r atse-udet.ermhai pgystepld zathenefoiBit OV IRAsARSAHIALN to give
rate (NA) can be obtained by neasuring the

CReerifattiaan Jrangs 1of sBUmSUldhdent NoyY R?eas.dr weight,
gas-liquid overall mass transfer volunme 5 coe F7¢i ent

F%%e@ﬁ‘#ﬁjﬁﬁq qm%rﬁh_féﬁﬁmﬁfgd§ﬂg§tE%ntﬂgAﬁégqéEystals was

-C Since actually I n this nmeasurenent system

cqgggngﬁghi?ql%fb &lsgbﬁﬁg oxygen in the aqueous

sol ution- of sodi t’e can be deened as 0, the

f oLl owi 1 uation is given. KLa = NA/ C* On the
o?%érﬁ%ggg}cggﬁ% iFFFV of oxygen in aqueous solution

can be,.expresse th |l owi ng, using Henry's | aw.
wekP cryé%gﬁé Fig$ kg gs n:lry'g weiggt), activated

charcoal (6 kg, Shirasagi A: trade name) and methanol (1723
L) were mixed, and stirred for 1 hr under reflux, and
filtered. The filtrate and washings were concentrated under
reduced pressure, then, the residue was refluxed for 1 hr
and cooled. Water (306 L) was added thereto under cooling,
matured for 1 hr, and the precipitate was collected by
filtration, feollowed by drying under reduced pressure to
give title compound (amount 117 kg, yield 92.1%).
(3) Gas-liquid overall mass transfer coefficient

Here, the gas-liquid overall mass transfer coefficient
was determined by Na,SO; method.
1) Na;S03; method (sodium sulfite method)
(a) Principle

Sodium sulfite {(Naz803), in an aqueous solution
thereof, converts to sodium sulfate (Naz504) by reacting
with oxygen which was incorporated from air. The reaction

rate is sufficiently fast compared to absorption rate of
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C* = p/H 15 Fromthese, KLa can be calculated. In

addition, synbols in the above equation have the

foll owi ng neani ngs. KLa: gas-liquid overall mass

transfer volume coefficient [1/H] 20 NA: oxygen

absorption rate [nol/LH] C oxﬁg?en concentration in

l[iquid [nmol /L] C*: solubility of oxygen in saturation

[mol /L] p: partial pressure of oxygen in gas phase

[Pa] H Henry constant [PaL/Hr] 25 (b) Measurenent
mEPHBEB4  (PRYIPOr e aRA@IPYUTS niis saratd-idpliervoiunge step).
as feed scale of BIF 23.34 g) is charged into 1 L

adtheoledfoyr §,d asgoReaebeorptiEd 4000 (Nypekan(ide obtained by
Na2SC3 (9.5 g) is added thereto, and m xed for about 2

5 mearsutresig it ssolaent fdtiign Acipiepar et fodinml bLifite.

CuS™ solution (4.75 M) is added to the aqueous

sol uti orwyf MIRSOH{LUSLLPNCOEFRLl OMmagit efrhR8fer volume
addition = I x10-3 M, and the reaction solution is

Stoked Sle@M %, EOR 51 q@irAHELS W%%tei %lil%iwtiir%;g : i Vet i1 .

(iv) Imediately, 10 ml of thé dissolution lon 1s

preci sgly_sanpled.-and titrated according to the
procedu?e o pﬁﬂ ?gllomﬁng (c). (titration volune =

;?v£g1%QP%%?OIH§C{S£fi§on §9JUti€QiéS S%%%%%%éﬁgﬂ% a system,
concentration of dissolved oxygen in the aqueous solution
of sodium sulfite can be deemed as 0, the following
equation is given.

Kia = Na/C*
On the other hand, solubility of oxygen in aqueous solution
can be expressed by the following, using Henry's law.

C* = p/H
From these, Kpa can be calculated.

In addition, symbols in the above equation have the
fellowing meanings.

Kra: gas-liguid overall mass transfer volume coefficient
[1/Hr]

Na: oxygen absorption rate [mol/LHr]

C: oxygen concentration in liquid [mol/L]

C*: solubility of oxygen in saturation [mcl/L]

p: partial pressure of oxygen in gas phase [Pa]

H: Henry constant [Pa'L/Hr]

(b) Measurement method



rate for a given time AO (= 1.0 [Hr]). At this tine, a

15 certain anount of air is streanmed into the upper of

the vessel to prevent decrease in partial pressure of

oxygen in gas phase in autocla%e (about 200 m/L).

(vi) 10 M is precisely sanpled fir om t he sol ution of

(v), and titrated according to the procedure of the

following 20 (c). (titration volune T2 [M]) (vii)

Fron1the result of titration, oxygen absorption rate

NALi)s e of sl %&r@lngsqr@ethbqwmlwmeeqeafe@ﬁ scale of

Here, F represents a factor of N 10 iodine solution

r@é@er@ﬁ 34 @NxFs NAhaxpes4Bato- Tz 3mtqadavi t (Glaon Reactor,

met hod (method for titration of sodium sulfite)* (i)
ATZO6 V1 0B envpyper fl ask containing pure water (100

m, acetic acid-sodiumacetate buffer*2 (10 m), and

N(1@) Ha,edinedsbl yii ob beEdgeENthed@td,) dns RERA! efbr about 2
bef orehand. (ii) Sanple solution (10 ni) i s added

5 thenatesgert IM.sgJlive), After about 5 m nutes, the
sanple solutionis titrated with NV 10 sodi um

tfow%t}ll fat ¢.s94id onousi ng. /1, StAILN soluti ooy 3 6407% ml) is

as an indicator. 10 *1: Titration princtple

béﬁﬁgdo?_ot hat af %r LJISO)gO L Ziing, syl fl\{aﬁgo PLIZ C@&)i hconcentratlon

existing in the e SO utlon
£ el RARE R I
stirred slowly for 1 minute (reaction initiation).
10 (iv) Immediately, 10 ml of the dissolution solution is
precisely sampled, and titrated according to the procedure
of the following (c¢). (titration volume = T; [ml])
(v) The reaction solution is stirred with a given rotation
rate for a given time A# (= 1.0 [Hr]l). At this time, a
15 certain amcunt of air is streamed into the upper of the
vessel to prevent decrease in partial pressure of oxygen in
gas phase in autoclave (about 200 ml/L).
(vi} 10 ml is precisely sampled from the solution of (v),
and titrated according to the procedure of the following
20 (c). (titration volume = T, [ml])
(vii) From the result of titration, oxygen absorption rate
Na is calculated according to the following equation. Here,

F represents a factor of N/10 iodine solution reagent.

0.1x F
N, =——"_ (T -
A 4x10><At9(' )
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followi ng reaction formula. 15 oxidation of sulfite
radi cal: Na2S3 + 12 + H2O -, 2Nal + H2SO4 titration
of iodine: 12 + 2Na2S203 -. 2Nal + Na2S$406 *2: 75 g of
sodi um acet at e (CH3COONa3H20) i % di ssolved in 500 ni
of aqueous acetic acid (CH3COOH-- HO =1 : 2). 20 *3:
1.0 g of starch is scrubbed and n1xed wth 10 m  of
water, and the resulting mxture is fed into 200 m of
hot water. After boilin until this turns into sem -

t r&isparidhatian i deterad t o( eI od 25f Ref ek bhEat ExBnpbE  sodium
6 36 _(E)-(1,6,7, 8-Tetrahydro-2Hindeno[5, 4-b] furan- 8-
ysddrdracét onitrile 0 CN O (Et0)ZP-"' ON o DEPCN a'

m / MeONa 6S TH toluene, MeOH ICN To a solution of

tdﬁdeﬁe2@ﬂ84ﬂgﬁ¢lhﬁm&yé@tﬁﬂasﬂn@bmﬁaﬁning pure water (100 m),
8H i ndeno[ 5, 4-b] furan-8-one (8.5 g, 48.9 mol) and

deeehyilc cwadargichdluphosphenate LG A0 5817 mb) wasd N/10
added dropw se 28% sodi um net hoxi de solution in
mebhanel sollt3 o) reagent (40 ml) is prepared beforehand.
(1i) Sample solution (10 ml) is added theretoc gently.
(iii) After about 5 minutes, the sample solution is
titrated with N/10 sodium thiosulfate solution using a
starch solution*? (0.5 - 1 ml) as an indicator.

*1l: Titration principle is based on that after
oxidizing sulfite radical existing in the sample solution
with iodine, the remaining iodine is titrated with sodium
thiosulfate, and each step can be represented by the
following reaction formula.
oxidation of sulfite radical: NaySOs; + I, + H.0 - 2Nal +
H;50,4
titration of iodine: I, + 2Na»$;0; - 2Nal + Na»Si0¢

*2: 75 g of sodium acetate (CH3;COONa-3H,0) is dissolved
in 500 ml of aqueous acetic acid (CH;COOH H.0 =1 : 2).

*3: 1.0 g of starch is scrubbed and mixed with 10 ml
of water, and the resulting mixture is fed into 200 ml of

hot water. After boiling until this turns into semi-

transparent, it is left to cool.

Reference Example 6
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over 1 hr under ice-cooling, and reacted for 4 hrs. To

the reaction solution was added dropw se water (85
g), and 10 warned, then the |layers were separated. The
organi c |l ayer was washed wth ﬁ%ter and filtered to
renove dusts under pressurizat The organic |ayer

was concentrated under reduced pressure, and to the
resi due was added net hanol and concentrated under
reduced pressure to substitute the 15 solvent. After
stEP rildg Of I 8T Tt HAFORH: tredi ieflam e hS r €01 fivrant fe
solution was cooled and matured for | hr. The
clydtgnei) aeeitom idalidts on was filtered, and the
crystals were drled under reduced pressure to give
title conpound a wew 8.1 g, yield 84.4%. 20

€ enceoExanﬁﬁ@z

6, 7, 8- Tgkpefydr o- ZH-\ nde f@ 4-pb] furan-8 37
hyl ami-ne-hydr acHl CN 1) H2, activated

NaOH, t ol MeoRa NH2HCI ag. o / 1CN EAI

HCI To a ﬁlxeqoﬁgﬁpﬁﬁﬁﬁpn of ) - (1, 6, 7,

8-t etFTHhydr o- 2H

i ndeno[ 5, 4- b] f ur an- 8- ylldene)acetonltrlle (10.0 g,

50.7 [ e nd neth 0

L) me?%nggékﬁiggfﬁbg$€dtég% ﬁ?nk48229§) ad f%,{/;etrahydro—
AeLHSe A0 LR, (BT ROGATRMTY I OX 88 b1ad D) AN qiecny

stirre

cyanomethylphospheonate (10.4 g, 58.7 mmol) was added
dropwise 28% sodium methoxide solution in methanol (11.3 g)
over 1 hr under ice-cooling, and reacted for 4 hrs. To the
reaction solution was added dropwise water (85 g), and
warmed, then the layers were separated. The organic layer
was washed with water, and filtered tq remove dusts under
pressurization. The organic layer was concentrated under
reduced pressure, and to the residue was added methanol and
concentrated wunder reduced pressure to substitute the
solvent. After stirring for 1 hr under heating with reflux,
the solution was <cooled and matured for lhr. The
crystallization solution was filtered, and the crystals
were dried under reduced pressure to give title compound

(amount 8.1 g, yield 84.4%).

Reference Example 7

(E)-2-(1,6,7,8-Tetrahydro-2H-indeno[5, 4-b] furan-8-
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34 to 50C under hydrogen atnosphere (0.2 MPa). The
reaction solution was filtered, and to the filtrate
were 10 added toluene (170 nL) and nethanol (35 nlL) to
separate the |layers. 0.5N Hydr%ghloric acid (101 )
was added to the organic |ayer,”'and stirred for 30

m nutes at 25 to 30C. Then, the layers were
separated, and active charcoal (1 g) was added to the
aqueous layer, followed by stirring. The 15 active

C ;ﬁ§%ﬂeké§5¥¥ﬁﬂﬁﬁﬁ BYAFPFR+AFi8R to give an  aqueous
solution of title conpound (246 g, Net 12.0 g, vyield
99.6% . Exanple 12 I-%pactivated Co

(S , 8- Tet r ahydr o- 2H- i NHUL&N- 8-
yl i ne hyd . iyepe 380 tof uene p
NH2 , Rué)gl_‘%? O NF2HC! aq. 4) H2,
Pd- 5) n-"Bu 9 2o (S)- To an aqueous

sol uti of (E)-2-(1,6,7,8-tetr roQ-
2F+ind@ﬂ%[5,4-b]furan-8-ylidene?g%ﬂVﬁg%ine
hydrochl oride (1979 kg, Net 122kg, 513 nol) were

added trel uen@iks32 di)sdedbtop%aqu BOE W 1 OD:Of rahydro~2H-
sodi um hydr oxi de (456 é%, and sti??ng The |ayers 2 or©

repschene Lyl LM A S e, 500
(RR819) 10del1Yd L8R akmazphere, FRLLAYED 1Y (12 5 m1) were
added activated cobalt (7.22 g) and 14.4% agqueous solution
of potassium hydroxide (1.4 g), and stirred for 6.5 hrs at
34 to 50°C wunder hydrogen atmosphere (0.2 MPa). The
reaction solution was filtered, and to the filtrate were
added toluene (170 mL) and methanol (35 mlL) to separate the
layers. 0.5N Hydrochloric acid (101 mL) was added to the
organic layer, and stirred for 30 minutes at 25 to 30°C.
Then, the layers were separated, and active charcoal (1 g)
was added to the aqueous layer, followed by stirring. The
active charcoal was removed by filtration to give an

aqueous solution of title compound (246 g, Net 12.0 g,

yield 98.6%).

Example 2
(5})-2-(1,6,7,8-Tetrahydro-2H~indeno[5, 4~b] furan-8-

yl)ethylamine hydrochloride
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stirring at 80C for 15 hrs under hydrogen atnosphere
(4.9 10 MPa) . The reaction solution was cool ed, and
water (330 L) and concentrated hydrochloric acid
(52.3 kg) were added at bel ow 30C, followed by
stirring for 30 m nutes, then t he | ayers were
separated. The aqueous | ayer was washed with toluene
(195 L), and pH was adjusted to about 6.0 by adding 15
5% aqueous sol ution of NaOH to the aqueous |ayer

(cop 00 of Voh@dtiteluanel ' 5% Pd- C (50% wet ,
9. hs atteted tEPH?t%LB|ﬁRﬂ red St BOGHr 6
hrs hydroge _a.t_lms.pb.et.e..( MR\ The reaction
m xt g filteres) Hemhthefll gas adj ust ed

to around pH 6.0 20 Xmﬁh 5% aqueous™%ol Uti on of NaCOH
or d| /{‘1 %‘!{3 drochl orflc 2§E|Cd foll SEAM)/ C

concentra n under $%)edBo@d, l-pL,Dess eH lesi due was
recrystallized fromm xed solution of n-butanol 39

and vates tQ Gdledid | 80e0aPOUNG A 8Fs6-ka(1ykehds - -
73. 0% conpounqtﬁl M )OI S not det e?t gd ((:o?lrp “tetrahydre

(|2ﬁ91dd%ﬂ515 deteated) gl %ﬁ%ﬁ% éf%y{%ﬁiﬁgnt?nﬁyﬁﬁochlorlde

compound (I I') and 5 co ner)

Ob(tlaymdk r%?EELLéDjkr%heS%% I‘n:pol C%‘Q}oungdé\@ |t|o&|l11ene (532 L)

determ ne | owi ng con

OSLEESL: ALY ot yaorpt QTRLEE IRYELESIN 105 1), ane

af o&n.&efg n‘&r}lcol farrpeltfsen%eerraet ! gpa%!a\égg ”IE’ ' %tour ?:he organic
layer were added methanol (155 kg) and [RuCl (bebzene) (R) -
BINAP]Cl (894 g) under nitrogen atmosphere, followed by
stirring at 80°C for 15 hrs under hydrogen atmecsphere (4.9
MPa) . The reaction sclution was cooled, and water (330 L)
and concentrated hydrochloric acid (52.3 kg) were added at
below 30°C, followed by stirring for 30 minutes, then the
layers were separated. The aqueous layer was washed with
toluene (195 L), and pH was adjusted to about 6.0 by adding
5% aqueous solution of NaOH to the aqueous layer
{(containing 5.0% of compound III'). 5% Pd-~C (50% wet, 9.7
kg) was added thereto, and stirred at 60°C for 6 hrs under
hydrogen atmosphere (4.9 MPa). The reaction mixture was
filtered, and the filtrate was adjusted to around PH 6.0
with 5% aqueous solution of NaOH or dilute hydrochloric
acid, followed by concentration under reduced pressure; The

residue was recrystallized from mixed solution of n-butanol



10

15

20

nobi | e phase: m xed solution of 0.1 nol/L potassium

di hydrogenphosphate (pH 3.0)/nethanol (75 : 25) 15

Exanmple 3 (i)

(S)-N-[2-(1, 6,7, 8-Tet rahydr o- 2H-i ndeno[ 5, 4- b] f ur an- 8-
yl')ethyl ] propi onam de 1) o fOf 3 NH2HCI NaOH, THE ~ N
H.~~H\ O 2) Recrystallization (EtOH+H20) (S -AM

HClI 3) Pul verization To a m xed sol ution of
(S)-2-(1,6,7,8-tetrahydro-2H 20

i ABENIfBL AL bEPur@hvs- Fitdehytampaently difécl okpde Wizlld 73.0%,
kg, 309 nol) in tetrahydrofuran (185 L) and city

waeapo(pso [(JIIWereladded 308taquedys sohpbind ofIV') is not
sodi um hydroxide (70 L) 40 and propionyl chloride

(82t8ckgy,) .and stirred at room tenperature for 1 hr.

To the reaction solution was added city water (592

L), andncoabedtibhe pree pidattethicr kst al SompWi®d  (TII') and
collected by filtration, and dried under reduced 5

EemsunRdat or grve tidsl 0 un 7 [

87. 4§ . CI(i E?\y Pﬁri(foitlggetlﬁonn.&gt egh%hgj%%%%% s%(ﬁ}’ftflksg, of the
2 I i ' j : di ' X ,
2P P EeRiRhE el ShhobBERecthan e LG SHe, ot toming
L ondpd; ggtive charcoal (0.78 kg) was

detector: ultraviolet absorptiometer {(wavelength for
measurement: 220 nm)

column: Develosil UG-3, 4.6 mmi.d.x75 mm

column temperature: given temperature around 25°C

mobile phase: mixed solution of 0.1 mol/L potassium

dihydrogenphosphate (pH 3.0)/methanol (75 : 25)

Example 3
(1) (5)-N-[2~(1,6,7,8-Tetrahydro-2H-indenc[5, 4-b] furan-8-

yl)ethyllpropionamide

O

1H 0
~Ag , NaOH, THF \)J\N

H \‘\\H O

-
’ o

2) Recrystallization
(EtOH-H,0)

(S)-AMI-HCI

3) Pulverization

To a mixed solution of (§)-2-(1,6,7,8~tetrahydro-2H~
indeno[5, 4-b] furan-8-yl)ethylamine hydrochloride (74 kg,
309 mol) in tetrahydrofuran (185 1) and city water (259 L)

were added 30% aqueous solution of sodium hydroxide (70 L)
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10 added thereto, then stirred for 10 m nutes,

followed by filtration (washed with m xed sol ution

(74 kg) of ethanol and purified water (10 : 1)). To

the filtrate was added water (?@8 L) under warm ng,

cool ed, and the precipitated crystals were collected

by filtration, which were dried 15 under reduced

pressure. The resulting crystals were pulverized with

jet ml to.,give title caonmpound é74.0 kg, ield 95. 7%
c8RFouRbCPLYNEL 020k LeBREBUNES L1 B) @gbﬁgﬁﬂK{o@ﬁéaﬁﬁd at room
(r1r1r) and (1V) less than 0.02% total anal ogous
nmaEBPRERtOre8%or 2b rii) Tanatlysi seaohdphi ewlThdon was added
content of conpound (1) to (I1V) in the crystals of

t Aetli tlad cgonpohdLobt @ntedcdmiédi ) Thas pdetdmiitzatdycrystals
HPLC under the follow ng condition. detector:

uveravi obeleabsdr pbyonei et révauel engt fOFied5 under reduced
measurenent: 288 nn) 41 colum: YMC-Pack ODS- AM

AMEBO2ubpnt odgbvamet td ex Eahpmind nersufaadr 'Zééméj WO 4qs) .

col um tenperature: given tenperature aroun

npbi | epphasecafiofii xedpsol ution of 0.01 nol/L
phosphate 5 buffer (pﬁ 7.0)/acetonitrile (4 : B;

m xed @QéUEk?@tﬁgso'pﬁ7g?léé p59§pQQh.df?$%%fr?%€E% (i) were

7.0)/acetonifri (3 adiéent co

(&Hé&%l@@@ilfnphﬂeré ngghh%igga8?1$8 kg) of ethanol and

purified water (10 : 1), and active charcoal (0.78 kg) was
added thereto, then stirred for 10 minutes, followed by
filtration (washed with mixed solution (74 kg) of ethanol
and purified water (10 : 1)). To the filtrate was added
water (588 L} under warming, cooled, and the precipitated
crystals were collected by filtration, which were dried
under reduced pressure. The resulting crystals were
pulverized with jet mil to give title compound (74.0 kg,
yield 95.7%, compound (I) 0.02%, compound (II) 0.06%,
compound (III) and (IV) less than 0.02%, total analogous
material 0.08%).
(iii) Analysis condition

The content of compound (I) to (IV) in the crystals of
the title compound obtained in {ii) was determined by HPLC
under the following condition.
detector: ultraviolet absorptiometer (wavelength for

measurement: 288 nm)
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0 90% 10% 60 40% 60% 70 40% 60% 70.1 90% 10% 85

90% 10% 10 Resulting HPLC chart was shown in Figure 1.

As obvious fromFigure 1, conmpound (I) and (11) were
detected at each side of main Q?ak of
(S)-N-[2-(1,6, 7, 8-tetrahydro-2H

i ndeno[ 5, 4-b] furan-8-yl)ethyl] propi onam de, however,

compound (I1l) and (1V) were each bel ow the detection

limt 15 of less than 0.02% Industrial Applicability
ACCIT g EHCTREHr oRBSsAYr el B e2ht i‘h\éntﬂmbn,l-@yxwo mm
controlling the pH of reaction solution in catalytic

20 "eERtEGT st &y adtFJpost - t reat nent sol uti on t her eof ,

highly pure optically active am ne derivatives which

arce lugef temps ratadieci el wem teengenoduced awdimdi H°C

yield, and high-quality 42 pharnmaceutical raw
mabbriilal spoape be Apr ovi ded isndustirdral by, #h1 CkALMB dhosphate
A process for producing (S)-2-(1,6,7,8-tetr.ahydro-2H

I bdediefS, (Hib/f. on ar@rdnjiethinleanise ary a salt. thereof,

which conprises step (i): a step for asymmetrically

reducing (E)- 5 B; mixed solution of. 0.01 mol/L phosphat
2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan- 8 /L phosphate

ybgﬂ@@%) ebhyhaw ng R oR 133t Jt har eof;ywi th a catal yst,
an

gradient condition

time (min.) mobile phase A |mobile phase B
0 90% 10%
60 40% 60%
70 40% 60%
70.1 90% 10%
85 90% 10%

Resulting HPLC chart was shown in Figure 1. As obvious
from Figure 1, compound (I) and (II) were detected at each
side of main peak of (S)-N~[2-(1,6,7,8-tetrahydro-2H~-
indeno[S,4—b}furan~8—yl)ethyl}propionamide, however,
compound (III) and (IV) were each below the detection limit

of less than 0.02%.

Industrial Applicability

According to the process of the present invention, by
controlling the pH of reaction solution in catalytic
reduction step and post-treatment solution thereof, highly
pure optically active amine derivatives which are useful as

medicine can be produced with high yield, and high-quality



step (ii): a step for catalytically reducing the
reaction product obtained in step (i) at a reaction
tenperature of 40C to 100C and pH 3 to 9 with a
catalyst. 10 2. The process accq édl ng to claim1,
wherein the reaction tenperaturé in step (ii) is 50C
to 70C. 3. The process according to claim1, wherein
the pHin step (ii) is 5to 7. 4. The process

ording ta claim1, vvherelnthe cataly 15 in ste

e LT dat"aitpte T il Srrféafbr%%e%%méﬂc%@dmﬁu%rlally-
clalml wherein the catalyst in step (ii) is Pd-C
cat al yst.
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CLAIMS
1. A process for producing {S}~2-(1,6,7,8-tetrahydro-2H-
indeno[S,4—b]furan-8~yl)ethylaminekor a salt thereof, which
comprises step (i): a step for asymmetrically reducing (E)-
2—(1,6,7,8—tetrahydro~2H—indeno[5,4—b]furan—8-
ylidene)ethylamine or a salt thereof with a catalyst, and
step (ii): a step for catalytically reducing the reaction
product‘obtained in step (i) at a reaction temperature of
40°C to 100°C and pH 3 to 9 with a catalyst.
2. The process according to claim 1, wherein the reaction
temperature in step (ii) is 50°C to 70°C.
3. The process according to claim 1, wherein the pH in
step (ii) is 5 to 7.
4, The process according to claim 1, wherein the catalyst
in step (i) is Ru-BINAP catalyst.

5. The process according to claim 1, wherein the catalyst

in step (ii) is Pd-C catalyst.



