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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 derivative having high
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] f ur an- 8-yl ) etdpdamemeshydr ochl ori de by
means 15 of asymmetric reduction from

(E) - 2- bdoBrds Brb Rt bRBYIEP 18R oFndenebar4ybhcTIve AMINE
furan-8-ylidene)ethylam ne hydrochloride as starting

material, both nmethods ar h as an

! Afiﬁ?@
i ndustrial production ne#ﬂ%gﬁ%n Ich the formation of
side products is suppressed and high-purity crystals
of (S)-2 20

1,6, 7, 8-tetrahydro-2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl am
&ﬁ%ﬁgﬂ§ﬁ?ogﬁf§f¥de are produced with high yield. In

particular, problenp are to control the side products
r epr edeift ecPrb%/)SEche FRTPOWMAY fOPHAEES (IFQ )2 arFOCeSs  for

(I\Qg. 2 H2N,..~-H\ O O . ) , . .
production of an 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 (8y-2-(1,6,7,8-tetrahycdro-2H-
indeno!(5,4-b]furan-8-yl)ethylamine hydrochloride by means
of asymmetric reduction from (E)-2-(1,6,7,8-tetrahydro-2H-
indeno[5, 4-b]furan-8-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-indenoc[5,4-b] furan-8-yl)ethylamine
hydrochloride are produced with high yield. In particular,

problems are to control the side products represented by

the fellowing formulae (III') and (IV').
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HZN aH\ OH2N = H (1~) (N ) On the other hand,

di neri zati on of benzofuran conpound under the
presence of Pd-catalyst is described in Liebigs. Ann.
Chem, 10,945 (1989) and J. Chem Soc. (A), 1324 5
(1968). However, these cases are the dinerization by
bi nding of two aromatic rings, and the structures of
their dinmers are different fromthose of diners
fornmed by the reaction between aromatic ring and
benzyl position, |ike conpound represented
above formula (1V'). In 10 adHjNT on,
736 (1970) discloses that oxidation}d
posi tion of benzofuran conpound tak

presence of Pd-catalyst, but formatiga o dimer is
not described therein. 15 D scl gdyurelof Invention The
obj ect of the present inventio
i ndustrial proesess for productie
&gMT ve Y aig ne

purity, M
control

( optically
hivative with high'y d and hi gh
the formatio | products is
As a result Holfl" i nteNgl Ve studies to
probl em the presentHinventors found

that in e éfeps of production,af the optically
active 5#P%e derivative, the (i

On the other hand, dimerization of benzofuran 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.

Discleosure of Invention
The object of the present invention is to provide an
industrial process for production of an optically active

amine derivative with high yield and high purity, wherein

the formation of side products is controlled.
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formati on of side products represented by the above 5
formulae (111") and (IV') can be controlled by
controlling pH and tenperature of the reaction
solution at the time of catalytic reduction with Pd-C
and the solution at the tinme @f post-treatnent
thereof, and conpleted the present invention. 10 That
is, the present invention provides: (1) A process for
producing (S)-2-(1, 6,7, 8-tetrahydro-

2H-i ngenof 5,4shh tursn- §nﬁéﬁ§l9¥|%%b@§é¥ o Sabllve the above
thereof, which conprises step (i): a step for

%))6@2{%?’{1 6] é .3 é??gﬁygg‘veﬂ OES gt S5 uran tgl elssteps of
| h ¢ ,
%rlé)% %)l tn(y!)?mtﬁ]l% O%%@l?%ifi%a{égt?fs{eca Ifd;n?e uci ng tlh >’

tfea"“atalrﬁ”’ "I 0 00E kR pRPoEs TG | A Che  above

i BB BRI b comronsin

tenperature in ste (Li) is 50C to The
PHoceys Wmtﬁ@r% o°t hEhghsFechent &ﬁ t((lig)“ ahetei hime of

the pHin step (ii) is 5 to 7, (4) The process

FECEr g 110 u@tmfov%lh%nﬂﬂoﬁeén(il)the ?SJJ\Mﬁtércé} P hehe time
catalyst in step (i) is Ru-BINAP catalyst, (5) The
priocesssaceoraitmept o therapéve- Aont | (ﬂ@wl(eﬂe%e g n present
the catalyst in step (ii) is Pd-C catalyst, (6) A
prmocegsidrar produci ng crystals of (S)-N-[ 2-

That is, the present invention provides:

(1) A process for producing (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)y~2-(1,6,7,8-tetrahydro-2H-indenc[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 the above-mentioned (1),
wherein the reaction temperature in step (1i) 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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(1,6,7,8-tetrahydro-2Hindeno[5, 4-b]furan-B- 5

yl ) et hyl ] propi onam de, conprising step (a): a step for
propi onyl ating the ami no group of (S)-2-(1,6,7, 8-

t et rahydr o- 2H i ndeno[ 5, 4- b] furan- 8-yl )et hyl am 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 aqueous solvent to the
reaction solution obtained in step (a), (7) Crystals

of (S)¢V [Ehd lpbode st §EEBDYIRG- 2 the above-mentioned (1),
i ndeno[ 5, 4- b] f'uran-8-yl)ethyl] propi onam de, wherein

FAHEs SO AL e SO PSS S BT,

O, ool VL ahea B0 MDA AP! MBS 01 85 2-
0, 00,5 SIS B £50e ey AN 11
gl?etﬁyq]gggEionamide, comprising step (a): a step for
propionylating the amino group of (s)-2~(1,6,7,8-
tetrahydro-2H-indeno [5, 4-b] furan-8-yl)ethylamine or a salt
therecf obtained in the process according to the above-
mentioned (1), and step (b): a step for crystallizing by
adding aqueous solvent to the reaction solution obtained in
step (a),

{7) Crystals of (Sy-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) dis 0.15% by weight or

less, and the total content of the compounds represented by

the following formulae (I) to (IV) 1is 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 fornulae (1), (Il11) and (1V) is 0.15% by
wei ght or less, and the content of the conpound
represented by the following formula (Il) is 0.02 to
0.15% by weight, and further the total content of the
conpounds represented by the follow ng fornmulae (I)
t® (I1V) is 0.2% by weitght or 10 less, 6 00 N
AR O H acHOHAI)LUI) 0O— HﬁH
he wrystal i ® the” N

(111}

(V)

(8) Crystals of (8y-N-[2-(1,6,7,8-tetrahydro-2H-
indeno[5, 4-b] furan-8-yl)ethyl]propicnamide, 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) 4is 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,




10C

5 (10) A conposition conprising (S)-N[2-(1,6, 7, 8-
tetrahydr o- 2H i ndeno[ 5, 4- b] fur an- 8-yl ) et hyl ] pr opi onam
de and the conpounds represented by the foll ow ng
formulae (1), (I11), (I'll) and (1V), wherein relative
to 100 parts by weight of 6
(S)-N12-(1,6,7,8-tetrahydro-2H i ndeno[5,4 10

b] furan- 8-yl ) et hyl ] propi onam de, each content of the
conpounds represented by the following fornmulae (1) ,
(), (111) and (IV)9s 0 to 0.15 part by9wei ght and

PHQ tatal c nt ~of A he repnb§&n =
ol Nowi rmg ae {1)Nto N\ | to

wei ght , H\ I

HaH O (1v) (11) posi tion conprl
(S)-My{2-(1,8, 7, 8 (11)

t et rahydr o- 2H i ndeno|[ 5, 4- b] f ur an- 8- yI)ethyI]proplonam

de andot he conpounds represented by the foll ow ng

fornwlag (1), 5 (LL), (I'l1l) and (1V), wherein

rel at™e N'o IQ0partsyby wei ght of

(S)-N-[2-"(1 6 @ rahydro 2H i ndeno[ 5, 4-

b] furan-8-yl) gr opi onam de, each content of the

(IvV)

(9) 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 (8)-N-[2-(1,6,7,8-
tetrahydro-2H-indeno[5, 4-b] furan-8-yl)ethyl]lpropionamide
and the compounds represented by the following formulae (I),
{(II), (III) and (IV), wherein relative to 100 parts by
weight cf (8)-N-[2-(1,6,7,8~tetrahydrc-2H-indeno[5,4-
b]furan-8-yl)ethyl]propicnamide, each content of the
compounds represented by the following formulae (I), (II),
(ITI) and (IV) is 0 to 0.15 part by weight and the total

content of the compounds represented by the following

formulae (I) tc (IV) is C to 0.2 part by weight,
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conpounds represented by the followi ng fornmulae (1),
(rrr) and (1V) is 0 to 0.15 part by weight, and the
content of 10 the conpound represented by the
following formula (I1) is 0.02 to 0.15 part by

wei ght, and further the total gontent of the
conpounds represented by the follow ng formulae (1)

to (IV) is O0to 0.2 part by weight, 8 000 ~Hoff O
Il H.H\ OH...H\N O(l) I/ (0t v/ ¢reey o/, H

aH)\ ON HH (IV) (X2) The conposition agcording to
ahove- nentipned 0) .or (11) mhere%?jlhe cont en

f g orep es nted Qy florrgil a N's O\t o

0.1 ght | at i xre 00 parts %y

1)6,7, 8-
tetrqcydro- S-yl)ethyl ] prgpi
AN H~H O (1) (13) The crystal's according to

t he aboye-nentioned (7) or the conposition according
to the above-nentioned (10), 10 which is prepared on
a co r Hal

(V)

(11) A composition comprising (S)-N-[2-(1,6,7,8-
tetrahydro-2H-indeno[5, 4-b] furan-8-yl)ethyl]propicnamide

and the compounds represented by the following formulae (I),

- (II), (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]propionamide, each content of the
compounds represented by the following formulae (I), (III)
and (IV) is 0 to 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,
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(14) A process for producing 1, 2,6, 7-tetrahydro-8H

i ndeno[ 5, 4-b] furan-8-one, conprising a step for
reduci ng
4, 5-di brono-1, 2,6, 7-tetrahydro-8H i ndeno[ 5, 4-b] furan-8
-one 9 wth Pd-C catal yst under the condition:

hydr ogen pressure (MPa) > -0.02 x gas-liquid overal
mass transfer volume coefficient (1/hr) + 0.43, (15)
Use of the crystals according to the above- 5
:Etfloned (7) for the nufacture of a pregentive or
t

0

rapeutic ageqat fQr sl ee (36) AThe

di sorde 0 (17) A netK
treatse S| eep _di sorder, -oristng adnipm?t
the crystals according to the above-nentioned (8) or
the conposition according to the above-nentioned
(10), 13 Brief Description of Drawings Figure 1 is a
HPLC Tthart ' result of analysis of conpound
(1) to (1Y) ir ystals of (S)-N-

[2-(1,6,7, 8- t ro- 2H i ndenol[ 5, 4- b] f ur an- 8-
yI)ethyI]prop wle. 20 Best Mdde for Carrying CQut
the I nvent? xanpl es of the salt of

et rahydr o- 2H

I¥E§;f?5 4- b] an-8-yl)ethylam ne in the present
v

Iz

(v)

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

tetrahydro-2H-indeno[5,4-b] furan-8~yl)ethyl]propiconamide,

(1)

(13) The crystals according to the above-mentioned (7]
or the compositiocn 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-1, 2,6, 7-tetrahydro-8H-indeno[5, 4-b) furan-8-one
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include salts with an inorganic acid such as
hydrochloric 25 acid, sulfuric acid, and nitric acid,
salts with an organic 10 acid such as form c acid,
acetic acid, and trifluoroacetic acid, and the |iKke.
In addition, (E)-2-(1,6,7,8-tegrahydro-2Hindeno[5, 4-
b] f uran- 8-yl i dene) et hyl am ne which is a raw conpound
to be 5 used for the production of
(S)-2-(1,6,7,8-tetrahydro-2H

m%n%aa BlburAR Srfdetind 2B me oro@ sal t ther eof

of the present i nvention can be produced by a nethod

g%%ryg y reéfé%ﬁ9§52;20§§(Mihétgb§ lgﬁhgaddvérall mass

i'ng
4, 5-di ronn- 2,6, 7-tetr. dr |nd ,4-b]furan-8
*5RE*= fb Or%ugnaet z:(\:ioetglfslcrfeé ﬁ dat al ysl{ 'such as

Pd- C, t th bt ed
e e
d'ethy| anonethylphosphonate f ol

RPGEO0SR4 i g wi ERCObRFL BAPHEPSEUTST Ghal %goﬂgeventlve or

nmet hods thereto 15 In the catal ytic reduction step,
@gpg@ﬂgqgqqﬂﬁgqunfoqﬁsleep disorder,

4, 5-di brono-1, 2, 6, 7-t et rahydr o- 8+ i ndeno[ 5, 4- b] fur an- 8

- one (éa ﬁﬁu%a¢¢m@@sbg;o@yaﬁpgrﬁgng to the above-mentloned
4,5-di bronmo-1, 2,6, 7-

t(étOr)ahgmirah 8EE| ad@r@[v&,rm:’bqe‘ wantBepapeubigamioent for sleep
solvent, and if desired, a base, then preferably
afitserrdeirsplaaci ng 20 the systemw th nitrogen, adding

catal ytic reduction catalyst thereto, followed by
pressuni7zi ig mdtdHohyEbogae el ait fon ngr tHes#tmdémonef sieep
the viewpoint of formation control of side

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 1is a HPLC chart which shows result of
analysis of compound (I) to (IV) in the crystals of (8)-N-
[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b] furan-8-

yl)ethvl]lpropionamide.

Best Mode for Carrying Out 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 hydrochloric

acid, sulfuric acid, and nitric acid, salts with an organic
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product (specifically, diner), it is preferred that
the 25 reaction should be carried out under the
condition of 11 hydrogen pressure and gas-1liquid
overall mass transfer volune coefficient, which neets
the inequality: hydrogen pressype (MPa) > -0.02 x
gas-liquid overall mass transfer volune coefficient
(1/hr) + 0.43. 5 Herein, the gas-liquid overall mass
transfer volune coefficient can be determned with

Na238; 1.t hod Asrmdesgrihediridet aidid N 48 trifluorcacetic
after-nmenti oned Exanple 1. Further, the hydrogen

r ure j n.the .present reaction is usually 0.1to 1
g§§p5§¥%ﬁgﬁ$f' 3 t0 0.5 MPa. 10 In gas-1iquid

o oin " BaR Reeha, SRR S 1t B flaeno s, 4-
f di ssal uti te in solid-1iquid syst
BTG AT A A TR Y st Bnfand "t (amgand to be

phenonenon in heat transfer by convectjon,._and gjven
Fechet®s fidien S o@mess oy aﬁgf o ST H oo b §-&gtrahydro-2ﬂ-

(concentration difference). NA = KL(C1-C) (1) Here,

kindiegiof Srghsd it o el BHNG 7T |13 RAHt  Ehereof of the
concentration which is in equilibriumwth gas parti al _
PO SFeess Ui e igas bubbbe BEEAECEd Bysat dieR described in
concentration at a given time, and (C1-C) is a driving _
fIdrcde A2 -¢gas2 0 @hs arhptt o, Ime b téDrcatyp Vehicahty Areducing
IS a gas-liquid contact area

4,5-dibromo-1,2,6, 7-tetrahydro~8H~indeno[5, 4-b] furan-8-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 ccbhalt catalyst, or analogous methods
thereto.

In the catalytic reduction step, catalytic reduction
of 4,5-dibromc-1,2,6, 7-tetrahydro-8H-indeno[5, 4-b] furan-8-
cne 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 1is preferred that the

reaction should be carried out under the c¢onditicn of
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and VL is a volune of liquid, since increasing rate
VLdC/ dt 25 of gas concentration in solution is equal
to dissolution 12 rate of gas, the foll ow ng
equation can be given. NAA = VLdC/ dt (2) Thus,
equation: dC/dt = KLA(C1-C)/VL1{3) 5 is derived from
formulae (1) and (2). Furthernore, given that A/VL is
represented by a: gas- liquid interface area per unit
area, equation: dCdt = KLa(Cl-C) (4) is given. 10
8 gden | $risfhireul &rko gggal@qh@% 9892khdYi dnass transfer
I Nterface area: a independently in gas-liquid stirring
rati nsfarcyoldues coef ficlent for. iquid
%@gu%ﬁn%ﬁ%%i%{%dﬂﬁ% a and nmass trgﬂsjf e?y
oefficient for _liqguyLd, KL is d,a N i t 1
s STt bant Py > 1210F adapeon G ram fiRratl mass
fact that en stirring rate |j increased, gas-liquid
itnﬁa@rsr"{}c‘e V\gr]é’érfe ésor?eé%%@ser}targz/rr,lr)i t“[ @aﬁggener ally be
said that KLa becones larger with stirring rate.
Be&fpifes ofN? he 988G 180l VERTkd PRSPhe hkHftr  volume
20 reaction include formic acid, acetic acid,
ientet gl , PR mEEhETBIES | dohkeh anti2ete | imgthod  as
and particularly preferred is nmethanol. These
sislsmantcedrayn setsidd 9l e dftewmnenblonsd uksample br
more of them The anmount of sol vent .
Further, the hydrogen 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 dissclves
in solution per unit contact area can be expressed like in
the case of dissolution rate in solid-liquid system,
extraction rate in liquid-liquid system and transfer

phenomenon in heat transfer by convection, and given in the

form of (mass transfer coefficient) X (concentration
difference).
Na = Kp(Cy1-C) (1)

Here, K; is a mass transfer coefficient for liguid, C; is a
concentration which is in equilibrium with gas partial
pressure 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 Vi is a volume of liguid, since increasing rate vV, dC/dt

of gas concentration in solution is egqgual to dissolution
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to be used is 5 to 100 nL, preferably 15 to 25 nlL, per
1 g 25 of raw conpound. 13 Exanples of the base
used in the present reaction include anhydrous sodi um
acetate, Et3N, pyridine, NaHCO3, Na2C(O3, and the
like. In particular, anhydrousisodium acetate and

Et 3N are preferred. The anount of base to be 5 used
is usually 2 to 3 equivalent noles. Exanples of the
catal ytic reduction catal yst used in the present

?%E%It io‘:}_ngiélﬁgl) Lstqi%) Rd51Gouit i’ekcie:ﬂ‘éiﬁc%‘p?ban be given.

[ P( ] and the The anmount o
catal ythc_ gﬁﬁgﬁé%ogoﬁgtalyst to be used is 1/10

equi vafent / 1000 equi val ent nol e,
prefeﬁgFly 1/10Q.eq¥ivalent nole to 3/100 equival ent

nol e “3ti vE& Yo ol e of raw conpound to be used in

step g%?. The tion,tenperature of the present
reacti ﬁdFs"ﬁégzﬁFvgﬁé to 100 ) preferably 30C to
50C,, and the 15 reaction tine u; ysually 1 to 50 hrs,
SFererateg Zmog formplge (1) and (2
(E)-2-(1,6,7,8-tetrahydro-2H i ndenq[ 5, 4- b] f ur an- 8- )

yl i dedeyréhieymois ng iy et i Br dfefieRiRAS T %h Rad: gas-
be wused in a formof free conpound or a salt thereof.
Exgipide s 2@ rdfa csudr ssalney ridliddea ze sal @T9d §3Pan

i norgani c acid such as hydrochloric acid, sulfuric

aci d, danditni=t M.e (8ctd) a st with an organic acid

such as formc acid, acetic acid, and trifluoroacetic

del divemd the |ike.

Since it 1is 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 K, is used as an index to express gas absorbability.

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

Examples of the organic solvent used in the present
reaction include formic acid, acetic acid, methanol,
ethancol, N-methylpyrrolidone and the like, and particularly
preferred is methancl. 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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The process for producing (S)-2-(1,6, 7, 8-tetrahydro-
25 2H i ndeno[ 5, 4-b]furan-8-yl)ethylam ne or a salt
thereof of 14 the present invention is conprised of
step (i) for asymretrically reducing the raw
compound: (E)-2-(1,6,7, 8- 13

t etrahydr o- 2H i ndeno[ 5, 4- b] fur an- 8-yl i dene) et hyl am ne
or a salt thereof, and step (ii) for converting the
side product 5 in the reaction products obtained in

step @EpardA dar get +icoMpawd h¥ecgat ghytdne r pddekhen. reaction
The asymmetric reduction in step (i) is carried out by

YSiAG Lat Qllxléf%(groégd LA escof asych aakal Ysfrf®ne, NaHCOs,

asymetric reduction include Rutheniumoptically

%%%é¥g 1%1 0S énelfﬂgplgghgg%%f%fgﬁﬁar Xanhydrous sodium

‘m optically active I ne conpl e
BB T Lol TR0 R ! 4B MRS mase co e
e R e L e
Oyrenc)| (R8I NAILOLL LB (o OTEne) (8- BLNRIS e

{Rul (p-Cynene) [ (R -BINAP]}I and the |jke are
&venpl PreegntTheseaehialystisnebifde Bsrépar e§t0z,  Rh-Al20s,

according to a known nmethod, for exanple, nethods ‘
dESEH [BedCsHn) 1R B 97d577158, Lirken 1Thp4oemgungt cof2ocasalytic
an asymmetric reduction catal yst, .
frrRutio(tBenz enal § [ RS £ BItNAR}g Chised preefof BbI paududlemienmole to
a salt of (E)-2-(1,6,7,8-tetrahydro-2H

isndena Fcdribid leran - yd i dene)etdiyl wnl NE0® segsedabhent amole to
3/100 equivalent mole relative to 1 mole of raw compound to
be used in step (i).

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-2E-indeno[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
trifluorcacetic acid, and the like.

The process for producing (S8)-2-(1,6,7,8-tetrahydro-

2H-indeno[5, 4-b] furan-8-yl)ethylamine or & salt thereocf of
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conmpound in the asymetric reduction reaction of step
(i), 25 it is converted to a free conpound by al kal
treatment, { 15 dissolved in organic solvent, and
asymmetric reduction catalyst is added to the
solution, and then the asymmetfjc reduction reaction
is carried out under pressure and hydrogen

at nosphere. 5 Exanples of the organic solvent include
aromati ¢ hydrocarbons (e.g., toluene, benzene, etc.),

Qhﬁphgl(et ’1n5@ﬁPﬁgﬁl’1§théeﬁ§r1§58 )ofahéggg'c (i) for

ester acetate, n-propyl acetate, n-buty

%&5%%4% éﬁfiﬁy % %o#%?%nrég O%Béyﬁ%ﬁe; J=2=(1,6,7,8-
haI Zﬁ?a gﬁgdrnéfarb (bglelg.u.‘( errr?é ha@hylamlne or a

N N—dlneth orna and the These
ﬁ%?ibé' é&%ﬂcﬁﬁ% cﬁorvﬁ?ﬁﬁ%ﬁ?ﬁ&ﬁu?%eo?lﬁeoPrOduCt
nDre of them and anong the a  mxed solvent of
e uehe 8@ CTERandY OdRChE x &P teginpeht 18f sfep (1) to target
t et rahydrofuran and nethanol, and the like are
by Hed it iduslivEht to be used is 1 to
1000 nL, preferably 2 to 20 ni, per 1 g of raw
conpo&ﬁ@ aFheEtourt teglunt e oftamel Bsyheetareied out by
reduction catalyst used in the present reaction is
Us2requi vatehyst 20 rwice texdn2DEH equi vaseah nulagalyst for
preferably 1/10 equivalent nole to 1/1000 equi val ent
s venntealrtd verddndt iyl e fofcnade conpoembumamdtibelly active
hydrogen pressure is 0.5 to 15 Mra,
phosphine complex {Ru-~-BINAP), Rhodium-optically active

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

As a Ru-BINAP catalyst, specifically, RuCls[(R)-

BINAP]:N{C-Hs) 3, {RuCl {Benzene) [ (R} -BINAP] }C1, {RucCl (p-
Cymene) [ (R) -BINAP] }C1, {RuBr {p-Cymene) [ (R} -BINAP] }Br,
{Rul (p-Cymene) [ (R} -BINAP] }I;, {Rul (p-Cymene) [ (R) -BINAFP] }I

and the 1like are exemplified. These catalysts can be
prepared according to a known method, for example, methods
described in JP-B 07-57758, JP-A 11-140Q073, etc.

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

When a salt of (E)-2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b] furan-8-ylidene)ethylamine 1is wused 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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preferably 3 to 11 MPa. In addition, the reaction
tenperature is 0 to 150C, 25 preferably 10 to 80C
and the reaction time is 0.5 to 200 16 hrs,
preferably 5 to 50 hrs. The catal ytic reduction
reaction of the above- nmentiongeg step (ii) is carried
out using the reaction solution obtained in step (i).
In the reaction solution 5 obtained in step (i), the
conpound represented by the following formula (I11")

P%F%Qﬁ! quiﬁs ékggne%Odggﬁvegegy % dthgs?%ﬁ8t£55)’reduction

S Sl e product I'S converte e Ca ytic

j 1 th j S) 12 .
PRI o At ot St pRagRatE Lymy) Anchene 5 e
' . .HZN aH O 10 (N The, ti f.th
SBOVE TN | GRATED (19) T L 11 U ol dr T P Braure  and

hat is, to the reaction solution obtained in step
Eﬁ%qqgegdégﬁméﬁﬁﬁﬁﬁ“anount of dilute hydrochloric

acid to dissolve the reaction product at a 15 )
t enpeFXENEd 8fel G 10 arRFIaEL G ea?? 1 G lpr otitctugle aromatic
transferred to aqueous |ayer by stirring or shaking,

tyshy o e afuesud - rayerl Ynse REAKRE , THEC obt afheahols (e.g.,
aqueous layer is adjusted to pH 3 to 9, preferably 5
methangilt,h etkiaidl, seth- as diiliphetaguesisersodiephyl acetate,
hydr oxi de sol ution, and 20 catal ytic reduction

catradoystl | scatlded,t herletoyl o asshees, umder. )pr essbeegs (e.g.,
and hydrogen at nosphere.

isopropyl ether, diethyl ether, tetrahydrofuran (TEF),
etc.), halogenated hydrocarbons (e.g., dichloromethane,
dichloroethane, etc.), amides (e.g., N,N-dimethylformamide,
etc.), and the like. These solvents may be used alone, or
with & 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 tc 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 egquivalent
mole to 1/2000 equivalent mole, preferably 1/10 equivalent
mole to 1/1000 equivalent mole relative to 1 meole of raw
compound, and the hydrogen pressure is 0.5 to 15 MPa,
preferably 3 te 11 MPa.

In addition, the reaction temperature is 0 to 130°C,

preferably 10 to 80°C, and the reaction time is 0.5 to 200
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Exanpl es of the catal ytic reduction catal yst used in
17 the present reaction include Pd-C, Pt02, Rh-Al 203,
(RhA [P(C6H5)3]3), and the |ike. The anount of
catalytic reduction catalyst to be used is 1/2

equi valent nole to 1/2000 equigal ent nole, preferably
1/10 equivalent nole to 5 1/500 equi val ent nol e
relative to 1 nole of raw conpound to be used in step
(i), and the hydrogen pressure is 0.5 to 15 Mra,

piref erallae 31 El P Iyraddition, the reaction
tenperature IS 4OC to 100C, preferably 50C to 70C,

and thed reagéﬁgf%{iﬁEskédgC%159 10200 lW'S. of the above-

preferably 3 to The reaction sol ution obtai ned

h%n%q% %htag¥gg y§%§9ucléf”bgf¥a%9‘”6dt$ B%Eh gh& reaction

rennve e cat and treated using a ne nown
cong entrat rystal I atl .
A Pose FORE ot onkeBor ity - 18 o€ s8R tgepe sotution
1,6,7,B-tetrahydro- H-|ndeno 4- b f
&ﬁ%@ﬂﬁ%ﬂan?ﬁe ?%Pth2¥hbre & h&TR W ng resen%ed by the

-% -2-(1,6,7,8-tetrah

Hllﬁa’éﬁ]&[ é%rﬁ}#%réﬁé J1 it cidRs cah Bddgompadust, and

a desired salt according to a conventional nethod.
2@ VHeh EREFr elict) onthhd tHE$HoBECEREAL Hent CoRVEREed by the
above- nentioned step (ii) are carried out wthout pH
cenedaitic tegtudts oruriderthe stamarfl ycapelind corehit i bhr (S) -2-
bel ow about pH 1, the above-nenti oned benzofuran
dénﬁvém&ﬁ£QﬂnaH9dﬁqyZﬁﬂﬁnﬁhnqﬂ&Jﬂ1ﬂﬂﬁnr&h1&rmlm@tﬂmﬂamine-
di hydr obenzofuran dinmer (I1V') is

—

HEN “\\\H o

(III')

The reaction of the abocve-mentioned step (ii) 1is
carried out as follows. That 1is, to the reaction solution
obtained in step (i) is added enough amount of dilute
hydrochloric acid to dissclve the reaction product at a
temperature below 10°C, and the reaction product 1is
transferred to aqueous layer by stirring or shaking, then
the aqueous layer is separated. The obtained agquecus layer
is adjusted to pH 3 to 9, preferably 5 to 7, with aklali
such as dilute aqueous sodium hydroxide soluticn, 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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25 formed wth about 0.2% which are side products. In

18 contrast, the production anount of these side

products can be suppressed to below 0.07% and to

bel ow 0. 02% respectively, by carrying out under the
condition of pH3 to 9, preferably pH5 to 7 of the
present invention. 5 The process for producing a

crystal of (S)-N][2-

(1, 6,7, 8-tetrahydro-2Hindeno[ 5, 4-b]furan-8- yl)

eyl | ppegBhenantdecofof he iHese i meenti onpwol) b&h-al1,0s,
descrlged bel ow. The process is conprised of step (a)

f n i n e n ou 1 7
AN AP L TR B PP laf S8, efeaieic

%Q.Qi tt%%n {?Atgf Sgry:%t aﬂaé f.ls)%% oé qf/Zt heqh £agid Q? mole to

Sl ution obtal ne in step in“step
f
1267 Fell Bl e eentrseit i3 ST e
e O e b PRSP L compouns

propl | ate. V\hen the raw_mat er
520118 R oLrany o 2% U £T TR b2 0-5 to 19
g@)eth ylamne is used in the formof salt, it is

erted enab I & toridodRE by a conventional met hod,

foll owed by subjecting to propionylation reacti on o
Exangine adsfi trilean 20 hsr ot syl ot | fRPRRFeHEUFSict 91dd0 “C to 100°C,
propi onyl halides such as propionyl chloride and
pregicorafd 1 br b de L oTHE “dhouand of- heprugsiariydrat t igeagentD -5 to
to be used is aratioof 1 - 2 mol to 1 nol of

CRO Asl, e Redatinaly droo-Z2Hhreeno[ 5, 4- b] f ur an- 8-

yl ) et hyl am ne.

The reaction sclution 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 (8)-2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
vl)ethylamine.

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

When the reaction and the post-treatment of the above-
mentioned step (ii) are carried out without pH control,
that is, under a strongly acidic condition below about pH 1,

the above-mentioned benzofuran derivative (III') 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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25 The reaction is carried out in a solvent, and
exanples 19 of the solvent include ethers such as
tetrahydrofuran, diethyl ether, dioxane and

1, 2- di et hoxyet hane, al cohols such as nethanol,

et hanol and propanol, hydrocarkhgns such as benzene,
tol uene, cycl ohexane and hexane, am des such as 5

N, N- di net hyl f or manmi de and N, N-di net hyl acet am de,

hal ogenat ed hydrocar bons such as di chl or onet hane,

r.of ar m r h ' d .
%#%&&%é%, tHéﬁéﬁéPﬁé%i@ﬁ_éﬁBhgﬁ 870 these side products can

i chl or oet nitriles such as acetonitrile and

%%gpit%gé;?%%(§§edsulcéoxib%§%w sughyps di Eghhylt%u! fd de, .02,

e and a m Xed sol vent 10 thereof, inter
alia, tetrahydrofuran_is_preferred, Th r i i
tedennil i i sarrsing B "Ehusn, Cuey BRIk & v 3
to hrs. The .react,] tenperature is usually -20. to
5600, SRR Hh T d a0k 08 R e il fus i iohs
(S)-N-[2-(1,6,7,8-tetrahydro- 1

)
2H i ndé¥o[ BFAIBTur &R¥8- PEPERRYRPpr Bpi GRYRTae i 85 (S)N-12-
crystallized by addi ng agueous solvent to the reaction
sdi i Tor® Sittaiateinar Bteidene [ mdirk 84T -¥he aqueous
solvent include city water, pure water, purified _
Wt erthydtleroriamamisitnt off ddGeoBesenientinvgnpdoaddedll be
is aratio by 20 volume of 0.5 - 5 to the reaction
siEaqnidredbtalmed Thespepcess) .iTheowpyssadll cZatitgp (a) for
tenperature is usually -20 to 60C, preferably -10 to
4£Cpitre lertyistal s tdfe (S)artf@- (1gboTp 8-tefr ahy8io22kh, 6,7, 8-
i ndeno[ 5, 4- b] furan-8-yl)ethyl ] propi onam de i s obtai ned
wWdtrahydro-28~indeno [5, 4-b] furan-8-yl)ethylamine, and step
(b} for crystallizing out of the reaction solution obtained
in step (a). Namely, in step {(a), the amino group of (8)-2-
(1,6,7,8—tetrahydro—2H—indeno[5,4-b]furan—8—yl)ethylamine
obtained in the above-mentioned process 1is reacted with a
propionylating agent to propionylate. When the raw material,
(8)-2-(1,6,7,8-tetrahydrc-2H-indeno[5, 4-b]l furan-8-
yl)ethylamine is used in the form of salt, it is converted
to free compound by a conventional method, followed by
subjecting to propionylation reaction. Examples of the
propionylating 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 (8)-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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25 high yield of 97% by collecting the precipitated
crystals 20 by filtration. H ghly pure crystals of
(S)-N-[2-(1,6,7, 8-

t et rahydr o- 2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl ] pr opi onam
de can be obtained by furtherigecrystallizing the
obtained crystals fromethanol-water (1:2). 5

Al t hough the crystals of (S)-N[2-(1, 6,7, 8-tetrahydro-
2H i ndeno[ 5, 4-b] furan-8-yl)ethyl ] propi onam de obt ai ned

b2  the POcesst ofi ddeidy eshite ANV EREHON: BBV ddveh Pdrofuran,
possibility of containing the conpounds represented

? ettpl 1follguing gfaral ag.({f) 1t 9 ﬁliﬁ@stﬁé gQHEhE' €Salcohols

int e presenf 10 sSpecification, hereina

%%E%tl Ve%§§§£5fd %%h%%olCQQEQUQQOQE%OEO %!%h‘gﬁrbons such

respec éath content o conpbunds

0. 15 I d ,furth t ot
%s%&fﬁe e s anSiih g e MBI ‘Fhfigg,uen =
by we I OO0 ANH HO
yN(Pll)l%letPY(l|f|°)?-’§f}Sé“kﬂ1dlei) ) apr A i iidine iy R tanide,
%élbgenated hydrocarbons such as dichloromethane,

chloroform, carbon tetrachloride and 1,2-dichloroethane,
nitriles such as acetonitrile and propionitrile, sulfoxides
such as dimethylsulfoxide, and the like and a mixed soclvent
thereof, inter alia, tetrahydrofuran is 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 (S)-N-[Z2-(1,6,7,8-tetrahydro-
2H-indenc[5, 4-b] furan-8~yl)ethyl]propiocnamide is
crystallized by adding aqueous solvent to the reaction
solution obtained in step (a). Examples of the adqueous
solvent include city water, pure water, purified water, etc.
The amount of aqueous 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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15 (I'V) For exanple, in the crystals of
(S)-N-[2-(1,6,7,8 21

t et rahydr o- 2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl ] pr opi onam
de obtained in the process of the present invention,
the contents of conpound (II1»gand (IV) are each
bel ow the detection |imt of |ess than 0.02% by

wei ght (HPLC), the 5 content of conmpound (I) is about
0.1% by weight or less (preferably, 0.03% by weight o

8,030 byryei ght @fig h@%s)pur@ngr%'ggaQQntcﬁm g}@f ﬁor@owds 7,8-

(r'r) is about 0.02°to about 5% by wei ght
f fqd
g%%&% c%ﬁ%?%y MEI £§)4I%I? esé%ﬂQliékééégnéﬁlde

BC:%%E/\:BE h?gb ga %I% %1 OJE g-Jl:# e&%f%lhze:ﬁpi g%%u ﬁgks{% ained
%ééfat.a&%d fooé[{/eeqﬁ'\t Rtk | (s 2{?' g
A SRR it U U S ”dﬁ Pl Pin ot T o T Pegrahydro-

the content of inpurities, and as a result ,
@#p%&ﬂ%&%ﬁ i %Eﬁ%ﬂq|¥ﬂt%FQ¥ﬁxﬁﬁﬁﬁﬁQRPW&4% obtained in
i nprovenent of purity, inprovenent of stability and

tthe Pinesesmse ik fdrd ks tHoremrion iien have & possibility
(S)-N-[2-(1, 6,7, 8-tetrahydro-2H 20

ioﬁdeﬁ@{lﬁaﬂnwguﬁéﬁm Scohpenhgs | peppiestavicde by Gfded Bellowing
medi ci ne, reduction of inpurities has extrenely
gicgmiufliasant (I )mead ng (Vbm ke Jimpwpditntesof (Qural itye present
assurance to patients. According to the present

ispeeritiiaat isunh chyséahsfcan, be sometimes referred to as

compound {I) to (IV), respectively), each content of the
compounds (I) to (IV) 1s 0.15% Dby weight or less and
further total content of the compounds (I) to (IV) is about

0.20% by weight or less.

O 0]
)KN/\‘ ) 90 \KKN/\ ) ? A ) ?
H oo H ey O H e O
(1) , (I , (M) .

(1V)

For example, 1in the crystals of (S)-N-[2-{(1,6,7,8~
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produced on a commercial scale. In addition, by using
such 25 crystals, the conposition of the present

i nvention can be 22 manufactured according to a known
met hod.

(S)-N-[2-(1, 6,7, 8-tetrahydro-2F4i ndeno[ 5, 4- b] f ur an- 8-
yl ) et hyl ] propi onam de of the present invention has a
physi ol ogi cal activity such as affinity for nelatonin
5 receptor, in addition, has low toxicity and fewer

e a18fdRE18— iﬁﬁgﬁgFgfﬁ £ oodh D Wsede A 91 1 propionamide

preventing and treating sleep-wakeful ness

Ayrhvd dn Jﬁhelaﬁro@égéh%£pnkh%psgke@%% Lo WREKthBR, the

three shifts etc seasonal mel anch i sease of

%Rﬁ%QH%§|8@ qgﬂgp <9eQQ%% 'ngndlo nlgg dqggyﬂ %Elow the

el ner di Se vari dlseases acconpan

Ao Ton A58 o8 VoS éﬁﬁsﬁ 3@% gi”g?ij?h%er @Wﬁ
SRR oRE - SREPEL debi eggf’fépes%rﬁphgiﬁ@% ipighte o less

15 hy ertenS|on glaucona cancer, insommia, diabete

IRFS &I ateadae he3% aRy (R Ihke® &nQQﬁn@%eWﬁﬁﬂEthr 'less),
'S also effective for immunonodul ation, nootropism

et athe s Capitiensat @ bn CaR@osndl atIbh Ad) Gkt O¢82g.to about
contracepyion). 20 The conpounds of the present

IOt ioh wedrotde el furtheoniiokal opondent of the compounds
anti depressant (e.g., impramne, clom pram ne,

ndxi ptd | (N8, iFhekehet e, 2 Gmiky ieddhiitneor higis®chl ori de,
nortriptyline hydrochl oride, anopxapi ne,

r less), and the content of compound (II) is about 0.02 to
about 0.15% by weight, and further total content of the
compounds {(I) to (IV) is about 0.20% by weight or less.

As described above, higher-quality crystais of (S)-N-
[2-(1,6,7,8-tetrahydro-2H-indeno[5,4~-b]furan-8-
yl)ethyl]lpropicnamide can be produced by controlling the
content of impurities, and as a result, improvement of
crystallinity accompanied with improvement of purity,
improvement c¢f stability and the like are expected.
Furthermore, when (S)y-N~[2-(1,6,7,8-tetrahydro-2H-
indeno([5,4-b] furan-8-yl)ethyl]lpropionamide 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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m anserin hydrochl oride, maprotiline hydrochloride, 25
sul piride, fluvoxam ne nal eate, trazodone
hydrochl ori de, 23 paroxetine hydrochl ori de,

m | naci pran hydrochl oride, fluoxetine, venlafaxine,

M trazapi ne, Sertraline, citapgpram dul oxetine,
reboxetine, Mocl obem de), antianxiety drug (e.g.,

di azepam oxazol am bronmazepam 5 al prazol am

cl onazepam buspirone, tandospirone citrate), nood
oAU A28 £ b oordd Y WB & alRel rGidh.

carbanmazepi ne), antidenmentia drug (e.g., tacrine,
donepeziyl_y._ (rd_vast Iqﬁggp fdnely s g
ant| pg()ZISIChOtI c21 d(f‘iu’gé 97?@93@‘&%1 pel‘lz(}g ol ‘anzapi ne nEens
A t| 0 ra

%%ﬁp#qﬂgaf>q%§1 plrl } Aﬁb%lp g%%%%f invention has a

t|e t| r nobar bi t bap nt|n

% %ﬁ%g ﬁﬁ%#ﬁ ébcéﬁé al? ?ﬂr?é%%ﬁ?%% FovifgPtonin
dru braln metabol j ¢ stinmulant, and the |
EF&%@ rofladrﬁlﬁ&ﬂ%oﬁlarsorﬁfjwncmﬁjeci’iy Gid fewer side
adm nistration. of a S|ngle preparat|on obt ai ned by
edimatat-i ngPeRetesfpouhd ofERhdSr assH .ﬁwenpraﬁeaﬁang and
the joint use drug simultaneously, (2) simultaneous
&dwicniisgr Alerpofaksbukeees evs Eh&fﬁamaﬁu on€tobkad nelgiorhythm
by fornulating the conpound of the present invention
apsetthe @@= j ottt userldr ugnsepdrzgel yshifasan stdent i capasonal
adm nistration route, (3) sequential and intermttent
achliamicstoldta ,ondabeaseo & ndepofodumpamat aods netadeerdocrine,

by formulating the conpound of the present invention
groitike jdmEntise dralgzheimer'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,
convulsiocn, anxiety, depression, Parkinson's disease,
hypertension, glaucoma, cancer, insomnia, diabetes, cluster

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

effective for immunomodulation, nootrepism, 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, prhenelzine, amitriptyline
hydrcochloride, nortriptyline hydrochloride, amoxapine,
mianserin hydrechloride, maprotiline hydrochloride,

sulpiride, fluvoxamine maleate, trazodone hydrochloride,
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separately, via an identical adm nistration route, (4)
25 simul taneous adm ni stration of two kinds of
preparations 24 obtained by formulating the conpound
of the present invention and the joint use drug
separately, via'different adnpgistration routes and
(5) sequential and intermttent admnistration of two
ki nds of preparations obtained by 5 formul ating the
compound of the present invention and the joint use

?%%%x%%ﬂ?kﬂtelHydf&@hﬂ&fi@é?nt a3dTi RIS YA ON hy@H&Sloride,
e.g. admnistration in an order of thée conpound of

gg%o&%ﬁﬁﬁﬁﬁ.inV?@éﬁ?QféxiﬁQ? jOiﬂ§FQ%%g%ﬁ%%u Of  sertraline,

mnistration in a reverse order se of the

joint use 10 dru n el ect rQprl ately -

St gpgﬁﬁhicalI@ufﬁg%gfﬁééage.%%g%%%&?%ﬁﬁn, a.%é????gmlde)'
of hl ending the conpound of,,the present_invention

S pame tse 5Pl 8ndbe “HbBPORFRa: cf b2 681 €8t e raRazepan,
depending on an adm ni stration,  subject, an |, .
RIS PR oﬁl%aff@pa%bjkaapﬂdﬁ%fé%'se?aggﬁﬁ%ﬁ\onfs gitrate),
conbi nation, and the |ike. For exanple, when the ,
A@9chi st PaePdA1ZEE] ect (% sS human 1140 1083pRFP4CHy acid,
wei ght of the joint use drug can be used relatjive to 1
sarbanazapdingit, o tivenipourtred thed pr ssap¥ine, donepezil,
i nvention. ‘

ESyat[izrines, 7g8lant amhpdr o-dpandem] 5, 4nBjibsyaacgic drug
20 yl)ethyl ] propionam de of the present invention can
be.gysed hadocpephaipcenfznabpiaw, mareéspakridenk, gquetiapine,
grinding by Jet mi|l etc., and a content uniformty in
prigparsatdoere and chhe ripirkea zdae ,be asdpieddby adhnspimgazole),
the particle size (nmedian size)

antiepileptic drug (e.g., phenobarbital, gabapentin,
tiagabin, pregabalin) , cerebral circulation improving drug,
brain metabolic stimulant, and the like.

Examples of administration form include (1)
administration of 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



10

15

20

25

to about 1 to 10 pm 25 The particle size can be
nmeasured as follows by using 25 comercially
avai | abl e neasuring apparatus. A 100 nL Erl enneyer
flask equi pped with stopper is charged with 0.05 g of
sanpl e, and 50 nL of dispersiofg nmediumis added
thereto. The mxture is irradiated with 5 ultrasonic
wave for about 5 minutes with shaking and m xing to
gi ve a suspension. To 40 nlL of dispersion nmediumis

agded 3@8% %ﬁh&&@l&é%&mw QNG $eSieds

carrie er the follow ng condition. [D spersion

%@eﬂglo%ow%#% c_")' li'ﬂé %eyl ﬁH_:} fsaépear.saoééjf}.},onvia different

Sat ur at ed

%gﬁépfﬁ 6%§%ﬁgﬁ%f%£ﬁéﬁ enq%ﬁi ngiéﬁﬁ}&ﬁeggmlttent
% tec Qb 5 HE CVETTE di

S GC%@EZ% o LS (i PP A Tl B SR e BY
32 (for andOWB) or _equivalent [Condition for

&S @MY TR0 GegRaunce fgt NS GO SRAN SISyt SpeRf the

50% Sanpling tine: 1 second Measurenent tine: 10
Jedendalse drug separately, via different administration

routes (e.g. administration in an order 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 ratio 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 can be used relative to 1 part
by weight of the compound of the present invention.

(8)-N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8~
yljethyl]propicnamide 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)
to about 1 to 10 um.

The particle size can be measured as fcllows by using
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The conpound of the present invention can be safely
25 adm nistered orally or parenterally (e.g. |ocal,
rectal, 26 intravenous admnistration etc.) as it is
or by formulating into pharmaceutical preparations
such as tables (including sugas-coated tablets, film
coating tablets), powders, granules, capsules,

sol utions, enul sions, suspensions, 5 injectables,
suppositories, sustained-rel ease agents and adhesive

RERRRI2L1ANS B ST 1H01E Wddb & Riprageotogigal 1y

acceptabl e carrier according to a conventional nethod

(€.9. p f@% 2 %edgz?g;hl{agge&n Papapes ugﬁg@@aqmﬁi Qtopper is

etc.). A nten conpound |

SRR, 005 ST 1R, WAL S s becacon

§%y wel ght based conposi tion.

resent inventjo i 1| _be further explained i.n__detail .
BFRRE of ©Y RERET | bhG Rer A cBLBXBRRI cb® atg Totioted with
Exanpl es,, but the present invention is not limted t .
tHéLe sP e didpices on F0RiH 13 ST RCh " Bk o PR mixing
the Reference Exanples and Exampl es has the follow n _
Foandhgs. “DBFUSReBRS PRy drisbeAPofMtlr affFpiispersion medium 1s
2, 3-di hydr obenzof ur an- 5- car bal dehyde PPN: et hyl _
@Ereqt (2bgudi hiP obdnz effur BR1iB- y$yppePehaRt e apd PPELest 1is
ethyl 3-(2,3-di hydrobenzof uran-5-yl)propi onate DBA:
828 1 Bddichvto no-d2 13-tdieh yidrldivarizof urerdBE341) pr opi oni ¢
acid BIF:
4 05 sghichrsarm ie?liGiml- t et r ahydr o- 8H i ndeno[ 5, 4- b] f ur an-

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

[Apparatus]

HELOS system KF (Sympatec GmbH)

HELCS sensor

CUVETTE dispersion unit (wet disperser)

HELCS standard software: WINDOX 3.2 (feor 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,




8-one 25 THI:
1,2,6,7-tetrahydro-8Hindeno[ 5, 4- b] furan-8-one 27
ICN:. (B)-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] f uran- 8-
yl i dene) acetonitril e EAIHCL:
(E)-2-(1,6,7,8-tetrahydro-2H i pdeno[ 5, 4- b] f ur an- 8-

yl i dene) et hyl am ne hydrochloride 5 (S)-AM HCL:
(S)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-

b] f uran- 8-yl ) et hyl am ne hydrochl ori de Reference

ExamRkenbus? admPrdehensofdran- scarbal dedydey frmulating
POC13 0 DM CHO 10 DBF FBA 2, 3- D hydrobenzof uran (100

%%c?)f’%h%ake%%% ag'l’\"%%gs:}d%’cyilir% @{?}geasg 134, 0 s 1%luding

were m xed and phosphor us

oxychl oride (25 16 th
ST or e e SRR s o P R0l B L B
reacti.on m xture was heated at an_inner_tenpera e
56 001850 S et St P i B d PIRRLAL o0
m xture was added dropwi se to water (1000 under

5 ABNEhgE e SRR SO S e f95¢ Bgats and
The resulting mxture was extracted with tol uene, andll -
BRE eSS ViEa P AREE 0 QRS HSH ik shtW HiH 2 iR iRt etogically
saturated sodi um bicarbonate aqueous sol ution and
WECEPL 3@ 1R ToregaacodiEF s correeri F el ypeighod (8.9,
vacuumto give a tol uene
method described in Japanese Pharmacopoeia, etc.). A

content of the compound in the pharmaceutical composition
10 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

15 Examples. In addition, each abbreviation in the Reference
Examples and Examples has the following meanings.
DBF: 2,3-dihydrobenzofuran
FBA: 2,3-dihydrobenzofuran-5-carbaldehyde
PPN: ethyl (E)-3-(2,3~dihydrobenzofuran-5-yl)propenocate

20 PPE: ethyl 3-(2,3-dihydrobenzofuran-5-yl)propionate
DBA: 3-(6,7-dibromo-2, 3-dihydrobenzofuran-5-yl)propionic
acid
BIF: 4,5-dibromo-1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-
g8-cne

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




10

15

20

solution of the title conpound (anmount 340 g, apparent
28 vyield 100% . Reference Exanple 2 Ethyl _
(E) - 3- (2, 3-di hydrobenzof uran-5-yl ) propenoate O COZEI
11 O (EtO ZP~ O t-BuONa CHO toluene CO2Et 5 FBA PPN
To the solution (340 g) of 2,3s® hydrobenzof uran- 5-
car bal dehyde (832 mmpl) in toluene obtained in the
above step was added dropw se tri et hyl
phosphonoacetate (205 g, 916 mmol) under cooling.

Then, a SUSp{%ﬂS-' n of7,50di g dn A0 byl Bl g 8Bs 4 Go] furan-8-

1187 mmol ) in Uene ‘(530 g) was added dropMAse and

%&556%%g58yt%nhkﬂﬂﬁgg further acetic acid (20 g) and

wer e ‘added dr opwi se thereto. The

@Z\E?ﬁ%ﬁ?gdfﬁﬁﬁt gh;e“’?@*% %gagwci b%ﬁi”pb St Pilgaran-e-
JoHER Sy i R ST C | ayer was ueous
concentrated to belom1300 nmL under vacuum Then t

Pk was addeld) Tt Harfol / (BY6 gy Feat a+fbden0[5 4-

dissolve. To the solution was _added dropw se water
360 g & Yl Srhhtvemsemg relresfil 204 irred to deposit
crystals, which was collected by filtration and dried
under reduced pressure to give title

Reference Example 1

2,3-Dihydrobenzofuran-5-carbaldehyde

d POCl;

[E——

DMF
CHO

DBF FBA

2,3-Dihydrobenzofuran (100 g, 832 mmol) and N,N-
dimethylformamide (134 g, 1830 mmeol) were mixed and heated,
and phosphorus oxychloride {255 g, 1643 mmol) Qere added
thereto at an inner temperature of 70 to B80°C over 2 hrs.
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
washed seguentially with water, saturated sodium
bicarbonate agueous solution and water, and the organic
layer was concentrated under vacuum to give a toluene

solution of the title compound {amount 340 g, apparent
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conmpound (amount 161 g, yield 88.1%. 29 Reference
Exanpl e 3 Et hyl
3- (2, 3-di hydr obenzof uran-5-yl )propionate Hz 0 ( : CU
0 Pd" CO2Et AcOH / PPN PPE 5 Ethyl
(E)-3-(2, 3-di hydrobenzof uran-528l ) propenoate (50.0 g,
227 mol ) was dissolved in acetic acid (312 g), and
the reaction systemwas replaced with nitrogen. Then,
5% Pd/ C (4.96 g, as dry weight) was added to the
$Aluty qr@o%gr[d pressurized with hydrogen to 196 to 294
KPa. The 10 m xture was reacted at 50C for 1 hr under
a pressure of 196 to 294 kPa. The catal yst was
filtered, and washed with acetic acid (208 g) to give
lLutian tytle conpound in acetic acid
?‘5%'%5%%%6&9{?@2%p%em yield 100%. 15 Reference

I }
B g3 S R D ) BRI

acid 1) Br2 OC AcONa O 02Et _ CO2H 2) Na2SC3 Br

CHBCN 0 com
t-BuONa e
CHO  toluene COoEt
FBA PPN

To the solution (340 g) of 2,3-Dihydrobenzofuran-5-
carbaldehyde (832 mmel) in toluene obtained in the above
step was added dropwise triethyl phosphonoacetate (205 g,
916 mmeol) 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 drocpwise thereto. The
reaction mixture was warmed to room temperature, and
separated the layers. The organic layer was washed
segquentially with saturated sodium bicarbonate agqueous
solution and water, and the organic layer was concentrated
to below 300 mL under vacuum. Then to the residue was added
methanocl {396 ¢g) to heat and dissolve. To the solution was
added dropwise water (500 g) at room temperature, and
stirred to deposit crystals, which was collected by
filtration and dried under reduced pressure to give title

compeound (amount 161 g, yield 88.1%).
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PPE 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 dropw se thereto under stirring and
cooling over 2 hrs. After 30 ggacting for 4 hrs at
roomtenperature, the reaction mxture was added
dropwi se to a cool ed 15% aqueous sol ution of sodi um
sulfite (670 nmL.), and stirred for 30 mnutes. To the
reaction solution was added acetonitrile (118 g), and
5 reacted for 2 hrs with heating under reflux, then

%%ggggyc%r%g%%li% %pd stirred for 1 hr to crystallize.

STal"$*"\Were “col | ect ed by filtration, washed

Lth water, _and.drjed under vacuumto give title
B&&F@f&u d {Cano it .O%edl,z R C#syrﬁlz) Loy BT ence
le 5 H,

i brono- 1, 2, 6, 7- get riahydr o- 8H-i ndeno[ 5, 4-b] furan-8
) soc12 EQvF, 0 £o2) AICI3 / Br ODB,
DBA @EBH O- ordbenzene Br BIF
3-(677-D0 br 89t 2, 3- di hydr obénzof ur an-5-yl ) propi oni ¢
15 agipN(40.0 g, 114 nmolPpPE o- di chl or obenzene (182 g)

and N, N di nethyl formam de (0.1 g) were m xed, and
t hi onylthetll ori de(E) -3-{2, 3~dihydrobenzofuran-5-yl)propencate

(50.0 g, 227 mmol) was dissclved 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 to the solution
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} 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

1 ) Br2
o COLEt AcONa o COH
2) N82503 Br
PPE CHCN B DBA

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

therete under stirring and cooling over 2 hrs. After
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(17.7 g, 149 mol) was added dropw se thereto at inner
tenperature of 42C, followed by stirring for 30 to 40
mnutes to give a solution of acid chloride. Then, to

the 20 sol uti on was added anhydrous al um ni um chl ori de
(17.5 g, 132 nmmol) in severalsgortions under

ice-cooling, and stirred for 30 m nutes. Methano

(475 g) was prepared 31 separately, and the reaction

sol uti on was added dropwi se to the nethanol to

%gé§g§b 'Z%orTo4thﬁrgry§£a|£béﬂl'ﬁ@hpé?éﬁ&f@n Ya%e reaction

opMAse wat er under cool 1 ng, and

gﬁ;(%g% [ Ho8 %%d WS E?ee Coryast@c!osle/@rl%%cogagf&a@@ HY1ution

ratlon crystals were wash

uent.i al | wat.er ra d
88130, sy%%”ﬁﬁn Lyl ﬁLha?gd Rhidr g g Tres- T
Iomed b dr under vac ve, 31.

%€| Y X?ggg}angyaﬁw A&gﬁ ?%1Erlfe ?ES g), and
1, 2, Tetrah dro-8H i ndeno[ 5, 4-b f an- 8- 1
Hzacmdcﬁ% gA@ON‘él thebf %)ml% qrr TefgE. ?ﬁﬁezﬁchooled
gﬂr)@dlgia@rlé’n@ﬂli =6 rracethamhyldie: g1 i HobHol bt e fihancgystals
- one (280 kg, 843npl), anhydrous sodium acetate (173
gre I®2E0Gawlyy fethaablons38ashpdweishnivad®r ammnd dried

the reaction .
under vacuum to give title compound (amount 63.3 g, yileld

713.2%).

Reference Example 5

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

1}y SOCl» 0
d DMF, ODB d
COsH
2) AICi
Br ODB, MeOH '
B DBA . B 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-cocling, and

stirred for 30 minutes. Methanol (475 g) was prepared
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system was replaced wwth nitrogen. Then, to the
reaction mxture was added 10% Pd/ C (30.8 kg, as dry
wei ght), and pressurized with hydrogen to 0.29 to
0.49 WMPa, and catalytically reduced at about 40C for
8 hrs with stirring 20 at such3a stirring rate that
the gas-liquid overall mass transfer coefficient
KLa(1l/ hr) is about 15. The catalyst was filtered, and
the filtrate was concentrated under reduced pressure,
arehafrdrther, walernms-addetdt sdNe i@ wdLsddil®d dropwise to
foll owed by concentrating under reduced pressure to
st iddi et be sebventy, (ool i g andpsti g é)?{rsﬂ-abl'_ization
to mature. The crystallization solution was filtered
[ t I tdq g .#%pp (
tggj lglrt;/i%vr\}ei g Tt car ycﬁeq%d%w& éé%& e m?ge}nﬁﬂg(?@%i &rr%(rh #ﬁg, and

t.he ty CLyst s....less n 9 ' .

B PR ot p e et P8 it dlac ity LbBhepted by

i,vated charco (6. kg, Shirasagi A. trade panpe .
A AR S1995Pe 495 GEPRERT S e T g e et fupntially
1 hr under reflux, and filtered. The filtrate and :
W ﬁ!@est%ﬁé}%lrco‘ﬁ%%haﬁéauaﬁa@iﬂ APFIEEd Si-edsiie, 0F sodium
then, the residue was refluxed for 1 hr and_cool ed,
rROIEE- ) Wk ad At RBEBRBOUndéPdeyIechyy drying under

matured for 1 hr, and the precipitate was collected b
VROU gt iggive ol | ey idrla reprirrlErd r egieEd 92.2%
pressure to give title conmpound (anount 117 kg, yield
92.1% . (3) Gas-liquid overall nass transfer

coeffici ent
Example 1

1,2,6,7~-Tetrahydreo-8H-indeno[5, 4-b]furan-8-one
1) H,, Pd-C o

8]
d AcONa, MeOH &
2) MeOH -
Br

B BIF THI

{1y 4,5-Dibromo-1,2,6,7-tetrahydroc-8H-indeno[5, 4-b]furan-8-
one (280 kg, 843mol), arhydrous sodium acetate (173 kg,
2109 mol), methancl (6384 1) were mixed, and the reaction
system was replaced with nitrogen. Then, to the reaction
mixture 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 Kpa{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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Here, the gas-liquid overall mass transfer coefficient
was determ ned by Na2SC3 net hod. 20 1) Na2SC3 net hod
(sodiumsulfite nmethod) (a) Principle Sodiumsulfite
(Na2S33), in an aqueous solution thereof, converts to
sodi um sul fate (Na2SO4) by reagging wth oxygen which
was i ncorporated fromair. The reaction 25 rate is
sufficiently fast conpared to absorption rate of 33
oxygen (oxygen absorption is rate-determ ning step).

Thanefer e, £ OXYSREd aBgordin htt i ddNAhinear bediiad ngdessure
by neasuring the concentration change of sodi um

sy iRt ihNQWe the gasrdd iUl d-verad laf@sstiFaDs§ efor 1 hr to
volume 5 coefficient KLa is defined by the folTow ng

GaYRLIO0 Tﬁg\cr?%§g§319£t§bﬁc%d¥aﬂﬁgﬂywéQ Eﬁﬁgered to give

msasurement SysS concentration of dissolve Oxygen

h x
B 2 5 e G o Sat R 18 RO gy, wetane,
h hand bi | f '
é’&ﬁé&s%?gﬁ%th? 1 A e LB e BBA oyt A T m#%stals was

usi ng anry s i /H 15 From these, KLa can be
d&1SEuITREEy o g&dl"ﬁ%ﬁ%‘@syn‘ool s in the above equation

have the follomnn meani ngs.
(2) Purification step

Wet crystals (127 kg as dry weight), 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 cocllected by
filtration, followed by drying under reduced pressure to
give title compound (amount 117 kg, yield 92.1%).

(3) Gas-liguid overall mass transfer coefficient

Here, the gas-liquid overall mass transfer coefficient
was determined by NapS0; method.

1) Na»S0; method (sodium sulfite method)
(a) Principle

Sodium sulfite (Na25803), in an agquecus solution

thereof, converts to sodium sulfate (Na;S0C;) by reacting

with oxygen which was incorporated from air. The reaction

rate is sufficiently fast compared to absorpticn rate of
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KLa: gas-liquid overall mass transfer vol une
coefficient [1/H] 20 NA: oxygen absorption rate

[mol /LH] C. oxygen concentration in liquid [nol/L]

C*: solubility of oxygen in saturation [nol/L] p:
partial pressure of oxygen in gas phase [Pa] H Henry
constant [PaL/Hr] 25 (b) Measurenent nethod 34 (i)
Pure water (475 m, sane liquid volunme as feed scal e
of BIF 23.34 g) is charged into 1 L autoclave (d ass

B er . (dEMY10Q0d o 111sNaZER -2 t2@idihg step).

added thereto, and m xed for about 2 5 mnutes to

. | g ‘ . .
?%%%%ﬁﬁ%ﬁé'éi}% epESQ@E§Q1Qn1ﬂE%éLWﬁHchaﬁob%hgggég. d by

S a d to the aqueous solution of

. tratio er t I tEon. = -

%%éégﬁé%%ggﬁ%(ﬁ?ﬁﬁ#ﬁﬁﬁ%ﬁ%l% §??%$é%fs%§%&%ﬁ?%#fﬁﬁQe'

m nut reagtion initiation). 10 (V) 1 nmediatel 10

ot T a0l s G| h T Ly A Shl yEahaTRh, volune
and titrated according.to the ocedure .of the .
FOStMTAE e Frd( £5t A& ilélﬁdvgﬂyu $F oM AR -
reaction solution_ js stirred with a given rotation

rate for=afeg {en~¢ime AO (= 1.0 [H]). At this time, a

15 certain amount of air is streamed into the upper of

the véds@e t o pEev@hlydecridase Fhipart MEle spredfnte of System,

oxygen in gas phase in autoclave (about 200 m/L). _
concentration of dissolved oxygen 1in the agqueous solution

cf sodium sulfite can be deemed as 0, the following
equation is given.

Kra = Ni/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, Kia can be calculated.

In addition, symbols in the above egquation have the
following meanings.
Kra: gas-liguid overall mass transfer volume coefficient
{1/Hr)
Na: oxygen absorption rate [mol/L-Hr]
C: oxygen concentration in liquid [mol/L]
C*: solubility of oxygen in saturation [mol/L]
p: partial pressure of oxygen in gas phase [Pa]

H: Henry constant [Pa'L/Hr]

{(b) Measurement method
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(vi) 10 m is precisely sanpled fromthe solution of
(v), and titrated according to the procedure of the
following 20 (c). (titration volume = T2 [m]) (vii)
Fromthe result of titration, oxygen absorption rate
NA is cal cul ated according to ghe foll owi ng equation.
Here, F represents a factor of N 10 iodine solution
reagent. O 1xF N 4x10xAG (T' T2 35 (c) Titration
method (nmethod for titration of sodium sulfite)*" (i)

Ql%o@u@e R« meyers fr[{laSl%acix@tlQchlﬂg Mﬁné"@@rféérg)oscale of

, acetic aC|d sodi um acet ate fter*2 (10 m), and

be%greiand (i |§ ég%%ge ;gﬁ@gpgn&?%ﬁgﬁl&g ds'egI Reactor,
tg@%{)?} qog)%nttl (| ii) After about 5 minutes, the

I'e solutl |s titrated with N 10 sod|um

SNLTe Tl RS LB S S (05 oot

based on t hat after oxidizing sulfite rad| cal

E%lnélttler?g G dtji?es%lé’r?’pl e solution with iodine, the

remai ning iodine is titrated with sodi um t hi osulfate )
dAdidach SegParaf b lepheséht €dBe thelutdPTowidrg/> ml) 1is
reaction forrmula. 15 oxidation of sulfite radical:

RQZSCE te Ihe+ aqpEaus 21t oTHXEON 2450 afl F8ROef concentration
iodine: 12 + 2Na2S2Q3 -' 2Nal + Na2S406

after the addition = 1x107° M), and the reaction solution is

stirred slowly for 1 minute (reaction initiation).

(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]). At this time, a
certain amount of air is streamed into the upper of the
vessel to prevent decrease in partial pressure of oxygen in
gas phase in autoclave {(about 20C ml/L).

(vi) 10 ml is precisely sampled from the solution of (v),
and titrated according to the procedure of the following
{(c). (titration volume = T, [mll)

(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 sclution reagent.

0.1x F
N, =—"" (T -T
4 4x10><A9(‘ 2)
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*2: 75 g of sodium acetate (CH3000Na3H20O) is dissol ved
in 500 M of aqueous acetic acid (CH3COOH : H20 = 1 :
2). 20 *3: 1.0 g of starch is scrubbed and m xed with
10 M of water, and the resulting mxture is fed into
200 M of hot water. After bogking until this turns
into sem - transparent, it is left to cool. 25

Ref erence Exanple 6 36

(E) (1, 6,7, 8-Tetrahydro-2Hindeno[5, 4- b] f uran- 8-

Yl deﬁ‘i)t%ett U t kidia e __(meQ\IllcQ:l (B 2R N2 101 EPO s0dium
k MeONa THI toluene, MOH I To a sol ution of

g%ll‘f‘;i (*184 g), 1,2,6,7- tetrahydro- 5
Hin eno[5 4-b] furan-8-one (8.5 g, 48 9 mmol ) and

d(&jt IAyI W%Olﬁ}l%#gﬁé}p r}:laé éoJDQ: e so qﬁserMAQeiﬂaﬁOO m)

ropvm se i um e hOXI tion
th I .3 a). d
PEROEA PO PR T, B2 Pea o ol utfbn TAL: addEd /10
dropvvl se ﬁtel@n( 183%95‘ an(d4(p10 rrred t hen q}%g)%%a &rs 4.

vva,t,er and flltered to rem)ve dusts under
Pridds SR G0 1RO or gdhid ) dyferadRes doiRiaHS ALY -

under reduced pressure, and to the residue was added ,
fétlanoPfasg about 5 minutes, the sample solution 1s

titrated with N/10 sodium thicsulfate solution using a
starch solution*® (0.5 - 1 ml) as an indicator.

*1: Titration principle 1s based on that after
oxidizing sulfite radical existing in the sample solution
with idlocdine, the remaining icdine is titrated with sodium
thiosulfate, and each step can be represented by the
following reaction formula.
oxidation of sulfite radical: Nas50; + I, + HxO — 2Nal +
H,S04
titration of iodine: I, + 2Na;S3;03 - 2Nal + NaS5,0¢

*2: 75 g of sodium acetate (CH3;COONa-3H,C) is dissolved
in 500 ml of aquecus acetic acid (CH3COOH : HO0 = 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 beoiling wuntil this turns into semi-

transparent, it is left to cool.

Reference Example 6
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concentrated under reduced pressure to substitute the
15 solvent. After stirring for 1 hr under heating with
reflux, the solution was cooled and matured for | hr.
The crystallization solution was filtered, and the
crystals were dried under redgged pressure to give
title conpound (anobunt 8.1 g, yield 84.4%. 20

Ref erence Exanple 7

(E)-2-(1,6,7,8-Tetrahydro-2Hi ndeno[ 5, 4-b] furan-8 | 37
yleh dgRelethyl- H Jﬂﬂd&ho Dy fﬁ%réﬁi8ﬂated
éoIE} qa’?Gegol)eug{r?é:s%o rlezookfc:%llH O 1zk @\I Hél i 1CN

uspensi on of

E@)@%%eégg gcggﬁﬁqhéhro 2H
i ndeno[ 5, 4- b]fura@ 8-yl idene)acetonitrile (10.0 g,
50.7 5 nnol) % &Luene (37.5 nL) and methanol (12.5

O adde actlvated opal t FN22 g) and 14. 4%
.olutl pot adgib rOX|de (1.4 g), and
r at > 34 @ under hydrogen

v on sol ution was

fil t%m and"ol'-'S”? QH | trate were 10 added tol uene
(170 nL) and nethanol (35 nmL)I&N separate the

To a solution of tecluene (184 g), 1,2,6,7-tetrahydro-
8H—indeno[5,4—b]furan—8~one (8.5 g, 48.9 mmol) and diethyl
cyanomethylphosphonate (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 to remove dusts under
pressurization. The organic layer was concentrated under
reduced pressure, and to the residue was added methancl and
concentrated under reduced pressure to substitute the
solvent. After stirring for 1 hr under heating with reflux,
the solution was cooled and matured for 1lhr. 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

(Ey-2-(1,6,7,8-Tetrahydro-2H-indenc (5, 4-b] furan-8-
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| ayers. 0.5N Hydrochloric acid (101 nL) was added to
the organic layer, and stirred for 30 m nutes at 25
to 30C. Then, the l|ayers were separated, and active
charcoal (1 g0 was added to the aqueous |ayer,
followed by stirring. The 15 agfive charcoal was
renoved by filtration to give an aqueous sol ution of
title conpound (246 g, Net 12.0 g, vyield 99.6%.
Exanple 2 20
G2 uénd & hks18mkele i -rakbd ngeno[ 5, 4-b] f ur an- 8-
%&glet hﬁam’ éﬁe hydr ochl oride 38 1) NaCH, toluene 0~
NH2HCI 2) H2, Ru-BINAP. o NH2HCI 3) HCl aq. 4) H2,
EAl HCEnS) ThHBlRYated Ry ( S) HCl _TQ an aqueous

| uti onfof (E)- RabH, Biuénd- t § NH-HCI
5, 4- bHtu+a—8—yd

ride Z19%%qgkg, Net 12 .
toluene (532 L) 5 and 5% aqueous sol uti on of
sodi urgMydr oxi de (456 L), and EAIfHE€H. The | ayers
were separated, and to the organic |ayer were added

nmet hanol (155 kg) and [ Rud (bebzene ) - Bl NAP] Cl

(894 df uhdBEf r%‘{:;%?li%%h%%pﬁér eEE;'of o %@t@ltrahydm%-
stirring at 80C for 15 hrs under hydrogen atnosphere
(llll.d@nPd%Mﬁa‘)b].fUFlﬂ?élTBe'a@tJiC%ﬁ*ﬂ%)cﬁ%RﬁW%l%ool(é@;OandJr 50.7
water (330 L) and concentrated hydrochloric acid

(8213 kgh vierleietoded3dr 5 mL) and methanol (12.5 ml) were

added activated cobalt (7.22 g) and 14.4% agueous soclution
cf potassium hydroxide (1.4 g), and stirred for 6.5 hrs at
34 to 50°C under 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 charcocal (1 g)
was added to the aqueocus layer, followed by stirring. The
active charcoal was removed by filtration to give an
agueous solution of title compound (246 g, Net 12.0 g,

yvield 992.6%).

Example 2

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

yl)ethylamine hydrochloride
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bel ow 30C, followed by stirring for 30 m nutes, then
the |ayers were separated. The aqueous | ayer was
washed with toluene (195 L), and pH was adjusted to
about 6.0 by addi ng 15 5% aqueous sol ution of NaCH to
t he aqueous | ayer (containingz®. 0% of conpound I11").
5% Pd-C (50% wet, 9.7 kg) was added thereto, and
stirred at 60C for 6 hrs under hydrogen atnosphere
(4.9 MPa) . The reaction mxture was filtered, and
theflltrate vvasa round pH 6.0 20 with 5%
agueous et qb l&%@dm‘ugn@ e\ hydrechlgric acid,
faq) /by concent%)aﬂm BurBiNAKeror educed pres%ure The
TAl T Zed Trom ol uti on of
w S 39 c??v%(t'é’ﬂ to giv ¢ conpound (88.6
kg, yield 73.0% eu))m}pleﬂld (I'11") is not detected,
comBAdnHEICl V') is g.’? q;ﬁ.i ected) (S)-AMEHE] on, the
content of conpoun (nll?Li and 5 conmpound (I\/)
(dime in the obtained cr stals of _the
corrpoﬁ)ﬁ’d s SFECEMS n%‘%il‘b'ilj}/WDLe undfer—4 %f é)'l fb@/\n 7 hgtrahydro-
condition. detector: ultraviolet absorptjonete
Pavecergt v o ] frganndmeide e i L Aol | um%wdrochlorlde
Devel osil UG 3, 4.6 mm.d.x75 mm col unmm tenper at ure:
dild@r? t@VpeNatﬁuﬂ@%un@l%S@%bMeé’eph%\%féedrriife’éélene (332 L)
solution of 0.1 nol/L potassium di hydrogenphosphate
@md 359) AgeebhasolsqlZg torp59f sodium hydroxide (456 L), and

stirred. The layers were separated, and to the organic
layer were added methancl (155 kg) and [RuCl({bebzene) (R)-
BINAP]Cl (894 g) under nitrogen atmosphere, followed by
stirring at 80°C for 15 hrs under hydrocgen atmosphere (4.9
MPa). The reaction solution was cooled, and water (330 L)
and concentrated hydrochloric acid (52.3 kg) were added at
below 30°C, fellowed by stirring for 30 minutes, then the
layers were separated. The aqueous layer was washed with
toluene (195 1), and pH was adjusted to about 6.0 by adding

5% agqueous solution of NaCH to the aqueous layer

o

(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-butancl
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15 Exanmple 3 (i)
(S)-N[2-(1,6,7,8-Tetrahydro-2H i ndeno[ 5, 4- b] f ur an- 8-
yl) ethyl]propionamde O 1) o NH2-HCI NaOH, THE o \
f, v\NO1 H60 2) Recrystallization (EtOH H20)
(S)-AM HC1 3) Pulverization Tgga m xed sol uti on of
(S)-2-(1,6,7,8-tetrahydro-2H 20
i ndeno[ 5, 4- b] furan-8-yl)ethyl am ne hydrochl oride (74
kg, 309 nol) in tetrahydrofuran (185 L) and city
r 303 usggolgit k@ Qfield 73.0%,
Vé%l | uvrgréﬁggr ?)?i dﬁgo%%%q% ggﬁ%&gﬁds(gr%gpﬁjo]r{g g,f
ri ( kg),.a ti ro er e
Forp R (FErRn T s SRt HEFREBH, | 20abamEr AR 45 ot

:%tterct(ﬁSCﬁZ L), and cool ed. The precipitated crystals
e Coll’ect ed by filtration, and dried under reduced

5 pressure o give title conpound (78.0_k ield '

97. 4 1 (e\qt%l fi &S orf:@n{) %n%heogry%?rg?%g?‘g?. sTgg.) and
298 nol) obtained in (i) were _dissolved in m xed

SEMRGIGH (iig'kg)(%$m%¥ andt khe obtained crystals of the

title compound was determined by HPLC under the following
condition.

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

column: Develecsil 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)/methancl (75 : 25)

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

yl)ethyllpropionamide

o]

1y 0
NHz-HCI ~Ae , NaOH, THF \J\N

[

-

=
=
H

I
%

2) Recrystallization
(EtOH-H0)
(S)-AMI-HCI 3) Pulverization

To a mixed sclution of (S)-2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b]furan-8-yl)ethylamine hydrochloride (74 kg,
3092 mol) in tetrahydrofuran (185 L} and city water (259 L)

were added 30% agueous sclution of sodium hydroxide (70 L)
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purified water (10 : 1), and active charcoal (0.78 kg)
was 10 added thereto, then stirred for 10 m nutes,
followed by filtration (washed with nmi xed sol ution
(74 kg) of ethanol and purified water (10 . 1)). To
the filtrate was added water £§88 L) under warm ng,
cooled, and the precipitated crystals were collected
by filtration, which were dried 15 under reduced
pressure. The resulting crystals were pulverized with

kel %Lowogyye tiibeigempoyndg (4410, Kgng Ysehédr8a 7% room

conpound ( 0. 02% conpound (II) .'06% conpound
spihan Q, al
Qghgklgﬁﬁggog%y!egoh% S?g&%gﬁg?tﬁggﬁ%ﬁon was added

%g@gzte:%{a‘toefr ¢ (Ia)ncf Od&ﬁg?' n?h g%r(?seé?tepr t%t%f rystals

e Cco oun ébt al ne m ne

HPLC un . ndition, ,detectqr:
UFFFavF&d@FC%SgorgF' ‘fé?%%a?aﬁva oRoeh FEFedsunder redces
measur enent : S YMC- Pac

RRESHTEme Fogemile coaw e (LA Ao i

col um tenperature: given tenperature around 25C

Bk | EUSA&4E€atACYSES® sol ution of 0.01 nol /L

phosphate 5 buffer H 7.0)/acetonitrile (4 : 1) B; .
i xedTo61 @ 2HS 0{ 01 #okol FfSsphatle obtained in (i) were

dissclved in mixed solution (178 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 Jjet 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 fecllowing condition.

detector: ultraviolet absorptiometer {(wavelength for

measurement: 288 nm)
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buffer (pH 7.0)/acetonitrile (3 : 7) gradient
condition time (mn.) nobile phase A nobile phase B 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 (I1) were
detected at each side of main peak of
(S)-N-[2-(1, 6,7, 8-tetrahydro-2H indeno[5, 4-b]
furan-8-yl)ethyl]propi onanm de, however, conpound

Ebh Linn@ndy ik V2 Wer eo88Chy belave d Nes dpt eGlidnmld Mg, 4950 mm
of l'ess than 0.02% Industrial Applicability According

t present invention, by
é%ﬁ%&gﬁﬁﬁﬁg%iﬁégé of° reaction solution in catalytic
20.reduction step and .post-treatnent sol utj.o eof ,
BRI S tsm e iR e s A EE 20K o
are.yseful as_ nedicine can _be produced, with hi

BB e A pn Rua e oL hairc Bhr | bals rERLIL phosphate
material s _can be provided industrially. r 43 CLA M
pufieg, dobss -Oor aseddiditig1e (4 : 1)
(S)-2-(1,6,7,8-tetrahydro-2H

B; miked solution of 0.01 mol/L phosphate

buffer (pH 7.0)/acetonitrile (3 : 7)

gradient condition

time (min.) mopile 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 mein peak of (Sy-N-[2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b]furan-8-yl)ethyl]lpropionamide, 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-guality



i ndeno[ 5, 4-b] furan-8-yl)ethylamne or a salt thereof,
which conprises step (i): a step for asymmetrically
reducing (E) 5
2-(1,6,7,8-tetrahydro- 2H i ndeno[ 5, 4- b] f ur an- 8-
ylidene)ethylamne or a salt thgreof wth a catal yst,
and 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
cabatleutl®a?. rERE rRRGE8SS A HAG AR Kl Mddustrially.
wherein the reaction tenperature in step (ii) is 50C
to 70C. 3. The process according to claim1, wherein
the pHin step (ii) is 5to 7. 4. The process
according to claiml1, wherein the catalyst 15 in step
(i) is Ru-BINAP catalyst. 5. The process according to
claim1, wherein the catalyst in step (ii) is Pd-C
catalyst. 6. A process for producing crystals of
(S)-N-[2-(1,6,7, 8-

tetrahydr o- 2H i ndeno[ 5, 4- b] fur an- 8-yl ) et hyl ] pr opi onam
de, 20 conprising step (a): a step for propionylating
the am no group of
(S)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4- b] f ur an- 8-
yl)ethylam ne or a salt thereof obtained in the
process according to claiml1, and step (b): a step
for crystallizing by addi ng aqueous sol vent to the
reaction 25 solution obtained in step (a). f 44 7.
Crystals of (S)-N[2-(1,6,7,8-tetrahydro-2H
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i ndeno[ 5, 4-b] furan-8-yl)ethyl] propi onam de, wherein
each content of the conpounds represented by the
following formulae (1), (I1), (1l11) and (1V) is 0.15%
by weight or 5 less, and the total content of the
conpounds represented by the f9llowng fornulae (I)
to (1V) is 0.2% by weight or less. O00 ~HaH\ OH
o0HOH..oH\ O (1) © / (1) / (r1ry r/ , Ol "N
mH\ 0 OHF (1V) 8 Cystals of
(S)-N-[2-(1,6,7,8-tetrahydrgr2is10

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

31 ot e S PP RRIRY (O e Sy'l%%}?%ahydfo 2H-
S5tk nfed%a%qra%“% 1 SO A0, G unscr
15%, nd 15 furt ler t he tatal nt ent . of
Fﬁ@pa&ﬁ%guﬁ& Bt o ds @ty O 1S BT G577 Lot Geind (B~
glw-tﬂlqr@hé%ir% ZWEI d}e@%r 45 I(:"J‘:Sl:lran0 80— 0 H

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 tec 9 with a catalyst.

2. The process according to claim 1, wherein the reaction
temperature in step (ii) is 50°C to 7G°C.

3. The process according tc claim 1, wherein the pHE 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.

6. A process for producing crystals of (S)-N-[2-(1,6,7,8-
tetrahydro-2H-indeno[5, 4-b] furan-8-yl)ethyl]propionamide,
comprising step (a): a step for propionylating the amino
group of (8)-2-{(l,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
yl)jethylamine or a salt thereof obtained in the process
according to claim 1, and step {b): a step for
crystallizing by adding aqueous solvent to the reaction

solution obtained in step (a).
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AN (1) L/ ¢ty /2 ¢ty /o, ol "N H,,,\HO ON
- HF (1V) 9. The crystals according to claim7 or
8, wherein the content of the conpound represented by

formula (1) is 0.10% 5 by weight or less. 10. A
conposi tion conprising (S)-N-[24(1, 6,7, 8-tetrahydro-
2H i ndeno[ 5, 4-b] furan- 8-yl ) et hyl ] propi onam de and t he
compounds represented by the followi ng fornulae (1),
(rey, (ren) and (I\O wherein relative to 100 parts

? t?ggf%ﬁg 7, 8 tetrahydro FLln%%ng[S 4Iﬁf%ﬁ%ﬁ$%ydro_2H—

¥é§%@§i’é¥%&%ﬁy SRR TR, <o
rt e tota

2BREshe opt tﬁsecoﬁ%aﬂﬁ@dﬁep¥%%ﬁ?% t%§ (RS FoR? o o ing

S (Bt 40, i)™ 5o Bef 22 o el

less, and the total content of the compounds represented by

S
weight or

the following formulae (I) to (IV) 1s 0.2% by weight or

less.

X > 9 i ~ 9 /? ?
u .\\\\H (0] Yk H “\\\H O ‘\\\H
(1) (1)

(1)

(V)
g. Crystals of (S)y-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), {(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
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(I'V) 11. A conposition conprising
(S)-N-[2-(1,6,7,8-tetrahydro-

2H i ndeno[ 5, 4-b] furan-8-yl)ethyl ] propi onam de and the
conpounds represented by the fgkl owing fornmulae (1),
(rr)y, s (rrr) and (1v), wherein relative to 100 parts
by wei ght of

(S)-N-[2-(1,6,7, 8-tetrahydro-2Hindeno[5, 4-b] furan- 8-
Y&t hyl ] propi onam de, each content of the conpounds
represented by the follow ng formulae (1), (1I1) and
(lov) is O0to 0.15 pard by weight, and theocontent of
t repregented by the.foll formul a
( tOl PAT t wlgh an f Nt he
t cUrrpo ' epTr esent ed Fbyt
f Il ae (I) to
O\VInO H,
Ly

I
0
ol

(V)

9. The crystals according to claim 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-
2H-indeno[5,4-b]furan-8-yl)ethyl]lpropionamide and the
compounds represented'by the following formulae (I), (II),
(ITI) 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-
vl)ethyl]propionamide, each content of the compounds
represented by the following formulae {(I), (II), (III}) 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 tc 0.2 part by weight.
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O-~"AN HaH Oi NH H (1V) 12. The conposition
according to claim1l0 or 11, wherein the content of
t he conpound represented by forrmula (1) is O to 0.10
part by weight relative to 100 parts by weight of 5
(S)-N-[2-(1,6, 7, 8-tetrahydro-2hkki ndeno[ 5, 4-b] furan-8
yl) ethyl]propionamde. OANHO (I) 13. The
crystals according to claim7 or the conposition
according to claim 10, which is prepared on a

c rcial 10 scale. 4. A process for pre@ducing
1ﬁg,6 7-tetrahydr o-8HA I ndeno[ 5, 4-b] f ur an- 4 one

omplr i si\agHa /st ep fox r#duci o N™ )

WM lii 2, 6, 7- 1 et rahygto—8 hfndeno[5,4ﬂb]f.’

~ the conditia

(1) , (1) , (m)

(V)

11. A composition comprising (S}-N-[2-(1,6,7,8-tetrahydro-
?H-indeno[5, 4-blfuran-8-yl)ethyl]propiconamide and the
compounds represented by the following formulae (I), (II),
(III) and (IV), wherein relative to 100 parts by weight of
($)-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 to 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.
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hydrogen pressure (MPa) > -0.02 x gas-liquid overal
mass transfer volune coefficient (1/hr) + 0.43. 15.
Use of the crystals according to claim7 for the 5
manuf acture of a preventive or therapeutic agent for
sleep disorder. 16. The conposf®tion according to
claim 10 which is a preventive or therapeutic agent
for sleep disorder. 17. A nethod for the prevention or
treatnent of sleep 10 disorder, conprising

nlsterlng t he cry tal s accordlng to cba|n18 or
gnmjo& t |§ ac g. to cl ai ;10
\\\H \\\\H % ,\\H % :
(1)

(1)

(1v)

12, The composition according to claim 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
(3)-N-[2-(1,6,7,8-tetrahydro-2H-indenc[5,4-b] furan-8-

yl)ethylipropionamide.

13. The crystals according to claim 7 or the composition
according to claim 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-1,2, 6, 7-tetrahydro-8H-indeno[5, 4-b] furan-8-one
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with Pd-C catalyst under the condition:

hydrogen pressure (MPa) > -0.02 x gas-liquid overall mass
transfer volume coefficient (1/hr) + 0.43.

15. Use of the crystals according to claim 7 for the
manufacture of a preventive or therapeutic agent for sleep
disorder.

1¢6. The composition according to c¢laim 10 which 1is a
preventive or therapeutic agent for sleep disorder.

17. A method for the prevention or treatment o¢f sleep

disorder, comprising administering the crystals according

to claim 8 or the composition according to claim 10.




