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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 formationlof 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 indeno[5, 4-Db]
furan-8-yl)ethyl am ne hydrechrerrdg by neans 15 of
asymmetric reduction from

(E) - 2pRdcBss Foretoratidiador "AeNQiA, 1y ACTIVE AMINE

4-b] furan-8-ylidene)ethylam ne hydrochl ori de as
starting material, both pgkhe not enough as an

i ndustri al production me?ﬁof gﬁlmESCh the formati on of
side products is suppressed and high-purity crystals
of (S) 2 20

ﬁ ), %éht ydro 2H- i ndeno[ 5, 4- b] f ur an- 8-yl ) et hyl am
%ﬁ? H |de are produced with high yield. In
parti roblens are ,to control the side products

repr e D et hel PEENbHPRY FELAicSe (191'3 aRBoCEss  for

. 2 HZN o~~H O . ) . . ,
productlon 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 (3)-2-(1,6,7,8-tetrahydro-2KE-
indeno[5,4~b]lfuran-8-yl)ethylamine hydrochloride by means
of asymmetric reduction from (E)-2-(1,6,7,8-tetrahydro-2H-
indeno[5,4?b]furan—B—ylidene)ethylamine hydrochloride as
starting material, both methods are not encugh as an
industrial production method in which the formation of side
preducts is suppressed and high-purity crystals of (S8)-2-
(1,6,7,8-tetrahydro-2H-indeno[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 following formulae (III') and (IV').
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I\ 00 H2Na~~-H\ OH2N M (I1V') On the other
hand, dinerization 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, like conpound represented. by the

above formula (IV'). In 10 addy . Soc. D
736 (1970) discloses that oxidation . I
position of benzofuran conpound ta under the
presence of Pd-catal yst, but format G dimer is
not described therein. 15 D scl gs I nvention The
obj ect of the present inventiof provi de an
indystrial ppesess for productilon gn optically

BN ve ' By ivative with high d and hi gh

the formatio products is
i Ngen: studies to

() (IV'}

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 twc 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 fcormation 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 vyield and high purity, wherein

the formaticn of side products is controlled.
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problem the present inventors found that in the steps
of production of the optically active am ne
derivative, the formation of side products
represented by the above 5 fornulae (I11") and (1V)
can be controlled by controlligng pH and tenperature
of the reaction solution at the tine of catalytic
reduction with Pd-C and the solution at the tine of
post-treatnment thereof, and conpleted the present

| nvenjisor, ﬂQsJD@tcﬁS’lﬁ{6h§H@@e%%ub&%%”ﬁk?”s@i@%'Q§§é above
(1) A process for producing (S)-2-(1,6,7,8-tetrahydro-

ﬁg;;»ggﬁno[tw Pl saan- %%%@5%'@&% Ande 58! che steps of

conpri ses step

d
PRSATELILERAY hEIME Oty agsises, T PSR et
lid th I [t th f t
MefERELE (K S Aot R e B e abore
reaction pro uct opbtained in step (i) at _a reaction

ferperaturld 1df ) 40¢ th‘ﬁO)OCC%IHdbEHC@nttéoé]ﬁdt fpYa controlling

catal yst, (2) The process according to_the
EBO@@%@W@GU(‘:F) of Jhehererhiehespéuéipanat the time of
tenperature in step (ii) is 50Cto 70C, (3) The
prBeeESiaceeddicnd ono wikd: dybve-amnt thredol ufionwedr gile time
the pHin step (ii) is 5to 7, (4) The process
aﬁcopdbmgtm@aﬁmemﬂxnnhammﬁﬁpne@n@1)pom@EeWbdraUmdtnpresent
catalyst in step (i) is Ru-BINAP catalyst, 4 (5) The
pnoeeesscaccording to the above-nentioned (1),

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)-2-(1,6,7,8-tetrahydro-2H-indenoc[5,4~b]furan-8-
ylidene)ethylamine or a salt therecf 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 (ii) is 50°C to
70°C,

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

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

wherein the catalyst in step (i) is Ru-BINAP catalyst,
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wherein the catalyst in step (ii) is Pd-C catal yst,

(6) A process for producing crystals of (S)-N][2-

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

yl ) et hyl ] propi onani de, conprising step (a): a step for
propi onyl ating the am no groupgof (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

crystald) Vo dd dQ&Q dr8IHEOYY Scae;/e o]‘gé’éé‘%%l?ned :

reactl on solution o a| ne st'e

P e bl e drf’ ot PR hcé%%ﬁ%%h

of the éongounds re re ented b t he follow
forml@e (Y pf???s (1495 &t WQﬁHQSC€Yﬂ?%%® ﬁﬁlgﬁ% -
or | ess, and the total content of the conpounds

rdpibede s iR hvidke 125 1iswany Fordnh He%a)-8o (1V) is

0. 296by MEIght or less, 5 000 HANaH\ OH ThHO

YH) @Fﬁﬂl gqu@nldy, NC@MPIrHs@dngD step (a): a step for
propionylating the amino group of (5)-2-(1,6,7,8-
tetrahydro-2H-indeno[5, 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 feor crystallizing by
adding aquecus solvent to the reaction solution obtained in
step (a),

(7) Crystals of (S}-N-[2-(1,6,7,8-tetrahydro~-2ZH-
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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N HIi (1V) (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), (Il1l1y and (1V) is 0.15% by
wei ght or less, and the content of the conpound
represented by the following fornmula (11) is 0.02 to
0. 15% by weight, and further the total content of the
caypounds represented(by the follow ng foopnul ae (1)

tol (1Y) . 2% by ht _or 10 S, 0 O AN
~HNO 0sH O ﬂl) ) I /XTI

o _— N Hili" (I he cryst
accordi R Llhe above- nment i ) or (8),

the gont t he conmpound presented by f

(1) i's 0.10% by weight or less, 5 (10) A composition
conprispng (S)-N-[2-(I,6,7, 8-

(1v)

(8) Crystals of {8)-N-[2-{1,6,7,8-tetrahydrc-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) 1is 0.15% by weight or less,
and the content o©f the compound represented by the
following formula (II} is 0.02 to 0.15% by welght, and
further the total content of the compounds represented by
the fellowing formulae (I} to (IV) is 0.2% by weight or

less,
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t et rahydr o- 2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl ] pr opi onam
de and the conpounds represented by the foll ow ng
formulae (1), (I1), (I'll) and (1V), wherein relative
to 100 parts by weight of

(S)-N-[2-(1,6,7, 8-tetrahydro-2indeno[5,4 10

b] f uran- 8-yl ) et hyl ] propi onam de, each content of the
conmpounds represented by the followi ng fornulae (1),
(rr)y, (rrr) and (I1V) is 0 to 0.15 part by weight and
the total content of ®he conpounds represented by the
f okl ow formul ae (1 (IV) is 0 to.Q. A part by

1 @ Al 0 0 HNT ~
(N D~ N HH (V) FARNP
conposi t prising (S)- 6, 7, 8-

tetr 41 ndeno[ 5, 4-Ia}f Of yI)ethyI]prﬁB
de and the conpounds represented by the foII6MAng

formulag (1), 5 (I1), (Il1l) and (1V), wherein relative
to 100 garts by

(Iv)

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

(10} A composition comprising (S)y~-N-[2-(1,06,7,8-
tetrahydro-2H-indeno (5, 4-b]furan-8-yl)ethyl]propionamide
and the compounds represented by the following formulae (I),
(IT), {(III) and (IV), wherein relative to 100 parts by
weight of (SY-N-[2-(1,6,7,8-tetrahydro-2H-indeno{5,4-
bl furan-8-yl)ethyl]lpropicnamide, 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 c¢ompounds represented by the following

formulae (I) to (IV) is 0 to 0.2 part by weight,
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wei ght of (S)-N-[2-(1,6,7,8-tetrahydro-2Hindeno[5, 4-
b] furan- 8-yl )ethyl ] propi onanm de, each content of the
conmpounds represented by the followi ng fornulae (1),
(rrr) and (1V) is 0 to 0.15 part by weight, and the
content of 10 the conpound represented by the
followng formula (11) is 0.02 to 0.15 part by

wei ght, and further the total content of the
conmpounds represented by the follow ng fornulae (1)
tod(l1V) is O to 0.2 papt by weight, 8 0 0gd Q~ AN H

%aH H . | O%H HO O
ﬂ [ 12 npdei i dn agcor dvngNto 0
A o ey e OF

part i g 5 reIathano arts by wei ght
(S) - I\(sz (1,6,7, : iy
t et rahydy o- 2FL|ndeno[5,4-b]furan-8-y|)ethyl]propionam

se. SN,

(11) A composition comprising (S)-N-[2-(1,06,7,8-
tetrahydro-2H-indeno[5,4-blfuran-8-yl)ethyl]propionamide

and the compounds 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-indenc[5, 4-
bl furan-8-yl)ethyl]propicnamide, each content of the

compounds represented by the following formuliae (I), (III)
and (IV) 1is 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 follewing formulae (I)

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



10

AN H~~H\ O (I) (13) The crystals according to the
above-nentioned (7) or the conposition according to

t he above-nentioned (10), 10 which is prepared on a
commercial scale, (14) A process for producing
1,2,6,7-tetrahydro-8H indeno[ %, 4-Db] 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 catal yst under the condition:

hydr ogen pressure (MPag 0.02 x gas-liquig overal
/[hr) +10.43, (15)

) }o [t heyabove: ’_

SENe

' r, (16) The
conpqﬁﬁtion according to (e “abové&- menti oned 0
which is a preventive or therapeutic agent f ot | eep
di sordery, and 10 (17) A nethod for the prevention or
treatnmert of sleep disorder, conprising adm nistering
the CryStgts™ j to the above-nentioned (8) or
t he conpolitiop® ng to the above-nentioned
(10). 15 Brie ption of Drawings Figure 1 is a
HPLC chart whigt oWs result of analysis of conpound
(1) to (I

(1V)

(12) The composition according t¢ the above-mentioned
(10) or (11), wherein the c¢ontent of 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]propionamide,
O

A

H “\\\H O

(1)

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

(l14) 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~indenc[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)
ethyl] propionam de. 20 Best Mdde for Carrying Qut the
I nvention Exanples of the salt of
(S)-2-(1,6,7,8-tetrahydro-2H indeno[5,
4-b]furan-8-yl)ethylamne in the present invention
include salts with an inorganic acid such as

hydrochl oric 25 acid, sulfuric acid, and nitric acid,
salts with an organic 10 acid such as formc acid,

at GG i t] id,.and the Iike.
T D o (1 B e PRl 8750 | ndenol 5. 4-

- 8-yl idene) et byl am.ne hch_is a raw compound

R e e e e
S).-2-(1,6, 7 8-tetrahydrp-2H

i(tr{)&‘éjr? - A acﬁq%g%‘i]e?lﬁ%/l St of 3-43rt thereof

of the resent invention can be produced by a nethod

descrildett i W5€IPCA 2B02- 240185321 % hatcF- R hd® ofthe above-
cataLyticaIIy reducing
B Byesho- T )2, €07 t éheahPangtetinggenss, a- bprarantgve or
-one 10 with catalytic reduction catalyst such as
Pdecapeven C et P 1 el e adheerder,
1,2,6,7-tetrahydro-8Hindeno[ 5, 4- b]furan-8-one with

di et hylll &y diorrethybphos phonateoridinkoved thy above-mentioned
hydrogenating with cobalt catal yst, or anal ogous
néthodehidineiet a. pkfeventiihe: cat akyibirapeedtct izorerst efor sleep
catal ytic reduction of

4i5odideromemt 2, 6, 7-t et rahydr o- 8H i ndeno[ 5, 4-b] furan-8

- one can be carried out by m Xxing

4, 5- difhromer hedtdbd/-for the prevention or treatment of sleep
disorder, comprising administering the crystals according
te 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-

vl)ethyl]propionamide.

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 nitriec acid, salts with an organic



10

15

20

25

t et rahydr o- 8H i ndeno[ 5, 4-b]furan-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 andstirring. 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

l&ci@ygﬁgﬂegfp&%ﬁﬁHE@eﬁﬂﬂLQQ§5%%ﬂyiQCQMerQFEGQ§§%luoroacetic

transfer volune coefficient, ich neets

ig@ﬂ#aléﬁg:tggd£$?gp pressure (MPa) > -0.02 x

gas-Tiquid overa mass transfer vol ume coefficient
(1/hr).+ Q.43. .5 Herein, .the ga -%L uid overal |l mass
transf&f Vol OHCOeEFFc?eﬁE’gaZ’ eQSEF%E%SEQGZHFﬁWdenO[5r4‘
Ng%éCB nﬁéhoﬂ,gg described in detail in the

A7 BT EHENT TOhE B BRpP B AT 1R VREFD fife ythBgepmpound to be
pressure in the present reaction_ is usually 0.1 to 1

Ve plétter BbPy WX B4G 05 WPa. (80-En(das- v §oitgtrahydro-2H-
system rate NA in which gas dissolves in solution

pErdene iS5 corie bt raned ¢hrebey bxpiessed ki Relbnthemecof of the
case of dissolution rate in solid-liquid system

extesetti ohnvateiom tagubd- pirgdaiudesy styerm angthodndéecribed in
phenonenon in heat transfer by convection, and given
IFPthed®forihted, (ess s anséenodoeff cetebyyrixally reducing
(concentration difference). NA = KL(C1-C) (1)
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-indenol5, 4-
b]furan-8-one with diethyl cyanomethylphosphonate, followed
by hydrocgenating 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 viewpcint of formation control of side

product (specifically, dimer), it 1is preferred that the

reaction should be <c¢arried ocut 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 absorptjion. 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

of e | Qw qggg%i LA pe given.
mdfz%%%ldpdt %Sél)lfgrhugsr?ée asﬁgloln. 3{1’: KLlA( -Scf / \?EanSfer
( is_derrved om.f or 1 n i
Bt et et bt T et SRR ST bpPedukBla ey va
liquid interface are rouni ea, equatjon: dCdt_=
CEEdats BARCSReCy  GBR) 10 Sl i JATe 19T PUEsaIl mass
obtain the gas-liquid_,interfa area: _a independently
i 1 YASEFT oY HUBE | ???gal%ﬁ%i:aﬁ(ghz—’s mas§ - #Pansf er
volunme coefficient for liquid KLa _which is a product
diezedhd nhbs t rafsflerdeiobf f PERSAL Lf oMagy qui BakEfps  volume
used as an index to express gas absorbability. 15 In
aterifbnient onrehe fogct defermviesd st Wikhng Neafe:i smethod as
I ncreased, gas-liquid interface area: a becones
|degeribed imadegenerah| yhbeaShed-nhatikhadb&zempde 1.

larger with stirring
Further, the hydrogen pressure in the present reaction

gas-

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 in liquid-liquid system and transfer

phenomenon in heat transfer by convection, and given in the

form of {(mass transfer coefficient) X (concentration
difference).
Nz = Kiu(C;-C) (1)

Here, Ky, 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 (Ci;-C} 1is a driving force for gas
absorption.

In addition, given that A is a gas-liquid contact area
and Vy, is a volume of liquid, since increasing rate V,dC/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 nmethanol. These

sol vents may be used alone, or {swith a m xture 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

reacti | ncl sn4i e e ~EL3
pyTi di%,éﬁ' eaﬂﬁgg%ﬁg a%gh%{%gﬁi &gh PR ten.
parti qular, ydrous dium acetate and Et3N are
prefeﬁﬁ@b. %ﬁggéﬁgunt(% base to be 5 used is usually
2to }ﬁﬂyivalent.noles. Exanpl es of the catalytic
reducti Bt cat@t3stCused in the present reaction
i nclude Pd-C, PtQ2, Rh-Al 203, sRhO [ P(C6H5) 3] 3) and

i

the |i%e 9t He ErbdGntCof Veat al yt 8! reduction cat al yst

to be used is 1/10 equivalent nole to 10 5/1000
eduida etd npf@ frerekaml y11/and é4uival ent mole to

3/ 100 equivalent nole relative to 1 nole of raw .
conpolvr the riper ausegii ven stept (RY Ve The represented by a: gas-—
tenperature of the present reaction is wusually 10Cto

1000 i prieferafdge 34 edOGnandatde, 4fuatachion tinme

is usually 1 to 50 hrs, preferably 2 to 10 hrs.

(E) - 2d, &, % S lagimabydr o- 24 i ndeno[ 5, 4- b] f ur an- 8-

is given.

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

In addition, from the fact that when stirring rate is
incfeased, 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, methancl,
ethanol, N-methylpyrrolidone and the like, and particularly
preferred is methanol. These sclvents may be used alone, or
with a mixture ¢f 2 or more of them. The amount of sclvent

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) et hyl am 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 %?th 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

2Hin 4-Db] furan-8- t 1 ne o t :
theregﬁﬁﬁ%gﬁﬁs fﬁ% g?gse%%ggnSé%%loﬁ%is£%%n§%%§gﬂnbfreaCtlon
i%q?;glolsjc'%% Egé)yg%?a{ffmgééé%%' Y SIS NG LRe 1AW yine, NaHCOs,
tetrahydro-2H i pdeng[ 5, 4-b] f uran- 8-yl i dene) et hyl am ne ,
J]?a%o?isal f‘“%hngSf,gg%&-st P (PPFti6PlasnvePPragrone sodium
side product. 5 in the reaction products obtained in

stEF Aty 8% &lgbt 2xonPBRAET B cattey RO REHuEEi Lipse to be
The asymmetric reduction in step (i) is carried out by

sty eatesysily ahdtexanpiesvetestchoéasal yst for

asynmetric reduction include Rutheniumoptically

act i ve&Edinphosphifnerconphexl Y Ruc BERAREtion catalyst used in
Rhodi umoptically active phosphine conpl ex

(tRe Bl NARsenltr i drearopbincal iychotleve Pphosphimss,;, Rh-Al,03,
conmplex (Ir-BINAP), and the like. As a Ru- Bl NAP

Catral Bt (C3Re¢T f)i cahby, tRe2CLaké R) -THY NARZNtC2HF) 3catalytic
{Rud (Benzene)[ (R -BINAP]} A, {Rud (p- 15

Qurene) {dR) cBEAAREY Clto {FBucBdCiENE) [ O ReBliNARlB s mole to
{Rul (p-Cynene) [ (R) - BI NAP] } I 3r

{§ﬁﬂddb(éﬁﬁﬁ¥ﬁiéﬁ9'ﬁ%f%“ﬂﬁfef@?gbigelyib@ 8h8ivalent mole to

exenpl i fied. These catalysts can b
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 toc 10
hrs.

(E)-2-(1,6,7,8-tetrahydro-2H~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
trifluorocacetic acid, and the like.

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

2H-indeno[5, 4~b) furan-8-yl)ethylamine or a salt theresof 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 conmpound by al kal

ttﬁ@tng%seﬁé di.saglved inor dldg%a 5% 0ep (1) for

asymmetric reduction catalyst

S an then he as trlc reduction reactio
TSN arad TR R oweteRT (19PN, 6 7,6
at nospher e. of t ani c_sol vent |n

ar onet %dr%yggo%%$%8ﬂ25(% BT%UFS nendliggnseRéEhY F@lﬁe cr a

alcohols met hanol , ethanol, etc.), aliphatic

el st %tmg a%%@a%%ep hiptopGF seBVEESING- ﬁtﬂeyelde product
acetate, etc.), ethers (e.g., isopropyl ether,

ditet bjE ct9rctiort PARGUESEUrant AM4EY, 110 step) to target

hal ogenat ed hydrocarbons (e.g. d|chloronethane
digmorvétbaneatel vt ic aﬁﬁdesi@e,g

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

sol verilise neyyireetused sédnetion im bhep nMixt dsecakr2edr out by
nore of them and anong them a m xed sol vent of

tidirene aadalgshanolagnd nexeflpsekvenst of sbeh catalyst for
tetrahydrofuran and nethanol, and the like are

R efidiethc  Thed @apusg o{n@pucyentRﬁeheﬁluﬁeepticélttg active
1000 mL, preferably 2 to 20 nL, per 1 g of raw

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

As a Ru-BINAP catalyst, specifically, RupCly](R)-

BINAP]»N (CoHs) 3, {RuCl (Benzene) [ (R) -BINAP] }C1, {RuCl (p-
Cymene) [ (R)-BINAP] }C1, {RuBr (p—-Cymene) [ (R) -BINAP] } Br,
{Rul (p-Cymene) [ (R} -BINAP] }Is, {Rul (p-Cymene) [ (R)-BINAP]}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 11-140073, 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 is used as raw
compound in the asymmetric reduction reaction of step (i),

it is converted to a free compound by alkali treatment,



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 rawqgonpound, 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&isosg’lx?@dzoﬂql%r rﬁcprs%‘leif y 5&1'} E?a%yl&[msetr-&rte geduction

catal ytic reduction reaction of 'the above- nentione

RO KN LN C e e —

. I'nm the reac
obtained in ste i%, t he conmpound represented by the
f%ﬁéﬁﬁﬁ%ﬁffcﬁ?ﬁé@é? |1+ igaggﬁﬁadeau s §P@&Tpr §dGsErre and
nd. in the stag (ii), this side product is converted
&quﬂgeQxﬁEW3§ Re¥%duction to the target conpound
that is, (9S)-2- . , ,
5 (1,6, EXRNRIGRNYF 0- D | nEEBBEC 4- BPLURARA- 8ipkledky| amomatic
ine. HZN ,,\\H\ O 10 (~) The reaction of the
FrRGohed st ep t9lyens, banreed, oatcas,felltowsis (e.g.,
That is, to the reaction solution obtained in step
methanclddest emoogh atount efl igihaitie dwtdsochkethgl acetate,
acid to dissolve the reaction product at a 15
trefperatlur eceeladw, 10€-banglt heceeace) oretps oductetii®ers  (e.g.,
transferred to aqueous |ayer by stirring or shaking,
tiseipropyl ether, diethyl ether, tetrahydrofuran (THF),
10 etc.), halogenated hydrocarbons (e.g., dichloromethane,
dichloroethane, etc.), amides (e.g., N,N-dimethylformamide,
etc.), and the like. These scolvents may be used alone, or
with a mixture of 2 or more of them, and among them, &
mixed sclvent of toluene and methanol, a mixed solvent of
15 tetrahydrofuran and methancl, and the like are preferred.
The amocunt of solvent to be used is 1 teo 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
20 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,

25 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 pressurge and hydrogen

at nosphere. Exanples of the catalytic reduction

catal yst used in 17 the present reaction include
Pd-C, PtO2, Rh-A12C3, (Rhd[P(C6H5)3]3), and the

IH$§ gherarpunt of c gatgl ytkc reduction catalyst to

be used is 1/2 eqU|vaIent nmole to 1/2000 equi val ent

ol e, feEQPBX Y. %ﬂ% n?% cE?og 14590 h above~
P/ tsﬁ(&% og 5% o

equi va ent nol e nol e raw compoun

sed ste and t he_hydr qge ressure i.s 0.5 .

t eq%l Iﬁ;g er&k}ly 35t ociaL’i¥ § ?‘ﬁ adtfit1%n t%ﬁwereaCtlon
ctlon te erat re.is 40C t? iOOC gﬁeferabl 50C
Oyn@PERENFEact F of HSEe (f 10 ¥, solution

preferably 3 to 20 hrs. The reaction sol ution obtained
i higecht dimyt ﬁéepre&aéuo*ﬁh@ea%qmmum% fiaRented by the
renove the catal and treated using a method known
el vy gforge éer(tIrIé{tl on;s ergbudedli 2at ive product, and
recrystallization, chromatography, etc.) 15 to give
(%) - he¢1,96.£P, 84t &t r atydso- 2Hi¢ ngenolis,t4- b f goavegted by the
yl ) et hyl am ne. Furthernore, the resulting
(-t 6, redrdteisrahydrithe target compound, that is, (S)-2-
2H i ndeno[ 5, 4- b] f uran- 8-yl ) et hyl am ne can be converted
t@a &6, Yesi e gard r&cnor thdgnd ps ad conNFensho8al 1 met Apdamine.

HZN "\\\H O

(1)

The reaction o¢f the above-mentioned step (ii) 1is
carried ocut as follows. That 1is, to the reaction sclution
obtained in step (i) 1is added enough amount of dilute
hydrochloric acid to dissolve the reaction product at a
temperature Dbelow 10°C, and the reaction product is
transferred to agueous layer by stirring or shaking, then
the aguecus layer is separated. The obtained aguecus layer
is adjusted to pH 3 to 9, preferably 5 to 7, with aklali
such as dilute agqueous sodium hydroxide solution, and
catalytic reduction catalyst 1s 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 (II11") is formed wi1h about 5 to 10% and

di hydrobenzofuran dinmer (I1V') is 25 fornmed wth about
0.2% which are side products. In 18 contrast, the
producti on anmount of these side products can be

SURPT essatkdo- belew Q.i06% anditacbel puLB, 02%+0,,  Rn-A1,0s,
respectively, by carrying out under the condition of

ptﬁﬁblf@ @6 era%hﬁ.pt%é tfﬂgéOfT%Eﬁ RLESGRL of catalytic

|nvent|on rocess for producing a crystal

ef rahydr |nde -
5?%%%£%?p$é§?on3%tde£%fIpéheS%r(g'-sent 2ven ugl]n V\ﬁr]nC bIéIOIe to
i bed bel ow. The rocess of ste

R osfiahVﬁiv?Pﬁng S iR B of 1) S3uiydaehTpmote <o
éhﬁg é dro 2H i nd no%S 4- bkfuran 8-yl ) et hyl am ne,

@ é%q 165 1¢BF BPYStaPLRLE § b6t LofiofRe Ofe&ati Gpmpound to
solution obtained in step (a). Nanely, in step (a),
QQagﬁﬁ%ol©r%ﬁ%poflt 8) apd the hydrogen’ pressure is 0.5 to 15

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

iRa, dbrefeeebly #heoabbv¥Paent i oned process is

reacted with a 15 propionylating agent to

pr opi bnyddd et igthenthdereant mbetemperature is 40°C to 100°C,
(S)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4- b] f ur an- 8-
yiefidmdlang n80F°§ used?® hCt henflortheof rsatt jont tiime is 0.5 to
converted to free conpound by a conventional method,

faid awed, hyreSetbdieTy i Hotd o2 prepsonyl ati on reacti on.

Exanpl es of the

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

Furthermore, the resulting (§5)-2-(1,6,7,8-tetrahydro-
2H-indenc([5, 4-blfuran-8-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 control,
that is, under a strongly acidic condition below about pH 1,
the above-mentioned benzofuran derivative (III') 1is formed

with about 5 to 10% and dihydrobenzofuran dimer (IV') 1is

formed with about 0.2%, which are side products. 1In



10

15

20

25

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-2H i ndeno[ 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

et hers such as tetrahydrofuran, diethyl ether,

d&@?ﬁé‘?&sépdtﬂxezp‘%ioﬁ%tc%@&%eté?r%ﬁl%%ﬁOPHEEgné%ﬂé oducts can

nmet hanol , et hanol and propanol, rocar S suc as

g@@ge%’@ﬁp%g%tgﬁ;’ &yl ghexgne ?ﬁ?%hexﬁie}}e%yﬁg%de%eﬁg@ 0.02%,

| formani de an N di et am

hal ogenat ed, hydrocar bhaons, such _as di.chl oronet hane
ChT GoT o W LEar Bon TPELTACH of P E® e condition of pi 3
1 2-?ichI0£oetQ§ne, giéri%es sugh as acetonitrile and

prop? o I TFEEL LY PAXPdEE 7sBENTAE BERSERYI STV P8 -

and the |like and a m xed solvent 10 thereof, inter

alia, TRefrdNRFDTRr &P s B ¥, Therydaet i i tile -N-[2-
is usually 5 mnutes to 48 hrs, preferably 30 mnutes
t bl 6% hf s8-Theraleadr e oAt bhpenrad Or -b3 fugaarBy -20 to

200C, preferably -10 to 50C. In step (b), crystals of
(y%}¢¢¢y&19;@pﬂp@amé@¢ahgﬁrdﬂu15puesent invention will be
2H i ndeno[ 5, 4-b] furan- 8-yl ) et hyl ] propi onam de is

cigstalibed edebygwaddihey mpueous $8l venpriiceichesf eatéporia) for
solution obtained in step (a). Exanples of the aqueous
sotaeidny et ke Cci tlye wat gninpur egwatier, purified-2-¢1,6,7,8~
water, etc. The amount of aqueous solvent to be added
itSerd@dfd0obYH-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 (S8)-2-
(1,6,7,8-tetrahydro-2H-indenc[5, 4-b] furan-8-yl)ethylamine
obtained in the above-mentioned process is reacted with a
propicnylating agent to propionylate. When the raw material,
(S5)~-2-(1,9,7,8~tetrahydro-2H-indenc(b, 4~-b] furan-8-
yl)ethylamine is used in the form of salt, it is converted
to free compound by a conventicnal method, followed by
subjecting to propionylation reaction. Examples of the
propicnylating 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
1l mol of (S)-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

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

wth 25 high yield of 97% by col |l ecting the

precipitated crystals 20 by filtration. H ghly pure
crystals of (S)-N-[2-(1,6,7, 8-
&5r@ﬂ%ﬂrgo%@éh%deﬂﬁE§uéeb]éHﬁ@Pss yﬁ&ﬁtﬁ%!]E %Qbﬂ@@?ofuran,

can be obtai ned by urt er recrystallizingt

I I
%ﬂtfdow ttcwcgpé?r’ss a s o 801[?(0%“%6(#%23{6% Hiirar §Leonols
d f 8- t hyl de ,obt ai he
@*é*{‘h%%%n%a%s@o o a”teh%ﬁ%iiﬁp& Lq"faﬁanoqﬁaf?agfﬂa%a%zons such
f t th d t
I L L R L A
&bﬁ% e present 10 specification, hereinafter,
t

IS MR TRt ¢ as coﬁﬁﬁhnd (1)Ne §- gpm?thylacetamlde,

respect|v each content of the conpounds (l) to
Oqeéladiefg% by v@ASegRELeMS esssapld  f B her dighapromethane,
content of the compounds (1) to (IV) is about 0.20%

i higicditrmor  lcegdon) 0 eOraciINHdgaHa®dH 1, 2y HithDoNokthane,
oH\ O (1) (I1) (1) o

nitriles such as acetocnitrile and propionitrile, sulfoxides
such as dimethylsulfoxide, and the like and a2 mixed solvent
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 toc 50°C.

In step (b}, crystals of (S)-N-[2-(1,6,7,8-tetrahydro-
ZH-indeno[5, 4-b] furan-8-yl)ethyllpropionamide is
crystallized by adding agueous solvent to the reaction
soluticn obtained in ster (a). Examples of the agueous
solvent include city water, pure water, purified water, etc.
The amount of aguecus sclvent to be added is a ratio by
volume of 0.5 - 5 to the reaction sclution 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)ethyllpropionamide is obtained with

high yield of 97% by collecting the precipitated crystals
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15

"~AN H..&H 0 O NHFI 15 (1V) For exanple, in
t he 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 hy] . ] propi onam
ide obtained in the process of the present invention,
the contents of conmpound (lll),@nd (1V) are each
bel ow the detection |imt of |ess than 0.02% by
wei ght (HPLC), the 5 content of compound (I) is about
0. 1% by meight or less (preferably, 0.03% by weight

I h I b
b et T e SR Prer VonEr T2t i1 6,7, 8-
CPQE%QEﬁ?E Eﬁeco ouq%s4Léﬁgigg&—%%g&a§%%¥f]pé%ﬁ%géamlde
%irboequa% o7 o R bn S A Pr & ng p obtained
eth % Ero pi onam de can be produced by controlling the
c%ﬁ%% ti8f LrApuptrrBs . —¥Aadeas (& Fesul t, inprovenment of

crystallinity acconpanied wth |nprovenent oféPurlt
15 i npPbleaedh shescabprrly &id SheN-lke (dnd dxfediaddahydro-

"Furthernore, when (S)-N-[2-(1,6,7,8-tetrahydro-2H

2H—indeno[5,4—b]furan—B—yl)ethyl]propionamide obtained in
the process of the present invention may have a possibility
of containing the compounds represented by the following
formulae (1) to {(IV) as impurities (in the present
specification, hereinafter, sometimes referred to as
cempound (I} to (IV), respectively), each content of the
compounds (I) to (IV) is 0.15% by weight or 1less and
further total content of the compounds (I) to (IV) is about

0.20% by weight or less.

X /\2 ? °/\2 9 /\: ,}\
H “\\\H O WAH _.’-\\\H O ‘\\\H
(1) : (1) .

(1)

(IV)

For example, in the crystals of (S)-N-[2~(1,6,7,8-
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i ndeno[ 5, 4-b] furan-8-yl)ethyl ] propi onam de is used as
nmedi ci ne, reduction of inpurities has extrenely
significant neaning fromthe viewpoint of quality
assurance to patients. 20 According to the 9 present
i nvention, such crystals can be produced on a
comercial scale. In addition, by using such

Cr ¥ 8k @ty dirRe 2GRRRRIH @ 4°—fb]tﬂ?r£{ esggyom éPHﬁP&#PQp?%ﬂam de

be 22 nanufactured accordln

S 1 7 t d 2 b] f 8-
( bbg?%§e$ p?gplgaéﬁ#%%pd?g$he prgggh Fﬁ§§ |gﬁgﬁagtao“r the
t t ff t f | at
: B L REr o S AL T o tbni(@iy BRE T below the
fe ctﬁd_Therefore it can be used for

g%%ﬁ?{hana MG ot i A§SS| ddprakefdbndss weight (HPLC), the
d srhgthn1a jet lag, biorhythm upset due to work in

th‘F%‘é ent f of etempospAsdAdl isrekboclol ¢ alt dbyeasei@fit or less
roducti on and neuroendocrine, 10 senil e denenti a,
fﬁﬁa@lﬂisﬁa§é%\Hyi@GigﬂtS&HS@ESEMXXHﬁ@ﬂt@Q content of
with aging (e.g., prevention of aging etc.), cerebral :
ci rempatirah (I Bpr der abeatebrab apoghexy @h.a.s5k bPeadight, and
injury, bone marrow injury, stress, epilepsy,

comuitk Be@n, t &hX1 elbnt@eRr es6i @he BahKLA ea .
15 hypertenS|on gl aucoma, cancer, |%so§§$a?Ig ggeﬁgg? 1s about

clusi®s b §§ ?ng <Lhe like, and furthernore, it
is al so effe Ve i mrunonodul ati on, nootropi sm

mental _ stabilization and ovul ati on adjustnent (e.q.
As described above, higher- quality crystals of {S)-N-

[2—(1,6,7,8—tetrahydro—2H—indeno{5,4—b]furan—8—

yl)ethyl]lpropionamide can be produced Ey controlling the
content of impurities, and as a result, improvement of
crystallinity accompanied with improvement of purity,
improvement of stability and the like are expected.
Furthermore, when (S)—N—[Z—(l,6,7,8—tetrahydro—2H—
indeno[S,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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contracepyion). 20 The conpounds of the present

i nvention can be used in conbination with

anti depressant (e.g., impramne, clom pram ne,

noxi ptiline, phenelzine, amtriptyline hydrochloride,
nortriptyline hydrochloride, anmpxapine, manserin
hydr ochl ori de, maprotiline hydrochloride, 25

sul piride, fluvoxam ne nal eate, trazodone
hydrochl ori de, 23 paroxetine hydrochl ori de,

ML AaeLREARRY deechlgride of '}elﬁ%%t 'n{é%gxo\éﬁnl af axi ne,

Mtrazapine, Sertraline, «citalopram duloxetine,

reboxet ey el obgdgly o AN ALY S G %) uran-e-

di azepam oxaZol'am "brfomazepa alprazola

cl ona buspi rone, tandospirone citrate) od

S IDRFRVETbrBEEBRaRRRR LAY Vol o eerhE Chovel®n nas a
car banmazepi ne), antidenmentia drug (e. , tacrine,
JBREPEOTPICF Ly aSEdMiRg, GHCHNt 4 n@T Cigidt | fgjr melatonin
anti psychotic drug . (e.g.,_ haloperidol, ol anzapine, '

r f Sper Béne,l%uéFEHﬁPﬁﬁb 1b28i ptasi dore,city and fewer side
chl or promazi ne, sul piride, Aripiprazole),
apffepiFeptThenefegree. git penobar bbead, Habapergyenting and
ti agabin, pregabalin) , cerebral circulation inproving

dE gzt ihg aish erptaadieife lstsispul G rhandnide fekelag, biorhythm
Exanpl es of administration forminclude (1) 15
adpsat st datel ontof a&ogiknglin pr epaeat | arhidlitsai netdchy  seasonal
formul ati ng the conmpound of the present invention and
thelanoholidse difss s Malft apgpustyct(3h Sdmdl e docrine,
adm ni stration of two kinds of preparations obtained

byenile dementia, Alzheimer's disease, varicus 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 like, and furthermore, it is also

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

The compcunds of the present invention can be used in
combination with antidepressant (e.qg., imipramine,
clomipramine, noxiptiline, phenelzine, amitriptyline
hydrochloride, nortriptyline hydrochloride, amoxXapine,
mianserin hydrechloride, maprotiline hydrochloride,

sulpiride, fluvoxamine maleate, trazodone hydrochloride,
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formul ati ng the conmpound of the present invention and
the 20 joint use drug separately, via an identica

adm nistration route, (3) sequential and intermttent
adm ni stration of two kinds of preparations obtained
by formul ating the conpound ofz?he present invention
and the joint use drug separately, via an identica
adm ni stration route, (4) 25 sinultaneous

adm ni stration of two kinds of preparations 24

i"ﬁé?&ésgi% forr{?ﬂ?&éﬂht%éi@e CO”DBBEQaBEFFégg’ p\r/i%zfdllochloride,

vention and the joint use drug Sépara

different adm nistration routes an 5) sequenti .
a%%u?ﬁ?g?ﬂ?ttentvgﬂﬂﬁ 1%t i on @fgféﬁgﬁ?ﬂgs of Yertraline,
preparati ons obtajned by 5 formul ating the conpoun f
PHEESIBRERT: | nverd S b ane | bERPAEsERar v T oLl dBeride)
separately, via different adm nistration routes (e.qg.

RE hRBEEEEYondFRdan(drder 13 FROFBNp GUHRE Dfal4 héromazepam,
present invention -. the joint use drug, or

RHPRREPE AR orf iqnaz giever sbusPdarne, A deoreospirhee citrate),
joint use 10 drug can be sel ected appropriately based

onotde clitdlrializer usededgsage. Lathddimti on,valpmio acid,
of bl ending the conpound of the present invention and
therhanatepses y ugncadehentapprepei deeky ,sekectied, donepezil,
dependi ng on an admi nistration subject, an

achwassigaihepn rgaliahtsulect mdnsgasite)Syngomsitdhatic drug
conmbi nation, and the |ike. For exanple, when the

agk ﬂj Strdiee SUp BCt dSarudBihe 0. Q4 dpfe AL RSN t Sl L apine,

wei ght of the joint use drug can be used relative to 1
PRIt radyayes ght of; dherseapoynd ofs dihe Aresent aripiprazole),

I nvent i1 on.

antiepileptic drug (e.g., phencbarbital, 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
twoe kinds of preparations obtained by formulating the
compound ¢©f 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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(S)-N-[2-(1, 6,7, 8-tetrahydro-2Hindeno[ 5, 4- b] f ur an- 8-
20 yl)ethyl ] propi onam de of the present invention can
be used as a pharnaceutical raw material with
grinding by Jet ml| etc., and a content uniformty in
preparation and the |ike can bgjassured by adjusting
the particle size (nedian size) to about 1 to 10 um
25 The particle size can be nmeasured as foll ows by
usi ng 25 connercially avai | abl e neasuri ng appar at us.

cﬁ?f?%é% B TR e AR b RE RS
di um_.s adde hereto The xture is irradiated

W B P 45 " elVE o oS SIS Wiy e ciferent
ki.ng and m xin e suspensi on.. To 40 of
?ﬁ%ﬂg.%ﬁaﬁé&num 5% da (oSG0 e o= i g re i trent
suspen3|on and a test is carried out under t he
f BAMARLAG LedAET: 08n EYCDIKFEISs iddn IReRAAAT 4. Algsained by
sodium | auryl sulfate solution saturated with (S)-N
[ Zogmueat i8st éhealppiivel2id iodddhs] Bregsrfturigncgitigrny and the
et hyl ] propi onani de [ Apparatus] HELOS system KF
( Spapat eseCavHp stpakBltes vsenvser AUMERER tdispeirsi srration
unit (wet disperser) HELOS standard software: W NDOX
3r2ufker (W.gdows)nioni stegdiival émt 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 desage. 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 cf the present invention.
(5)~N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b}furan-8-
vl}ethyl]lpropionamide 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 follows by using
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[Condition for nmeasurenent] 20 Focal |ength: 100 mm
Stirring speed: 50% Sanpling tine: 1 second
Measurenent time: 10 seconds The conpound of the
present invention can be safely 25 adm nistered
orally or parenterally (e.g. loeal, rectal, 26

i ntravenous adm nistration etc.) as it is or by
formulating into pharmaceutical preparations such as
tabl es (including sugar-coated tablets, filmcoating

t aianﬂteﬁagiaqu%ﬁsailﬁw%ﬁsufﬁgﬁ%@arg%g i ons,

emul si ons, suspensions, 5 i1nject suppositories,

st nedi ol sascoepenie, 00 cesbesiue ppeier gl gne Beve. 1.

m xing with a pharmacol o acc

' [ I d . g., hod . ,
cc0il Looh conientl ol bl (5,9, 0 ENOL oereon

descri‘bed In panese
0 he _co oug@ki Qe ar euti cal conposition 10 '
bt 1y°a “%. b efgpﬁog%ﬁ/ ReFGHE Sbased ik acHeted with
mhgle conposition. The present invention wll be o
f UrEREFCE% I HATEd Lo AR 1° B TWEE DfWitiHe iodkiow nend mixing
Ref erence Exanpl es and Exanples, but the present
i hferith Ps F6IPERHi¢ed (Io t ABs@lI50ExaiErsion medium is
addi tion, each abbreviation in the Reference Exanples
afdERanpPedt hakd @ hatlf obfowkings nearspeyssi®BF: and a test is
2, 3-di hydr obenzof uran FBA:
2¢8ryiAfdrobenrdeur aheSfoddbalidehydadition.

[DPispersion medium]

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)

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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PPN: et hyl

(E)-3-(2, 3-di hydrobenzof uran-5-yl ) propenoate 20 PPE
et hyl 3-(2, 3-di hydrobenzof uran-5-yl ) propi onat e DBA
3- (6, 7-di brono- 2, 3-di hydr obenzof uran-5-yl ) propi onic
acid BIF: 26

4,5-di brono-1, 2,6, 7-tetrahydro-8H i ndeno[ 5, 4- b] f ur an-

8-one 25 THI:
1,2,6,7-tetrahydro-8H i ndeno[ 5, 4- b] furan- 8-one 27

| N Bk, 7dn§‘idle§{&%’}_%r9 tEindegol b, ds bl upansSenuiating

yli dene)acetonitril X f
T U T G AR
b %&g@g&lcg% T T/ et ot t 5‘¢$%%+%‘i%ht:epomersr

3-D derobenzofuran 5-c¢ aldeh 0
P@Ef@uge@' CapF4eS, o3 ongy sEpd Ons, uspen51ons,

2, 3-Di hydrobenzofuran (100 g, 832 nmol) and N, N-
it RS ERF PP e FaniSHPROEI4 O 1 98305 Hipd ) nS@T 68 he el agents and

heated, and phosphorus oxychloride (255 g, 1643 nmol)
ﬁ@e@da@dpreparatlons by mixing with a pharmacologically

acceptable carrier according to a conventional method (e.g.,
method described in Japanese Pharmacopoeia, etc.). A
content of the compound in the pharmaceutical compesition
is usually about 0.01 to 100% by weight based on the whole
cemposition.

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: 2,3-dihydrobenzofuran

FBA: 2,3-dihydrobenzofuran-5-carbaldehyde

PPN: ethyl (E)-3-(2,3~dihydrobenzofuran-5-yl)propencate
PPE: ethyl 3-(2,3-dihydrobenzofuran-5-yl)propionate

DBRA: 3-(6,7-dibromo-2, 3-dihydrobenzofuran-5-vyl)propionic
acid

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

THI: 1,2,6,7-tetrahydro-8H-indenc[5,4-b]furan-8-one
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thereto at an inner tenperature of 70 to 80C over 2
hrs. 15 The reaction m xture was heated at an inner
tenperature of 80 to 90C and stirred for 7.5 hrs.
Then, the resulting mxture was added dropwi se to
wat er (1000 g) under cooling, and stirred at room
tenperature for 5 hrs. The resulting mxture was
extracted with toluene, and the extract was 20 washed
sequentially with water, saturated sodium bicarbonate

agugaus SO'Utéﬁm—9P96M@$@lte@Pgh%Hfogéﬁﬁg%genéz¥8?r%ﬁ%uran—8—

concentrated under vacuumto giVv

f, the tj.t . (amobunt 340 g, apparent 28
i%%%?%ﬂ%&%é%ééﬁ%ﬁéﬂ%% Exanpl e 2 Et hy

0
y

ato

(Sl et pran S propenoe 0.0

t
c

he ,sol uti on (.340 g) .of 2, 3-Di hydr obenzof uran- 5-
éﬁﬂé&ﬂﬁﬁfﬁ%“%§§§ ¥A5erh kiR obtained in the

above stgg was added dropw se triethyl

pH&S phdHoR

etate (205(%,-290% Gurbl §-meerh vdodt Agrindeno[5, 4-

Then, a suspension of sodiumt 10 butylate (88.0 g,
18 £ugasi-)B 1y Jedihudrmen (B30 i rasl eididdel  dr opwi se, and
stirred for 1 hr, and further acetic acid (20 g) and
wat er (500 g) were added dropw se thereto. The

Reference Example 1

2, 3-Dihydrobenzofuran-5-carbaldehyde
dCE?:J POCI; %
—_—
DMF cHO
DBF FBA

2,3-Dihydrcocbenzofuran (100 g, 832 mmol) and N,N-
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.
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 sequentially with water, saturated sodium
bicarbonate aquecus 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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reaction mxture was warned to room tenperature, and
separated the | ayers. The organic |ayer was washed 15
sequentially with saturated sodi um bi carbonat e aqueous
solution and water, and the organic |ayer was
concentrated to below 300 nL upger vacuum Then to
the resi due was added nethanol (396 g) to heat and

di ssolve. To the solution was added dropw se water
(500 g) at roomtenperature, and 20 stirred to deposit
cryssdial sypodhi ch was col lected by filtration and dried
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 H2 Ol Pd O

'%f Et PPE 5 Et hyl

C%?e (%‘%&zﬁaynajroeb zof uran-5-yl ) propenoate (50.0 g,
2 S solved in acetjc ac 312 and
%é:hrwgg )61t < &Cryq% A%&%ﬁ@ﬁ%ﬁé@%%ﬁj n}g%m@%menﬁr%ﬁ
5% Pd/C (4.96 g, as dry weight) was added to the

sol ution and pmeng lzed th hydrogen to 196 to 294

kPa. YThe 10 (b s rfadted at 50C for 1 hr under
a pPressure of 196 fnﬁgé? ' The catal yst was

fild and vegined W th ic,acid (208 g) to give
a sobatiamoof tbhienditle con 'Td 1'ACAcetic acid

(amymph S69 g, apparent yiel pphp0%) .

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 mmel) 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 thereto. The
reaction mixture was warmed to room temperature, and
separated the layers. The corganic layer was washed
sequentially with saturated sodium bicarbonate agueous
sclution 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) at room temperature, and
stirred to depcsit crystals, which was collected by
filtration and dried under reduced pressure to give title

compound {(amcunt 161 g, yield 88.1%).



15 Reference Exanple 4

3-(6, 7- D brono- 2, 3-di hydr obenzof uran-5-yl ) propi oni c
acid 1) Br2 Ol CO2Et AcONa 0 CO2H 2) Na2S@ Br 5
CH3CN 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 reacting
for 4 hrs at roomtenperature, the reaction mxture
was added dropwi se to a cool ed 15% aqueous sol ution

ofp sadi 0%2%@4650 m.), and stirred for 30

m nut es eaction solution was added

1 and_5 react
heatl ng un{jéea’ré &a?ﬁ%(to?%%ﬁog%ﬁ?%d Eﬁﬁg&rﬁ?ﬁ?nﬁﬁ%
sti d for 1 hr w9 crystallize. The crystals were
[ [ ashed with water, and dried
orfnd (anmount 63. 3 g,
yi el 3, . 1QcBaf ere Exdnmpl e 5
4,5-Di br ono- £P#! 6, 7-t et r ahydro- 8H i ndeno[ 5, 4- b] fur an- 8
-one HPNSCCI2 O 0 OZzH DMPPEKDB 0 2) AIC 3

5 Ethyl (BE)-3-(2,3-dihydrobenzofuran-5-yl)propencate
(50.0 g, 227 mmol) was dissolved in acetic acid (312 g),
and the reaction system was replaced with nitrecgen. Then,
5% Pd/C (4.96¢ g, as dry weight) was added to the solution
and pressurized with hydrogen toc 196 to 294 kPa. The

10 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%).

15 Reference Example 4

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

1) Bry
Q. O
CO,Et AcONa CO.H
2) N82303
CH4CN !
PPE " 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 bromine (222 g) was added dropwise

thereto under stirring and cooling over 2 hrs. After
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Br ODB, MeOH Br Br DBA ODB: o-dichl orobenzene Br BIF
3-(6, 7- D brono- 2, 3-di hydr obenzof uran-5-yl ) propi oni c
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 mpol) was added
dropwi 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 ution

“@%a@@q%% a%@xdrqushQEunhglu BﬁloEéﬂ OFQZu§eg +h82 reaction

mmol ) in"several portions un ice-cC I ng, and
f 3 t 47 d .
il g %dﬂaew Sl (08 198 B on

s I talllze .
Pt T O Sl LET Bkl BGed (s oF MabrmiHetes . To
g) .under coolin and stirred for 30 m nutes, The
34]‘& HLE e cg‘P]rléE%%B ¥ =5 ##CF?CE a??%ﬁonéﬁalgﬁe We 9), and
crystals were washed sequentially wth nethano
mﬁ?é?tegaﬁﬁﬂét%dfﬁﬁhééh%hséﬁéﬁﬂ@ﬂ(#n%%ﬁlﬂﬁfluxr then cooled
bi.carbonate, water, and nethanol, followed by drying

uAdadualdyuamdt @tg4r\réectalfcer g dfr the | & eotpolinee ( yTl¢ decrystals
92.2% . 10 Exanple 1

1were, tolétercdieddriny 8H: I hdenbdh,; Awbkhedam-i8tonetelr,1)and dried
H2, Pd-C 0 o AcONa, MCH 0 Br W/ 2) MOH/ Br BIF TM

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) SOCI, 0
3 DMF, 0DB
CO,H
2) AICI %‘@
be\) ODB, MeOH '

B Br
r DBA QDB: o-dichlorobenzene BIF

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 mmel) in several portions under ice-cooling, and

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

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

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

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

the reaction systemwas replacegiwi 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 orepds hitse W | hasd | £1id NB 28t Abn S&6uB: 8h1 HhkNEdHake dropwise to
that the gas-liquid overall mass transfer coefficien

Klgdel/ hindthanaloutol5. cdher gat abyst pwas fhidt eﬁ?gstﬁﬁ(iization
the filtrate was concentrated under reduced pressure,

and, f i i wé.’@tﬁdé@sd?ﬂ&? éowépgrs 76 gfegngr c%agling, and

foll owed by concentr at under redu sure
syhsit e I ent ooI and. s r|n r
T etgref%$he§§r¥“ cdoel e ST A s by
of title conpound (anD nt 127 k

a% gl'r T cr%g b%d‘%%t 6@/5ys?ﬁ£‘gcgﬁtr§ntw%‘°f %‘?nﬁ?qi-l%ntialiy

t he met cr s was less than 0.1% by weight. (2)
POF i ¢4t ep" e cr ?%FHF’%’CF@?%O&’S‘S FYL et gfht 9 sodium
actlvated charcoal (6 k Shirasagi A: trade nane)

ard- SREIPAToIS ( 7zer 1050 meEBappied fodd@wad rpeddfving under

1 hr under reflux, and filtered. The filtrate and

WESHIUWES GRerdel veonderft raatald e compliered py bebdr 872.2%)

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

Water (306 L) was added thereto under cooling,

matured for 1 hr, and the precipitate was coll ected by
Example 1

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

o 1) Hp, Pd-C
o] AcONa, MeOH
2} MeOH
Br

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

one (280 kg, 843mol), anhydrous sodium acetate (173 kg,
2109 mol), methanol (6384 L) 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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15 filtration, followed by drying under reduced
pressure to give title conmpound (anount 117 kg, yield
92.1% . (3) Gas-liquid overall nmass transfer
coefficient Here, the gas-liquid overall mass transfer
coefficient was determ ned by Ng2SCG3 net hod. 20 1)
Na2SO3 net hod (sodiumsulfite nethod) (a) Principle
Sodi um sul fite (Na2S@G3), in an aqueous sol ution

t hereof, converts to sodiumsulfate (Na2SO4) by

r eggdidge, Wrbh 10xgehwheRcwas riRgappadad EEQME8HN pressure
The reaction 25 rate is sufficiently fast conpared to

absOr pihoni @t e @ﬁe3§019éM9?nc§8§¥98naﬁQSQEE%EQQ | $or 1 hr to
rate-determ ning step). Therefore, "oxygen absorption

r e (N ¢38 %@4¥¥%§?bnng§?€§%§g k%% %%&;ered to give

concentration change of sodi um su
gas:Jd i gui rall transfer. vol une oefficient .
(it SRS S BT o PR Eh AR TRABoed Y weignt,
(C- | nce, actyally in this surenent_system
cdﬁ%%%%ﬁ%?i%h?of¥g?sé8p§88to géﬁWQ¥t%% ehfs crystals was
sglutio of sodiumsu|lfite can be deened as 0, the

f ot T MED 10- etuY i $R ¥ gi ven. KLa = N& C* On the

ot her hand, solubility of oxygen in aqueous sol ution

ca? )b Bior kalekPhyS E¥Re fol | owi ng, using Henry's | aw.

C = p/H
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 cocled. Water (306 L) was added thereto under cocling,
matured for 1 hr, and the precipitate was collected by
filtration, followed 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-iiquid overall mass transfer coefficient
was determined by Na;S0O; method.
1) Na;SC; method (sodium sulfite method)
(a) Principle

Sodium sulfite {Na,S803), in an agueous solution
thereof, converts to sodium sulfate (Na,S50;) by reacting
with oxygen which was incorporated from air. The reaction

rate is sufficiently fast compared to absorption rate of
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15 From these, KLa can be calculated. In addition,
synbol s in the above equation have the follow ng
nmeani ngs. KLa: gas-liquid overall mass transfer vol une
coefficient [1/Hr] 20 NA: oxygen absorption rate

[mol /LH] C oxygen concentrati0§3in [iquid [nol/L]

Ct: solubility of oxygen in saturation [nol/L] p:
partial pressure of oxygen in gas phase [Pa] H Henry
const ant [PaL/Hr] 25 (b) Measurenent nmethod 34 (i)

uid volune_as fe

Pu er % , sane I'q scal.e
of B 5s 3N o SREF5Rb R0 o | 56?‘8&‘3583?@1&% step).
Re@gtor TEM V- 1000 t g%. (ii) Na2S@3 (9.5 9)
%f?ﬁ%?%tooxgﬁ&% BT GBOBETS Bl fAATBSLR gobtained by
dissolve, ' (iii) A prepared 0.1 nol/L CuSO4 sol ution
(SR N9 sEh JARACEB tFRE 18RUEHEEISo LG SR o Maddag e -
(CuS™ concentration after the addition = 1x10-3 M,
and theN¢®actibh seRarisAuid oviersdd shewsy figwensier volume
mnute (reaction initiation). 10 (iv) Imediately, 10
mcetfihel et sBlauti ormdsbingd ony | she pfetlseiygsagphedoen.
and titrated according to the procedure of the
fol | owitg < &ra (Cti-Cnation volune = T1 [mM]) (v) The
reaction solution is stirred with a given rotation
rate f@ircgi veactiuag AU (=id. 0 [thi]s) . AhedHhBehéf®, Asystem,
concentration of dissolved oxygen in the aqueous solution
of sodium sulfite can be deemed as 0, the following
equation is given.
Kra = Na/C*
On the other hand, sclubility of oxygen in aqueous solution
can be expressed by the following, using Henry's law.
C* = p/H
From these, Kpia can be calculated.
In addition, symbols in the above equation have the
following meanings.
Kra: gas-liquid overall mass transfer volume coefficient
[1/Hr]
Na: oxygen absorption rate [mol/L-Hr]
C: oxygen concentration in liquid [mol/L]
C*: sclubility 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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15 certain anount of air is streaned into the upper of
the vessel to prevent decrease in partial pressure of
oxygen in gas phase in autoclave (about 200 m/L).
(vi) 10 mM is precisely sanpled fromthe solution of
(v), and titrated according to the procedure of the
followng 20 (c). (titration volume = T2 [mM]) (vii)
Fromthe result of titration, oxygen absorption rate
NA is cal cul ated according to the follow ng equation.

Here, pk gegéegent ct f AT t
reégent " O 1xF NA%Z§1%§C9%TF% lyhégd %gﬁu$lt%§¥'éeéh scale of

d h If t
S8R TENE L 4LBd SpeL, 208 UL SRR R Al Dreacror,
age a od n1acetate buffer*2 (10 nl and
R??%M'g &b Png|§8§ut:gn r eagent (ZO n1) ig prep;red

bef or eh l e sol t|on i s added
hL foﬁag‘%@%y (EIS qrg)p Jﬁ@t%‘? SHott Beﬁ?nu%g miggd for about 2
sang%e solution is_ titrated with N 10 sodi um
UFFat eOsBL8EPSKSusing a starch solution*3 (0.5 -
as an indicator. 10 *1: Titration principle is

baéehlbnz¥hﬁfe§ﬁﬁéﬁ %xldeﬂHGJsGUEDheaQimUxﬂn (4.75 ml) 1is
existing in the sanple solution wth iodine, the

r eRAe ne | B neaiisoust saletiont hfsuvdidme (Chistsukbatentration
and each step can be represented by the follow ng

r eatté¢ontieraddation = 1x103 M), and the reaction solution is

stirred slowly for 1 minute (reaction initiation}.

(iv) Immediately, 10 ml of the dissoclution 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 Af (= 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 (abcut 200 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; [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

—_— (T -
4><]O><A6?( 1~ T2)

A =
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15 oxidation of sulfite radical: Na2SO3 + 12 + H2O y
2Nal + H2SO4 titration of iodine: 12 + 2Na2S2(3 -

2Nal + Na2S406 *2: 75 g of sodium acetate
(CH3COONa3H20) is dissolved in 500 mM of aqueous
acetic acid (CH3COOH : H2O =1 :32). 20 *3: 1.0 g of
starch is scrubbed and m xed with 10 ml of water, and
the resulting mxture is fed into 200 mM of hot

water. After boiling until this turns into sem -

traaspamrentatibn Smkehbd 0 GRAULoR5 Raf erence, Exanpl |
6 36 (B)-(1,6,7, 8- Tetrahydro 2I9|-|ndeno[5 4- b]furancgf- sodium

ylgggﬁg);@?euonltrlleuCN 0 (EtO2P CN o DEPCN o /
ONa THI toluene, MeOH ICN To a solution of toluene

L R Dl cpreaingpgrageer 000
o\ gLovL coyahoreL by phosphonate (10,4.8,:58, Ty mol) vy ac
okeRLRe 8P LHTARE, r355PRb MBABAI of SeeraEreT af;%@é@nd
re actron-s
dr?ffﬁsgaﬁgﬁgrsé§gt9%n ?98 ml) is added thereto gently.
(iii} After about 35 minutes, the sample socolution 1is
titrated with N/10 sodium thiosulfate solution using a
starch solution*? (0.5 - 1 ml) as an indicator.

*1: 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
fellowing reaction formula.
oxidation of sulfite radical:. Na 303 + I, + H.0 — 2Nal +
Hy50,4 |
titration of iodine: I, + 2Na,5,0; — 2Nal + Na,5,40¢

*2: 75 g of sodium acetate {CH3CO0ONa-3H;0) is dissolved
in 500 ml of aqueous acetic acid (CH;COOH : HC =1 : 2).

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

hot water. After boiling until this +turns into semi-

transparent, it is left to cool.

Reference Example 6



10 warnmed, then the |ayers were separated. The organic
| ayer was washed with water, and filtered to renove
dusts under pressurization. The organic |ayer was
concentrated under reduced pressure, and to the
resi due was added net hanol and gencentrated under
reduced pressure to substitute the 15 solvent. After
stirring for 1 hr under heating with reflux, the
sol ution was cool ed and matured for | hr. The
crys} albi, gayi epTsekubiyenowas fildsiad, A dhein-g-
crystals were dried under reduced pressure to give
t'%i@déﬁ@PQH@@onﬁ@@@@t 8.19, yield 84.4%. 20
Ref erence Exanple 7
(E)-2-(1,6,7,8-Tetnahygﬁo-2FLindeno[5,4-b]furan-8 37
yIidene)ethylanyg@£h¥drochloride CN 1) H2, activated
Co /o NaOH 2t ol uene-/ NH2HCI 2) Nag. o / | CN EAl
' i xed s UPRGR on @ -/(1, 6, 7,
0-2H peaNa .
5,A-b]furan-%-@lidene itrile (10.0 g,
50.7 ol ) itUens WeRE (37.5 ni) and methanol (12.5
m.) were added activated cobal I4N. 22 g) and 14. 4%
aqueous_sol ution of potassium hydroxide (1.4 g), and
stirredf®of §°3Ufienatct 3 kurmpCiLBfled) hydrdgén 7-tetrahydro-
at nosphere EO.Z MPa). The reaction solution was
S fi§Herrdenah®l ¢obi flerantBrane WBré 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
10 warmed, then the layers were separated. The organic ilayer
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 methanol and
concentrated wunder reduced pressure to substitute the
15 solvent. After stirring for 1 hr under heating with reflux,
the solution was <cooled and matured for 1hr. The
crystallization solution was filtered, and the crystals
were dried under reduced pressure to give title compound

(amount 8.1 g, yield 84.4%).

20

Reference Example 7

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




10 added toluene (170 nL) and nethanol (35 nL) to
separate the |l|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 | ayers were
separated, and active charcoal (479) was added to the
aqueous | ayer, followed by stirring. The 15 active
charcoal was renoved by filtration to give an aqueous
solution of title conpound (246 g, Net 12.0 g, yield
¥§%@en5¥éﬁﬁg§a%1%@ hydrochloride
Tetrahydro 2FL|ndeno[5 4- b] f uran- 8-
yI)ethyIan1ne hydrochlorlde 38 1) NaOH, toluene /
cnv RulBHNARIValBAIGazHCL O 3) HQ agq. 4) H2,
5) n- Byl bR (S A J:40¥! aqueous
(E) - 2~3—-6—+7-8wet rat
, 4- b] Ruranag- yl i dene) & ne
hydr oc lori de (1979 kg, Net 122kg, 513 not) were
added fgNuene (532 L) 5 and 5% agp@rCpol ution of
sodi um hydroxi de (456 L), and stirred. The | ayers
were se arated and to the organic Iayer wer e added
met hanot © ( #557%&5< afd SPRISGFeb2Bnd () R)(L « Bl NAB[-GCle tredy dro-2H-
g) under nltro?en at nosphere, followed by stlrrlng at
goimdeno 15, hri]l fatern- ﬁyﬁi@g@neaaﬁaéphem§1@¢ 9 (10.0 g, 50.7

5 mmol) in toluene (37.5 mL) and methanol (12.5 mlL) were
added activated cobalt (7.22 g) and 14.4% aqueous 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

10 added toluene (170 mL) and methancl (35 mlL) tc 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 charccal (1 g)
was added to the aqueous layer, followed by stirring. The

15 active charcoal was removed by filtration to give an
aqueous solution of title compound (246 g, Net 12.0 g,

vield 99.6%).

Example 2
20 (8)-2-(1,6,7,8-Tetrahydro-2H-indeno[5%, 4-b} furan-8-

vl)ethylamine hydrochloride
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10 MPa). The reaction solution was cool ed, and water
(330 L) and concentrated hydrochloric acid (52.3 kQ)
wer e added at bel ow 30C, followed by stirring for 30
m nutes, then the |ayers were separated. The aqueous
| ayer was washed with toluene (385 L), and pH was

adj usted to about 6.0 by addi ng 15 5% aqueous sol ution
of NaOH to the aqueous |ayer (containing 5.0% of
compound I11"). 5% Pd-C (50% wet, 9.7 kg) was added
thereto and stl rred 1;\%@@(‘10{“%36 hrs ;Jnder hydr ogen

at € feactio g
filae nd the |I3)r|‘&tBUWPa p.ushed fo alNgﬂH%l pH
6.0 m 5% aqueousg of dilute
hydr SsbPordc  acid, f Iﬁ%\?&d by co i on under

reduced pressure. The) H,esd-due was recrystallized from

m xedEsdrk HiGlon of n'%}:t?é‘ %9 angS):aMiI-HQI gi ve

title conpound (88.6 (5' %6073.0% conpound (I11")

is not detected, conmpound (IV') is not detected). In

add| tion® tHe BBREERE ot LTrsBunat (11872 allg 6,57, 8-tetrahydro-
nﬁound (I'V) (diner) in the obtained crystals of the

t.? c188fPEURd “nhd feerar#irvdd dep epritO wisegme he hydrochloride

following condition. detector: ultraviolet

absoPpli ditet et wavékgngtdl ¥ anol easueeneited 2201nahe (532 L)

10 columm: Develosil UG 3, 4.6 mm .d.x75 mm col um

t eAper uraqugdvensvémperat e asdind 25Grmdiidee (456 L), and

phase: m xed solution of 0.1 nol/L potassium
stirred. The layers were separated, and to the organic
layer were added methanol (155 kg) and [RuCl(bebzene) (R)~
BINAP]C1l (894 g) under nitrogen atmosphere, followed by
stirring at 80°C for 15 hrs under hydrogen 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, followed by stirring for 30 minutes, then the
layers were separated. The aqueous laver was washed with
toluene (125 L), and pH was adjusted to about 6.0 by adding
5% aqueous solution of ©NaOH to the aquecus 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 pHE €.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



di hydr ogenphosphate (pH 3.0)/nethanol (75 : 25) 15

Example 3 (i)

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

yl) ethyl]propionamide O O NH2-HCI JC , NaOH, THE N

OH2) Recrystallization (EtOH§80) (S)-AMHO 3)

Pul veri zation To a 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 hydrochloride (74
kgand30& et ) tbh difd abydnef uranddse L sand E@tyyleld 73.0%

water (259 L) were added 30% aqueous sol ution

SogbﬂﬁbhﬁgrOKIﬂf {70, 4) 1@ é@ée8£88'°ﬂ¥&n &#ﬁ@'g \4 is not

(32. and stirred at room tenpérature
Todgggcggagtlon sol ution was added city water (592
L), and cooOl ed. The precipitated cryst als were

col I ect b Ltration, and drie r reduced 5 ,
pressurggt oxald\%gl?l t1 e @S SORE S (rg/tB Riqypd  (II1')  and

rlflcatl n step Thec tals(77 kg,
> 29%05%?)1“ ;E‘Ee)d i (& %vvellé‘ HiesA nefl nickegtals of the
soI ut on 178 k of et hanol and purified water (10 :
1) *1HhE SEMPeENEharthafe tOrRENRE) bwasHEfLIefi agadgr the following
thereto, then stirred for 10 m nutes, followed by
fl‘F‘PIP%%Fbﬁn(vvashed wi th nmixed solution (74 kg) of

et hanol
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} (8)-N-[2-(1,6,7,8-Tetrahydro-2H-indenc[5, 4-b] furan-8§-

vl)ethylipropionamide

o]

1) 0
~Aq , NaOH, THF \)I\N

H .\{\H O

f.
o

2) Recrystailization
(EtOH-H,;0)

(S)-AMI1-HCl

3} Pulverization

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

were added 30% aqueous solution of sodium hydroxide (70 L)
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and purified water (10 : 1)). To the filtrate was
added water (588 L) under warm ng, cooled, and the
precipitated crystals were collected by filtration,
whi ch were dried 15 under reduced pressure. The
resulting crystals were pulverized wth jet ml to
give title conpound (74.0 kg, vyield 95.7% conpound
(1) 0.02% conpound (I1) 0.06% conpound (I11) and
(I1'V) less than 0.02% total analogous materia

0.88 co té 0 he e
conpg%n%g%?gb?gi(ﬁ€§i¥ﬁi§%e Q?%s%apg;of ?ﬁ§ EEL?Eed at room

CoHEﬁH@QaQQE@'GﬁHT'f L) Wﬁ§tﬂ§%$ ngogyﬁgebglon was added

under the foll ow ng condition | fravio

cDSoLRLTRLEr JURVEL T 100y 22, TRRSLLTNL L 200 cryetans
50 ufacture YMC) col um te erature:

glggn%teﬁgg;ggga ar buntt g%f%ﬁb%?%e g WE &%é% reduced

solution of 0.01 nol/L_phosphate 5 buff (

7. Ef?éé%?%nFPrEFge(Eltlf)CBmPﬁPQQU §&lﬂuhﬁwcﬁ1QiQn97 4%

nol /L phosphate buffer (pH 7.0)/acetonitrile (3 : 7)

gr AlLbnFUESREFEESANL PREP(Ni n.) nobile phase A nobile

phase B 0 90% 10% 60 40% 60%
The crystals (77.3 kg, 298 mol) obtained in (i) were

dissolved in mixed solution (178 kg) of ethanol and
purified water (10 : 1), and active charcoal (0.78 kg) was
added theretoc, then stirred for 10 minutes, followed by
filtration (washed with mixed solution (74 kg) of ethanol
and purified water (10 : 1)). Tc 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) 1less 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 conditiocn.
detector: ultraviclet absorpticmeter {wavelength for

measurement: 288 nm)
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70 40% 60% 70.1 90% 10% 85 90% 10% 10 Resulting HPLC
chart was shown in Figure 1. As obvious fromFigure

1, conpound (1) and (I1) were detected at each side
of main peak of (S)-N-[2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4-b] furan-8-yl)ethyl]propi onam de, however,
conpound (Il11) and (1V) were each bel ow the detection
limt 15 of less than 0.02% Industrial Applicability
According to the process of the present invention, by

coabl amhi: ngytibep ptkoforeant i am-slz2utg pn i ¢atahyticy. x150 mm
20 reduction step and post-treatnent sol ution thereof,

hi ghhyupHEeuephi 63l kycactive am ne derivatives which

are useful as nedicine can be produced w th high

yi ghdyman Lah- Lty Lcal o

nater%glsggggg%ggg?%Vi ég%an%g%g?%$ﬁ§? %§OB%§AFﬁBC 1.

A S r oguci crystals.of (S)- -(1,6,7,8

P Rogress diglodr oo R SEVaLaleth (WA (e P Snosphate

f 8-yl ) ethy r opi onani de, onpri sing; step (a)

a%é e%§¥o§g%rzprzﬁfg%Pﬁég%ﬁiea SIné dfoup of (S)- 5

2-(1,6,7,8-tetrahydro-2H | ndeno[ 5, 4- b] f ur an- 8-yl ) et hyl

anmine or a salt Phe™SibbEatREH RN ¢theOpPdcadal (i ehosphate
ep (i): a step for asyng?trically

?3%8%%%58(@§E§=@g{%gngmitrlle (3

gradient condition

time (min.) mobiie phase A |mobile phase B
0 90% 10%
60 40% 60%
70 40% 60%
70.1 90% 10%
85 80% 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—S—yl)ethyl]propionamide, however,
compound (III) and (IV) were each below the detection limit

of less than 0.02%.

Industrial Applicability

According tc 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




t et rahydr o- 2H i ndeno[ 5, 4- b] f ur an- 8-yl i dene) et hyl am ne
or a salt thereof with Ru-BINAP catal yst, and step
(ii): a step for catalytically reducing the reaction
product obtained in 10 step (i) at a reaction
tenperature of 40C to 100C and pi3 to 9 with Pd-C
catal yst; and step (b): a step for crystallizing by
addi ng aqueous solvent to the reaction solution
obtained in step (a). 2. Crystals of
(Sphhrhacehtbcdl8rhet rakydna12H:a15 i i i
indeno[5,4-b]furan-8-y|)ethyl]propigﬁh%ﬁﬁ;lQﬁﬂﬂﬁﬂqFStrlally'
each content of the conpounds represented by the
followng formulae (1), (I1), (111) and (1V) is 0.15%
by weight or |less, and the total content of the
conpounds represented by the followi ng fornmulae (I)

to (IV) is 0.2% by weight or 20 less. 0 OH HaHOMH
Nad HOHapHO (I) (I1) / (111) , 2544 O--"AN
,a\HO HO




O5~/( N HH (TV) 3. 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 10 content of the conpounds, represented by the
following formulae (1), (I1Il1) and (IV) is 0.15% by

wei ght or less, and the content of the conpound
represented by the following fornmula (11) is 0.02 to
0. 15% by wei ght, and further_the total content of the

conpounds represented by 15 & | owi ng formulae (1)
to (1V).is 0.2% by weight or less. OOO AN Hoff \

0 ) AN B . PEOFRRSOfRTa tcBluqing (etystdls 26£0 (sN-W-O2-H1,6,7, 8-
Oﬂgtrahydro—zH—indeno[5,4—b]furan-8—yl)ethyl]propionamide,
comprising;
step (a): a step for propionylating the amino group of (8)-
5 2—(1,6,7,8-tetrahydro~2H—indeno[5,4—b]furan—8—y1)ethylamine
or a salt thereof obtained in the process which comprises
step (i): a step for asymmetrically reducing (E)-2-(1,6,7,8-
tetrahydro—2H—indeﬁo[5,4-b]furanws—ylidene)ethylamine or a
salt thereof with Ru-BINAP catalyst, and step (ii): a step
for catalytically reducing the reaction product  obtained in
10 step (i) at a reaction temperature of 40°C to 100°C and PH 3
toe 9 with Pd-C catalyst; and
step (b): a step for crystallizing by adding aqueous solvent

to the reaction solution obtained in gtep (a).

2. Crystals of (S)—N~[2—(l,6,7,8-tetrahydro—2H—
15 indeno[S,4—b]furan—8—yl)ethyl]propionamide, wherein each
content of the compounds represented by the folleowing
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) tb (IV) 1is 0.2% by weight or




25 HH (1V)' 45 4. The crystals according to claim?2
or 3, wherein the content of the conpound represented
by formula (1) is 0.10% by weight or less. 5. A
conposition conprising (S)-N-[2-(1,6,7,8-tetrahydro- 5
2H i ndeno[ 5, 4- b] furan- 8-yl ) etdtyl | pr opi onam de and t he
conpounds represented by the followng fornmulae (1),
(rr)y, (rrr) and (1VvV), wherein relative to 100 parts
by wei ght of

(S)-N-[2k(1, 6,7, 8- tetrahydro 2H i ndeno[ 5, 4-b] furan- 8

yl) et ] meOpi each content of the conpounds
10 represéhnte ollowing fornulae (1), (1),
(rrr) and (1Y to 0.15 part by weight and the

total content conmpounds represented by the

follow ng Permd|l ae (1) to (I1V) is O0to 0.2 part by
wei ght . » AH ThHO N o ff 60 U\N ,apH O H
(rrr)yo\ O { HaH O
H A
(IV)
3. Crystals of (S)-N~[2-(1,6,7,8-tetrahydro-2H-
indeno[5,4—b]furan—S—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

less.
A i i
N sz ) Ykﬂ oH L b \)kﬁ b
(I) (1) O
, (HI)
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O ON H 25 (IV) 46 6 A conposition conprising

(S)-N[2-(1,6,7,8-tetrahydro- _

2H i ndeno[ 5, 4- b] furan- 8-yl ) et hyl ] propi onam de and the

conpounds represented by the followi ng fornmulae (1),

(1), (111) and (1V), wherein #élative to 100 parts

by wei ght of 5 _

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

yl) et hyl ] propi onam de, each content of the conpounds
(1r1) and

represegnted by the follow ng formulae, (1), .

(?V) ?fs}eo Ctréystjf.ali%s p%F?C’BQlaEi é:ﬁ’t,cja%%f“t%e ont entvhgfrein the
the . co ogng represented by the follow ;gﬁ;orrml a _
(FPYEFRE0OH2TEE FEMBOYHdnZEP ISP aRtisghLyY drdmiida hek) is 0.10%
the total content of the conpounds represented by the

R | B9 AQLF BFniE&E-(1) to (1V) is O to 0.2 part by

V\gight. 15Q0p H,\HOH,\HO\VAHO 7 o\H SQ
(PHI) A cgnpositimn HomprisEng (S)-N-[2-(1,6,7,8-tetrahydro-

<H-indeno(5, 4-b]furan-8-yl)ethyl]propionamide and the
compounds represented by the following formulae {I),.(II),
(ITI) and (IV), whetrein 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 fSllowing formulae (I), (II), (III) and
(IV) 1s 0 to 0.15 part by weight and the total content of
the compounds represented by the following formulas (I) to

(IV) is 0 to 0.2 part by weight.
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20 O H(IV) 25 47 7. The conposition according to
claim5 or 6 , wherein the content of the conpound
represented by fornmula (1) is O to 0.10 part by

wei ght relative to 100 parts by wei ght of

(S)-N-[2-(1, 86,7, 8-tetrahydro-2H4%deno[ 5, 4- b] f ur an- 8-
yl )ethyl ] propionamde. 5 OANH O (I) 8. The crystals
according to claim2 or the conposition 10 according
to claim5, which is prepared on a comercial scale.

9. 6Use Mfcémgoetysbal sorpe9sdnBy (59 -§-gidD 3 fory tde
manuf acture of a preventive or therapeutic agént’ fo

sl zepindbsOr sles ~b LBy A9n-F hgl&‘e'ﬁﬂ?ib Eg;agi%%%ﬁ%ﬁq}e”g tong the

claim5 which is a preventive o peuti ¢ agent
f dordRat i 9L HELenteq by the following formulae (I), (II),

retrahydro-

(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—
yl)ethyllpropionamide, each content of the compounds

represented by the following formulae {I), (III) and (IV)

- 1s 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.

(1)
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7. The composition according to claim 5 or 6 , 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
(S)—N—[Z—(1,6,7,8—tetrahydro—2H—indeno[5,4—b]furan—8—

yl)ethyl]lpropionamide.

(1)

8. The crystals according to claim:Z or the composition
according to claim 5, which is prepared on a commercial
scale.

9. Use of the crystals according to claim 2 for the
manufacture of a preventive or therapeutic agent for Sleep
disorder,

10. The composition acccocrding to claim 5 Which is a

preventive or therapeutic agent for sleep disorder.



