1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF OPTI CALLY ACTI VE AM NE DERI VATI VES

5Technical Field The present invention relates to a process for
production of an optically active am ne derivative having high purity,
wherein the formati on of side products is suppressed. 10 Background Art
Al t hough JP-A 11-140073 and JP-A 2002-212063 di scl ose a nethod for

producing (S)-2-(1,6,7,8-tetrahydro-211-

hydrochl ori de by nmeans 15 of asymmetric reduction from
(BE)-2-(1,6,7,8-tetrahydro- 2Hindenob§g ﬁb&%b n- 8-yl i dene) et hyl am ne

hydrochlorlde as starting materi al

ods are not enough as an

naust il produsid QB o WOLRLY, (e SOFBLLAN Al RESRLgICLS TS

suppressed and hi

purlty Crys

20(1, 617, 8- tetrahydro 2H—|ndeno[5 ﬁF?&&g&ngg yfl et hyl am ne hydrochl ori de

are produced with high yield. Inp

problens are to control the

side products represented by the following formulae (Il11'") and (I1V).

On the ot her

hand, dimerization of benzofuran conpound under the presence

of Pd- catalyst is described in Liebigs. Ann. Chem, 10,945 (1989) and J.
Chem °Soc. T¢@Rn1¢3d4Field

The présent invention relates to a process for

production of an optically active amine derivative having

high purity, wherein the formation of side products is

suppressed.

10

Background Art

a

Although JP-A 11-140073 and JP-A 2002-212063 disclose

method for producing (S)-2-(1,6,7,8-tetrahydro-2H~-

indeno[5,4-b]furan-8-yl)ethylamine hydrochloride by means

15 of asymmetric reduction from (E)-2-(1,6,7,8-tetrahydro-2H-

indeno[S,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 1is suppressed and high-purity crystals of (S)-2-

20 (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').

i ndeno[ 5, 4-b] furan-8-yl) et hyl am ne



5 (1968). However, these cases are the dinerization by binding of two
aromatic rings, and the structures of their diners are different fromthose
of dinmers fornmed by the reaction between aromatic ring and benzyl position,
| i ke conpound represented by the above formula (I1V'). In 10 addition, J.
Chem Soc. D, 736 (1970) discloses that ‘oxidation of benzyl position of
benzof uran conpound takes place under the presence of Pd-catal yst, but
formation of diner is not described therein. 15Di sclosure of Invention

The object of the present invention is to provide an industrial process for
production of an optically active amn
purity, wherein the formation of side productd.+s8 dontPolled. 3 As a
result of intensive studies to solve the abovg pr 3

inventors found that in the steps of producti
am ne derivative, the formation of side pgpducfs r€presented by the above 5
formulae (111') and (1V') can be control edybyxgcontrolling pH and
tenperature of the reaction solution at ; g of catal ytic reduction
with Pd-C gpgd"thy s Ton at the tinme of post=Areatnent thereof, and

conpl et ed the prey€ht Apvention. 10That is, tresent i nvention provides:
(1) A process fo HaN oy

(S)-2-(1,6,7,8-te{re 02H-indeno[5,4-b]furaﬁ-8-y|)ethylanine or a salt

t hereof, which conprises step (i): a step for asymetrically reducing
(BE)-2-(1,6,7, 8-t etllahydr o- 2H i ndeno[ 5, 4- b]¥ur an- 8- 15 yli dene) et hyl ami ne or
a salt thereof with a catalyst, and step (ii): a step for catalytically

reduci ng the reagt+R8 HEREUCLARQY abhnRdrk Ra8E BR Qf)béﬁz@fﬁ§§ﬁtbgﬁpoun
tenmperature of 40C to 100C and pH 3to 9 with a catal yst 82) The

process aC@ﬁﬁé&nghéOFEQQeﬁQ@V%fm¥ng§¥§1%§Q’1§Q%§§#ﬁige&h§nr%§%kl

tenperature in step is 50Cto 70C rocess acc§rding to
the above-grenti eirdh (1) 10Weaskel p1888) PRAD Stepchbh) 1808 t9a0, 1324

5 (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, 1like
compound represented by the above formula (IV'). 1In

10 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.

15 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 yield and high purity, wherein

the formation of side products is controlled.



(4) The process according to the above-nentioned (1), 25wherein the

catalyst in step (i) is Ru-BINAP catalyst, 4 (5) The process
according to the above-nentioned (1), wherein the catalyst in step (ii) is
Pd- C cat al yst, (6) A process for oducing crystals of (S)-N][2-

(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4- b] f uran- 8- 5yfl et hyl ] propi onani de,
conprising step (a): a step for propionylating the am no group of
(S)-2-(1,6,7,8- tetrahydro-2P-indeno[5, 4-b]furan-8-yl)ethylam ne or a salt
t hereof obtained in the process according to the above-nentioped (1), and

step (b): a stepStét EFySthl Pizidiy B HBadarngt GfuélusSsoivehfet GRIve

reaction solution obtained in step (a), (7)

'CrystalsofPSPbﬁﬁpz-GEQiHQQﬁ@%ﬁr%%?%?%QQFFfound that in the steps of

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

conpounds P&pPESERPad qszy the faRtie@ldy 18ctive mamda s |er{vafivel | [Hheand

(I'V) is 0.15% by weight or less, and the total content of the conpounds

r epr esent eflobypathenf ollifowisigief ommaddect{d ) repXedgnisd0. 2% byheei glitover

|ESS,5 ° formulae (III') and (IV') can be controlled by controlling
pH and temperature of the reaction solution at the time of
catalytic reduction with Pd-C and the solution at the time
of post-treatment thereof, and completed the present
invention.

10 That 1s, 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-indeno[5,4-b]furan-8-

15 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),

20 wherein the reaction temperature in step (ii) is 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),

25 wherein the catalyst in step (i) is Ru-BINAP catalyst,



(Iv) (8)Crystalsof(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

t he conpounds represented by the follow ng 5formulae (1), (Ill) and (1V) is
0.15% by wei ght or less, and the content, of the conpound represented by the
following formula (I1) is 0.02 to O. 15%%y wei ght, and further the total
content of the conpounds represented by the following fornulae (I)
to (IV) is 0.2% by weight or 10less, (w (9) The crystals according
to the above-nentioned (7) or (8), wherel n the content of the conpound

represented by flormfi’® (AYCTESD. ACPBEY i At tHE PESYE-BEDELANEGShOS)it i on
conprising(S)-N[2-(1,6,7, 8- _ L
t et rahydr oW@ﬁrleﬁ@e FSFéiﬁﬁwﬁﬁaAHSSﬁﬁpet(hyD] pisopidofarviede lyst,
(6) A process for producing crystals of (S)-N-[2-
(1,6,7,8-tetrahydro-2H-indeno[5, 4-b] furan-8-
5 yl)ethyl]propionamide, comprising step (a): a step for
propionylating the amino group of (S)-2-(1,06,7,8-
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 for crystallizing by

10 adding aqueous solvent to the reaction solution obtained in
step (a),

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

indeno([5, 4-b]furan-8-yl)ethyl]lpropionamide, wherein each
content of the compounds represented by the following
15 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,



and the conpounds represented by the followng formulae (1), (I1), (II1)
and (IV), wherein relative to 100 parts by

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

b] furan-8-yl)ethyl]propi onam de, each cantent of the conpounds represented
by the followng formulae (1), (Il), (111) and (IV) is O to 0.15 part by
wei ght and the total content of the conpounds represented by the follow ng
formulae (1) to (IV) is Oto 0.2 part by weight, (1V) (11)A conposition
conprising(9-N[2-(1,6,7, 8-

0
t et r ahydr o- H—|ndeno[54b]fura 8y|)ethy|]ropiono'de and the
conpounds vepgeEsent ed he ) Nae (N and (1V),
wherein rel atfive t¥ rts y

wei ght of (S) - N-[ 2-4
b] furan-8-yl) et hyl @ onam de, it of the conp pr esent ed
by the foll ow AY forrrulae ¢, (Ilﬁa@ and (IV) is 0 to 6"5 part by weight,
and the content of 10 the conpound represented by the follow ng formla
(1) is 0.02to O 15 part by wei ght, and further the total content of the
conmpounds repr gl lowing formulae (1) to (1V) is O to 0.2
part by wei ght,

(Iv)

(8) Crystals of (S)-N-[2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b] furan-8-yl)ethyllpropionamide, wherein each
content of the compounds represented by the following

5 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

10 less,




(12) The conposition according to the above-nenti oned (10) or (11),
wherein the content of the conpound represented by fornula (1) is 0 to 0.10
part by weight 5relative to 100 parts by weight of (S)-N[2-(1,6,7, 8-
tetrahydro-2k+indeno[5,4-b]furan-8-y|)et@yl]propionanide, 0O AN (1) (13) The
crystals according to the above-nentioned (7) or the conposition
according to the above-nentioned (10), 10which is prepared on a commerci al
scal e, (14) A process for producing

1,2,6,7-tetr@hydro- BH ndeno[ 5, 4b] f ur an- 8- one, conpr@sing a step for
redu0|ng 4, 5k di bromo-1, 2,6, 7-t eflr ahydr o- 8H i ndeno[ 5 b]furan 8-one 9 with
Pd- C cat al ﬁNnurtm §

gas-liquid ovér al | Yilpst
(15) Use of the c
manuf act ure of(% Ve

(IV)

(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,

5 (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),

(IT), (III) and (IV), wherein relative to 100 parts by

weight of (S)-N-[2-(1,6,7,8-tetrahydro-2H~indeno ({5, 4~
10 bl furan-8-yl)ethyl]propionamide, each content of the
compounds represented by the following formulae (I), (II),

(IIT) and (IV) is 0 to 0.15 part by weight and the total
content of the compounds represented by the following

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



(16) The conposition according to the above-nentioned (10) which is a
preventive or therapeutic agent for sleep disorder, and 10(17) A nethod for
the prevention or treatnent of sleep disorder, conprising admnistering the
crystals according to the above-nentioned (8) or the conposition according
to the above-nentioned (10). 15Brief Description of Draw ngs Figure 1
is a HPLC chart which shows result of analysis of conpound (1) to (IV) in
the crystals of (S)-E[2-(1,6,7,8-tetrahydro-2H i ndeno[5, 4-b]furan- 8-

yl)ethyl ] prapi onam de. 20 Best Mpde for Carrying Qutythe Invention

Exanpl es otjﬁhe sal t of

(S)-2-(1,6 c)2Hi engf f -8-y ne [N\t he

present inven . e’ sal t mﬁth AL gani ¢ aC|d*sucv“ ochloric

25acid, sulfuric ¢ d nitric aci @» with an orga 10 acid such
gacetic acid, and ke.

as formc aci d, acetl acid, and ty d;
In addition, (EJ-2-(1,6,7, 8-tetrahydro-2H i ndeno[5, 4- (I >

bl f ur an- 8- ylldenebethylanlne which is a raw conpound to be 5 wused for the
producti on of
(S)-2-(1,6,7, 8
t her eof of the preﬁbnt
JP- A 2002- 212063, that
4, 5-di brono-1, 2, 6, 7-Ot et

eno[ 5, 4-bl furan-8-yl )ethylam ne or a salt
i can be produced by a nethod described in
hod of catalytically reducing

- 8H i ndenol[ 5, 4- bl furan- 8- one

(1v)

(11) A composition comprising (S)-N-[2-(1,6,7,8-
tetrahydro-2H-indeno[5, 4-b]furan-8-yl)ethyl]propionamide
and the compounds represented by the following formulae (1),

5 (IT), (III) and (IV), wherein relative to 100 parts by
welght of (S)-N-[2-(1,6,7,8~tetrahydro-2H-indeno|[5, 4~
b]furan-8-yl)ethyl]lpropionamide, each content of the
compounds represented by the following formulae (I), (IIT)
and (IV) is 0 to 0.15 part by weight, and the content of

10 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,



10 with catalytic reduction catalyst such as Pd-C, then reacting the
obt ai ned 1, 2,6, 7-tetrahydro-8H i ndeno[ 5, 4- b]furan-8-one wth diethyl
cyanonet hyl phosphonate, foll owed by hydrogenating with cobalt catal yst, or
anal ogous nethods thereto. 15In the catalytic reduction step, catalytic
reduction of 4,5-dibrono-1, 2,6, 7-tetrahydro-8Hindeno[ 5, 4-b] furan-8- one
can be carried out by m xing 4, 5-dibrono-1, 2,6, 7-
t et rahydr o- 8H i ndenol[ 5, 4- b] furan-8-one, organic solvent, and if desired, a
base, then mreferably after disp acing 20 the systeguyw th nitrogen, adding
catal ytic LgQuction catalyst thdreto, followed by prgssurizing with

d

hydr ogen a stir 5 Here t he vi ewpo s forfahi on
control of sible pr peci |cﬁlly i), it is prefel it the
25reaction should i ed out unde ondi tion of ogen

pressure and 9as ‘ ST

meets the inengllty hydrogen pressure (MPa) >.-0.02 X"as-1iquid overal

mass transfer vol yme coefficient (1/hr) + 0.43. SHerein, the gas-liquid

overal | mass trangfer volume coefficient can be determined with Na2S03

met hod as desérkbgm ' if~N\n the after-nentioned Exanple 1.

Further, the hydrodgen p.w§* ?n the present reaction is usually 0.1 to 1
5 10 In gas-liquid system rate NA in which

gas dissolves in solutigaper unit contact area can be expressed like in

i ate in solid-liquid system extraction rate in

&M 3 ransfer phenonenon in heat transfer by

convection, and gi Ve he

=z

(Iv)

(12) The composition according to the above-mentioned

(10) or (11, wherein the content of the compound
represented by formula (I) is 0 to 0.10 part by weight

5 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,

(13) The crystals according to the above-mentioned (7)
or the composition according to the above-mentioned (10),
10 which 1s 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



15form of (mass transfer coefficient) x (concentration difference). NA =
KL(C-C (1) Here, Kb is a nmass transfer coefficient for liquid, d is a
concentration which is in equilibriumwith gas partial 20 pressure in gas
bubble and Cis a saturated concentraticgn at a given tine, and (Cl1-C) is a
driving force for gas absorption. In addition, given that Ais a

gas-liquid contact area and VL is a volune of |liquid, since increasing rate
VLdC/ dt 250f gas concentration in solution is equal to dissolution 12 rate

of 25, e8] b paaLL on can bedLien, e~ voodi(2) Thus,
hydrogen pressure (MPa) > -0.02 x gas-liquid overall mass
transfer volume coefficient (1/hr) + 0.43,
(15) Use of the crystals according to the above-
5 mentioned (7) for the manufacture of a preventive or
therapeutic agent for sleep disorder,
(16) The composition according to the above-mentioned
(10) which is a preventive or therapeutic agent for sleep
disorder, and
10 (17) A method for the prevention or treatment of sleep
disorder, comprising administering the crystals according
to the above-mentioned (8) or the composition according to

the above-mentioned (10).

15 Brief Description of Drawings
Figure 1 1s a HPLC chart which shows result of
analysis of compound (I) to (IV) in the crystals of (S)-N-
[2-(1,6,7,8~-tetrahydro-2H-indeno([5, 4-b] furan-8-
yl)ethyl]lpropionamide.
20
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

25 acid, sulfuric acid, and nitric acid, salts with an organic



Furthernore, given that A/VL is represented by a: gas-liquid interface area
per unit area, equation: dCdt = KLa(C-C)(4) is given. 10Since it is
difficult to obtain the gas-liquid interface area: a independently in
gas-liquid stirring operation, nass tragﬁjer vol une coefficient for liquid
KLa which is a product of a and mass transfer coefficient for liquid KL is
used as an index to express gas absorbability. 15 In addition, fromthe
fact that when stirring rate is increased, gas-liquid interface area: a
beconmes larger, it _can nerally be said that KLa becones larger with
stirring rﬁgéfj EXERpIPEs T Hite %qjdini%c%H?/eﬁFlﬁseanfjn trpd Lpcgsane e
reaction include formc acid, acetic acid, nethanol, ethanol,

N- et hyl pyPFofy d8Re SR8 th&Ski ke, and particularly preferred i s methanol .
These sol vents nmay be used alone, or with a mxture of 2 or nore of them
The anount of séhverdditddip usEd-¥s (5, bo’160tRLrapyererabryntsncd 525 ni,
per 1 g 25o0f raw conpound. 13 Exanpl es of the base used in the
present rektfhvanir-Aclilddenahygthplisnsodi winiatetizt e FEB@N;opyoididneéo NaHO03,
Na2C03, and the like. In particular, anhydrous sodium acetate and Et3N are
pref ebred. uFheé afmunthef pasdutoibe mfSedsis2ugiakl ¥, 2-tet3adguirnearent

nol es. Exanpl es of the catalytic reduction catalyst used in the
present reanatiens[bnetuteuPdn G- Pt PethRhaml 2830 r( RhEA[P( €8H2):33 )b rarthdt he

| i ke. The anount of catalytic reduction catalyst to be used is 1/10

equi val ent paekéntOinvention can be produced by a method described in
JP-A 2002-212063, that is, method of catalytically reducing
4,5-dibromo-1,2,6, 7-tetrahydro-8H-indeno[5, 4-b] furan-8-one

10 with catalytic reduction catalyst such as Pd-C, then
reacting the obtained 1,2,6,7-tetrahydro-8H-indenol[5, 4-
b]furan-8-one with diethyl cyanomethylphosphonate, followed
by hydrogenating with cobalt catalyst, or analogous methods
thereto.

15 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

20 the system with nitrogen, adding catalytic reduction
catalyst thereto, followed by pressurizing with hydrogen
and stirring.

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

25 reaction should be carried out under the condition of



10 5/1000 equivalent nole, preferably 1/100 equivalent nole to 3/100

equi valent nole relative to 1 nole of raw conpound to be used in step (i).
The reaction tenperature of the present reaction is usually 10C to
100C, preferably 30C to 50C, and the 15rffction time is usually 1 to 50
hrs, preferably 2 to 10 hrs.
(B)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan-8- ylidene)ethyl am ne used
in the present invention can be used in a formof free conpound or a salt

t her eof . anples 20 of such salt include a salt with an inorganic acid
such as hy Y@mg cPAESFUTEuI POF cg%&'ﬁ}q‘éﬁﬁ P YFFetaci®fss dalansfigah an

organic acid _such as formc acid, acetic acid, and trifluoroacetic acid,
and the |iR&lume coefficienfne whighedeotsr thcodiEmglity:
(S)-2-(1,6,7,8-tetrahydro- 252H-indeno[ 5, 4-b] furan-8-yl)ethylam ne or a
salt thered¥dgPgens Rifs PreseMPahventiOof2 sx corprisediof oveepl(l mdor
asymretrically reduci ng the raw conpound: (E)-2-(1,6,7, 8-
t et r ahydr ofZEnisggen oS uhebcowrfdn c8epiti dérdret Hyllartisne or a salt thereof,
and step (ii) for converting the side product 5in the reaction products
obt ai bed i Hegtep,(i)tHo tgageligoipoundchy ldat ahytd c cedusfeen. volume
coefficient can be determined with Na,S0; method as
described in detail in the after-mentioned Example 1.
Further, the hydrogen pressure in the present reaction
is usually 0.1 to 1 MPa, preferably 0.3 to 0.5 MPa..
10 In gas-liquid system, rate N 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

15 form of (mass transfer coefficient) X (concentration
difference).
Na = Ki(C1-C) (1)

Here, K, is a mass transfer coefficient for liquid, C; is a

concentration which is in equilibrium with gas partial

20 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 V, is a volume of liquid, since increasing rate VidC/dt

25 of gas concentration in solution is equal to dissolution



The asymmetric reduction in step (i) is carried out by using catal yst, and
exanpl es of such catalyst for asymetric reduction include
Rut henium optically active 10 phosphi ne conpl ex (Ru-BI NAP),
Rhodi umoptically active phosphi ne conpl (Rh-BINAP), Iridiumoptically
active phosphi ne conpl ex (Ir-BINAP), andﬁ<he i ke. As a Ru- Bl NAP
catal yst, specifically, Ru2Cl4[(R)- BINAP12N (C2H5 ) 3 rRuC (Benzene ) (R
-BINAP] 1C1, Rud (p- 15Cynene)[ (R)-BI NAP] 1C1, {RuBr (p-Cynmene ) (R) -BI NAP]
| Br, {Rul(p-Cynene)[(R):BI 113, {Rul (p-Cynene){(R) -BINAPJII and the
like are e(x'gﬁﬁl g%i %%.L’T%Q@e%@ﬂﬁwggse@&%%&p?éﬁa&@d%éf@&rdi ng to a known
nmet hod, for exanple, nethods described in JP-B 07-57758, JP-A 11-140073,
etc. 20Asanasymi#h rT cfe&h ondal al yst, {RuCl(Benzene)1(R)-BI NAPHCL is
preferably used. Wenasaltof (E)-2-(1,6,7,8-tetrahydro-2H
i ndeno[ 5, 4- b] f uFans 8- gAdEAeRet hyl amine is used as raw conpound in the
asymetric reduction reaction of step (i), 25it is converted to a free
conpound by al kafidtreakKmet,~C)¥¥.di ssol v@d in organic sol vent, and
asymmetric reduction catalyst is added to the solution, and then the
asymetri cisedecived feanot fonmii3aearljednaut2under pressure and hydrogen
at nosphere. 5Exanpl es of the organic solvent include aromatic

Furthermore, given that A/V, is represented by a: gas—

liquid interface area per unit area, equation:

dC/dt = Kpa(C;-C) (4)
is given.
10 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 coefficient for
ligquid K, is used as an index to express gas absorbability.
15 In addition, from the fact that when stirring rate is
incfeased, gas—liquid interface area: a becomes larger, it
can generally be said that Kia becomes larger with stirring

rate.
Examples of the organic solvent used in the present
20 reaction include formic acid, acetic acid, methanol,
ethanol, N-methylpyrrolidone and the like, and particularly
preferred is methanol. These solvents 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

25 of raw compound.



hydrocarbons (e.g., toluene, benzene, etc.), alcohols (e.g., nethanol,
ethanol, etc.), aliphatic esters (ethyl acetate, n-propyl acetate, n-butyl
acetate, etc.), ethers (e.g., isopropyl ether, diethyl ether,
tetrahydrofuran (THF), 10 etc.), halogegﬁfed hydr ocar bons (e.g.,

di chl or onet hane, dichl oroet hane, etc.), ides (e.g.,

N, N-di net hyl fornmam de, etc.), and the |like. These solvents may be used
alone, or with a nixture of 2 or nore of them and anong them a m xed

sol vent of toluene and noI m xed sql vent of 15 tetrahydrofuran and
net hanol , and t & ar8 reter PEge Tﬂée nﬁﬁht BF ST oMttt Fetlsdd is 1
to 1000 nL preferably 2 to 20 nL, per raw conpound. The
amount to BECAYEE FRRYRECRSy HASHLC ?%@%%??onEéaNalV§ﬁl@§@@rinN@H@Opresent
reaction is 1/2 equivalent 20 nole to 1/2000 equival ent nole, preferably
1/ 10 equi valeeRPsnoland o e 000 keqpui Vidl erma gl @l ad! rat iard vt ol sho | o abifum aw
conpound, and the hydrogen pressure is 0.5 to 15 MPa, preferably 3 to 11

- MPa. acetate |lanadBtsl oaret e afeawteidon Tleenpematmte afs lase 160Qe
25preferably 10 to 80C, and the reaction tine is 0.5 to 200 16 hrs,

pr ef ebabl y usedo iS0ubuslly 2 tollse ecatialayiteint medwst.i on reacti on of the
above-nentioned step (ii) is carried out using the reaction solution

obt ai ned in stegx@impleln dhetreaekitan ysokuticeudy it ataedl y st stiepd(idn the
compound represented by the following formula (111") is included as side

product, amdei N phesshep (dddctidi s sindeuRieoducl-t$ com@zrtedRHyAtlQ@
catalytlc reduction to the target conpound, that is, (S)-
(1,6, 7, 8-t ekhahydre .2 iindenold, 4+h] f uran- 8- yhéetm&%‘ﬁ; n%f catalytic
reduction catalyst to be used 1is 1/10 equivalent mole to
10 5/1000 equivalent mole, preferably 1/100 equivalent mole to
3/100 equivalent mole relative to 1 mole of raw compound to
be used in step (1i).

The reaction temperature of the present reaction is
usually 10°C to 100°C, preferably 30°C to 50°C, and the

15 reaction time is usually 1 to 50 hrs, preferably 2 to 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

20 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 (S)-2-(1,6,7,8-tetrahydro-

25 2H-indeno[5, 4-b] furan-8-yl)ethylamine or a salt thereof of



10 The reaction of the above-nentioned step (ii) is carried out as
follows. That is, to the reaction solution obtained in step (i) is added
enough anount of dilute hydrochloric acid to dissolve the reaction product
at a 15 tenperature below 10C, and the reaction product is transferred to
aqueous | ayer by stirring or shaking, then 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 sol ution, and
20cata|ytiqjﬂgdu%;iontgataLyst is added thereto to rgduc under, pressure
and hydr ogen at fosphete. EXanpre¥ of 1t he“CEPAL§Efc PEductitdn cltal yi&r used
in 17 thefﬁgesentneéﬁbjon i ncl udePd- C, Pt 02, Rh- Al 203, (Rhd [ P(C6H03]3), and
the |ike. T HHOIHCOM Yoat SFYE1Rr SbGction EaFRPYRE t ol lhe sl G5 /2
equi val ent nmole to 1/2000 equi val ent nole, preferably 1/10 equi val ent nole
to 5 1/ 500 S&qahvalrent Hrdindens [y idrd o renmd-& lodensn sddnidamicia oobe aused
in step (i), and the hydrogen pressure is 0.5 to 15 MPa, preferably 3 to 11
MPa. salt fheggiofi, oand B epeddtii) o aremeeratniriend $MOGitde 108Cuct
preferably 50C to 70C, and the reaction tinme is 0.5 to 10200 hrs,
pr ef ePabl y i3 toh@0rkrstion prdhectreacbtennsdl uti ontept ajinedtbn tizheyet
catalytic reduction reaction is filtered to renove the catal yst, and
treat ed usicogipaumet bgd ckhawytper reeluceign,. concentration, crystallization
recrystallization, chromatography, etc.)

The asymmetric reduction in step (i) is carried out by

using catalyst, and examples of such catalyst for
asymmetric reduction include Ruthenium-optically active

10 phosphine 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, RuyCls[(R)-

BINAP],N (CyHs) 3, {RuCl (Benzene) [ (R) -BINAP] }C1, {RuCl (p-
15 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.

20 As an asymmetric reduction catalyst,
{RuCl (Benzene) [ (R) -BINAP] }C1 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),

25 it is converted to a free compound by alkali treatment,



15to give (S)-2-(1,6,7,8-tetrahydro-2Hindeno[5, 4-b] furan-8- yl)ethyl am ne.
Furthernore, the resulting
(S)-2-(1,6,7,8-tetrahydro2Hi ndeno[ 5, 4-b] furan-8-yl)ethyl am ne can be
converted to a desired salt according to a conventional nethod. 20Wen the
reaction and the post-treatnent of the a%ove- mentioned step (ii) are
carried out without pH control, that is, under a strongly acidic condition
bel ow about pH 1, the above-nentioned benzofuran derivative (I11") is

f or med mﬁth.aboqﬁ 5 1to0 10@6and,dih%g%obenzofur n diner (IV) is 25forned

with about ‘G558 Y& chlar 8T SFRECpr DALEERE . | PNB IR L1 he §5HBdic@n on
amount of these side products can be suppressed to bel ow 0.07% and to
bel ow 0. 029 PedFéctlisvadrehy- ¢ ariyi AglBut OUnd8rdt héeBordie iasymHe i3 to
9, preferably pH5 to 7 of the present invention. 5The process for
produci ng ge@py§gap of e@SFiRM 21is carried out under pressure and
(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan-8- yl)ethyl]propi onam de of the
present i nkgaricgrnwaltmosphdescri bed bel ow. The process is conprised of step
(a) for propionylatingtheam nogroupof (S)-2-(1,6,7, 8-
10t et bahydr o- 2HEKRUPABES, 4£b] theanodgph)iet hylodmieme, amctIstoep (F)onf2aric
crystallizing out of the reaction solution obtained in step (a). Nanely, in
step (a), hherasembogsoup.af ,(8pl2ene, benzene, etc.), alcohols (e.g.,
(1,6,7,8-tetrahydro-2Hi ndeno[ 5, 4-b] furan- 8-yl ) et hyl am ne
methanol, ethanol, etc.), aliphatic esters (ethyl acetate,
n-propyl acetate, n-butyl acetate, etc.), ethers (e.qg.,
isopropyl 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 solvents may be used alone, or
with a mixture of 2 or more of them, and among them, a
mixed solvent of toluene and methanol[ a mixed solvent of

15 tetrahydrofuran and methanol, and the like are preferred.

The amount of solvent to be wused is 1 to 1000 mL,
preferably 2 to 20 mL, per 1 g of raw compound.

The amount to be added of the asymmetric reduction
catalyst used in the present reaction is 1/2 equivalent

20 mole to 1/2000 equivalent mole, preferably 1/10 equivalent
mole to 1/1000 equivalent 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



obtai ned in the above-nentioned process is reacted with a 15propi onyl ating
agent to propionylate. Wien the raw materi al,
(S)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan-8- yflethylamne is used in
the formof salt, it is converted to freg, conpound by a conventi onal

met hod, followed by subjecting to propionylation reaction. Exanples of the
20 propionylating agent include propionyl halides such as propionyl

chl ori de and propionyl bronide The anDunt of propionylating agent to be
used is a %aglo 3 % ng é

(S)-2-(1, 6, 7°8- Pe ﬁya g H-|n3 fg 4 b] f ur an- 8- yI)ethyIanlne 25The
reaction is car ed out in a solvent, and e f the sol vent

i ncl ude ethers éhEh é?tfgﬁﬁﬁﬁydrB?%?%ﬁloﬁlefﬁggtépﬂer :§|o§5ﬁe ve-

1, 2- di met hoxyet hane, al cohol s, such as net hanol, ethanol and propanol

hydr ocar boR§E4ERSEs HeFR enkll ) olifenearEyEFoheXand SRS héisne Feamtded such
as 5N, N-di net hyl f or mam deandN, N- di et hyl acet am de, hal ogenated hydrocar bons
such as di éﬁﬂé%éﬁét [t ingtsl ofBf GHIRP cAlben ket EBehl kra@el @ind solution

1, 2-di chl oroet hane, nitriles such as acetonitrile and propionitrile,

sul f oki desobtighnad dimetdhdmsul (floxi deheandompeuhd k er ek semi ex@d kgol vért 10
thereof, inter alia, tetrahydrofuran is preferred. The reaction tine is
usual ly 5 fibhlbesngofé8mhis, (IEf'er abd yiBOloitladt es tuide hpsodibe, raact i on
tenperature is usually -20 to 20000, preferably -10 to 50C. In step (b),
crystals oin(SheN-4t2ef 1,617, 8-tety abydeoprihluct is converted by the

- 2H i ndeno[ 5, 4-b] furan-8-yl)ethyl] propionam de is crystallized by addi ng
aqueous sotyealytocthedneacshofosehyt tengedt abpduh, stept(ak, Exanples of
t he aqueous solvent include city water, pure water, purified water, etc.
The amount ( of 6 2AULOUSE SPhYERE-H9- 9%@&9@@ nsbﬁfﬁggh%bylgeth}(,%wmeqf 0.5 -
5 to the reaction solution obtained in step (a). The crystallization
tenperature is usually -20 to 60C, preferably -10 to 40C

(1)

10

The reaction of the above-mentioned step (ii) 1is

carried out as follows. That is, to the reaction solution

obtained in step (i) 1is added enough amount of dilute

hydrochloric acid to dissolve the reaction product at a

15 temperature below 10°C, and the reaction product is

transferred to aqueous layer by stirring or shaking, then

the aqueous layer is separated. The obtained aqueous layer

is adjusted to pH 3 to 9, preferably 5 to 7, with aklali

such as dilute aqueous sodium hydroxide solution, and

20 catalytic reduction catalyst 1is added thereto to reduce
under pressure and hydrogen atmosphere.

Examples of the catalytic reduction catalyst used in



Thecrystal sof (S)-N-[2-(1,6,7,8-tetrahydro-2H

i ndeno[ 5, 4-b] furan-8-yflethyl]propionam de is obtained with 25high yield of
97% by collecting the precipitated crystals 20 by filtration. H ghly pure

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

t et rahydro- 2H i ndeno|[ 5, 4- b] fur an- 8-yf | et]hyl ] propi onam de can be obtai ned by
further recrystallizing the obtained crystals from ethanol -water (1:2).

5Al t hough the crystals of (S)-N[2-(1,6,7,8-tetrahydro-

24| ndenol 5y 4- b1 bC 80 B- V1ot i .proni.anam de gt gl nec i1 the gt gess of

t he present ‘invention nay have a poss oht ai ni g t he compoirmds

represente t follow ng fo ae (1) to (l1V) as inpurjities (in the
present 10qR§ééé?§Fé§%)i3gm’ hea\'rg{ Hg*lteeril ohet'] sa?‘8F8Fre%£t6:aatsaJc38}ﬂp‘bund
(') to (1V), respectively), each content of th onpounds (I) to_(IV) is

0. 15% by \\/%F&HF%EPW FEELNFT UEPhSH t BESP dont b ST [ SHpoliRds (19 to
(I'V) is about 0.20% by weight or less. 15(1V) 21 .

t et r ahydr o2 2ROPRdERELT 24 B odie8-BA4 e 1R 1 pr bpl dnadhdgadbnai med s ta he
process of the present invention, the contents of conpound (II1l) and (I1V)
are each béle@dt raudepéentonollenireletivessot Ramode02% by wwsiaghtoldPLiR) , t he

be used in step (i), and the hydrogen pressure is 0.5 to 15
MPa, preferably 3 to 11 MPa.
In addition, the reaction temperature is 40°C to 100°C,
preferably 50°C to 70°C, and the reaction time is 0.5 to
10 200 hrs, preferably 3 to 20 hrs.

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.)

15 to give (S)-2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
yl)ethylamine.

Furthermore, the resulting (S)-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 conventional method.

20 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

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



5content of conpound (1) is about 0.1% by weight or less (preferably, 0.03%
by weight or less), and the content of conpound (Il) is about 0.02 toabout
0.15% by weight, and further total content of the conpounds (lI) to (I1V) is
about 0.20% by weight or |ess. 10As desc{§bed above, higher-quality
crystals of (S)-N (2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4- b] f uran- 8-

yfl et hyl ] propi onam de can be produced by controlling the content of
inmpurities, and as a result, inprovenent of crystallinity

acconpani e i i.nmpr.ovenent . of .purit 15i nprovenent .of stabjlity and the
like are e%ﬁgg%gé%’ﬁ}%ﬁhn&ﬁtﬁu&t h(HORET 22 1?%?%?8-511 r&’r’r’ﬁr‘l& can

i ndeno[ 5, 4; b] furan-8-yl)ethyl ] propi onam s used as nedicine, reduction
of inpuritpgs ﬁ%?&ﬁ&%%%ﬁl&x%igﬂ???@anghﬁgémluf9$on??heb§#€WpMQﬂo%ﬁ'

qual ity assurance.to gatients. 20, According to the present invention, such
crystal s cafiSBECHLEGdded Pon RITOMRS cPal s84r&. the aeriRdiehon bgfusing such

crystals, the conposition of the present invention can be 22 manufactured
accordi ng £8 8-kRéGherRPAGIPH 5 to 7 of the present invention.

5 The process for producing a crystal of (S)-N-[2-
(1,6,7,8-tetrahydro-2H-indeno[5, 4-b] furan-8-
yl)ethyllpropionamide of the present invention will be
described below. The process is comprised of step (a) for
propionylating the amino group of (S)-2-(1,6,7,8-

10 tetrahydro-2H-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 (S)-2-
(1,6,7,8—tetrahydro—2H—indeno[5,4—b]furan—8—yl)ethylamine
obtained in the above-mentioned process is reacted with a

15 propionylating agent to propionylate. When the raw material,
(S)-2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-b] 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

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

25 The reaction is carried out in a solvent, and examples



(S)-N-[2-(1, 6,7, 8-tetrahydro-2Hindeno[ 5, 4-b]furan-8- yl)ethyl]propi onam de
of the present invention has a physiological activity such as affinity for
melatonin 5 receptor, in addition, has low toxicity and fewer side effects.
Therefore, it can be used for preventinglgnd treating sl eep-wakeful ness
dysrhythma, jet lag, biorhythmupset due"to work in three shifts etc.,
seasonal nel ancholia, disease of reproduction and neuroendocrine, 10 senile
denmentia, Al zheiner's disease, various diseases acconpanied with aging

(e.g., preventjon of agi etc.)),. cer g%?l circulation disorder (cerebral
apopl exy e?%ﬁ)%h%eéﬁﬂf%?ﬁ?y}q&ﬁﬂgﬁma?% anjﬁPﬁg A7 edEEHMN Lran,
convulsion,anxhe&y,de ressi on, Par ki nson's di sease, 15 hypertension,
gl aucoma, EAREBYL ildethi a digianst edndel bist ef i nRERERE AR t fRd9ahed s and
furthernore, it is also effective for inmunonodul ati on, nootropism nental
st abi | i zat PBRBNdSV UMdti oMb ustherele 2 RevRaRREPYNBAYOC2BPRESC GMIBuUNds
of the present invention can be used in
conbi nat i oA%i PRAAENdepkessane(ecycliohicprar rad dlexdngr ammides such as
ne, noxi ptiline, phenei zi ne,am triptyline hydrochl oride, nortriptyline
hydr obhl or Nd¥;-dimgabyhéprmamnder i nhydrachl or i de Nygiprddtieltihyabyditeetilder,i de,
25sul piride, fluvoxam ne nal eate, trazodone hydrochl ori de,
halogenated 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 solvent

10 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-[2-(1,6,7,8-tetrahydro-

15 2H-indeno[5,4-b] furan-8-yl)ethyl]propionamide is
crystallized by adding agqueous solvent to the reaction
solution obtained in step (a). Examples of the agueous
solvent include city water, pure water, purified water, etc.
The amount of aqueous solvent to be added is a ratio by

20 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]lpropionamide is obtained with

25 high yield of 97% by collecting the precipitated crystals



23 par oxeti nehydrochl ori de, m | naci pranhydr ochl ori de,

fl uoxeti ne, venl af axi ne, M trazapi ne, Sertral i ne,

ci tal opram dul oxeti ne, reboxeti ne, Moci obem de), antianxiety drug (e.qg.,

di azepam oxazol am bronazepam 5al pr azoéoam cl onazepam buspirone,
tandospirone citrate), nood stabilizer (e.g., lithium valproic acid,

car bamazepi ne), antidenentia drug (e.g., tacrine, donepezil, rivastigm ne,
gal antam ne, nmemantine), antipsychotic drug (e.g., hal operidol, ol anzapi ne,
ri speridone, i api ne .

10zi pr asi d%ﬁe?‘gﬁtbﬁ%bﬁzi HEIBLY pPHEGe, TV $iraz8F e)(S) -Antli2edil ot S dr ug
(e.g., phenobarbital, gabapentin, tiagabin, pregabalin) , cerebral

ci rcul at i ol STAFREALRG 28 dg AeBdion 4 dbsRne Bstvilmeitant, ) PR Lomamiides.
Exanpl es of administration forminclude (1) 15adm nistration of a single
prepar at i ofadbt B¢ neP iRt fest niivatiwg-hdte &6rpuehalefizihe prlesemdtbaivent i on
and the joint use drug sinultaneously, (2) sinultaneous adm nistration of
two ki nds etyptepar droonstbbnailnedtey f(draul.-ati ng the conpound of the
present invention and the 20joint use drug separately, via an identical
adm nbstration Rdohengh3xhsequestidls afid (SHEEFTRH(ERE, AdBi-tiestradtyidar -of

2H—indeno[5,4—b]furan—8—yl)ethyl]propionamide obtained in
the process of the present invention may have a possibility
of containing the compounds represented by the following
formulae (I) to (IV) as impurities (in the present
10 specification, hereinafter, sometimes referred to as
compound (I) to (IV), respectively), each content of the
compounds (I) to (IV) is 0.15% by weight or less and

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

0.20% by weight or less.

/Ok i
” “\\\H (6] “‘\\\H O
i f , (1) ,

(1)

Iz

(1)

15 (IvV)
For example, 1in the crystals of (S)-N-[2-(1,6,7,8-



two kinds of preparations obtained by fornulating the conpound of the
present invention and the joint use drug ggparately, via an identical
adm nistration route, (4) 25sinultaneous m nistration of two kinds of

preparations 24 obtained by formulating the conpound of the present
invention and the joint use drug separately, via different adm nistration

routes and che) sgﬁquenti and igtern‘i ttent adm nistration of two kinds of
prepar at i ong SGBEAYES By Airdg A He eSO e pisemni gwent i on
and the joi n%)[tus,e drug separately, via different adm nistration routes
(e.g. adni nPSERATEEN R ahhor doioasiss hefcotpsundresenhe presehion, the

i nventionthe joint use drug, or admnistration in a reverse order). A dose
of the joinfousenigdraf campseinse| ¢ET el appl opdVat e ye baseth ohelbe the
clinically used dosage. In addition, a ratio of blending the conmpound of

t he presentdeheehtpon lamd tt hef j Akt usmrdragozan e @ppgopr i(arely , selrct ed
dependi ng on an adm ni stration subject, an adm nistration route, subject

di seasg, syophoentloF cesmpoahdon.r)ands t Beolickey . For ngamalfnt when jtdhe
adm ni stration subject is human, 0.01 to 100 parts by wei ght of the joint

use drug cafpberasgdlvel atiovs 9, L,paght by waight) of _ of the
present invention. (S)-N[2-(1, ,7v,v8- etraﬁydro-zzl—l-ian egcok%?%?’g?%tra £8- 20

) et hyl i i tk i t] o d .
y1) ety proghenamge of (he BEghens LovenLen,ca ReSS B8 8uc and
oniform LY, \.p1ReT AL o0 SR.LIG | LKe v e aseyred, by, a0 st 1o the

0.20% by weight or less.

10 .
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 by controlling the
content of impurities, and as a result, improvement of
crystallinity accompanied with improvement of purity,
15 improvement of stability and the 1like are expected.
Furthermore, when (8)-N-[2-(1,6,7,8-tetrahydro-2H-
indeno[5,4—b]furan—8—yl)ethyl]propionamide is used as
medicine, reduction of impurities has extremely significant
meaning from the viewpoint of quality assurance to patients.
20 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



25The particle size can be neasured as follows by using 25 comrercially
avai | abl e neasuri ng apparat us. A 100 nmL Erl enneyer flask equi pped
with stopper is charged with 0.05 g of sanmple, and 50 nL of dispersion
medi umis added thereto. The m xture is é%radiated with 5 ultrasonic wave
for about 5 mnutes with shaking and m xThg to give a suspension. To 40 nL
of dispersion nediumis added about 100 pL of this suspension, and a test
is carried out under the followi ng condition. [Di spersion nedium 100.1%
sodi um | aur yl | fate solution saturated with (S)-N

[2-(1, 6,7,@%&%%&@&@8-%%%&%@&[&04%] éiln-“tsf‘—‘Et -et hyl | pr opi onami de

[ Appar at us] HELOS system KF (Synpatec GrbH) 15HELOS sensor CUVETTE

di spersion unit (GWet~ditsddr Ser’y SHELES 2y @ard ~dorensy (& AnNDETag B f or

W ndows) or _equivalent _
yl)ethyl]propionamide of the present invention has a

physiological activity such as affinity for melatonin

5 receptor, 1in addition, has low toxicity and fewer side
effects. Theréfore, it can be wused for preventing and
treating sleep-wakefulness dysrhythmia, jet lag, biorhythm

upset due to work in three shifts etc., seasonal
melancholia, disease of reproduction and neuroendocrine,

10 senile dementia, Alzheimer's disease, various diseases
accompanied with aging (e.g., prevention of aging etc.),
cerebral circulation disorder (cerebral apoplexy etc.),

head injury, bone marrow injury, stress, epilepsy,
convulsion, anxiety, depression, Parkinson's disease,

15 hypertension, glaucoma, cancer, insomnia, diabetes, cluster

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

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

20 The compounds of the present invention can be used in
combination with antidepressant (e.qg., imipramine,
clomipramine, noxiptiline, phenelzine, amitriptyline

hydrochloride, nortriptyline hydrochloride, amoxapine,
mianserin hydrochloride, maprotiline hydrochloride,

25 sulpiride, fluvoxamine maleate, trazodone hydrochloride,



[ Condition for measurenent] 20Focal |ength: 100 mm Stirring speed: 50%

Sanmpling tinme: 1 second Measurenent tinme: 10 seconds The
conmpound of the present invention can be safely 25adnministered orally or
parenterally (e.g. local, rectal, g%ravenous adm nistration etc.) as
It is or by formulating |nto pharnaceutl preparations such as tables

(i ncluding sugar-coated tablets, filmcoating tablets), powders, granules,
capsul es, solutions, emulsions, suspensions, 5injectables, suppositories,
sust ai ned-r el ease .agents and adhesj ve preparations by mxing with a

phar macol o§RESFEY l&%cepﬂﬁ&#%? T34 e accoPd i RECEBT AN conPRECEHHO Tstehod
(e.g., nmethod described in Japanese Pharmacopoeia, etc.). A content of the
conpound i ALERESHRBEMACeUtYSHla i@oMitsi t | onMitrazapine, Sertraline,

citalopram, duloxetine, reboxetine, Moclobemide),
antianxiety drug (e.g., diazepam, oxazolam, bromazepan,
5 alprazolam, clonazepam, buspirone, tandospirone citrate),
mood stabilizer (e.qg., lithium, valproic acid,
carbamazepine), antidementia drug (e.g., tacrine, donepezil,
rivastigmine, galantamine, meméntine), antipsychotic drug

(e.g., haloperidol, olanzapine, risperidone, quetiapine,

10 ziprasidone, chlorpromazine, sulpiride, Aripiprazole),
antiepileptic drug (e.g., phenobarbital, gabapentin,
tiagabin, pregabalin) , cerebral circulation improving drug,

brain metabolic stimulant, and the like.
Examples of administration form include (1)

15 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

20 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)

25 simultaneous administration of two kinds of preparations



10i s usual Iy about 0.01 to 100% by wei ght based on the whol e conposition.
The present invention will be further explained in detail by way of the
foll owi ng Reference Exanpl es and Exanpl es, but the present invention is not
limted to these 15Exanples. In addition,,each abbreviation in the

Ref erence Exanpl es and Exanpl es has the %%Ilomﬁng meani ngs. DBF:

2, 3-di hydr obenzof uran FBA: 2, 3-di hydr obenzof ur an- 5- car bal dehyde PPN
et hyl (E)-3-(2, 3-di hydrobenzof uran-5-yl) propenoate 20PPE: et hyl

3- (2, 3-di hydr ohenzof uran- 5-yl ) pr opi onat e

DB(A: 3- (6, 7-0%%%6%?61- ?,Ys%gﬁrﬁyﬁra&t}@ﬁg SRR pitdH eSS BI B

4, 5-di bromp-1, 2, 6, 7-t et rahydr o- 8Hi ndeno[ 5, 4- b] f ur an8-one 25THI :

1, 2, 6, 7- t et ARV EHEI8ANh dEFo PRI th UG S8 GParately, via different

administration routes and (5) sequential and intermittent
administration of two kinds of preparations obtained by

5 formulating the compound of the present invention and the
joint use 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

10 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,

15 a combination, and the like. For example, when the
administration subject is human, 0.0l 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.

(S)-N-[2-(1,6,7,8~tetrahydro-2H-indeno[5,4-b] furan-8-

20 yl)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.

25 The particle size can be measured as follows by using



27 ITON: (E)-(1, 6,7, 8-tetrahydro-2Hindeno[ 5, 4- b] f ur an- 8-

yl i dene) acetonitrile EAI.HCl:

(E)-2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4- b] furan-8- ylidene)ethyl am ne
hydrochl ori de 5(S)-AM . HC1: (S)-2-(1, 6, 7, stet r ahydr o- 2H i ndeno[ 5, 4-

b] furan-8-yl)ethyl am ne hydrochl ori de Reférence Exanple 1

2, 3- Di hydr obenzof ur an- 5- car bal dehyde 2, 3- D hydr obenzof uran (100 g,
832 mmol ) and N, Ndi net hyl f ormam de (134 g, 1830 mml) were m xed and

heat ed, andc H%)és erir%()x%achjo ri de 255}?%?1 1643 mmol ) were added thereto at
an inner tenperatur 610" BTSN SPRE FHES r eacti on ni xture was
heated at an i nner ILogrrperature of 80 to 90C and stirred for 7.5 hrs. Then,
the resul ting mi‘xt P8 Vs ZAdEHMEY6pwi skt RELEPPEE00H ) $d@Pegoolfng,
and stirred at roomtenperature for 5 hrs. The resulting m xture was
extract ed t3r9t udhgl dhd’he &b r seirhgs 200 hasRedise§lenti abeys ipe h
wat er, saturated sodi um bi carbonate aqueous sol ution and water, and the
organi ¢ | ayeadiils ésncdieht sbeyptier vAtmumiksugevela tolradietsol uvion of

the title conpound (anobunt 340 g, apparent 28 yield 100% . Reference
Exanpl®e 2 ultrasonic wave for about 5 minutes with shaking and mixing

to give a suspension. To 40 mL of dispersion medium is
added about 100 pL of this suspension, and a test is
carried out under the following condition.

[Dispersion medium]

10 0.1% sodium lauryl sulfate solution saturated with (8)-N-
[2-(1,6,7,8-tetrahydro-2H-indeno[5, 4-b] furan-8-
yl)ethyl]propionamide
[Apparatus]

HELOS system KF (Sympatec GmbH)

15 HELOS sensor
CUVETTE dispersion unit (wet disperser)

HELOS standard software: WINDOX 3.2 (for Windows) or
equivalent
[Condition for measurement]
20 Focal length: 100 mm
Stirring speed: 50%
Sampling time: 1 second
Measurement time: 10 seconds
The compound of the present invention can be safely

25 administered orally or parenterally (e.g. local, rectal,



Et hyl (E)-3-(2, 3-di hydr obenzof uran-5-yl ) propenoat e SFBAPPN To the
solution (340 g) of 2, 3-Di hydrobenzofuran-5- carbal dehyde (832 mml) in

t ol uene obtained in the above step was added dropw se tri et hyl
phosphonoacetate (205 g, 916 nmol) under &ooling. Then, a suspension of
sodiumt- 10 butylate (88.0 g, 1187 mmol’) in toluene (530 g) was added
dropwi se, and stirred for 1 hr, and further acetic acid (20 g) and water
(500 g) were added dropwi se thereto. The reaction mxture was warnmed to

roomtenperature, and separated the layers. The or.ganic,|ayer s washed 15
Sequent | af FJCaPERNSAT uPaPGR SEERLMTBI ChFbonate Aqueots B8 SOTBH gid ot er
and t he organicﬁéa¥er was  concentrated to bel ow 300 niL_under vacuum Then
to the resfdh® RAGTRAGBHTAERhaRGFPEESE 1T St §UREal SahdPdrssdipel Ufd nghe

sol ution was added dropwi se water (500 g) at roomtenperature, and 20

stirred toSdepésFPategstaPsetini EhlNascesingctadlbyst il PPEEEsE and dri ed

under reduced pressure to give title conmpound (amount 161 g, yield 88.1%.
Ref erence gxanplesa capsules, solutions, emulsions, suspensions,

5 injectables, suppositories, sustained-release agents and
adhesive preparations 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 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-
8-one

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



PPNPPE 5Et hyl (E) - 3- (2, 3-di hydr obenzof ur an-5-yl ) propenoate (50.0 g, 227
nmol ) was dissolved in acetic acid (312 g), and the reaction system was
replaced with nitrogen. Then, 5% Pd/C (4.96 g, as dry weight) was added to
the solution and pressurized with hydrogep 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
catalyst was filtered, and washed with acetic acid (208 g) to give a
solution of the title conmpound in acetic acid (anmount 569 g, apparent yield

100% . 15Refer.ence Ex Ie 4

3-(6, 7- Di bﬁgﬁg 2, 3- dlﬁggrobénZofuraﬁtg CopioninéeR& g 4P furppifie
solution of _.PPE in acetic aC|d (569 g, 227 nnDI) obtained in the above step
was added AMYEPSUESS g 3G&cetate (18.6 g), and bronlne (222 g) was
added dropmnse t hereto under stirring and cooling over hrs. After 30
reacting fE&PIAGEs dE)rdomlt éngeaitele ahyRe oredotingie ngi %t,érév Vi aadded
dropwi se to_a cool ed 15% aqueous sol ution of sodiumsulfite (670 niL), and
stirred forl3derpagitbylardnenhdyvasaehilonissl uti on was added acetonitrile
(118 g), and 5 reacted for 2 hrs with heating under reflux, then cool ed
gradual | y dfd-8MIrH@d for 1 hr(SteZer(yskalll, Bz¢etThé ydrpsPat-s niene [Ggld-ect ed
by filtration, washed with water, and dried under vacuumto give title
conpound (hRibumen68-§lyethivébaiRd. B¥lrotBloride

Reference Example 1

2,3-Dihydrobenzofuran-5-carbaldehyde
O/E:] POCl; S
—_—
DMF CHO
2,3-Dihydrobenzofuran (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.
15 The reaction mixture was heated at an inner temperature of
80 to 90°C and stirred for 7.5 hrs. Then, the resulting
mixture was added dropwise to water (1000 g) under cooling,
and stirred at room temperature for 5 hrs. The resulting
mixture was extracted with toluene, and the extract was
20 washed sequentially with water, saturated sodium
bicarbonate aqueous solution and water, and the organic

layer was concentrated under vacuum to give a toluene

solution of the title compound (amount 340 g, apparent



Ref erence Exanple 5
4,5-Di brono-1, 2,6, 7-tetrahydr o- 8H i ndeno[ 5, 4- b] f ur an- 8- one 1) Al C13 ODB,
MeOH ODB: o-di chl orobenzene

3-(6, 7- Di brono- 2, 3-di hydr obenzof uran-5-ylJ propionic 15 acid (40.0 g, 114
mol ), o-dichl orobenzene (182 g) and N, Nai nethylformam de (0.1 g) were

m xed, and thionyl chloride (17.7 g, 149 mmol) was added dropw se thereto
at inner tenperature of 42C, followed by stirring for 30 to 40 mnutes to
give a SO|UtE§$ oh @gid chloride. Then, to the 20 solution was added

anhydr ous dram ni Qf hl oride (17.5 g, 132 mol) in several portions under
ice-cooling, and stirred for 30 m nutes. Methanol (475 g) was prepared 31
separately, and the reaction solution was added dropwi se to the nmethanol to
crystallize. To the crystallization solution was added dropw se water (76
g) under cB6EPAGNCENE*3TPREed for 30 minutes. The crystals were col |l ected
by 5 filtration, and the wet crystals were washed sequentially with

met hanol , Wah¥d, (Bardrdfed-dabzdusbsoratiusanod -yddiparpsnoatisonat e, wat er,
and net hanol, followed by drying under vacuumto give 31.6 g of title
conmpound (yield 92.2%. 4

o)

-BuONa P
CHO toluene

5 FBA PPN

CO,Et

To the solution (340 g) of 2,3-Dihydrobenzofuran-5-
carbaldehyde (832 mmol) in toluene obtained in the above

step was added dropwise triethyl phosphonoacetate (205 g,

916 mmol) under cooling. Then, a suspension of sodium t-

10 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 organic layer was washed

15 sequentially with saturated sodium bicarbonate aqueous
solution and water, and the organic layer was concentrated

to below 300 mL under vacuum. Then to the residue was added
methanol (396 g) to heat and dissolve. To the solution was
added dropwise water (500 g) at room temperature, and

20 stirred to deposit crystals, which was collected by
filtration and dried under reduced pressure to give title

compound (amount 161 g, yield 88.1%).



10Exanple 1 1,2, 6, 7-Tetrahydro-8Hindeno [5,4-b] furan-8-one 1) H2, Pd-C
AcONa, MeOH 2) MeOH TIIT (1)

4,5-Di brono-1, 2,6, 7-tetrahydro-8H i ndeno[ 5, 4- b] furan-8- one (280 kg,
843nmp1l), anhydrous sodi um acetate (173 k? 15 2109 nol), nethanol (6384 L)
were m xed, and the reaction systemwas replaced wth 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 for 8 hrs with stirring 20 at such a stirring rate that the
gas-liquid overall mass transfer coefficient KLa(l/hr) is about 15. The

catalyst was filtered, and the filtrate was concentrated under reduced
pressure, FE e XAPSE vias added to the 32 residue, followed by
concentratin under reduced ressure to substitute the solvent, cooling and
stirring f &ty lhStl e drifpererofatrar 57l errosdiandten was filtered to
give wet crystals of tltleHcorrpound (amount 127 kg as dry weight, 5yield
86. 699 . The coptent of dinmet i/ tRe wet crystals was |less than 0.1% by
wei ght. (2)° xfication §’ti;€p CO,Et
P COEt vAcOH
PPN PPE
5 Ethyl (E) -3-(2,3-dihydrobenzofuran-5-yl) propenocate

(50.0 g, 227 mmol) was dissolved in acetic acid (312 g),
and the reaction system was replaced with nitrogen. Then,
5% Pd/C (4.96 g, as dry weight) was added to the solution
and pressurized with hydrogen to 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) Br,

0 COLEl AcONa  © COH
2) N&,SO,

PPE CHCN B 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 wunder stirring and cooling over 2 hrs. After



Wet crystals (127 kg as dry weight), activated charcoal (6 kg, Shirasagi A:
trade nane) and nethanol (1723 10 L) were m xed, and stirred for 1 hr
under reflux, and filtered. The filtrate and washi ngs were concentrated
under reduced pressure, then, the resid was refluxed for 1 hr and cool ed.
Water (306 L) was added thereto under cooling, matured for 1 hr, and the
precipitate was collected by 15filtration, followed by drying under reduced
pressure to give title conpound (amount 117 kg, yield 92.1%. (3)

Gas- I|qU|d over al ss t sfer coefficient Here, .the gas-li.quid
overal | rras%af:%éﬁ‘gfe Oif:oe%i n@f%nt ast %Oé?e&fﬁl??eearao%}lﬁzsd%’enet c?d:.tlgiﬁ)
Na2S03 net hod ﬁsodlun1s Iflte nmet hod) (a) Pri Clp| Sodiumsulfite
(Na2s02), Th¥k T&qliedus 98?ufjﬂ-”8ﬁwt1ﬁ§ré? a2 &6 s-L%t/o AGYEOHR S ftien
(Na2504) by reacting xygen mhlch mas incorporated fromair.

The reacti8h 29?&9@ §§1§&ﬁﬁ|m§%ﬂl Frasineofphf Bedt 60ab3Or PNt ecat §of 33

the reaction solution was added acetonitrile (118 g), and

5 reacted for 2 hrs with heating under reflux, then cooled
gradually and stirred for 1 hr to crystallize. The crystals
were collected by filtration, washed with water, and dried
under vacuum to give title compound (amount 63.3 g, yield
73.2%) .

10

Reference Example 5

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

1) SOCI, o
o DMF, ODB O
CO,H
2) AICls
Br ODB, MeOH
Br DBA X Br BIF

ODB: o-dichlorobenzene
3-(6,7-Dibromo-2, 3-dihydrobenzofuran-5-yl)propionic
15 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
20 solution was added anhydrous aluminium chloride (17.5 g,
132 mmol) in several portions under ice-cooling, and

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



oxygen (oxygen absorption is rate-determ ning step). Therefore, oxygen
absorption rate (NA) can be obtained by neasuring the concentration change
of sodiumsulfite. Now, the gas-liquid overall nass transfer vol une
Scoefficient KLa is defined by the folloying equation. NA = KLa(C"-Q)

Si nceact ual | yi nt hi smeasur ement syst em concentration of dissolved oxygen
in the aqueous solution of sodiumsulfite can be deened as 0, the foll ow ng
10equation is given. KLa = On the other hand, solubility of oxygen in

aqueous SO|sLéh.j an .G be expnes y. the, foll.owi n usl nry's law. =
p/ H 15Fr omt hese, %fa ¢an %;hecgieegauﬁbcajtoend.SOﬂItlor} r¥%§d£4$%c%]!_ckf%o of2 R the
above equati.on have the follow n i.ngs. Kta: s-1iquid overal |, nass
transfer voliie %@??Iil%]renfto[ I ﬁﬁgﬁs%%o'xyg A agg& ptS tr%p:lf%}?ﬂ- Hr ]
C. oxygen corlcent ration in ljquid [nol/L] ,

solution was added dropwise water (76 g) under cooling, and

stirred for 30 minutes. The crystals were collected by

5 filtration, and the wet crystals were washed sequentially
with methanol, water, saturated agueous solution of sodium

bicarbonate, water, and methanol, followed by drying under

vacuum to give 31.6 g of title compound (yield 92.2%).

10 Example 1

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

o 1) H,, Pd-C 0
o AcONa, MeOH e}
2) MeOH
Br
Br  BIF THI

(1) 4,5-Dibromo-1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-
one (280 kg, 843mol), anhydrous sodium acetate (173 kg,
15 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
20 at such a stirring rate that the gas-liquid overall mass
transfer coefficient Kga(l/hr) 1is about 15. The catalyst
was filtered, and the filtrate was concentrated under

reduced pressure, and further water was added to the



C: solubility of oxygen in saturation [nol/L] p: partial pressure of
oxygen in gas phase [Pa] H Henry constant [Pa.L/H] 25(b) Measurenent
method 34 (i) Pure water (475 m, sanme liquid volunme as feed scale of RIP
23.34 g) is charged into 1 L autoclave (& ass Reactor, TEM V-1000 type).
(i1) Na2S03 (9.5 g) is added thereto, and m xed for about i25m nutes to
dissolve. (iii) A prepared 0.1 nol/L Cu504 solution (4.75 m) is added to

t he aqueous solution of Na2S03 (CuSO4 concentration after the addition =
1x103 M, ; re i an. soluti ' L Jar y £ 1 mnute
(reaction ?Ir%%tll él_t%i'on?{.ﬁi%e?i \L?? IC%mr}r%ad&?lattstte%t{/l,n Oérhﬁg)_g\%f rteﬁécgfjsspoﬁeuﬁ%ﬁe
he fol | o5 Lo LT AoR alolte. SORITLIFY (U HHE daetiorsaiat  on
is stirred with a given rotation rate for a given tinmng, AO(=1.0 [M]). At
this tinme, "848 cerltQi ﬁr%ﬁlﬁkfléf‘gh?? is§l§F3é’élnéftF§ gbl?‘ﬁ%eﬁpﬁé’r BEVE he
vessel to ?Irevent decrease in_partial pressure of ox7yg<|en in gas phase in

aut ocl ave (&boGt-YS66Ls L) title coppPupd Mamosnsy di’s d9y asa eV g kB t he

solution of (v), and titrated according to the procedure of the follow ng
20(0)5 (tiVﬁ&ﬂﬁo§6v@ﬁdneTﬁeﬁpqﬁﬁﬁgt of dimer in the wet crystals was

 less than 0.1% by weight.
(2) Purification step
Wet crystals (127 kg as dry weight), activated
charcoal (6 kg, Shirasagi A: trade name) and methanol (1723
10 L) were mixed, and stirred for 1 hr under reflux, and
filtered. The filtrate and washings were concentrated under
reduced pressure, then, the residue was refluxed for 1 hr
and cooled. Water (306 L) was added thereto under cooling,
matured for 1 hr, and the precipitate was collected by
15 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-liquid overall mass transfer coefficient
was determined by Na,S0O; method.
20 1) Na»S0; method (sodium sulfite method)
(a) Principle
Sodium sulfite (Na,5803), in an aqueous solution
thereof, converts to sodium sulfate (NapSO;) by reacting
with oxygen which was incorporated from air. The reaction

25 rate is sufficiently fast compared to absorption rate of



(vii) Fromthe result of titration, oxygen absorption rate NA is cal cul ated
according to the follow ng equation. Here, F represents a factor of N 10

i odi ne solution reagent. N4- 0.1xF (T 4><I10x40TO 35 (c) Titration nethod
(method for titration of sodiumsulfite);31 (i) A 200 mM Erlenneyer
flask containing pure water (100 m, acetic acid-sodium acetate buffer*2
(10 M), and N 10 5i odi ne solution reagent (40 m) is prepared beforehand.
(ii) Sanple solution (10 mM) is added thereto gently. (iii) After about 5
mnutes, the sanple solution is titrated wth h{lgdSﬁdiun1thiosulfate

sol ution uSFHECHE st SPetPEbl ufPoR¥B (O s 31 nf§ G ShSIHurEaY or .S SF¥1:
Titration ﬁkinckgle is based on that. after oxidigin sul fite radical

exi sting i n"ERELEARDI EXYAM i W R H-PodFARES Rl $goPbaiiredi v
titrated with sodiumthiosulfate, and each step can be represented by the
fol | owi ng PEaEHF6RIf bRRUFARCEBEXPEaPT oG ISuEi PO iya] SaLfiNg2S03 + 12 +

H20 -. 2Nal + H2SO4
: Now, the gas-liquid overall mass transfer volume

5 coefficient Kra is defined by the following equation.

Na = Kpa (C*-C)

Since actually in this measurement system,
concentration of dissolved oxygen in the aqueous solution
of sodium sulfite can be deemed as 0, the following

10 equation is given.

Kra = Np/C*

On the other hand, solubility of oxygen in agueous solution
can be expressed by the following, using Henry's law.

C* = p/H

15 From these, Kia can be calculated.

In addition, symbols in the above equation have the

following meanings.
Kra: gas-ligquid overall mass transfer volume coefficient
[1/Hr]
20 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]

25 (b) Measurement method



titration of iodine: 12+ 2Na2S2032Nal + Na2S406 *2: 75 g of sodium
acetate (CH3000Na.3H20) is dissolved in 500 mM of aqueous acetic acid
(CH3COOH : H20 =1 : 2). 20 *3: 1.0 g of starch is scrubbed and nm xed with
10 mM of water, and the resulting mxturg, is fed into 200 m of hot water.
After boiling until this turns into semtransparent, it is left to cool.
36 (EB)-(1,6,7,8-Tetrahydro-2Hindeno[5, 4-b]furan-8- ylidene)acetonitrile
To a solution of toluene (184 g), 1,2,6,7-tetrahydro- 5

8H i ndeno[ 5,.4- k] f ur an- 8- o 8.5 0,..48. 9.mmol)) and_dieth
cyanonethyﬁﬁﬁo?%ﬁ%n%@géflggzggF§58??mﬁn§ 9uﬁgsvgg8gﬁ 8Fo%ﬁfge8§§@§%6&ium
nmet hoxi de | utjon in nmethanol (11.3 ver 1 hr_under i ce-cogoling, and
react ed fo?ﬁfu%ﬁsg4T§HJﬁ§réhﬁﬁé%% Eﬁg%tfoﬁ NAECGHALS éggﬁﬁfsgeﬁ§ﬁéﬁr(85
g), and 10 marneg, then the |layers were separated. The organic |ayer was
washed wi t A=iat’s pOQnHYPFPtered to renove dusts under pressurization. The
organi c | ayer was concentrated under reduced pressure, and to the residue
was added rethaNgeS@ndl Toncent Fatadriemderereuceanpriessedefes shbsati Lut e
the 15 solvent. After stirring for 1 hr under heating with reflux, the
sol ut Pon wagnesepetocaddsaatueced for | hr. The crystallization solution was

filtered, and the crystals were dried under reduced pressure to give title
conpound (dmpunt 28. brgpayieel d0 84. 4%41./I120CuSOs solution (4.75 ml) is

added to the aqueous solution of Na,S0; (CuSO, concentration

1x1073 M), and the reaction solution is

It

after the addition
stirred slowly for 1 minute (reaction initiation).
10 (iv) Immediately, 10 ml of the dissolution solution is
precisely sampled, and titrated according to the procedure
of the following (c). (titration volume = T; [ml])
(v) The reaction solution is stirred with a given rotation
rate for a given time A6 (= 1.0 [Hr]). At this time, a
15 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 200 ml/L).
(vi) 10 ml is precisely sampled from the solution of (v),
and titrated according to the procedure of the following
20 (c). (titration volume = T, [ml])
(vii) From the result of titration, oxygen absorption rate
Na is calculated according to the following equation. Here,
F represents a factor of N/10 iodine solution reagent.

0.1x F

=——— (T, ~T
4 4><10><A9(I 2)



Ref erence Exanple 7 (E)-2-(1, 6,7, 8-Tetrahydro-21-1-indeno[5, 4-b] furan- 8-
37 ylidene)ethylam ne hydrochl ori de I'CNEAI HC1 To a m xed

suspensi on of
(B)-(1,6,7,8-tetrahydro-2H ndeno[ 5, 4-b] f 4 an- 8-yl i dene) acetonitrile(10.0
0,50.7 5 mol) in toluene (37.5 nL) and nethanol (12.5 nL) were added
activated cobalt (7.22 g) and 14. 4% aqueous sol ution of potassium hydroxi de
(1.4 g), and stirred for 6.5 hrs at 34 to 50C under hydrogen atnosphere

(0.2 MPa). [The r. i sol Ut,i filter and .to.t.he filtrate were 10
added tol ue(ncg (ﬁla)tgr%_t)q&élnd mn;h%a%nmor{) %?dg serjcﬁécrrﬁtelcfrhe ?éyesr%d.“ﬁr} 5N
FNdFOCh|0rQ§]§§%Q)Q101 m.) was added to the organic layer, and stirred for
30 mi nutes “at %0 30C. Then, the | ayers were separated, and active
charcoal (1 .9) added to the aqueous | ayer, followed by stirring. The 15
active char(dgalAW%}Q ?Tgm};\f P YEY tfﬁé’ﬁioﬁot%adi%gar?ué@ué@ifse%oq RG an of
title conpound (246 g, Net 12.0 g, yield 99.6%, Exanple 2

20( S) - 2- (136 18- TEFFInyaFd I PREERSES, BUBfeGFfan-8L0 ml), and N/10

5 iodine solution reagent (40 ml) is prepared beforehand.
(1i) Sample solution (10 ml) is added thereto gently.
(iii) After about 5 minutes, the sample solution is
titrated with N/10 sodium thiosulfate solution using a
starch solution*® (0.5 - 1 ml) as an indicator.

10 *1: Titration principle 1is based on that after
oxidizing sulfite radical existing in the sample solution
with iodine, the remaining iodine is titrated with sodium
thiosulfate, and each step can be represented by the
following reaction formula.

15 oxidation of sulfite radical: Na,SO; + I, + H,0 — 2Nal +
H,S04 |
titration of iodine: I, + 2Na;S,03 — 2Nal + Na;S40¢

*2: 75 g of sodium acetate (CHzCOONa-'3H,0) is dissolved
in 500 ml of aqueous acetic acid (CH3COOH : H,0 = 1 : 2).

20 *3: 1.0 g of starch is scrubbed and mixed with 10 ml
of water, and the resulting mixture is fed into 200 ml of
hot water. After boiling until this turns into semi-

transparent, it is left to cool.

25 Reference Example 6



yl ) et hyl am ne hydrochloride 38 1) NaOH, toluene 2) H2, Ru-BINAP. 3) HCl
sq. 4) H2, Pd-C 5) n-BuOH, H20 To an aqueous sol ution of
(E)-2-(1,6,7,8-tetrahydro2H i ndeno[ 5, 4- b] f uran- 8-yl i dene) et hyl am ne
hydrochl oride (1979 kg, Net 122kg, 513 np}) were added toluene (532 L) 5
and 5% aqueous sol ution of sodi um hydroxide (456 L), and stirred. The

| ayers were separated, and to the organic | ayer were added net hanol (155
kg) and [Rud (bebzene) (R)- BINAP]C (894 g) under nitrogen atnosphere,
followed by_stirring at 80C for. 15_.hrs _under. -hyd n_at nosphere (4.9 10
MPa) . The #g c(ﬁdg’gé?ugﬁ ﬁa&ggrgog%e&Pd§ﬁ8[ﬁaﬁe%ﬁ%géﬁnLgnand concentrated
hydrochloriﬁ. cid %52.3 k%).ﬁpre added at bel ow 30C, followed by stirring
for 30 m nYteSCPERENCERBIFEYdFs were separated. The aqueous | ayer was
washed with toluene (195 L), and pH was adjusted to about 6.0 by adding 15
5% aqueous sol ution of NaCHi t 9°¥he aqueous |ayer (containing 5.0% of
conpound 11 5@©Pd-cﬂ?@6@6met, 9.7k asnadded thereto, and stirred at

60C for 6 { hydr @¥ERCAt nosp (449 MPa). The reaction m xture was
filtered, an it j around pH 6.0
MeONa
toluene, MeOH
THI ICN

To a solution of toluene (184 g), 1,2,6,7-tetrahydro-
5 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
10 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 methanol and
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 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%).
20
Reference Example 7

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



20 with 5% aqueous solution of NaOH or dilute hydrochloric acid, followed
by concentration under reduced pressure. The residue was recrystallized
fromm xed solution of n-butanol 39 and water to give title conmpound
(88.6 kg, yield 73.0% conpound (I11") ig5not detected, conpound (IV) is
not detected). In addition, the content of conpound (Il1l1") and 5 conpound
(V') (dimer) in the obtained crystals of the title conpound was determ ned
by HPLC under the follow ng condition. detector:ultraviolet

absorptio r I t r L o 220 nm 20col um: Devel osi

uG 3, 4. 6"'%]%0%%?%%3&02]1& qzo?rpéa ure gi ven tenperature around 25C
nobi | e phase: m xed solution of 0.1 nol/L potassium di hydr ogenphosphate (pH
3.0)/ et han (75 : _2R) 1bByaviNagedo

(1)(S)- N—[ (1\ 6, 7//8- Tetraﬁggh O%ghgnde o[ B, 4- If] f UR&FHC8-

2) HClag.

EAI-HCI

To a mixed suspension of (E)-(1,6,7,8-tetrahydro-2H-
indeno([5,4-b] furan-8-ylidene)acetonitrile (10.0 g, 50.7

5 mmol) in toluene (37.5 mL) and methanol (12.5 ml) 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 methanol (35 mlL) to separate the
layers. 0.5N Hydrochloric acid (101 mL) was added to the
organic layer, and stirred for 30 minutes at 25 to 30°C.

Then, the layers were separated, and active charcoal (1 g)

was added to the aqueous layer, followed by stirring. Th=

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

yield 99.6%).

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

yl)ethylamine hydrochloride



yfl et hyl ] propi onam de (S)-AIVH HCI 3) Pulverization To a m xed sol ution
of (S)-2-(1,6,7,8-tetrahydro-2H 20 indeno[5, 4-b]furan-8-yl)ethylam ne
hydrochl ori de (74 kg, 309 nol) in tetrahydrofuran (185 L) and city water
(259 L) were added 30% aqueous sol ution Qé sodi um hydroxide (70 L) 40 and
propi onyl chloride (32.8 kg), and stirred at roomtenperature for 1 hr. To
the reaction solution was added city water (592 L), and cool ed. The
precipitated crystals were collected by filtration, and dried under reduced
S5pressure to give title conpgy&%og78 0 kg, yield 97.4% . (ii) Purification
step The, crystaks (77. OHoGleRt ) _abtai nedin (i) were dissol ved
in mxed sadution (178" "RG) of2)et,hansINAend! puki fi &d wilt#C (10 : 1), and
active charcd 8 kg) was—3if—addect hy hen stirred for 10

m nutes, fol lYquet~by filtratidii{agshed wit &d solution (74 kg) of

et hanol and purified water ( 9 i A48 To thefiltrate was added water (588
L) under war mpxy.-RQo! ed, an Jkécprecipitggpgh&pygyals were col | ected by
filtration, which were dried?9 n-BuOH, H,0

To an aqueous solution of (E)-2-(1,6,7,8-tetrahydro-
2H-indeno[5, 4-b] furan-8-ylidene)ethylamine hydrochloride
(1979 kg, Net 122kg, 513 mol) were added toluene (532 1)

5 and 5% aqueous solution of sodium hydroxide (456 1), and
stirred. The layers were separated, and to the organic
layer were added methanol (155 kg) and [RuCl (bebzene) (R) -
BINAP]Cl (894 g) under nitrogen atmosphere, followed by
stirring at 80°C for 15 hrs under hydrogen atmosphere (4.9

10 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 layer was washed with

toluene (195 L), and pH was adjusted to about 6.0 by adding

15 5% aqueous solution of NaOH to the aqueous layer
(containing 5.0% of compound III'). 5% Pd-C (50% wet, 9.7

kg) was added thereto, and stirred at 60°C for 6 hrs under
hydrogen atmosphere (4.9 MPa). The reaction mixture was
filtered, and the filtrate was adjusted to around pH 6.0
20 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



15 under reduced pressure. The resulting crystals were pulverized with jet
ml| to give title conmpound (74.0 kg, yield 95.7% conpound (I) 0.02%
conmpound (I1) 0.06% conpound (I111) and (IV) less than 0.02% total

anal ogous material 0.08%. 20(iii) Analysis condition The content of
conmpound (I) to (IV) in the crystals of the title conpound obtained in (ii)
was determ ned by HPLC under the follow ng condition. detector:ultraviol et
absorpti onmet er (wavel engt h for 25neasurenent: 288 nr’r) 41 coI um: YMC- Pack

oDS- AM AM 1 § f act I

t enper at ur%g%gﬁl\g/)en ]Eeféom*n lY’Jer e)éalr%gﬁnaC ound %’gbl I e ei% uﬁ]x%ﬁ'

sol ution of 0l m)l /glghpsphat e Sbuffer gg /ace ni t ril 1)

B; mi xed soloﬁr‘lpogﬁ] motd L ShosPRaEE ﬁfféf TR 0) /Ié{cét oh?t rf??% (3 :

7) gradi entde%%récgl tion tinme(mn.) m)bl | e phase A

ed) .
In addition, the content of compound (III') and
5 compound (IV') (dimer) in the obtained crystals of the

title compound was determined by HPLC under the following
condition.
detector: ultraviolet absorptiometer (wavelength for
measurement: 220 nm)

10 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)

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

yl)ethyl]lpropionamide

O

1) 0
NHa-HCI ~A , NaOH, THF \)J\N

H i o

2) Recrystallization
(EtOH-H,0)

(S)-AMI-HCI

3) Pulverization

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

were added 30% aqueous solution of sodium hydroxide (70 L)



nmobi | e phase B 0 90% 10% 60 40% 60% 70 40% 60% 70.1 90% 10% 85

10

15

20

25

40

and propionyl chloride (32.8 kg), and stirred at room
temperature for 1 hr. To the reaction solution was added
city water (592 L), and cooled. The precipitated crystals
were collected by filtration, and dried under reduced
pressure to give title compound (78.0 kg, yield 97.4%).
(11) Purification step

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 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 following condition.
detector: ultraviolet absorptiometer (wavelength for

measurement: 288 nm)



90% 10% 10Resulting HPLC chart was shown in Figure 1. As obvious from
Figure 1, conpound (1) and (lIl1) were detected at each side of main peak of
(S)-N-[2-(1, 6, 7, 8-tetrahydro-2Hi ndeno[ 5, 4- b] furan-8-yfl et hyl ] propi onam de,
however, conpound (II11) and (1V) were eagh bel ow the detection limt 150f

| ess than 0.02% Industrial Applicability According to the process of the
present invention, by controlling the pH of reaction solution in
catal ytic 20reduction step and post-treatnent solution thereof, highly pure

P Y, SR8 S AR MU, AR, 850 1 D8R
(manufactured by YMC)
column temperature: given temperature around 25°C
mobile phase: A; mixed solution of 0.01 mol/L phosphate
5 buffer (pH 7.0)/acetonitrile (4 : 1)
B; mixed solution of 0.01 mol/L phosphate
buffer (pH 7.0)/acetonitrile (3 : 7)

gradient condition

time (min.) mobile phase A |mobile phase B
0 90% 10%
60 40% 60%
70 40% 60%
70.1 90% 10%
85 90% 10%
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[5, 4-b] furan-8-yl)ethyl]propionamide, however,
compound (III) and (IV) were each below the detection limit

15 of less than 0.02%.

Industrial Applicability
According to the process of the present invention, by
controlling the pH of reaction solution 1in catalytic
20 reduction step and post-treatment solution thereof, highly
pure optically active amine derivatives which are useful as

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



pharmaceutical raw materials can be provided industrially. 43 CLAI M

1. A process for producing crystals of (S)-N[2-(1,6,7, 8-

t et rahydr o- 2H i ndeno[ 5, 4- b] furan- 8-yl ) et hyl ] pr opi onanm de, 5conprising; step
(a): a step for propionylating the am nosgroup of (S)-
2-(1,6,7,8-tetrahydro-2H i ndeno[ 5, 4-b] furan-8-yl )ethyl am ne or a salt

t hereof obtained in the process which conprises step (i): a step for
asynmmetrically reducing (E)-2- (I 6,7, 8-

SR el e ‘?%%”‘ Ee R e 45 ng

the reaction product obtained in step (i) at a reaction tenperature of 40C
to 100C and pH about 6.0 with Pd-C catal yst; and 15step (b): a step for
crystallizing by addi ng aqueous solvent to the reaction solution obtained
in step (a). 2. Crystalsof (S)-N-[2-(1,6,7,8-tetrahydro-214-



i ndeno[ 5, 4- b] furan-8-yfl ethyl] propi onam de, wher ei neach 20 content of the
conpounds represented by the followng fornmulae (1), (1), (1Il) and (I1V)
is 0.15% by weight or less, and the total content of the conpounds
represented by the follow ng fornul ae gg) to (1V) is 0.2% by wei ght or
less. 44 (1V) 3.Crystalsof (S)-N-[2-(1,6, 7, 8-tetrahydro-2H

i ndeno[ 5, 4-b] furan-8-yl) et hyl ] propi onam de, wherein each content of the
conmpounds represented by the follow pgaf@gmulae (1), (I11) and (IV) is
0.15% by wei ght or less, and the content of the conpound represented by the

(o1 270y 00 Bethbh s 0 (an DOy teLgc 20980, 19, ot

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

5 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 thereof obtained in the process which comprises
step (i): a step for asymmetrically reducing (E)-2-(1,6,7,8-

10 tetrahydro-2H-indeno[5,4-b] furan-8-ylidene)ethylamine or a
salt thereof with Ru-BINAP 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
about 6.0 with Pd-C catalyst; and

15 step (b): a step for crystallizing by adding aqueous solvent

to the reaction solution obtained in step (a).

2. Crystals of (S)-N-[2-(1,6,7,8~-tetrahydro-2H-
indeno[5,4-b]furan-8-yl)ethyl]propionamide, wherein each
20 content of the compounds represented by the following
formulae (I), (II), (III) and (IV) 1is 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.

O

A

N
H




4. The crystals according to claim2 or 3, wherein the content of the
conpound represented by fornmula (1) is 0.10% by wei ght or |ess. 5 A
conposition conprising (S)-N-[2-(1,6,7,13-tetrahydro- 5

211-i ndeno[ 5, 4-b] furan-8-yfl et hyl ] pr opt onam deandt he conpounds represented
by the followng formulae (1), (I1), (Ill) and (1V), wherein relative to
100 parts by wei ght of

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

yl ) et hyl ] propi ongf de, each content of the conpounds 10 represented by the
fO0llowi ng formy [11) and (IV) is O to 0.15 part by wei ght
and the total content Yhpounds represented by the foll ow ng
formulae (1) to (1V) D.2 part by weight. 46 6. A conposition

conprising (S)-N-[2-(1,6 et rahydr o-
A
5
H T
(Iv)
3. Crystals of (S)-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

10
formulae (I), (III) and (IV) 1is 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
15 the folldwing formulae (I) to (IV) 1is 0.2% by weight or
less.
O

A

I=z

20 \\/J\

25




propi Onam de and the conpounds represented

2H i ndeno[ 5, 4- b] furan- 8-yl ) et hy ropi
1), (Il'l) and (IV), wherein relative to

I
by the following forrmulae (1), (
100 parts by weight of 5
(S)-N-[2-(1, 6,7, 8-tetrahydro-2H i ndeno[ 5 %- b] furan- 8-
yl ) et hyl ] propi onam de, each content of the conpounds represented by the
followng formulae (1), (Ill) and (IV) is O to 0.15 part by weight, and the
content of the conpound represented by the following fornula (Il) is 0.02
10 to 0.15 part by weight, and further the total content of the conpounds
represent et by T £6VPbAMLfig Fasiafdidw (F9 £dadmv) i er03to Wherpant thy
wei ght . (IVv) 47 7. The conposition according to claim5 or 6 , wherein
t he cont ertorgienthec it dnpo wrpepreseepeesayt ¢drioml fofmylas (D)t as001Qopart by
wei ght relative to 100 parts by wei ght of
(S) - N[ 2- (o, Bver, Bt et algmly 0- 211- i ndeno[ 5, 4- b] f ur an- 8-
yl )et hyl ] propi onam de. O B. The crystals according to claim2 or the
conposi ti on. acdoraimgpdict cdrai cepridind {S) prepar ed, o7 pscosBeRELakoscal e.

]
|

5

2H-indeno[5, 4-b] furan-8-yl)ethyl]propionamide and the
compounds represented by the following formulae (), (11),
(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

10
represented by the féllowing 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 to 0.2 part by weight.

15

.\\\\H 0]
(1)
20

25
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6. A composition comprising (S)-N-[2-(1,6,7,8~tetrahydro-
2H—indeno[5,4—b]furan—8~yl)ethyl]propionamide and the
compounds represented by the following formulae (I), (1I1),
(III) and (IV), wherein relative to 100 parts by weight of
(S)—N-[2—(1,6,7,8—tetrahyer—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.

(1Iv)
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1. 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~[2—(1,6,7,8—tetrahydro—2H—indeno[5,4—b]furan~8—

yl)ethyl]propionamide.

/;E\
ﬁ .\\\\ H O
(D)
8. The crystals according to claim 2 or the composition

according to claim &5, which is prepared on a commercial

scale.



