PROCESS FOR PREPARI NG OPTI CALLY ACTI VE TRANS- 3- PHENYLGLYCI DAM DE -
COVPOUNDS The present invention relates to a process for preparing
an optically active trans-3-phenyl gl yci-dam de conpound, and a process for
preparing an optically active 1,5-benzothi azepine derivative with using
the optically active trans-3-phenylglycidam de conpound. PRI OR ART

It is known that optically active 3-phenylglycidic acids or esters are
useful as internediates for preparing 1,5 benzothi azepi ne derivatives
havi ng various pharnmacol ogical activities such as coronary vasodil ating
activity, platelet aggregation inhibi torﬁ/ activit etc. and bei ng useful
as medi caments (cf. USP 4, 590 PREGESS FOR PREPARINGG so known that optically
active 3-phenylglycidic acid ester conpounds, especially (2S,3R) optically
active isoner ORFIGALLYaACTEVEERANSSB-PHENYLGLMCIDAMIDE COMPOUNDS cel|s
or treated cells of a mcroorganismhaving ability of asymetrically
hydrol yzing a (2R, 3S)-3-phenyl glycidic acid ester conpound to act on the
correspondi ng racem ¢ 3-phenyl gl ycidic acid ester conpound, thereby

hydrol yzi ng the (7he driseRPinveatiby rélsies 16 aiptoeess formepaing andpticaldy at i ng and
coll ecting the unhydiolyzed (2S,3R) antipode fromthe reaction mxture
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trans-3-phenylglycidamide compound.
PRIOR ART

It is known that optically active 3-phenylglycidic acids or esters are
useful as intermediates for preparing 1,5-benzothiazepine derivatives having
various pharmacological activities such as coronary vasodilating activity,
platelet aggregation inhibitory activity, etc. and being useful as medicaments (cf.
USP4,590,188).

It is also known that optically active 3-phenylglycidic acid ester
compounds, especially (2S,3R) optically active isomer thereof can be prepared
by permitting a culture broth, cells or treated cells of a microorganism having
ability of asymmetrically hydrolyzing a {2R,3S)-3-phenylglycidic acid ester
compound to act on the corresponding racemic 3-phenylglycidic acid ester
compound, thereby hydrolyzing the (2R,3S) optically active isomer thereof, and
isolating and collecting the unhydrolyzed (2S,3R) antipode from the reaction
mixture (EP-A-0417785).

BRIEF DESCRIPTION OF THE INVENTION

The present inventors have intensively studied an improved process for

preparing 1,5-benzothiazepine derivatives with using 3-phenylglycidamide

compounds instead of 3-phenylglycidic acid esters, and they have also studied



2 1n order to obtain an inproved process for . preparing an optically active
3- phenyl gl yci dam de conpourid from whi ch 1, 5- benzot hi azepi ne derivatives
can be obtained in the optically active formwhich is nore desirable.

An object of the present invention is to provide a process for preparing

an optically active trans-3-phenyl gl yci dam de conpound by treating the
correspondi ng racem ¢ trans- 3-phenyl gl yci dam de conpound of the foll ow ng

formula (1): [err] gwherein Ring Ais a substituted or
unsubstituted benzene ring, and Rerr] is a hydrogen atomor a |ower alkyl
group, with a m.roorgani sm having abili of referentially. hydrolyzing

one of the olfx9mIsEr 1Qoblan %’W@SH@‘?E@%& PTERAL gqns%méﬁqnﬂgacﬁﬁﬁ col | ecti ng

t he ot her antjpode which is not hydrolyze sai d,.m croorgani.sm Anot her
obj ect of t hBheydalyRidaptide FempALR fjrpm wfuf@a ﬁé—b&nﬁ%e%emer V3HEESRFAThg an
optically active 1,5-benzot hi azepi ne derivative by using said optically
acti ve transbaobtained igthe ppraeallyeactyehormn whichos mapnerdss | PTI ON OF

| NVENTI ON By the study of the present inventors, it has been found
that the desired Anabjtaesof thepresentiineention is 4¢ prexdde aprocess fenpreparing
reacting a 3-phenyl- glycidam de conpound wth a 2-am not hi ophenol
derivative, amoptcal]ysctivegtradse3-phemylghtcidamidatcomponnd biyatreating theat i on
reaction (Japanese Patent Application No. 35302/1996). Further, the
present i nvectmesponding oemit trivet3-pherylglycidemide componmd of thevfallowingy of
preferentially hydrolyzing one of (2S,3R) isoner and

formula (1):
WK
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wherein Ring A is a substituted or unsubstituted benzene ring, and R! is a

hydrogen atom or a lower alkyl group, with a microorganism having ability of
preferentially hydrolyzing one of the optically active isomers thereof, and
isolating and collecting the other antipode which is not hydrolyzed by said
microorgénism. Another object of the present invention is to provide a process
for preparing an optically active 1,5-benzothiazepine derivative by using said
optically active trans-3-phenylglycidamide compound.
DETAILED DESCRIPTION OF INVENTION

By the study of the present inventors, it has been found that the desired
1,5-benzothiazepine derivatives can be obtained by reacting a 3-phenyl-
glycidamide compound with a 2-aminothiophenol derivative, and subjecting the
product to intramolecular cyclization reaction (Japanese Patent Application No.
35302/1996). Further, the present inventors have found that some micro-
organisms show ability of preferentially hydrolyzing one of (2S,3R) isomer and

(2R,3S) isomer of trans-3-phenylglycidamide compound, and that the desired



(2R, 3S) isomer of -trans-3-phenyl gl yci dam de conmpound, and that the desired
3 optically active 3-phenyl gl yci dam de conpound can be prepared by
treating racem c trans-3-phenyl gl yci dam de conmpound with such

m croorgani sns to hydrolyze one of the optical active isoners, followed by
I solating and collecting the unhydrolyzed anti pode fromthe reaction

m xture, and they have acconplished the present invention.

According to the present invention, an ogtically active trans-3-phenyl -

gl yci dam de conpound of the formula (1): [err] wherein Ring Ais a

o a | ower AHbyHIg Ak SRBAREARIGe Eenplitl KT bhopryindy pteaRRg” o

3- phenyl gl yci dam de co un f.the. formul a Ia} wWith a.culture or treated
ol ture o FarABEpio B Racidide ompoBind s e B PPOERIRIS, 21 ng one
of (2S,3R) ,is r and (2R, 3S) i.soner.there fol,l owed hy isql ating and
col 1 coting IOREOR A $aE Of fo6 APUGA! AGBY oM dRHOMRA oY, eelanhs aR collecthg™ ™ 1y o
process of the present invention can be applied to any 3-phenyl -
gl yci dani de ‘BB#B@MEEHHN{] Mpode e the yeagopdnixtysengndithey Baveher an
unsubstituted benzene ring or a benzene ring being substituted by a | ower
al kyl  gr oupgccamphished the@reseniribygntion. a hal ogen atom The substituent on
Ring A includes, for exanple, nmethyl group, nethoxy group, etc. at the
4-position of thehcensdingrie the pgesemhinventien, an epticajlyoagiivedramsr 2phnylncl udes,
for exanple, nethyl group, ethyl group, isopropyl group or t-butyl group.
glycidamide compound of the formula (I):

QU

H o CONHR!

wherein Ring A is a substituted or unsubstituted benzene ring, and R! is a

hydrogen atom or a lower alkyl group, is prepared by contacting racemic trans-
3-phenylglycidamide compound of the formula (I) with a culture or treated
culture of a microorganism having ability of preferentially hydrolyzing one of
(28,3R) isomer and (2R,3S) isomer thereof, followed by .isolating and collecting
the unhydrolyzed antipode from the reaction mixture.

The process of the present invention can be applied to any 3-phenyl-
glycidamide compound of the formula (I) wherein Ring A is either an
unsubstituted benzene ring or a benzene ring being substituted by a lower alkyl
group, a lower alkpxy group or a halogen atom. The substituent on Ring A

includes, for example, methyl group, methoxy group, etc. at the 4-position of the
benzene ring. The lower alkyl group for R includes, for example, methy!l group,
ethyl group, isopropy! group or t-butyl group.

The starting racemic trans-3-phenylglycidamide compound (I} of the



The starting racem c trans-3-phenyl gl yci dam de conpound (1) of the

4 present invention includes not only a mxture of (2S,3R) isoner and
(2R, 3S) isoner at even ratio, but also m xtures of these isoners at any
ratio. The m croorgani snms used in the present invention include any
m croorgani sns having ability of preferentially hydrolyzing one of (2S, 3R
I soner and (2R, 3S) isoner of the racem c trans- 3-phenyl gl yci dam de
compounds (1), for exanple, mcroorganigns such as bacteria, yeasts,

nol ds, etc. Suitable exanples of the m croorganisns are, bacteria

bel onging to_the genus. Co nas, fhe_genus bact er nus
Rhodococcus Prefft g‘é‘fﬁﬁm&“ﬁqﬁa%ﬂ&& toé‘i)f a Pﬁép‘ﬁg Hﬁwgg 6%’5%‘?94“‘%&&’%@ genus
Fl avobact eri,um g/east s bel ongj ng@téo t he &}eernus Candi da, the genus
Rhodospor i dilSpfet #LVgBAa3o, b&‘gkf’ B of these I5emeEs fAYYPul a or the genus
Yarrow a, and nolds belonging to the genus Micor,  the ?enus Aspergil | us,
the genus Peni ci IThemigrporgapismeaised inthepresentdnyeation includeggyei f i ¢~ exanpl es
of such m croorganisnms may include, for exanple, bacteria such as
Comanonas adhitsoeiganismyiaeing sibey, ofprefesentiadly toxizolyzing onepblide iR
aquatilis OUT 8003, Rhodococcus sp. ATCC 15592, Arthrobacter paraffineus
ATCC 21219, isbmenard (2R,38pisamenofithe rataaic trasstphenylglhysidamide sompoyadse No.
35 (FERM BP-5289); yeasts such as Candida maltosa | AM 12247, Ditto JCM
1504, Candi d@), fior examipleshrrddegani§id SychGarteicttaiay yepstsamalds, @591 Suitzhleli da
tropicalis | FO 1401, Rhodosporidiumtorul oides |FO 0559, Rhodotorul a
gul utini s Oékafiigles of Neanicreurghrismelare bacteria tebongiag twtheagdnusol ytica | FO
0717, Ditto I FO 1209, Cryptococcus laurentii OUT 6027 (FERM P-14400);
mol ds such aSomareingis| thesgenus Achromobacter, the genus Rhodococcus, the genus

Arthrobacter, the genus Rhodobacter or the genus Flavobacterium, yeasts

belonging to the genus Candida, the genus Rhodosporidium, the genus

Cryptococcus, the genus Rhodotorula or the genus Yarrowia, and molds

belonging to the genus Mucor, the genus Aspergillus, the genus Penicillium or

the genus Aureobasidium.

Specific examples of such microorganisms may include, for example,

bacteria such as Comamonas acidovorans ATCC 11299a, Ditto IFO 13582,

Achromobacter aquatilis OUT 8003, Rhodococcus sp. ATCC 15592,

Arthrobacter paraffineus ATCC 21219, Rhodobacter sphaeroides ATCC

21286, Flavobacterium rigense No. 35 (FERM BP-5289); yeasts such as

Candida maltosa 1AM 12247, Ditto JCM 1504, Candida parapsilosis IFO

0708, Candida rugosa IFO 0591, Candida tropicalis TFO 1401,

Rhodosporidium toruloides IFO 0559, Rhodotorula gulutinis OUT 6152,

Rhodotorula rubra OUT 6158, Yarrowia lipolytica IFO 0717, Ditto IFO 1209,

Cryptococcus laurentii OUT 6027 (FERM P-14400); molds such as Aspergillus

oryzae IFO 5710, Aspergillus flavus YFO 5839, Mucor racemosus IFO 6745,

Mucor hiemalis IFO 6753, Ditto OUT 1047, Mucor janssenii OUT 1050, Mucor



oryzae | FO 5710, Aspergillus flavus |IFO 5839, Micor racenosus | FO 6745,
Mucor hiemalis I FO 6753, Ditto OUT 1047, Micorjanssenii OUT 1050, Muicor
5 circinelloides IFO 6746, Penicilliumnotatum | FO 4640, Aureobasi di um
pul | uhans | FO 6405, etc. These m croorgani snms can be used either wild
strains or nutant strains and those which are derived fromthese
m croorgani sns according to the biotechnol ogi cal manner such as gene
reconbi nati on and cell fusion. Eganpl es of the mediumfor culturing
the m croorgani sns include any nediumin which the above-nenti oned
m cr oor gant SBhchBllglSWECTBTAC AR Bium BBl Em IR0 BEAG ALELARL ST 2

.47 t0 715 % es e.d.” sacc e

medi um cont al ni ng of “’carbon sourc ar i such as

gl ucose, suc I es ni ci.d such [, aci . citric
acid, or alc ﬁ%@aﬁ%ﬁ@a@ﬁé‘ ?/tg'e(r)gl?e)%? @ﬁgo%g%m%rgs f.g‘%b%hgﬁewetrr‘g%‘gﬁgélggr ces
(e.g. inorganic al lum salf such. as_annoni sulfate.or _anmoni um

Chi or i do. o Bt B3R @ shosyhich ré HERYELE he R B0t BR st r act  or
casein hydrol yzate). reover, i f .necessary, an appropriate anoun an

i norgani ¢ saﬁ%/“'%@'@s tﬁgﬁﬁﬁmglééﬂ%@eﬁﬁp%ﬁ gg‘%offgé’m%jm%% @“‘i)?eq{:al ci um
salt and a npetal ion such as manganese or zinc nmay be al so present in the
medi um V\heﬁls&)’bynt hetic nediumis enployed, if necessary, it is effective
to add, for exanple, an amino acid such as proline or histjdine, biotin or
t hi ani ne, etc. | nExaaplesiofthe medinar forsaltpring the wicroorgamisens includganybl e oi | |
a racem c trans-3-phenyl - gl ycidam de conpound (1) and a surfactant can be
al so added amedinm i hich therabove-mensioped mricrworganssmiscamgiowy Eorexample,

enhance the enzyne activity. The nediumis preferably enployed with
adj usti ng t othere 6an be preferably used a medium containing 0.4 to 15 % of carbon sources

(e.g. sacchanide such as glucose, sucrose or molasses, organic acid such as
fumaric acid or citric acid, or alcohol such as glycerol), and 0.3 t0 2.0 % of
nitrogen sources (e.g. inorganic ammonium salt such as ammonium sulfate or
ammonium chloride, urea, peptone, meat extract, corn-steep liquor, yeast extract
or casein hydrolyzate). Moreover, if necessary, an appropriate amount of an
inorganic salt such as phosphate, magnesium salt, potassium salt or calcium salt
and a metal ion such as manganese or zinc may be also present in the medium.
When a synthetic medium is employed, if necessary, it is effective to add, for
example, an amino acid such as proline or histidine, biotin or thiamine, etc. In
addition, if necessary, 0.1 of 2.0 % of a vegetable oil, a racemic trans-3-phenyl-
- glycidamide compound (I) and a surfactant can be also added as an enzyme-
inducing substance or a defoaming agent to enhance the enzyme activity. The
medium is preferably employed with adjusting to pH Sto 7.
Cultivation after inoculation of the microorganism onto the above-
mentioned medium can be performed in a conventional manner such as shaking
culiure, aeration stirring culture, stationary culture and continuous culture.

Provided that the above-mentioned microorganisms can grow to produce



Cultivation after inoculation of the mcroorgani smonto the above-
nment i oned nmedi um can be perforned in a conventional manner such as shaki ng
culture, aeration stirring culture, stationary culture and continuous

cul ture. Provi ded that the above-nenti oned. m croorgani snms can grow
to produce 6 am dase, the
cultural conditions are not limted and may be sel ected suitably depending
on the kind of the nmediumor the culturale method. Cenerally, it is desired
to adjust the pH value of initial culture to 5 to 7, and carry out

cultivation at. 00 rature.or | R .

Ferper at ure AidgRe e SIRFT bRy RS uHRed A pal e SERMELmiBbY,
culture of the m.croorgani.s sed i,n the.pre ty ] Nt . any one
Whi ch can prORSREE SF i KA PSSRt OF of CIEM b BYET Qe 108,55

I somer of racem ¢ trans- 3- n | yei dam de co ungds ). Exanples of the
cul ture incl @@geﬁapt@awm&]ﬁ ‘éh% &ﬁé‘ﬁl“g CBBPTCSI%}%W’tBr@ C%Fyegﬁned culture

i ncl udes washed cells, dried cells, culéural ..supernatant, ground cells,

sel f - di gest eeRIHVadoR at FHOm: IMRETatyrg PLUR %fheé‘é?g’g%Fx‘Fﬂ eaB'g%@%ﬁﬁ?‘P%ed

m croorgani sm or part lally purified or purified enzyne obtained therefrom
accor di ng t oframc2d\fete ABHAI net hod. The viable cells or culture
supernatant may be obtained by centrifugation or filtratigon of the culture
broth which is prEhaculuteordrtated cultpreiof the migroorgspisams wseda the RraseRled
above. The washed cells are obtained by washing the viable cells with

sal i ne. The ihvieation ehdysbaany obe m}ﬁducmypmfeqeeuaglﬂmgymoéyﬁeeomeof 8 (BR.3Shashed
cells to Iyophilization, or acetone-drying. The ground cells are obtained
by treating isoaterandel (28,3R) isemerol metinic transk3-pheny glycidanside compenndy

met hods, for exanple, ultrasonic treatnment, french press, osnotic shock,
freeze-thaw (i), Examples of the culture include culture broth and viable cells, and the

treated culture includes washed cells, dried cells, cultural supernatant, ground
cells, self-digested product of cells, extract of cells of the above-mentioned
microorganism, or partially purified or purified enzyme obtained therefrom
according to a conventional method.

The viable cells or culture supernatant may be obtained by centrifugation
or filtration of the culture broth which is prepared by culturing the micro-
organism as mentioned above. The washed cells are obtained by washing the
viable cells with saline. The dried cells are obtained by subjecting viable cells or
washed cells to lyophilization, or acetone-drying. The ground cells are obtained
by treating viable cells or washed cells with various physicochemical methods,
for example, ultrasonic treatment, french press, osmotic shock, freeze-thawing,
grinding with alumina, treatment with a lytic enzyme, a surfactant, or an organic
solvent, etc. The extract of cells is obtained, for example, removing the solid
materials from ground cells by filtration, centrifugation, etc. The partially
purified enzyme or purified enzyme is obtained, for example, by fractionating

ground cells or culture supernatant by a conventional method (e.g. fractionation



grinding wwth alumna, treatnment wwth a lytic enzyne, a surfactant, or an
organic solvent, etc. The extract of cells is obtained, for exanple,
renoving the solid materials fromground cells by filtration,
centrifugation, etc. The partially purified enzyme or purified enzyne is
obt ai ned, for exanple, by fractionating ground cells or culture supenmatant
by a conventional nmethod (e.g. fractionation

7 with anmmonium sul fate, ion exchange chromatography or gel filtration
chromato- graphy, etc.), and purifying themw th using as an index the

ability of eferent.i al | drol vzi ' : R)
i soner of t t AOTHBENY S(Uf)a@’/ ion eﬁ'c%a{ig%?ﬁxgo&%o%ﬁpi%g'g \f;ﬁgﬁne C’}g‘ré)é?ecgt c.)
or treated culture of the presen i nyenti on may. bhe used ..t hout any
further tredIARIRG G} AD ngtagm WiRygrgi &t 1B e’kﬂlﬁ/\ﬂ”mﬁgds such as
t he net hods usjng pol yacryl am de, ijur-cont I Qi ol ysacghari de gel
(e.g. carrageekesen hyda&yamgmp@?ééﬁzg égsorg?rangr&g%ﬂég ,ergfgl'e, bef ore
use. Further, an enzynme obtained by purification from the extract of
ni cr obi al ceiompapd i nati on of known nethods can be also enployed.
The preferential hydrolysis reaction of the racem c trans: -pher% -
gl yci dani de conpdthedatiove avjtureneyiahie gellsnete.) onbgated crbure ahthspreseat
illustrated by the followi ng schenme. [err]

invention may be used without any further treatment, but may be also

immobilized by known methods such as the methods using polyacrylamide, a
sulfur-containing polysaccharide gel (e.g. carrageenan gel), an alginic acid gel or
an agar gel, etc., before use. Further, an enzyme obtained by purification from
the extract of microbial cells by combination of known methods can be also
employed.

The preferential hydrolysis reaction of the racemic trans-3-phenyl-
glycidamide compound (I) by the above-mentioned microorganisms is illustrated

by the following scheme.

H %5 “CONHR’ d “coon
O

H g CONHR!

’ \
“ h “
H %J CONHR' %5

H % COOH

(1A)

(IB)

wherein Ring A and R! are the same as defined above.



wherein Ring A and R err] are the sane as defi ned above.

8 That is, by using a mcroorganismhaving ability of preferentially
hydr ol yzi ng (2R, 3S) - 3- phenyl gl yci dam de conpound of racem c trans-3-phenyl -
gl yci dam de conpounds (1), there is obtained (2S,3R) optically active
conmpound (1A). On the other hand, by using a mcroorgani smhaving ability
of preferentially hydrolyzing (2S, 3R)-3-phenyl gl yci dam de conpound of
racem c trans-3-phenyl gl yci dam de conpognds (1), there is obtained (2R, 3S)
optically active conmpound (IB). According to the present process,

(e ydrolvst s oinb S5Ees AR hEIH R Epldachappunds (1) can
Compounde. (AR EE-ABe3S i BorEY i ptide Comtpound af3acaHsa R PR ¢ he
genor ai |y 0. BYE0uBNeSaRPARIGHD, Wt fePBingd 25 3RS SRcany BSVECQREoU M ¢ ne
reaction can_be carried out at roqQm tenperature %und r.... heati ng,

e

preferably a8A% Oorbeothaihand, bhvsing fsicparganism haying ahiliyeolip| y at a
tenperature from20 to 40[err]C._ During.the recggti,on, it is preferable to

adj ust the preferemtipllychydralyzing@S,30-3iphenylglyxcdamids apmpaund qf ragemisy| v 6
to 8. As the reaction mxture, an aqueous solvent such as water, a mxture
of wat er - di nieansy3-phenylglycidamide compounds (I), there is obtained (2R,3S) optically

active compound (IB).

According to the present process, the hydrolysis of the racemic trans-3-

phenylglycidamide compounds (I) can be carried out by permitting the culture

or the treated culture of the microorganism to contact with the racemic trans-3-

phenylglycidamide compounds (I) and incubating the mixture.

The concentration of the substrate: racemic trans-3-phenylglycidamide

compounds (I) may be generally 0.1 to 80 % by weight, preferably 0.1 to 20 %

by weight, and the reaction can be carried out at room temperature or under

heating, preferably at a temperature from 10 to 50°C, more preferably at a

temperature from 20 to 40°C. During the reaction, it is preferable to adjust the

pH value of the reaction mixture to 5 to 9, more preferably 6 to 8. As the

reaction mixture, an aqueous solvent such as water, a mixture of water-dimethyl-

formamide can be used, but from the standpoint of stabilization of the substrate,

the reaction can be carried out in a two-phase solvent system of an aqueous

solvent (e.g. water, etc.) and an organic solvent. The organic solvent includes,

for example, aromatic hydrocarbons (e.g. toluene, xylene, chlorobenzene, etc.),

halogenated or non-halogenated aliphatic hydrocarbons (e.g. isooctane, carbon

tetrachloride, dichloromethane, trichloromethane, etc.), acetic acid esters (e.g.

ethyl acetate, butyl acetate, etc.), ketones (e.g. methyl isobutyl ketone, acetone,



formam de can be used, but fromthe standpoint of stabilization of the
substrate, the reaction can be carried out in a two-phase solvent system
of an aqueous solvent (e.g. water, etc.) and an organic solvent. The
organi ¢ solvent includes, for exanple, aromatic hydrocarbons (e.qg.

tol uene, xylene, chlorobenzene, etc.), halogenated or non-hal ogenated

al i phatic hydrocarbons (e.g. isooctane, carbon tetrachloride,

di chl oronet hane, trichloronmethane, etc.)g acetic acid esters (e.g. ethyl
acetate, butyl acetate, etc.), ketones (e.g. nethyl isobutyl ketone,

acet one, et hers

" 9. etc.),
(oot but yRE NSRS (EgnkPutylmedy edisy diksonenpy! gtheryetc spsis i o
met hyl al cohol t | cohol, .n-propyl, al cohol , isopropyl, al.cohol, n-butyl
o cotol - ¢ < bl alcababieiu elconol, AREyt Hl6SHPlsispBioRy LAIeD b B et iy
| sobutyl ketone, nethanol, ethanol and carbon tetrachloride are re
preferabl e. alcohol, t-hukwh aloghol, &t | Amopg thesesplvgnisutoluene, methyldsehity of o
surfactant, the reaction is pronoted so that the reaction time is
shortened, aketongngthanel, ethangkand easbarptetraghloyidg @re mere preferable.
trans- 3- phenyl gl yci dam de conpounds is increased. The surfactant may be
cetyl pyri di ni um bWhendhe rezstiphtis cancied put imthei prasenioe ofiacurfapuing.ghély | ene
gl ycol, pol yoxyet hyl ene octyl phenyl ether, etc., and the anount of the

surfact ant i reaptiet &5 pioimoted so teat tegactiomtimets shorGer@d) and theayiold of 0. 1 % by
wei ght based on the reaction m xture. The optically active

t rans- phenyl désjmﬂdmﬁcdﬁﬁaoﬁwm-ﬁmhwgtydﬁdamide conipouadb yslinckeased can be
readily isolated fromthe reaction m xture by a conventional nethod. For
exanpl e, wheThé berfautalitahsbé cétglpsaidiniest taoinide) caylriatptieylumns@limant syst em

such as water-di met hyl formam de, one of the optically active

trans- 3- phenpicghide] payeaglcRElgesdpolyokyethpleyie edtydplenyhether, etc., and the
amount of the surfactant is preferably in the range from about 0.0001 to about
0.1 % by weight based on the reaction mixture.

The optically active trans-phenylglycidamide compound obtained by the

above hydrolysis can be readily isolated from the reaction mixture by a
conventional method. For example, when the hydrolysis is carried out in an
aqueous solvent éystem such as water-dimethylformamide, one of the optically
active trans-3-phenylglycidamide compound is hydrolyzed and then
decarboxylated to be converted into an aldehyde compound, which can be
further changed into a water soluble adduct by adding thereto sodium
hydrogen sulfite. On the other hand, the unhydrolyzed optically active
antipode is hardly soluble in water, and therefore, the desired optically active
trans-3-phenylglycidamide compound can be isolated as crystals from the
reaction mixture after hydrolysis by extracting it with an organic solvent such
as ethyl acetate, and concentrating under reduced pressure.

When the hydrolysis is carried out in a two-phase solvent system of a

water—orgapnic solvent, one of the optically active trans-3-phenylglycidamide



decar boxyl ated to be converted into an al dehyde conpound, which can be
further changed into a water sol uble adduct by adding thereto sodi um
hydrogen sulfite. On the other hand, the unhydrolyzed optically active
antipode is hardly soluble in water, and therefore, the desired optically
active trans-3-phenyl glycidam de conpound can be isolated as crystals from
the reaction mxture after hydrolysis by extracting it with an organic
solvent such as ethyl acetate, and concggtrating under reduced pressure.
When the hydrolysis is carried out in a two-phase sol vent system of a
}[A?;ﬁ;_ gr gﬁgh%@géﬁ%gﬁ%&ﬁgd tapxg rr%%}a{tgg 'u'uX the talql\lleeous layer, while the 10
conmpound i s hydrolyzeqd and mgrated into the aqueous .l ayer, while the
inhydr ol yzedutdTelyzeg oRUCAl A6HYS pRHROdE SATERANDG TERRATRS 1N fic B ani o
solvent, and therefore, the desired optically active conpound can be

i sol ated fr splvenle apd tharelore. the desieedippliallyractivg sompaund gap begispldtad ng t he
organi c |layer and concentrating under reduced pressure. . .The
optical |y acfrometherrgagtion minsura aftsrahe hytlralyss by colacungiheprganig)layarhys

obt ai ned can be converted into the correspondi ng (2S, 3S)-1, 5-benzo-

t hi azepi ne dend cen¢entrating tundef radwgtd peessuie. [err]
wherein Ring Bis a substituted or unsubstituted benzene ring, R2 is a
hydr ogen at om or The dptitallyeactiviektydns3-pbemydghycidaniigde cgnmqundrﬂgBNrr@A)\ is the
same as defined above, or the corresponding (2R 3R) -1, 5- benzot hi azepi ne
derivati ve ofhustdbtaihed rah &e(doviyverted into the corresponding (2S,35)-1,5-benzo-

thiazepine derivative of the formula (III):

g
N OH (I

1. O
R2
wherein Ring B is a substituted or unsubstituted benzene ring, R2 is a hydrogen

atom or a di-lower alkylamino-lower alkyl group and Ring A is the same as
defined above, or the corresponding (2R,3R)-1,5-benzothiazepine derivative of

the formula (V)

“10OH av)

wherein Ring A, Ring B and R? are the same as defined above, respectively, by

reacting it with a 2-aminothiophenol derivative of the formula (II):



[erir] wherein Ring A, Ring B and Rerr] are the sane as defined above,
respectively, by reacting it with a 2-am not hi ophenol derivative of the

formula (11): [err] wherein Ring B and R err] are the sanme as
defined above, followed by subjecting the product to intranol ecul ar
cyclization reaction. The reaction of the

(2S, 3R) - 3- phenyl gl yci dam de conpound (I A) or the

(2R, 3S) - 3- phenyl gl yci dam’'de conpound (I By with the 2-am nothi ophenol

derivative (I1) can be carried out in the presence or absence of an

appropriate iron catalyst (g.&ga. iron sulfate, etc.) in an organic sol vent
qu

(e.g. xylene, etc.). The~s ent intranol ecular cyclization reaction
can be carried out in tf{g presence or a@p)ence of an acid (e.qg.

met hanesul fonic acid, exc_Ain an organi ¢ solvent (e.g. xylene, etc.) at a
tenperature fromO to 250] er NHR Ring B of the 2-am not hi ophenol

derivative (whéreitsRihg B andR%dre\ke sameas definédsatzovies faltoweed by gubjecdng nay
optionally have a substituent selected froma |ower alkyl group and a

a6 e BT B e o Y i no) et hyl groub, et c.
The starting racefjreht@Rtsofmees BRI pheRIEIeidaaine ompohnd ¢BY) &rethe
(2R,38)-3-phenylglycidamide compound (IB) with the 2-aminothiophenol
derivative (I) can be carried out in the presence or absence of an appropriate
iron catalyst (e.g. iron sulfate, etc.) in an organic solvent (¢.g. xylene, etc.). The
subsequent intramolecular cyclization reaction can be carried out in the
presence or absence of an acid (e.g. methanesulfonic acid, etc.) in an organic
solvent (e.g. xylene, etc.) at a temperature from 0 to 250°C.
Ring B of the 2-aminothiophenol derivative (II) used in the above

reaction is a benzene ring which may optionally have a substituent selected
from a lower alkyl group and a halogen atom. The di-lower alkylamino—lower
alkyl group for R2 is, for example, dimethylaminomethyl group, 2-(dimethyl-
amino)ethyl group, etc.

The starting racemic trans-3-phenylglycidamide compound (I) can be
prepared, for example, by the method disclosed in USP 4959359, etc.

That is, racemic trans-3-phenylglycidamide compound (1) is prepared by

reacting a glycidic acid ester compound of the formula (VII):

o
CO,CH, (VID)

wherein Ring A is the same as defined above, with a compound of the formula

(Va):



prepared, for exanple, by the method disclosed in USP 4959359, etc.

That is, racem c trans-3-phenyl gl yci dam de conpound (1) is prepared by
reacting a glycidic acid ester conpound of the formula (VI1):

[err] wherein Ring Ais the sane as defined above, with a conpound of the
formula (VIII1): 12

[err] wherein Rerr] is the sane as defined above, in an appropriate
solvent (e.g. nethanol, tetrahydrofurang dinmethylformam de, toluene,

xyl ene, etc.), at a tenperature fromO to 100[err]C. Thr oughout the
cl ainms and specificati&n; he | ower abﬁig group neans a (err]-Cerr]

al kyl group and the | R | koxy gro ans a (Jerr]-Cerr] al koxy group.
EFFECTS OF THE | NVENTI ON According to the process of the present

I nventi on, | al: aGti.V, : - Dl L Gk Y ' und can be
obt ai ned as a\gp‘%g{daﬁs 1o?he'h\ld § a(|§udre|h§1 gﬁla?é‘é%ﬁfﬁé a@%ﬁrﬁﬁg‘é g%r%\(gi@%rgctrg%gem C

t rans- 3- phenyl gl ycj dam. d onpounds, i.p a single ste Therefore, the
process of t‘ﬁé&é%@gWW&V&WFO‘%”@%@%’“&W”?’%@H@W’&Il?’&?’ﬁ Yaftfgeous
process for preparing_ the opti %%I |y active trans-3- phenyl gl yci dam de
conmpounds. Bé@ﬂ?@?f%%@@r%%@q -the present invention, an optically
active 1, 5- benzotvg&aze | nethde):aly\r/xatrlgc\l/e’ \'Atgl %’h |a7@;1]sef ul lka% a ne%e(;!?srrgnt ,
can easily be preparoughoygt the clagms ped sprclacation, pwer alkyl group
trans-3-pheg&l | yci dam de conpound. Therefore, the process of the present

i nvention i kykgroupfand thelasyearalkexyogrobp an¢aps act k& alkoxy group.

1, 5-benzot hi azepi ne derivatives on an industrial scale.
EFFECTS OF THE INVENTION

((@}=

According to the process of the present invention, an optically active
trans-3-phenylglycidamide compound can be obtained as crystals of high purity
from the corresponding racemic trans-3-phenylglycidamide compounds in a
single step. Therefore, the process of the present invention can be an
industrially advantageous process for preparing the optically active trans-3-
phenylglycidamide compounds. Besides, according to the present invention, an
optically active 1,5-benzothiazepine derivative, which is useful as a medicament,
can easily be prepared by using the optically active trans-3-phenylglycidamide
compound. Therefore, the process of the present invention is also useful for
preparing optically active 1,5-benzothiazepine derivatives on an industrial scale.
EXAMPLES

The present invention is illustrated by the following Examples and
Reference Examples, but should not be construed to be limited thereto.
Example 1 .

An amidase producing medium (3 ml) (components: 2 % of monosodium
fumarate; 1 % of yeast extract; 0.2 % of ammonium chloride; 0.2 % of

dipotassium phosphate; 0.02 % of magnesium sulfate - heptahydrate; 0.003 %



EXAMPLES The present invention is illustrated by the foll ow ng
Exanpl es and Reference Exanples, but should not be construed to be limted
thereto. Exanple 1 An am dase producing nedium (3 m) (conponents:
2 % of nonosodium fumarate; 1 % of yeast extract; 0.2 % of ammoni um
chloride; 0.2 %of dipotassium phosphate; 0.02 % of magnesium sulfate -
hept ahydrate; 0.003 % 13

of iron sulfate . heptahydrate; 0.1 % of jgodi um chloride; 0.1 % of
[err]-caprol actam pH 7.0) is charged into a test tube (13 mm[err] x 120

| no&u?g'(tjezt :rﬁ Iﬁf‘?ﬁ i\?ﬁ agxyd{'pg?,ldoggo ﬁ?é%nm%ﬁ%%?mw‘égf g%gPléégaclkaznTabl e

1, and cultivation shak ng culture) is carried out_at 30[err]C£6)J
hours (for ba&"ép)mchaagedrlafonmamﬁs(lémm%égﬁ)}nmwamss%!aeﬁ@té £00

rpm To the culture broth (2.9 nl) thus obtained are added 1.0 M
Tris-HC  bufarek0 minates. olnto the megdivanis inoewntediagpiatinum daep of yarisus migei ¢
trans-3-(4-nmethyl - phenyl)glycidanm de (hereinafter, referred to as racemc

trans- MPGA, ofgamigms 3s listed ih Tableyl, and caltivadon K}M%)m(g ¢udture) islcaermasiowut abf
racem c trans-MPGA; 3 ng), and the mxture is subjected to hydrolysis with
shaki ng at 3B0°C fior 24 ha0fse(for] bacteria), 8e fdrawosdays (for yeastfheithahaking ay380ount
(mg) of optically active MPGA in each reaction solution is determned in
the fol | ow ngpmanner. Et hyl acetate (3 m) is added to the reaction
solution to extract MPGA. The ethyl acetate |layer (100 [err]l) is

collected and add¥d thecaltare brsthi(229 o) thusl obtdihed are added 1.0 M Tris-HCl

buffer (pH 7.0, 0.3 m}) and a solution ( 0.075 ml) of racemic trans-3-(4-methyl-
phenyl)glycidamide (hereinafter, referred to as racemic trans-MPGA, 40 mg/ml)
in dimethylformamide (DMF) (the total amount of racemic trans-MPGA; 3 mg),
and the mixture is subjected to hydrolysis with shaking at 300 rpm at 30°C for
24 hours.

The remaining amount (mg) of optically active MPGA in each reaction
solution is determined in the following manner. '

Ethyl acetate (3 ml) is added to the reaction solution to extract MPGA.
The ethy! acetate layer (100 pl) is collected and added into a mixture (2.9 ml) of
n-hexane and isopropanot (15:1). This sample is analyzed by high performance
liquid chromatography (HPLC) of CHIRALCEL OB-H (4.6 mm ¢ x 250 mm,
manufactured by Daicel Chemical Industries, Ltd.) and the remaining amounts of
(2R,3S)-MPGA and (2S,3R)-MPGA in the reaction solution are determined.
HPLC is carried out by using as a solvent a mixture of n-hexane:isopropanol
(15:1) at a flow rate of 1 mi/min. at 40°C.

The results are shown in Table 1. In Table 1, “Blank™ means the amount
of optically active MPGA in the reaction solution wherein the same procedures

were carried out without a culture broth of microorganism.



n- hexane and isopropanol (15:1). This-sanple is analyzed by high
performance |iquid chromatography (HPLC) of CH RALCEL OB-H (4.6 mm 0 x 250
nm. manufactured by Daicel Chem cal Industries, Ltd.) and the remaining
anounts of (2R 3S)-MPGA and (2S,3R)-MPGA in the reaction solution are
determined. HPLC is carried out by using as a solvent a m xture of
n- hexane:i sopropanol (15:1) at a flowrate of 1 m/mn. at 40[err]C.
The results are shown in Table 1. In Tabjge 1, "Blank" nmeans the anmount of
optically active MPGA in the reaction solution wherein the sanme procedures
were carried out without a culture broah ]gfl m cr oor gani sm

BblE Iy

14 T
The renai ni ng aonunt of Mcroor gani SOs
optically active MPGA (ng) The remaining amount of (2S, 3R)
i somer (2R, 3S) Mis@BRanisms Bl ank optically active MPGA (mg) 1. 28
1.28 Bacterium Comanonas aci dovor an > 9 :
<0.01 Achr cnphacter aquat ilis QJT 8003 ?ZQéES‘IS#II%g &R' 3SPIS§I¥‘CI 1.23
Rhodococcus sp. BEAKC 15592 0. 03 1.28 1. 11728
Art hrobact er pa@%@gﬂbs ATCC 21219 0.23 1.28 Rhodobact er
sphaer oi des AT .. 0.98 1.28 Fl avobacteriumri gense
NO. 35 Comamanas acidovorans ATCCA329%a ( FERM8AP- 5289) <0.0Yeast
g“g! ga ”F'ttOsaAkﬁer%sg%c‘}ez'aquatiiisOUTSOOB 0.17 035 0-19}1.23 candi
ndi danal t osa : : ndi da

parapsilosis IF gecus sp. ATCC 15592 - 0@397 Canﬁilaa rugosa | FO
0591 Arthrobabrer Baraffineus ATCC 2121904 O23di da tropiLagis |1 FO 1401
0. 37 . Rhodo el or ul oi | FO 0559 0. 57
0. 89 Rhodot 5?%49"2"86‘[ PR RTcE AT 633 55 128 ™4 09
Rhodot or ul a r ubFéavebii&iupsrigense NO. 35 0.51 084 0.9b28 Yarr owi a
| i pol ytica | FO (fBRM BP-5289) 0.82 1.03 Yar r owi a
lipolytica | FO 209 0.77 0.95 Exanple 2 Usi ng
t he sanme am dasé€, producing _nedium (pH 6.0) as used in Exanpl

Cahiae i 1AM 1258 (P ) 017 ™ §o1

Candida maltosa JCM 1504 0.83 1.15

Candida parapsilosis TFO 0708 0.14 0.92

Candida rugosa IFO 0591 0.18 1.04

Candida tropicalis IFO 1401 0.37 0.95

Rhodosporidium toruloides IFO 0559 0.57 0.89

Rhodotorula gulutinis OUT 6152 0.23 0.09

Rhodotorula rubra OUT 6158 0.51 0.90

Yarrowia lipolytica IFO 0717 0.82 1.03

Yarrowia lipolytica IFO 1209 0.77 0.95

Example 2

Using the same amidase producing medium (pH 6.0 ) as used in Example
1 except that 3 % glucose is used instead of 2 % monosodium fumarate, the
microorganisms as listed in Table 2 are cultured. The incubation is carried out
for three days (for molds), or for two days (for yeast).

To the culture broth thus obtained (3.0 ml) are added 1.0 M ‘Tris-HCl
buffer (pH 7.0, 0.3 ml) and a solution (0.075 ml) of racemic trans-MPGA (40
mg/ml) in DMF, and the mixture is subjected to hydrolysis at 30°C for 24 hours



| except that 3 %glucose is used instead of 2 % nonosodi um fumarate, the
m croorganisns as listed in Table 2 are cultured. The incubation is carried
out for three days (for nolds); or for two days (for yeast). To the
culture broth thus obtained (3.0 m) are added 1.0 M Tris-HCl buffer (pH
7.0, 0.3 mM) and a solution (0.075 m) of racemc trans-MPGA (40 ng/m) in
DMF, and the m xture is subjected to hydrolysis at 30C for 24 hours

15 wth shaking at 300 rpm The y®nmai ni ng anount (ngy) of the
optically active MPGA in each reaction solution is determned in the sane
manner as in Eﬁ(_larggi(e 1't3656 results are shown in Table 2.

Table 2 Wwith shaxing 4 Tpm. The remai ni ng anount

f M ' .. . ti. ti MPGA

?2 S, 3R) i cS:(r)(r)rg: g?g,kﬁgs EgaipingApount (mg) gf the opt1ca1]3(r) gctllgeaMﬁ/G Gn'each (M)
1.28 .1.28 ., . Mld . ergillus oryzae_.l FO 5710
0. 48 reaction sgjytion 1sl\&gg@p§pql f‘qu efs dgaqmb%ggggxampﬂ I’L The result) 3
0.81 Mucor racenpsus, |FO 6745 1.28 0.64
Mucor hi emal i areghpwaon7able 2. 1.32 0.18
Mucorj anssenii OUT 1050 1.48 1.12 Mucor
ci rcinel | oi des | FO 6746 1.31 Table2 1. 00 Micor hiemalis
| FO 6753 1.38 0.85 Penicilliumnotatum I FO
4640 0. 32 0. 86 Aur eTHeaemainitip amdubtéfans | FO 6405
0. 59 . 1.22. Yeast s Cr ypt oCajsticlly dcivé RIPGA (thg)T 6027
1.08 Micropiganisms cepv p- 14400) —Exa ﬂﬁ' , nas
aci dovorans ATCC 11299a is cul tured by usi n§2%88) womey o (@Re 3ShIBRIGE f | asks
(20 flasks) whergidt the sanme am dase produci ng gegi um 1.28

Mold ' :

Aspergillus oryzae IFO 5710 0.48 1.01

Aspergillus flavus TFO 5839 0.30 0.81

Mucor racemosus, TFO 6745 1.28 0.64

Mucor hiemalis OUT 1047 1.32 0.18

Mucor janssenii OUT 1050 1.48 1.12

Mucor circinelloides IFO 6746 1.31 1.00

Mucor hiemalis TFO 6753 1.38 0.85

Penicillium notatum IFO 4640 0.32 0.86

Aureobasidium pullulans TFO 6405 0.59 1.22

Yeasts

Cryptococcus laurentii OUT 6027 1.08 1.33

(FERM P-14400)

Example 3

Comamaﬁas acidovorans ATCC 11299a is cultured by using 500 ml
volume shaking flasks (20 flasks) wherein the same amidase producing medium
(100 ml) as used in Example 1 is charged, at 30°C with shaking at 140 rpm for
24 hours. To the culture broth are added 1M phosphate buffer (pH 7, 10 ml)
and a solution of racemic trans-MPGA (100 mg) in DMF (1 ml), and the reaction
mixture is incubated at 30°C with shaking at 140 rpm (total amount of

substrate: 2 g/20 flasks). After reaction for 1.5 hour, all reaction mixtures are



(100 mM) as used in Exanple 1 is charged, at 30C with shaking at 140 rpm
for 24 hours. To the culture broth are added 1M phosphate buffer (pH 7, 10
m) and a solution of racem c trans-MPGA (100 ng) in DMF (1 n), and the
reaction mxture is incubated at 30C with shaking at 140 rpm<total anount
of substrate: 2 g/20 flasks). After reaction for 1.5 hour, all reaction

m xtures are 16 conbi ned,
and thereto is added acetone (6 liters; ffge three-fold volune of the
reaction m xture). The m xture is stirred for 10 m nutes to give acetone

dried cells, el .0bt.aj re 4 Lyt ab i Lt using
celite. The c?xﬁlfr}e?t 84@ ﬁe@%ﬁaﬁ%@&g@jg%t@edg ﬁggsdglgeegx%c{-&lgﬁiﬁxﬁg 0 l#’Dve t he
acetone, and_th agqueo er._cont ai.ni 3R .-MPGA is extracted with
byl acet a stton HRRREF) TR Rix G Rifieltot £ mighe fEis pEhe BBbEssi Vel y
w th sodiumsulfite | utio 6.4, 600 ... a. saturated agquequs sodi um
chl ori de sol &% %n'h%%@%?sr*ﬂ)’,s ogﬁ%ﬁmog%%%ﬂtww USSR o ol ut i on
(pH 7-9), and_a saturated agueous sodium chloride solution (500 M x 3).
The et hyl ac&ltEdte 1§ spucentrated prier goducedTsiuEt o FRmMVESIE Acsioneaind theng
concentrated under reduced pressure. The resulting solid is dissolved in
tol uené (20@9veousdayeyojosiaining (EASRIOMRGA s extragiehwad etbykacetate 41-5r oom
tenperature for one hour, and then further allowed to stand at 4[err]C for

nore than twhtdrbulhe ethyd acetatedapeniamashed icerysivabwithr sadivmssulfite col | ect ed

by filtration. Yield of recrystallization: i i First cralstals
647 ny solution (pH Géca0{Hmt), usatirated aq@su? sagium chloride solution 1600 ml),
crystals 15.1 ny Total ly 761.8 ny

an aqueous sodium hydrogen carbonate solution (pH 7-9), and a saturated
aqueous sodium chloride solution (500 ml x 3).

The ethyl acetate layer is dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The resulting solid is dissolved in toluene
(200 ml) at 90°C. The solution is allowed to stand at room temperature for one
hour, and then further allowed to stand at 4°C for more than two hours. The
precipitated (2S,3R)-MPGA crystals are collected by filtration.

Yield of recrystallization:
First crystals 647 mg
Second crystals 99.7 mg
Third crystals 15.1 mg

Totally 761.8 mg
Isolation yield (%) of optically active compound: 76 %
The results of mechanical analysis:
IR (KBr) vmax: 3402.2 cm-1, 3200 cm-1, 1640 cm-!
NMR (DMSO): 2.30 (s, 3H), 3.47 (d, 1H, J=1.9Hz), 3.97 (d, 1H, J=1.9Hz),
7.15-7.33 (4H), 7.42 and 7.57 (sx2, 1Hx2)



| solation yield (% of optically active conpound: 76 % The results of

nmechani cal anal ysi s: IR (KBr) vmax: 3402.2 cnjerr], 3200 cnferr],
1640 cnjerr] NVR (DMSO : 2.30 (s, 3H), 3.47 (d, I H J=1.9Hz), 3.97
(d, 1H, J=1.9Hz), 7.15-7.33 (4H), 7.42 and 7.57 (sx2, 1Hx2)

17 MS (mz): 177 (M) Optical purity: 100 %e.e. (analysis by
HPLC using CH RALCEL OB-H) Mp. 176.5-177.5[err]C Opt i cal
rotation: [err] = +158[err] (c=0.50, nethanol) Exanple 4 In the

same manner as in Exanple 3, Comanonas aci dovorans ATCC 11299a is cul tured
wi th shaking in t%ﬁg} g?@e} R)é)ﬁduci ng medium for 24 hours. To the culture
broth are added 1 < dMlr £ er (pH 7, 10 M) and a solution (1 m) of
racem c trans-MPGA (100 ng) in DMF, and the mixture is incubated wth
shaki ng at 140 rp&pacalan{my:r](lﬁ T Hapalykisdly HRECrusing CHHIRAILCEL ©B-H)
collected at constant intervals, and the MPGA therein is extracted with

t he sanme vol une MpetlﬂﬁlS 4Z855%€e. The renmai ni ng anount of optically active
MPGA in each sanple is determ ned by HPLC anal ysis usi ng CH RALCEL OB-H.
The reaction is ceplicgCrofation? o}y = FPSE (RB0S0S hikiffan 2) . Lot A and Lot B,
and the change with tine of the remaining ambunt of (Z2ZS,3R)-MPGA and

(2R, 3S) - MP In each Lot is shown in Tables 3 and 4. In Tables 3 and 4, the
hydr ol ysi s Y /6 of the racemc trans-MPGA, and the optical purity of

(28 3R) - I\/PGA are also indicated. The hydrolysis ratio (C (% is calculated
In the same manner as in Example 3, Comamonas acidovorans AT

11299a is cultured with shaking in the amidase producing medium for 24 hours.
To the culture broth are added 1M phosphate buffer (pH 7, 10 ml) and a solution
(1 ml) of racemic trans-MPGA (100 mg) in DMF, and the mixture is incubated
with shaking at 140 rpm at 30°C. Each 2 ml of the reaction solution is collected
at constant intervals, and the MPGA therein is extracted with the same volume
of ethyl acetate. The remaining amount of optically active MPGA in each
sample is determined by HPLC analysis using CHIRALCEL OB-H.

The reaction is carried out on two reaction systems, i.e. Lot A and Lot B,
and the change with time of the remaining amount of (28,3R)-MPGA and
(2R,3S)-MPGA in each Lot is shown in Tables 3 and 4. In Tables 3 and 4, the
hydrolysis ratio (%) of the racemic trans-MPGA, and the optical purity of
(2S,3R)-MPGA are also indicated. The hydrolysis ratio (C) (%) is calculated

according to the following equation.

A+B

C% = [ l-—— ) x 100
AO + BO
Ag + By: The amount of racemic MPGA added as a substrate
A: The remaining amount of (2S,3R)-MPGA

B: The remaining amount of (2R,3S)-MPGA



according to the follow ng equation.

Blerr]:

The amount of
The. remai ni ng anount of (2S, 3R)- VPGA

of (2R 3S)- MPGA

[
B:

err]

racem ¢ MPGA added as a substrate

Alerr]
A:

+

The remai ni ng anount

18

Tabl e 3 The results in Lot A Reaction The
remaining ratio The renaining Hydrolysis time (h) of (2S,3R)-MPGA of
(2R, 3S)-MPGA ratio (% Optical purity j8tine (9
(9% (e.e. N 100
100 0 0 1 94. 7 0
52. 7 >99. 9 3 gable 3 0 57.2
>99. 9
The results in Lot B React i oW?Wé“V%ngr'ﬂH'gg ratio The remining ratio
Hydrolysis Opiical purjty tine (h)y of (2S 3R)-NMPGA  of (2R 3S).M
ratio (% e The remaining ratio 'U%remammg raio
100 Rea i | of (2S,3R)MPGA | of (2R 35)-MPGA | "I oﬁﬁ% ol
50 >¢o. " 3 (%) 87. 3 (%) 0 56. 4
>09. 9 Exangl'e 5q Fyd[orysi T racemc 0 0
trans- 3- (4- ngt hoxyphenyl ) gl yci dam de} (racemc trans- MOPGE): To an
ani dase prodyci ngymedi yim (cogppnentsf 2 % qf nonosjodi ¥4y 999

3 85.6 0 57.2 >99.9

Table 4
The results in Lot B
. The remaining ratio | The remaining ratio . . .
Reaction Hydrolysis | Optical purity

0 100 100 0 0

1 100 0 50 >99.9

3 87.3 0 56.4 >99.9

Example 5

Hydrolysis of racemic trans-3-(4-methox3.;pheny1) glycidamide (racemic trans-
MeOPGA):

To an amidase producing medium (components; 2 % of monosodium
fumarate; 1 % of yeast extract; 0.2 % of ammonium chloride; 0.2 % of
dipotassium phosphate; 0.02 % of magnesium sulfate - heptahydrate; 0.003 %
of iron sulfate - heptahydrate; 0.1 % sodium chloride; 0.1 % of e-caprolactam, pH
7) is inoculated Comamonas acidovorans ATCC 11299a, and the mixture is

incubated at 30°C with shaking at 300 rpm for 42 hours.



fumarate; 1 % of yeast extract; 0.2 % of amoni um chloride; 0.2 % of

di pot assi um phosphate; 0.02 % of magnesium sul fate . heptahydrate; 0.003
of iron sulfate . heptahydrate; 0.1 % sodiumchloride; 0.1 % of
[err]-caprolactam pH 7) is inocul ated Conmanpbnas aci dovorans ATCC 11299a,
and the mxture is incubated at 30[err]C with shaking at 300 rpmfor 42
hour s. 19 To the
culture broth (2.2 m) are added 0.4 M T s-HCl buffer (pH 7, 8 or 9, each
0.75 m) and a solution (0.05 m) containing racem c trans-MeOPGA (3 D)

0%, 1110 R S S oo TR 0.

t rQJct ed

%

with ethyl acet ate,’(S m), and‘ane(l)lda/ézjed by HPLC usi nqa CHI The
remai ni ng r a%ieach0.73md), axd)a sedatiann(OHmi heomdinIingFAETAIC LZang i ble 5.
Table 5 Renmaining ratio (% of each optical active IVEOD% at various PH
val ues mg) in DMPBand the mixture is incubated gt3@°C with shaking at 300 rpm 9

(2S, 3R) - (2R, 39)- (2S,3R) - (2R, 39)- (2S,3R) - (2R, 39) - i somer

i somer i soR®Eminutes.sonmer i somer i somer 44. 2 37.2

48. 6 40. 2 55.4 44. 4 Condi tions for HPLC anal ysis:

Col um: CHI RALCFhe MROPGA in tht esactiah aolutibnGs ektradted with ethyl aeatase(3t ur e:
40[err] C Det ection: 235 nm Sol vent : n- Hexane: isopropanol =
20: 1 ml), and analyzed by HPLC using CHIRALCEL OD. The remaining ratio of

(25,3R)-MeOPGA and (2R,3S)-MeOPGA is shown in Table 5.
Table 5

Remaining ratio (%) of each optical active MeOPGA at various PH values

pH7 pH 8 pHY
(2S8,3R)- | (2R,3S5)- | (2S,3R)- (2R,3S)— (_ZS,BR)- (QR,SS)—
isomer isomer isomer 1somer isomer isomer
442 37.2 48.6 40.2 554 44 .4
Conditions for HPLC analysis:
Column: CHIRALCEL OD
Flow rate: 1.0 ml/min.

Temperature: 40°C

Detection: 235 nm
Solvent: n-Hexane : isopropanol =20 : 1
Example 6

Microorganism producing (2S,3R)-3-(4-methylphenyl)glycidamide ((2S,3R)-
MPGA):
To a 500 ml shaking flask containing an amidase producing medium (100

ml/flask, components: 2 % of monosodium fumarate; 1 % of yeast extract; 0.2 %



Exanpl e 6 M croorgani sm produci ng (2S, 3R) - 3- (4- et hyl phenyl ) gl yci dani de

((25,3R - MPGA): To a 500 mM shaking flask contai ning an am dase
produci ng medium (100 m/flask, components: 2 % of nonosodi um fumarate; 1
% of yeast extract; 0.2 % 20

of ammoni um chl oride; 0.2 % of dipotassium phosphate; 0.02 % of nagnesi um
sul fate . heptahydrate; 0.003 %of iron sulfate . heptahydrate; 0.1 % of
sodium chloride; 0.1 %of [err]-caprojgctam pH 7) is inoculated Comanonas
aci dovorans | FO 13582, and the m xture is incubated at 30[err]C with

haki t 140 f br.ot h dded 1 M
hosphat o HAmBPRLHERlori: )% dinotassivmnoRhaer 129 o BatRySnscom o

t MPGA 0 nd th bat t.3 Cwth
shaki ng ats uié@erwmaretehw%;%ofexrons h%‘sr beBiaHOE a(fﬂfpfs#xﬁé{ Ui on (2

m) is extracted with ethyl acetate ,g , .and anal yzed by HPLC usi ng
CH RALCEL ahdoride;ftht % efrgrcaprjactam, pH 1sogemdmpd|\¢@waﬁaat( tzﬂdgmmnmA is
shown in Table 6. Table 6 Reaction
Renmi ni ng RO 13582, andetheinmixuge iaincabated at 30°C wighishdkisg at 140gm dat 24urity
tinme (2S, 3R)-i soner (2R, 3S) -i soner ratio (%
(e.e. 9 hdurs. 90.5 8.8 50. 3

82.3 Condi tions for HPLC anal ysi s: Col um: CHI RALCEL OB-H

Flow rate: 1. OTgkHdwulture broth are 28d@E1 M phosphtic buffe(pH 7, 10 ml) and a
solution (1 ml) containing racemic trans-MPGA (100 mg) in DMF, and the
mixture is incubated at 30°C with shaking at 140 rpm for 6 hours.

The MPGA in the reaction solution (2 ml) is extracted with ethyl acetate
(2 ml), and analyzed by HPLC using CHIRALCEL OB-H. The remaining ratio
of (2S,3R)-MPGA and (2R,3S)-MPGA is shown in Table 6.
Table 6

. Remaining ratio of | Remaining ratio of . . .
Reaction 2 2 Hydrolysis Optical purity
time 2s ,31%()7;1)somcr (2R,3§¢)%-,1)somer ratio (%) (e.e. %)

6 90.5 8.8 50.3 82.3

n}

Conditions for HPLC analysis:
Column: CHIRALCEL OB-H
Flow rate: 1.0 ml/min.
Temperature: 40°C
Detection: 235 nm
Solvent: n-Hexane : isopropanol =15 : 1
Reference Example 1
(1) A mixture of (2R,35)-3-(4-methoxyphenyl)glycidamide (1.93 g) and

xylene (15 ml) is refluxed under nitrogen atmosphere. To the reaction solution



Detection: 235 nm Sol vent : n- Hexane : isopropanol = 15: 1

Ref erence Exanple 1 (1) A m xture of

(2R, 3S) - 3- (4- met hoxyphenyl ) gl yci dam de (1.93 g) and xylene (15 nl) is

refl uxed under nitrogen atnosphere. To the reaction solution

21 is added a solution of 2-am nothiophenol (1.38 g) and iron sulfate .
hepta- hydrate (0.28 ng) in nethanol (0.2 m) inmediately after the
refluxing starts. After reaction at thez ane tenperature for 5 mnutes,
the reaction solution is cooled to roomtenperature. The reaction solution
I's subjected, to HPLC apalysis to confirmt¢ roducti on, of

3-(2-am noph@rﬁﬂdt‘-"ﬂiacfpllﬂlmr%ﬂwf‘@tbwpheﬂ@tﬂgﬁy&r@@!r?’b%g?@ﬁahﬁp&% (2.69 Q)
(threo/erythro = 91/9). The reaction solution is concentrated under
reduced presBydrate:(@. yin mpthanol (Dchml) immediately phier dheaeHUXDSSAS: ned | s
di ssolved with heating in ethanol (3 nl) and water (3 m). The solution is
gradual | y codifiedredctibn st thersamg temperasure] for  oningtess thel reaction solutiqms
precipitated crystals are collected by filtration. The collected crystals
are washed oodaled ke esbrd GeriperatuaeioThe acattionisethtion iS6bjected todBLCe
(2S,3S)-3-(2- am nophenyl t hi o) -2-hydroxy- 3- (4-nmet hoxyphenyl ) pr opi oam de
(0.84 g). analysib/te codfifin tHepduifon of 3-(2-dminophenyififiof-2HydroxystManol )
Condi tions for HPLC anal ysi s: Col um: WATERS PURESIL 5
[err] C18 12ﬁxeﬁld)@pﬂefgll)&ﬁpmﬂihmide (2.69 g) (threo/erythro = 91/9). Theareattimt ur ed by

Waters, Inc. ol vent : Acetonitrile: 10 nmM potassi um

di hydrogen solution is concentrated under reduced pressure to remove the solvent, and the
residue thus obtained is dissolved with heating in ethanol (3 ml) and water (3
ml). The solution is gradually cooled with stirring to 0°C for crystallization. The
precipitated crystals are collected by filtration. The collected crystals are
washed with iced 50 % ethanol, and dried at 50°C to give (28,3S)-3-(2-
aminophenylthio)-2-hydroxy-3-(4-methoxyphenyl)propioamide (0.84 g).

M.p. 110-112°C

[o)p25: +506° (c=1.0, methanol)

Conditions for HPLC analysis:
Column: WATERS PURESIL 5 1 C18 120 A (4.6 x 150 mm),
manufactured by Waters, Inc.
Solvent: Acetonitrile : 10 mM potassium dihydrogen
phosphate (pH 3) =30: 70
Flow rate: 1.0 mi/min.
UV Detection: 254 nm
Temperature: 40°C
(2) A mixture of (2S,3S)-3-(2-aminophenylthio)-2-hydroxy-3-(4-methoxy-
phenyl)propioamide (1.59 g), xylene (8 ml) and methanesulfonic acid (24 ml) is



phosphate (pH 3) = 30 : 70 Fl ow r at e: 1.0 mM/mn. w
Det ecti on: 254 nm Tenper at ur e: 40[err]C (2) A m xture of
(2S, 3S) - 3-(2- am nophenyl t hi 0) - 2- hydr oxy- 3- (4- met hoxy- phenyl ) propi oam de
(1.59 g), xylene (8 m) and nethanesulfonic acid (24 m) is

22 refluxed for 11 hours. The reaction solution is allowed to cool to room
tenperature with stirring. The precipitated crystals are collected by
filtration, washed with cold nethanol, %@d dried at 50[err]Cto give
(2S, 3S) -2, 3-di hydr o- 3- hydroxy 2 (4- met hoxyphenyl)- 1

, 5-benzot hi azepi n one 03- 205 err

[err]: +114. ﬁ?ﬁ}&e}i%&m hgursg; %%ﬁ?&leﬁqwfwlﬂowe to[cepg

(DVSO-d[err], [errg): 3.76 (3H s, 4.30 (1H dd), 4.74 (1H, d 5.05 (1H,
d), 6.87-7.6xmpavatuzg withgtigring.1he pyempltated crwﬁﬁalwp callﬂq:t@gi by filtaptien, >99. 9
e.e. % Conditions for HPLC anal ys CHI RALCEL OD
(4.6 x 150 niwashethwithaold methangl, and dned at 50°C to nge (ZS 3S)- 233dﬂwdro-3jhem cal

| ndustries, Ltd. Sol vent : n- Hexane: et hanol 85 15
Fl ow rat e: hydrouysz-ﬁ‘tmﬂmoxyphenyl)-lLﬁfbdnzcnbiazqvinA(SHammrﬁl 41 g
Tenper at ur e: 35[err]C Reference Exanple 2 (1)

(2S, 3R) - 3- (4- Met hM.pheRQ3295/€ dani de and 2- ami no- 5- met hyl t hi o-

[op23: +114.3° (c=0.5, dimethylformamide)
TH-NMR (DMSO-dg, 8): 3.76 (3H, s), 4.30 (1H, dd), 4.74 (1H, d), 5.05 (1H,

d), 6.87-7.62 (8H, m), 10.32 (1H, s)
Optical purity by HPLC: >999e¢.e. %
Conditions for HPLC analysis:
Column: CHIRALCEL OD (4.6 x 150 mm), manufactured by

Daicel Chemical Industries, Ltd.

Solvent: n-Hexane : ethanol = 85 : 15
Flow rate: 0.5 ml/min.
UV detection: 254 nm
Temperature: 35°C
Reference Example 2

(1)  (2S,3R)-3-(4-Methylphenyl)glycidamide and 2-amino-5-methylthio-
phenol are treated in the same manner as in }.{eference Example 1-(1) to give
(2R,3R)-3-(2-amino-5-methylphenylthio)-2-hydroxy-3-(4-methylphenyl)-
propionamide.

M.p. 145-146°C

{op?5: —410° (c=1, methanol)

(2}  (2R,3R)-3-(2-Amino-5-methylphenylthio)-2-hydroxy-3-(4-methylphenyl)-



phenol are treated in the sanme manner as in Reference Exanple 1 -(1) to
give (2R 3R)-3-(2-am no-5-nethyl phenyl thio)-2-hydroxy-3-(4-nethyl phenyl) -
pr opi onami de. M p. 145-146[err]C [err]: -410[err] (c=1,

met hanol ) (2)

(2R, 3R) - 3- (2- Ami no- 5- net hyl phenyl t hi 0) - 2- hydr oxy- 3- (4- met hyl phenyl ) -

23 propionamde is treated in the sane nanner as in Reference Exanple 1
-(1) to give

(2R, 3R) - 2, 3-di hydr o- 3- hydr oxy- 2- (4- net hyl phenyl) 8- nmet hyl - 1, 5- benzo-

el T ofﬁﬁﬁmﬁymde is reateghip The KRS TH0RE 4R10 Referece E@@Pﬁ%hﬁ% 2 (=1,
I 50 08 2 0 e e et S

ACT | VE TRANS- 3- PHE T‘# YCl DAM DE COMPOUNDS WHAT IS CLAI MED I S:

A process foﬂ“ﬁ?@ﬂ!& ?Qﬁ‘eoptl cally active trans-3-phenyl- glycidam de
conmpound, which conpri ses subé ecting a racem c trans-3-phenyl- glycidam de
conpound of the f Mipul 2 [err]

[0]p25: —129.2° (c=1, dimethylformamide)
TH-NMR (DMSO-dg, 8): 2.29 (3H, s), 4.29 (1H, dd), 4.67 (1H, d), 5.03 (1H,

d), 7.02-7.42 (7H, m), 10.20 (1H, s)



wherein Ring Ais a substituted or unsubstituted benzene ring, and R err]
Is a hydrogen atomor a |ower al kyl group, to optical resolution.

2. - A process for preparing an optically active trans-3-phenyl -

gl yci dam de conmpound according to claim1, wherein the optical resolution
is carried out by contacting the racem% trans- 3- phenyl gl yci dam de
conpound (1) wth a culture or a treat culture of a m croorgani sm having

ability of preferentially hydroppeeksd reRSrRPaARE2S, 3R) i somer or a (2R 39)
i somer of said racem c conpound (I? to hydrol yze one of these isomers, and

i solating and coll @ﬁﬁd&ﬂuﬁ Rerivih yRdveL Y Zeneith.y Calantsd icoReodRbs pode from the
reaction m xture. A process according to claim2, wherein the
m cr oor gani SMHATAS GWWDéSi ected from bacteria belonging to the genus
Comanonas, the genus Achronobacter, the genus Rhodococcus, the genus
Arthrobacter, t he genus Rhodobac‘ter or the genus Fl avobacterium yeasts
bel onging to the genus Candida, the genus Rhodosporidium the genus

Crypt ococcus, thel.genuﬂzs‘zﬁU of@rpreparirig & epydeallsactiver wamsa3-phedykol ds

bel ongi ng to the genus cor, the genus Aspergillus, the genus Penicillium
or the genUSglﬁéﬁﬂﬁﬁﬁ@&t&hymnd which cémprisés fubj&sting ARRefT bEns-3 -pHenyln 3,
wherein the mcroorganl shs IS a

25 nmenber EidhRidd EGipSEIPoNRafomsildQWor ans, Achronobacter aquatilis,
Rhodococcus sp , Arthrobacter paraffineus, Rhodobacter sphaeroides,

Fl avobacteriumrigense, Cgpdi da naltosa, Candl da parapsilosis, CancT da
rugosa, Candi da tropical

gulutinis, Rhodotorula rRh(C))(rjsrs)flgu)glcﬂ? ][O lrjle(rzlt ??S m’mmlﬂnﬂmuﬂllca

Aspergillus oryzae, Asperdfl |Iys avus, Micor racenpbsus* Micor M eral s,
H 0 CONHR!

wherein Ring A is a substituted or unsubstituted benzene ring, and Rl is a

hydrogen atom or a lower alkyl group, to optical resolution.

2. A process for preparing an optically active trans-3-phenyl-
glycidamide compound according to claim 1, wherein the optical resolution is
carried out by contacting the racemic trans-3-phenylglycidam.idc compound (I)
with a culture or a treated culture of a microorganism having ability of
preferentially hydrolyzing one of a (2S,3R) isomer or a (2R,3S) isomer of said
racemic compound (I) to hydrolyze one of these isomers, and isolating and
collecting the unhydrolyzed optical active antipode from the reaction mixture.

3. A process according to claim 2, wherein the microorganism is a
member selected from bacteria belonging to the genus Comamonas, the genus
Achromobacter, the genus Rhodococcus, the genus Arthrobacter, the genus
Rhodobacter or the genus Flavobacterium; yeasts belonging to the genus
Candida, the genus Rhodosporidium, the genus Cryptococcus, the genus
Rhodotorula or the genus Yarrowia; and molds belonging to the genus Mucor,
the genus Aspergillus, the genus Penicillium or the genus Aureobasidium.

4. A process according to claim 3, wherein the microorganisms is a



Mucor janssenii, Micor circinelloides, Penicillium notatum and

Aur eobasi di um pul | ul ans. 5. A process according to any one of
claims 2, 3 and 4, wherein the mcroorganismhas ability of preferentially
hydrol yzing a (2R, 3S) isonmer of the trans-3-phenyl gl yci dam de conpound

(r). 6. A process according to any one of clains 2, 3 and 4,
wherein the mcroorganismhas ability of preferentially hydrolyzing a
(2S,3R) isomer of the trans-3-phenylglyg am' de conpound (1). 7.

A process according to claim5, wherein the (2R 38) i somer of the
trans- 3- phenyl gl gm dam de compound (I) is (2R 3S)-3-(4-pethyl phenyl)-
gl yci dam de. member selggted frﬂnpﬂgwgsomwmwga%&q EPRRO ac‘ﬁ,ﬁéﬂéﬂ’ % he
(2S,3R) isoner of the trans-3-phenylglycidam de conmpound (I)
(2S, 3R) - 3- (4-Risrdesrygsespyl prth rgfqmrdamdﬁneus RhodOQaCterApbaor@éé@ accor di ng
to any one of clainms 1 and 2, wherein Ring A of the racemc
trans- 3- phenylr‘lgvtybaaimumengmmpﬂadd(da) madtoaab€nudide panagsilbiis,hCandida
optionally be substituted by a group selected froma | ower al kyl group, a
| over al koxy rygosp Eaddidahebpigetis, aRkodosporidium tdétuloidespRbodswritlar  prepari ng
a (2S,3S)-1, 5-benzat hi azepi ne derivative
26 of the fogulutinis( Rhbiotorula rubra, Cryptococcus laurémiiy Warrowia lipolytica,
Aspergillus oryzae, Aspergillus flavus, Mucor racemosus, Mucor hiemalis,
Mucor janssenii, Mucor circinelloides, Penicillium notatum and
Aureobasidium pullulans.

5. A process according to any one of claims 2, 3 and 4, wherein the
microorganism has ability of preferentially hydrolyzing a (2R,3S) isomer of the
trans-3-phenylglycidamide compound (I).

6. A process according to any one of claims 2, 3 and 4, wherein the
microorganism has ability of preferentially hydrolyzing a (2S,3R) isomer of the
trans-3-phenylglycidamide compound (I).

7. A process according to claim 5, wherein the (2R,38S) isomer of the
trans-3-phenylglycidamide compound (I} is (2R,3S)-3-(4-methylphenyl)-
glycidamide.

8. A process according to claim 6, wherein the (2S5,3R) isomer of the
trans-3-phenylglycidamide compound (I) is (2S,3R)-3-(4-methoxyphenyl)-
glycidamide.

9. A process according to any one of claims 1 and 2, wherein Ring A
of the racemic trans-3-phenylglycidamide compound (I) is a benzene ring which
may optionally be substituted by a group selected from a lower alkyl group, a
lower alkoxy group and a halogen atom.

10. A process for preparing a (2S,3S)-1,5-benzothiazepine derivative
—

Y g



wherein Ring Ais a substituted or unsubstituted benzene ring, Ring Bis a
substituted or unsubstituted benzene ring, and R2 is a hydrogen atomor a
di -. | ower al kylam no-1ower al kyl group, or a (2R, 3R)-1, 5-benzot hi azepi ne
derivative of the formula (I1V): [err] wherein Ring A, Rng B and
Rlerr] are the same as defined above, which conprises reacting the
optically active trans-3-phenyl gl yci dam de conpound obtained in claim1l or
2 wth a 2-am not hi ophenol derivative of e formula (11):

SH NHR2 wherein Ring B and R2 are the sane as
defined above, | owed subjecting the product to intranol ecul ar
cyclization ﬁgékﬁ* m? aﬁ¥

g

| 0
R2
wherein Ring A is a substituted or unsubstituted benzene ring, Ring B is a

substituted or unsubstituted benzene ring, and R2 is a hydrogen atom or a di-

lower alkylamino-lower alkyl group, or a (2R,3R)-1,5-benzothiazepine

derivative of the formula (IV):

-«“10OH av)

' o

R2
wherein Ring A, Ring B and R? are the same as defined above, which comprises

reacting the optically active trans-3-phenylglycidamide compound obtained in

claim 1 or 2 with a 2-aminothiophenol derivative of the formula (II):

SH

NHR?

wherein Ring B and R2 are the same as defined above, followed by subjecting

the product to intramolecular cyclization reaction.

) ) OV



