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bROCESS FOR PREPARI NG OPTI CALLY ACTI VE TRANS—3 SUBSTI TUTED
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The . -present invention relates to a process

optically active trans-3-substituted 1gl ycidi e
particularly, the present invention g rel ates a process for,
preparing optical isonmers of trans-3-(substi tut ed or foss

unsubstituted phenyl)PROCESS FORi BREPARENGEOPTIOALLYaACTUVESf ul as 1Y
internediates for the s) > COH TR d the
NSL3-supSTITUTED "BEPEINIC ACRIBSIER: oo " he

use of the optical et -6
chem cal nanme of whi ch IS (2S, 3S)-3-acetoxy-5-[

2- (di net hyl am no)ethyl | -2, 3- BACKGRO OF THE NTION
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for.the treat npRdpingngi "@ptléall?eCt Qttive eStRitid-B-subvbrRuteds! Ofglycﬂﬂd
the like (Merg ndex,

pr epar ati on ofaq}hl ti & con\%ﬂ’f‘? on@a%ﬂ:ulaﬁw)nomﬁhe j spresgnt br&%géhon
wherei n rdenfraelatés ante 3- @4- processt hﬁonyphpngpa.lglngm dpticaci dsomersr 0|fs

used as the ﬁIaQ{sthD.QSaBgEl@H{;@d' aIor anﬂnst?ﬁstle 8}1%5%)%&8@1(: | aa

carried out at St age
in Japanese estepst ewhichplareat u%@fllkok@(ulwlﬁ‘éqﬂQ foro . thes. im@@ﬂ&nd

No. 61-52142. of pharmaceutiéalsOcompdundsP’ afbS the Utised of a&he (©OPfical
35)-3-(4- 25 et hosyphenyl )glycidic acid nethyl ester obt ai ned by

opti cal r esol 0 * of the racemc trans-glycidic acid ester is
. proposed fd} the pr eparBllrtmem dibydrachioride, thepanchemizal entname of
Publ i cation Ko 6y 137(9s, 3S)—3-:r1cetoxy—5 243 dim¥ i y1aino RitdAF-26 3~

BRI oo R e al oty R i
investigated hypdrodldoridet arise, apr giteasesceuticals wentpoune beidelyar esed
proposed: . f2) 2 RLAGHEF CRARhEF' Blod¥dl C¥F! Vhd 2¢£Mthnddt2 oF 3 drifina
15 pectoris, essential hypertension and the like (Merck
Index, XII Ed., page 541).

For the preparation of d11t1azem conventionally
known is a process wherein racemic trans—3—(4—
methoxyphenyl)glycidic acid ester is wused as the starting

‘ae i79>20 material and an optical resolution is carried out at a
P G '_'_la:cer stage in the  -synthesis, as disclosed in Japanese
o et e Patent Publication Kokoku No. 46-16749, No. 53-18038 and

<o Now61-52142. |
) Also, a  process using a (2R 3S)-3-(4-
25 methoxyphenyl)glycidic acid methyl ester obtained by
optical resolution of the racemic trans—glycidic acid
ester is proposed for the preparation of diltiazem in

Japanese Patent Publication Kokai No. 60-13776.
Thus, various processes for the preparation of
30 optically active ..  trans—3—(4-methoxyphenyl)glycidic acid
esters have been 1nvest1gated and, for instance, processes

as mentioned below are proposed:

(a) a process comprising - hydrolyzing racemic trans—3-(4-
methoxyphenyl)glycidic acid methyl ester to form an
35 alkali metal salt, forming its diastereomeric salt
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met hoxyphenyl )glycidic acid nethyl ester to form an 35 al kal i
netal+ salt, formng its diastereoneric salt

- 2- W th an optically resolving r eagent such as
(-3-[err] -nmethyl benzyl am ne, resol wing ~the sal t and

esterifying again the obtained optically active salt

(Japanese Patent Publication Kokai No. 61-145174 and 5 No.
2-231480), (b)witlprocass caspticallyg ceedobiingg a remgeabs reachi on as

Such as oLy Fany ety R aAnE Y TR Sing Jfggféﬁ Bl
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2-17169), (c) rrprl si ng enzymatlc y and asymretrica
hydr ol yzi ng5 ‘%%) |8§ racemc

trans- 3-(4- net(fhx)xya)heprbc)@s/mcbmpnsmgd condubting esteDaftdens reavtion

recoverin t he r | 'S an

bt 1 cat 1 on Kokai S 5. 1EbURRcERE  RIB) | cs18P " abing | an,, a8FEetzic
(d) a process é&ster theresld‘eqﬁrret such syrashesi s(*)-sfenthyl GZRUP,
3S) - 3- (4- et hoxyp"@m‘b)-ﬁh%ﬁyﬁiy‘éloh rodp! hybr20 (-)- 8-fiéiylmenthyl
co risin subj ect’i n te nnany c eSt er
o Ba UMk dac) GEFOUS t T eeranisaidehyde o) apanespnBareRt o draRjcation
give an optical | y Kekaiv®No. 61-268663) m\dzemm@:tamb Ndue 2e18169%

0/ 00428 and 48§ BEPESPL0 ?@%ﬁﬁaﬁ% g'ﬁ“@%ﬁsﬂggﬁt %&?"”%"“" "étﬁ‘?ﬁag“y

subjecting (25, 3mydrelyging in “racemic
trans- 3- (4- met hoxyirigh@rgHl f+metHoL éﬁ‘yl')gl}?&&llc acid est ﬁ{eth‘?'lenzméfc
asymetric transesterification wt -%gxﬁ d

(2P, 3S) - 3-(%- net h helS19YG 328 di £7%0 rema“‘&{!%d 13y ?Qﬁaﬁ%%e

Patent Publ i cati dfatextkaPublication N¢okai- 2Ne092-409995. asndsNw) .3-15398
and WO 90/04643),
(d a process for the asymmetric synthesis of
(2R, 3S)—3-(4—methoxyphenyl)glycidic acid methyl
20 ester comprising subjecting trans—4—-methoxycinnamic
acid methyl ester to osmium oxidation in the presence
of an asymmetric catalyst to give an optically active
diol and subjecting the diol to intramolecular ring
closure to give the desired compound (WO 89/02428 and
25 WO 89/10350), and
(e) a process comprising subjecting (2S,3R)-isomer in
~ racemic trans—3—(4-methoxy-phenyl)glycidic acid methyl
ester to enzymatic asymmetric transesterification with
butanol to give (2R, 3S)—-3~(4-methoxyphenyl)glycidic
30 acid methyl ester (Japanese Patent Publication Kokai
No. 4-228095 and No. 6-78790).

It is also known that some 1,5-benzothiazepine
derivatives other than diltiazem have excellent
pharmacological activities. For instance, Japanese

35 Patent Publication Kokai No. 60~202871 discloses that
benzothiazepine  derivatives having a reverse absolute
configuration of diltiazem at the 2- and 3-positions
have platelet aggregation inhibitory activity and the



It is also known that sone 1,5-benzothiazepine derivatives ot her

than * diltiazem have excel | ent phar macol ogi cal activities.

For I nstance, Japanese 35 Patent Publication Kokai No. 60-202871
di gcl oses that benzot hi azepi ne derigvati ves havi ng a reverse
absol ute configuration of diltiazem at the 2- and 3-positions
have pl atel et aggregation inhibitory activity and the

- 3- i ke.like. | t S al so known that .(2S,
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glrald y asynwe?%%l Pﬂ?‘bllcag{%ﬂ{o&aﬂ em$‘f3# r}isgggsn‘n (2S, 3R)-isoner

therein wth butanol JapaneseverRatgnt t Ru mahtomnsléekaru fNed 8259552
39) - 3- (4- met hqgy I )glayC| cegé:l d f t hy taﬁﬁﬁﬁr 383115 i %gfe’f‘scal by
transester, y| n tr sest rifj .Br uct e}%y

3R) - 3- (4- 'e' 37'(‘} gqqu ey g cd¢ig meig lcon\ﬁ‘éﬁtﬁrl nt #t he
cor r espondi ng mgﬂ'hylopm:at p1|1r1ty from r&amaeee bipat @mzynat?d:albatlaﬁd
Kokai  No. scl os ess or

crystals %&%%? chg'g? [ soneﬁ%nsegtecﬁlfﬂr%c thé (§§ ﬁt) YiSSmer

trans- 3- (4- rretﬂhﬂl‘ﬁphenym yci bkanol, adTestOVﬁEmg/l ddeer umﬁranﬁﬁehfne@
an _equi nol ar (mgsyﬁa @J—methd:&%he?@l g1§e aa%icl (%ﬁet -lé@ﬁ t

(2R, 39)- | sol vent

addi ng @%&Céﬂm nte P &stera%yﬁ/’lg( Wterd produc%
crystall | zi ng idk, (2RS, 38)—33(Amethqujhérwl)glwldl@ acidst abutyk  ester
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Japanese Patent Publication Kokai No. 4-217969
discloses a process for obtaining crystals of
20 (2R,3S)~isomer of trans—3—(4—~methoxyphenyl)glycidic
acid methyl ester by dissolving an equimolar mixture of
(2R,3S)—isomer and (2S,3R)-isomer and (2R,3S)-isomer in
t-butyl methyl ether solvent under heating, adding a
crystalline seed of (2R, 3S)—isomer, and crystallizing
25 (2R,3S)—isomer, thereby giving crystalline (2R,3S)-isomer
in an amount slightly larger than that of (2R,3S)-isomer
initially dissolved together with the equimolar mixture.
Also, Japanese @ Patent  Publication Kokai No.
5-301864 discloses a process for obtaining crystals of
30 (2R,3S)-isomer of trans—3—(4-methoxyphenyl)glycidic acid
4—chloro—3—methylphenyl ester by thermally dissolving an
equimolar mixture of (2R,3S)-isomer and (2S,3R)~isomer,
and the (2R 3S)-isomer in tetrahydrofuran, adding a
crystalline seed of (2R, 3S)—isomer, and crystallizing
35 (2R,3S)-isomer at 30C, thereby giving crystalline
(2R,3S)~-isomer in an amount slightly larger than that of
(2R, 3S)~isomer initially dissolved together with the
equimolar mixture.



initially dissolved together with the equi nolar m xture.

Al so, * Japanese Pat ent Publ i cati on Kokai No. 5-301864

di scloses a process for obtaining crystals of 30 (2R 3S)-isoner of
t r-ans- 3- (4- net hoxyphenyl ) gl yci di ¢ acid 4  -=4-chloro-3-nethyl phenyl ester
by thermally dissolving an ~equinolar mxture of (2R, 3S)-isoner and
(2S, 3R)-isoner, and t he (2R, 3S)-isonmer in tetrahydrofuran,
adding a cryst al | i Rartlsered JaphneséZRPa’tSjm sdublicatiamnd Kokai  No.

crystalline  £750553 SAUSUSGER a % prockise! fork ghq‘?t% B2 (2R 35) ifper
(2R, 39)-i sone@f |nttm1%r(4-me§,b@xyphenyl)ggm1 \mud tihethyl ecestevl ar

m xture. ir mixture - 4- EZR 3S)—-isomép' U h&ﬁd
Japanese e&zﬁi Egbl | catlon Ko ai  No. 5955 EI scl oses PE/‘I«:‘) ess

for obt ai n| T)SOMeIher DY of enzymatic y phe$ymyg
acid net hyl tiegisesterifyinggm  zhe equ(:rs;l:m)—xsmeﬁ ure thefein w1th

2R, 3S b zyrra Lcal l
gsym’re% r : igln}ar a%ﬁr ansg‘éfﬁr | f?%lhésonﬁhglar y(lé%ﬁ%BR) omer()2S ?ﬁgd‘%}ﬁ!ﬂ
with but armSter/(ES,laR)"md’thy isr af/i®/1, ofand ( zsystallizingy| the
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Thus, despite the fact that (2R, 3S)—3-(4-

methoxyphenyl)glycidic acid methyl ester is scarcely

20 transesterified in this transesterification reaction and
the transesterification conversion rate of the
(25,3R)-isomer is  high, the yield of (2R,3S)-3-(4-
methoxyphenyl)glycidic = acid methyl ester obtained in
the form of crystals is not satisfactory.

25 It is an object of the present invention to
provide a process for optically resolving
trans—3—(substituted or unsubstituted phenyl)glycidic - acid
esters in a simple manner in a high yield and in high
optical purity.

30 A further object of the present invention is to
provide a process for crystallizing a desired optical
isomer of trans—3—(substituted or unsubstituted

phenyl)glycidic acid ester from a solution containing a
mixture of optical isomers thereof in high purity and in

35 a high yield since the desired optical isomer can be
crystallized up to the extent that the concentration of
the desired optical isomer remaining in the mother liquor
is extremely low as compared with known processes.



(2S, 3R)-isonmer is high, the yield of (2R 3S)-3-(4-

met hoxyphenyl)glycidic acid nmet hyl ester obt ai ned I n the form
of crystals is not satisfactory. 25 It is an object of the
présent invention to provi de - aj - process for optically
resol vi ng trans-3-(substituted or unsubstituted phenyl ) gl ycidic
aci d esters in a sinple manner in a high yield and in high opti cal
purity. 30 AAf ustiler foubtker obbjebt poﬁsdrhe i presenbn irivsenltinn
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j[ n hi ght pur :c ty from af r'PRES Ofand5t61:P£é1U: ® th%n ?f‘z%t@it@';]' rﬁr?fﬂ”eiﬁ‘}éhttmrtl
ransester,fi no e up.to fhe exten a e concentration
of the lodesW’f] 99&@ c?é:qur§8ﬁg om Lhe q’rﬂf‘h&r liquor is

extrenely | ow as conpared wi th known processes. These and

other objects of the present i MIT &; ’I‘ﬂE‘ IIWparent fromthe

description hereinafter, THE_ | NVENTI ON
It is found by the invelftori§ ofound ph¥sethe inventons owf  #he iDresent a

sol ution contmlvenaﬂma thaeenif; 15n trénss@utiorbst contatling ora racem1c
\‘/J\EISEEST 'St 3{5? { tra Qesik)%h%%giﬂed AL yns @t flutedd %ﬂen?f)&fymaf@ ound: 4
ester, and an ester compound which is different from one
-isomer of the racemic ester only in the ester residue and
which has a higher solubility than the isomers of the
trans—3—(substituted or unsubstituted phenyl)glycidic acid
20 ester, crystallization of an isomer having the same

absolute configuration as the ester compound is hindered.

_ Thus, in accordance with the present invention,
there is provided a process for preparing an optically
active isomer of trans—3-substituted glycidic acid ester

25 compound of the formula (I):

— cooRrl

30
wherein ring A is a substituted or unsubstituted benzene
ring, and R* is an ester residue, which comprises:
preparing a solution of one optical isomer (A)
and the other optical isomer (B) of the ester compound
35 (I), both of which are the optical isomers due to the
asymmetric carbons at 2- and 3-positions, and an ester
compound (B’) which is different from the isomer (B) only
in the ester residue R?,



I somer of the racemc ester only in the ester residue and which has a
hi gher solubility than the isoners of the trans-3-(substituted

or unsubstituted phenyl)glycidic acid 20 ester, crystallization of
ant isomer having the sane absol gt e-configuration as the ester
conmpound i s hindered. Thus, in accordance with the present

I nventi on, there is provided a process for preparing an optically
active isoner of trans-crystalizingt ecths ycopticahci és@serr 24) cénpmundiod

the fornula (%é ution up. to the extent th&f’”the 3§p al"‘"l%ﬁib? r('eﬁgg i
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(1), both _of 21 re the .optical rs _du &{. tr|c
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different froestée ¢ompoundBBYnvere not rprfeBEnﬁ‘,Smd reSI due R[ err],

sgl ution up to thecéif;%bii{tﬁéggt 1%4‘ c[r&% 8?@ &E%) E%? al | ?‘)ed

without the precipi tEHie ogolutaen tfﬁ@m Whlﬁhalt e ODBG&brIS(OB)erdu(aAl ois he
presence of t@ysfélﬁrzea)maayd fBroher® dditash hhesnﬁﬂt'%ﬁoﬂﬁ@m&f (&

| d t f th d t t
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smal | anpunt (éta‘;téln r}e%ldﬁétgé tl'feto'ggl?éindcorﬁﬁbﬁnd‘{}']?g[ is different from the
esi d

opti cal he~éster errg and, has the sane
The solutlon from which the optical isomer (A) is

crystallized may be a solution obtained by subjecting a

15 solution of the optical isomers (A) and (B) and an alcohol
to transesterification in the presence of an enzyme having
a stereoselective transesterification ability to
transesterify the isomer (B) with the alcohol, thereby
producing the ester compound (B’).

20 Thus, the present invention also provides a
process for preparing an optically active isomer of
trans—-3-substituted glycidic acid ester compound of the
formula (I): "

” IS

— COOR!

wherein ring A is a substituted or wunsubstituted benzene

30 ring, and R* is an ester residue, which comprises:
subjecting a mixture of one optical isomer (A)
and the other optical isomer (B) of the ester compound
(I), both of which are the optical isomers due to the

asymmetric carbons at 2- and 3-positions, to
35 transesterification in the presence of an alcohol and an
enzyme having a stereoselective transesterification

ability, thereby transesterifying the optical isomer (B)
with ‘;he alcohol to produce an ester compound (B) which



ester residue as the ester conpound (B'). The solution from

whi ch*the optical isoner (A) is crystallized may be a sol ution obtained
by subjecting a 15 solution of the optical isomers (A and (B) and an

al eohol to transesterification in-the presence of an enzyne having

a stereosel ective transesterification ability to

transesterify the isoner (B) wth the alcohol, thereby pr oduci ng

t he _ezter comigurdiff&'ent 2from the isbmer, (B)heonlyr eirenthei reseeri aesidies o
provi des a pr or, AT | 0

of trans- -suﬂi‘&ﬁfu?%% d??l%?dlpr% é@ 8%:%&?1‘0%‘%}/ /i’s%méxs ml a
(1): Jerr] s withm riange Ao ubset ¥t or unsubstltuted

falls within cthe f Sl Jutset V184 dd

benzene 30 ring, and RL&rdthiisi esfigg re ng Whijghmepnpr i(Ags: from
subj ecting a m xture of pne op thlal I somer ? nd the ot her fth%

i somer (B) Sof thée cEesltingmosplution | containings &h HQNghe &5». cafhe

i soners due t quittansestd@ified r isomegarB)nsandat the 2-ester andompodngdos(Bipns,
to 35 transesét{gilflcatlon in the presence of an alcohol and an

enzyne havi a stereosel ective transesterification ability,
t her eby transesterlfylnsglaﬁlhg aatbmersdd‘ér hawing optidalt purityohof to
produce an est 'C el? least 75 % based on the
-7- is di ﬁ‘gnt from s y In the ester residue

Rlerr] unti tlﬁétl |3fmouRt (B )/isoner (B) falls

within the range of 13/THetQ>t1‘1eE/ o’lptlcal 1some_r (Byrygsialalsei bg obtaéned
optical ISOMH nigh) purkdy™and &% HEH Yl BY) VGROL QAANY "he'M®
_isomer (A), chemically transesterifying the ester compound
(B’) in the mother liquor to convert into the isomer (B)
15 and crystallizing the isomer (B) followed by isolation
thereof.

According to the present invention, an optical
isomer = of trans-3-substituted glycidic acid ester (I)
can be crystallized and obtained in high purity from a

20 solution of a mixture of optical isomers of the ester (I)
and an ester compound which is different from one of the
isomers only in the ester residue, up to the extent that
the concentration of the desired optical isomer in the
mother liquor becomes very low as compared with that in

25 conventional processes.

Further, from a racemic trans—3-substituted
glycidic acid ester, the desired isomer of high purity
can be obtained in a simple manner in a high yield by
conducting enzymatic asymmetric transesterification of the

30 racemic ester and subsequently crystallizing the desired
isomer from the resulting reaction mixture.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 illustrates the condition under which an
35 optical isomer (A) is crystallized from a solution (a)
containing the optical isomers (A) and (B) and an ester
compound (B’), but the optical isomer (B) does not
precipitate due to the presence of the ester compound (BY)




untransesterified i soner (B) and the est er conpound (B'), “and

isolating the isonmer (A having optical purity of at least 99 %in
a yield of at |least 75 % based on the 10 initial amount of optical isoner
(A . The ot her optical isonmgr LB) can al so be obtained in
hi gh purity and in a high yield by, after isolating the I somer (A,
chemcally transesterifying the ester conpound (B') in the nother
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hi gh yield by conducti ng enzygey Y nsesterification of
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i somer frd® the resultily r&heti @resent ur invention, a solutiongry mherein

under whi ch a5 e Gl Cisomer (&), jgndl th |OHher | opgical imomet | (B)
solution (a)© @ont é@ﬁ’ggﬁﬂ(tgél |%S1(¥r?é(rl ( AFCKhd F@)L' andogn ke,

conpound (B forniula (It)he optical isomer (B) does not precipitate
due to the presence of the ester conmpound (B')

—= COOR!

in which ring A is a substituted or unsubstituted benzene

20 ring and R! is an ester residue, both of which are the
optical isomers due to the asymmetric carbons at the
2— and 3-positions of the ester (I), and an ester compound
(B) which is differentt from the optical isomer (B)
only in the ester residue are dissolved in a solvent

25 (hereinafter referred to as “solution ABB”) is wused in
crystallization.

The solution of the isomers (A) and (B) and the
ester compound (B’Y may further contain a small amount of
an ester compound (A') which is different from the isomer

30 (A) only in the ester residue R* and has the same ester
residue R* as the ester compound (B’) (hereinafter
referred to as “solution AA'BB”).

The trans—3-substituted glycidic acid esters (I),
namely a mixture of the optical isomers (A) and (B)

35 thereof, used in the present invention are the compounds
of the formula (I) wherein the ring A is a substituted or
unsubstituted benzene ring and R! 1is an ester residue
which enables to crystallize the  trans—3-substituted



t hough the optical isonmer (B) would precipitate in the absence of the

ester *‘conpound (B') by the use of the paraneters of tenperature and
tine. In this connection, it is assunmed that the ratio 5 of the
optsi cal isonmers (A) and (B) and the esterg cesrpound (B) in such solution
(a) is sufficient for the inhibition of the crystallization of the
optical isoner (B). DETAI LED DESCRI PTI ON 10

In the preseglycidizventiacid aessefsiti ofl) whemeina oselveniti cafort sther

(A) and the | isoner (B) of a trans 3- substituted
glycidic aci d8f‘£{1{alﬂgét:§>?1 t he formula (1):

in which ring Ais a subuchtut Mm'irr‘slhﬁiﬂtuﬁﬁded tglﬁgbhé ZOaCtd ng esteas R1
Is an ester re@féiuefopot métfanwe' oh éﬁ%ﬁbﬁﬂd‘é ofoPitheal fosRaRy S pydevmeféiﬁ

asynmmetric car ositio of the ter

O s at -
ester conpo@ndthe @ang &hl’@h phenyly; gF@PBn p‘%‘?}bmmalfh fut ’-’Eoﬁ!r
(B) only i n(d)heaesligear esorluchrainehedssdwerd lalkylscgrmm‘, 28.g( hemetitaflt er

f dt d
e sol ution of tn#PuBner SR AEtlE) fomlc Rl o eoRtberly @F9Ry,
further contain a smbutyhngreupef sec-butﬁktsroupnp@mty BIkDe h n-shexyl
di fferent from theglsapEr2-HexylAr&mb Yor rB-tﬁ'@{yqs p@uﬁeS| due Rlerr] and has

(D, S8, 20" (b he e ok bR, doWerecaipSy SFORS U, Ppthoxy
trans- 3-substit ut egrogpyci eéthoxyci @groay, er propyloxy mnoapy alsopmmdoxy
Lnvention are t neBEgBboands bitoXy IREE T Y &?*;; %t“‘”%tﬂ%’is?.rfﬁ
substituted or EHQUBstlth'bGXU%ne gragPand exyloxy an 85@@ re§>rdue
whi ch enabl es tg—heﬁym}mgﬁ(ﬁﬁ) of he trans- 3-substituted

15 (c) a halogen atom, e.g., fluorine atom, chlorine atom,

bromine atom or iodine atom, and

R? is

(a) a linear or branched lower alkyl group, e.g.,, methyl
group, ethyl group, propyl group, isopropyl group,

20 n-butyl group, sec-butyl group, t-butyl group, n—hexyl

group, 2-hexyl group or 3-hexyl group;

(b) a substituted  cycloalkyl group, e.g., 2-phenyl~
cycloalkyl group; or

(¢c) a substituted or unsubstituted aryl group, e.g.,

25 4-chloro—3-methylphenyl group.

Preferable examples of the trans—3-substituted
glycidic acid ester (I) are, for instance, compounds of
the formula (I) wherein the ring A is methylphenyl group
or methoxyphenyl group and R* is methyl group, ethyl

30 group, 2-phenylcyclohexyl group or 4-chloro—-3—methylphenyl
group. In particular, the compounds of the formula (I)
wherein the ring A is 4-methylphenyl group or
4-methoxyphenyl group and R* is methyl group or ethyl
group are the more preferred examples.

35 Any ester residue may be wused for the ester
residue of the ester compound (B) so long as it gives the
ester compound (B’) a good solubility in the solvent used
in the crystallization.

_4(4




glycidic acid esters (1) 'in a solvent for the

crystallization. Such trans-3-substituted glycidic acid
esters are, for instance, conpounds of the formula (1) wherein 5 the
ring A is phenyl group which may be subs{gtuted by (a) a linear or
branched | ower al kyl group, e.g., nethyl : group, ethyl group,
propyl group, isopropyl group, n- butyl group, sec-butyl group,
Eb;)uty: group, n- hexyl The est@-lr Emlﬂiéexwf grthep 081?:1& hecothpoumd p; (B
a |linear Ur r a oxy group, e.g., nethoxy group,
et hoxy group, §%§Q§g§£&§$ group, n-butoxy

rop ony
group, sec- Ia()xya dinear; Otr-b ec? Y grgnoup whichxymayy hayeoud,
2-hexyloxy — groURsubdiityent and3vh%ﬂ Ofié(s%ﬂiﬂé &rbaﬁb dtoms? than O9RAt

atom e.qg. fl uor at om chl or ne atom or
i odine ato® and © F![llﬁr]es regi ea neaﬁf oranorm | dSpamen| kKB

group, eig met hy% prop rOLEBEoup%t hyibopﬁb gPowmy | n-@lﬁtﬂlwl group,

i sopro roup, ro rou y Qu

n- hgxylpy ) P %bu} Aexygrér1 gp of lzﬁtrygxyl %PB&E Phe p?‘béjyl % %

substitut ed cycl oZtpehtylgr gooup, 8—pentyl- gmmgl - n—~hexyl gmuppalﬂqhexyl
C bs ns | 9

group; or (c) gii BLHLSH  droup! Hhﬁéjr)f gﬁ)ﬁﬁy Xanpe@‘égl

4- chl or o- 3- nethyl rou
trans-3-subdstitut ygram adrbeptyk, arp}lparél actyli @oaRse, -octy

conmpounds of t@mﬁp}r m@-todtlyl Weeoep,n tdeoctiydg érbﬁp,rmtﬂimh@ﬁﬁntmhwp

S reny /oo A HGRRL byt Sy gl Whncit S, fpmons
particular, the ~corgamndsitdecyle grovpul a2—degyl grwuereua-e%d gnoml@ A
s 4- nethylprenyl4—gagﬂpgrg oré%ﬁgggaggf?gggngLagroup and Rl is nethyl
Sster resite (Baya 5‘1&0@%# tipbo I " AL eV 4 nesibstisuent, "
conpound (B') so legg as meﬂmm&ﬂmrl group, ethoxymethyl group,
propyloxymethyl group, methoxyethyl group,
methoxypropyl group, methoxybutyl group, ethoxyethyl
group or propyloxypropyl group; and
20 (¢) an arylalkyl group which may have a substituent, e.g.,
benzyl group, phenethyl group, phenylpropyl group or
naphthylmethyl group. _
The substituent for the linear or branched alkyl
group (a) and the alkoxyalkyl group (b) includes, for
25 instance, a halogen atom such as fluorine atom, chlorine
atom, bromine atom or 1iodine atom. The substituent for
the arylalkyl group (c) includes, for instance, a linear
or branched lower alkyl group, e.g., methyl group, ethyl
group, propyl group, isopropyl group, n-butyl group,
30 sec-butyl group, t-butyl group, n-hexyl group, 2-hexyl
group or 3-hexyl group; a linear or branched lower alkoxy
group, e.g., methoxy group, ethoxy group, propyloxy group,
isopropyloxy group, n-butoxy group, sec-butoxy group,
t—-butoxy group, n-hexyloxy group, 2-hexyloxy group or
35 3-hexyloxy group; a halogen atom, e.g, fluorine atom,
chlorine atom, bromine atom or iodine atom; and the like.
Preferable examples of the ester residue of the
ester compound (B’) are, for instance, isopropyl group,




e
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ester conpound (B") a good solubility in the solvent used in the

crystallization. - 10- : The
éster residues of the ester conpound (B') are, for instance, (a) a
| inear or branched al kyl group which oayjpave a substituent and

whi ch has nore carbon atons than that 5 of the ester residue Rerr]
of an optical isonmer (B), e.g., propyl group, isopropyl

gr OUIOi I n- but Mi-bu}tryflup,group, see-ebuﬁtlt ylgro@w?plt—butjdut yarouyp, oum—pentyl
n-pentyl grou n= oup, y - ar

2- hexyl groym, Rsup, hﬁ§§§| @8 ’ n- ’h up, b B {l@ﬁ 588890
3-heptyl groum— pt grogp,ou;bennybctgxrotgr oapd 9thy1 grOUDgrdﬁp the

3-octyl group,eg Octﬁyémaﬁeup - Ry | Qtrrﬁﬂgv-"-}-substltut?éd‘ongry HRIP. acid
3-nonyl graoup, 4- group,

%&W -non gxgroup, n-dec

2-decyl grdup,€s Qrd y’rSdF group or ethylygrYBup or 5-decyl group; 15

(b) han al Eoryal kyl QFOFm'th#i'L cht}gg&fbd@@ﬁﬁeamﬁsguﬁm of the tﬁ:slger

met hoxynet hy Q@O@Eﬂ ?t oxygvé Yher gné)uc#eg%w 8’89 @ggyme y

group, y r I

rzrgt h?xglbutyl gI’O:JE, et hIfxyd:li’imeyl E.SS})ﬁ;SQCbup%Iﬂfpundyl &Qprwyldmdand
C) an ary Yih&Qr ou dotedtt . e()

benzyl grOLbD C?)’ﬁeneh}fg grg(())upti pheny? 9?§?in a‘gm?rb r’rﬁt hyl

gr oup. rystal WﬁdsuE%tlg‘é‘ﬁt ?’(%’Stp@l% 2 ea]f“%h bPYhitHed the

%rloup (a) and ddicentikatival kKydf grthe (@Shlem)i-wdmer f ofA)25 in nstleencemother

al ogen atom a in 0 in omi

i odi ne atom %‘g&éubw&!@%t s Sﬁi' nlov? S ?/P%?H m‘Y}QB ﬁvéﬁ?@n&@s

for instancepracessepear On other amth@d |obat,n sal kif gtb@np 3 BR)1estey |

group, ethyl compoan®. RBYPY! 1sgr0laassolv&aprowl qh@up, somuﬁuhyl eheup,

30 200 M (o SWPricridt Yhy, P, RO ol lbotals 967
high purity until the concentration of the (2R,3S)-isomer
(A) in the mother liquor becomes very low as compared with
conventional processes. Therefore, in either case, the
desired product can be obtained in an extremely hlgher

20 yield as compared with conventional processes.

Any solvent  which can be used in
recrystallization of trans—-3-substituted glycidic acid
esters (I) may  also be employed as the -crystallization
solvent of the present invention. Examples of such

25 crystallization solvents are, for instance, an alcohol
solvent such as methanol, ethanol, n—propanol, isopropanol
or n-butanol; an ether solvent such as diethyl ether,
t-butyl methyl ether, diisopropyl ether, tetrahydrofuran
or dioxane; an aromatic hydrocarbon solvent which may be

30 substituted by a halogen. atom, such as benzene, toluene,
xylene, chlorobenzene or  dichlorobenzene; an aliphatic
hydrocarbon solvent which may be substituted by a halogen
atom, such as hexane, cyclohexane, n-heptane, n—octane,
dichloromethane, chloroform, 1,2-dichloroethane or carbon

35 tetrachloride; an ester solvent such as methyl acetate or
ethyl acetate; and the likee The solvents may be used
alone or in an admixture thereof.

A suitable solvent may be selected depending on




group, e.g.,

met hoxy group, ethoxy group, propyloxy group, | sopr opyl oxy
group,” n-butoxy group, sec-butoxy group, t - but oxy group, n-hexyl oxy
group, 2-hexyloxy group or 35 3-hexyloxy group; a halogen atom e.g.,

fluorine atom chlorine atom bromye atomor iodine atom and the

l'i ke.

Preferabl e exanples of the ester residue of the

ester conpound (B') are, for instance, isopropyl group,
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3S A ta yst hi gh

ot 11t he 10onseel 48 ofhbr aater (3R, a8y bwiyl’ estera) theraoke Irotised | #uor

becones very Itdm aesteifrpaonmomtlhd(B 7, cmethanohnaéthanoi,ces:g@ane &hdr eflie e,
e ro n ex
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sol vent whicompoundsh used i n recrystallization of
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Chvent i on 15 detpppitdd (it She rarfd,) Wb, Cthe | BsidHl Bomers (),
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| sopr opanol
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30

35

and the isomer (A) can be crystallized by Ilowering the
temperature of the solution. Thus, a proper range of the
amount of solvent can be experimentally found according to
the kind of optical isomers (A) and (B) and the ester
compound (B, proportion thereof, crystallization
temperature and so on. In general, when solvents in which
the solubility of the optical isomers (A) and (B) are
large and the solubility is largely changed according to
the temperature change is wused, it may be possible to
decrease the amount of the solvent.

For example, in case that the following mixture
of trans—3—(4-methoxyphenyl)glycidic acid esters is
dissolved in 100 ml of xylene and the resulting solution
is cooled to -10C, only (2R,3S) methyl ester can be
efficiently crystallized from the solution even in the
range wherein the concentration of (2R,3S) methyl ester
in the solution is smaller than that of (25,3R) methyl
ester.

Mixture of the glycidic acid esters dissolved

in 100 ml of xylene

' (2R,3S) methyl ester 49 g
(2S,3R) methyl ester 14 g

acikexyl



or n-butanol; an ether solvent such as diethyl ether, t-butyl nethyl

ether; diisopropyl ether, tetrahydrofuran or di oxane; an aromatic
‘hydr ocar bon sol vent which may be 30 substituted by a halogen atom such
as*benzene, tol uene, xyl ene, chlorqlenzene or di chl or obenzene; an
al i phatic hydr ocar bon sol vent which may be substituted by a hal ogen

atom such as hexane, cyclohexane, n-heptane, n-octane,

di chl oronet hane, chl o{28@BR) n~but#l distbtor oet hane or carbon 39 g
tetrachloride; an ester solvent such as nethyl acetate or et hyl
acetate; and the Ilike. The solvents may _be used al one or in an
admi xt ur e t her eof Composition of the sglvcidice agid \estersrenemaining dax ed

dependi ng 0“ the solytion after crystallization of Y2R,3S) meftyd ester
resi dues nﬁfsgash-rured—g'r'ycrd?‘c—am-d——e?m—('f‘) and the

ester conp und (B%d the substituent on the phenyl group of the
ester (1). It is pref42Rp3S) tmethyl estersol vents in which the sobuig li ty of

the optical isoner ) f s-3-substituted glycidi

ester (1) greatly(ésq‘ )géne%gﬂeﬁ%ﬁﬁ on the terrperatu?xg CBﬁﬁggt he
sol ubility of the ester(2803'li>bumbu(t81)eﬁt§rf ar larger than mieachange t he
optical isonmer (A). For exanple, when

trans- 3- (4 met hoxyphen egC|d|c aC|d i S 10 sed _as
the ester1®1) and n- buthi€ e SONCentEatign |9fus€tbgas°ptlcafhésﬁ déind
(B'"), nethanotheet hgohitiony! epedognd tdie the | i keystallization ablma;as tvhfry

sol vent for dﬁgﬁg ix\ggntolﬁesghe B‘lﬁ@gpg&nd&xe isomer, r) ﬁl:e[ ?anmﬁi t(i}ehe

anount  of can et efm ne WIthA

optical isonetempgrature aof (Bye asrystallization cemgou hbe(E!ﬂ;e.ca upe it is

di ssol ved oncasually affomh0.5 IO molesaferbe crystallized by | owering the

t enper at uiﬁ of the soI tion. g ﬁ(‘? a prop ran e of th t anount Oft

sol vent ¢ be experi H‘talalysroﬁ o3 di 25 He and }B‘F OBW%?'J}

i soners (A) aimveémioand the gati of therpowldcal (somer (Ayther tophical

t her eof, CigGihat | (B} i8N required to be within a range in which the
optical isomer (A) is more easily crystallized than the
optical isomer (B), the crystallization of which is

20 inhibited by the ester compound (B’).

Even under the (A)/(B) ratio wherein the optical
isomer (B) would precipitate if the ester compound (B
were not present, the optical isomer (A) can be obtained
as crystals by the process of the present invention.

25 Of course, . the solution which contains the
optical isomer (A) in an amount larger than the optical
isomer (B) can be used and is preferred in the process of
the ©present invention, since such an additional large
amount of the optical isomer (A) can also be obtained as

30 the crystals in addition to the crystals of the optical
isomer (A) obtained by the inhibition of crystallization
of isomer (B) due to the presence of ester compound (B’).
Thus, it is possible to start the process of the present
invention from a solution containing a larger amount of

35 the isomer (A) than the isomer (B).

Moreover, the inhibitory effect of the ester
compound (B’) on crystallization of the optical isomer (B)
increases according to the increase in the ratio of the




tenperature and so on. In general, when solvents in which t he
solub’lity of the optical isonmers (A and (B) are |l arge and the
solubility is largely changed according to 25 the tenperature change
is-used, it may be possible to decr ggse -t he anmount of the sol vent.

For exanple, in case that the followng mxture of

trans- 3- (4- net hoxyphenyl )glycidic acid esters IS di ssolved in

100 nl of xybsf@rand:o ix;;@sul(m)wnesolwuwﬂ 30isomer coQB);d and the

crlg[ste;H |Czed0nI {Y}Fﬁﬁ(sﬁg ﬁﬁ? hg%tlgﬁanglgo\%égr ﬁ‘&i l ycan be

concent r at i onobtairgs. 3S)Th\9$,hy| thet ehigheri n thige srataoi orﬂfl S ﬁmil | e8tarhan

that of (2S, ]ﬂﬁfrﬂi/l er Xtiyre th Ci

esters dissol VB%P (Bn)/ % 1s&?er I e(EM 1~§ the qn&Lé/ é) éfr%?h%
ester 5 the process of4§ present 1nvent1()125133R) met hy| est er

14bgt I t he ratios of thedéd compounds in = (ths, 3R)ut1a1d
n-outy ester I C
acid esters rSRHHPRy fﬁr the q“%%?ﬁfﬁ%‘n :9?0 g&ﬂ% ?? gf%ﬁtz a[‘?gﬁk’%@
(2R, 3S) nethylvary depeading on the kind9RdfS) the hplst@st gresidues of
99 ( ) st 0 ge;

(25 3R) n-but ;,: eest?:éétg*fR EBhPSundst §8) CL the solvenf‘ ﬁQéd' cin the

concent r allfon crystallization: i caln; sog@eragA) tﬁﬁ mohfe ratiut i QE pthér
to the crygpaiddlzatisemer NeA)/thear bpucaldetwaﬁe:ng @) thie kfruia oabdine

| Tker but s a8 g ahats ¢ 1010 B e P bl CrhticE ' th" BRfed ¢
solution in compoyndcdéBd/the aptacalprisomer (B)iasedromn, abowt r /80 to
the optical igpgat (Ab/ihe optéfephbly, the molar ratio of the isomer
15 (A)/isomer (B) is from about 1/1 to about 4/1, and the
molar ratio of the ester compound (B’)/isomer (B) is from
about 2/1 to about 7.8/1. '

In the process of the present invention, the
crystallization can also be carried out from a solution

20 containing other components than the isomers (A) and (B)
and the ester compound (B'). For instance, in addition
to these three components, the solution may contain an
optical isomer (ester compound (A’)) different from the .
optical isomer (A) only in the ester residue. In case

25 that the ester compound (A’) is contained in the solution,
the molar ratio of the ester compound (A’)/the isomer (A)
is preferably at most 9/35 of the molar ratio of the ester
compound (B’)/the isomer (B), so that the inhibitory
effect of the ester compound (A’) on the crystallization

30 of isomer (A) can be minimized and the isomer (A) can be
obtained in a large amount and in high purity.

That is to say, the ester compound (A’) may be
present in the solution for the crystallization of the
present invention so long as the optical isomer (A) is

35 only crystallized due to the inhibitory effect of the
ester compound (B') on the crystallization of the optical
isomer (B) though the crystallization of the optical
isomer (A) may be inhibited by the presence of the ester



I somer (B) is required to be within a range in which the optical isoner

(A) is nore easily crystallized than the optical isonmer (B), the

crystallization of which is 20 inhibited by the ester conpound (B').

Even under the (A)/(B) ratio wherein theympt+cal i somer (B) would

precipitate if the ester conpound (B') were not present, the optical

I soner (A) can be obtained as crystals by the process of the present

i nvention. 25 com: ?ound (200, course t he sol ution which contains the
A

b6 used and 15 pref orr o eR 1 e pREOEY" eHELTE DEhe  estefTEmpdiind °"

since such &B’)adpresental in arthe solmtiomt of tl’theoptorgatalilmmmn(A)f can

the. opt ?52?"'%&?8&9“( B) i) el *Pﬁ'e‘a?&h oL of 5, crysteﬁ"\%ﬁé‘?ﬁ‘

of isoner (B) @i t@ltﬁéleprél%ﬁcaéhéﬂtl@ﬁlt ePf cdhouisemer) ( thﬂ.lslsqmell‘s
possibl e 1o St@)t can Phecosasity taystalibnsd _ thari nm@u@sbméfomsa and

20,11 O oM ombe | EAFTcr . oSt 115, 3 fee#\ee@%“aaaz%gter

conmpound (B)pmsenctrmmﬂwn.atlon of the optlcal i soner (B)

i ncreases accor di ng tot I{‘e(f iﬁ?gﬁéy tdye. thkl Oppésdiie ;nventlon, 1t

- 14 - ester , tical |somer
i ncreased 10 arﬁﬁ%lre f 0}11 3 |§gﬁ%r 1SPRErSe 5 y t bt QP

Thus, the hiigbaterst he{A)raand tdnﬂ elfier estercoopmpound( B(B/) heare
o 15 st i, 1t R A
sol ution for tihe crgrﬁsantuzmwenmm tlae ent onfrom \aar)process
ggpegglngg Cm)fotlhe kl?he al i ne ﬁlg%%m%lﬁﬁﬁéhdues fréin a|||he tion Sélftion n
gerr:gral corﬁg,ua}ng rappﬁ' Eﬁet hdSOMErgpt KB@I @éey(sé)A)/t SOpt i g
i soner (B) i s pronesgboof the present invention takes advantage of the
inhibitory effect of the ester compound (B) on the
crystallization of the isomer (B) and the isolation
of the desired isomer (A) can be achieved by one

20 crystallization—isolation procedure. In these respects,
the process of the present invention is also different
from the preferential crystallization process in which it
is necessary to repeat the following steps (i) and (ii):

(i) seeding crystals of the optical isomer (A) to a

25 solution containing only the isomers (A) and (B) to

crystallize and isolate the optical isomer (A) and

(ii) seeding crystals of the optical isomer (B) to the
solution resulting in the step (i) to crystallize and
isolate the optical isomer (B).

30 Furthermore, the process of the present invention
differs from the preferential crystallization, wherein the
crystallization of an optical isomer must be carried out
using a solution containing a larger amount of one optical
isomer and a smaller amount of the other optical isomer.

35 In contrast to this, according to the process of the
present invention, the crystallization of an optical
isomer (A) is possible in a wide range from the optical
isomer (A) »> the optical isomer (B) in the solution to




PP,

4/6 to about 10/1, and the nolar ratio of the ester compound (B.)/the
optical isomer (B) is fromabout 5/3 to about 10/1. Preferably, the
molar ratio of the isonmer 15 (A)/isonmer (B) is from about 1/1 to
aboeut 4/1, and the nolar ratio ok tfg ester conpound (B )/isoner (B)
Is from about 2/1 to about 7.8/1. In the process of the
present invention, the crystallization can also be carried out froma

sol ution 20 cﬁr&aoptuogl ispmer (rﬁdrrporhheteptﬂaah isomeri B)r¢heré¢in, and (B)
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three conponents, the s on conta tlcal |som3r ster
conmpound (A )l)m’ﬂlltwlérent ingluges” t hethe op whereign| y
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| S utl

(A)/the ok ?A)Crystaf% Ofef t‘?%bl%Pté?alnoéFtO@?%s @5 Tae Hfustegk

tp;a esterf . Homen,d tBe)/tdrystalhaatron(Bﬁ)f she ltlhmtlcéalhe 1som|erb| t(A)y

e ect (0] e r n mer
rﬂ%’i ar%giﬁ?ﬁgﬂl SO(%Q ) %‘i&dﬁg atC Yol ' baat! tQt?e % tlc%ﬁ

(A) can be mn obt ai he
amount and in mogmerpu Bly.and the ester Tﬁ@mppyndo 8, ISheesthéledco

(A) may be th@resﬁr&sen'tn irﬁfént&% ut ikdeauker ade ﬁﬂ'ﬁﬁit%xh' Zafl Onthéf

t he ent aY]g loqlﬁ:ﬁ s. the ttcal sb (A is 35
only crys I I?Eléﬂ: 1°P0° tﬂée q | ispmer Posst ester
compound (B') on the crfheal Icryatalhzabiont heaamrdnag to |1shmerprc(®)ss t lofugh
the crystal '#ﬁ?t Zﬁ"@s f’f inVOftiolPhas! be daPPIBS 6% FRY LCrdhPéiitipe PY

t he presence o

conpound (A) at whic the\/\hé?Ptt“F?é i ABPWET or ALf £ 8F+ brans3-substituted
conpound ycidiv esacid i esterhe (I)soligt | @rystalliZede duyst ghei zaptical of

(R Tsomer g bt 6880 ol b B, fol oot
crystallized than theThesotempet@ureanat which e crystallization of
the optical isomer (B) begins only after the solution
is allowed to stand for some time is included within
the temperature range of the present invention. Such
20 crystallization temperature varies depending on the kind
of trans—3-substituted glycidic acid ester (I), the kind
of solvent and the composition of the solution to be
subjected . to crystallization. Considering the  stability
of the oxirane ring of trans—-3-substituted glycidic acid
25 ester @), it is not desirable to prepare the
crystallization solution by dissolving the optical isomers
(A) and (B) and the ester compound (B’) at a higher
temperature. It 1is ©preferable that the dissolution is
carried out at a temperature of not higher than 70C, and
30 the crystallization is carried out at a temperature not
higher than room temperature.

Also, in general, when the amount of the solvent
is large, the crystallization of the isomer (A) does
not proceed unless the solution is cooled to a low

35 temperature, while when the amount of the solvent is
small, the crystallization proceeds even at a relatively
high temperature. Therefore, when the process of the
present invention is carried out on an industrial scale,




the isomer (A) can be obtained by the process of the present invention.

In tHhe process of the present invention, it 1is 10 required that
at least three isoners, nanely the optical - isoners (A and (B) and
the ester conmpound (B'), are presenty7in-the solution. In this
respect, the process of the present invention is clearly different
froma process for preferenti al crystallization from a

sol ution f15t hwmi@l fpﬁtﬂer@lﬁlley frbhf Ehéorvgémoﬁﬁbs faﬁd theB)amourit E@f thee
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In  these rocess resent 1nvention 1S
al so dif f &r efiemperatygen t he pref erential crystallization process in which

it di i's nec;aslsary ]EOOI?IOGL&Ie t hﬁhfe?' | Bahdg svBea (thearkﬁ'y@tahhzatmn(lti)s
seeding crystals i ca |sone i,on
cont ai %I ng yoﬁ lefﬁ O?Eong‘gm %f#@ S&Utlomcryg}eall %dj

i sol ate the omuaHIy i schemds( A) tand cont'\(m ) seenedl ripcreasadhl s aniounde omﬁ cal
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preferential eaypyabhit Ztaie @?ys‘tﬁlﬁ&@tfbrﬂat a lowrt@hpéﬁata@a on of an optical
i somer nmust be carri edr@ usi.n a soI griornt i_ni %gﬁl%b%ﬁ?ger anpunt
of one optical i sorter aﬁb‘cg nt~of~t h al “Hdher .
35 In contreut ttduethcsysta&hzmqnng Ofto thene Optlaabsslsomerthé‘\), an
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- 16 - t gdycigdic cabhcidonesterA) (B, t hthept éster |$esniue( Boft h¢hei nester
' compound (B’), the kind of the solvent wused and the
composition of the solution to be subjected to
crystallization.

20- For instance, when the optical isomers (A) and
(B) is methyl esters and the ester compound (B’) is
a n-butyl ester and the crystallization is carried out
from methanol, it is preferable to carry out the
crystallization at a temperature of =-30° to +15C. A

25 similar temperature range may be applied for other cases.

In the process of the present invention, since
the crystallization of the optical isomer (B) is inhibited
by the ester compound (B’), the optical isomer (A) free
from any contamination of the optical isomer (B) can be

30 obtained without any very strict temperature control,
which is necessary for the preferential crystallization,
taking advantage of the difference in  precipitation
velocity between the optical isomers having the same
solubility. Therefore, the allowable temperature range

35 of the present invention is wider than the preferential
crystallization process.

According to the process of the present
invention, the crystallization of the optical isomer (B)




Concomtantly, the process of the pr esent I nvention I ncl udes

the * enbodi nent wherein ° the crystallization is carried out
from a solution in which 5 the crystals of the optical isonmer (A are
al so i ncl uded. However, the cryst allFi zation of the optical isomer
(A froma solution not including at |east one of the optical

I soner (B) and the ester conpound (B') is excluded from t he pr esent
i nvention beciyse inleibitexhi bi byon thef tdstef0 cowgporind zat{Bh of When
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begi ns only afapgtlﬁgglgﬁgdjtfrgﬁl such! §r§é1th'ﬁ(ioﬁ,O stand for some time is
i ncluded within erature L he resent ventl.
Such 20 crystalli zat i 090 %M { H%’éy t&@b@?ﬂpﬁ g ‘EPri
of trans-3-sulsamemnt e¢A) glamcmdmgacrtd dheer presgnt t erkhmnl canofbe
sol vent ‘and théaﬁ%&osbﬁtorh‘&n”he §8h!r€1bﬁ” 6}119.6nmg 9&1'1@ ) tclsomer

crystalliz st abi the OXI ane r|n

a n deri
trans- 3- sul)é (%leénéoy@)dl@ C|332§S %t@PmPO(erd ar”t yp topdpe exten
desirable to thatephee optival 1somerst(8)l | woulldn precipitaten iby thei sestleri ng

th tical A B d

a2 higner CORBPRG. (B er®not "bredif . Sipcf° WierneP RUE il
i s carri edisureached t expenat udependaotomu ther solubility] eof | the amptical

the crystall '@m&% (A) %BId | eB) %H aEhé‘ ebﬁéﬂgerc@hiﬁ&nd ”F}B "),  evehIhgr

than room t enper at ur general , "'when nount of
t he sol venig g‘?s e’p%ﬁné:e is ; pot cF?%"t}};ﬁq ?ﬁt id eg}ﬁerlaﬁgre,l s8 ¢xdent
does not maycbedreached sat ahethenlumnperatuse, amad edce twersa. | ow 35

tenperature, while V\:h ggae Qf\;gwm%t nest heﬁhﬁso Kﬁaitlohs un(;]erg”Wﬂmh

the <crystallization proce
tenperature. theer opéical Jpemer ngAd) prtﬁ:es@f'}’&fﬁ-umﬁe rOIBregentSC’hl’Clon

invention is eehtdiding Outhen opticali Nbesidrisal (AFalaxd (B) and the ester
20 compound (B’), but -the optical isomer (B) does not
precipitate by the presence of the ester compound (B’)
though the optical isomer (B) would precipitate in the
absence of the ester compound (B’), is explained by the
use of Fig. 1 illustrating the extent to be reached by

25 the process of the present invention by the use of the
parameters of temperature and time. In this connection,

it is assumed that the initial concentration of the
optical isomer (A) in the solution is larger than that of
the optical isomer (B) and the amount of the ester
30 compound (B) in the solution is sufficient for the
inhibition of the crystallization of the optical isomer

(B).

The solution (a) is a completely homogeneous

solution. If the solution (a) is cooled, the isomer (A)
35 begins to crystallize at the point (b). If the cooling
of the solution is further continued, the isomer (A) in
excess of the isomer (B) in the solution crystallizes
to reach the point (c) at which the molar ratio of the



- 17 - it is preferable fromthe viewpoints of the amount of the

solvent, installation and energy that the anount of the solvent is
decreased and the crystallization is carried out from a
concentrated solution at around Joqm 5 tenperature. On
the other hand, when the crystallization is carried out from a
concentrated solution, the product usual ly tends to contain an

i ?creased anisorier (@X)/ thei inomidrt i(By.is 17berefore, from the viewpoint
of purity, it 10 1is 0 e a:lar t SO t to
puri ty PIHRARBIGIYY URS 2i8a’ GodliBHM that SOLNRN B2

carry out the crystallization a | ow t enper at¥ .
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conposition 0 t . (0] on t ] e (0} .
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and (B) i sthet isomesn ef4)&he t isomex er(Bonisoutbe( Eupther liquor naftery|
ester and thenheCryghwitalBzation [#5 Cabbufd pBY1.  MAS &°! hBdRiuse i ¢

is preferaphle to ,cdrry  out he crystallization, at a t erature
of -30[er ilﬁ t geconding rjcto A onwé'F‘ilgq’ ar t@nper EOFERY ang€l mgg‘iﬁga{lon
applied for otbechmimpes. if the solutibn (&) iprocesled ofromhether epeinit

I nvention, si st.al:l.Lzat.hon t.he:opt LS B): .l
i nhibited EB t ﬁgwespgr?fé% Ql,llng ?@D’) t@%e_ opg“ls)caq ?Jg%éne(raﬁislﬁélf rleSke)ﬁler
from any contafHiheon eptigak opspeer i sther im) dhe besehitiont ajinsreases

without any yBRfyughtrithe bpessipigitioe 6PNt , crystaldi CBf i the nagAIea’ Yy
for the %eferentlal cryst Iltlhzatlogg?. . taﬁ,'enﬂh ady, ntglge. of th")
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havi ng t he sandecreasssl ubi | Therefore,Thetheor efluctuational Iafwabtke t esgbetianur e
range 35 of th resent | lon i _der he prggerenti

Ei.%, pavaat ioﬂ-‘i‘ﬁﬁfé#iﬂg%yt tﬁ{é t3m erature,

crystallizatio ocess, Accor én to . I OCEss 0
the . present CONCEMEationn andhe S@ry&Mal | PhattBe dolution) osxests an

i somer (B) influence on the crystallization of the isomer (B).

20 The solution at the point (c) contains isomers
(A) and (B) in equal amounts. Therefore, when the
solution is cooled from the point (c), the optical isomers
(A) and (B) were considered to crystallize in the form of
the equimolar mixture thereof.

25 Nevertheless, in the present invention, since the
ester compound (B’ is present in the  solution,
-crystallization of the isomer (B) 1is inhibited thereby.
Thus, even if the solution is further cooled from the
point (c), the isomer (A) is crystallized, but the isomer

30 (B) is not crystallized, so the yield of the isomer (A)
can be increased.

After passing through the point (c), if the
solution is further cooled to a lower temperature, the
solution finally reaches the point (d) at which the whole

35 solution becomes cloudy and not only the isomer (A) is
crystallized, but also an amorphous-like form of the
isomer (B) ‘and the ester compound (B’) precipitates.
Therefore, it is necessary to carry out the process of




- 18 - Is inhibited by the ester conmpound (B'). \Wen
precipitation of the optical isonmer (B) occurs, the optical

i somer (B) precipitates together with the ester conmpound (B') in

an > anorphous-like form The 5 ~cryptatlization of the optical
isomer (A) is visually di stingui shed from such precipitation.
Concomtantly, the <crystallization of the optical - isoner (A
according to tthe praesehti nimevdrition caat bes temperatere odtigheom thawl uthen
cont ai ni ng thgmciplrti(:&lt isomer 10 (A) and (B) and the ester conmpound (B')
up to the ext hat the optical isonmer (B) would precipitate if the
est er conpound (B )Afkere ripassingserthrosghce theot npeinfucHcedxt et thej s

reached or notgJgERAAS tﬂﬁ'th%wb'c:'obl of fobe @Ranfiflk, to! SPERIS (fheand
(B) and the estdgr co oﬁd h) n%Rjen | t he extehé){rls not reached at

a tenper at & e PAIBE xt%’!ﬂ upon; eh%héﬁ’“& tained &, 2hnd
vice versa. that temperaturtdle fle | @oluigohi neeachiese t]memdlpomt L(tﬁ)ierafw ch

opt 1 ohl | someid ( AloRRG S%i”ﬁ%ﬁ'['héziiv o O hR  sgiiithy Belnie

optical i somﬁloudB) ambe thengame phenemenon: cas bﬁppewémgpr%tseﬂé% point he
ester Cormour(ﬁ) ( BNamely, tmﬁeghsoﬁé? (mtlwﬁichsmgr beleB) Mﬂﬁbﬁed from
preci pi t at absence ester co

t he
expl ai ned 1G(‘)oy Prtﬁ?épltatl%e Y Fi §hel |¢$1i?§t r afPREOU ex(%'&t t?f%p’rt%%ed
by 25 the prwg@theﬁf with ptkeecestémveompoandby(B e assanof athbephous-like

d
Pestmed thar foriar < ThErErorC tiid "Broceds of' StheOBieskhP T inventidn, i A
in the sol uti diequiredr gde t Hfinishhat the crystalliggtion a%@n'eriSQ Fiomd ©

anount of the t@fd eppBital cagemend (A)B bDefor@ tike tSoht!t ifliichi Sthes UsbhRiGH!
for the |nh|b|t|on f the crystallization of the optical isomer

(B). 15 bec i on (a) is _a conpletely honpgeneous
As explained above, the extent of crystallization

aimed by the process of the present invention is within
the region “the extent to be reached by the process of
the invention” shown in Fig. 1. This region varies
20 depending on various factors, e.g., the kind and ratio
of the isomers (A) and (B) and the ester compound (B’),
and the Lkind and amount of the solvent. Thus, the
suitable region can  be determined in accordance with these
factors. For instance, in the case that the amount of the
25 isomer (A) in the solution (a) as shown in Fig. 1 is
smaller than that of the isomer (B), the starting point of
the crystallization of the isomer (A) is somewhere between
the points (d) and (c) and it is possible to crystallize
and isolate the isomer (A) in pure form up to the point
30 (d. :

The isolation of crystalline isomer (A) may be
carried out in a wusual manner such as decantation and
filtration. If the crystallization is carried out in a
large scale, a long time is required for the isolation,

35 though the isolation in small scale can be accomplished in
a short time. In case of the isolation on a laboratory
scale, even immediate isolation is possible. If the
isolation requires a long time as in the case of



solution. If the solution (a) is cooled, the isomer (A) 35 begins

to crystallize at the point (b). |If the cooling of the solution
is further continued, the isoner (A) in excess of the isomer (B)
in- the solution crystallizes to repch-the point (c) at which the

nmol ar ratio of the - | somer
(A)/ the isomer (B) is 1/1. Theoretlcally it IS possible
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of t enfder dhe e traWhéﬂ"‘ d8d 8§ tqhel 1t i o
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e solution poi n contai ns _
equal anount slt Tﬁ refor?ossﬁé té‘ sﬁﬁ%ﬁﬁz?s coﬁ%%%ﬁ ﬁ]@]e
point (c), theneﬂmlcwhelsﬂdgh&ldlc (A)!cn:hd (Bethale cestetlereantdl  the
crystal l'ize i neddi@nitpafiosf  of the Z%JBRW 4%&&1&:&&{@@?@ cidic acid
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Never t hel ih t t d
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further cool eq 2R 98)L$54—methoxyphenyl)glycidic acid methyl ester.
Further, it is also possible to obtain the crystals of the
(2R, 3S)—-isomer having optical purity of at least 99 %

20 Thus, according to the present invention, after
carrying out the crystallization of the optical isomer
(A) without any precipitation of the optical isomer (B)
until the amount of the jisomer (A) in the mother liquor
is equal to that of the isomer (B), it is possible to

25 continue the crystallization of the isomer (A) in high
purity until the amount of the isomer (A) in the mother
liquor becomes smaller than that of the isomer (B).

Japanese Patent Publication Kokai No. 8-259552
discloses that crystals of (2R,3S)-3—(4-

30 methoxyphenyl)glycidic acid methyl ester having
optical purity of at least 99 % are obtained by
asymmetrically transesterifying racemic trans—3-(4-
methoxyphenyl)glycidic acid methyl ester in the presence
of an esterase derived from Serratia marcescens to convert

35 7.8/8.8 (about 88.6 %) of the (2S,3R)-isomer into the
n—butyl ester, removing the enzyme, distilling away the
solvent under reduced ©pressure, and then conducting
crystallization from isopropanol.



point (c), the isoner (A) is crystallized, but the isomer 30 (B) is not

crystallized, so the yield of the isomer (A can be increased.
After passing through the point (c), if the solution is further
cooled to a lower tenperature, the . sgpution finally reaches the point
(d) at which the whole 35 solution beconmes cloudy and not only the

i sonmer (A is crystallized, but also an anorphous-like form of
t he | somer (B) andoweler, egher mqnsmaninttldxs ) 1spreimitei~nm1md at

e SO e Bt of ol B8R, 893~

poi nt (d). (4-methoxypher5rl)glwaukcngacxd1raneﬂhylt hestqml in the, mothex he
solution Is fygbher  erystalitsBlign i raﬁg% ihe M&ntaﬁe)

and the solution s rraln or sorre

i ned f at ure
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whol e sol uti onpbglsplreester. ¢! My ajyl tReansse nhewgen@angﬁiea@aeatbngbét

the point d Nanel t.he iso whi ch.has,been inhibited from 10
preci pitation 1é ‘%ﬁ?saﬂﬁe to s“tng?e rﬁp&&% alﬁ ?Blé)r"pl $9t e85 1O GyOIqe,
with the est ertheanmmntamaatloas dy arthEphony;sttalkfaatmn f of m th&@heurdesiredt he
process of the(n Z.ei%m#}vent I on required to finish the
crystallization 'an ation the optical_ isoner (A hefore tine
t at whi cll® he sol utionlfs C‘-Hgé'é%s 95‘5;“8 to the pr pHVERtion,
above, the extthd ofrystaliizdtlionatcam be acamdedy dbt puntiéssthé tamount

P ocess of | 0fne S Hhen [ destrafl (€9 ﬁ@wgﬁﬂﬁaﬂﬁ#ﬁ%ﬁ@@?ﬁ’s@?‘ o
20 dependi ng cacldarlmﬁé vhct stere. gn  t kbeki rmother r adiguor Gft&rhe the
;rsrglrjrﬁ{s (A) ah y@%)aufi@hbﬂe epb8SmES MPOFRSuL B )half afdn Elgtﬁ b?ﬂ‘g?sé?%&ned
R deJrﬁce (%S, ﬁﬁb-ﬁg—@-meaxoxyphenyl)glycuﬁc a.c1de t%yci ester.

The extent to which the isomer (A) is
crystallized, namely the extent up to . which the
crystallization is continued, varies depending on the
ratio of trans—3-substituted glycidic acid ester

20 (I)/ester compound (B), solvent for crystallization,
crystallization temperature and the like. However, since
the solution subjected to the crystallization becomes
cloudy at a stage that an amorphous-like. form of the
isomer (B) and the ester compound (B’) begins to

25 precipitate, it is possible to recognize the end point
of the crystallization of the isomer (A) by monitoring the
appearance of cloudiness in the solution.

The purity of crystals may be generally affected
by «concentration of a solution to be subjected to

30 crystallization (or the ratio of a solvent/the amount of
the optical isomers), the ratio of  optical isomer
(A)/optical isomer (B), temperature, amount of crystals
obtained and the like.

Generally speaking, the purity of the crystals

35 of the optical isomer (A) tends to be high if the
crystallization is carried out up to the extent that the
isomers (A) and (B) are hard to be crystallized and the
amount of the precipitated crystals of the optical isomer




factors. For instance, in the case that the anpbunt of the 25 isomer (A

in thHe solution (a) as shown in Fig. 1 is smal | er than that of
the i somer (B), the starting point of the crystallization of the isoner
(Ay is sonewhere between t he points ( and (c) and it is possible to

crystallize and isolate the isoner ( in pure formup to the point 30
(d). The isol ati on of crystalline isonmer (A my be

carried out in(@)usigl smaler SEeh aKadflgnt afloth@nctoncentréﬁlbﬁtlcﬁ the f

th tall t t Lo tine
el red folSPIETBsoRAf odndss (0 nn " thR. GrysPaiaRist o sutfdd . Lid
can be acconpl ilewsd the ratia ﬁhothetnsnmerl {A) tthee isomerss (Ayolamd ofB) on
a |aboratory s SH3R, HEN cr‘yggﬁﬁ'z%ﬁ:fon Sl.‘éh‘giér%fure sis pﬂ?%hb'&nﬁl {He

t he |solat|on qlres I me
- 21 - § nameunt) o prQrd(&talsOnof .the .@ptlsalef mre a\b 1$ mSérmolhptthe he

cr Y|St ?' l'izati Ofburﬂ:?r I01; n?chén;?@nysttalhné hes?xﬁét nt(A)( eis, hsght thggdh ° conttl'aﬁ:
i sol ation can e Wi y .£ant ani nation Wi thi,n the.tine
length up to t pgﬁ? 5 yle(ia of tﬁ q of the l:H:rl‘iﬁtles

the présent usualldeGmdSnto bé lomhef thﬁ‘ y.‘@neentm:uolmms lew. carri ed out

for i nst ance, ong
trans-3-(4- thoxyphen O%%Yvyc dl c aC| Ché hy"[q{'&'n ?r@é&ﬂtananQﬁﬁ&P the

(2S, 3R)-3( mRIESADURERI ) Pl ci the ODHGaﬂE 1S°ﬁle§ut)£§ lsestléﬂ'ﬂbmdtm
aherunt28 Ol;,R)V\/Iﬂlatzitoungf teﬁf f e elﬁresglg%erl ofi bthe téster compoundt aﬁB'Qn
E:rss'g allize ) g} gz‘ﬁgggllbl%etq‘?oxf&ﬁgwl )%?Jéﬁﬁd. bsoné%pds( Vmg
ester until Durty hlgimettetharnaﬁﬂo% imfa high yiel
(2S, 3R) - 3- (4- rret hoxyphenghe gl Y&}@tﬁlhzﬁ%ﬁ' 15?r6’6§d% 8t eryery N sifbfe
not her | . afte the . Ccrys l'iza n_ beco ﬁat Ieat fw Ce as
much as thd® ofsincd (3R sembrises me%ﬁﬁ%?’ SRIURtRE i the  grptallizagion,
ester. Fur tdfer thet optighko ipomer bl{A)t of rompt 2 n sbh.monysd)ﬁll thef optical
isomers (A) and (B) and the ester compound (B’) up to the
extent that the optical isomer (B) does not precipitates
due to the presence of the ester compound (B’) though the
20 optical isomer (B) would precipitate in the absence of the
ester compound (B’), thereby the crystaliization is
continued up to the range where the amount of the optical
isomer (A) is smaller than that of the optical isomer (B)
in the mother liquor of the crystallization.
25 In conventional crystallization, crystals of the
optical isomer (A) ‘are obtained by crystallizing from a
. solution (AB) containing the optical isomers (A) and (B)
up to the extent that the amount of the isomer (A) in the
mother liquor is larger than that of the isomer (B). In
30 such crystallization, the solvent, temperature and the
concentration were  carefully selected respectively in
order to obtain the optical isomer (A) in high purity
without any crystallization of the optical isomer (B), but
the yield of the optical isomer (A) was obliged to be
35 sacrificed to some extent.
However, according to the process of the present
invention, the optical isomer (A) <can be crystallized
without precipitation of the isomer (B) even up to the




(2R, 3S)-isoner having optical purity of at least 99 % 20 Thus,

: according to the present invention, after carrying out the

¢ Crystallization of the optical isoner (A) without any precipitation
of -the optical isoner (B) until the wt of the isonmer (A) in the
not her | i quor Is equal to that of the isoner (B), it is possible to 25
continue the crystallization of the isonmer (A in high purity

: UE“ ! Lhe a][m%?]t‘teﬁf thRati sm) i of) the t@ptigfﬁt hiﬁomerps {(N)tJognﬂleqﬁ)EswaﬂlE Ike_r
i than that o e | soner : . apanes a U J_on. Kokal
No. 8- 259552 i Cevetdllibed  ip,  the cry puyentional ngggﬁélf%?mn
3S)-3-(4- 30 wisarwinyphtheyl ) esteri dicompaund (B)netwerte absandr in  hthe ng
optical purit - at. . le : % are obtained by
asymmetri cal | #Ysgﬂ%?s%%ﬂﬁm% . racemc trans-3-(4-
met hoxypheByl ) gl yci di c Hhe d prepayation eofi nthae splatione (ABB)i and esthe ase

derived from Salh@bhd NRAABBENStd 0 BENVEibjetbed 7. 868. Ehe( akeybtalliZation)
of the (2S,3R)-1soner, into the n-butyl ester, renmoving the enzyne,
ainied Jarlo
soFOFt  under

distilling awd reduced pressure, and then

conducting cryst al IThat iestef r ocompopndpa(dl). may ‘act to lower the
- 22 - i Ho e st ' | ONi4 i i ed t
the stage that ?lnde gr?pu\r%&g?rt (tém ahd) tﬁflﬁé 31t is |peferaibleCtha

desj red = 3- . .
( 4- met hoxy@hedyl )splytion ¢ i d tﬁ’}b]%?;ﬁ@r ita t thenpixystallizationordoes ¢ er
3R - 3 (ot oL e e Oy ooy oo aithe! gt

- 3- (4- met hoxyphen i dic aci e est er [.S.._ IS ayse
it was consi (‘J’Qﬂ&bou‘ﬁ) g{&/f 18 rfé%feséarﬁomopé{‘grr%t thep?ﬁ@Efe&VI i%‘g(? n
so as to avoi ¢o thehesohstioani though sycht heontanyisiadidn zanapn irof some
undesired —— dadss 3Botl SHE! avdidable | in BrepatPathe 36RRIGRNT tHE

t he resent inyention, t he, crysta tl n be carri out” untl
t he aﬁounﬁg SO tnion t (ABB’)  4iss ¥ggpre pgq:{o raﬁlae %han the solution

3S) - 3- (4- met hgAWBBry! ) gl yci dic acid nmethyl ester in the nother

liquor after the The solution (ABB) «can be prepared, for

instance, by adding the ester compound (B') to a solution

(AB) containing the optical isomers (A) and (B) or by

20 transesterfying the optical isomer (B) in the solution

(AB) to an ester compound (B’) in the presence of an

enzyme having a stereoselective transesterification

ability by the use of an alcohol (R®-OH in which R® is a

linear or branched alkyl group which may be substituted,

25 an alkoxyalkyl group which may be substituted or an -
arylalkyl group which may be substituted).

In case: of the enzymatic transesterification,
the solution (ABB’) is obtained only when the
stereoselectivity of an enzyme is 100 % and an enzyme

30 having a stereoselectivity of less than 100 % gives the
solution (AA'BB’). Therefore, it is preferable to wuse
an enzyme having a good stereoselectivity. '

The solution (AB) is wusually obtained by a
chemical synthesis since the product thereof is an

35 equimolar mixture of the optical isomers with the
exception of asymmetric synthesis.

The ester compound (B’) remains in a high
concentration in a mother liquor from which the optical




crystallization becones about half of the wundesired 15

(2S, 3R) - 3- (4- net hoxyphenyl ) gl ycidic acid nethyl ester. The
extent to  which t he isomer (A is crystallized, nanely the
extent up to which the crystgdlization is continued, varies
dependi ng on the ratio of trans- 3-substituted glycidic acid
ester 20 (I)/ester conpound (B), sol vent for crystallization,

crlysi al l'i zat Ibq {Ifeenp At Ukas arwseni hleblrylslthmzed Htwﬁi/er;solsued:e accortlirz
sol ution subjec allizafion c
stage t hat anj%ggﬁougrﬁ‘?{& fUF‘fél"a:l‘ ‘?h@n n€$ %%E)%'“ a 1311? %#g}(e%t&nér

compound (B )if begedessaty. 25 Theemesttantecompound; (BYsi itan talso

recogni ze the btend poi Bgnce #%gﬁc&ﬁ%st aAAd Zatééi@ﬁ:ﬂfvlefﬁe 'ﬁf&%ly&ﬁg by

m)nltorlngthe0 pea ssmthe o)

The purity 5f estest acempounde @¥hednl |3 amixdared of ester cepmpoundsi dd\’) of
a solution t 3? subjected to 30 crystallization (or the ratio of
a solvent/the a t he ical isamers t he kO ,Of
optical isoner (A)frbptﬁ;%stﬁ Qfsoré"re ParHyg (F)}é é‘é"'ﬁl‘%n (‘Aﬂ%r}t the
crystals Céﬁternecbmpdunﬁe (B'keis usually addedGeter al |solutiomak{AR), sohe

puri ty of _ thg, o it Seliuhh  LiRoR! | GRY! SQERLSA ¢ Fenganﬂa?o be

hlgh i f the al'lmza nrs carrie 5) e ex
i somers (A0 artthats) thee isamert olde tﬁy§r3$ta1hé§dan hethe isgmemt (B) dse
preci pitat ed ahotst adrysthllizéd oty Cathe SPfsence of the ester compound

- 23 (A small. For exanple, if the concentration of the
i somers (A ar@iB) in the crystallization solution is low, the ratio
of the isoner (A)/the |Sohrtnm1(N)A131)nd t((B) which s esitgh, campou;aslt aBf)zati$ on

tenperature i ys t OopRjd C %H[?f
(A is small SEFLH ri y olf1 t e ;:rystalEl tsgh?tsleh Ib? p(ilds ﬁ#‘b‘?}
contrast - t@lxﬁﬁ'es Oghé ey @PlcC 1W%r§‘&a %()heangpt%lﬁl beso?rer
usual I'y tends dolubior ovv:oﬂtaﬁﬂmg:orthent fedmers | S(A)OWand (B) in different

amounts. For example, such solution (AB) may be prepared
by an asymmetric synthesis as disclosed, for instance,
in Japanese Patent Publication Kokai No. 61-268663,
20 No. 2-17170 and No. 2-17169, WO 89/02428 and WO 89/10350.
The solution (AB) containing the isomers (A) and
(B) in different amounts may also be a solution prepared
by subjecting a racemic solution to an enzymatic and
asymmetric hydrolysis disclosed in, for example, Japanese
25 Patent Publication Kokai No. 2-109995 and No. 3-15398 and
Japanese Patent Publication Kohyo No. 4-501360, or by
subjecting a racemic solution - to chemical optical
resolution as disclosed for example in Japanese Patent
Publication Kokai No. 61-145174 and No. 2-231480.

30 As mentioned above, the 'process of the present
invention may be carried out in combination with known
processes, e.g., asymmetric synthesis, chemical or

enzymatic optical resolution and so on. In these cases,
even if the asymmetric induction or the rate of optical

35 resolution in the known processes is insufficient, the
optical isomer (A) having a high purity can be recovered
in a good vyield by combining such insufficient process
with the process of the present invention.



However, according to the present invention, the 10 precipitation of the

optical isoner (B) is inhibited on account of the presence of the
ester conpound (B') and thus, it is possible to obtain optical isomner
(AY having purity higher than 99 % igr a high yield. The
crystallization procedure is very nple 15 since it conprises
nmerely conducting the crystallization of the optical isonmer (A from

a solution of the opticglgo, theS c'éséA)ofart%d B{bréﬁ&tt hiwvehtRin CAIERO Usel

(B') up to the xt ent thatgi tlcal Hby%%does not

preci pitates Plkﬁ.‘xﬁ et 5 % @st Y 05 '3+ $IuEIPR he

Comoim (S0 i et m'%;3%5585;;{‘&?““@“*%%@;@? ‘o

t ol n )

t he range vvhe Fhe P Slf ﬁe) l'soner is shal |'er

that of thé® opﬂmecalpnos:eesr oB) the ipresent nonventiomuds oapplieable to a

crystallizati I ent j;pna Cry zat rys{sal s
Folu &%BB Bbt&ined ixP 'the ?x‘cﬁe'sb d1%&loseﬁ i

| SO E

of the opti ca

are ai ne fr
sol ution (ABJapaReseni ngPatert opdiwRicat é‘?}i‘rer sclr(%lz@-‘ andﬂ 2%%095 t he
extent that tINo.anogrR787H0t heandonNo.(A) 8+2595%2 whetémr I (ZR;@S)rS (& ger

th t hat of t | t,
tomper at ur o AEROREEET Rl * hcil’ el aéét i 'yIQ”sgIDEQI%ef" By
respect i vdily subjectingr derracemicobt dranstir(4-methaxyphenyhglycidis i acidi gh
purity Wi thetHylanYesterySt € | | dagyanti©f hSPmnittical tia@tetiBloativh

the yield of th pt| I o) A _to be 35 sacrificed to
sonme extent. it Oilome &éﬁ%qhﬁ%ﬁ@ 18P®€hr ocess of the present
i nvention, t he opt i caVarmusrreramﬁlk)atwasn kend cr ymdltficatiamhs ofi t htime

precipitati on[lﬁ.f ?ﬁ éﬂ =) eé?ékéfﬁ t Ojd¥ntion p ible.
24 - nt at optlcal | soners (A ?% wou Id be
crystal | i 2e&d qx,ampl@he Té’bn@éntt alopticaly sisomers, } eicAN hhe

ester conmpoundhtBinederin aldsight ipurite by way of a recychng process
which comprises:
(a) preparing a solution of one optical isomer (A)
and the other optical isomer (B) of the ester
20 compound (I), both of which are the optical
isomers due to the asymmetric carbons at 2- and
3—-positions, and an ester compound (B') which
is different from the isomer (B) only in the
ester residue R3Y,
25 (b) crystallizing the optical isomer (A) from the
solution up to the extent that the optical isomer
(A) 1is crystallized without the precipitation of
the optical isomer (B) due to the presence of the
ester compound (B’) though the optical isomer (B)
30 would precipitate if the ester compound (B') were
' not present,
(c) isolating the crystals of the optical isomer (A),
(d) chemically transesterfying the ester compound
(B) included in the resulting mother liquor
35 together with the remaining optical isomers (A)
and (B) so as to convert the ester compound (B’
into the optical isomer (B) followed by the
crystallization and isolation of the isomer (B),



crystallization solution. 5 The preparation of the solution

(ABB') and the solution (AA'BB') to be subjected to the
trystallization i s expl ai ned bel ow. . The ester conpound
(Ay may act to |ower the yiel d _ ofgd samer (A) and, therefore, it is
preferable that 10 a solution to be 'subjected to the

crystallizati on does not contain ‘the ester conmpound (A'). Since
the ester congey nChdchAg) i @ notra@em%rpomst-e-shbsmatéd vel gl}&ﬂdﬁﬂ

to the solutlonthough su ta atign | o] as t

avoi dable in prepar| egom 8 eigerss%w%ﬁa @?3 t8 |g1e
more preferable than reslud:tmgol ntothar hq(;lé#\ A@® ) provide a solut‘fm to
solution (ABB ) can e e ad

ester conpound (B') tobé) oIt t{%g% dm(A ?Eco él%slfﬁg&qﬁe opFi c%éi?so(nZ’rs
(A) and (Bp or by 20 tanthsesterfying the optical isomer (B) in the

sol ution (AB) @) ar}-@ﬁa@inéor’ﬂﬂéunﬁbbge-)-mbﬁtib?édprg’é@ﬁe ®), anc), (d)
enzynme havi ng e.ose{\: ecti \é/ﬁ transesterification ability
by the use of an al coh ‘f 'R3 is a | i near or branched

al kyl group which nmaynbe tsh&)streamﬂd'Lg 25praoessal kbhgal kghcengratjon whof h
e S tonth, ) ip, 2 R IR B M)

In case of enz i‘Qn, sol |on

steritl cg&
(ABB') id0 dwanpesteri :@atgpn iporthe { gD ( téﬁeob%gl'@'tlt'h@‘} atn of
teﬂzymelbg 10/0 ‘i@ea{%xﬁérem | t ﬁlﬁtbférAAeaoﬁyerﬁQéehg@mew (B) @hn! b6
. than % gives the so u eref or
pref erabl e t(?q’ by, & ﬁ?g Cﬁb‘)ﬁt&@eo&'ﬁ&u]\ﬁ#ﬁpn and

The sol uti on is¢kjon. s usual I y obt ained by a chemical synthesis

since the product trﬁrecgn | &g téi"” ?&\)nﬁ&#dml A7) Mt Urgly dhegf {d'e the

optical isonmers wth esl s

tric
The ester 1PonFEassiqy )mn“éﬁﬁ'%s QIn i g% em1c né’é‘ﬁf‘?ﬁﬁ%hﬂpﬁtlgnnotmé?r
liquor from whicch ¢hestellizizgd the isomer (B) in the step (d), the

isomer (B) can be more efficiently crystallized by an
inhibitory effect of the ester compound (A’) on the
crystallization of the isomer (A). In «case that the
20 ester compound (A’) is added in the step (d), such ester
compound (A’) included in the resulting mother liquor is
chemically transesterified to the isomer (A) in the step

(e).

It is preferable that the amount of the ester

25 compound (A’) added in the step (d) corresponds to that of

the ester compound (B’) included in the solution in the

step (a). The amount of the ester compound (A’ varies

depending on the ester residues of the isomers (A) and (B)

and the ester compound (A’Y and the solvent used for the

30 crystallization, but in general the amount of the ester

compound (A’) may be adjusted so that the molar ratio of

ester compound (A’)/isomer (A) is from about 5/3 to about
10/1.

The chemical transesterification adopted in the

35 recycling process is carried out by adding an organic

amine and an alcohol corresponding to the ester residue

of an optical isomer to be obtained to the mother

liquor obtained in the step (c), and conducting the



- 25 - I somer (A) has been crystallized and isol ated according to
the present invention and can be taken out therefrom I f necessary.
"The ester conpound (B') can also be obt ai ned by enzymatical ly
and selectively hydrolyzing 5 ester egnpaund (A') in a mixture of ester
conmpounds (A') and (B'). In case of preparing the solution
(ABB' ), the ester conpound (B") is usually added to a solution (AB) so

t hat th(e )result}aﬁgeg_ﬁrmlbgﬁogABB f]olkﬁhééf [ e(go% he digtillihgn 1(b.waj|f|at tthe
i somer (A) is crystallize ut the,iso B) i not ysta
tbo ofghiGe | o@MIREoompBldd e ) . alcohol. "ONTHEYS | &!‘eﬁﬁg?h\s)

presence :
to which est eltranmhmnﬁ(:su)om S of thddedster s compournid ni(AdY iso carried

sol ution of nglaﬁ?l ure of the optical isonmers (A) and (B),
and may be a ot ﬁg Eﬁf(l:elon ai nélgng t he |sorrer§ LA) and (B) i dlfferent
o)

amounts. Bor exanpl e, Bagh &J@Dmﬁom(ABherra?lCB disur g usedy ippt

asymmetric  syplhfshp Q§an§lé 8skionf Or mal nstwcefregig%manjaﬁwse 1

Patent Publicati okal 866

2-17169, WO 58002150000 HiRlsn) EEES‘é‘aﬁ 2 1 motds, ofen {‘%Ré‘? of
containing than swastes (Ap albe transastemﬁed.f erahlk:ohotmnthavimg alaso low a
sol ution prep ub e s&h?h n ap.en nd
asymetric hyg{p?ﬁngl sp§| o og | n, or exng ,tk))al@)meésagl 2?6 i‘é@rhﬁl)ﬂ
Publ i cati d@ K&S@ﬂ Néor 2- the goshemicalo Eication JBpaNtEE Pﬁgenﬁhe
Publ i cation Keggcling 6f5ﬂ1§qg0m3byA) ands(lg) ect| ng a racem c sol ution
to chem cal opti cal esol yti gn. . as , xa e i ese
Pat ent Publ i cation mf Ogtl 1%74%@ ggﬁé 1‘280% dhe%&%&i‘

As nentioned tmbnsesterificptioress ase, t hfopr esénstance, i n\@nt i monoalkylam

Synt hesi SUt U 0o etAI i, TIORhylamiflent O DylaRife, %é?
In thesel9%ades, ﬁlallﬁriﬁmmet he Z&ﬁ‘met ri @1%&¥%Heor th glagpne,

Optica: 35 reﬁpi'upylamme,ﬂ th hmsdpmwlamme)essea i striatkoydémine ent (e.g he
715, ComctriAh OB AENIANARN. " SRR, et O
present invenmerpholine); and an aromatic amine (e.g., pyridine).
of a dialkylamine having a low ©boiling point, e.g,
20 dimethylamine, dipropylamine or diisopropylamine is
particularly preferred. The organic amine 1is preferably
used in an amount of 0.01 to 1,000 moles, especially 0.1
to 10 moles, per mole of the ester to be transesterified.
When the above recycling process is conducted,
25 both of the isomers (A) and (B) can be obtained in high
purity in one cycle. Since the process can be practically
carried out infinitely if the organic amine and alcohol
can be sufficiently distilled away after the chemical
transesterification, the isomers (A) and (B) having a high
30 purity can be efficiently obtained only by recycling
the process without conducting an asymmetric chemical
reaction.

Moreover, the decrease in optical purity due to

the contamination of the antipode on account of the
35 fluctuation (partial ~ nonuniformity in solution
temperature, concentration and 0] on) of a
crystallization solution can be suppressed and the amounts

of the optical isomers obtained in one cycle is large.



- 26 - Al so, the process of the present invention may be
applied to a solution prepared by subjecting a solution (AB) to
‘an enzymatic transesterification instead of adding ester conpound
(B°) to the solution (AB). For examge,. 5 the process of the present
invention is applicable to a solution (ABB') obtained in the
process disclosed in Japanese Pat ent Publ i cati on Kokai No.
4-228095,  TMeref6rd8790 thend Neyclig25955Focesber ei fs (2Rritistpidily
met hoxyphenyl ) g| ci.di ¢ _acid met hyl ester Is obtained by 10 subjecting
racemic tran ageP¥oxyphenyl ) gl ycidic acid nethyl ester to
enzymatic asymretri c Arapsecess i fwheartéinn a.  solution- boontaihing coptieat

the (25.3R-1300Rbrs (A) and (BoGhASechBP! Lo ?ﬁﬂssf%d?}bﬁé‘ér 15

of the r'esen £ nvent I'on are
exanpl e, b8t hbyof a hetransesterificabion; (pyocgsa apgl cis pth \en  appligdiecto i n

high purity ¢he p%tes@foﬁth@egyéééﬁwm?éﬂﬁeﬁsls explhined ®RIGw) ses:

(a) preparing a soluti of, one ggqr@ﬁ |% ég.r t fj hﬁ‘l

ot her optical isoner (Bf ofiSt h@®T &o to prep ecor?pmﬁﬂ}u a8 Gothe of
which are thmsedoptfaral the crystallizatiomer sofdueopticahe momeret r(A) cdvpons
at 2- and posi an ter oun ( | ch
is different fer“&mt‘c?ﬁx t%%ﬁg%ﬁerm"% the is6 es?Be)r rel)snl d\llj\lg5
Rerr], 230 solutign crqfstamtnczalnglsqm@rs op(tA)caland sdBdr inte theomesteme
sol ution up t@omsod eNB’j,nakirdee PPt '1§a|pds“s@m%r to obtain in (&) smgle

crystallized vmth ut th reC|p|t t he optlcal
(B) due to t h& g et(# o"iuhon C°“‘8§‘%‘é‘8 ch&ﬁ%e‘E gfhe
optical i somarth(eB) 1§mner (A) andoulad gmelepi tameunt tdfe éheerls@mqmu(lB)

(B') were together, RefthP" eaedt . ester é@ﬁnﬂsm (BY ngwhmacri/ﬁﬁf]&és of
the optical. iso A, 3 e@cal transesterfying t he
ester 3 oGkystallization of the #S mEe| in the resulting nother

| i quor 35 t odgiet hethe wiprbceddhe ofr ethieni pgesentt i daventionpr sit (49

preferable for the ratio of the isomer (A)/the isomer
(B) in the reaction . mixture resulting from the
transesterification to be as large as possiblee In other
20 words, it is preferable for the ester compound (B’) to be
abundant in the reaction mixture. In this case, in order
to decrease the amount of the isomer (B) therein, it is
necessary, for example, to increase the amounts of the
enzyme and the alcohol used for the transesterification
25 and to conduct the reaction for a longer time. However,
such procedures increase the <cost and <cause side
reactions. :
According to. the process of the present
invention, even if the degree of transesterification is
30 low, the resulting solution may be successfully used for
the optical resolution unlike conventional processes.
This is because that the ester compound (B’) inhibits
precipitation of the isomer (B). The isomer (A) can be
obtained in high purity in a high yield so long as the
35 molar ratio of isomer (A)/isomer (B) is from 4/6 to 10/1
and the molar ratio of ester compound (B’)/isomer (B) is
from 5/3 to 10/1. It is particularly preferable that the
molar ratio of isomer (A)/isomer (B) is from 3/1 to 4/1



and (B) so as to convert the ester conpound (B') into the

optical isoner (B) followed by the crystallization and
| sol ation of the isomer (B), - 27 -
(e) adding a racem c trans-3-substitaged. glycidic acid
ester (1) and an ester conpound (B') to the resul ti ng not her
| iquor to provide a solution to be subjected to the

crystal lizati gfhdf tdeepmdiar 5rat10 of est&td compound ({B’)/mpardri n(BY hés

above-nmention st and (e) in this order.
In the recygd ei)’;‘rt(}é)Zs the concentratlon of the isonmer (B) in
the reaction mxture ofThae alcohblsal used ttfenseish&ar itransesterification sae

(d) is hlgher th
i somer (B) can}gﬁ% &%} al neacdtl)Jil C n%uctl n a convegﬁé I ona &%Elys%al I régaﬁ on

and i sol%t ixgsidue of the estezr fcompound (@&). conpound (A) “is added to
the 15 reaction m xt uAﬁ of t&RzymBsM calhgymgsesteﬁhf | cat jlilityPr i or of

to crystalli2| the r (B) in_the ste t he i SO gg

nore efficientd vel¥q by arfranse ?Fﬁ%{lﬁf‘ ef/ ef f eHFTST ?ﬁ@ é[tgfed
conpound (A') giurctdhl@ amd:r;a‘altarl i @t iwith ofthet halcohobmemay ( Ape  used cime
that the 20 I gﬂg@ﬂgﬁ% | s added in the step (d), such ester
conmpound ( -)eﬁﬂnegfﬁ e $n t lgé?gggﬁlti ng not her 1] iquor S che ca.II
transesteritied to the P4eher (APNZ e stefapablgg) of ectyvely g
preferable thaﬁrahbeseémﬁyling)f theﬂﬁger 25 (ZSPmPtinn{eﬁ) addgg in Lhehétep
(d) correspon _hh conpe uded t e
solution in tﬂ:i’ang ?t ghbS% }lte& gqgﬁ’é{}ﬁt %1 e(sgg%err(ﬂ) e’(A )for
varies depdngtancein teésiersses rderiveds (fromhe mmnmrga(lm)tnmndbtlb}ngmgand
the ester compeyundthd ) gefleidie SRk¥eHh, U TChridhlial NeMiors" Y PethbdoAial

ut in 95T aAsxgeregﬂlus, o Rfcahgeneg,s er Absidia, Fusarium, Giberella,

Neurospora, Trichoderma, Rhizopus, Achromobacter,
Bacillus, Brevibacterium, Corynebacterium, Providencia,
Saccharomycopsis, Nocardia and Arthrobacter,

e —chymotrypsin, porcine heper esterase, porcine pancreas
20 esterase, and the like. .
Representative examples of the above—mentioned
enzyme are, for instance, esterases derived from Absidia
corymbifera IFO 4009 and IFO 4010, Aspergillus ochraceus
IFO 4346, Aspergillus terreus IFO 6123, Fusarium oxysporum
25 IFO 5942, Fusarium oxysporum ATCC 659, Fusarium solani
IFO 5232, Gibberella  fujikuroi IFO 5368, Mucor
angulimacrosporus IAM 6149, Mucor circinelloides IFQ 6746,
Mucor flavus IAM 6143, Mucor fragilis IFQ 6449, Mucor
genevensis IAM 6091, Mucor globosus IFO 6745, Mucor
30 janssenii IFO 5398, Mucor javanicus IFO 4569, IFO 4570,
IFO 4572 and IFO 5382, Mucor lamprosporus IFO 6337, Mucor
petrinsularis IFO 6751, Mucor plumbeus IAM 6117, Mucor
praini IAM 6120, Mucor pusillus IAM 6122, Mucor racemosus
IFO 4581, Mucor ramannianus JAM 6128, Mucor recurvus IAM
35 6129, Mucor silvaticus IFO 6753, Mucor spinescens IAM
6071, Mucor subtilissimus IFO 6338, Neurospora crassa IFO
6068, Rhizopus arrhizus IFO 5780, Rhizopus delemar ATCC
34612, Rhizopus japonicus IFO 4758, Trichoderma viride IFQ



-

conpound (A') may be adjusted so that the nolar ratio of ester conpound

(A)/isomer (A is from about 5/3 to about 10/ 1. The

themical transesterification adopted in the 35 recycling process is carried
" out by adding an organic am ne and_anqgl cahol corresponding to the ester

resi due of an optical isonmer to be obtained to the nother | i quor

obtained in the step (c),- and conducting the

- 28 - traea?sterlﬁdm&mwerfol bym@lasteby IAM sti1013jg  Baoitlys

th i
trgtnsestg;??1 PlchhBﬁI@ ‘GPthhe ;E@er c%ﬁgg’und ?é{e)%l%&ﬂ}‘ﬁled kgﬁg@[u%%au?%
same manner. ATCC 155887he Cmynebactﬁrmme alkaoblyticem beATGGed 21511,t he

chem cal tran n y fro 00
nol es, especi aﬁﬁg&ﬁéb%%{i@ rml es per Mﬁéﬁ*ﬂl anmest,:t er. tQ 553)92)
transest eri 5i e@orynebactesium haprimorigxydens ABEC i n§1pdbnt , Brayidencia
met hanol or et hpagifacpdhd’e JOMT eI,y PEeuddMbnas or mut&kilisc hATCR! 31014

o e Wief AL, 474750 WIS Ay RCC {r5
transesterifi cSérmtm aliquefdaiens i ATGBce27592, Sevratihkymanceseens ATCE.
met hyl am ne, Eb' WL, prrs HPURL 9180 b‘iﬂéﬁ%”ﬁﬁn 'RTCE 27117 and

di al kyl am ne 8y| an ne,

di i sopr opylﬁm C 3121?r| §e|ry”aam rmarcq'a‘@egs Sr41 1y EthﬁRa‘*ﬁ e, Candida
triethylam ne);j arépsﬂ@éi%' i c JFQam 0885, ( e. SaccharonmRopRid i nel‘ipoly%ftﬁh anFo

2 Tow * bot Pﬁa]‘(]pm R0 MAE T, 11952 TR0 L EBe® anq% odpAfy  NORH
di i sopr opyl ani asterdides IBQrt 8384ar | IFO pr 3424 r eand 6:4@&;“ c Nogardia
s preferabl yg;rdn d APCEN gyt Qﬁrt@lr‘%a&férl Wg&i%%s eSRRLT aligy, 0. 1

to 10 nol e of th ter,. to nsest | e V\hen
t he above i%cy HDOE? ‘P@%ﬁﬁlﬁj&%ﬁ 1 4GC8e i soners (A and

(B) can be obtained in lﬂoﬂinnermally available enzymes are also usable,
e.g., alkaline lipase (from Achromobacter, Wako Pure
Chemical Industries, Ltd.), Lipase B (from Pseudomonas
fragi 22-39B, Wako Pure Chemical Industries, Ltd.), Lipase

20 M AMANO” 10 (from Mucor javanicum, Amano Seiyaku Kabushiki
Kaisha), Lipase type XI (from Rhizopus arrhizus, Sigma
Chemical Co., Ltd.), Talipase (from Rhizopus delemar,
Tanabe Seiyaku Co., Ltd.), Lipase NK-116 (from Rhizopus
japonicus, Nagase Sangyo Kabushiki Kaisha), Lipase N (from

25 Rhizopus mniveus, Amano Seiyaku Kabushiki Kaisha), Lipase
SP 435 & 535 (from Candida antarctica, Novo), Alcalase
(from Bacillus licheniformis, Novo),Lipase type VII (from
Candida cylindracea, Sigma Chemical Co.,, Ltd.), lipase
(from porcine pancreas, Wako Pure Chemical Industries,

30 Ltd.), esterase (from porcine heper, Sigma Chemical Co.,
Ltd.), cholesterol esterase (from Candida rugosa, Nagase
Sangyo  Kabushiki Kaisha), Lipase @OF (from Candida
cylindracea, Meito Sangyo Kabushiki Kaisha), Lipase QL
(from  Alcaligenes sp., Meito Sangyo Kabushiki Kaisha),

35 Lipase AL (from Achromobacter sp., Meito Sangyo Kabushiki
Kaisha), and Lipase PL (from Alcaligenes sp., Meito Sangyo
Kabushiki Kaisha). _

Among these enzymes, preferred are esterases



purity in one cycle. Since the process can be practically carried
out infinitely if the organic am ne and al cohol can be sufficiently
distilled away after the chem cal transesterification, the

i somrers (A) and (B) having a high 30 ﬁJri_ty can be efficiently
obtained only by recycling the process w thout conducting an
asymmetric chem cal reacti on. Moreover, the decrease in

optical purityeri&dto fromt h%c@@ﬂf@dﬁﬁﬁs) onbelongihfie €mti pbée genera

account of 3 fluct ar.t i al no i for
sol-ution t%ﬁ')' E B ure, t'an@%ﬁwnt rgﬁﬁ:%lﬁgg N&hd Q_§§ %Hmm%‘?a&er»a
crystallizati cpart:mﬂarl}on esterasdse depiwerk s fdomanthicroerganismst ssuch ods t he
opt ' Ca' | So”er%% Haskded ﬁﬂé’ a&iéf'(%d«ﬁdéaéﬂ?ndracea

ere f

- or e rec process IS ndustrially
advant ageo the petherss er @pﬁymf.s seAnahlen of c gﬁ%vs@'
opti cal '%%:ﬁééstérﬁ ﬁigd (Hhe and(zmsssﬁswmoundaf(B thés prepss-<g+- 5

by a transesteriflcati pr,ocess and. en appli e t he cess of
the present i rﬂ'@ﬁ: 5! €g;l Hﬁﬁedaﬁ@ q Qﬂ iuq g §° re?‘é"&é‘&f:@ to
prepare a sol @stenases bederlvedsecfroimr mnCmorgammSI i zlﬁomgmgof toopt theal

I soner (A enzy trans t he

a 10 soluti o%/ r,loefra optic ’]W{drﬁ%ééﬁsé (A an}’nt 0 EE es%tg#&’
conpound (1 ) Riizebium; s P ctero obt & aF'NOB‘-YQeﬁgI e éataeﬁp&ﬁastep
a solution corHa%isarMa,a | arriehi WDUFRh@dosporldhﬁnJ somcm%sma@oﬁza:&

ani ch i nhi bi (SPOREOOKBYEER, 354 e oo offy * end *TRUEBromrey

process of th@.r}ﬂeﬂmﬂhkeaventlon it is preferable for the ratio of t he
i somer (A)/the isonmer Rep I(é)entatl'i}e éfﬁnglerseaéf' OdltcHM )fﬁl'éi‘ﬁblalreéiﬂﬁﬂlé@n

other 20 Wor capabfe SO ciselEdiudly,, ' froststditvinthoothd | IR Pigomer
are, for instance, esterases derived from Micrococcus
ureae IAM 1010 (FERM BP-2996), Agrobacterium radiobacter
IAM 1526 and IFO 13259, Microbacterium sp. ATCC 21376,
Rhizobium melioti IFQO 13336, Citrobacter freundii ATCC
20 8090, Debaryomyces  hansenii var. fabryi IFO 0015,
Devaryomyces nepalensis IF0 0039, Hanseniaspora valbyens
IFO 0115, Hansenula polymorpha IFO 1024, Hansenula
saturnus HUT 7087, Pichia farinosa IFO 0607, Pichia
pastoris IFO 0948, IFO 1013 and IAM 12267, Pichia
25 wickerhamii IFQ 1278, Rhodosporidium toruloides IFO 0559,
Schizosaccharomyces pombe IFO 0358, Sporobolomyces
gracillis IFO 1033, Kloeckera corticis IFO 0633,
Torulaspora  delbrueckii IFQO 0422, Streptomyces griseus
subsp. griseus IFO 3430 and IFO 3355, and Streptomyces
30 lavendulae subsp. lavendulae IFQ 3361, IFO 3415 and IFO
3146.
The enzymes used in the present invention may be
commercially available enzymes or enzymes obtained from a
culture broth of microorganism cells. Also, the enzymes
35 may be those obtained from wild strains or mutants, or
those obtained from microorganisms obtained by a
biotechnological technique such as gene recombination or
cell fusion.



abundant in the reaction m xture. In this case, in order to decrease

the anount of the isonmer (B) therein, it is necessary, for exanple,
to increase the anobunts of the enzynme and the al cohol used for the
transesterification 25 and to conductgdhe reaction for a longer tine.
However, such procedures increase the cost and cause side
reactions. According to the process of the pr esent

invention, even if tfige (iﬁﬂfr@gla]ofenimeg‘germénman ab@ve’socahovy;e t he
resulting sol t| pn % uccessf ul Iﬁg. used the tltc.al

resol ution ubtamed cq enFP Ng hr 3 c e W00 gamsml sin; 5@ b@%ﬁ ertiopgl
the ester Cqmmgb fét ) 1nstdndm,tsn a pmediumi t aondaining t teuali somehon
(B). The isaner i n it i g | d
so long as th SOtEce ng&gl o§° j‘ lllgllog aﬂi;{% é{a‘lltgro h /r}é%hf
10/ 1 aisd ttlemparla.tureat iar of amst c¢leva demefatliﬁﬁmru(l i s aerobig om
5/3 to 10/1. ablfy 5 prtgf eSabi'émbWﬁgt hbe cell®! Fromattlge of

I somer (A)/lsorgj‘éz ;roms 1toai
- 30 S sobEPtho iy 81 Wk LRRRRFUnSUER: )35 sGRRErifgation or
from2/1 to 7fglttation, and optimallycohfiuthesed femoving an impurity

transesterifi%hon g e esurlho dgifyeﬁﬁe eg éﬂSpQ-Rﬂ-éuré 0( grBﬁh of a

above- nmenti oned ~ester re5| er cqnpound
Any erddy maicroorganisyy may he directly; useq as gthe enzym8.cosel ectively

transesterifying - trpRe- &m@osmm sohﬁ:hdﬁl Ghgy e d dieedtdy (digedvi th
the alcohol nm Be used 1in ra i'{l .1 fi,cat 'A(i 1g
Such enzﬁ% t ERZYmG| O nEﬁY %ﬁy SOy 4 E@st%ﬂ%g

t he (2Sm&R) - ibeoneimmobilized byhe a khowns - 3metiiml| teued ag ycadic
acid ester f I ngt an £ a*f\’ﬂ%

m cr oor gani smsd ge{:f(';il'aﬁﬂﬁe ﬂ{etho?,h 2 geﬁg}rfgr %ﬁﬁﬁ dlylé‘%; or,
Pseudononds, Aﬂﬁt&'@ | U8 ARFEASESDARS, gel AEB§ ang, 8gar ung

G berell a, method, a photo—crosslikable resin method a polyethylene
glycol method, a Celite method or a membrane adsorption
.method. The immobilized enzymes may be filled in a column
and used in the transesterification.

20 Meanwhile, enzymes with a high E-value have a
‘high stereoselectivity. With such enzymes, optical isomer
(A) is transesterified into ester compound (A?) in a less
amount, while the . optical isomer (B) 1is transesterified
into ester compound (B’) in a larger amount. Since the

25 amount of the ester compound (A’Y which inhibits
precipitation -of the desired isomer (A) must be decreased
'so as to increase the amount of isomer (A) crystallized
while the precipitation of isomer (B) is inhibited by the
ester compound (B’), enzymes having a high E-value are

30 preferred among the enzymes as mentioned above.

The E-value is one of popular indications for
representing the stereoselectivity of enzymes, and
is an enzyme reaction velocity ratio with respect to
respective stereoisomers per unit concentration (e.g.,

35 ratio of velocity of transesterification of = the
(2R, 3S)~isomer/that of (2S, 3R)-isomer).

In general, in case that the reaction has
proceeded to a great degree, the E-value is strongly



Neur ospor a, Tri choder na, Rhi zopus, Achr onobact er Baci | | us,

Brevi bacteri um Corynebacteri um Provi denci a, sdé Reglaced
Nocar di a and Art hrobacter, - [err] -chynotr "
heper esterase, porcine pancreas 20 estgf ase, and the i

Representative exanples of the above-nentioned enzyne are, for
I nstance, esterases derived from Absidi a corynbi fera | FO 4009 and | FO

4010, Aspergi linfretidedecelsy  inhE@vABibn Awfer Jehkyel er I side | FPeddfidn, |
Fusari um oxysporum 25 Ifo 5942, FUS%H um,. oxyspﬁium CC 659, Fusarium
sol ani | Faneasuzement @Yo, o ang & i L‘%eoi ’ %?68, Vale or s
angul i macr ospoygesl | Aerefii49s Micealud r mieastited dehérrOthé7 Afonversidic aate

fl | AM 614 E 49, MCOr _ a1 i AM
051" winor 8 oot Gt HETE el 12 ortifhs--PRCIEIS) fect
javani cus 8§ FGransesterified)a57at  whichO 4Stageand sid® 538actioncor reverse

| anpr ospor us Ifegc@ﬁ]aﬂwqﬁéaﬁ%ﬁnﬁ%rbp AHreSsli 6751, Mucor plunbeus
|

¢,

|AM 6117, Micor prain 0,. cor pusrllus |AM 6122, or.
racenosus | FO 4581, ThacorETeat@ni d6us nmeagwwdjwub&r réé“ur vggﬁ@WS
6129, Micor &jatddbhCud iEQa ¢a18e. unidisto eACHESE it yrhed) 6071,
Mucor subtilissinmus |IFO 6338, Neurospora crassa_ |FO 6068, Rhi zopus
arrhi zus | FO 5780, Rhi zopus dhi[élaec)(ATefopticad4somerARbpus j aponi cus | FO
4758, TricHbdernma viridB FFO — - 31 -
4847, Achronobacter  cycl oB4dre}1+e(qnticalisomer AL || us
sphaeri cus | Rherei?p25. Brevi bacterium ket ogl utam cum ATCC
15588, Corynebacterium al kanol yticum ATCC 21511, Corynebact eri um
hydr ocar bocl ast um ATéifount of EstePf, A’ F afiwourmiclodcestéruB’ pri nori oxydans
ATCC 31015, Providentctra—atca-factens—3eEMI67+3—Pseudoronas
nut abi | i s Worcc 31014, ampystdehdaemepudi daampuntlefiasomercB 17453 and
ATCC 33015, Serr at i aamoynéf of iester AT 2myamt ©fr estara Biar cescens ATCC
13880, ATCC 14764, ATCC 19180, ATCC 21074, ATCC 27117 and 10 ATCC 21212,
Serratia nar cescenee(dpticalERama&P-A)8F Candi da

- amount of isomer A — amount of ester A’

20 amount of isomer A + amount of ester A’

Thus, if the E-value and the transesterification
conversion rate are determined, the ratio of optical
isomers after the transesterification can be determined

25 regardless of the kind of enzyme, and it is possible to
expect the optical purity and yield obtained therefrom.

The E-value preferable for the preparation of the
solution to be subjected to the crystallization according
to the present invention is at least 20, especially at

30 least 50. Enzymes having a preferable E-value as
mentioned above can be suitably selected experimentally.

The amount of the enzyme varies depending on the
kind of enzyme used, form of use and the like. But, it
is desirable to use an enzyme at an amount having an olive

35 oil hydrolysis activity of 1 X 10 to 1 X 105U, especially
1 X 102 to 1 x 104U, per g of isomer (B).

The olive oil hydrolysis activity is estimated by
measuring the amount of the fatty acid generated by the
cleavage of the ester bond in olive o0il by esterase



parapsilosis [|FO 0585, Saccharonycopsis |ipolytica |FO 0717, 1FO

0746, "1 FO 1195, |1 FO 1209 and | FO 1548, Nocardi a ast eroi des | FO 3384,
[ FO 3424 and | FO 3423, Nocardi a gardneri ATCC 9604, Arthrobacter
ureaf aci ens nov. var., 15 Arthrobacter gsob.l_form s and Candi da

cyl i ndracea. Commercial ly vail able enzymes are also

usabl e, e.g., alkaline lipase (from Achronobacter, Wko Pure
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Rhi zopus eselventymand: xasmpgkuo Kibashsad wema. #TS) , an| j gepseatic cslgamg &
535 (from Candéﬂ%eﬁﬁt adiicH Cas Noelenel Cﬁﬂﬁéﬂe or (iﬂéﬁeBaQi N h&logenated

| i cheni for m S, Novo Li pase e Vi Candi acea, Sl g
Cheni cal CLIP% i géeig 1?’% pﬁP@? ne aﬁancF@:@' %e% Pufk
Chemical | ndeiohlesobé&ene;d )an esalmlmatec (forganipor csoleenbhepauch Si gan
Chem cal )] esgero £ fr

Nagase Sang?xa"]lé Kabu TR léllles hkycﬁ%ﬁ%gée é m?gm dwé
cylindrace) organic Sa@@}%enkabmnlku 3@ shdichl omrpaﬂ&anag_ chlqnoferm,
Al cal i genes _sgarborle! {etraShltiide Kapushriemw@atm$ % Liesote Alsdlvear

Achrom)bacter Meito ngyo Kabushi Ki sha and se. from
Al cal i genes sp® IE)‘:I'ME\ %?3 8¥ ?{ggﬁsh?ﬂ? lKaﬁﬁ or meﬂ%‘?l i(?l??#@}'
t hese enzyrresketqne%f eanedethme sodventasstich as d1methy1 ether, diethyl

L 32 - Siepcd  BHRBLrofYET OOBREL ST (AN Wettiyl®  GaRa:

act er

Serrati a, Cano nes
parti cul arl@ etg Pgé’é'é'oﬁ‘&%ed b éﬁ SRARRNI AR s EkeRs solved; [ a8ngh
mar cescens andagaenlmlaa@gﬂartedonc‘mtyl acetate; and the like. ot her hand, enzynes

capable of selectively 1, particular, toluene, xylene, hexane, carbon
tetrachloride, tert-butyl methyl ether and diisopropyl
ether are preferred, since deactivation of enzymes is

20 small and the reaction proceeds in high velocity.

The concentration of the substrates, ie.,
isomers (A) and (B), is preferably from about 0.02 to
about 3 moles/liter, especially about 0.02 to about 2
moles/liter, since the reaction velocity is high and the

25 installations for the transesterification  reaction can
be  miniaturized. The amount of the alcohol for
transesterification is preferably from 0.6 to 10 moles,
especially 0.8 to 5 moles, per mole of the isomer (B),
so that the enzyme can be prevented from deactivating

30 and the reaction velocity can be enhanced.

Contamination of the reaction system with water
causes hydrolysis at the same time of transesterification,
thus resulting in decrease of yield when the obtained
solution is applied to the process of the present

35 invention. Therefore, it 1is preferable to carry out the
reaction with avoiding as much as possible the presence of
extra water exceeding that required for an enzyme to
exhibit the transesterification activity. Further, the




transesterifying the (2R 3S)-isoner of the trans-3-

substirtuted glycidic acid ester (1) include, for instance, est er ases
derived from mcroorganisns belonging to the genera :

M er ococcus, Agr obact eri um hﬂgro@@cteriunl 10 Rhi zobi um
Citrobacter, Debar yonyces, Hanseni aspor a, Hansenul a, Pi chi a,
Rhodospori di um Schizosaccharonyces Sporobolonyces, Kl oecker a,

;Orlﬂ aspora &I#Hrol%i@ptiﬂy 7 is alijiétlt hgolubke - 1n some Isolvents and
epresentativ mi crobi al., enzyie capabl e

sel ectively teﬂ’& g@@@%f ?ngﬁeqrﬁés e (IUriy) ‘$/ ﬁ‘B des‘ﬁ?‘g, prpgfuct due

i nst ance, estwa:tmcoﬂeanmmtlohrofnsudbl byeprodust. ureae | AM 1010 ( FERM

M orobatter i um - sp. . ATORCo: PaseSteriicalh, Aoty i bifay, out

G trobacters fateungpm AeWpepaturgnoor arDeglewpsegcetemperatyrei i preferably
fabryi 1FO A0L5tem erQEI‘i?é YEFM0E %0 51?‘@6 %Ebéml!g‘:@o %320**(: Hanseni aspora
val byens I'FO 0115, Hansenul aHHE % Han en
saturnus HUT 7087, Phehi LOnvers 1@6071: ePI Fﬁ“&s %é@"’c s

| FO 0948, | RARacticyi3 cand béAM sui%lﬂ? hs%led:te'd 251 claecbﬁdancd FOWIﬂTg
d O
5?,§S°Sp°ébo'r3b@¢9‘3“i§e§§§.’fg  OF enaymes " AERES OF Wéﬁra fieF | (AY
I

IFO  063® r a S@&hbr@mmnsmw@atmz:an I r épeel Nyc%GBUSted

Pavendul ae subap..| aeendurge | Loy Pk, I *“Eﬁs"fﬁ?an?‘%ﬁ%“‘?pt Jifperatire,
avendul ae subs avendul ae
The enzynes us@g"clt’r?rf he ‘hPEse AN nvgﬁ‘ﬁl 0 Ci‘rﬁ %ﬂﬁﬁpﬁ aIWhavaﬂl%bl e

enzynmes or enmsubstrate,ai nédafis-odrsubstituted: ur glyd:ldmh adidni cr esteyani €y
cells. Also 4 tHD 'ngr?éldﬁéyo lége{.t&gﬁp?roa( ?d from wld

strains mut ants or ai ne m cr oor.gani sns
obt ai ned 5oy a bt él'ﬁﬂb’l o§PcaPbt@ianniopiic ucl*ﬁ%elger(é\ r e®6nbhiglti on
or cell fysindby in a high yield by a conventional33process, it is

generally required to raise the conversion rate in
transesterification and to  wuse an enzyme having very
high selectivity.

20 However, in order to raise the conversion rate,
at a stage that the reaction has proceeded to a great
degree, the isomer (B) which remains in a small amount
in the reaction mixture must be further transesterified.

: Therefore, it is industrially impossible to raise the

25 conversion rate to a high level considering the facts
that a large amount of expensive enzyme is necessary,
the enzyme is easily deactivated during the long time
reaction, unstable trans—3-substituted glycidic acid
ester (I) is apt to be decomposed during the long reaction

30 and some enzymatic transesterification of isomer (A) is
inevitable due to the insufficient selectivity of enzyme.

For example, Japanese Patent Publication Kokai
No. 8-259552 discloses that asymmetric transesterification
of racemic trans—3—(4-methoxyphenyl)glycidic acid methyl

35 ester using esterase derived from Serratia marcescens is
conducted to convert (2S,3R)-isomer of the racemic methyl
ester into (2S,3R)-n~butyl ester until the molar ratio of
(2S, 3R)~butyl ester/(2S, 3R)-methyl ester becomes 7.8/1
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The m crobial enzynmes as nentioned above can be obtained by culturing
a mcéroorganism in a conventional manner, for instance, in a nedium
‘cont ai ni ng usual carbon sources, nitrogen sources and inorganic
salts at roomb5 tenperature or an o evated tenperature under

aerobi c conditions at pH of 5 to 8 Tenobving the cells fromthe

culture broth in a usual manner such as centrifugation or filtration,

and optional f ypSfIR)-edthylenestas £0.8 i npurand  (2S8R)h n-butyl eSkéter
adsorbent. T g}n% uI]ture broth of a 10 m croorganismmay be directly

used as the e The thus obtained solution may be
directly used as tvaemtzynH:Ins miyamsesterificdtiond. is Al garriede ewtynes

b bi k]

T ortur - eont nPR ﬁ‘ "o Patnd Mo fle “yehction PisY IEHIET gﬁ?ﬁlﬁ%@éﬁ. .

gel nethodp, fen houys| usingnmstevase pflot50 %r d9sU kagr emcdgu efmetheod,

a pol yet hyl engy Tﬂ!eycmaﬁ@t h%teta Cgll?flpfﬁ%t h%{é’]F aanengé%ﬁtads&gdgﬂ on
aN

nmet hod. The i nMmD .zed enzymes na m and used
t he transesteFﬁdﬂ@éﬁil dpre % nz&ﬂ% rgactiony mﬁlre

E-val ue have ®ecomeRi gll/S;ere@mheetwftys Vit h168Bh m(azyatdadaed omnd:althe
i soner ansgest ceqpou a

anount , V\Ihl|£.eh§$'ll§h es e‘lfd'tjthg QB?LP@?ES& ?&Danggsté}ﬁ; |ed Sﬁéﬁ
est er coml@un@rOGBd)lren aSIargféle tiglly siimspplicebls at®unt lndﬂStItlﬂ]e

ester conpoupgodultion,Widicel NRKRI t SreactidH ectiphéd at i®n ebo t htonigsi rgee
i somer (A) rrust be ,decrease I ncrease the a unt.of 1 soner (A

as t
crystallized CRHPF% tife g?%cﬁ?ﬂp&f%ﬁ of Qo (gfnq [ nﬂf blegc@&nﬁg,vq he
ester corrpoumtzy(nﬁé )1s toaylargehavi ng a high E—val ue are.30 preferred

anong the enzynes as t'?:B ré’é%o"eaccordl to ?Fes\éﬁ’l'tuem\‘eﬁitl@ﬂe
of popul ar |nd|_caeit|ons or the

enzynes, ldan@pticalj sisgmen r@égggﬁj‘giﬂ OW}/"Watqa@vmeﬁsg Eagtﬁéélté‘ °
respeptive shereohghrers}rladr avient Cﬁncerﬂh’eatlthbn\(@'smn_35rat@.tloln of
(557 3R -1 sombFphb@SteEhiBhtion’ s} LAY raifdd t0"8 nigh ¥l o2 ' PRCET 0% O
has proceeded to Eor greexampler ee, (2R1AS)-B8-(4rmethoxyphenyhglycidic
- acid methyl ester having purity of 99 % or more can be
20 obtained in a yield of at least 80 % from the reaction
mixture obtained by the transesterification of racemic
trans—3—-(4—methoxyphenyl)glycidic acid methyl ester using
esterase derived from Serratia marcescens Sr4l FERM
BP-487 (1 x 10%U, 24 hours), wherein only 70 % of the
25 (2S,3R)-isomer 1is converted into the n-butyl ester (ester
compound B'/optical isomer B = 7/3).

The present invention encompasses an embodiment
wherein crystals of the substrate remain in the reaction
mixture during the transesterification reaction for the

30 reason ‘that the solubility of the substrate is low in
some solvent.

In this case, after the transesterification
reaction wherein the wundesired isomer 1is converted into
a soluble ester compound, the desired product may be

35 obtained from the reaction mixture by:

filtering the mixture of the enzyme and the
desired isomer in crystals and removing the enzyme
contaminated in the desired isomer, while the _filtrate



- 34 - I nfluenced by inactivation of enzyne, side reaction,
measufenent error and the like. Thus, the E-value as used herein
is a val ue neasured when the conversion rate is 10 % (at the tinme when
10-% of trans-dl-form has been transggtexified) at which stage

side reaction, reverse reactlon and neasurenent error are slight.

The E-value is represented by the follow ng equation, and is a

val ue uni que tjg eaé‘dbléﬂ ersmdresthd 0 resultmg crystals [@fé] obtainedwhehsei n
anount of est 4+ ampunt of ester B anount of isonmer A +

amount of |so$'é"tr§t119 n, or @rmunt of ester A + anount of ester B
ee(optical isomer A) = directly cooling the ameactior | moxture) - fal‘tenmgof

i somer B 20 a nt no [
Thus, if thet -vaIMXturedOft hgﬂg trans er ? cafﬁh% H%lfcéginvzgsmn rat

are det er i@ nearystake andygiemoving ﬂb@l%@yme th %’Gﬁ%ﬁ’@ after the
transesterification ca’[\hebe pq}ggéﬁtm nelqwg'ﬁtldrpgarﬂbgss eﬁi:oinbﬁssé‘é nd a®f

enzynme, and it 055| bl e ect optical rity
obt ai ned t her &1 h?ﬁﬁo WheremThél V% a{ﬁ‘ef PFS‘B’I t(?r tﬁ’ér &i on
of the solhrﬂmestenﬁm%mn ectvehleno tthe cryea@tllonzatnson a@ndma:hadg in to
the present inyen 09'%5]5 &Efﬁ pec |y

o' a#) rd the &&S%le eﬂ?%pg ove cary be

Enzymes _having, prefe uie as ment i g

sui tably ddl eqesit @S&hfrl skl mg away sobyenta rdding tbﬁtﬁ@msﬁﬁyne
varies dependlﬂlﬂe Orelftion. KThe oéemimuaﬁd ther nergdtalise ;&'E@lﬂbitﬁtédke-

B ot yo, DA 13 BT Acht, PaSHE SOAMGR) Sh g

10[err] to 1 Samg¢emgnnemensg akovesomdn (@se of dlStllllng away| avdaoge

hydrol ysi s act d&‘t‘idn' SofSithEnt 8dlvant and®amddingd hhedFferett Oobolveat! atdy

acid generlqjt hey react1on mixture, the separation of the crystals can
also be conducted in the same manner mentioned above.

In that «case, an alcohol resulting from the
transesterification can also be removed to the outside of
the reaction system at the same time of the distillation

20 of the solvent and, therefore, the subsequent
transesterification comes to easily proceed.

As mentioned above, the process of the present
invention is advantageous in that the optical isomer
(A) of trans—-3-substituted glycidic acid ester (I) is

25 preferably manufactured in industrial scale. This is
because the isomer (A) can be obtained in high purity and
in a high yield by coupling the crystallization and the
transesterification, which by itself was considered to be
industrially inapplicable, even if the transesterification

30 of the racemate is stopped at a stage wherein the
conversion rate is low.

The above explanation has been made with respect
to a process wherein optical isomer (A) 1is isolated by
crystallizing the isomer (A) up to the extent that the

35 isomer (B) is mnot crystallized due to the presence of the
ester compound (B’) although optical isomer (B) would
precipitate if ester compound (B’) were not present.

However, according to the process of the present
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cl eavage of the ester bond in olive oil by esterase

- 35 : according to the fat digesting power test reported in

[ yakuhi n Kenkyu, vol. 11, No. 3, 505-506(1980). The
transesterification reaction can be gqrr+ed out in an appropriate
solvent or in the absence of a 5 solvent. Exanples of the solvent are
an aronmatic organic sol vent such as benzene, toluene or xylene; a

hal ogenated invehoi@i,i c itor gii calseol \4m§s1ble£uctto ebtmmhlﬂre)beozmmls or

di chl or obenzen at r
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such as diwititor diet hgoaventi r ghetthads whenemnn the r dsomeri de\)or is

trichl oroet ha &pe et h n y
ket one or me{kﬁy |s%utylﬁ6iﬂ/ aet%orrleﬂzﬁ:htﬁ A]? r so ven?hgﬁ&%tgkhrreltha?
ether, diethylthe isgmer; (A)dﬂssosrwﬂhz t hBH ﬁrﬁ%ﬁfyr mé%mn

ether, 15 tetThiyydief ubetausey the 4e53beﬁxacen1poand etByr usolthent sohmdsn

i arse ?@%@#&P”%eniﬂhﬁexaﬁﬂ’wﬁ% Life  pregipitatiop| qof  the

tert-butyl rnmn;zal isomer (Bhd erdfﬂ@bpropyl ether are preferred

since deactivation OfMo?EGVéies thé Ypticamm! isomél t WA)rQ%&i | pB PoIStERREG | N
hi gh vel o t he

C concen ion subst t
" 9h veloqdY i chigh) purity (E0 e phighy el fino Aoparisong o Ei
about 3 nol addvertionalespmethddy evenut ffom2 the obution2 (ABB) or
mol es/liter, ipce re Iy \Y; [ h
instal |l ati ons ﬁi%‘orsolﬂ.{iﬁon éljr}séeﬁgt)erfo:b9 I{I on Eyregggl Oﬁp&scéasﬁgrl%g’cabtlon
m ni aturi zed. atrlew camr@nsmn sate. the alcohol for

transesterification |sFopref Rkakiple, frofhe O. 6sorhér 10(A)ml 8§, trans-3-

oo ety bt toikatlS ] B3 g et Dot ihuedt . iRo r%hat

vel ocity can beremhafceccystals having opdicalni patityn ofof more thaact BOn %
system with jyat %.r yieldc2p$eSmByé" Qe S78¢ %he(is@pattithlf more than
transesterlflcsaél ) by
transesterifying the mixture of the isomers (A)
20 and (B) with an alcohol corresponding to the ester
compound (B’) wusing an enzyme having an ability of
stereoselectively transesterifying the isomer (B) to the
ester compound (B’) (especially having the E-value of more
than 20, e.g., esterase derived from Serratia marcescens
25 Sr41 FERM BP-487) until the molar ratio of ester compound
(B’)/isomer (B) becomes 13/7 to 7.8/1 (especially 2/1 to
8/2) and-
crystallizing the isomer (A) from the resulting
reaction solution (the solvent of which may be exchanged).
30 Concomitantly, the above—mentioned reaction
solution, the solvent of which is exchanged, includes,
for instance, those obtained by partially or totally
exchanging the solvent of the reaction solution so as to
remove the resulting alcohol during the
35 transesterification or by partially or totally exchanging
the solvent -after the transesterification so that the
transesterification is <carried out in a suitable solvent
and the crystallization 1is accomplished in a proper



thus resulting in decrease of yield when the obtained solution is
applied to the process of the present 35 invention. Therefore, it

is preferable to carry out the reaction with avoiding as nuch as
possi bl e t he presence of extra watergpexceeding that required for an
enzyne to exhibit the transesterification activity. Furt her,

t he - 36 - hydrol ysis product is
not sol ubl e sgolves®rfor thhtepiisposend this leads to decrease purity

of the desired produ ue t am t| of

The transesterificati gir‘lhfgl egg qt(l)élr? gst%g‘?b 5 gﬁgs%lzﬁgﬁél ure
or an el evat ednagnyalsat ube, q:)rcspbﬂabny obtained a bséng@mmng othao emyme
S0[err]C, espeppdl | Y 40id O 4QkgEfibly  mixture re§h&1 gonVefﬁ'hR“ €.

in the transesterlflctlon .reaction can suitably selecte in
accor dance © witransest %Ttlgilcé‘é@ ectfyi t9y Ofccgpmonal, el JAMET ¢ | BUER| s A%y
(A) 10 and tFgtrhtddn orudecartutéssl on rate can be freely adjusted by

changi ng enzyme  activity, >t.i.on ure, _heactian me
and the like in cﬁﬁ%nce‘zm‘%ﬁ 15%1@1' % gi”feat trans-3%8beituted
trans- 3- subst |glyt:£dic gacidi dlesteacl dwhigher 1s(|)obta1nednd abb&eestasr r’elme due
of ester corrp(aﬁﬁlc 41B' ). 15ig )order (tZS 33&@5&&% KRBz

(A
A) of h ty i 8l ent
(oo hﬁra|def135é&@sre$rtopha5%§e Uically Oaccoptatie | salte fa%%c be

tz(r)ansesterlflmpanednd by usarivusenzyrocesses,ng ferr Y exampleg)h g ecthusd y.

d t t
a stage that é)%repeact i g‘[t erggb&a?%clezgeoé&?% ‘o cg,{?mnr Seetjgoé{oklﬁ
i soner (B) whiNsh A6md6d49, i nKokokuml NOarrtﬁﬁ‘Tt13994,| n k@l r ¥t i EHZQIIQGEI e
nust be furt hq{oﬁdlanN§5t 2"'289598 and TRoLLR €No. | 2-28594) N@Hemh.| aPh¥rm.

| mpossi bl ai se €, eve
consi deri ﬁé mi ’factlsst(lis)’ a?é)%%l %&%@@%ﬁnt o?ngxpengf\%ge\?ﬁ mi) atent
necessary, Pubimatmmyrrd(olsaleaﬁc)l y2udat68yalNed dirnrd3IiB66e No.ng5t~2&ﬁ016,
No. 4-221376, No. 5-202013, No. 2-17170, No. 2-286672,
No. 6-279398, No. 58-99471, No. 8-269026, No. 61-118377,
No. 6-228117 and No.2-78673, European Patent Publication
20 No. 796853 and Dutch Patent Publication No. 1006293.

Namely, (2S, 3S)—1,5~benzothiazepine derivatives
or pharmaceutically acceptable salts can be prepared by:
reacting the (2R,3S)-isomer with an
aminothiophenol derivative of the formula (IV):
25
2 SH
g )
X" NHR4

30 wherein the ring B is as defined above, and R4 is hydrogen
atom, 2-(dimethylamino)ethyl group or a group of the
formula:

—CH9CH9CH2N N
35 n_/
0CH3

e.g., : 2—-aminothiophenol, 2—amino—5—-chlorothiophenol,



reaction,

unstable trans-3-substituted glycidic acid ester (1)

is apt to be deconposed during the long reaction 30 and sone enzymatic

transesterification of isomer (A is i nevitable due to the
insufficient selectivity of enzyme. - 41 - For exanple, Japanese
Patent Publication Kokai No. 8-259552 discloses that asymmetric
transesterification of racemc trans-3-(4-nethoxyphenyl)glycidic

acid nethyl

Z5-amisioe’5-benizylthiephenoke deri v@d(dimethyl@minaethylamino)-

mehy - ostiiOPRERSTSE S epmpSAUE i forta e Dl T e ot

(2S, 3R)-butyl . ester/(2S,

- 37 -
101.85 g].
out i

and after

such a manner Y
for 24 hours using esterase of 5 % 10[err]U pef n e
distilling away aCHeCioCHeNder N

econk

ngtl_flyl ester becones . 7.8/1
[ (2S, 3R) - net her er 10.8 g and (2S,3R) n-butyl ester
Ho \Bsr
\

this transesterification is «carried
reaction is firstly conducted 5
¥ substrat e,
ed pressure

until the volune of the reaction mxture b S W3/ esterase of 5
x 10[err]U is added and the reactl on is f ti_?r conducted for
16 hours. Such a 10 procedure subst anti al dnapplicable to

i ndustri al roduct | . since ction time is too long, the
procedur e 10s t"@lg ereinnt h@af' aé:dstﬁ% ‘i#d{] - 3ROVE pehsi ve enzyme is too

| ar ge.

| n remtimgt, adher di ng (2R,8%9—isomsemt i nvevithon, 1%

optical isomeq E@ttﬁggﬁen'&igaen%ﬁ%yofcﬁge flﬁ‘rf]'mtﬂgt poed in  a  high

yield even

conversi on ansesterification is

not raised to a high |evel. For exanpl e, (2R

38) 3- (4- et hoxyphenyl ) gl ycidic 3 ., d
nor e czi% be 20 obtained in a

reactlon

trans- 3- (4- nmet hoxyphenyl ) gl ycidi c ac .

20

25

30

eyl ester having purity of 99 %

ﬁ of at least 80 % (rvg t he
etransesterlflcatlon f racemc

me mzester usi ng

m xture obtained by

wherein the ring B is as defined  above,
e.g., 2-nitrothiophenol, 2-nitro—5—chlorothiophenol or
2-nitro—5—-benzylthiophenol, followed by reduction of the
nitro group, to give a (2S5,3S)-3—(2—aminophenylthio)—3-
phenyl-2-hydroxypropionic acid ester of the formula (VI):

Ao
AN 4 COOR!

wherein the rings A and B, R* and R* are as defined above,
subjecting the resulting compound (V1) to
intramolecular ring closure directly or after conducting
hydrolysis thereof, to give a (2S,3S)-2—-phenyl-3~hydroxy-
1,5—-benzothiazepine derivative of the formula (VII):
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esterase derived from Serratia marcescens Sr4l FERM BP-487 (1 x
105U, * 24 hours), wherein only 70 % of the 25 (2S,3R)-isoner is converted

into the n-butyl ester (ester conmpound B'/optical isoner B = 7/3).

The present invention enconpasses an.enfgdi nent wherein crystals of
the substrate remain in the reaction . mxture during the
transesterification reaction for the 30 reason that the solubility
of the substrate is low in sonme sol vent. In this
case, after the transesterifi cat' reacti on wherein the undesired

isoner is converted into a solu-
may be 35 obtained fromt

r compound, the desired product
ure by: filtering

the m xture of the enzyne he | red iso } n crystals and
removing the enzyne AN na e ifn the desi re i soner, while
the filtréte N - 38 - is cooled and
the resulting crystals are obtai®ed by filtration, or

directly cooling the reactionR4mxture filtering the m xture of
the enzynme and the desired isonmer in 5 crystals and renoving the enzyne

t herefrom The present invention al so enconpasses an

enbodi ment %I '] '{?\)ﬁ %iﬁéﬁa' IaS arf e8! Bhiate &‘%Uéﬁ?’ (ééﬁﬁed above, and

transesterif reactTon gf con &
procedurel® but the Sé#b,@“é pg pithe pi rgsulting 10 COpRY stlﬂmng

away the soaimethylaimﬁdahymtibﬁe aPf nitrogdie ateact iodn. theTr&-pcmiair@tl on

Conducted | n ohE "aCGyRbRET of A BYGEVEN || BER pbRRebPed T pnl LA

| ar ge por Srpositionhe solinent anbituadiyng a ordeerent ol venglvb 15 &he
reaction m X"(ES%S}-’"I%-E@R:"&&%QE i th@erativé@l s oFan the al sgoPula
conduct ed bn ﬁ sane nmanner menti oned above. In that case,
an al cohd ulting from the
:
PPV
| S | 0COCHj an
20 N
|. O
R2

wherein the rings A and B and R? are as defined above, or
a pharmaceutically acceptable salt thereof.

25 The total reaction scheme of the above—mentioned -
conversion is shown below.
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transesterification can al so be renoved to the outside of the reaction

systemat the sanme tinme of the distillation 20 of the sol vent and,
therefore, the subsequent transesterification conmes to easily
proceed. As mentioned abovgg the process of the present
invention is advantageous in that the optical isoner (A of

trans-3-substituted glycidic acid ester (lI) is 25 preferably

manuf actured in industrial scal % Thi is - because the isoner (A
can be obtained in high purity a 2 high yield by coupling

the crystallization and the 4N gficatyon, which by itself was
consi dered to be industrially inapplicabl QO ven if the
transesterification 30 of the r4CRp3s) fsrmtopped at a stage
wherein the verglqn rate is,l ow. e expl anation
has been made wi tgh spect process erein isomer (A) is

i sol ated by IIizi ng thg isomer (A WYp to teBetent that the 35

i somer (B) is Nty NHRrded /due to the predgnce oS ester
conpound (B') alt h? optical/isonmer (B) would pr i pi tat?é if ester
ﬁg . Cyécordl ng to the

conmpound (B') were

process of the present —

invention, it is alsog ppsj} to obtain the
optical isomer (A) ig a \.‘ t larger as conpared
conventi onal pEFhad K
sol uti on (AB) o the t i oredubtiton éndt dpticalone
but the isone BIi s n@@QOR! Tfn:slacembmtaofsﬁthe p

the sol ution (AYHRE ) or ~(ABBiith Rhhibits the pretdpitation

t he optical isomer (B) thererxgm Mor eover, the opti cal
isonmer (A) can be obvg)ned 10 in hNgh purity and in a high yield in
conparison of the conventi onal nethQds ’é}/fé'ﬁmpb?ﬁlﬂ?é' sol ution (ABB') or
the solution (AA BB ) obtained by the tr 'int 2 icf psatrieon

hydrolysis
A/ - GY
/el \§40H intramolecular X\ N
A

COOH ring closure | O

(VID

replacement of R4 with R2
if R4 is H, or O —acetylation
— if R4is RZ



at | ow conversion rate. For exanpl e, t he | somer (A
of trans-3- 15 substituted glycidic acid ester (lI) 1is obtained in

t he form of crystals having optical purity of nore than 99 % in a
yield of nore than 75 % (in particul ar re_t han 80 % by
transesterifying the mxture of the isonmers (A) 20 and (B) wth an

al cohol corresponding to the ester conpound (B') using an
enzyme having an abIE,déIﬂplegf ofsterethgel ec(R83Y)-1t 5-abaesdtdint

the isoner B). to the ester B eci al | he
E-val ue of nofgrivatiyes, (Hy ang  t E‘(a Géﬁ(':@@g é@?r agﬁiat

ngr c;ascens 25thérddf FERMe, BP- £87) umsthncb,e (28 3$}i’(2't(40'inahbmypheng/ ;
(5 soms %Jacetg;gﬁ- B RS s W e S

| n
reaction sbl ubengmo invdaHbtonghi ch may(dibiagemhnged) . g S)-2-(4-

solvent of ﬂg"“’“ﬁ u“gﬁ@@hy%m“°’?ﬁ§tl?n%’é” those
obtained by € % %arfﬁxar é'ﬂbFW hl%@?%n‘bﬁkg “OPfe solvent of the
(r]I eaction sgl (28:88)~Jo-acetoxy—5-{ 3{dm{Zemethoxyphenyl)-desul ti ng . al cohol
uring - the : C L. | Lq_totally
exchangi ng p%ﬁﬁréil?leoﬁﬁngg‘tﬂﬁﬂ'dr% 2 %seg erlﬁ)h&igg 8 _$0 that t he
transest ed0f i chiowarl, 5§beti§9th7@§ep6i!ﬁ4(5lﬂ‘0§e, sui tabl e —acetoxya
théelo crysta Br%%hmzr l%ﬂéﬁ@ﬁ?&?y- mie'ﬂhy éﬁ?tel s-ol_ut I on obt ai ngd
by the transe 4eﬂ hexyp hﬁﬂyl)plingoﬁ%%‘?}hdéz@%#&?’ﬂb@%t ained by re ng
the enzyne  pharmaceutidadly acceptablensaltmtheneef resul ti ng from t he
S transesterificationy ééhwhﬁe, convep&nonal (maﬁr.?&;ﬁ@ fhhe

-l sone

f||trat|on or decanf ation
trans- 3-sdbst it rm@aé-substltuted glycidic ac1<{n ester, whi is obtalned

above as the optical isomer (A), (2R,3R)-1,5-
benzothiazepine derivatives or pharmaceutically acceptable
salts can be prepared in a similar manner to the above
according to the known processes.
20 Namely, (2R, 3R)~-1,5-benzothiazepine derivatives
or pharmaceutically acceptable salts can be prepared by:
reacting the (2S,3R)~isomer with aminothiophenol
derivative (IV), or . reacting nitrothiophenol derivative
(V) followed by reduction of the nitro group, in the same
25 manner as the above-mentioned preparation of (2S,3S)-1,5-
benzothiazepine derivatives (II) from the (2R,3S)-isomer,
to give a (2R, 3R)~3—(2—aminophenylthio)—3-phenyl-2-
hydroxypropionic acid ester of the formula (VIII):

30
S “*
el \$-umll OH (VIII)
>"\h, COOR!

35

wherein ring A, ring B and R! are as defined above,
subjecting the resulting compound (VIII) to
intramolecular ring closure directly or after conducting



glycidic acid ester, which is obtained above as the opti cal

i sonmer (A, (2S, 3S)-1,5-benzot hi azepine 10 derivatives or
_pharmaceutically acceptable salts can be prepared by various
processes, for exanple, by those - 4#lisclosed in Japanese

Pat ent Publ i cation Kokoku No. 46-16749, Kokoku No. 63-13994,
Kokai No. 5-201865, Kokai No. 2-289558 and Kokoku No. 2-28594, Chem

Pharm 15 Bulthe h$diBlysis 20R2fr2887(18G0) giveand Mﬁ-phﬁﬁ‘ym—

o, s SRt e 7BEC. ghe, 05 sormyl

58-99471, No. (¥X®69026, No. 61-118377, No. 6-228117 and No.2-78673,
European Patent Publication 20 No. 796853 and Dutch Patent Publication
No. 1006293. Nanel vy, }S) - 1, 5- benzot hi azepi ne
derivatived or phar ITB.CEUtI cal k Abl e sal ts can be prepared by:
reacting t he (2R, 3S) i an am not hi ophenol
derivative of the formula 1@' 25  )=mQOH {Ix) [err]

(1V) 30 wherein the rindEg defined above, and R4 is hydrogen
atom  2-(di net hyl am no) et hyl pYpor a group of the f or mul a:
35 [err] H e.g., 2- am not hi ophenol ,

2- am no- 5- chl or ot hi ophenol , - 41 -

2- am no- 5-]&nzyl t hi ophenol , 2- (di net hyl am noet hyl am no) - t hi ophenol

or a conpound whetéih fringulaand ring B are as defined above, and
subjecting the resulting compound (IX) to
dimethyléminoethylation at nitrogen atom of the 5-position
. - 'and acetylation of hydroxyl group substituted on the
15 3-position in arbitrary order to give a (2R,3R)-1,5-
benzothiazepine derivative of the formula (III):

s .s*

i /el
-utOCOCH (I11)
X . 3

L
N(CHg)9

wherein ring A and ring B are as defined above, or a
pharmaceutically acceptable salt thereof.

The total reaction scheme of the above—mentioned
conversion is shown below.

25



SH . lerr] 10 wherein the ring B is as defined above, or

reacting t he (2R, 3S) -i soner W th a ni t r ot hi opheno
derivative of the fornmula (V): : [err] 15

wher ei n t he ring B is as - dg%ined above, e.g.,

2-ni trot hi ophenol 2-ni tro-5-chl or ot hi ophenaol or 20
2-nitro-5-benzyl thiophenol, followed by reduction of the nitro

group, to give a (25 38) 3- (2T
phenyl - 2- hydr oxypropi oni ¢ aci d estfr ormula (VI): [err] 30
wherein the rings A and B, Rlerr] jnd_ gre as deflned above,

subj ecti ng t he resul ting corrpound (V1 )Y#COOR!1 intranol ecul ar ring
closure directly or after conduct i ng'.2S 3R Jr 6bysns thereof, to give a

(2S, 3S) - 2- phenyl - dro 1, 5-benzot hi 8zepi ne derl atl vgpof the
formula (VI1): \ 42 - (
(IV)

\/ s “‘

=

el ol QH - /el g O H
1 reduction

"\, COOR "o, COOR!

(VIID

ophenyl t hi o) - 3-

intramolecular
ring closure

hydrolysis

S \\ - S‘*“

N
/el \3......"0H intramolecularr \el wuf] Q H
ring closure N
\ NHg COOH I 5
H
(IX)

N—dimethyaminoethylation
and O — acetylation

S .§\
\e| -uQOCOCH g

N

PN
N(CHg)9

1D



[err] wherein the rings A and B and R err] are as defined above,

and 10 subj ecti ng t he resul ting conpound (V1) to

di net hyl am noet hyl ation at nitrogen atom of the 5-position and
acetylation of hydroxyl group subst i4t7ut ed on the 3-position in
arbitrary or der to gi ve a (2S,3S)-1, 5-benzot hi azepi ne
derivative of t he formula 15 (I1): [err] wherein the rings
A and B and Rerr] are g§ned gpove, tRE Q‘ZR,W)”%,C%érfzﬁﬂh\iazepine

acceptabl e salt jhereof. 2 The total reaction schenme of the .
above- ment i on88rivativeter s(BD i s adwn £BLow. pharmaceuti Y - [@qep%able

salts thereof are, for instance, (2R, 3R)—cis—2—~(4-
methylphenyl)-3-acetoxy—5~[ 2—(dimethylamino)ethyl]-

5 8-methyl-2,3—-dihydro—1,5-benzothiazepin—4(5H)—one and
pharmaceutically acceptable salts thereof. .
Further, an optically active

threo—nitrocarboxylic acid compound of the formula:

10

15
wherein ring A and ring B are as defined above and *
denotes asymmetric carbon atoms, which is useful as an
optically resolving agent, can be ©prepared from the
optical isomer (A) of trans—3-substituted glycidic acid
20 ester obtained by the process of the present invention.

In the preparation of such optically active
threo—nitrocarboxylic acid compounds, the rings A and B
are, for example, the same rings as those mentioned in
the above—mentioned preparation of 1,5-benzothiazepine

25 derivatives. Preferably, the ring A is a 4-lower
alkoxyphenyl group and the ring B is a substituted benzene
ring of the formula: '

Hal (S)
T €
) ND
wherein Hal is a halogen atom. More preferably, the
ring A is 4-methoxyphenyl group and the ring B is the
35 substituted benzene ring shown by the above formula
wherein Hal is chlorine atom.

The preparation of the threo—nitrocarboxylic acid
compound can be practiced, for example, by reacting the



- 44 - Exanpl es of t he (2S, 3S5)-1,5-benzot hi azepi ne
derivatives (Il) and the pharmaceutically acceptable salts t her eof

are, for instance, (2S, 3S)-2-(4-nethoxyphenyl) -

3-acet oxy- 5-[ 2- (di et hyl ami no) et hyl ] -2, 48-dihydro- 1, 5- 5

benzot hi azepi n- 4(5H) - one (diltiazem, (2S, 35)-2-(4-

nmet hoxyphenyl ) - 3-acet oxy-5-[ 2-(di net hyl am no) et hyl ] - 8- chl oro- 2,

3-di hydro- 1, oﬁtizmzotlboﬁml n¢A) SHyf onerans—3<safbstituted glycidic acid

3t hydr o- 2. | ASHRR M ALAY RO oRgered chpoynck o CHBE AFIBBET DY s 54 one,

-(2S, 3S)-3-acet oxy- 8-benzyl -2, 3-di hydro-5-]

2- (di net hyl am no) et hyl )] - 2- (4- hoxgphenyl ) - 1, 5- benzot hi azepi n- 4
(5H) - one, and phar mace y acceptable salts thereof.
Meanwhile, ®  from (2S, 3R) - i soE of the 15 trans-3-substituted

glycidic acid ester, which is ; above as t he

opti cal i somer (A, (2R, 3R) -1, b5- Benzot hi azepi ne derivatives

or pharmaceutically acceptable salts can be prepared in a simlar
manner to thevﬂ'henan rmgcoBdl iy tast hdefinedn pbovessds 20 manner as
Nanel y, ﬁ\é’&) séd O E‘Fnzoj ﬁfe%@' P t&ﬁr ! V t%i-’c%tlon O'Kokoku No.
phar maceutica ceptabl e sa ca re are acting
the (2S, 3R - ﬁé(’)’ﬁgg t h ahd not %ph Zm@'erl i v@rodpet agpor ing

reacting  ni tpot hj opieehbd defisivsede in (Cherhol | Bhaemby BallyctiI8(10), t he

nitro group, he manner as the above-nentioned preparation
of (2S,39)-1, g%ZTB %mgiﬁ azepl ne derivatives (lIl) from the,
(2R, 3S)-i soner, t o Accogiding toa such(zgrocesses, the - (2S,3S)-isomer

fﬁ) ? (2-anin heﬂy t3 3nPlH%@hﬁ-b@xy 4 LompA@Nicanaché %‘Htﬁinéﬁ

arg agr(rjnejflgneﬁ% ?Zl%,eﬁ’é)]-lsomersugf ec,m]egeérn “—%g'?'ﬁ?ﬁ{‘ttpﬂﬁis fbfde{Je”]

(M11) to a01d ester (I) is wused, and the (2R,3R)-isomer of the
threo—nitrocarboxylic acid compound can be obtained if the
(2S,3R)-isomer of the trans—3-substituted glycidic acid
ester (I) is used.

20 Concomitantly, the term “linear or branched lower
alkyl group” as used herein means a linear or branched
alkyl group having 1 to 6 carbon atoms. Also, the term
“linear or branched lower alkoxy group” as wused herein
means a linear or branched alkoxy group having 1 to 6

25 carbon atoms. Further, the term “cycloalkyl group” as
used herein means a cycloalkyl group having 3 to 6 carbon
atoms, and the term “aryl group” as used herein means an
aryl group having 6 to 10 carbon atoms.

Also, the term “linear or branched alkyl group”

30 as used herein means a linear or branched alkyl group
having 1 to 12 carbon atoms. The term “alkoxyalkyl
group” as used herein means an alkoxyalkyl group wherein
the alkoxy group has 1 to 6 carbon atoms and the alkyl
group has 1 to 6 carbon atoms. Also, the term “arylalkyl

35 " group” as used herein means an arylalkyl group wherein the
aryl group has 6 to 10 carbon atoms and the alkyl group
has 1 to 6 carbon atoms.

The present invention is more specifically



intramol ecular ring closure directly or after conducting

- 45 : the hydrolysis thereof, to give a (2R 3R)-2-phenyl-3-

hydr oxy- 1, 5- benzot hi azepi ne derivative of the formul a (IX): [err]
10- wherein ring A and ring B are as dggingd above, and

subj ecti ng t he resul ting conpound (1'X) to

di nmet hyl am noet hyl ati on at nitrogen atom of the 5-position and

o bt Lrary " or GSNABAN  0aAdD Ulalged Oty {RalR Sppo tHED fhllowing
of the fornul BExamples. It [disr] to 2be umderstopd nghat andhei npresgnt as

defined above,inyerion ihaioralionitedatd \threeeBkamplessal t thereof.
The total reaction schene of the above-nenti oned conversion i s shown

bel ow.
5 Example 1

In 300 ml eggplant type flask were placed
(2R, 3S)-3—-(4—-methoxyphenyl)glycidic acid methyl ester
(hereinafter referred to as “MPGM”), (2S, 3R)-MPGM
and (2S,3R)-MPGR2 [R® ester of (2R,35)-3—(4—
10 methoxyphenyl)glycidic acid, 1ie, a compound in which
methyl group of (2S,3R)-MPGM was changed to R® group;
R® = n-propyl group, n-butyl group, n-octyl group, n—decyl
group, benzyl group, cyclohexyl group or 2-octyl group] in
amounts shown in Table 1 together with 30 ml of methanol.
15 They were dissolved in  methanol at an elevated
temperature. The solution was cooled to -15C with
stirring by means of a magnetic stirrer and allowed to
stand at -15C for 5 minutes. The concentrations of the
respective components in the resulting supernatant were
20 measured by HPLC*.
*: HPLC conditions: column, CHIRALCEL OD (Daicel

Chemical Co.); Detection, UV at
237; Temp., 40C; Flow rate,
1.0 ml/min; Developing solvent,

25 Hexane/Isopropanol=20/1.
From the concentrations, the amounts of the
respective components included in the supernatant were

estimated. Further, the amount of the crystals was
estimated according to the equation: - (amount of
30 (2R,3S)-MPGM before crystallization) - (amount  of

(2R,3S)-MPGM in the supernatant).

The results are shown in Table 1.

Small portion of the crystals was obtained by
filtration, washed with methanol (-15C) in an amount

35 equal to the portion and dried in vacuo, and the purity

of the crystals was measured by HPLC. The content of
(2R,3S)-MPGM in the crystals was found to be 99 % or more
in all cases.



(ren)
for

6L WOIN-(SE¥2)

93ueyd ou YOJN-(AE ‘S?)
a8ueyd ou NOJN-(JE ‘S?)
71 WOIN~(SE AZ)

16 :cdDdN-(YE ‘S2)
0°2 WOIN-(d¢€'S2)
£'6 WOIN-(SEY2)

dnoad 1£300-Z

ar e,

47 -
deri vati ves

2'8 WOdN-(S¢€¥2)

98ueyd ou :YHJN-(IE‘ST)
98ueyd ou WOJIN-(JE ‘S?)
ST WOIN-(SEAR)

9°'9 :eJOIN-(NE ‘ST)
67 WOIN-(¥E‘ST)
L6 WOIN-(SE YT)

dnoad [Axoyo[o4L)

t hreo- ni t rocarboxylic

t her eof
5- benzot hi azepi n-4

1,

08 WOIN-(S¢€ ¥2)

93ueyd ou - YOJN-(JE ‘S2)
98ueyd ou WOHIN-(IE ‘SZ)
9T WOIN-(SE ¥2)

Ll e¥OdN-(YE ‘S2)
2’7 WOIN-(¥E ‘ST)
9'6 WOIN~(SE ¥2)

dnoa8 jAzuog

salts
henyl ) - 3- acet oxy- 5- [

di hydr o-
active

L8 WOIN-(SEY2)

93ueyd ou YOdN—(YE ‘ST)
28ueyd ou WNOHIN-(YE ‘ST)
9'T WOIN-(SEY2)

9'8 e¥OIN-(YE ‘ST)
87 WOIN-(¥¢E‘S2)
€01 WOdN-(SE ¥2)

dnoad 1Ao9(q-u

5

net h

0'8 WOIN-~(SE A2)

98ueyd ou :YIJW-(IE‘S?)
98ueyd ou WNOIN-(JE ‘SZ)
T WOIN—(SEAT)

L9 e¥0dN-(4E ‘S2)
2'¢ ‘WOIN-(JE ‘S2)
76 WOIN-(SE Y2)

dnoasd [£300-Uu

3R) - 1, 5- benzot hi azepi ne
accept abl e

optically

6'8 WOIN-(SE ¥2)

adueyo ou :YOJW-(AE‘SZ)
o8ueyd> ou NOJIN-(IE ‘SZ)
0T WOIN-(SEUZ)

G'8 edDIN-(ME ‘ST)
L'e WOIN-(Y¢E ‘ST)
6°6 WOIN~(SE UT)

dnous [£LIng-u

5 8-nethyl-2

(2R
phar maceutical ly acceptable salts thereof.

L'8 WNOIWN-(S¢E ¥2)

98ueyo ou :YHJN-(NE ‘ST)
93ueyd ou NOJN-(E ‘SZ)
I'T ‘WOIN~(SEYT)

£8 :c¥DdN~(YE ‘S?)
0°2 WOIN-(AE‘ST)
8'6 WOIN-(SE ¥2)

dnoad jAdoig-u

[err]
t he
3R)-cis-2-(4-
an

(8) peyrsodap
s[e3sAIo Jo junoury

(8) juejeusadns
Ul junowy

(8) uorjeziqrelsfio
91039q uoryisoduro)

ed

46 -
Exanpl es of
the pharmaceutically
(2R
and

-and
acid conpound of the fornula [err]

2- (di met hyl am no) et hyl ] - -

i nst ance,
(5H) - one

Furt her,

T 9qeL



15 wherein ring A and ring B are as defined above and * denot es
asymmetric carbon atons, which is useful as an optically resolving
agent, can be prepared from the optical isoner (A of

trans- 3-substituted glycidic acid_20 1est_er obt ai ned by the process of
the present invention. I'n 5t he preparation of such
optically active t hreo-nitrocarboxylic acid conpounds, the rings A and

B are, for exanple, the sane ri ngsEgég!glIgosz: mentioned in t he
above-nentioned preparatio

of 1, =5= hi azepj.ne, 25 derivati ves.
Preferably, the rifg 900 janl qegeplang,etype oflagky pHEere gpiﬁﬁ?dand
the ring B is(2R3SSMPGMpd (28)3RFEMPGM 1 iapd o(2S,3R)-MPGHBU [ (28,3R)-3-

' ' . bly, h
I L i it e
e

benzene rbngshewmwninbyla Zabtve 7 ftw: witther 80n mhi of s methamiohe
atom pr. HO Ny Pf s 1 ez Ni b | C, a9i
conmpound can 't%‘eb’r a%’??%eéﬁgﬁl?egx;b |8&}E§/ﬁ€e§@?i r%f#&gé %h 22218 cm
- 48 - opragngtic sgngier (ah 380 X.pafs- 31heosselugion wasyceepled de d
ester with a gi tiepipdreRiaeaolshowipoindTabldshe2 f oMy, aand after the elapse
crhoz WheEe D SidiitePmindd Fime’®(0,"%0.5 221 hfurf tHE"Wirrdy

10 was stopped. Small portion of the supernatant was taken
out and the concentrations of the respective components in
the supernatant were measured by HPLC.

From the concentrations, the amounts of the
respective components included in the supernatant were

15 estimated. Further, the amount of the crystals was
estimated according to the equation: (amount of
(2R, 3S)-MPGM before crystallization) - (amount of
(2R,3S)-MPGM in the supernatant).

The clouding time denotes a time until a solution

20 becomes cloudy after reaching the crystallization
temperature. The amounts of respective isomers in the
supernatant were measured by HPLC with respect to samples
taken before occurrence of cloudiness.



di scl osed in Japanese Patent Publication Kokoku No. 10 61-18549,

and then hydrolyzing the product according to a nethod
disclosed in Chem Pharm Bull., 18( 10), 2028-2037(1970) .
According to such processes, the S 3S) -1 soner of the
t hreo-nitrocarboxylic acid corrpound can g obtained 15 if the
(2R, 3S)-isonmer of the trans-3-substituted glycidic acid ester (1)
is used, and the (2R, 3R)-isong¥ of tHhe t hreo-n| t rocgrggoxyli ¢ acid
conpound can be obtained]if thp™ (43S, 3R)-isoner| of [tHe
trans- 3-substituted gl ycidic|{shacid ester (1) |s usqQ.
Concomtantly, the term %@e or branched | ower |, &l %I group" as used
herein neans a |inear or tg_r,a@c al kyl group h&Thd 0-'1 to |6 carbon
atons. Also, the term oI r or |branched | owey c group” as used
her ei n means a |inea g)rmb %nched al koxy group hg\/ d@ to 6{25 carbon
atons. Further, the t¢ @1 "lcagc| oal kyl group” asldEthL d herein neans a
cycl oal kyl" group having B (;3 g Lar bon atons, an Be rm"afyl group"
as used herein neans an arlyl group having 6 to |10 carnbon atofrs.
Al so, the term "linear|or brlancheg }al kyl group” |[30"- ag use her ei n
nmeans a |inear or braphched | algy& group havilng 1 to, 2! carbon
at ons. The term "al kpxyal Kyl & & group” as used hereiln mga@s| an _
al koxyal kyl group whereinp t heRa®Pkpxy group has 1 to 6 caﬁtﬁm atons and
t he aI kyl group has [l to § ca®bgn|atons. Al so,| the {errg odfylalkyl 35
group" as used herei n@epns ar c‘};]'lr I'al kyl group waerlein they o Gat)yl group
has 6 to 10 carbon at & a ngathe |%y|] group ds 1.1 0% &agbon atons.
The present inventi®n < Edf@ | specifical ) s x4
- 49 - described™ an e*%%@ed by meaks| af E‘ueg flol | owi ng
Examples. It is t§& & Sur od that the [pEeSep® & &ijnvention is
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5 Example 1 In 300 m eggpl ant

type “flask were placed (2R, 3S)-3-(4-net hoxyphenyl)glycidic aci d
net hyl ester (hereinafter referred to as "MPGM'),
(25, 3R) - MPGM and (2S, 3R) - MPGR3. 3[RL_err] ester of (2R,
3S)-3-(4- 10 nethoxyphenyl)glycidic ac5 , a conmpound in which
met hyl group of (2S, 3R)- s chang d to R3 gropp; Rerr] =
n- propyl group, n-butyl grou n- ¢etyl gr n-JIeﬂ;yI group, benzyl
group, cycl ohexyl group or 2}octyl %roup] ®©n’ &ount s{ shown in Table 1
together with 30 m of nethapol . 1% They|& were|&idissolved in
met hanol at an el evat ety 20 nmper atwr e. e solution was cooled
to -15[err]C with stiryrng nmea| of aSmagnetic stirrer and
allowed to stand at -1 ‘Eea‘r]gL for plm nutgsk, The|concentrations of
t he respective conponen g ol @the ggsulti g3 supefnatant were 20
measured by HPLC*. * ELQ gindi ti ongs CQlyrmm, CH RALCEL OD ( Dai cel
Chem cal Co.); Detection, @ N N 237,
Tenp., 40[err]C Flow rfate, 1.0 m / mn;
Devel opi ng sol vent, 25 @ o | Hexagell sopropanol =20/ 1.
From the concentrations, he noygst of o %’hﬁb © Epect i ve conponents
i ncl uded in the supernatant re imatgd FUtdBer, the anmount of
the crystals was esti nat ed a dh ngsS q fre equati on:
(amount  of 30 (2R 3S)4AGVM bhefd e crsgalll i toop) - (anmount
of (2R, 3S)-MPGM in tlge super &Ea:nt‘j. © o = o SThe results are
shown in Table 1. Y ‘f)d:iti'(')‘n‘:oﬁ {f@ Trastal s was obt ai ned
by filtration, washed® it |gbghPho|s ’-‘@5[@&% in an anount 35
equal to the portion aag (dried ‘—?Eg énﬁlglgﬁwity of the
crystals was nmeasured by I—-ﬁL§. %’ t=0 2R, 3S)-MPGM i n the
crystals was found to be %9 P%:of d L | Lnlall |dasles!. '
S0 | Ve g
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- 50 [err] - 51 -

Exanpl e 2 In 300 m eggplant type flask were placed
{2R, 3S)-MPGM (2S,3R)-MPGM and (2S, 3R)-MPGnhBu [(2S, 3R)-3-

(4- met hoxyphenyl ) gl yci di c acid n-butyl sa‘t er] in ambunts 5 shown in

Tables 2 to 7 together with 30 m of net'fanol . They were dissol ved by
stirring the mxture with a 2.5 cm magneti c ﬁtirrer at 300 r.p.m The
solution was cooled to a terrpélt‘ature s¢Pown | nYabl es|2 to 7, and after
t he el apse of a predeterfnined{fPne (0,°0.5 o< hour) the stirring 10
was stopped. Small portion pf thgsgupernpgant wasstaken out and the
concentrations of the respecfdéyve g onenf® in | Othe syipernatant were
measured by HPLC © B oE the ncent Etions the anounts of
t he respective conponent 5 ®elluded in| fhe suﬂe}gnat ant were 15
estimated. Further, the amuty f theg{oJ crysteg‘gs wa$ esti mat ed
according to t he equatia%t‘ nmount | 45 Of (2R, BS)- MPGM before
crystallization) - (anopft ¢ @ 3S) {IRGM i n{t he supernatant).
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Exarrpl e 3 In 1,000 m eggplant type flask were placed

(2R, 3S)-MPGM (2S, 3R) - MPGM and (2S, 3R)-MPGhBu i n anpunts shown in Tabl e
8 together with an anount of a solvemat g% shown in Table 8. They were

di ssolved in the sol vent by stirring the mxture with a 2.5 cm nmagnetic
stirrer at 300 r.p.m The solution was cooled to a tenperature shown
in Table 8, and imrediately the szﬁ_ﬂm; was stopped. Snall

portion of the supgpnat ut d 1

concentrations tgﬁ 1?22 ectlve orrpic’)neﬁyg8 ﬂég?h Oweresu&laarcr?gt ant

of e
wer e neasur ed (2K IVPMPGM, (25, R)ﬂ‘ﬂ?@% and (@@6}38)1’[‘1\{36115113 in ¢ ramountsunt s
of (the — TesnBR VEnCOTHBIRENBS tolatiied with hearﬁuaeddiﬁitanbfwesolv J
esti mat ed Lt her, gf?:h mr:kunt of the | s tinmat
according 2 opRk inedlahle Thewpusvere o¢ SSO V?@RmS enpy
to CrySta”)lGﬁiﬁr@ﬂg the miztaentwitf a 25_2r|8n|13ﬁiagh@€l\68 stirréheat 30|0
super nat ant e 0 e
portion of thg%pﬁ?sta @EW;S&?%D’IO;H %Sb o%@df $t r%t SWP“MﬁedSh%}%ﬂﬁ n
net hanol (- and ammediataly thequatlrrmg h@vqa)rst@npedmd dBmadl i n
vacuo, and th ?{ y of OoftHde s ﬁg{ﬁhﬁtmswﬁas%hggnby dre uggdof #H-C.
- The Eb 0 l))'sl\/PGl\/tllnﬁlec stals was found to,be . 99 ﬁor
more in a Cg[ggge atlo espective  components 1n
supernatant were measured by HLPC.
From the concentrations, the amounts of the

respective components included in the supernatant were

estimated. Further, the amount of the crystals was

15 estimated according to the equation: (amount of
(2R,3S)-MPGM prior to crystallization) - (amount of
(2R,3S)-MPGM in the supernatant). The results are shown
in Table 8.

Small portion of the crystals was obtained by
20 filtration, washed with methanol (-10C) in an amount
equal to the portion and dried in vacuo, and the purity
of the crystals was measured by the use of HPLC. The
content of (2R,3S)-MPGM in the crystals was found to be

99 % or more in all cases.
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Exanple 5 In 300 m eggplant type flask were placed
(2R 3S)- MGV (2S, 3R) - MPGM (2R, 3S) - MPGnBuU and
(25,3R) - MPGhBu in anpunts shown in Tabl gglO together with 5 30 m of
met hanol . They were dissolved in nethanol by stirring the mxture
wth a 2.5 cm nmagnetic stlrrer at 300 r.p.m The solution was
cooled to -15[err]C over m@ﬁagﬁ)le ffter further stirring at

that tenperature for 2 rs he § ,.Ng was. st d, and small

portion of the 10 supdfhat gﬂﬂ \Adgftaﬁ f awethgpag@onc@ﬁf?at Rlaced;s

t he res pet(2Ry33S):'tMB6Me nt &S, 3R)+MPEMpe andt a(ts, ﬁﬁr)eMPGmElr edin byamount$ PC.

From the co at,l o e f ecti

Conponent s+ JoNTain *Rable O'todtPHER Spish' modtfinol of "B-EhOMRt, showm

the anounb on Table cBystél‘ y wagere dissolvied edn metthauohgbm ostirring

equation (g tife _with?Ra 39)5 My mﬁﬂét'ic ts‘hrre‘i'ryéﬂ a0z af.ipo)

- (amount ﬁlél PI‘%R 3S) - MPGM i rieéhe sup Bnat ant

Moreover,  tH&® SPYERIONS’ Wage cooled )ity neg C oy ééte‘h stitring, at thaky

with net hanoften(pei‘i!:are])forn lan hemnuntimmedistely - the thntlrmngstadms

and dried i o, t ti S

measur ed by %ﬁgﬁ@% The lé,'&‘tluf’s %re sﬁ%wn&%bn r%fab%}:}?lo ad ttﬁi{én "8t
and the concentrations of the respective components in the
supernatant were measured by HLPC.

From the concentrations, the amounts of the
respective components included in the supernatant were
estimated. Moreover, the  «crystals were obtained by

15 filtration, washed with methanol (-10C) in an amount
equal to  the «crystals and dried in vacuo, and the

composition of the crystals was measured by HPLC. The
results are shown in Table 9.
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A solution of 10.4 g of (2R 3S)-MPGM 10.4 g of
{2S,3R)- MPGM and 40.5 g of (2S,3R)-MPGhBu in 150 m of
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nethanol was

.p.m by a
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of the filtrate and the washings, was distilled away. The
concentrated m xture was cooled to -10[err]C, and thereto were added
'seed crystals of (2S, 3R)-VMPGM V\hen the m xture was stirred at that
tenperature for 30 20 mnutes, it b Srre cloudy and an

anor phous-1li ke materi al precipitate The

anor phous-like material was obtained by filtration and the
conposition thereof was neasured bExampledBLC. It was found that the

h -lik t | 1] 3
v . ihe - s Bcon@y, B, ofé’geﬁanﬁ? VBoq taslh o e | rpidcad
| ar gest anmoung2R, 3S)t-MPGMer wi t (28, 8R3tMPGM, sane éﬂﬁ;ﬂﬁ)—MPGﬂh 39) - el

Bl e 5O (2SBRYMPGAT ¢ b mxé%l ‘%ﬁ%eﬁh Cfb Tabife 10, together g

n- but anol @nd300.m% of aethansl heys swiered l_sgmged(ons methangle) by
(2RS, 3SR) - MPGirkigg 0 ﬂie(aﬁaﬁ&ewpmhana 5250 e 1c3|%)t1i\4%9\/l at In
the resultin solution ended 35 200 rase der

from Serrati®0far Ed®ns \&\ v Iitio OBi | Wdr&??lzﬁcgg&?tl Vi gf r] U)
whi ch was obtminates.n Aftezef éuﬂdmr Shiarmge at- (that) - tetnperaﬂmn'e e

The 0 Ut OMhours REng! I tiefirdl kS Sdprit, , Yhd Uil “Bertith | fﬁ%ggL .

m xt ure
he13. 5

It was folhd $wpernatans, owags: teken %npagéd EhGSGJCtle@Pt{
g of (2S, 3R) - MApPdctiventohfpcnedits( dn 3the M¥updenaldret epvaree measmm‘pvw

from t he r blon m xture by filtration, and the whole solvent 5 was
distilled g from the filtrate wunder reduced pressure to give
an oily r eS| due. TBromhe thesi domcentrationsadddlie 15mmounts of of netthenol |

and it was egs‘[ﬂcf’cr f%&mpon‘éh¥§t a'lhélﬁﬁbﬂl njn 4 | the! dsfﬁﬁgér?xgt&ﬂft NSfere

;?: f(raedt hﬁ? s 10 “F'@f?ﬁ’ér at gﬁ% f @moymty; ngf est eTheCrdmfatsal sWar e
obt ai ned by est1mated according to the equation: (amount of
(2R,3S)-MPGM  prior to crystallization) - (amount of
(2R, 3S)-MPGM in the supernatant).
Moreover, the crystals were obtained by

20 filtration, washed with methanol (~15°C) in an amount
equal to the «crystals and dried in wvacuo, and the
composition of the crystals was measured by HPLC. The
results are shown in Table 10.
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supernatant). The results are shown in Table 11. Smal | portion
of the crystals was obtained by filtration, washed w th net hanol of
*10[err]Cin an amount 10 equal to the crystals, dried in vacuo and

anal yzed by HPLC. The content of- (23 39-MPGM in the crystals was

found to be 99 %or nore in all cases. - 66 - ' [err]
- 67 - Exarrple9 In a m xed
sol vent of 500 m of xylene and Bxhmglle 6 but anol was di ssol ved 104 g

(0.8 o (SRR deniol o 2B Sy T B, &

of esterase (28;8R)-MPGM amd 4:bi tg dfol (238 3R)oMPGnBu in 150 ml of

methanol was placed in a 500 ml eggplant flask and was

5 stirred at 300 r.pom. by a 2.5 cm magnetic stirrer. The

solution was cooled to =10°C over 30 minutes and further

stirred for 10 minutes. The crystals were obtained by

“filtration, washed with 10 ml of methanol (-10°C) and

dried in wvacuo. The composition of the crystals was

10 measured by HPLC. The content of (2R,3S)-MPGM in 4.5 g

of crystals (yield of 43 % based on the amount of

(2R,3S)~MPGM prior to the crystallization) was found to be
99 % or more.

After obtaining the crystals, 10 ml of methanol,

15 which corresponds to the washing liquid in the mixture

of the filtrate and the washings, was distilled away.

_ . The concentrated mixture was cooled to -10C,

and thereto were added seed crystals of (2S,3R)-MPGM.

- When the mixture was stirred at that temperature for 30

20 minutes, it became cloudy and an amorphous-like material
precipitated.

The amorphous-like material was obtained by
filtration and the composition thereof was measured by
HPLC. It was found that the amorphous-like material is

25 a solid containing (2S5,3R)-MPGM  having the same
configuration as the seed crystals in the largest amount
together with almost the same amount of (2R,3S)-MPGM and
about two—third amount of (2S,3R)-MPGnBu.

30 Example 7
In a mixed solvent of 500 ml of xylene, 80 ml of
n-butanol and 0.25 ml of water was dissolved 104 g (0.5
mole) of (2RS,3SR)-MPGM [52 g of (2R,3S)-MPGM and 52 g of
(2S, 3R)-MPGM]. In the resulting solution was suspended
35 200 mg of esterase derived from Serratia marcescens (clive
oil hydrolysis activity: 4 X 104U) which was obtained in
Reference Example 1-(2-b) described after. The solution
was stirred at 30C for 24 hours, and the reaction mixture



'hydrol ysis activity: 2.5 X 10[err]U which was obtained in Ref erence

Exanpte 1-(2-a) described after. The solution was stirred at
30[err]C for 24 hours, and the reaction mxture 10 was analyzed by HPLC
It.was found that the product was c% posed of 51 g of (2R, 3S)-MPGM
14.7 g of (2S, 3R)- MPGM and 38 of (2S, 3R -MPGhBu. The
Celite-imuobilized esterase was rem)ved from the reaction

mxture by Wasf 'é.ﬁél%bﬁn ben#PLG: WIel eva! fanid Welsatli the ! iprddavty wasom

o e, BETB BRSSO 4, Ry

150 m  of andhahbl g aﬁd(ZS,t3R)w&ﬂ’Grﬂ3urr’Hme énzyme wagsrempvedt ifsam

In order to rt apigxt C to
-10[err]C aﬁ%}g ‘i%ﬁté. {?ux%n%k% bgerreflggt terfper aturghgorwgélem %&hié}t The
crystal s wor ewdst ai cdgtibled  amam r afram, d feltrateo wnder d of
~10[err] C andpressdlfd kg N #i¥RUORO BN %ﬂi‘dﬁb of 18R 3 'VP@/ldue was
romthe ana |so trate o ne a |me

also found tg(? e fl ﬁ’ d]contaé%chedq NP?%
14.7 g of (ZScﬁﬁstﬂHGWtﬁmi In380rdpr ofto(zsuﬂR)eHVP@a&ﬁ thlee yyeldld thet
the crystalSmitfre vwifs 9 cool@f’ S0 A0BEN [ baéﬂl?li%&]at éZF%héS)sagéF@V'

in the charge racem_c ~ conpound con{)
(2R 3S) - M2G\V itempezature £px &l PEDNEES. o 6@1@9%@# 80 Wi, 0 fatned

(Eéggpl gsé;) prﬂtra’gozl,l whf)shba 156itHl aLfgn nehhars \meﬂmad}dsotggﬁczg ;?g“{
ure (0] (0]
40[ err] C. g}/lé%(?dtnl L téo‘év@d% #/Egsau (?thﬁ- of seed
crystal s of (2R 39) - NFRﬂamvastheldeanahfsnsne of tb(iutfﬂhl‘%ile oco aingd at
sol ution was ftl:i%i:he”tuﬁﬁo' eft ! o O[ 810l C found®V&hat0 FhRUt SfotHd Wasquor

stirred at t ha ature

[ 8 -
mi nut es. 5he°°6¢91§t E Q?r g IRDFMBEEM, 135 o8 F (HSFR)IMPCM and
44 g of (ZS 3R)-MPGnBu. The yield of the crystals was

85.0 % (percentage on the basis that (2R,3S)-MPGM in the

charged racemic compound was 100 ¥%). The ~ content of

(2R,3S)-MPGM in the crystals was found to be 99 % or more.
20

Example 8

20.8 g of (2RS,3SR)-MPGM [10.4 g of (2R,3S)-MPGM
and 10.4 g of (2S5,3R)-MPGM], 100 ml of xylene, 16 ml of
n—butanol, 25 u of water and 10 mg of esterase derived
25 from Serratia marcescens (olive oil hydrolysis activity:
2 X 10%U) which was obtained in Reference Example 1-(2-b)
described after were mixed. The mixture was subjected to
an enzymatic transesterification reaction at 30T until
reaching the transesterification conversion shown in Table
30 11. The enzyme was removed from the reaction mixture by
filtration, and the whole solvent was distilled away from
the filtrate at a temperature of 60 to 70C wunder a

reduced pressure to give an oily residue.
To the residue was added 30 ml of methanol, and
35 it was stirred in an eggplant type flask at 300 r.p.m.
with a 2.5 c¢m magnetic stirrer. After cooling the
mixture to -10°C, the stirring was stopped. Small portion
of the supernatant was taken out and the concentrations of



glass filter, washed with 20 m of nethanol of -10[err]C and dried
under® vacuum to give (2R, 3S)-MPGM The filtrate and washi ngs
‘were conbined to give a nmethanol solution 5 containing (2R, 3S)-MPGM

(2S, 3R) - MPGM and (2S, 3R) - M\PGhBu. - 65 - (2) To the above nethanol
solution were added 100 m of nmethanol and 10 m of

di i sopropyl am ne. The solution was stirred at 30[err]C for 16
hours to cother tcompoféits 3k - MB@wEhuperlnatéﬁtS waiRe- Medéuriéd by HLPC. (3)

Oferrictor aBrphy il Adiictitatidhis™ the Pam tﬁ A R
filtrati on aninckiseddin thwsupematant were aesimnal 5[err]C. The

filtrate was conc d er, ede PERSS STEVERE 15
containing_ (2S, 3R)- I\/Pg\/lmgbﬁ ?Hé (ﬁﬂﬂc o PiRe ’cﬂs estith

ﬁ in g ék) equa
ampunts. 9 according (£p 1§ ?hee‘i‘é%ﬁ oxaded {)2 pylor
]Ehat ht he Ej gt gltoa nmugttstailiZ AR6np SR~ MPEh mmoﬁbomzRZIS)g-MPGM leiﬁr etheer e
urt her adde I ng soO uti on was
applied to thgﬁﬁgg{}%@ﬁégpeﬁ %“i%reﬁg %Bgﬁ gleg#@?’sh 'ng of the steps
(1) to (4) was rep t porkioni mof, 4he t brystalstt washeobbainede dHyown
In Tabl e fdAtration, washed with méPfhanol of —-10C in an amount
10 equal to the crystals, dried in vacuo and analyzed by
HPLC. The content of (2R,3S)-MPGM in the crystals was
found to be 99 % or more in all cases.
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Theré was obt
-cycl e procedu
i R each cycle

Since (2S, 3R)-

than (2S, 3R) -
to obtain (
3R -MPGM is
anount necess
Exanple 11
187 g (0.9 m)
(2S, 3R) - I\/PGI\/]
57.6 m (099
suspended 3
m

oi | hydrol ysi

A 4- - - 70 -
ained 16.2 g of (2R, 3S)-MPGM in total by the above three
re. The purity and optical purity of (2R 3S)-MPGM obt ai ned

wer e 98 % or nore and %wor nore, respectively. 5
MPGM can be obtained as crystals in a larger nolar anount
MPGNBu used as an' ester conpound, it is also possible

2S, 3R) - MPGM havi ng h| Ehamlﬂ;@urgty if thus-obtained (2S,
chemcllytr te [TO (2 3R) -;MPGBu_o 10
ary for 3 %I‘)é% S né))ft ggl )m] g‘? xyf'eﬁé %n
80 ml of Iml-zbuZanolt erwaseadlssolwqdl pﬂ)@d wgt h{&5st imole} , of
FIWVI 93 5 .
dsllg)zﬁk&é rrié of g(g :é/%’r?’t M gylrﬂl ?gxy%gne and
GMin. burandie |rr¢sm1anges m n sd¥ag i opuseended
8. GJ Ofof Celest@rag@mbimmbbﬂlze&st Jrse Ceaitt@ (liver @iB1
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Ref er ence EMprencel Eﬁample debo{2-add defs(:mbed Hiter. dHeut i solution

stirred at 30
and the react
10

15

20

25

30

35

g 1 Giifeq tEOL!{(?g;J”f’&f 24" HHHGSY and MRS SR tRn 1hi ik
was analyzed by C. It was found that the product was
composed of 51 g of (2R,3S)-MPGM, 14.7 g of (2S,3R)-MPGM
and 38 g of (2S,3R)-MPGnBu. The Celite~immobilized
esterase was removed from the reaction mixture by
filtration, and the whole solvent was distilled away from
the filtrate at a temperature of 60 to 70°C under reduced
pressure to give an oily residuee To the residue was
added 150 ml of methanol, and it was stirred for
crystallization. In order to further raise the vyield, the
mixture was cooled to -10C and stirred at the same
temperature for 30 minutes. The crystals were obtained by
filtration, washed with 40 ml of methanol of -10C and
dried in vacuo to give 43.1 g of (2R,3S)-MPGM.

From the analysis of the filtrate obtained at
that time, it was also found that the mother liquor
contained 7 g of (2R,3S)-MPGM, 14.7 g of (2S,3R)-MPGM and
38 g of (2S,3R)~MPGnBu. - The yield of the crystals was
82.9 % (percentage on the basis that (2R,3S)-MPGM in the
charged racemic compound was 100 %). The content of
(2R,3S)-MPGM in the crystals was found to be 99 % or
more.

Example 10
(1) In 150 ml of methanol were dissolved 20 g of
(2RS,3SR)-MPGM and 41 g of (2S,3R)-MPGnBu at a temperature
of 30 to 40°C. The solution was cooled with stirring, and
10 mg of seed crystals of (2R,3S)-MPGM was added to the
solution at 0C. The solution was further cooled to -10C
over 30 minutes and was stirred at that temperature for 10



by HPLC. It was found that the product was conposed of 25 91.6 g of

(2R, 35)-MPGM 24.3 g of (2S,3R)-MPGM and 83.2 ¢ of (2S, 3R)-MPGhBuU.

The Celite-immobilized esterase was renoved from the reaction m xture
by-filtration, and the filtrate was - ggncentrated at a tenperature of 60
to 70{err] C under reduced 30 pressure to give an oily residue. To
the residue was added 150 ml of nethanol, and it was cooled to

-10[err]C \4viht hminutest i r rThe aacys‘tatsid htwl‘)er%t! F‘{)ﬁi{l_éﬁ t byt ﬁinjgae'roai umghora30
m nut es. e grystal.g were ne i Lt,ratd on _
met hanol of - ]é[%grffelﬁeghd v&%ti@ i nglaci?cﬁtgﬂgi e %ﬁu 50f of IW'('(LZR, and
3S)- MPGM  Thdriedt hamderquoracuami teastgives (2By3S)— mbi rnEhe dfiltrate
anal yzed by C. : f hat: e Lxtuge iine . g
of (2R 3(3‘3]- Wﬁﬁ?}@é "g‘%@ &'@énég;-%egrgéd 85 pethadbl Solitidn
(25, 3R) - MPGnBucontaining (2K 3S)-MPGM, (28, 3R)-MPGM and; {2, 3K)-MPGnBu.
T ere ha L qg@ o ey 8R0ye Slethafiol | Bolutiofon ke Baddeaced
' . . 0 . ,
0. 2 % of arm%dﬁ" |+ Merhano! nd,{ 19, o598, 5Cﬂt§ﬂﬂfepyb§mf)@sahiﬂe
Breweries, LtsblitiorD. 2wa8o stirredt agti ud0C  forhy di®ychoines phiat e ,convest %

of magnesi um EMPeRUL if I s sulfate, 1.5 wv % of
rl’gpz'ate H{(F? a(cztsi;?lltz) (%(e;%ol SP- 030,. nade by Kao

a sorbitane u ]
Cor por at i oﬂ% and 0.6) vﬁ?e opeagtion puKlureypbhained yigh| ther stapi Ué)
]sugf actant 10 wésgaﬂibw&dir ko dtandriat 002, foﬁatﬂi()d_ niinuteéﬁgnyrhe chystals
ndustries, . t t Zi . i -
pre-cul tured It-)c?fgt i'f2(§f3€2:rl?rgppg %ﬁ: scé&?lé&il ﬁRWﬁﬂraté&MS?‘%bt‘ng%g&by
previ ously culwithi ng 48 t hmlecigfr ocaiethanolshaef ng5& . 27. B f ofilbateourwasn
the sanme cult B Hed S bo ﬁgédi” d dNt Oyiiehe , sterd: hi,Zzed
medi um ‘Iégﬁ Ltr(ﬁln‘leure ugae_g%gg?e a?f %:% t ]?%1rvte 2? hl,geirjérléhé
with tindﬂ% R) ; and, o(2Ra8I)5 medi uAPDFReEimatelyt he
conditions of eyl amoun®s5 kg/cnferr].G and 300 r.p. m
(4) To the residue was added (2RS,3SR)-MPGM so
that the total amount of (2RS,3SR)-MPGM became about 20 g.
Thereto were further added (2S,3R)-MPGnBu and methanol.
20 The resulting solution was applied to the above step (1).
The procedure consisting of the steps (1) to (4) was
repeated three times, and the results thereof are shown in
Table 12.




Ten liters of the culture broth was centrifuged to renmove 20 the cells,
supernatant by the use of an

and inpurities were renoved from the
adsorptive resin SP207 (rmade by M tsubishi Chemical Corporation).
Thé thus obtained supernatant wasggconcentrated to 1 liter by
using a ultrafiltration nenbrane (SLP1053 nmade by Asahi Chem cal
25 Industry Co., Ltd.) to give 1,080 nml of a concentrated liquid
of esterase having an olive oil hydrolysis activity of 1.0 x
10[err]Um . %2-a) Afit er | npr egpat ijng 30 m of t he
concentrated enzyne liquidfobtgingd in|(1l) int¢ 30 g of 3 Celit (made
by Celite Corfporption, [(Califjornia, |U $ A) pl agedfin aj500 m
eggpl ant type fil ask, they mege uniforrﬂigm xed and|drileggal anp external
tenperature of | g | 30[drr]|C8nder |redu¢ed |pr@essur¢ by lisihgsh [otary
evapor at or tQ give |36.5.8 qf Qelite-in i |izg¢d ester@sd havipg an 35
activity of 8.2 g 5 (2-b) Uygbhilized, s 1| 000 m
of t he cqri@ent.gatled engyrre |i§§li I obt &t ned in_gl to %va 54 g of
esterase havi g ang dlivie @ oil kydy ol ysi acti%t/ Df
- 72 - 1. 962X IE[err]U/é. ) g R%e'en:e Exanpl e
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m xed solvent (1:1) was added to the reaction mxture to 15 termnate the
reaction. The reaction mxture was titrated with a 0.05 N NaCH
*sol uti on using phenol phthal ein as the i ndicator. The anount of enzyne
which liberated 1 [err] nole of g0fatty acid per mnute by the above
procedure was defined as one unit (U). 20 As expl ai ned
above, according to the pr esent I nvention, from.a solution

containing a mixture ofThepei cwas obtainests 16.20fg  of an2RB3QITMPOMt da
glycidic  aci, t hI OB |, SOMPRe it | gh
purity can hg%?l ﬁ?c‘?ﬂ% a ngdtﬂ?éégsggetﬁgéé@d%ﬁ:entr ?i on ﬂ%f an t he
desired 25 opptical imwity ofn (4RES)H opt Bec El§ WER  as
compar ted_ Wi ][ lhggo%vggt orel aﬁdOQ'?S%leér mor?, respe%tive]fiﬂ_rt her, after
asymmetrically an enz ransest epi fyi r .
trans- 3-sudstituted Slﬁ?%g?g$?é)-&%@4d @Y oP%, o&taﬁgqufeas oﬁ?&gg%lgi SBher
havi ng hi gh parilaygé&® modar hmountyshanl i (253Rj"MRGnBuhaisedeast iam estett ure

til th tal «af t desd t iyl [
e b OB LD 8 IBoC AR ) pRRAR (03 W0

cry onvent i onal pPL.QC C.
I nformation rBguingd Jmigh smUREY agrifiph 1?11%‘5703315@?% of (?§e§§k§ﬁ@a&h’c§dul e
of the Si pHapesllyat erafisédtieeified tont 283RprMPGriBposidmdyy dnt hami ty:

| ndust 1 ol 05 AERGEE. AGCRERARYo 05, (25, SRIMECHBu, i the next cycfdZacy, 00,
1983 Accessi on nunber: FERM BP- 487
- 73 - WHAT W CLAIM I S: 1 Exam: 11A process for preparing
an optically active _2 trans-3-subst‘r'r'm'%%—gﬂ;y0|.dlc aci d ester conpound
of the 3 formula (1):In a 2 liter reactor ~ equipped with ' a stirrer,
' 187 g (0.9 mole) of (2RS,3SR)-MPGM [93.5 g of (2R,3S)-MPGM
15 and 935 g of (2S3R)-MPGM] was dissolved in a mixed
solvent of 720 ml of xylene and 57.6 ml (0.9 mole) of
n-butanol. In the resulting solution was suspended 3.0 g
of Celite-immobilized esterase (to which 0.81 ml of
purified water was previously added and which had an olive
20 oil hydrolysis activity of 2.5 X 104U) which was obtained
in Reference Example 1-(2-a) described  after. The
solution was stirred at 30C for 4 hours under a reduced
pressure of 15 mmHg, and the reaction mixture was analyzed
by HPLC. It was found that the product was composed of
25 91.6 g of (2R,3S)-MPGM, 24.3 g of (2S5,3R)-MPGM and 83.2 g
of (2S,3R)-MPGnBu.

The Celite-immobilized esterase was removed from
the reaction mixture by filtration, and the filtrate was
concentrated at a temperature of 60 to 70°C under reduced

30 pressure to give an oily residuee To the residue was
added 150 ml of methanol, and it was cooled to —10C with
stirring and further stirred at that temperature for 30
minutes. The crystals were obtained by filtration, washed
with methanol of —10°C and dried in vacuo to give 82.3 g

35 of (2R,3S)-MPGM. The mother liquor and washings were
combined and analyzed by HPLC. It was found that the
mixture contained 9.1 g of (2R 3S)-MPGM, 24.1 g of
(2S,3R)-MPGM and 83.0 g of (2S,3R)-MPGnBu.



[err] 5 wherein ring Ais a substituted or unsubstituted benzene 6 ring,
and Rlerr] is an ester residue, which conprises: 7 preparing a
solution of one optical isomer (A 8 and the other optical isoner (B)
of~the ester conpound 9 (l), both eof whichk are the optical isoners
due to the 10 asymetric carbons at 2- and 3-positions, and an ester 11
compound (B') which is different from_ the isomer (B) 12 only in
the ester residue Rerr], 13 Referemce/ Exanplei ig the optical isoner

A f the 14 | t h th t |

(15) cr;gtmal i zgd SO K LfrIn;JEe ngeglhglé{- ia.r Pérn?éﬁﬁeg‘p Wa% tP i 16(%) 'S
i somer (B) duhtenstrmfpmesémudofmedere 2Hpol:Ad (:gnyalmnghohg e t Haf
optical i SOW?&&@HY"OU'O% prgm B'ft abMndniue IShlestesr Qomupuryt (Wléas‘isers not

)resent, and the cr tal s f tic l.somer
(pA). 1 (made> bhe ﬁﬁ bsshE?g &2 h@ %f)gt PeﬁaSE
Turtge][f COHE amﬁdr@%e@méépw?to 06f %anof emmesmposnmldaﬁe ((je.ooxmm:h]
is different fro e i r
and has the E ngé r%ﬂ?%’i?e éf es?éer Ia?orrg(a %éﬁeﬂg %leggt%r
3. The processunfaailaatm (Rheoddl, SB'eG&On M@sth’;w or e€prperatien) hand

| somer (B) 'Son?t hyly O1 g€t Bi" [ OBl efet hglf&lerdéﬁwa@meofsﬁﬂface&ner

d rTb f th t
(P M oy otk alsl%‘larb?oup{(%gn s ¢y Sanyd” *Chegical

carbon at onsIndbstrieshatLtad). t heAftest esterilizing the medlum, 200 ml
- 74- 7 of a pre~cuifited'CbRbE M lofOf SElitis O HdrdeBbeRS'd S¥AICNFRERN e

BP-487 obtained by previously culturing with reciprocal
shaking at 27.5C for 20 hours in the same culture medium
15 as above was inoculated into the sterilized medium. The
mixture was cultured at 25C for 28  hours with
continuously adding 1.5 % of L-proline to the medium under
the conditions of 0.33 vvm, 0.5 kg/cm2-G and 300 r.p.m.
Ten liters of the culture broth was centrifuged to remove
20 the cells, and impurities were removed from the
supernatant by the use of an adsorptive resin SP207 (made
by Mitsubishi Chemical Corporation). The thus obtained
supernatant was concentrated to 1 liter by wusing a
ultrafiltration membrane (SLP1053 made by Asahi Chemical
25 Industry Co.,, Ltd) to give 1,080 ml of a concentrated
liquid of esterase having an olive oil hydrolysis activity

“of 1.0 x 104U/ml. :
(2—-a) After impregnating 30 ml of the
concentrated enzyme liquid obtained in (1) into 30 g of
30 Celite (made by Celite Corporation, California, U.S.A.)
placed in a 500 ml eggplant type flask, they were
uniformly mixed and dried at an external temperature of
30C under reduced pressure by using a rotary evaporator
to give 36.5 g of Celite-immobilized esterase having an

35 activity of 8.2 U/mg.

(2-b) Lyophilized was 1,000 ml of the
concentrated enzyme liquid obtained in (1) to give 54 g of
esterase having an olive o0il hydrolysis activity of




‘8 substituted by a hal ogen atom 9 (b) an

al koxyal kyl group which may be substituted 10 by a hal ogen
satom and 11 (c) an arylalkyl group which may be substituted
12 by a |inear or branche é ower al kyl group, a 13

| i near or branched |ower alkoxy group "or a 14 hal ogen
atom 1 4. The process of Caim 1, wherein the nolar 2

ratio of '50'1996(*\)1(? ygr (B) inthe solutionis from 4/6 3 to 10/1,

and the nolar ratio er conpound (B )/isomer 4 (B) in the solution is
from5/3 to 10/1. "1 5. The process of Caim 2, wherein the
molar 2 ratio of ester conpound (FeéﬁekbnerExdm@le’Qat most 9/ 35 of 3 that

of ester compound (B)/4 sk ufB) of %25 ml of aog T{ a&a&ﬁﬁfss&ht%ﬁhﬁ

one of Cains 1 to vent ion i

menber sel 8ct mlysvmylonaquml oitsade cmarkstPoxal o anagieh o bys o Kpgaray an
ether 4 solvey, yar Qe | 075 hygl] ocaf boawéol Mﬁnt wdgﬁl cgh &Y &€ Sa
substituted by’ aI 0g ‘i‘& g.l | pgﬂ% droc 5@ soI vent
whi ch may be §GEW?W§%I &? gle at 3R I Dt T-

7. The procestooff@mheanormmswh.al nFhént 05.®, lﬁl uﬁertélen obtmned ohve
concentration f [ th S on pr r
oif | ehfifiibh gﬁht | 1.0" Nl SBEULBON 0325 P MY £riE-HCI  buffer

crystallizing nDIe
crystal|i38ti ¢pH8iQ, ceeontainingut 2.5 @Mte®f er a@ﬂlﬁulmof chlorigie) o were

\J/r\/r112£ :Ir :]] C. t hé pre—heated Gt TB?’OOV Fops s (of nﬁhht‘éé Oﬂﬂ‘d C’ft:h@'i=}td6"5 was Oadded?

ol yfion j
crystallizatidn mf 03 gnzyme bﬁflﬂ’c‘fon efh%bf Q?qéﬂn wa% cgnducted at
transesterifyi3f§C tHor o0 cahinutesyerand B)20i nmlt hef s utacehoﬁe‘-eﬁhaﬂmé

| somer s EA) anghixed) §t81vél{’c egiq CREROUHHP to! tHe FBictioRl’ CmbReGre ofo an

enzyhe ?lgl ngEermmatse ert %Serggcéu\;g The reaction mixture was titrated
with a 0.05 N NaOH solution using phenolphthalein as the
indicator. The amount of enzyme which liberated 1 4 mole
of a fatty acid per minute by the above procedure was
defined as one unit (U).

20 As explained above, according to the present
invention, from a solution containing a mixture of optical
isomers of trans—3-substituted glycidic acid esters,
a desired  optical isomer having high purity can -be
crystallized until the concentration of. the desired

25 optical isomer in the mother liquor becomes very low as
compared with conventional processes.

Further, after asymmetrically and enzymatically
transesterifying racemic trans—3-substituted glycidic
acid esters, a desired optical isomer having high purity

30 can be crystallized from the reaction mixture until the
concentration of the desired optical isomer in the mother
liquor becomes very low as compared with conventional
processes.
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1

- 75 - 7 transesterification ability by the use of an al cohol. 1
9. The process of Caim8, wherein the enzyne has 2 an E-val ue of at | east
20 neasured when the conversion 3 rate of transesterification reaction is

10- % 1 10. The process- 7@f - Caim 8, wherein the 2
transesterification is conducted so that the nmplar ratio 3 of
ester conpound (B )/isoner (B) is from5/3 to 10/ 1. 1 11. The

process of ei WHATOWE JLAIMIIS 1 to 10, 2 wherein the isonmer (A) has
an absolute configuration of 3 (2R 3S) and the isonmer (B) has an
absolute configuration 4 of (2S, 3R). 1 12. The process, of
ei ther onelof daims 1lo A11prozesahef@1np1teparmgnganA optically active

4- met hoxprenﬂ_ae_‘g% ABaey %Wéhaﬁs' diedof ekbey | S?gﬁ;:o{lﬁh | pfretind

group, and_the e ester conpound 'S n-butyl

gr oup. 13 form a . A process of preparing an optically active
2 iIsomner of a trans 3- substltuted glycidic acid ester 3
conmpound of the formula (1): [err] 5
wherein ring Ais a subst' rounsubstltut ed benzene 6 ring, and
Rlerr] is 4n ester resid rrprlses (I subjecting a

m xture of one optical 9 ' (ﬁﬂm the ot her optical isomer (B)
of the ester conmpound 9 (1), both of are the optical isoners due to
the 10 asymmetric car bons at 2- and 3- posi tions, to 11
transester bf i eliérein iring hé psesaencsmbsbi‘tuted @t caimsubstitiitéd benzene
enzyne havi 1€ £0, % an | 13 ability,
thereby t gg%ge ylﬁng i§ %ﬁ é'soct%{rl ggﬁlhhl Sosvgﬁi&{ (crlg)[ﬁqllszgél the al cohol
to pr oduc@ an ester c®veparing (B ) s@lutipn of . one optlcal 1somer

8 and the other optical isomer (B) of the ester compound
9 (), both of which are the optical isomers due to the
10 asymmetric carbons at 2- and 3—-positions, and an ester
11 compound (B') which 1is different from the isomer (B)
12 only in the ester residue R, .

13 crystallizing the optical isomer (A) from the
14 solution up to the extent that the optical isomer (A) is
15 crystallized without the precipitation of the optical
16 isomer (B) due to the presence of the ester compound (B’)
17 though the optical isomer (B) would precipitate if the
18 ester compound (B") were not present, and

19 isolating the crystals of the optical isomer (A).

2. The process ‘of Claim 1, wherein the solution
further contains a small amount of an ester compound
(A’) which is different from the isomer (A) only in the
ester residue R* and has the same ester residue as the
ester compound (B’).

1o W N

3. The process of Claim 1 or 2, wherein the ester
residue of the isomer (B) is methyl or ethyl group, and
the ester residue of the ester compound (B’) is a member
selected from the group consisting of:

(a) a linear or branched alkyl group which has

more carbon atoms than that of the ester

* [ L M S *

DO A W=
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- 76 - 15 is different from the isoner (B) only in the ester residue 16
Rlerr] until the nolar ratio of ester conmpound (B')/isonmer (B) 17 falls
Wi thin the range of 13/7 to 7.8/1, 18 crystallizing the optical
isomer (A) from the 19 resulting 74sokution containing the

| somer (A), the 20 wuntransesterified isonmer (B) and the ester
conpound (B'), 21 and 22 isolating the _ isonmer (A) havin
optical pufity of 23 at IresdduedRs oft theymmtemf(&)t anshswhich maybdeed

on the 24g initial amount s?tfbs hél 14. The process of
Claim 13, "wherein the zyrre é as a vaf’% | east, 20 sureecfi]
when the c8nversion 3 t@nof ¥Rt P‘&Hcﬁezﬂ?’]’o r‘%

15. The pggcess of Caim @ hblogeth eitom) a;lit@ 2 isoner (A has an
absol ute nfiguration o R 3 | h t
configuraﬁgon of (2S, 3&? (af‘ ar%alﬁyfi %o gﬁesélgéff @al @PU&CF
wherein tB8 enzyme 2 is arby eat dinear deri \b!'dn oth lsweratalkykaigrespens
t he nol ar rati o of ester u ( [ 8/
and the yI1§| d of the isoner |[sagatﬁT E g Il(3/“’5} ﬁkBE&m EH"#; % @
process ofldei ther one of Glﬁﬂgﬂlf@mw 2 wherein“the ring A is
4- met hoxyphenyl group, the ester 3 residue of the isonmer (B) is met hyI

group, and,the ester 4 due _of the e I nd S
group. 1 1 184 A o?ggges§o é%tf‘é‘tm 15 é’é‘?ﬂ)elt}f %g q‘é/ 2
active is@nmeratiof of a isomerndA)/isomer t (B)edln githei alution dis fwner
conpound of thg T Ml 8afd) the molar ratio of ester compound (B’)/isomer

4 (B) in the solution is from 5/3 to 10/1.

1 5. The process of Claim 2, wherein the molar
ratio of ester compound (A'’)/isomer (A) is at most 9/35 of
that of ester compound (B')/isomer (B).

w N

6. The process of either one of Claims 1 to 5,
wherein the solvent of the solution is a member selected
from the group consisting of an alcohol solvent, an ether
solvent, an aromatic hydrocarbon solvent which may be
substituted by a halogen atom, an aliphatic hydrocarbon
solvent which may be substituted by a halogen atom and an
ester solvent.

N O G WD e

7. The process of either one of Claims 1 to 6,
wherein the concentration of isomer (A) 'in the solution
prior to crystallizing is from 0.5 to 4 moles/liter, and
the crystallization is carried out at a temperature of
-30 to +15°C.

Tk W N

8. The process of either one of Claims 1 to 7,
wherein the solution to be subjected to the
crystallization is a solution obtained by
transesterifying the optical isomer (B) in the solution
of the isomers (A) and (B) to an ester compound (B’ in
the presence of an enzyme having a stereoselective

* c L M S *
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[err] 5 wherein ring Ais a substituted or unsubstituted benzene

- 77 - 6 ring, and R err] is an ester residue, which conprises: 7

{a) ‘preparing a solution of one optical isonmer 8 (A
and the other optical isomer (B) of~-theg ester conpound
(1), both of which are the 10 optical isoners due to
the asymmetric carbons 11 at 2- and 3-positions, and an

est er conp@undrafgesterification abilityB'hy Whieclsei of ali falesleolt from the

i somer (B) 13 only in the ester residue Rerr], 14

(b) crystallizing the optical isonmer (A) from the 15
solution dp to the %xtEme process tafe Clapmi 8al whaein the enzyme hasmer

(A) 15 oorysfapd Wt gt leadh® 2017 measured when PRECI QrvdrsRih Of
the optical |sorrg B) ue,, 18 . . the presence of the
ester con%our\'éte( ytrangesterification reactiggif, 10 ¢he opti cal i somer
(B) woul d 20 precipitate if the ester conpound (B')

were 21 ot ese 2 . (c) gsolating. t
crystals JT the opt i.légl ?@%rrerg}‘%é of Claim (A)g,’ Zﬁhepgm hﬁ'_le
(d) chemi c&l | yransesterificatipnng ist heonducted csompothat 2the molar ratio
(B') includedafi i ; reryl
t oget her \jsvl?t k?f ?ﬁ%é#?é’m% (@é)p/tlIQ@%Flf ‘Bs)olrir%tfsi-bn%$/3 to 10/1. (A
and (B) so as to convert the ester 28 compound (B')

into the Joptical isdier THé) préfess of either ondé obfo@ldimdy1 tte 10,

tallizati Leql atd 3 he. | .B), 1
oLy ng? Lol EAE Sldier 1), s an Aisglied DpdriBFariEh of
aci d ester 3(1 X2Rn3Shn angt etheonipsemer (KB) thas3zmn absolute configwration
resul ting 4notgfe(2S/3Ruor to provide a

1 12. The process of either one of Claims 1 to 11,
2 wherein the ring A is 4-methoxyphenyl group, the ester
3 residue of the isomer (B) is methyl group, and the ester
4 residue of the ester compound (B’) is n-butyl group.

1 13. A process of preparing an optically active
2 isomer of a trans—3-substituted glycidic acid ester

3 compound of the formula (I):

‘ Vi ®

— coor!

wherein ring A is a substituted or unsubstituted benzene
ring, and R is an ester residue, which comprises:

subjecting a mixture of one optical isomer (A)
and the other optical isomer (B) of the ester compound
9 (I), both of which are the optical isomers due to the
10 asymmetric carbons  at 2= and 3-positions, to
11 transesterification in the ©presence of an alcohol and
12 an enzyme  having a stereoselective transesterification
13 ability, thereby transesterifying the optical isomer (B)
14 with the alcohol to produce an ester compound (B’) which

* [ L L S *
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34 sol ution to be subj ect ed to the 35

crystallization of step (b), and 36 (f) repeating the
*above-nentioned steps (b), (c), 37 (d) and (e) in this
order. 1 19. The process-of 7@l am 18, wherein in the step 2
(d), to the resulting nother liquor 1is added an ester 3 conpound

(A') which is different from the isoner (A) only 4 in the ester residue
Rl err] angshaks t deffeaent eSfrom r ehe dicomer 5 (B) honlysdrmerthd Bester andsidue

the st the, . d ) i i
6 gorr;oﬁgllﬁgik)l i2§%2%%| Plfpié"sr?;ﬁg'é@t e?ﬁffe%eri OCSP\PguPﬁle (P)Gﬁf)ln{%l ﬁ@orrer
(A). 1 17 falls 2withine theorange aff B47nto 18841, 19, wherein the 2 sol ution
in th t furth I3 [ : A
which i s SBrforent on Giscifizife® tH | GG gmal CPAFT i o e
(A and h3s resultinge sselubipn; csicomtainingne dher clsgghd (). ithe

21. The ppoceaatpinddsterifidd, ikontir 2(B) Werici nthie tedeer esdomipodnd du@’),of
the iso g (g}_l is methyl or ethyl 3 group, and the ester residue of the
ester cogg un le') is 4 a nenber selected from the group consisting of a

| i near or28 branched alisglatinguphehi isomers ¢A) bdavingnsopticgbr purity 6 afhat

of the espar Si of e ;hS It d ifé[;hslfay I t &k e a

hal ogen aggm ?’gn,l 0X gan,Eyllh (r)ﬁg g'?yg?gh ararthiay e su gt ib?ute égy %ﬁhgtlﬂt%en
gn Qméila éﬂé]ﬂ ugs C

atom and tg y be substituted by a linear or 10
branched | ower alkyl group, a linear or branched |ower 11 al koxy group or a

hal ogen atom 1 0GeS! ai rel

the 2 soldtion in ti}é ?f’é% E?§?egt§§ %q%r lgr’at%e}%in @%@Qyﬂ@
2 has an E-value of at least 20 measured when the conversion
3 rate of transesterification reaction is 10 %

1 15. The process of Claim 13 or 14, wherein the
isomer (A) has an absolute configuration of (2R,3S) and
the isomer (B) has an absolute configuration of (2S,3R).

w ™

16. The process of Claim 13, wherein the enzyme
is an esterase derived from Serratia marcescens, the molar
ratio of ester compound (B')/isomer (B) is from 2/1 to
8/2, and the yield of the isomer (A) is at least 80 %.

W N =

17. The process of either one of Claims 13 to 16,
wherein the ring A is 4-methoxyphenyl group, the ester
residue of the isomer (B) is methyl group, and the ester
residue of the ester compound (B°) is n-butyl group.

W N
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18. A process for isolating each of optically
active isomers of a trans—-3-substituted glycidic acid
3 ester compound of the formula (I):

4 /6\ § (D
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5 wherein ring A is a substituted or unsubstituted benzene

e
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E% (A)/isonmer (B) is from4/6 to 10/1 and the nolar ratio 4 of ester
conpound (B )/isoner (B) is from5/3 to 10/1. 1 23. The process
of --Claim 19, wherein in the 2 solution in the step (a), the
molar ratio of isomer 3 (A)/isomar_(g)ﬂs.fromMG to 10/1 and the nol ar
ratio 4 of ester compound (B )/isonmer (B) is from5/3 to 10/1, and 5 the
anount of the ester conpound (A" ) added in the step 6 (d) is such that the
g})lg,a{ r%}@ Oi‘jiLlhg,OIﬁid R )iéif@f&‘te(‘Ai'eﬁdue,' ' thioi'esldm_ﬁnigg%ol ution is from
0 : . e proc . ai re
the 2 soldtion in tﬁg) H&BJ{}E% ‘I"t thﬁ.H;g?r;r &at%e O?ptfggferié\g)méfq
corrpoung EB‘ g;!somer Eg i {A)t andt the3sother heptitalr isomeri o(B¥ Gftleirhe
conpoun ')/ 1 somer : : -
25. The process of either oer%%f anéP?rsumllB {I&, ZAP,Och O\}\:heyel}léﬁ,tﬁge sto event
used is d0menber sel ect ed Opticah ispmers @W@)U}SO ddiesi asymmpetsic aﬁarlaf?r_éﬁahol
sol Vgnt, qmt_ft[le(rj golbventat z- %Bldt aseﬁaéirtrcfnd;ycurm:t, aﬁﬁg@stéﬁlbwnipclm@[]
may be su itute y a ogen. atom  anp..al i phati.c hy car.bon so
which 6 tiiay be substit ut e@aioygﬁh’r?gﬁ ogén ‘i’lfg‘?ﬁ ndﬁé‘?fnesiﬁ? 51399’@&.@?1
26. The pid8cess of either amyoin Ghe mestér treskdue R*,wherein the sol ution
prior to grystallizing so i3l N e (a ai t h S Offed
(A ina géncentration “’Z ?‘3’8(:@)1}2635 rr% es/ |1’?§?1, asn(gﬁt e (?‘?gﬁfﬁqr?i zI ng of
i somer 515(A) is carried d@lubiony uPpdPat the ofxtent ¢ dhats the) coptic
27. In g process for [deemeri ng(Ayx (2%, 3rystallizéd benwitlhowez epi tise

der Vativ‘i70f the formula (ﬂxje)c'ipitation of the optical isomer (B) due

18 to the presence of the ester compound (B’)
19 though the  optical isomer (B) would
20 precipitate if the ester compound (B were
21 not present,

22 (c) isolating the crystals of the optical isomer
23 (A),

24 (d) chemically transesterfying the ester compound
25 (B) included in the resulting mother liquor
26 together with the remaining optical isomers
27 (A) and (B) so as to convert the ester
28 compound (B) into the optical isomer (B)
29 followed by the crystallization and isolation
30 of the isomer (B), .

31 (e) adding a racemic trans—3—substituted glycidic
32 acid ester (I) and an ester compound (B’) to
33 the resulting mother liquor to provide a
34 solution to be subjected to- the
35 crystallization of step (b), and

36 (f) repeating the above-mentioned steps (b), (c),
37 (d) and (e) in this order.

1 '19. The process of Claim 18, wherein in the step
2 (d), to the resulting mother liquor is added an ester
3 compound (A’) which is different from the isomer (A) only
4 in the ester residue R* and has the same ester residue as
o the isomer (B’), and in the step (e) the added ester

R



[err] 4 whereinring A and ring B are independently a substituted 5
unsubsti tuted benzene ring, and R2 IS 6

=2- (éi met hyl am no) et hyl group or a group of the formula 7 8 or a
pharmaceutical ly accept abl e salt - thgreaf, the 9 inprovenent
conprising using as the starting material a 10 (2R 3S)-isonmer of
trans-3-substituted glycidic acid ester 11 (l) obtained as the
optical isgmecompound t) pivcechemically -eiransesterdfiel Ctai negivet o the

28. The prgcess,of 1Q ai wherein the ring A _
- 80 - 2? igﬁtﬁ%ﬁsﬁg%‘pﬁépl‘yl group, the ring B is a unsubstituted
benzene ring, and R2 is 2-(di nethyl am no) et hyl group. 1 29.

or

3
In

1

a processy for prepamiglg THe (#Bces® of Gaim? PENZR higzeRimaredrr ittal i ve

of the forfula (I1I1): .[e .
r SO utior)1 1r£ rtrhe step (a) further contains a small amount

of an ester compound (A’ which is different only in the
ester residue R! from the isomer (A) and has the same
ester residue as the ester compound (B’).

Tl O D3

21. The process of Claim 18, 19 or 20, wherein
the ester residue of the isomer (B) is methyl or ethyl
group, and the ester residue of the ester compound (B’) is
a member selected from the group consisting of a linear or
branched alkyl group which has carbon atoms larger than
that of the ester residue of the isomer (B) and which may
be substituted by a halogen atom, an alkoxyalkyl group
which may be substituted by a halogen atom, and an
arylalkyl group which may be substituted by a linear or
branched lower alkyl group, a linear or branched lower
alkoxy group or a halogen atom.

O 00 N1 O U1 b W N
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22. The process of Claim 18, wherein in the
solution in the step (a), the molar ratio of isomer
(A)/isomer (B) is from 4/6 to 10/1 and the molar ratio
of ester compound (B’)/isomer (B) is from 5/3 to 10/1.

N SO e

23. The process of Claim 19, wherein in the
solution in the step (a), the molar ratio of isomer
(A)/isomer (B) is from 4/6 to 10/1 and the molar ratio
of ester compound (B’)/isomer (B) is from 5/3 to 10/1, and
the amount of the ester compound (A’Y) added in the step
(d) is such that the molar ratio of isomer (A‘)/isomer (A)
in the resulting solution is from 5/3 to 10/1.

N O U WD =

24. The process of Claim 20, wherein in the
solution in the step (a), the molar ratio of ester
compound (A’)/isomer (A) is at most 9/35 of the molar
ratio of ester compound (B’)/isomer (B).

o N -
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4 wherein ring A and ring B are independently a substituted 5 or

unsubsti tuted benzene ring, or a pharmaceutically 6 acceptable salt
thereof, the inprovenent conprising using 7 as t he starting mat eri al

a- (2S,3R-isomer of 8 trans-3-su I tut ed glycidic acid ester
(I') obtained as 9 the optical isomer (A in the process of either
one of 10 Cains 1to 26. 1 30. In a process for preparing

an opticallly 2 active25.tTke- prbcéssarcbbxmlther atied ofc allatmsd 180ftd hg4,

substitut od & Whereigothel VRgt JRALNE ﬂgn'gﬂﬁéf SHEFRIG B *the

asymmetri c 36 graupon coasisting t of anrpralmimint solvemtpr ian ngathem ngolveat, t he

7 starti ng e o] e Nt h Ss
’E} a%énatt[q . éﬁ:ﬁl—bbﬁ EiveRY PLEHCthay " be' NSublstibhi&E

of either one
halogen atom, an aliphatic hydrocarbon solvent which
6 may be substituted by a halogen atom and an ester solvent.

1 26. The process of either one of Claims 18 to 25,
2 wherein the solution prior to crystallizing isomer (A)
3 in the step (a) contains the isomer (A) in a concentration
4 of 0.5 to 4 moles/liter, and the crystallizing of isomer
5 (A) is carried out at a temperature of —=30 to +15C.

1 27. In a process for preparing a (2S,35)-1,5-

2 benzothiazepine derivative of the formula (II):

3 :i; OCOCH;4 an)
: 1'22

4 wherein ring A and ring B are independently a substituted
or ‘unsubstituted benzene ring, and RZ is
6 2—(dimethylam1no)ethy1 group or a group of the formula:

o

CHoCH9oCH9N N
- 2 2 2
7 _/

OCHg

8 or a pharmaceutically  acceptable salt thereof, the
9 improvement comprising using as the starting material a
10 (2R,3S)-isomer of trans—3-substituted glycidic acid ester
11 (I) obtained as the optical isomer (A) in the process of
12 either one of Claims 1 to 26.

1 28. The process of Claim 27, wherein the ring A

A
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is 4-methoxyphenyl group, the ring B is a unsubstituted
benzene ring, and R? is 2—-(dimethylamino)ethyl group.

29. In a process for preparing a (2R,3R)-1,5-
benzothiazepine derivative of the formula (III):

S §’ --
\el me OCOCH 3 (I1II)

N

L
N(CHg)9

wherein ring A and ring B are independently a substituted
or unsubstituted benzene ring, or a pharmaceutically
acceptable salt thereof, the improvement comprising using
as the starting material a (2S,3R)—-isomer of
trans—3-substituted glycidic acid ester (I) obtained as
the optical isomer (A) in the process of either one of
Claims 1 to 26.

30. In a process for preparing an optically
active threo—nitrocarboxylic acid compound of the formula:

A%
NO,

C02H

wherein ring A and ring B are independently a substituted
or unsubstituted benzene ring, and * denotes asymmetric
carbon atoms, the improvement comprising using as the
starting material the optical isomer (A) obtained in the
process of either one of Claims 1 to 26.
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