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(57) Absiract: Optically active compounds having thio groups at the 2-position which are important to the production of drugs and
50 on can be produced with minimized racemization in high yield and at a low cost by chlorinating an optically active compound
having a hydroxyl group at the 2-position with the inversion of configuration at the 2-position to form an optically active compound
having a chlorine atom at the 2-position, and reacting the optically active compound having a chlorine atom at the 2-position with
a metal thiolate to introduce a thio group to the compound with the invention of configuration at the 2-position. Fauther, optically
active compounds having thie groups at the 2-position can be produced at higher optical purities and in higher yields by conducting
the reaction of an optically active compound having a chlorine atom at the 2-position with a metal thiolate in the presence of waler.
Additionally, optically active carboxylic acids having thio groups at the 2-position can be efficiently rid of coexistent impurities such
as optical isomers by crystallization in the presence of an aliphatic hydrocarbon solvent and/or a sulfur-containing solvent, whereby
= optically active carboxylic acids having thio groups at the 2-position can be obtained s crystalline substances at further enhanced

¥ purities.
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2 Tp o $ et 1 PROCESSES: ¢ Tins PRODUCTEIMEN 1O 0P EICAblt¥ rmediates
ACTI VE COVPOUNDS HAVI NG SUBSTI TUENTS AT THE
for . POSETEONG( 84)clst apdAGhe: 12k Z 2 ; U Ta; it J
MO) :A (57) Abstract: Optically active conpounds
havi ng thio groups at the 2-position which are
Bégporégn& Lot he production of drugs and so on can be
produce Wi th minimzed racenization in hi gh yield and
?gngo{?%\gn“go%bt%aclh_lyo%lc%qtvleng:oﬁ%o%ltdsc@:llalvﬁrﬁ_’ctslu‘f)%tituents
at the 2-positions, optically active carboxylic acids having

thic groups at the 2-positions, particularly
{(S8)-2-dodecylthiophenylacetic acid, are useful compounds as

intermediates for producing drugs, particularly preventives -

-for atherosclerosis {(ACAT inhibitors} or

hypercholesterolemia {Internal Publication No. 97/19918
pamphlet) .

Conventional processes used for producing optically
active carboxylic acids having thio greoups at the 2-positions
include the following: |

(i} A chemical optical resclution process using a

racemic 2-alkylthiocaboxylic acid (Journal of Organic

. Chemistry (1967), 32(8), p. 2496-2501).

{ii) A process of alkyithiclating an optically active

bromocarboxylic acid prepared by bromination reaction of an

opticallyactiveaminbacidwithretentionoftheconfiguration
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.~ having a hydroxyl group at the 2-position wth

the inversion of configuration at the 2-position to

forman optically active conmpound having a chlorine

atom at the 2-position, and reacting the optically

active conpound having a chlorine atomat the

2-position with a netal thiplate to introduce a thio

group to the conmpound with the invention of
(COPELEHEALKAN alipihea2-iReSiNd Oy Fusd her aﬂgﬁlgas Ly

active conpounds having thio groups at t% position

can beligreoduceg ratcddgher) opid call gukiftfiies eard i0F optical

hi gher yields by conducting the reaction of an
repeilealiby and iiven comeowrsts drali g ra felladrlisnesatrodnaistrial

the 2-position with a netal thiolate in the presence
p%?d%%FéPn Rﬂ&FPF@naIIy optlcally active carboxylic

aci ds at the p03|t|on can

%IO roups ,
ot COTy Feg Redd PRt OCREdr i \ditds 2aam; 2ag ion may
a@@i%%?k 6&95@&% stecrr%esg %lfl F%g Isoglté.]?t}_ll?g ﬂo%%@%%lgxatlon

hati1 c hydrocarbon solvent and
r@a%tyanomftahal @;goﬁgIlmodmf&wea%tﬂoqﬂabpseaetlh\geon the
carboxylic acids having thin groups at the 2-position
type df tolt amded asidryséall i neesdbstancescatskuriheris not
enhanced NT purities. (57) 0) fj: 2d, | _-f "a t7a3Gi
agen¢wa¢mpprgoqqp{oea§@fzm:bthRniyge;@igp-optical purity
xai fp ¥~~L -{21tt0)1f ~}~~I }}fi-~t/~~h L, Y t}+~t.t-
Op/tzlrﬂi% ianCtL‘é? @ alxyAls 4C‘~Ldl\l1av~@‘9ta2”?ﬁ? qYorsx gt the
2_ -?£ ~J f\ "alp GlZ p. ~J. 7" Zitt p "Jfl L, ntIR
Tp?s 2T r~~rai i 1t;Qli' i~az ot , 2i I~If
3#' I AL l~G, tt e
t}~a~~|:COBSléeE%% %q of %h% E?E%FAme f?’ g%é%&éms, an
oX3 S0t % £itire Il sk 1tnv]ejnt1]<£@ lé-]tc;-lprrolﬁd‘e a ﬁ@éhc ield,
u/szf 3I1Til t [ ktd, ti 1 ~f~z1~7.
la—2d§tr~ddadseriblty bt @felré‘bieOb&OBES@HfBﬂ Noducing an
PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE COVPOUND HAVI NG
OUBST TVUEAF t ATe 2cP@BPTRGN 5 Vilgehrd calb Fi et weTheat the
present invention relates to a process for producing
2GR T LRt Py 4T ‘%’éali‘}Bﬁﬁomﬂﬂﬁ@mHSVPﬁg”%WétllStWsz &R CeRd zed,

2-positiaon ounds nport nt_as
S R BB ST D e o B ey g g thio azoup
atBatCMf@Uﬂgsﬁﬂoéf,foﬁgtﬁph'lm'nl% 9eld 8 QQ{%’QH”O'S havi ng
substituents at the 2-positions, optically active
carboxylic acids having thio groups at the

2-positions, particularly 15

Di(s8)r@Zsdoelecy| thirephenyl aceti c acid, are useful

conmpounds as
As a result of intensive research, the inventors of

the present invention have found that a high-yield, low-cost
process.for producing an optically active compbund having a
thio group at the 2-position with minimum racemization is only
a process in which an optically active compound having a

hydrexyl group at the 2-positcon is chlorinated with inversion
of the configuration at the 2-position, and then the resulting

optically active compound having a chlorine atom at the
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20 internediates for producing drugs, particularly
preventives for atherosclerosis (ACAT inhibitors) or
hyper chol esterol em a (I nternal Publication No.
97/ 19918 panphlet). Conventional processes used for
producing optically active carboxylic acids having
thio groups at the 2-positions include the follow ng:
(i) A chenmical optical resolution process using a
249660t Cor- akkybtBiegahoxyl bkemaehd ¢dounnak @b Pngaridice a
25 Chem stry (1967), 32(8), p. 2496-2501). (ii) A
tipt ocessupf wakkyhihieelsatonng fantoptdaatiguectiye at the
bronocar boxylic acid prepared by brom nation reaction
Zgpoahtieptically active anmino acid with retention of
t he conflguratlon Internatlonal Publ i cati on No.

92/ 13843h Bﬁnﬁﬁ?@t’)‘ 50 HoWewRrt %Wdtfé%% t(hie) Oﬁz}}s‘maﬂiléwactlve

effici resolut|o

fukbdadMy e &F EhIRea R 2 RBuEET AP SR iR sacted

wﬂ@%%éta@ mél@t@tt%eﬁnpgggucbna Qﬁiqcbe§§o&blv)1 h inversion

racem zation may actively occur in a Series of steps

oStatd | Ogh £ 190 BF 0FhNAti ORe peBEEEGRACHY ERELOCEERURtence of
i ntroduction reaction depending on the type of the

wae noimct e usesct Ther efeten pracedsrfen) the mekctdon time
gener al - pur pose process f or obtaining a

ad gh-opidcan poticy L1y eptival tymaeuhdeh@'aingwlﬁfcio group
acid having a thio group at the 2-position.

AL S aePQFELBﬁOB‘fW%Eg FRStRRE Rt GHeBUBIGHI %ﬁ%foanln higher

ct of the present invention is to provide a

y%ldﬁ yield, lowcost, industrially preferable process
for preducing.am 5 ORli Cablysachkye,fonp URAaVIRG + o
a substituent at the 2-position, for exanple,

ar FPoUREl Wi £6t i 6c easkby¥xkacenuzed, having a tth group at

the Z2-positicon is treated in a mixed solvent system containing
water and an ester solvent and/or an ether solvent, the

optically active carbkboxylic acid having a thioc group at the

2-postiion can be extracted as the metal salt in an organic. oo

layer, and consequently coexistent inorganic compounds such

as the metal base and the like used in the reaction can be

"effectively removed to an agqueous layer. In this case, the

acid used for neutralizing the metal salt of the optically
active carboxylic acid having a thio group at the 2—poéition
in a subsequent step can be decreased. Thereby the amount of
waste, such as an inorganic salt and the 1like, can be decreased
significantly.

It has been further found that when the optically active
carboxylic acid having a thio group at the 2-positoin is

crystallized as a f£free acid or a salt with a base using an
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such as an optically active carboxylic acid having a
thio group at the 2-position, with m ninmm
racem zation. 20 Disclosure of Invention As a result
of intensive research, the inventors of the present
i nvention have found that a high-yield, |owcost
process for producing an opt4cally active conpound
having a thin group at the 2-position with m nimum
al FRATLZat h9Arb&a@Bby 2%1& OGRS/ dN MH Ehf@P-containing
optically active conpound having a hydroxyl group at
s¢ hee 2t posidx0ns  sn € hingrimat s witdh esvensimnicaf itdmwmer and
configuration at the 2-position, and then the
thedulks rgn b@t%%@¢§/i‘a%fy\ﬁ’eer@fb‘mfb@@domwﬁgmayahﬁbﬁicn% the
atom i t he 3 2-gosition Is, reacted with g netal ,
o ht 6F at ¥ AT 4 FBAREE YA L < 7 b9 grdiip WP F RV PRVER st Ot BT EY
onfiguration at the_ 2-pqsition. It has been al so
aé%ﬁ%ﬁ ?%%?Ov gncﬁﬁ@lSSH<§ﬂﬁ%%%mtive 5 conmpound
h_a\” -ngtahgglhgérp%u%ttﬁ@rakpﬁﬁg @izp@%r'h%'nogn'o%{ie@aﬁ_ active
with a netal thiolate to introduce a thio group wth
2+eWes 8bOArb kvl he eenli guw alrtaatl 1w 2 Posi LhoArohbeic
coexi stence of water in the reaction system can
hghiortanbbthesobaeticoanti/ne aandspeedaocévantopttheablyically
active conPound having a thio group 10 at the
aptHosi 2 Tonl W ehahbghEd igpeicéal cpar Peyokfdioed @shicgivertals
ield. It has been further found that_ when a netal_ .
NSQFENGE AR PP FEAP P ACHIRAY Tat DORYILE Aef P havFay 18 °mer
a%gi@hgrfygeat the 2-position is treated in a m xed
sol vent system contai ning 15 water and an ester
- sol vent, capdLQenan; BLBRK iS¢ X808t ned NG OPRLI CALL Y RCIHY Sasis
carboxylic acid having a thio group at the 2-postiion
ofathdealpxteaciadiagst.he netal salt in an organic
| ayer, and consequently coexistent inorganic conpounds
such Thepresent inventionrelates toaprocess for preducing

an optically active compound having a thioc group at the

2-position and represented by formula (4):

... SR®

/]\ (4)

1 2
R R
{(wherein R?! represents a substituted or unsubstituted alkyl
group having 1l to é carbon atoms, a substituted cr unsubstituted
aryl grcup having 6 to 14 carbon atoms, or a substituted or
unsubstituted aralkyl group having 7 to 15 carbon atoms; R?

represents carboxyl, alkyloxycarbonyl, aralkyloxycarbonyl,

halogenated acyl, or nitrile; and.R3représents a substituted

or unsubstituted alkyl group having 1 to 15 carbon atcocms, a

substituted or unsubstituted aryl group having 6 to 14 carbon

atoms, or a substituted or unsubstituted aralkyl group having
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as the nmetal base and the like used in the reaction
can be 20 effectively renoved to an aqueous |layer. In
this case, the acid used for neutralizing the netal
salt of the optically active carboxylic acid having a
thio group at the 2-position in a subsequent step can
be decreased. Thereby the ampunt of waste, such as an
inorganic salt and the like, can be decreased 25
7 dignisf teanbhyat dibis hastibeanr dagdhemn flaidichd hatl odiemnttihey an
optically active carboxylic acid having a thio group
omitichbl2-posivei pompoungr yetvdlnd zedivabr @k k eer @ep dapr the
a salt with a base using an 4 allphatlc hydr ocar bon
2 s%?%%%%oﬁnﬁﬁér T §PEEFRHICEC0o RYaitm Ay 13 of Vient
coexpsirent inpurities such as an optical |soner and
the Iji'ke can be effectively renobved to obtain crystals
of}rﬂak‘opticallr ﬁptive carboxylic acid with inproved
pL+T rity 5 & d/ or inproved chem cal purity. It
as bee urther found that when an optically active
2-chl orocarboxylic acid is crystallized with an
(v OF@ih Cr? Myt ogarhghr sol venthangdime a8 eskebbeeVientith
the optically active 2-chlorocarboxylic acid can be
irobd B hed &S tHey il & ghr Mol o it @il 12g peeeX isdrenio convert
inpurities such as an optical isoner and the |ike.
tiheopt eseht vi AvEAricorohasubden I0omy etredewni thblbastsive
of the above findings. The present invention rel ates
C?W%“Wo*&%‘éé%r apFBdecing 2fpmaf toptical TRPREE 9 and
ound h a thio % oup at the 2-position and

recor
Hep e%%%‘f%d SPHEIIaa SR3 (4) (wherein R1
reprggents a substltuted or unsubstituted al kyl

(2)
R! R?

(wherein RY and Rzrepresent the same as the above}, and then

reacting the optically active compound (2} having a chlorine

vatom at the 2-position with a metal thiolate represented by

formula (3):

MSR®  (3)
(wherein.R3represents the same as the above, and M represents
an alkall metal orx én alkaline earth metal) to introduce a
thio group with inversion of the configuration at the
2-position.

The present invention alsc relates to a process for
producing an optically active compound having.a thio group

at the 2-position and represented by formula (4)
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group having 1 to 6 carbon atons, a substituted or
unsubstituted 20 aryl group having 6 to 14 carbon
atons, or a substituted or unsubstituted aral kyl group
having 7 to 15 carbon atons; R2 represents carboxyl,
al kyl oxycar bonyl , aral kyl oxycar bonyl, hal ogenat ed
acyl, or nitrite; and R3 reppesents a substituted or
unsubst,j t ut ed al kyl group having 1 to 15 carbon atonms,

a 25 stituted or unsubstituted aryl group having 6

to 1 carbon at(@y, or a substituted or unsubstituted

ar al group having 5 7 to 15 carbon atons), the

1 ces Jkﬁcludlng chlorinating an optically active
conpoun havi ng a hydroxyl group at the 2-position

and represented by formula (1): OHRL, --"'"~ R2 (1)
YQﬁ%?éPHRRlRandaﬁé 5?8§§ﬁ€nﬁh§h§aﬁ%m§sa%h%h%. e), the

i nver f _the confl 2- p05| on

t
R RN S L?n}k‘fﬁ R @)
I
h%lhgaé é@)f&]‘fiﬁ(@ a&&m%e Baé:!o%g_?lor a\q{d ?ﬁ%)pﬁle%@rpged by

osition and represente

_forﬁhial@z(Z) (wherein RL and R2 represent the sane as

the above) , and then reacting the optically active
conp@ldnd (2) having a chlorine atomat the 2-position
withla nmetal thiolate represented by formula (3): 15
WS 3) (wherei h2P3 represents the same as the above,
Rhd M rgpt esent s

(wherein R! and R? represent the same as the above) with a
metal thiolate represented by formula (3):

MSR® (3}

_(whereinR3anerepresentthesameastheabove)inthepresence

of water to introduce a thio group with inversion of the

configuration at the Z2-position.

The process may include treating a metal salt of an

optically active carboexylic acid having a thio group at the

Z-position and represented by formula (5):

SR3
(5) -
Rl COOH

(wherein R! and R® represent the same as the above) in a mixed
solvent system containing water and an ester solvent and/or
an ether solvent to extract or distribute the metal salt of

the cptically active carboxylic acid having a thio-group as

the 2-postiion in an corganic layer.
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an alkali netal or an alkaline earth netal) to
introduce a thio group with inversion of the
~configuration at the 2-position. 20 The present
invention also relates to a process for producing an
optically active conpound having.a thio group at the
2-position and represented by fornmula (4) SR3 (4) R1
R2 (wherein Rl, R2, and R3 represent the sane as the
abovel'he pheseprtocessntinchudi mghe eastliage ancoptpoatdss for
active conpound (2) having a chlorine atomat the
PROHBIE R ol BAd Alté e SESt EA T VIl Flordml @ 2gaily arRpve
%%%%%MTerein,Rl and R2 regtesent the same as the .
¢ YLofFt ACAdnBeIL2PhRroF At 8 PERMBsBAt &by ~PESmiieD, the
X . 10 (wher.ei.n nd M represent ame
pidens Bioviitioh ekl A xth U EPLEEED oL DEwEAT
cd hb Ox P PUPa Wi Lih pipversi-on 1af, they,configutabignsatibhe
2-position. The process may include treating a netal
coatiiNingna@plieaall ¥ tactinyg tGanoxXydd CacCifphavit g and
thio group at the 15 2-position and represented. by
répraztat €8) bySR3rfh)l z( vilder:ein R1 and R3 represent the
same as the. above) in a m xed solvent system
cont 'ang wat er and an ester solvent and/or an ether
sol v to extract or distribute the netal salt of

(5)
Rt COOH

(wherein R' and R® represent the same as the above) with a
solvent including an aliphatic hydrocarbon solvent and/ozr a
sulfur—~containing soclvent.

The present invention further relates to a process for

producing (isclating and purifying) an optically active

-2—chlorocarboxylic acid represented by formula (6}

C1

(6)
R! COOH

fwherein Rt represents the same as the above)-as crystals with
iﬁproved.optical purity, the process including crystallizing
an optically active 2-chlorocarboxylic acid containing at
least its optical isomer as an impurity and represented by
formula (6) with an aromatic hydrocarbpn solvent and/or an

ester solvent.
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20 the optically active carboxylic acid having a
thin-group as the 2-postiion in an organic |layer. 7
The present invention further relates to a process for
produci ng (isolating and purifying) an optically
-active carboxylic acid having a thio group at the
2-position, the process incduding crystallizing an
optically active carboxylic acid having a thio group
BasttHed2- fosi Cieomyingoludl Mg Aivdémaseéni ts enanti oner
as an inpurity, and represented by formula (5): SR3
(5) (Ve RFAsRILARY RS représéte dhacsahedas: g¢pkail below.
above) with a 10 sol vent |nclud|n% an al.i phati.c

hydrogé‘reod:rPI%?%ﬁ %%%Jrﬂ 8§ PHFSEH &m.eﬁ&lon are
- SBLYEB. TG, Preseny Jnvention [ ther.sel ot gs, 1o o
and p%

ocess tor pro u0|ng ( O|é%l yIngj an
0pt|C@d)&é¥Hdﬁ§% nghngpcaq@gxylgg aqiey r%@ﬁﬁ%@ﬂte$ﬁ
by formula (6): whér ei n
réBpPE£eAnNkSa téﬂﬁ):ﬁﬁrﬁht&si blﬁeuabawg)—.la&t@ﬁyaww Mt do having
i nproved optical purity, the process including
1 ¢roy St th @ mg omen eptuledt 4 yutaed ioreus chb ol ocarboxyy 1 group
acid containing at |east its optical isoner as an
h@?&b@‘auﬁ ¥ Cahttl qaé'é%@é]séh@@é B 20spbERLFated)onin upstituted
ggakbc h¥ carbon sol vent and/or an ester solvent.
4&°P8 égﬁpﬁlﬂgqﬁﬂ 1 TR F RS The present

Inven%f%.‘%égoqe %%%% J%%% %eﬁglbbsgl%ut@dgfkylgroup
conmpounds Hiséd rese Irnvention are

having 1 to 6 carbon atoms include methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec~butyl, tert-butyl, pentyl, and hexyl.

An alkyl group having 1 to 4 carbon atoms is preferred.

Examples of a substituted or unsubstituted aryl group

"having 6 to 14 carbon atoms include phenyl, p-hydroxyphenyl,

naphthyl, and biphenyl. An aryl group having 6 to 8 carbon
atoms is preferred, and a phenyl group is more preferred. .

Examplesofasubstitutedorunsubstitutedaralkyl group
having 7 toc 15 carbon atoms include benzyl, p-chlorobenzyl,
p—hydroxybenzyl, p-fluorobenzyl, m,m—difluorobenﬁyl,.and
phenylethyl. | |

Anaralkylgrguphaving?1x>BCarbonatomsispreferred,
and a benzyl group is more preferred.

Examples of a substituent of alkyl, aryl, or aralkyl
as R' include halcgens such as fluorine, chlorine, bromine,
and iodine, nitro, nitroso, c¢yano, amino, hydroxyamino,
alkylamino having 1 to 12 carbon atoms, dialkylamino having

2tolOcarbonatoms,N—protectedamino,azido,triflubromethyl,
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represented by fornulae (1) to (7), respectively. 5 1n
formulae (1), (2), (4), (5), (6), and (7)), RL
represents a substituted or unsubstituted al kyl group
having 1 to 6 carbon atons, a substituted or
unsubstituted aryl group having 6 to 14 carbon atons,
or a substituted or unsubsti2uted aral kyl group
having 7 to 15 carbon atons. 10 Exanples of a
csubskVﬂutédrmylunsu®SYLtU$@mzaykylhgmnupylhawlkmﬂ]hduﬁng 1
6 carbon atons include neth eth propyl,
to sprrggcn atbiey| a L 5BEoBt gﬁvm@r{ %ﬂﬁl ca ﬁ]tlyﬂtOI‘a'-ﬁd and
EX¥| . al kyl gr oup, having | to 4 carbon atons is
etEPiad: a&ﬁﬁp?e&"&f LR AR oA BRSGT TSR IP S

0 14 carbaon at
e R P B et R AR %@%OX | HEGang 1 e
mrafgrgaﬁugt!aaw B9e6p1078 LCRLDONTHAL AMRL-S RBEeLEHS®dtuents
and a phenyl group is.nor.e preferred.. Exanpl es of a

osSubatht gredpor sunsulstsi.t ut ed aralkylgroup having 7 to
15 carbon atons include benzyl, p-chlorobenzyl, 20
p- hy diExeapelzy b f prfd llgroberztly, hayirmdi T ltuol dbsndydn atoms
and 25 phenylethyl. An aral kyl group having 7 to 8
1R at borbat bhens pﬁéﬂér pedalind ag yen ARV igrodp Hes Lprc@rbon
referr es. of a substituent of alkyl, aryl
JEEEY a?ﬁlei%%g. hctude’ 170 dehs Sty SsURIiRsry A ving 1
tgkﬂ.? al}%o bggglmge’ or dlf)&f)?rélo ham ! ro’l rﬂ:l t{ 1&12‘fk:(\:3/ Oﬁoms,

hydr oxyam’no, m no hav ng car bon

11@&PH§e n@é@hﬁ/' @EH}QL hﬁ\ﬂo@gfl ZbEleO 19@1599@ Q{é%fgsl heptyl
N--protected am no, ‘azi do, trifl uofonethyl, _

ocayboxybnyf prdedy1 ,aﬁﬂ{c}/écyl),eberde.odwlOXyEn dlikMlkylamino
having 1 to 12 carbon atons, alkyloxy having 1 to 12

hzuibonZatond aadboal kyddns,0 dravahigyll ¢ood@ tarporferably
atons. Anong these %roups

selected so that the total carbon number of two alkyl groups
is 2 to 10.

Examples of a protective group of the N-protected amino

group include the protective groups described in Protective

Groups in Organic Synthesis, 2nd Ed., written by Teodora W.
Green and published by JOEN WILEY & SONS, 1990, pp- 3059-384.
Specific éxamples'of the protective group include aralkyl
protective groups, such as benzyl, phenylethyl, and
triphenylmethyl; sulfonyl protective groups, such as
ﬁethanesulfonyl, trifluoromethanesulfonyl, benzenesulfonyl,
p—-toluenesulfonyl, o-nitrobenzenesulfonyl,
m-nitrobenzenesulfonyl, and p—nitrobenzenesulfonyl;
carbamate protective groups, such as methoxycarbonyl,
ethoxycarbonyl, tert-butoxycarbonyl, and benzyloxycarbonyl;

and acetyl protective groups, such as phthaloyl, acetyl,
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hal ogens, nitro, N-protected am no, and al kyl oxy
having 1 to 5 12 carbon atons are preferred. The
nunber of substituents of each group is 0 to 3.
Exanpl es of an al kyl noiety having 1 to 12 carbon
atonms in a.substituent, such as al kyl am no having 1
to 12 carbon atons, alkyl having 1 to 12 carbon
atons, al kyl oxy having 1 10 to 12 carbon atons, or
cmdkyﬁahébyhavtngflubmtheaaﬂbomﬂMaﬁnyl,izmdu@enzoyl.
met hyl , ethyl, prog{ butyl, pentyl, hexyl, heptyl
octle-nbﬁyPreﬁ@é? Yuﬁdé@gﬁtléﬁ@eéoeécypsubﬁtltUtEd aryl
dlalﬁxlanlno having 2 1o 10 carbon atons, an al k
IR R E P eP el Abt § CIEPBEL BHRS- t BRE<t RE£6EaP L araB’oﬁ‘rYl

gpwﬁragc gtél\Qo%l gé’rbt?n%l%% 15 I%u tgerrﬁregxég@ig%h%nyl

i"ve group O the pro rou

'nC|UQ% tehg nif10feecd ve gjpup§n§e§gqlb§d 1&” f%?tgﬁghﬁﬁe,

Groups in Organic Synt esls, 2nd Ed., witten by
cdepdoya; Vﬁlk?ﬂeﬁgcaﬂdoﬁwﬂ||&ﬁﬁﬂlQ%sl@%@hyyeigbﬁtﬁﬁh§l,

1990, pp. 309-384. 20 Specific exanples of the
eprptexyeweognplp nneokode laxaldedbormpyiot ecti ve groups,
~such as benzyl, phenylethyl, and triphenyl nethyl;
l%ﬁﬁ¥%my¥0§véﬁéb9nvé gPéu@@tM%RﬁYQEFbQﬁﬁhane sulfonyl

or onet hanesul fonyl , benzenesul f on

‘"“ba %Yﬁ%’mégar 8ﬁ‘yz DU t?ab%%%ﬁé%waﬁ PnYés halogenated
a1 LLobgNZENER Ul Lgmskm 304 P LI ORSIEPIeUL T oYL s

bamate prote S, suc oxycar ony
ethOXﬁGa[QOByEfeEggﬁyb%tQ%Mﬁghbony| and
benzyl oxycarbonyl; and acetyl protective groups, such

as pht{halfaylnuiaéet(yh , 1@),chharoagetyf,is a substituted or

trifluoroacetyl, pivaloyl, and benzoyl. Rl is
wpsdferabliyed substli bubeg @Bvum&betHQLﬂixbeuW¢n gtoup, a

having 6 to 14 carbon atons, nore preferably an ar
S%ﬁ%@bt%%%ﬁﬁgfGnﬁﬁbgtééﬂﬁﬁﬁiéF&ﬁsgrﬁﬁﬁ Fajriner® to 14 carbon

r ef er abl n
I‘Pon?s ,e oq:bayspu%esyltuted or unsubstituted aralkyl group having

7 to 15 carbon atoms.

Examples of a substituted or unsubstituted alkyl group ..
having 1 to 15 carbon atoms as R® include methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octy.l, nonyl, decyl, undecyl,
dodecyl, tridecyl, and pentadecyl. R’ is preferably alkyl
having 4 to 12 carbon atoms, more preferably alkyl having 6
to 12 carbon atoms, and further preferably dodecyl.

A substituted or unsubstituted aryl group having & to
14 carbon atoms as R® is exemplified by the same groups as

described above for a substituted or unsubstituted aryl group

having 6 to 14 carbon atoms as R!'. R?® is preferably an aryl

group having 6 to 8 carbon atoms and more preferably phenyl.

A substituted or unsubstituted aralkyl group having
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51n formulae (1), (2), and (4), R2 i s, for exanple,

car boxyl ; al kyl oxycarbonyl, such as net hyl oxycarbonyl,

et hyl oxycar bonyl , n-propyl oxycar bonyl ,

i sopr opyl oxycar bonyl, or butyl oxycarbonyl ;

ar al kyl oxycar bonyl, such as benzyl oxycar bonyl ;

hal ogenated 10 acyl, such agichl orofornyl or

bronmofornyl; or nitrile. R2 is preferably carboxyl.
7o foravbae Atns £4)R°,1 antdeqp) i£iB3 HystAe SWoet 4§ dieadtr ibed

or unsubstituted alkyl group having 1 to 15 carbon :
ahevasioma sibstituted or unavbbsiitttedda bayky§rouprp having

having 6 to 14 carbon 15 atons, or _a substituted or
7&%&@&?#&%&%%@ grou% R&VPREES72P Y13 Elrofvl group

h%% ? 7E%an9 %ubstthied or unsgbst|£¥8gdnzyl

gr oup. aV|n 5" Ccatbon Htons” 2
i ncl uge t : :
1 T LI My U M RSO LR w1
gtshgeeydingnd pentadecon B dnfs Prefrey ahleraddyly an alkyl
having 4 to 12 carbon atons, nore preferably alkyl
ghawp igveing 6 12 1Qarbonoataommms amd richetrhere peetelgbhy alkyl
dodecyl . A substituted or unsubstituted aryl group
I P @@V@rtgofi 4 18 ardrdre medes sasa RS tag taxamA 1 ¥Y ededyprably
the sane groups as 25 described above for a _
ded®SYttuted or unsubstituted aryl group haV|ng 6 to 14

car bon _at.ons i S prefe an a

haV|ngn6ft5 caﬁ%@ﬂB%g ohs and” £¥p?%F% aBrly Bhgﬁﬁa}lne
ef&@ybﬁgfgyted or unsubstituted aral kyl group having 11

to 15 carbon atoms as R3 is exenplified by the sane

as degehinpads aFowe hokaa iebshi-dtiut 8dan dAsukstd tiuted un,

aral kyl group having 7 to 15 carbon atons as Rl. R3
sodiypnef endbpytansanal.kyl group having 7 to 8 carbon

atons and nore preferably benzyl.

Examples of an alkaline earth metal include magnesium

and calcium.

M is preferabkly an alkali metal and particularly

.preferably potassium.

Description will be made of each step of the present
invention.

First, the optically active compound (2) having a
chlorine atomat the 2-positioncanbe effectively synthesized
by, forexample, the chlorinationprocessbelow. For example,
the optically active compoundr(l) having a hydroxyl group at
the 2-position can be chlorinated using thionyl chloride with
inversion of the configuration at the 2-position.

The sclvent used in the reaction is not particularly
limited as long as it is an organic éolvent. For example,

an ether solvent and/or an aromatic hydrocarbon solvent can
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5 R3is preferably a substituted or unsubstituted
al kyl group having 1 to. 15 carbon atons, nore
preferably an al kyl group having 4 to 12 carbon
atons, further preferably an alkyl group having 6 to
12 carbon atons, and particularly preferably dodecyl.
10 In formula (3), Mis an abkali netal or an al kaline
earth nmetal. Exanples of an al kaline earth netal
bé nesade |ithium sodium and potassium Exanples of
an al kaline earth netal include magnesium 15 and
cal ci Gampllies pfetlee aiihempodiviealti inet abeandut not limited
articularly _..... preferably.. potassium Description
I?eBEaﬁﬁﬁéogFrééeh1sﬁe§“6?“¥ﬁ% Fresathy hyvenpt FoRutyl
First, the optically active conmpound (2) having a
c%?orlne atom at the 2-positioncanbe effectively

synt h%§laﬁ§,qesb>sf &% A@IC g;q&ma%amtgoqwg@g%%ude,

bel ow. For exanple t e optically active conpoun
biavihsg BiAydeaxyb, grt@qmlealte they Zpasid i on can be
chl orinated using thionyl chlorlde Wi th 25 inversion
of theheombhguriaii dm ahet bec2epes bifon. bike csalowptund can
used in the reaction is not particularly limted as
s ¥ hlge abz ¢ tthiesomhiopdariac tsiota epnpofod exhahpivdéng aghlorine
et her solvent and/or an aromatic hydrocarbon sol vent

atp 4B B%eugeEOSEQéﬁﬁlé§ S A etiifed solvent |nclude

but n t ed tetrahydrofu é oxane

{
met hy F@Pﬂgﬁu?f‘jugPﬁé%c B égc& ‘Fﬁe SFdﬁﬁ?l&mltEd
t@y%r%a@,m@lﬁyﬁf6¥maﬁfgéuqﬁuitetrabutylammon1Uﬂ1fluorlde

The reaction temperature is not particularly limited,
but the temperature is usually -20° C to 100° C, preferably
~10° Cto50° C, andmore preferably0° Cto30° C. Thereaction
time is not particularly limited, but the time is usually 1

to 100 hours, preferably 1 to 48 hours, and more preferably

1 to .24 hours.

The optically active compound (2) having a chlorine
atom at the Z-position may be either an (R) isomer or an (S)
isomer. For example, an optically active compound having a
chlorine atom at the 2-position with an (R) configuration can
be synthesized from an optically active compound having.a
hydreoxyl group at the 2-position with an (S) configuration.
Similarly, an optically active compound having a chlorine atom
at the 2~positionwith an (8) configurafzion can be synthesized
from an optically active compound having a hydroxyl group at
the 2-position with an {(R) configuration.

The optically active compound (2) having a chlorine
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but not limted to, toluene, and xylene. The reaction
in the presence of a basic conmpound can synthesize
the optically active conpound (2) having a chlorine
atom at the 2-position in higher yield. 10 Exanpl es of
t he basic compound include, but not limted to,
N, N- di met hyl f or mam de, and tigtrabutyl anmoni um
fluoride. The reaction tenperature i s not
a‘pam ta tcher 12 dd i tiedh ibuthdtheatrenperiatnine liisniusuhl [bpt the
-20 Cto 100 C, preferably --10 Cto 50 C, and nore
CHrReerAbId) OsCPreisgablyThécr eeawhe / 18 b dad bpctive
Qg%iicularlé limted, but the tine js usually 1 to 100
2Hour LOPFEPBFELEG ACtd UB KGUFES BhES not preter@biaF LY an

24 hours. Th ically. act.iye. c und
H5ienbi iy 5 throrae ARt A Pheto S Br AR D e
oﬁf@@fl?%&t@vé %m@{lﬁoﬁkﬂﬁyl@ a'c?im%:} ggﬁ be produced
exanpl e, an optically active conpound having a
b kharme 880 ah éheidapogiddoivev2t-h @iy (R)carboxylic acid
configuration can be synthesized froman optically
(‘&ctive conpound having a hydroxyl group at the
2-position with an (S) configuration. Simlarly, an-
opt i caPl Pra&tH i G iRl i PrgeAvehl & Piie taeomeRS tdion
the 2-position with _an (S%,configuration can be - .
s gﬁ‘ih PFd® PPEMCAR 1ot F ThY f ¢ oaRaWE Eohpaund hadihgrine
f _ up.at the 2-position wth an (
o T one b P P L t Pl e Rp Ty Bapor rormen.
Fcﬁavé%?l@hl QFLBe 13 L@l 6 A-POSith O 1 8xPPhction
particularfly limted, but the ‘conpound (2) is
sPredef ably, abiaedexanphe, rarQpidcaldwBldh VEo extract the
2--chl orocarboxylic acid (6) or the |ike, and
ppadustuatbyaanorgphiicalllayeact i ve 2-chl or ophenyl aceti c
acid or the like. The 5 optically active
2- - chEspB®dE500f it it (Bt tan pelperbuéeglugp, but not

chlorinating_.an optically active 2-hydroxycarhoxylijc
l%ﬂ%EFé to, t%luenee ethylyacetate, meg%yl ertj£ué& ether,

and methylene chioride. In particular, toluene and ethyl

..acetate are preferred, and ethyl acetate is particularly

preferably used.

When R® in formula (2) is a carboxyl group, i.e., in
the case of the optically active 2-~chlorccarboxylic acid
represented by formula (6), inorder to improve chemical purity
and/or decrease coloring, preferably, an extract or a
concentrate thereof is treated with a base to convert the
optically active 2-chlorocarboxylic acid (6) to a salt with
the base, and the resulting salt is transferred to the agqueous
layer and then washed with an organic sclvent. The salt of
the optically active 2~chlorocarboxylic acid (6} transferred

to the aqueous layer can be converted to the optically active
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(7) In order to isolate the product fromthe reaction
sol ution of the optically active conpound (2) having a
chlorine 10 atom at the 2-position, genera
post-treatment maybe perforned. For exanple, after
the reaction, water and an extraction solvent are
added to the reaction solutijgn to extract the product
into an organic | ayer. Exanples of the extraction
feedventhlaebudebobyt irotcidb (biynbiedatla, dielsvenetion (for
ethyl acetate, nmethyl tert-butyl ether, and nethylene
exthptédencthrpaieitalar witdl senecaddhetvhyly hagéteat ecidity
are prefe.rred.,..and ethyl acetate is particularly
thpetérdn§ thsedP t Whehl R2GH Tt nthaor2rard ox vddrpdxyd (6)/
cally, acti

i.e., | 20, th f.th ti .
SR A TRIRAN A 6 - GepPISERad By G I dfey it

r tg. Lnprov j it Lar I .

S e PR L e B ¥ R A R et 61

i hetephctsat fgabednWbthaniPage1@n¢oNeldt itth@equired, the
optically active 2-chlorocarboxylic acid (6) to a salt

sl tdnP5itheehased ardobhe imesHd idigcS@dilySactive
transferred to the aqueous |ayer and then washed with

2aphberyanbcbeslvéntaciihd édali tofimprtrer sgprhealilop lagt f vey and
2-chl orocarboxylic acid (6) transferred to the

refiieddiscragéingan beecbaveredd aigacheriptGaaly yaakivee
1 free 2-chl orocarboxylic acid, (6) by sal.t .
2 e R PR Por SEaahBl. vaLt PABRER O ViRt i saps=d or
i i i . i dit t { . e optically .
=ik SRSLAY, b R SEL Y e TPl P St B RO St ng
a 866, g ot athitth oChlri € ¢l d A cadlfdfdon S 8] dhpul@ies
optically active free 2-chl orocarboxylic acid (6) is
wiekdt actedaulikod AAfOEganyCis @meital bgat foneps pe@dviously

the solvent is renoved to obtain the optically active
removed, and thus, high-puritycrystalsof theopticallyactive

carboxylic acid (5) having a thio group at the 2-position can

be effectively obtained by crystallizing the optically active

.carboxylic acid (5) having a thio group at the 2-position.

The salt of the optically active 2-chlorocarboxylic

acid (6) with the base may be obtained as an agueous solution

- or crystals, and a preferred form can be selected according

~to purpceses.

The base used for the neutralization isnotparticularly
limited, but an alkali metal compound or an alkaline earth
metal compound can be used. Specific examples of the base
include alkali metal hydroxides, such as lithium hydroxide,

sodium hydroxide, and potassium hydroxide; alkaline earth

- metal hydroxides, such as magnesium hydroxide and calcium

: hydroxide;alkalimetalcarbonates,suchaélithiumcarbonate,
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2-chl orocarboxylic acid (6) with inproved chem ca
purity and reduced coloring. The thus-obtained
optically active 10 2-chl orocarboxylic acid (6) with
hi gher purity is used for 15 carboxylic acid (5)
having a thio group at the 2-position. The salt of
the optically active 2-chlongcarboxylic acid (6) wth
the base may be obtai ned as an aqueous sol ution
s Syt esd 7 Siga 88, aPpld ¢ days S0km e RsRoXY ) 181 AGI1ka(15) metal
having a thio group at the 2- position. In this :
hsynehesi sarbrpateti esuchhischlinay caliseydi ffacubsytenand
crystallization are previously renoved,
P ARt Rusm i gH- et Fyrgpy@tt@l 'S afnometbgﬁ?ccmgpmﬁ v@lkali

oxylic acid (5) having a thio group, at
n DY H b SaRS BEcePrBCELIAT OGS By hydroxide and
pg{gggfbklﬁggg &hgeoptlcall actgye 20, or crystals and
5

erre rm can sele accordlng to
pur pogge. nJ1D@r£’ﬁ§§aH§§Q @ depReuHt;) rs%f@?éf&’@l&%e&%rmed
particularly limted, but an al kali netal conpound

iranciad kadd ven @ardh wd’@xﬂlurﬁﬁ'm%mﬂiﬁt&[brb@ dsedak ac1dlc to
Specific exanples of the base 25 include al kali netal

bdyde oxi Hes lcsﬂmliamitictf]ipu&nihydsrmlhxeﬂ, sodfemrbly 5, more
hydr oxi de, an ot assi um hydr oxi de; al kaline earth

P#\%f%alhifﬁr@wfﬁég f%ﬁ%@f@@@bhm hydr'dye deengig Limit of

cal ci.-um hydr oxi al kal i, metal carbonates,

o P A B EeRarLS 18 S e hanas ot Saesbia iR ane

nd al kali netal hydrogen carbonates, such
I”%%%§€%$%¥drggen car bonat e and potaSS|un1hydrogen

arbo&@%e p%ﬁaglﬂJ“ES%f%EHE%E@éunQ'%Qb'haQEha|a chlorlne
hydrOX|des are preferred, and sodi um hydroxi dé and

-atpat assi tRehydpoxt decar anred pef efgetca 10y Thetive

neutralization with the base is pre ferabl yperforned
Z-chlorocarboxylic acid {6) may be directly used as an extract

or a concentrate thereof. However, purification may be
further performed by a general method such as crystailization,
distillation, or column chromatography to further improve
purity according to demand.

The optically active 2-chloroccarboxylic acid (6) is
preferably crystallized to éffectively improve the purity
(particularly optical purity).

The crystallization process for the optically active
2-chlorocarboxylic acid (6)'will be described.

The crystallization process is generally carried out
in the presence of a solvent.

Examples of the solvent include, without limitation
to, hydrocarbon solvents suchas aromatichydrocarkbon solvents

and aliphatic hydrocarbon solvents; ester solvents; and ether
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in the presence of water under conditions of weak
acidic to basic. The lower |imt of pHis usually 4,
preferably 5 nore preferably 6, and further
preferably 7. The upper Iimt of pHis not
particularly limted, but it is usually 14 and
preferably 13. The opticallygacti ve conpound (2)
having a chlorine atomat the 2-position and/or the
soOptesakly active 2-chlorocarboxylic acid (6) nmay be
directly used as an extract 15 or a concentrate
t her e@zardowev erf, puwndicathpdroayrbenfarfifents include,
perfornmed by a general method such as crystallization,
WHFRPRE| Al lbhR2 tdPc FloumP reEdTied dgsr%mﬁﬁltl@ormr%@?erably
rity according to demand. The gf@lca
Iyatoms,

h%‘gﬁ%gfopﬂ?o‘f PHEGATT &St 7630 1% 628°

fec i vel rove t uri
af&é%%%éﬂ- %&ébﬁflca g&ixgeﬂgp Yhe' &r stg? |za |bnOluene’
aRi0gessntor the, opticalby, agtibuarie ahhenLecabRy Haring 7
acid (6) wll be described. The crystallization

oProcesHds geier,ald W carddatbraitan X il rld)e apleeperderred,
of a solvent. Exanples of the solvent include, wthout
ah@nitvatena itomohydpaedchel lsoluvests such as aromatic
hydr ocarbon solvents and aliphatic hydrocarbon
sol vefig@nrdsiserc s g Mgt at L angydrpepregnsspydpngs include,
of aromatic hydr.o arbon SO vents i ncl ude

Wh%ﬂ%ﬁt R E4E PBN o, ot ‘h‘%s preferably
rahl haV|n 6.to 12, arbon aLe era

S A o i e R

a§@ﬂ§o@ %tonﬁenﬁang }r:Qﬁﬂ;eﬂggtgﬁgu%ﬂﬁim@@ﬁy&ﬁ&%ﬁ%héﬂbne

partlcular aromat i c hydrocar ons haV|ng 7 “or
ICasHoni ahDAB, £lOphatekuapearardroyreneavarey @ efrerr ethrbon
atoms, e.g., hexane, heptane, and methylcyclohexane, are more

preferred.

Examples of ester solvents include, without limitation

‘to, esters preferably having 2 to 8 carbon .atoms and more .

preferably 4 to 6 carbon atoms, e.g., ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate, and tert-butyl
acetate. In particular, ethyl acetate is preferred.

Preferred examples of ether solvents include, without
limitation to, acyclic ether solvents. Specific examples of
the acyclic ether solvents include methyl tert-butyl ether
and dibutyl ether. In particular, methyl tert-butyl ether
is preferred.

Among these solvents, aromatic hydrocarbon solvents
and ester solvents are preferred, and specifically, toluene

and ethyl acetate are preferred.
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and toluene is nost preferably used. Exanpl es of
al i phati c hydrocarbon solvents include, 10 w thout
limtation to, aliphatic hydrocarbons preferably
having 5 to 12 carbon atons and nore preferably 5 to 8
carbon atons, e.g., pentane, hexane, heptane, and
met hyl cycl ohexane. I n partijgeul ar, aliphatic
hydr ocarbons having 6 or 7 carbon atons, e.g.,
hexan@ﬁ‘h%@&%@g,ﬁﬁEﬂéE%@NéPyQLQBEé@ngo1aéﬁt§0h§ 12 used
preferred. Exanples of ester solvents include, mnthout
alometati on cbepiesters prefterakly i ng 2 to 8 carbon
atons and nore preferably 4 to 6 carbon atons, e . g
, etthpnpdest af eherryi opyl L1 aget at @ oicsepr bpy} ude general
acetate, n-butyl acetate, and tert-butyl 20 acetate.
C?%SE%}%%E%FéPD-@%9??S§%§taﬁ%ﬂh§”bF§PéﬂP§dcr25talllzatlonr

Pr ef th I t [.u
e BT BACE 6 Gyl K S HEh SO QBRI L giactt i nd 2o 1vent
r@ﬁfﬁ@éﬁén@f CLPQtQQXgE %1%%h?r k&%@tﬁ E%%lu@%l%%%ﬁyland
tert-butyl ether di buty articul ar

saethyl seet - bﬂﬁd&eeﬁP@EesbéspEQEGBéegerﬁﬁQ&@dtBQ%%e or in
sol vents, aromatic hydrocarbon solvents and ester

apmwwpnistareombehemﬁed and specifically, toluene and
ethyl acetate are preferred. 17 O course, the
cryst&hﬁianﬂéﬁhiﬂaﬁﬁﬂQﬁrﬁ@mm@r@B@deaienQOGrphmticularly
nbi nation of two or nore. Exanples of the
lJc‘PJyE?%l | P25t FBR pRBEESS A ddfe Wdtfdrlay 60 C or less,

o processes, .such as_copol i o
P Lyt B Y A SR B R caher U P o f S aPRY 30 o Less.
Tﬁgyﬁéﬁéi'f§$i9n9§'@gesgdﬂyglffﬂg (§Hn¥gm perature of the
crystallization by m xing a poor solvent,” and salting
ci taTheset PpACES3S iBRY. benperirelmrd 18l 0Nei & ddh be
generally carried out at -20° C to 40° C and preferably -10°
C to 20° C.

The crystallization time is not particularly limited,

--but- the time is usually 1 to 100 hours, preferably 1 to 48 .

hcurs, and more preferably 1 to 24 hours.
Although the crystallization is usually carriled out

under stirring, stirring strength per unit volume is, but not

limited to, 0.05 kW/m® or more, preferably 0.1 kW/m? more,

and more preferably 0.3 kW/m® or more for example.
After the crystallization is completed, the resultant
crystals can be separated by a general solid-liquid separation

process, such as centrifugal separation, pressure filtration,

or filtration under reduced pressure.

The optical purity of the optically actiVe

_2~chlorocarboxylic acid (6) obtained by the crystallization
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appropriate conbination. The crystallization
tenperature is not particularly 10 limted, but the
tenperature is usually 60 C or less, preferably 40 C
or less, and nore preferably 20 C or less. The | ower
l[imt is the solidification tenperature of the
crystallization solution. Thg crystallization can be
generally carried out at -20 Cto 40 C and preferably
is HWreflx 1P 20 e Jhansrystdd patiren iR oS #8tor more,
~particularly limted, but the tine is usually Ito 100
amdufsrtipeef pralfeyabltyo 4& <rourrs,mard. nore preferably
1 to 24 hours. Although the crystallization is usually
carri 8¢x6ut d2Cuimterorstiikl nge seder phgtber eagdesgerct
unit volunme is, but not limted to, 0.05 kWn8 or
inbredunt Bl ¢t &by @WWW%%PBHCQH&Y@?EWé:fcg?%%lﬁryd (2)

0.3 kVVnB r.nore for exanple.. After
nrind ob o Rbr R & Ao A RO Tht Y pring, Jhpapetal

£ R P8 PEe SERAT ﬁ'i%ﬁ Q%v%r%‘i%%r e Sr.cﬂé dcéﬂﬂﬂé@r§€9§£aé\:°€he

- 25 process, such as centrifugal separation, pressure

2¥pbéiatb8mo pobahtkitad bpRivhdek deticedophessW €4) T ing
optical purity of the optically active

a 2tlchd ogocapbexylthe acipebs(tG)icmbt ai ned by t he
crystallization is preferably 97% ee or nore, nore
pr ef ed&bltyre08%ast orn ok ethe apempannerd 2pr dberPatfldp Fogh e
ee or nDre Next, description will be nade of the

cﬁ?%%‘é%% ot - iR Sﬁ%ﬁﬁﬁlﬁr’t h?%"@‘r’ﬁﬁﬁnl At e GpRITATR Eion

aa%y S Conpqgﬂg1 ean% A Vln % ne atgf%gJJ1Q%rmula
pOSI t lpon usi ng e ITEt a oPa Jt I Nver s on

(®f dhe a‘ho”(fé)gléro@ltfl%xaétfé}? ﬁleo%ﬁﬁdé)ﬁcl&@ A QGRi1a (4)
the optically active conpound (4) having a thio group

h@é dMeRr3- pesiigftatlibd, henbeaBthorh 8f2 1dhes compeund fcdula
to produce the

(2) has an {R) configuration, the 2-position in formula (4)

has an (3) configuration. The 2-position in formulia (2) may

have either the (8) configuration or the (R) configuration.
-In the present. invention, the inversion rate of the

configuration is preferably 90% cr more, more preferably 55%

or more, and further preferably 98% or more.

The inversion rate of the configuration is represented

by a ratio (percent) of the enantiocmer excess (% ee) of the

-optically active compound having a thiogroup at the 2-positicn

and represented by formula (4) to the enanﬁiomer excess (%
ee) of the optically active compound having a chlorine atom
at the 2—pdsition and represented by formula {(2), both
compounds having opposite configurations.

The metal thiclate (3) is nbt particularly limited,

but a salt prepared from a thiol compound and a base can be
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10 conpound (4 " nmeans that when the 2-position in
formula (2) has an (S) configuration, the 2-position
in formula (4) has an (R) configuration, and when the
2-position in formula (2) has an (R) configuration,
the 2-position in fornmula (4) 15 has an (S)
configuration. The 2-positiqp in fornmula (2) may have
either the (S) configuration or the (R) configuration.
us&dt her p& esentdi dvenb1e8, ot hehd mearSll ah irdt£: Of (F)heénclude
configuration is preferably 90% or nore, nore
lptefenabhyo98%:, osodbne, thndliuet hee tpsefiermlilhy cQ8%eor and
more. 20 The inversion rate of the configuration is
Ce¢epresbhtedathy alraPpstipel@ént PodR I endht bhee 1S
excess (% ee) of the optically active conmpound having
Pig® ﬁFBbéVoHﬁegf the 2-position and represented by
formilg (4). 9 Lhe g3t g%”exﬁa‘ﬁxﬁgsé {S/grgg)b freta*}2 ion of
optically active compoun aving a chrort he at om-.
adtnibe gbﬁﬁébhﬁogn@ﬂ% eRresanted- by formula (2), both
conpounds havi ng opposite configurations. The netal
t hi ol atre th:3)s icasrgt tpar thewlakckywdouid 8¢ ndipzatsaltlarly
prepared froma thiol conmpound and a base can be 19
1isetedPaef @pngdaexarplies rmfondmemetdl by hildRat evl{Syein R’
include Ilithiumthiolate, sodiumthiolate, potassium
reprofabes fhe seBsi @m tthicolaiye )l n garairigarof the thiol
otassiumthiolate is referably used. 5 The netal
R SRae 08} gy M e ByPEHett Sh oF TR 10T
and e i Ltu n_this. cas thi .
ot e AR LRk erene dBpBET Pt BE e g,
dd &p1 e ent edaByHFRI niwher gﬂ@r@%tgm esghlispbheysaneol .
as the above). Exanples of the thiol 10 conpound
i ncl udsamgilpd tdii @lhe belskylitkilelde, priopyduithildinitation to,

hydroxides, carbonates, and hydrides of the alkali metals or

‘alkaline earth metals described above for M in formula (3).

Specific examples of the base include alkali metal
hydroxides, such as lithium hydroxide, sodium hydroxide, and
pctassium hydroxide; alkaline earth metal hydroxides, such
as magnesium hydroxide and calcium hydroxide; alkali metal
carbonates, such as lithium carbonate, sodium carbenate, and
potassium carbonate; alkaline earth metal carbonates, such
as magnesium carbonate and calciumcarbonate; andalkalimetal
hydrides, such as lithium hydride, sodium hydride, and
potassium hydride. Among these bases, alkali metal
hydroxides arepreferred for improvingreactivityof thiogroup
introduction reaction, and potassium hydroxide is more
preferred.

In the present invention, the amount of the metal
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butyl t hiol, peetylthiol, :
hexyl t hi ol , heptyl thiol,octylthiol, decylthiol,
dodecyl t hiol, phenylthiol, and benzylthiol. Exanples
of the base include, without limtation to,
hydr oxi des, carbonates, and hydri des of the alkal
metals or 15 al kaline earthonetal s descri bed above
for Min formula (3) . Specific exanples of the base
thhelade @l kalsedesalot hypdicodudes; 1sadhiasd,i bhtwhe amount
hydr oxi de, sodi um hydroxi de, and potassi um hydroxi de;
ial RaBi he Barthheseraiimpdreoxisdesnd spredfensb mghespubh times
hydr oxi de and cal ci um hydroxi de; al kali netal 20
cgatBBAALES, rSdelids IHot e vkt €, agBET finFompound  (2)
carbonate, _and potassi.um carbonate; al kaline earth

BREtAP GaFBORALES, 25G8h Htad-fagndst Thita? bonat e and
cal ci ar.ho ; ' al: ' , wSu .
Tt b AR At A R R L (5 Shg BEEbRgER, 19 S hfhion
bhydlekdern ADRgot NestohaseSanal kek i bt al n 25 dydrod desunt
are preferred for inproving reactivity of thio group
of nthedublban chedetingn usard pot@ssd tum hydo oXi de bsthbee
preferred. In the present invention, the anount of the
cegretah120tst hp ok beealpBY Used-a S honepagqiturbehys, and more
limted, but the ambunt is 0.8 to 5 tines equivalents
PEAECpRBE Brabioy? 1 ite D eauivs L St valLentiy s bPaty eptgcally

t ticall [ d . havi | orine,
4pPLLCALLY aqt Ve copound (), havipo, & chlorligs on.

i's prepared by fgeact 19%‘ amsineen £t IE_F:et Elagle ceapound o ¢
and the base in situ, the anount of the thio

p&opeungdrusedi 4 sc geneidd hOafiol@tSibifMsally 1 to 10 times
equi val ents, preferably 0.9 to 3 tinmes equival ents,

ceantlvabertspr efrefaklay 11, tio b t3 nesmequgvalehést| ekati were
to the optically 10 active conmpound (2) having a

petdferapévat tiché Rinposiegudval dirt g ried addse, tohehammiritcally

of the base used is not , o
active compound {2) having a chlorine atom at the 2-position.

In the present invention, the reaction for introducing

. a thio group by reacting the optically active compound (2)

havingachlorineatomat the 2-positionwiththemetal thiclate
(3) is preferably performed in the presence of water or a polar
organic solvent from the viewpoint of suppression of
racemization and improvement in.yield.

Preferredexamplesof thepolar organicsolvent include,
but not iimited to, ether solvents, ester solvent; ketone
solvents, nitrogen-containing solvents, sulfur-containing
solvents, and alcohol solvents.

Examples of the ether scolvents include diethyl ether,
diiscepreopyl ether, di-n-butyl ether, dimethoxyethane,

diethylene glycol dimethyl ether, tetrahydrofuran,
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particularly limted, but the anbunt is usually 1 to

10 tinmes equivalents, preferably 1 to 5 tine

equi valent, and nore preferably 1 to 3 tines

equi valents relative to the optically ‘15 active

conmpound (2) having a chlorine atomat the 2-position.

In the present invention, the reaction for introducing

a thio group by reacting the optically active conmpound
1(2)dibryheg anahhethge atam-atute &-1Hpos)timbwg thhébe

netal thiolate (3) is preferably perforned in the
spiesehee bktwaherdrofuaapolisr 20 orgard ¢ sol vent from

t he vi ewpoi nt of suppression of racem zation. and

i mpr oVEmEm! G ofi Blhd. e Pref er¢eterkanpl @ &t i@ gioisar such

include, but not limted to, ether

n oIvent
a§o$€]é Oé’é}FEF SBFFEATS ket HDIVEH %! Stetate, ethyl
agéﬁggge91%SQ%%Jnég £ glvennﬁirop ace%%@taHQPﬂg %?%cetate,

solvents sélv "85 “6f

aﬁ@k%%@L%dﬂyﬂé5%%§%§tB&bﬁ%&%gbesdéﬁ§9%%%%@h§i@§%plonate,
di - n-butyl "et her, dlnethoxyet ane, diethylene glyco

e tih B tiydp iefrhars , hebkabmrﬁmﬂ@na% ils rixapecpdRthate,
methyl tert-butyl ether. Anbong these solvents,
ntiettahydropupantes pref émsoddit yExgmpieiscrdt¢ heaedt ester
sol vents include formates, such as ethyl formate;
saEetates, Sgebhaasvn%tlhyméééﬂ:ap@ ePRPRg theeet Acdvents,
i sopr tate, n-but acet at e,

ro acet at e, op.
2GR PR e ebon il phfonatestabare Hort Birltdrrea.
asne.t E‘X{l é}q_%socggtt%e ]fe%t:hxl §orloxpenq:nsag_%5 %_1 Er oé)é/tone ethyl
propi onate, 1 sopropy proplonate utyl” propi ona {e,
k&h & SObUL ¥y PrOPE QRAL e @mgpgﬁkgﬁon§0|Eg@ﬁ%hé%ﬁﬂ%d%ﬁ and
y- butyrolactone Annng t%ese sol vent s acetates are
diet el nedorand ety atetat eolscimee retensetk preferred.
Exanpl es of the ketone sol vents include acetone,
nethyExaMQﬂ@ﬁeofdtbahyitkegenepqmpﬂﬂmianzmmiwants include

cl ohexanone, and . o
N —dlmethylformamlde, acetamide, formamide, acetonitrile,

and propiconitrile. Among these solwvents,

..N}Nfdimethylformamide is preferred.

Examples of the sulfur-containing solvents include
thiels, such as hexylthiol and dodecylthicl; sulfides, such
as dihexyl sulfide and didodecyl sulfide; disulfides, such
as dihexyl disulfide and didodecyl disulfide. Among these
solvents, thiois are preferred, and dodecylthicl is more
preferred.

Examples of the alcohel solvents include methanol,
ethanol, isopropanol, butanol, ethylene glycol, and methoxy
alcohol. Amcng these solvents, methancl, ethancl, and
isopropyl alcohol are preferred.

These solvents may be used alone or in combination of
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di butyl ketone. Anmpong these solvents, acetone is

preferred. Exanples of the nitrogen-containing

solvents include 15 N, N-di net hyl f ormanm de, acetam de,

formam de, acetonitrile, and propionitrile. Anmong

t hese solvents, N, Ndinethylformam de is preferred.

Exanpl es of the sul fur-contapni ng sol vents include

thiols, such as hexylthiol and dodecylthiol; sulfides,
t@sichr BOras di hexyl sulfide and di dodecyl sulfide;

di sul fi des, such as di hexyl disulfide and di dodecyl

di sul firdearAdongatrhesbensebvent sy & iotsd arelvent of water

preferred, and dodecylthiol is nmore preferred.
a@m%a%foqwleﬁ cohlol e ot Vieh tuss § che Itide ne@tcHelriol | Eings can

ethanol I sopropanol , butanol, ethylene ﬁgy00| and

FECHONY L FATCOo e CARBAG v heds '$6 BT &3 ffdfanbre compound
}Qgpol an%hlbso roggl a{cohylpggfngreferr%g PYE%%ESlzed

oIve na pe Bsed 5ne Br" i B coribi hat1om o
wPEh”PESheknoB%EEbQUb% atwh%%dWHf” 9Th Ay Xegl; sphvent
water and a polar 'organic solvents is used, the
r eact IOy drhdEn €30 tHEwskgRidd LDt |n)bt0tﬁ£ft€iﬂc$@ﬂar@9d1&d1€ted,
optically active conpound 5 (4) having a thio group at
bt hehd posietr dhncano bex ypdhin%b:zaedolaflyﬁamghttratan& polar
further preferably 1 part by weight relative to
opgaRipysakight) of Stihee Spraball 9 Adti mer@oﬁﬁ@@ﬁera(@)y 0.02,
haV|n9 a chlorine atomat the 2-position. up
ftrml% .%ref%¥ath hPaheﬁnspPﬁeaﬁcB&Fﬁly aﬁ&/f&fa]kﬂy 0.05.
her yleld ano of th d is_naot
T%%rppcular eragl%ﬁé??ﬁg?omggyllﬁﬁ% o?reprﬁf%%gbly

f@@loaﬂé f@&@ﬁér(ﬁ@%%@rﬁkﬁ%’QT.SO.
The totzal of the water and the polar organic solvent
used 1s not particularly limited, but in view of economics
or the like, the lower limit of the total is 0.05 part by weight,

preferably 0.15 part by weight, more preferably 0.5 part by

- weight, and further preferably 1 part by weight relative to-

1 part by weight of the bptically active compound (2) having
a chlorine atom at the 2-position. The upper limit is, for
example, 100 parts by weight, preferably 30 parts by weight,
more preferably 10 parts by weight, further preferably 5 parts
by weight.

In the above-mentioned reaction, besides water and the
polar organic solvent, another organic solvent may be used
according to demand.

Examples of the cther solvent include, but neot limited
to, hydrocarben solvents, such as benzene, toluene, n~-hexane,

heptane, cyclchexane, and methylcyclohexane; halcgenated
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organi c solvent) is preferably 0.01, nore preferably
0.02,  further preferably 0.03, and particularly
preferably 0.05. The upper limt of the ratio is
preferably 0.90, nore preferably 0.70, and further
preferably 0.50. The total of the water and the pol ar
organi c solvent used is nobzparticularly limted, but
in view of economics or the like, the lower limt of
sdheet 08 al 51800285 mpahk; 1Y WVRIHAr i AF @f el @b §o O 15
part by weight, nore preferably 0.5 part by 20
1ekahﬁte;cﬂD6rpamhsnby weirgpatn, tertefaartabd yi B9, parts by
g nore preferably 10 garts by wei ght, further
e@ab@yostbarlﬁs apy wehgh Loppbehe eaisov e Therms Geddents
ction, i des water and the  polar organic
m%%%%n‘fse%né RBF Grgdhi EO%%thlorPa;beet“ﬁ%e‘af 2gre-

according eman Ies of t qther, oIven
mcluglh Bu?cg gemPeaa o, é}ocgﬁbo S‘lI ElmltEd

b@H%@%Mf&?’céﬁlyg%uﬁlwmorrﬁ&@tﬁﬂe60 C or less,

cycl ohexane, and net hyl cycl ohexane; hal ogenated 23

pBsotyeah sy sofclt as mekhyl ana ebterpdereehborofoT M or less.
1,1, 1-trichloroethane, carbon tetrachl oride,

THe 2t diehl bivéthalfie thand epmndchl araohenzener e Thesehe
solvents nmy be used al one or in conbination of two

SQﬂfl%fbcaglQ’hetﬁéﬁ@ﬁfﬁéﬁrﬁeﬁ‘éertéﬁuﬁé’slt@mnotWhlCh is usually
% ticularl imted but the reaction can_be usually

r for fgF aé%lﬁc ot 01 dsis ancbr“é‘?re? a%’F?f@fBaQ Br 0 ess,

and mre preferaply, 30 G ar | ess, , The hower Lot 0f; che
t he reactlon enpera ure I'st SO I Flg

tiﬁ%ﬂ%ﬁ*ﬂéﬂ&ii 1t he §ﬁ§tﬁ8hr§héﬁ@ §§eP§P§£h¥ 114% 20 rGurs.
preferably -I0 C, and nore preferably 0

react rae trie® tiSomofs pﬁﬂém;aylgyetfamed, uhutert mlrrmg, '

time is usually 1 to 100 hours and preferably 1 to 48
almdurlss agitation peower per unit volume is not particularly
limited. However, the agitation power is usually 0.05 kW/m?
Or more.

-Inordertoobtaintheproductfromfhereactionsolution

after the completion of the reaction, general post-treatment
may be carried ocut. For example, the product can be extracted
with an organic solvent in coexistence with the water used
in the reaction or water separately added after the completicn
of the reaction as occasion demands.

As the organic solvent for extraction, the organic

solvent used in the reaction may be partially or entirely used

or the organic sclvent may be separately added for the

extraction.
Preferred examples of the extraction solvent include,

but not limited to, hydrccarbon solvents} such as hexans,
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The reaction is generally perforned under stirring,
and the agitation power per unit volune is not

particularly 15 limted. However, the agitation power
is usually 0.05 KkWn8 or nore. In order to obtain the

product fromthe reaction solution after the
conpl etion of the reaction, sgeneral post-treatnent
may be carried out. For exanple, the product can be

hext 8a6t eth?0 oWkl ed M HI ga@h et 88l ENte i s CRRXISiERGE hylene

with the water used in the reaction or water

csépaidtelestaddedl aéthes , shehconpkeyildvrngtd heetbatticetate,

as occasi on denmands. As the organic solvent for

- ckRyt aastote t hEcBrgREL A C3? venengsiedt ¥ h aded ateacepépther

be partiall r entirely used, .25 or the organic
SQYeRhe’ mayBeaEePar bty Shaga fr SPREPK) AIttgn methyl

t%%fﬁﬁ%%%ﬁi%?3ggkféfg£ftm%éﬁdgég%&%ghgolvent i ncl ude,

rocarbon so venhts, such as

hexangh ¢ rRZNERLANE, o N4 O] yene; ; PRl 09RO LG (4) having a
sol vents, such as nethylene ~chloride; ester solvents,

tisushgasupt Byl theorrpbeitiehhyl acekbabexyletdBup, i.e
acetate, isopropyl acetate, and butyl acetate; and
tle¢ hexse sof vierd p tsiuctl las aditelthy |caatbrery 1 O | sopd ofdyil h

., in

aving

ether, methyl 5 tert-butyl ether, and tetrahydrofuran.
2 \iHeho RETPHPt Bé Gptei @alrlop idétdrve Eonpeemndovsdy Kavi Aghabe

thio group at the 2-position is a carboxyl gro%g,
tyaRsSie€rpedi i gR¥ed6rirRE GHECal I TaltieTe ar
cid having .a thio_grau t the.2-pQsitiaqn, the
o st RAL (5 1 Ban cBe 2 0B FaRLPe tralr Y Ko ks -
198 Acknp FOF 1 SXAPhBe ALELEACI Che Hah MREA 158l AR

)a;:l%ec acid

After

ction

an organic |ayer by extraction. After the conpletion
oPftHehenbeaeahiiens a1 hexrnspeUsEle Y e deded ianth®rrddi i on

inorganic salt and the |ike by-produced in the
camaee i ppmeved inte an aqueous layer by a simple oper

of stirring the reaction scliution in a mixed solvent of

ation

water

and an organic sclvent. In this case, the metal salt of the

~optically active carboxylic acid (5) having a thio group at.

the 2-position can be disscciated with a minimum amount of

an acid, thereby causing an advantage in reducing the salt

disscciation time, decreasing the waste, improving
productivity at the industrial level, or decreasing

environmental loads.

Preferred examples of the organic solvent include, but

not limited to, ester solvents, such as ethyl formate, methyl

acetate, ethyl acetate, isopropyl acetate, and butyl acetate;

- and ether solventé, such as diethyl ether, diisopropyl ether,

methyl tert-butyl ether, andtetrahydrofuran. Inparticular,

ethyl acetate and tetrahydrofuran are more preferred.

These
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- Parktat

.can be renoved into an aqueous | ayer by a sinple
operation 15 of stirring the reaction solution in a
m xed sol vent of water and an organic solvent. In
this case, the netal salt of the optically activ.e
carboxylic acid (5) having a thio group at the
2-position can be dissociated with a m ni rum anount of
an acid, thereby causing an advantage in reducing the
sSBYént 20maysseci:at oAl bhAeordger gagiRgdt Be1WaSkeof two or
I mproving productivity at the industrial |evel, or
mgleer easi ng environnental |oads. Preferred exanpl es of
the organic solvent include, but not limted to,
est er TS§l gehtsussdcm &dcethyk dboppaceatipnhygachbon is not
acetatiér thyl acetate, isopropyl acetate, and butyl

Ct dt BEheFdsdP Vet 50T it kS di et HyIS éthéctd such
asglh:y%i%rc%ﬁgog:rig% Qgg_d O]:Irrg{llj]¥!.l E_%int\élélti%lequﬁéfee{ab%%used. The

natetra uran. n particul ar, yl —acetate and

pi i alyeralaan, A Y e rehier redr These 120 p3AGMSIy o

may be used alone or as a m xed solvent of two or
t&0s eandh@oaei grusedabn vt he tgald. di ssoci ation reaction

is not particularly limted, but, for exanple, a

m ner dheacs @csuch so lase rity,dtbe b sori@c atew sol veultf,uang water

acid is preferably used. The pHin treatnent with the
cyeing féstiddeexanpl L opridgfepzbingcd ofotlee @md irsrlely active

referably 1 to 4. The reaction solvent, the o

CRAEPRELTOnASORVAAT , PANd Ratfert M A BRI 3t i Preglappsition

fromthe extract..of .the optically active 10 .
bt ’ h heat
R LR R W B bl g 2= neaving

urdaPPsIdd N PRt aisned a5 -dasenihed ahaven @ye@? taRe _ro%ttii% 1ly
such as heating under reduced pressure or the I|ike,

adilvé hareby viiie: opid qal) s vaeh bvweh cagbexyldtct werd pdR)ition

~having a thio group at the 2-position can be

cabtleg nedtained. ,

The extract or concentrate of the optically active
carboxyiic acid (5) having a thio group at the 2-position is
preferably washed with water or an agueous solution such as
brine or sclution of sodium sulfate in order tc remove
coexistent impurities.

The optically active carboxylic acid (5) having a thio
group at the 2-position obtained as described above may be
crystallized to obtain the optically active carboxylic acid
(5) having a thiogroup at the 2-position as freeacidcrystals.

The crystallization process of the present invention
can be used for obtaining the optically active carboxylic acid
(5) having a thio group at the 2-position from the reaction

solutionand for recrystallizing the carboxylicacid (5). For

example, the optically active carboxylic acid (5} having =a
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The extract or concentrate of the optically active
carboxylic acid (5) having a thio group at the
2-position is preferably washed with water or an
aqueous sol ution such as brine or solution of sodium
sulfate in order to renpbve coexistent inpurities. The
optically active carboxylicogcid (5) having a thio
group at the 2-position obtained as descri bed above
tHRy diurchystiad l2i-zed itiol @btial Abt heneptd Caklystadld Y& 2 salt
carboxylic acid (5) having a thio group at the
wPtlposi baea As femevacicdecriystealts.imher icriest al 4hdathen the
process of the present invention 25 can be used for
robEat hndgsehe @Et?—b%l PptacplvE aatbBryFperaEvd iRpreid (5)

havi n t.hio rou at the 2-position fromt
nIERy gﬁo% l§o‘Fﬁ nf‘ér’f&‘er 6F pPé&Fﬁ?PaFFu%%@O?h%ted and then
d..(.5 i cal tid v

LR B P PR R S B bhit L e LY Seid

@y pesitipn t&@b}@é&k@%%hery5§>@£§t9£naﬂ§@hthlc_mg]h pArity.

base.to Tenbve coexistent inpurities, and then the
r esul FiRg cSalde @fr thei @pti LAl | ye aghii¥eocarhexylrceeasi dor
(5) having a thio group at the 2-position is

cuyssotl atedgaie bhenchldyyst bl Ve zed o dbt@brithes) having
optically active carboxylic acid (5) having a thio

a gioiup gacuphe t2thes? thenthi oh he gherdper ityee amidcrystals

descrgptlon wi Il be nade of the process for

R H&T rI|Z|ng the optically actlve car boxylic acid (5)
havi ng, rQup, at the 2:D ||on t.0. prod
acid crys? Pven% 01 %?§%¥3 %ﬁe sofﬁgkruﬁééasu % t%%lly

i PE BS88% éHVEDE?HQt§Hb§1 MdBldon |8l Hdes éﬂd%kpﬁat' c
hydr ocar bon sol vent and/or a sul fur-containing

seDfwveRtohtaphihg Ybeweaikntrroh rerdvakwpbindthef removal of
coexi stent enantioner and inprovenent in
thoe yoteadilstzatt enabd iprelrdanNaimeh yovemnen sdlventy simyt ldgation

an_al i phatic hydrocarbon
yield. Namely, the solvent may be an aliphatic hydrocarbon

solvent, a sulfur-containing solvent, or a mixture of an

-aliphatic hydrocarbon solvent and a sulfur~containing solvent.

The term "substantially™ means that a solvent other than the
aliphatic hydrocarbon solvent and the sulfur-conitaining
solvent may coexist in a range which has no adverse effect.
The aliphatic¢ hydrocarbon scolvent is neot particularly
limited, but, for example, an aliphatic hydrocarbon having
5 to 12 carbon atoms can be used. Specific examples include
pentane, hexane, heptane, cctane, decane, undecane, dodecane,
cyclohexane, methylcyclohexane, and ethylcyclochexane.
Among these solvents, hexane and heptane are preferred.
Examples of the sulfur-containing solvent include, but

not limited to, thiocl solvents, sulfide sclvents, disulfide
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sol vent, a sul fur-containing solvent, or a m xture of

an .aliphatic hydrocarbon solvent and a

sul fur-containing solvent. The term "substantially"

means that a solvent other than the aliphatic

hydr ocar bon sol vent and the sul fur-containing 20

sol vent may coexist in a range which has no adverse

effect. The aliphatic hydrocarbon solvent is not
spavéhes| ashy bbhiykedsibut sofl @enexanpheonan takisphatil&ents,

hydr ocarbon having 5 to 12 carbon atons can be used.
tispeti fotverampkes idichulde depentlars)thexamep rdéptand,

oct ane, decane, undecane, dodecane, 25 cycl ohexane,

met hy Téfc Foiexane L vand ethpl 8p¢l BR&kasel aatohd iHdsel, but

| vents, hexane and heptane are preferred. Exa es
ai?yrﬁ%l%isfﬁ??&&ﬁt gi ﬁionglzsaa\%ﬂn ihct e, T ohit ©* ’?}Bﬁe
I M 0, i.ol, .solven l.fi.de sol v .

b LBl AT o ER B R S e B BN S g evaenion,
vANDAg1 Lthese, Soh¥ e Secyi PhOb1 SOLYEUS Aandedig fifeq. 1n

sol vents are preferred. The thi ol sol vents are nhot
ppaticavhar| ¥ilkiyaithed, sbutavialkyd tdd ol 3 bavbeg StbRslire

carbon atons, for exanple, 5 hexylthiol, heptylthiol,
poefgttdadpl andonykyhibiplidenyvihgol ) undet\datiiol atans are

dodecyl thiol, can be preferably used. In particular,
Me¥ K PIreRiedlts haviSig B ftic- e2aeal b6 hfsrd Rfeferred solvents

. preferred, and.alkylthiols having 10t 2 carbon
1 EHEE aTee v Rafer arPedy I8ioa 1 kit By BFREaEn
prefe d nt I hel ude decyl t hi Ql o
Cindecy T EhT o - SR b U (ol e CeE ShrFT 85LYoh Ybhige: but
A8 B POts PRF L HEH REY Yn&i 1 18l 2 PUla r il dm S Ul fd d@K amp 1 e,
"having 12 to 24 carbon atons, for exanple, dihexyl
d s £y Desu f hept yd i tsaih £ desu i io0d yId issd fy desuidiintnyldinonyl
sul fide, didecyl sulfide, diundecyl sulfide, and
syl dodlecydid&cgul $ndéldeandbendsedl bmlfdct,canar didodecyl

di al kyl sulfides having 16 to 24 carbon atons _are .
St etder &1 BAE IR A kyID Barftiged afaviaglkyl sulfides having

letec 24 carbonatoms arepreferred, anddialkyl sulfideshaving

.20 to 24 carbon atoms are more preferred. Specific examples.

ofsuchpreferredsolﬁentsincludedidecylsulfide,diundecyl
sulfide, and didodecyl sulfide.

'The disulfide solvents are not particularly limited,
butdialkyl disuifideshavingl2to 24 carbonatoms, for example,
dihexyl disulfide, diheptyl disulfide, dioctyl disulfide,
dinonyl disulfide, didecyl disulfide, diundecyl disulfide,
and didodecyl disulfide, can be used.

Inparticular, dialkyl disulfideshaving 16 toc 24 carbon
atoms are preferred, and dialkyl disulfides having 20 to 24
carbon atoms are more preferred. Specific examplés of such

preferred solvents include didecyl disulfide, diundecyl
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20 to 24 carbon atons are nore preferred. Specific
exanpl es of such preferred solvents include didecyl
sul fide, diundecyl sulfide, and didodecyl sulfide. 20
The disul fide solvents are not particularly limted,
but di al kyl disulfides having 12 to 24 carbon atons,
for exanple, dihexyl disul hgde, diheptyl disulfide,
di octyl disulfide, dinonyl disulfide, didecyl
dadisuk{bde, adiundecyle cdiisulifsides iaand di dodecyl
di sul fide, can be used. 25 In particular, dialkyl
di sul flirgeschavib@ide 4@l &hcavhenmoatmamtiarielarly limited,
preferred, and dial kyl disulfides having 20 to 24
betr bor exanel ar ¢ nidrex yr ef bevédidspdoi fdedexphprésudffide,
such _preferred solvents include didecyl disulfide,
i AR EGPAssY ldPedivrivdd L dgnd chIdfecyFedi sul fide. The
pol ysul fi.de solvents are not particularly linited,
ot ot Aot bt i S APkt S HEY eodecyre
ciydsuiinde. ; sandonolydodecyl polysulddenngansbg viedne
5 As the suI?ur-contalnlng sol vent used as the
r&iysiahldZahi-oprsebveninvdNeidhicy icanpourddusethpdund may
the reaction of the present invention or its sulfide
be canpooinds edyas behal soyasetll agatthenc sydtvaldt .zatfican example,
sol vent. For exanple, when dodecylthiol is used in
whele dedecvohhigdddsyusikidolin whalixaieeydnsutipiigeyithiol,
didodec¥lﬁdisulfide, or,  tridodecyl  trisulfide, or the

difgeecan BELGIEE as itvdecystHI T L ation CBoFvenPdeThe
crystallizationp can.be carrjed out b e or : :
cELRH BAePon bt Pt bhenoh BoP BoRREPaRer JURaPFY24PIgA 2t Len

sPIocess, 15 for exanple, a cooling crystallization
process, a concentration crystallization process, a
cryst alld zatyih1 PfACEessSn UsaNdosokYent «di ShltaesMeHe @
crystallization process

combinationof twoormore of a general crystallizationprocess,

for example, a cooling crystallization process, a

concentration crystallization process, a crystallization

‘process using solvent displacement, acrystallizationprocess. . ..

of mixing a poor solvent, and a salting-out process.

The crystallization temperature is not particuiarly
limited, but the temperature is usually 60° C or less,
preferably 40° C or less, and more preferably 20° C or less.
The lower limit is the solidification temperature of the
crystallization sclution, and the crystallization can be
preferably carried out at -20 to 40° C and more preferably
-10 to 20° C.

The crystallization time is not particulariy limited,
but the time is usually 1 to 100 hours, preferably 1 to 48

hours, and more preferably 1 to 24 hours.
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of m xing a poor solvent, and a salting-out process.

The crystallization tenperature is not particularly

20 limted, but the tenperature is usually 60 0 C or

| ess, preferably 40 C or less, and nore preferably 20

Cor less. The lower limt is the solidification

tenperature of the «crystal bhpzation solution, and the

crystallization can be preferably carried out at -20

to 40 16 ame: mones qaeferabl yn, 25 5484t erg8+:&:L The be added

crystallization tinme is not particularly limted, but
tohaecteheraseusuallkeytlono a3 dvbireg, tpradmamdly 1 to 48

hours, and nore preferably 1 to 24 hours. 29 1In the

cryst ahls Larioml 16 sdePer st areéanabévaggedorged under

accel erate Eucleation according to demand. The

[

StryEtarri 28 GRS §9pMEferribIRP Yy fRF e tinggp Lume is not
LrLi ng.th gitation po er. unit_ vol.u i's
oShb LUt TR el | BPLET Paovrers Tt et e, ¢ he
c§§¥§£§hkbé%ﬁbgniéspggEggﬁg@duH@g%rS%H&&&h@gﬁﬁﬂﬂqagitation
agitation power 0.05 kWnB or nore, preferably 0.1

- p&kW ABO 005 NBW £ and mdvy e preferably 0. 8 kWil 310more, and

nore. After the conpletion of the crystallization, the
md e resaftanbler PsBalk¥l /odncbemsepar at ed by genera

solid-liquid 15 20 separation, such as centrifuga

separ &tfite¥, Pressmreleficrrafi bhe ervetpilarieda Anddihe

reduced_pressure, and, if rquired, mashedfMt ,,J({, q
r%&%ﬁﬁ?ﬁ? %W%F?Jgﬁa‘f% By G boi Borrent 3leSgltd-t1qus
heptane, __or. _the .like). In washing, _the

S eARERseBoTVERE: asy Foe taa it o Gt Bhper b aTs

fQ?tJt:%tPEnL ess kR10rden dro HRELase gL SsPbptien, | 988, ir
0 e

required, washed with, for example, an aliphatic hydrocarbon

solvent {e.g., hexane, heptane, or the like}. In washing,

the washing solvent may be cooled to a low temperature of 0°

C or less in order to decrease a dissclution loss of the

-precipitated crystals into the washing liquid. The resulting.

wet crystals of theoptically active carboxylicacid (3) having
a thio group at the 2-position are dried at, for example, 50°

C or less, to obtain dry crystals. Of course, the drying may
be performed, for example, under reduced pressure.

The optically active carboxylic acid (5) having a thio
group at the 2-position obtained as descried ébove has an
optical purity of 90% ee or more, preferably 95% ee or more,
and more preferably 88% ee or more. The optically active
carboxylic acid (5) having a thio group at the 2-position may
be either an {R) isomer or an (8) isomer.

As descried above, the optically active carboxylic acid
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precipitated crystals into the washing liquid. The
resulting wet crystals of the optically active
carboxylic acid (5) having a thio group at the
2-position are dried at, for exanple, 50" C or |ess,
to obtain dry crystals. O course, the drying may be
perfornmed, for exanple, undeg reduced pressure. The
optically active carboxylic acid (5). having a thio
(OF OMPy Bl g thec e PostdhPna ObtRé Nnedo8si dessr hednhaboye Basity
an optical purity of 90%ee or nore, preferably 95%
ca&eber ohbaenedmamderpaeigrefesabl y. 98% eeveor, nof eegliheed,
optically active carboxylic acid (5) having a thio
thye ot latalihe a2-tgosi chokorayt ibecéddt helr av{®y 4 §éw'@r group
or an (S) isomer. As descried above, the optical

At dths & ERBINAT CAHEIRP TP L F)ehad g 8t o%adffo&& a salt

L t be obt
WIS kB EPyRtaTens oty HTqah g Ve Ra 1 12t on of
tk?@tdlﬁagﬁéa‘/il%ﬁa'c‘ﬁ%v%a g%'x' ngangiSXS?aﬂéxpgn@ EE tEhc}.o group

gro at the posi tion e obtalned as a net
aSalfhe OF- §o§§£105 with a base to increase purity before
the crystallization of the optically active
car boxgkit¢ aeisdtr(iptihaviwngl b bdiovage oup tAk bhecess of
2-position. Next, description wll be made of the
cyiydoebsiping dhesentic2il Ay amei@@piaer@ld%yleﬁcq pgad (5) having
carpboxylic acid (5) haV|ng_ athio %roup at the
a L i $F P AL atlal 2 RPEh éoﬁetaél appait Hasé aTﬁ@t?d'l ©r a
bof the optically active carboxylic acid (5) having a
0 group at.the 2-position with a netal or a base

is no heaggil%%?r Lol bgltaeqﬁl amell%e ef 3G 18 saldia (s5)

|nclu_e 15 netal salts, suc al kali netal "salts and
ha} ineraad throupehal raal Qspoémtﬂ@nsﬁhtﬁ,a&h@ﬂaﬁsor a base

al kyl ami ne salts, al kyl enedi am ne salts, aral kyl am ne
isalbttspaatytabreyshimsted. Examples of such a salt include
metal salts, such as alkali metal salts and alkaline earth
metal salts; amine salts, such as alkylamine salts,
alkylenediamine salts, aralkylamine salts, arylamine salts, .
saltswithamino—acidesters, andsaltswithaminc—acidamides;
and ammonium salts.

Specific examples of the salt of the optically active
earboxylic acid (5) having a thio group at the Z-position
includelithiumsalt,sodiumsalt,potassiumsalt,cesiumsalt,
magnesium salt, calcium salt, cyclohexylamine salt,
dicyclohexylamine salt, ethylenediamine salt,
l-phenylethylamine salt, 1-(l-naphthyl)ethylamine salt,
benzylamine salt, aniline salt, phenylalanine methyl ester
salt, phenylalanine ethyl ester salt, phenylglycine methyl

ester salt, phenylalanine amide salt, phenylglycine amide salt,
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salts with amno-acid esters, and salts wth
am no-acid am des; and anmmoniumsalts. 20 Specific
exanpl es of the salt of the optically active
carboxylic acid (5) having a thio group at the
2-position include lithiumsalt, sodiumsalt,
pot assium salt, cesiumsalt 31 nmagnesiumsalt, cal cium
salt, cycl ohexylam ne salt, dicyclohexylam ne salt,
aed hgheoedimnmendtsal t, 25 1-phenyl ethylam ne salt,
1- (I -napht hyl ) et hyl am ne salt, benzyl anm ne salt,
ani | i A& heﬁﬁe‘?ﬁ/l’%ﬂiaﬁllﬂféllﬁ@t*ﬁwleﬁsfﬂe‘?s sgghtas potassium

enyl ine ethyl ester salt, phenyiglycine nethyl
ggFera@%ﬁambﬁsnﬂa&ﬁa?n.%%rﬁ%éﬁw%m% P@Fy@?ﬂe

j n salt,. ng the sal ts,
dﬁ?igFO§gL% éa%t%agggﬁ aépkgfgs lﬁﬁlsal?afg?ksPanias
1S§$é§y§éﬁﬂy@§mﬁx%|%Qﬁ%wgyg'ﬁ%é¥gk égcyclohexylanlne

, and aral kyl am ne salts such as 5
1 phen‘yﬂeemweamsr@d sebt acevpreingrede Theikasa wsedive
for converting the optically active carboxylic acid
cdBhohavingai dhim dgraoumata théoc2gposptabnthe 2tdwesition to
nmetal salt or the salt with the base is not
thams et &34t 9y ﬁh@eaalpr@iéhr%@eé%awpuésn@ﬁ-pﬁétba@éarly
linc{b %e alkali metal 10 hydrOX|des al kali neta
Car % at e%reﬁ?’r%’éf'ii TR L Y @ ol P aéfrbﬁﬁé?% alkall metal

h%&# ££P t%étaxdrox de%tealkall %16%%%gl %%%%bgen
ar ona eé ﬁ am nes, F ene i’anm nes,

c@f@éﬂﬁ/{@g‘ n@ﬁkaﬁfﬂé %ﬁﬁ%’mmln%y%lﬂ(l%@r $¥lkaline earth
am no-acid am des, and ammoni a. 15 Speci fic exanpl es

mofal hebaseniaaals'udallkiyumﬂmémd [0 s n e $O&hh URE s,

hydr oxi de, potassi um hydroxi de, |ithium carbonate,
asptkyhaganboenateylpotiassi  umdardonat®, e gesrgm amino~acid
carbonate, sodi um hydrogen carbonate, potassium
iR Dgehn & arBBRBLS,

Specificexamplesofthebaseincludelithiumhydroxide,

scdium hydroxide, potassium hydroxide, lithium carbonate,

_.8odium carbonate, potassium carbonate, cesium carbonate,

sodium hydrogen carbonate, potassium hydrogen carbonate,
magnesium hydroxide, calcium hydroxide, magnesium carbonate,
calcium carbonate, cyclohexylamine, dicyclohexylamine,
ethylenediamine, l-phenylethylamine,
l1-{1-naphthyl)ethylamine, benzylamine, aniline,
phenylalanine methyl ester, phenylalanine ethyl ester,
phenylglycine methyl ester, phenylglycine ethyl estef,
phenylalanine amide, phenylglycine amide, and ammonia.
Among these bases, alkyl metal hydroxides such as
potassium hydroxide, alkylamines such as cyciohexylamine and

dicyclohexylamine, and aralkylamines such as
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magnesi um hydr oxi de, cal ci um hydr oxi de, nmagnesi um
carbonate, 20 cal cium carbonate, cycl ohexyl am ne,
di cycl ohexyl am ne, ethyl enedi am ne,
1- phenyl et hyl ami ne, 1-(I|-naphthyl)ethyl am ne,
benzyl am ne, aniline, phenylal anine nethyl ester,
phenyl al ani ne ethyl ester, jphenylglycine nethyl
ester, phenyl glycine ethyl ester, 25 phenyl al ani ne
1H§EQ§yiéﬁEQXE&hﬁ%'%%ea@ﬂg%eﬁyghannon'a Anong these
bases, al kyl netal hydroxides such as potassium
hydr oXikgte ,ared Ut ad nEse Shigde agseyclhehexylban reudrthilents,
di cycl ohexyl am ne, and aral kyl am nes such as 32
pne©QEﬂbﬂethyBanbné areapiehérnsed., Fnd awognpreffetiadly 0.8
base used is 1 to 2 equivalents, preferably 0.8 to
tq 14 Ze%@‘llvéf‘éﬁf%s raar%cﬁweetarfé?eepaﬁllyaéls’ aglplve cprboxylic

ts relatjye to th ]
a‘ffa ooy e e Hh Sy fRA Ry BPerEoP U olpolt ¢ Ree Pase may
o2-RO3LbI 80, The base .y b added, directLy, o 851 9ent

utron i n another solve
opt | calley «30td ve Gakbaxyk 'c%l@cj %c(t@vé"%:\é!r@ﬂn@ltlm Qcid (5)
group at the 2-position wth the netal of the base
hgainpea ctlyss ad t bz da by HE Xigh 4 el Optvw Cioth | yhaatd el dO the
carboxylic acid (5) having a thio group at the
b@sposati ba wirtyls t83 ltike dbdse mivbirey sipeei fptathylyt Retive
crystallization can be carried out by one or
CRBABE Hal Por ot (tW%Yl%r%téﬂoag%%%H@ﬁ FBRa}-position with
rystallization Eroc for anpl e, a cooli

t%?y‘%ﬁ?l i Z4PF BnSBr6e é&al&YCo {543 toﬁ%l“a“gon can be
cgfyfég” g%&hﬁg éﬁﬁ%ﬁét?oﬁ%%%ﬁggk é%kgk%%%%%tlonal

usi ng SO ISp acenent, a crysta i zat1on process

ﬂ%sf@alﬂ.ﬂ!aﬁlgﬁo‘br%@le\é%m Y Sad@ld] Ng- oUb1PRECESS.

IT required, aseed crystal can be added in the
ceyysiallikzzatiioon ppl@e®sS. a concentration crystallization
process, acrystallizationprocess using sclvent displacement,

a crystallization process of mixing a poor solvent, or a

~salting-out process. If required, a seed crystal canbe added- -

in the crystallization process.

The cryétallization process is usually carried out in
the presence of & solvent. Examples of the sclvent include,
but not limited.to, hydrocarbon solvents, such as aliphatic
hydrocarbon solventis and aromatic hydrocarben solvents; ester
solvents; alcchol solvents; ether solvents; and water.

Examples of aliphaitic hydrocarbon solvents include,
without limitation to, aliphatic hydrocarbon solvents
preferably having 5 to 12 carbon atoms and more preferably
5 to 8 carbon atoms. S8pecific examples of the aliphatic

hydrocarbon solvents include pentane, hexane, heptane, and



10

15

20

25

The crystallization process is usually carried out in
20 the presence of a solvent. Exanples of the sol vent
include, but not limted to, hydrocarbon solvents,
such as aliphatic hydrocarbon solvents and aronmatic
hydr ocar bon sol vents; ester solvents; alcoho
sol vents; ether solvents; ang water. Exanples of
al i phatic hydrocarbon solvents include, 25 wthout

mé £ ¥ 1@y E0PhERanal i phat perhydnoear,ban igelama siydrocarbon
preferably having 5 to 12 carbon atons and nore

- splredetablaw ity 608 7cas bonnattonss, Speci,frexexamiesepftane,

the aliphatic hydrocarbon solvents include pentane, ;
ahexanee heptanesdand 33 net hyl cycl ohexane. In i

particul ar, aliphatic hydrocarbon solvents havingfg

or 7 géﬂ&ﬂ+%ﬂ(ﬂﬁ;aﬁ9m%flc hpd%ar_T5AR H8EY8HES * ude,

r referre np es aro c_hydrocarbpn
o£% Gubt ELFER B O0h Bl T e ST i her e

pP&ﬁéP&@ipq{‘a@B{?’e@tt% 1Br eLeraR! ¥ bayl %Pet&égeP%PQ% to

atons, nobre preferably 6 to 10 carbon atons, and

16 wdhedn preehey,abhy utenh@CprbearabaRss t&.9.carbon atoms,
benzene, toluene, and xylene. In particular, aromatic

e hydr ecardzore sablerths havingy Ve . 8 Tampzan iatdns;, erogatic

, toluene 10 and xylene, are preferred, and toluene is
hm@cwl@@@rs@dhsﬁnr@edamem?n@lreg cafrest eEcBel verd s, toluene
include, without limtation esters preferab

AL FVRGRS 't%‘f%pESlfﬁcSﬁ & ot §ﬁ&”1’?6’reels B‘Péfté?%%ﬁ/rﬁg]t% uged-

carbo ato thyl._ acet o
acet a e lpsopr opy sgca(lacre a?ve%tsbu?y?uacét Jtpc &Lytélmltatlon

£ ErLsPULY! o 1P 2661 %avllqlgp@rte&té A 180 0Yh e 8661 8h8 more
i's preferréd. Prefefred exanpl es of al cohol solvents

pi&edHeelyW £RositcadddH baln@) £0g.3l ohel siquefer abl-propyl
having 1 to 6 carbon atons and nore preferably 1 to 4

acatHon, atonsroSpecdd tta exanptiest v 1 reddaudet eetamahgler t -butyl
et hanol , n-propanol, isopropanol, and

acetate. In partlcular, ethyl acetate is preferred.

Preferredexamples of alcohol solvents include, without
limitation to, alcohols preferably having 1 to 6 carbon atoms ...
and more preferably 1 to 4 carbon atoms. Specific examples
include methanol, ethanol, n-propancl, isopropanol, and
butanecl. In particular, methanol is preferred.

Preferred examples of ether solvents include, without
limitation to, acyclic ether solvents. Specific examples of
the acyclic ether solvents include methyl tert-butyl ether
and dibutyl ether.

These solvents may be used alone or as a mixed soclvent
of two or more.

The crystallization temperature is not particularly

limited, but the temperature is usually 60° C or less,
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20 butanol. In particular, nethanol is preferred.
Preferred exanples of ether solvents include, wthout
limtation to, acyclic ether solvents. Specific
exanpl es of the acyclic ether solvents include nethyl
tert-butyl ether and dibutyl ether. These sol vents
may be used al one or as a ms4ed solvent of two or
nmore. The crystallization tenperature is not
pparéirgplarky’ didH tieds,buhdt Aertepperatupeyi so“uscuaiﬂ Mess.
60 C or less, 34 preferably 40 C or less, and nore
T@eeiewablyiﬁthiertheS$oliﬂﬁfﬂqauﬂoﬂivﬂmpésathEe of the
solidification tenperature of the crystallization
cspd el bhzaThencppdudgliltnzat iToe caysiel lsinatabty ez rhed
out at -20 Ctq 40 C and eferably -10 Cto_20 C
S%h%a%iys%%ﬂf%fzﬁt%h #mefd s gartﬁ?&n%rwf?m%& -10°
b | e(¥|ne is preferably 1 to 100 hours, nore
preferab 1 to 48 hours, and nost preferably l1to 24
hour s,y ncEE}%t%rl)i%tzeyt' iAALLE QR 1 @ AP UhAl AL 1Q$a1ted
added 10 to accel erate nucleatlon according to demand
buberks ysimsb | igaﬁ:t@ﬂek§b@§/€ﬁe|&abhﬁOpﬁbﬁ@%ﬁeﬁo&&d@referably
stirring, and the agitation power per unit volune is
1not 4panbdieul aphy momitt gche fdoveenler ,1 for 24ahples.t he
crystallization is perforned under stirring wth
agi t atiitork RES qaoieera okl 0r DEoRW ABSordnBF¥S tprefc@matiey added
0.1 kWnB or nore, and nore preferably 0.3 kWn8 or
L hof §C e ThEa it BRCdgPt16n t%é:%%jﬁfb‘-’altr%/ REFVE -

carbo I| aC|d (5 haV|n a_thi 9, up_at &
2- posﬁ ok %&s%ﬁ% ?%ereo?ref %gyhgeba§gm%ﬂ1 qger

st SrE{Y§t aLhBZ%ﬂeblégIﬁ%tQ%Vepoz&ﬁrﬁ’éﬁ %ﬁi%a{rb%me is not
process, can be separated as crystals by a

particularly limited. However, for example, the

crystallization is performed under stirring with agitation

power of 0.05 kWW/m>® or more, preferably O.i kW/m® or more,
and more preferablyIO.S kW/m*® or more.

The metal salt of the optically active carboxylic acid
(5) having a thic group at the 2-position of the salt thereof

with the base, which is crystallized by the above

crystallization process, can be separated as crystals by a

separation operation such as pressure filtration or
centrifugal separation. The metal salt of the optically
active carboxylicacid (5) havingathiogroupat the 2-position
or the salt thereof with the base may be washed with the organic
solvent or water for increasing purity.

The salt of the optically active carboxylic acid (5)
having a thio group at the 2-position with the metal or the

base, which is produced as described above, is disscciated
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separation operation such as pressure filtration or
centrifugal separation. The netal salt of the
optically active carboxylic acid (5) having a thio
group at the 2-position or the salt thereof with the
base may be washed with the organic 25 solvent or
wat er for increasing puritys3sThe salt of the optically
active carboxylic acid (5) having a thio group at the
(opastdh®ne Wridudhe: MBd@lwiah bheachaseavig a difer acidity
produced as described above, is dissociated 35 (for
texanple; afeufhrabpzedawliyhaahiaei dahavkpyibighed (5) having
acidity than that of the optically active carboxylic
a gt QS)Oan@FEn@hea2TH’1¢®l’@¥@®p gich ke 2-PbRETPbRCKUCIE- I - »
a mneral aci ydr,ochl oric acid or

h%@r%ﬁeraa flfio%oﬁvgrfflrtlﬁeaﬁpt) e SANE Gpthiltta g3t te
tﬁ% % @l%gff Ca%ohv TﬁgegCId 5%¥D§¥|le ggﬂ‘%aég(nﬂg thic

active f

'gE@ﬁB%@Qﬂéz %@éiﬂﬁ&lhaWHgbéFIQénggﬁﬂlﬁgfEQ@carboxyllc

2-position is extracted an organi ¢ sol vent and
atidreguinedi nghe S0l vatouds demped -dasiobtad 1A extracted
concentrate or a solution of the optically active 10
wEalh boxyt §zn acisd 1veh thavd ng farddi jor gi pupeatotdrent is removed
2-position. Preferred exanples of the solvent used in
t@ P teddtt dcePoAchitrelteder Hgo lwvdtldn pift Bde qritically active
drocarbon sal vents, such as_  aliphatic hydrocarbon

'C% POBRLSC aFoftat Pe H?HFB@anBHlQOIg\%’HtPS atha?lhﬁgénﬁtoe‘so‘tlon

hydro%aqun S0l yent 3 eStP%hg%kﬁﬁﬂﬁﬁius é}%pﬁextractlon

solvents er'éae?ﬁerpgg ven es 0

1H¥9u@&arQQE ﬁQEV§9h§thCkHdehydeH%¥ﬁoﬂ'§8ﬂ63ﬂ6§1téhch as
allphatlc hydr ocarbon sol vénts preferably haV|ng 5to

alZpeat benhgtews sand ey yrefer abt ymabitonBdeatheBon
atons, e.g., pentane, hexane, heptane, and 20

spevayt sy dhohegxanetetimpdréczuban,sal vphhsi cester solvents;
hydr ocar bon solvents having 6 or 7 carbon atons,

a%@@h?lhéﬁéﬁéptﬁépﬁ@ﬁbﬁther solvents.

Examples of aliphatic hydrocarbon sclvents include,
without limitation to, aliphatic hydrocarbon-solvents
preferably having 5 teo 12 carbon atoms and more preferably
5 to 8 carbon atoms, e.g., pentane, hexane, heptane, and
methylcyclohexane. In particular, aliphatic hydrocarbon

solvents having € or 7 carbon atoms, e.g., hexane, heptane,

.and methylcyclohexane, are preferably used.

Examples of aromatic hydrocarbon solvents include,
without limitation to, aromatic hydrocarbon solvents
preferably having 6 to 12 carbon atoms, more preferably 6 to
10 carbon atoms, and further preferably 6 to 8 carbon atons,
e.dg., benzene, toluene, and xylene. In particular, toluene

is most preferably used.
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and net hyl cycl ohexane, are preferably used. Exanples

of aromati c hydrocarbon sol vents include, wthout

limtation to, aromatic hydrocarbon sol vents 25

preferably having 6 to 12 carbon atons, nore

preferably 6 to 10 carbon atons, and further

preferably 6 to 8 carbon atggs, e.g., benzene,

tol uene, and xylene. In particular, toluene is nost

pref emably useds 1361 o FXROPLEH Rir hd BgeNAtAGents include,

hydr ocar bon sol vents include, without limtation to,
whahogenatedthydpacaphonasalowenits:=d prefes@t yohayvd hgehts

to 6 carbon atons and nore preferably 1 to 4 carbon
rrgoasabEpecatival 1 o chlcgrmbnat ed dndreochmegre Breferably 1

solvents having 1 to 4 carbon _atons are further
t‘br‘éf%‘f‘F%Bn aFﬁmﬁartﬁeaFéﬁwﬁéteryl &hd CHTG sk T mpgerbon

b] t |
s ot MR ok D PatBaRla e L 2R LRk Dt Byt dR g ea.
1163 o0 84 o1 alggtﬂgisnepr:ﬁ&m@leylé 958 £LBAR-BOTE e .
e.  g. , ethyl acet n-propyl 10 acetate, isopropyl

acet atrampiRY ¥k acetake) vand st et hutylwiacatateniktion
particul ar, ethyl acetate is preferred. Preferred

texasptessopralfeahbll ysokvenics A nol wle;ambéhoatoms and more

limtation to, alcohols preferably having 1 to 6
pm@#@n@béydhﬁo arrch e apcafser abby lﬁt@YHfﬁéﬂhﬁﬁhaPUM§OPyl

, methanol, ethanol, 15 n-propano
a?%‘b%‘f%paln%?pr%ﬁl edre s It %wlr aﬂed:rat%taﬁdéin&erts butyl

f d._Pref |
=PhEt The, W CHBOE PR (o rON & GEeye i diererree
SOl veRt s £ 30QG] L& EQFEltfga? %hoi@%l%@ﬁctléfngihﬁé wi. thout

sol vents incl ude ne utyl” éther 20 anddi but'yl
18hhesciOh M,Uras_%,ohtdl% pekdenauirahbzahyon t(S8ldarbon atoms

di ssoci ation) can be carried out in coexistence with
arndroaegar £ sobVentto 4 carbon atoms, e.qg., methanol, ethanol,
n—-propanol, isopropanol, and butancl. In particular,
methanol is preferred.

Preferred examples of ether solvents'include, without
limitation to, aéyclic ether solvents. Specific examples of
the acyclic ether solvents include methyl tert-butyl ether
and dibutyl ether.

Ofcourse,theacidneutralization(saltdissociation)
can be carried out in coexistence with the organic solvent.

When the salt of the optically active carboxylic acid
(5) having a thio group at the 2-position with the metal or
the base is an amine salt, particularly an optically active
amine salt with expensive l-phenylethylamine,
1-(l-naphthyl)ethylamine, amino-acid ester, or amino-acid

amide, the amine is preferably recovered as a free amine by



10

15

20

25

hav%lgg %gtﬁpjt%egrouspulapP%%é : o-.pcoaﬁjrtlon Wltqll nc%

Wien the salt of the optically active carboxylic acid

(5) having a thin group at the 2-position with the

nmetal or 25 the base is an amne salt, particularly

an optically active amne salt with expensive

1- phenyl et hyl ami ne, 1-(1-naphthyl)ethyl am ne,

am no-acid ester, or amno-ggid amde, the amne is

preferably recovered as a free amne by 37 a genera
a Bt hodaandetpe)MChad. rSpecilfdcal |y, the am ne salt of

the optically active carboxylic acid (5) having a

t hi o @peud fdtcatlie 2-tpasidmniore sl dicssaticeabptdically active

produce an ami ne-acid salt, and this salt is 5 o .
caeloveted dyidold)dhaivguidl aséparagiorPort bl dctricgrition is

wth water and then neutralized with a base in a ,
dhP et 3bFFeht RFCWATLrar AL AN F Hari & solarshttor® apLt is

organj c ﬁglveﬁt to.extract a free amnpe in,the
recgvered éfSO 1?— 1qu1ds%£ﬁr? 16n gr exfractlon with water
Or gani ¢ | ayer. requi T ed, e Sol'VEnt I'S renove

ah@ Q@i dihe f1e6 gmine 06 8.50hutipkdhelE0fend b ThGter
salt of the optically active carboxylic acid (5)

afl@\Egrgahhic0s @1 P&t Br bheo2gPASEIdONvamt ot Bertiatala free
or the base, or the free carboxylic acid (5) , which

amBn phiadicedr @asnidéesgrirbed Ighovey i had, ahectliwalt pariempved
of 95% ee or nore, preferably 97%ee or nore, and

terpplet pief ehabfyegosnéa oo gy & ols: o thiee bagfs of the
above-nentioned crystalli zation praocess, _of course,

the opticcaPly &étFie ERFBERYIIYC 25 & SR Ravig © #c4d (°)

th at the 2- n can be obt d as .a free
meﬁal or the
ac e i ng opti y active caf%oxy 1'C

bé&é,d OJ.(sahé"ac\{tie!’%g C%It% ﬁ@%ﬂﬁ EEh)e, %‘kﬁ&sﬂ ti!so@)riosduced as
recrystallized 20 wth "higher purity. Specifically,

ad her optbcabbyeachb¥e anCadl @ity (&) $8¥i 88 ar more,
thio group at the 2-position with an optical purity
poé £ ORI e DIt perer nprmef enabl o986 .15% Berasly 99% ee or more.
When the resuliing optically active carboxylic acid
(5) having & thio group at the 2-position is recrystallized
on the basis of the above-mentioned crystallization process,
of course, the optically active carboﬁylic acid (5) having
a thioc group at the 2-position can be obtained as a free acid
with higher purity. Specifically, the optically active
carboxylic acid (5) having a thio group at the 2-position with
an optical purity of 99% eé or more, preferably 89.5% ee ér
more, and more preferably 95.8% ee or more can be obtained.
A representative example of the optically active
carboxylic acid {(5) having a thio group at the 2-position which
can be produced by the present invention is one in which R
ispreferablyasubstitutedorunsubstitutedarylgrouphaving

6 to 14 carbon atoms, more preferably a substituted or
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nore, and nore preferably 99.8% ee or nore can be

obtai ned. A representative exanple of the optically

active 25 carboxylic acid (5) having a thio group at

the 2-position which can be produced by the present

invention is one in which RL is preferably a

substituted or unsubstitutedgaryl group having 6 to

14 carbon atons, nore preferably a substituted or 38
unEshiPsi t vk edopdeny| g s @pIp, ardd Edrride i qarfefeimb) o @henyl

phenyl _ group; R3 is a substituted or unsubstituted
gabkyl Rjrioup mwgtumeﬂmqanwﬂabmtamt@mmlama grovep having

preferably dodecyl group. Specifically, the

05?|%%|¢@r%@@|®%0%§yb@&9|m@rgcpae€syab§ysaogpﬁégwﬂygroup

S%‘é“\éalb‘a%h 322@%%2?@:’“2& e et e"é‘?%%ﬁw R CEMENEE
“REab! &7 o Bt Pact s o R b 2t P act i ve

conpouRdse£4) @Y i apblieodgs0up @thh@n&tﬁQ§HbEQ&lptlon
with high optical purity. Best NBde for Carrying Qut

of hexdmyeas i val Mlit henghptbeepeesenthengebkicont Wnherf8 on is
described in detail below with reference to exanples,

cawﬁbb¢@é@ﬁféqw%m¢lpprddpqhugthabpédcadhymﬁeivecompound
exanpl es. 15 (Exanple 1) (R)- Chlorophenylacetlc acid
(41 (ha)VWOBelqlblcacﬁrdD%ad: 3z ¢ -wmesitl ignd Wi th high optical
N-di net hyl formanmide (0.48 g, 6.6 mmol) were added to

PYG Y of tetrahydrofuran (THF), and the interna

BT AL gy B8y <G Atse Lo B et hi ony!

was slowy added to
‘the reasyhlanpt mﬂgt?féséﬂ%lpM@gn@Yonsﬁhii|BQ Ak s2@ i®ed in
~overnight. Then m of water and 50 nl of toluene
daned £1 ddded Dtk e feaatidOnosoldiid s, 8Rd diesent invention

is not limited to these examples.

{Example 1} (R}-2=~Chlorophenylacetic acid

L-({-)-Mandelic acid (5 g, 32.9 mmol) and
N,N-dimethylformamide (0.48 g, 6.6 mmol) were added to 50 g
of tetrahydrofuran (THF), and the internal temperature was
controlled to 20° C. ©Next, thionyl chloride (11.7 g, 98.3

mmol) was slowly added to the resultant mixture, followed by

stirring at 20° C overnight. Then, 20 ml of water and 50 ml

of tcluene were added to the reaction solution, and the

resultingmixture was stirred for awhile. After a separation
operation, an aqueous layer was discarded, and the residual
organic layer was washed twice with 20 ml of water each and
then concentrated to cbtain a yellew concentrate (5.37 g of
(R)-2-chlorophenylaceticacid, yield 95.8%). Theevaluation

of optical purity by HPLC analysis showed an optical purity
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resulting mxture was stirred for a while. After a

separation operation, an aqueous |ayer was discarded,

and the residual 25 organic |ayer was washed tw ce

with 20 mMl of water each and then concentrated to

obtain a yell ow concentrate (5.37 g of (R

- 2-chl or ophenyl acetic acid, 3gield 95.8%. The

eval uation of optical purity by HPLC anal ysis showed
oBnopptikcak purity 39 of 92.4%ee. Then, 100 nl of

tol uene was added to the concentrate, and the mxture

was cameent rnatbeadlt ofaboltenachads amtet treducedoncentrate,

, pressure. Then, 50 m of toluene was again added to
apfdheenigteresvand aiventesdednt M xebrrehpas under reduced

concentrated to about a half under reduced pressure.

PAR2SYEST duBPfRs STt Péd- UneRAe E’déla}grfgln afdgA thERPFESidue,

t t
a?gfpgégﬁ$%$ ﬁegypéé%gF%r S acofﬁﬁd%r Sihdd @Rt et
uﬂ‘@é? refdI 'Je%{SPeQ%ErW t h‘ﬁ? I@e@ %SH%&%&M&BSQ coollng

washed tw ce wt of toluene each which
atoghednteranli RkapRalatiamesatire +of crlﬁ,&lﬂme of
resulting wet crystals were dried under reduced
(pregsuhéotopbbhgilrc2tAe geatl.crystal sbofidRY crystals were
- 2-chl orophenyl acetic acid (yield 42.3% The
fevheuadiont wafthopthigdlyaneg Crpngy #Pd Chamakpshedsheped with
an optical purity 15 of 99.5%ee and a chem ca

1 Bdrat yodress a3k ek igh ‘w ﬂml@&io*ao r@ﬂzlnm%} tempEFAture

o?'%g°(lﬂ Theresdﬁé§3 té& w e%%%edunderreduced
quantl ati ve nmeasure em ca puri

FEAsYLeMept B 22:1Chl oro '@_%?4 1L 8ch g a”d opti cal

ppurlty 20 eSaISaplon onﬁQ¥¥2 chl orophenyl acetic acid

(NEF 2~ PRI bebpBdn yuSidRg ilhec1 8l haw1rgs anabyl i cahe mBiznatition
Col um: manufactured by Daicel Chemical Industries,

oftabt {hl rahpaky Ay Z—Maﬁla‘ﬂt’gsm XZhowed an optical purity

[r]

of 99.5% ee and a chemical purity of 85.1 area %.

'H-NMR (400 MHz, CDCls) 6 (ppm) 5.37 (1H), 7.34-7.53 (5H, m), 10.68

- (1H)

The quantitative measurement and chemical purity
measuremnent of 2-chlorophenylacetic acid and optical purity

evaluation of (R)-2-chlorophenylacetic acid were performed

using the following analytical method:

Column: manufactured by Daicel Chemical Industries,
Ltd. (Chiralpak AD 250x4.6 mm} X é

Mobile phase: hexane/isopropanol/trifluorcaceticacid
= 95/5/0.1

Flow rate: 0.5 ml/min

Detection: Uv 210 nm

Column temperature: 10° C
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Mobi | e phase: hexane/i sopropanol /trifl uoroacetic acid

25 = 95/5/0.1 Flowrate; 0.5 m/mn. Detection: W

210 nm Columm tenperature: 10 C 40 Retention tine: R

i somer 44.6 mnutes, S isoner 51.8 minutes The

chem cal purity was determ ned by the above

anal yti cal nethod accordi ng4ho the foll ow ng equati on:

5 Chenmical purity = (Area of 2-chl orophenyl acetic

aci d/ fretmainrsa winad IR detacied omamds)s X s10@ ch@ed1. 8

% (Exanple 2) (R)-2-Chlorophenylacetic acid First,
nB3utdsof water was added to 109 g of an ethyl acetate

solution (colored in light red) of 10

(R) - 214 orhophiersy) aeetiley acsd ¢20egmgned3by gl above

chem cal = purity 93.8 area% separately pregared .
ADREBFUFAY PEEPRE RECREAIngF Tk dmpt et Al TAR ¢ hgauation:

i nternal tenperature was,controlled 20.C._ Then,, .7

o B R e SR LT T oR T of - SOAPaRPRYEGR g 1©
a@@é/@gggg BQe%h%f”%ﬁh“%%mé&%é&”@%hﬁ&h§&éffknﬂoéoﬁa§9a %)

m nutes. 15 An aqueous | ayer was obtained by a

sepanal & on) opel abi-on1anre phiker, washed: wéhg 20 nl of
~ethyl acetate.” After the internal tenperature was

decreasedtt,0 B @l &f Grageof wWEENaidbrdchd driT g ad dérwashyl

added to the washings, and the resultant m xture was
agetr¥edsportionni{metlesredThen, l iglslepagdt i ®A operation

was _ 20 Eerforned to obtain an grganic |layer. The

(ot ganf ! Pagerendd 2 Rdsited Shict H 125 9 of® nat & Catrid P8H °2
piﬁélgjrnof:’étg;%t ag%%%gﬁﬂfs{e rzgxgelgoeﬁ?%. %{ee;asruerc?agjgog t:'L%Ignl:oathe method
oig @x‘a%;ﬁ‘é qr,oraha%wlh@%ﬂ{&r@ghdtélﬁpgrgtéé- P2t 9% 1ed to

% ee As a result of evaluation of chemcal purity

'2@W(HPL@HﬂﬁﬂYsg@ofaBO%aqueoussolutiqnofsodiumhydroxide

was added to the mixture, follcwed by stirring for 30 minutes.

. An aqueous layer was cbtained by a separation operation and

then washed with 20 ml of ethyl acetate. After the internal
temperature was decreased to 5° C, 6.6 g of 35% hydrochloric
acid was added to the washings, and the resultant mixture was
stirred for 30 minutes. Then, a separation coperation was
performed to obtain an organic layer. The organic layer was
washaiwithéSrM.ofwaterandthenconcéntratedunderreduced
pressure to obtain a colorless concentrate containing
{R}—-2-chlorophenylacetic acid (9.2 g, 53.9 mmol, 92.5% ee).
As a result of evaluation of chemical purity by HPLC analysis,
the chemical purity was 95.5 area $.

The resultant concentrate was cooled to an internal

temperature of 5° Candallowed to stand at the same temperature

to crystallize of (R)-2-chlorophenylaceteic acid. Thus
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25 the chemcal purity was 95.5 area % The resultant
concentrate was cooled to an internal tenperature of
5 Cand allowed to stand at the sane tenperature to
crystallize of (R)-2-chlorophenyl aceteic acid. Thus 41
obtained crystals were filtered off with a Kiriyam
funnel and then washed twige with 1 m of ethyl
acetate each which was cooled to an internal

oheapreat Ures0hls- kbr€. rIiheckesubififngitwet &LysStams funnel
were dried under reduced pressure to obtain 4.75 5 ¢

and Thystedshed (R)ce 2victih o opherfyleadetli @cadiad  ywiagld which
51.6% . The evaluation of optical purity by HPLC

wah gopdies! %%éwwn%bt@@alergmneyogﬁ@s %% eBhapgsaglting

wg h?ﬂ%%%ﬁ%“ﬁ. i enyindes tetiged ﬁlrregtm@oE oyia ipgd - 75

B e e

ThOtEr ek E@gpe&fﬂ @1&@18 1£ Pl pdidrx a%%l NeXdhowed
t hi onyl %hl ori de C!(ﬁll 7 m 7§)rmhgl was sl oc%valy adodweed -

op i tAE pasidt ants a3 Hé&ancﬁ al&mgbebypsltmltry ag oat. Orea %.
C for 22 hours. Then, 20 ml of water was added to
t%xaﬂmmhteBIS(Séaétbodgcmhﬁ@@hﬂnm&admﬁmn@cﬂ@s added
to the reaction solution. After a separation

oper atfilgit L rarP Caqectis THEernthal - 18 §cé|6dédmmé’r1rd tdfe
si. dual ani c_l.gyer was ed tw ce 10
e bR RO e R CBRE Bne Harbate ottt gracidhe 0 o,
ol Vv, th by, obt al ni.ng-.a.concen 2 A e o
3200 S pnahgr deset BLAERG 0 EBREE N3N %’ml%% Siifed ©

2@0%9 2% 8A% €8l onyTheR1 01042 91(74£9 @@Dh)mﬁél was slowly
pot assi um car bonagle and 10.6 m 4. 4

adddodes Widirelsuiee tadded ire:, 1%Uﬂowem‘ blz 4tﬁiu:caxal@eat 20°
and then the concentrate of (R)-2-chlorophenylacetic

C doid Ada s osiro yTa@k@edmOomﬂhef water was added to terminate

reaction, and 100 ml of toluene was added to the reaction

solution. After a separaticon operation, an aguecus layer was

. discarded, and the residual organic layer was washed twice

with 10 m} of water each and then concentrated to distill off
the solvent, thereby obtaining a concentrate of
(R)-2-chlorophenylacetic acid (5.05 g, 29.6 mmol, yield 80%,
94% ee). Then, 10.2 g (74.0 mmel) of potassium carbonate and
10.6 ml1 (44.4 mmel) of l-dodecylthiol were added to 100 ml
of 1,4-dioxane, and then the concentrate of
(R)-2-chlorophenylacetic acid was slowly added to the
resultant mixture, followed by stirring at 20° C for 40 hours.
As a result, (S)-2-dodecylthiophenylacetic acid {(7.964qg, 23.7
mmol, yield 80%)withenloptical.purity 90% ee (configuration

o

inversion rate of 85.77%) and a chemical purity of 93.4 area %
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hours. As a result, (S) -2-dodecylthiophenylacetic
acid (7.96 g, 23.7 mmol, yield 80% with an optical
purity 90% ee (configuration inversion rate of 95.77
0) and a chem cal purity of 93.4 area % 42 .was

obt ai ned. The quantitative pgasurenment and chem cal
purity measurenent of 2-dodecylthiophenylacetic acid

- wabhdothe; gpyical  purity eval uation of

(S)-2-dodecyl t hi ophenyl aceticacid were 5 perforned
usi ng thhke deldaw g enahyd s eaémert hadd Cakkimal purity
manuf act ured by Dai cel Chemi cal Industries, Ltd.
n¢ Chiir ahpak cAD 260stdc 8l iyl oph2nvdbidegcic acid and the optical
phase: hexane/ i sopropanol /trifluoroaceticacid 95/5/0.1
pypl by gwWarlated:ia 8Em 9 v d e e¥l FBROPINN 216 Chfnt CRF LY e
tepperature;. 10 C. Retention tine: S isoner 30.9
ot RorRes i BEnE e300 T Gty e HEH 08 pur t y

det ' | d ;
Vas oei%%nne?rhag}{}%%ﬁetﬁpé’a €y 3P YL} C@EH‘EEQ? Industries,

according to oW ng ejéuatl on: em cal pu

LE{A eacRi r21 dodegyl bhRipgphenylgcet ixc aci d/ Total area of
~all detected conmpounds) x 100 (area % (Conparative _
ExanpiMebl)l ([8)a 2= Dadeeyld/Hisepheindacket €1 fthdro20etic acid
D- Phenyl gl ycine (19 g, O . 066 nol) andKBr (31.5 g, 0
=.92/8A0pbl ) were dissolved in 132 m of 2.5 Msulfuric
acid (0.33 mol), and the resultant solution was
cool ed oy GGtC: Theh,m1AnkD| ution of sodiumnitrite
(9.2 g, ,0.132 rrplé? Ie%c 6.5 mM of water was added to
the s&fEEot o hd i'0h solution 25 was stirred at

0C f%%l%glnmeg%eesraaggré hepgat. room tenperature

Retention time: 8 isomer 30.9 minutes, R isomer 27.0
minutes

The chemical purity was determined by the above
analytical method according to the following equation:

Chemiczal ?urity = (Area of 2-dodecylthiophenylacetic
acid/Total area of all detected compounds) x 100 (area %)

{(Comparative Example 1) (5)-2-Dodecylthiophenylacetic acid

D-Phenylglycine {19 g, 0.066mol) and KBRxr (31.5g, 0.264
mol) were dissclved in 132 ml of 2.5 M sulfuric acid {(0.33
mol), and the resultant solution was cooled toc 0° C. Then,
a solution of sodium nitrite (9.2 g, 0.132 mol) in 16.5 ml
of water was added to the solution. The reaction sclution
was stirred at 0° C for 30 minutes and then at room temperature
for 2 hours. Then, 50 ml of toluene was added to the reaction

solution, focllowed by a separation operation. The resulting

agueous layer was discarded, and the residual organic layer
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for 2 hours. Then, 50 m of toluene was added to the
reaction solution, followed by a separation
operation. The resulting aqueous |ayer was discarded,
and the residual organic |ayer 43 was washed tw ce
with 30 mMl of water each and concentrated under
reduced pressure to distill 49ff the solvent, thereby
obtai ning a concentrate of (R)-2-bronophenylacetic
wdEikh{Bed t@icd P30nMObL)m1THe £E8HLt@AEL and concentrated
(R) - 2- bronophenyl acetic acid 5 was dissolved in 120 ni
vifed Hedandd t heesolivki on waAstdeddl edr tbeOs€lvéhén, thereby
pot assi um hydroxide (5.9 g, 0.090 nol) was added, and
ohga iy escahtentradgeey | tHiol —Kugrowhenydace8dcmt)d (6.4
was added._ The reaction solutlon was slowy heated to
g'r o(bn93@ ghpk at Re arftf thedr 5t (7 ed PBPRoBhABYLECoAd G acid

Uttelro (70 SR R AR A P B
§6&@ C(EX%m' @éﬁ%ﬁ@f &Ybi hiop ggnw 86eh1.898Ckd1) was

First, 2.25 ate and wat er

ad@s @, added rﬁpn@tgg agﬁﬂgr,p@to%ﬁe%ylrﬁlrﬁ&ﬂbqu@t @, gansl. €8 ®%hol)
g of 15 dodecylthiol was added to the resultant
wand xddded at To ute 240 &n faol 1owesh bye stdlrawIng Hegrtcddd to room
hour. Then, (R) --2-chl orophenyl acetic acid (0.25 g,
t@npqm@tml an@2thew e&)lrrwals fadded) ramidrd he Fesul xaselt,
re was_stirred for 20 hours. As a result,
(?)S)2?ﬂ%ﬂ%&FPhPBBﬁé‘WF&@é&H%a&&i‘idh?\}’fﬂgaar?@&?ﬁé%ﬁ]céﬂu“ty

ity of _ 89. %, and t f 85.1%
Jggitconfl gflr 3? %;e?ﬁive?gi oanrgt ﬁ%&ug:%) ngS
d —£- =] 10 ac
(S)I%I‘%oéég ¥ elt 0k 1925 5 Rl € 8) acig g of

THF amd r@:252926fgwat ernvwar scadded aRb d (EEQgZQfgnather were
pot assi um car bonate, and 0.09 g of dodecylthiol was

addigkedt b o0t he gesitl panksmixturee dtorebout 204 Q) . 081 bowed

dodecylthiol was added to the resultant mixture at about 20°

C, fellowed by stirring for 1 hour. Then,

- (R) -—2—chlorophenylacetic_acid (0.25 g, 0.146 mmol, 892.0% ee)

was added, and the resultant mixture was stirred for 20 hours.
As a result, (S)—2—dodecylthiophenylacetic acid with a
chemical purity of 89.6 area % and an optical purity of 85.1%
ee (configuration inversion rate of 91.8%) was obtained in
a yield of 92.7%. |

(Example 5) (8S)-2-Dodecylthiophenylacetic acid

First, 2.25 g of THF and 0.25 g of water were added
to 0.20 g of potagssium carbonate, and 0.09 g of dodecylthiol
was added to the resultant mixture at about 20° C, followed
by stirring for 1 hour. Then, (R)nZvChiorophenylacetic acid

(0.25 g, 0.146 mmol, $2.0% ee) was added, and the resultant
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by stirring for 1 hour. Then,
(R)--2-chl orophenyl acetic acid (0.25 g, 0.146 mmol,

92. 0% ee) was added, and the resultant 44 m xture was

stirred for 20 hours. As a result,
(S)-2-dodecyl t hi ophenyl acetic acid with a chem cal

purity of 92.2 area % and aa optical purity of 90.5%

ee (configuration inversion rate of 97.6% was

mOPt @t BedaknNsaiyreld ol 9Q%n dnr(FExanp & Besult,
(S) - 2- Dodecyl t hi ophenyl acetic acid First, 1.15 g of

(THF? -dodbcglohiephyh vdcetctia, aand Wi a ghehiwaflepurity of
were added to 0.20 g of potassium carbonate, and 0.09
9% dfarfiéepinchipol omascaddedr + by thle Yesid eantl cpinttigrgation
.at about 20 C, faollowed by stirring for 1 hour. Then,
Inpe¥ Ry O 2 BhPoPopRenytdc dtidt SR 25 ¢ B1 %46 AP % -

(SpafRiges) 183-20ded. AN LG oS dat; 11 xLyge vas

(S) -2 dedecyht hisophenykaceti ¢sagid Wihhia.-ghgeitcalyq .25

purity of 95.8 area % and an optical purity of 9i.8%
g eer (o i g ad i i d dvies .00 [ake 8bt3%s0%m WaS bonate
obtained in 15 a yield of 92. 7% (Exanple 7)

, and

0 (B -@-oBodecylcttiitdphdnylagc etidedato do ke rstsulft dng n{i38 2re at

mol ) of dodecylthiol was added to 30 g of an ethyl
alyeetai@ ol ui9bhowed3bp gtotriRy f2rchl druophenylbsdet i
acid 92. 7% e) separ at 20 prepared

c

1. 6 mol, / el )
(BEeh F hgPBEenY L Brocts bl SERhnh &1 0- A BRBY: b3 - 0% o)
_wasé Iardrd! rﬁqeaégigteg%%%%dlmaer{ n%%f(tt%r%”%e&%g gsrtelr\(/)?es%g%r 20 hours .

control 0°C""aso on "~ of g
AP0l assiym hydeoxihdg Ja 410 b 1% A WAL £L WBS 2ddad,ten
the resultant m xture over 2 hours, and the m xture
cési Sl rgeeh £ profl oBqur arAkt €rarfyl @nobpvwatan ghrWeg of

a

91.8%

added, the m xture was stirred for 3 0 mi nutes, and an
eaqUeousigtitayépnobhakened coy raseparfatdion $persat icddrt alased in
di scarded. Then, 2. 0 g of 35% hydrochloric acid was

a ggrebdt oft Aé-F&si dual organic
(Example 7) (8)-2-Dodecylthiophenylacetic acid

First, 7.1 g (35.2 mmol) of dodecylthiol was added to

30 g of an ethyl acetate solution of 3.0 g of

{R)-2-chlorophenylaceticacid (1.6mmol, 22.7% ee) separ

ately

prepared according to the process of Example 1, followed by

stirring. After the internal temperature was controliled to

20° C, a solution of 5.8 g of 85% potassium hydroxide in 4.0

g of ﬁater was added to the resultant mixture over 2 h
and the mixture was stirred for 1 hour. 2After 6 g of
was added, themixturewas stirred for 30minutes, andan agq
“layer cbtainedby a separationoperation was discarded.

2.0gocf35% hydreochloricacid was added to the residual or

layer, and the resuliing mixture was stirred for 1 hour.

ours,
water
ueous
Then,

ganic

The
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| ayer, and the resulting mxture was stirred for 1
hour. The 45 obtai ned aqueous | ayer was di scarded,
and the residual organic |ayer was washed with 6 g of
wat er. The organic |ayer was concentrated under -
reduced pressure to obtain 10 q of a concentrate
containing 5.7 g (16.9 mmol 4syield 96% of 5
(S)-2-dodecyl t hi ophenyl acetic acid. As a result of
ol¥al HakiQuQfu Ophivealw Ak LY abWedPl R d ke 8pdiL@d]l organic
purity was 91.8% ee (configuration inversion.rate of
1899 0%as(kxahpbew8rh €Sy- 2fDedeeyl.t hraphenyladcet leyer was
acid First, 20.0 g of heptane was added to 13.3 ¢
ce¢ReeBYratedeandeemesicegurings B ap edbtspin 10 g of a
(2-chl orophenyl acetic acid: 3.3 area % dodecylthlo
C%n?%nﬁFéée%Fo&F&&@éEﬁl5d|s&1fVH% Bo Br a¥ 23194 2 SR of

(%#?EE L url%%lgg.ﬁéﬁ%ﬁéﬁ rea 9@ 3 of, & concentrate
e&éaugtggqegfhi E%J b ﬁ%i@ S@HQr§§@i¥é1 purity was

prepared. 15 hen resultant m xture was

oCoREentr abadfu@@@rat&%@hucleﬂrd&rselscﬁwﬁat@tbk theosol vent
was not.distilled off. Then, 20. 0 g of heptane was
tiidedol e 8he (6¢sildbedecanyd thheglesultamdt ht Xdci€@ was
further concentrated tw ce under reduced pressure
unti | Fi{rrﬁet,soafi/e@wtgvm‘é }rmt@m%twalseéddfeﬁ te adbt-ai g (86.5%

g of a 20 concentrate of
e?@“?%ﬂ%%ﬁ‘ﬁﬁ‘b}bh%%yﬂ dc&d & é@l Ghiprephey lassiq@eid:

f t f. (S | t
o3, 12, £ 0 el Ry 5 SPeR s L oRgR SeB 0 e

g8 S@%@e%r%ls%ﬂld o{l(PeJI: r}_%lpo %@.rétsr al@ Boafégjuf(?éqlf e&:concentrate

crystal[ization, stirring a
(@Nprﬁbgﬁtlomecb@wmlrﬂ@ aryst ad sowere filtered of f
with a Kiriyama funnel under reduced pressure, and

(3 he2 +dbdenagll the mpéreatyirae atas: dect@asedatatelfOpCepied.

resulting wet crystals were dried under reduced -
T%ﬁ@ssﬁh@ apesultant mixture was concentrated under reduced

pressure until the solvent was not.distilled off. Then, 20.0

- g of heptane was added to the residue, and the resultant mixture .

was further concentrated twice under reduced pressure until
the solvent was not distilled off to obtain 14.2 g of a

concentrate of (8)-2-dodecylthiophenylacetic acid. Then,
about 10mgofacrystal of (§)-2-dodecylthiophenylaceticacid,
which was se?arately prepared, was added as a seed crystal
to the concentrate to induce crystallization, followed by
stirring at 0° C overnight. The resulting crystals were

filtered off with a Kiriyvama funnel under reduced pressure,
and the internal temperature was decreased to -15° C. The
resulting welt crystals were dried under reduced pressure at

40° C to obtain 6.7 g (crystallization yield, 67%) of
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400 Cto obtain 6.7 g (crystallization yield, 67% of
46 (S) -2-dodecylthi ophenyl acetic acid. HPLC
eval uati on showed an optical purity of 94.5% ee and a
chem cal purity of 99.3 area % (2- chlorophenyl acetic
aci d: undetected, dodecylthiol: wundetected, didodecyl
di sul fide: undetected, and aiher 5 inpurities: 0.7
area % . (Exanmple 9) (S)-2-Dodecylthiophenylacetic
(att+d-EBprstyl1i38 opheh ieptcane: was daddedlte@Zblugtion showed
(chem cal purity 91.5 area % (di dodecyl disulfide:
an, %Pb%@al%uahéywﬁe% Phperianes Bemicpledwsrity @f 99.3

an eth acetate solution of 77. 1 10 g (O, 229 nol
ap2aF e@?laffoeé)%n%a%&d&wﬂﬁl c}mf%ﬁﬁﬁff'afc%%q goggicy 1 thiol:

u%gggr ?tcg?y 8_}% ared acc:ordj]{anto th . PLOCESS fiand other

ac
P%e resu n1x TUre” mas

llglggggggggteg qngg af@duced pressure until the solvent
was not distilled off Then, 138 g of heptane was

acldedpl e Bheteesadu@de@@qame; grestiandc nd xheig 15 was
further concentrated tw ce under reduced pressure
unt i | Eihestsolhasnty wefs hre Heomngera disstddd ech 26ff ¢ d chemical
obtain 154 g of a concentrate (heptane solution) of
Py s} tp-Hodeaykeeht dptichppdeacet dd sadifd.deThe - B e o agled other
was ,heated to 40 C and then slowy cooled to an
“f‘}ﬁ‘t”é?*ﬁéﬁs2o5t%rﬁfeeiaatﬁur)eoSfa%§t@YlTﬁéﬁtaéﬁoﬁ?l&élﬁ@ of 771
cr. (D) 2 do | t.hi en cetic aci
galo 3I’?Sgt\/\lr/ﬁglSegpzarzs‘t gfy © % Sé%ar ec?od% s?ylt op}};\esn% %%%Elc acid

s%é(%&éla1E/°pEQ§aQQHC§EEE§HgOtg° +d r%%‘éc Gstall 'n'hzﬁtalnﬂﬁe 7.

e tenperature was kept tes and

‘TiséOW Yhdecs easednt Om@ﬁthﬂbeﬂﬁ@' cbﬁ?ﬂ@@lﬁ:&talﬂe%l 25 fr & dduced

After further stirring for 1 hour, the resulting
preystatsamvei b fHd tedewtnof vaw hhtadKstilyadew fiinnethen, 138
under reduced ressure and washed with 46 m of
g ﬁé&%@%@@l@oﬁ&ﬁ@ﬁq rersalidusenped &hgrec ol tang mxture

and then washed with 23 nml of the cool ed ,
was further concentrated twice under reduced pressure until

the solvent was no longer distilled off to obtain 154 g of

a concentrate (heptane solution) of

(S}~2—dodecylthiophenylacetic acid. The concentrate was
heated to 40° C and then slowly cooled to an internal
temperature of 33° C. Then, about 10 mg cf a crystal of
{S)-2-dodecylthiophenylacetic acid, which was separately
prepared, was added as a seed crystal to the concentrate to
induce crystallization. The temperature was kept for 30
minutes and then slowly decreased to an internal temperature
of 5° C. After further stirring for 1 hour, the resulting
crystalswere filtered off witha Kiriyama funnel under reduced
pressure and washed with 46 ml of heptane cocled to an iﬁternal

temperature of -15° C and then washed with 23 ml of the cooled
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47 heptane. The liquid was sufficiently renoved to
obtain 64 g of wet crystals. The resulting wet
crystals were dried under reducedpressure at 40 Cto
obtain 63 g (crystallization yield, 81% of
(S)-2-dodecyl t hi ophenyl acetic acid crystals. HPLC 5
eval uati on showed an opticalyypurity of 98. 9% ee and a
chem cal purity of 99.7 area % (di dodecyl disulfide:
hépdeh ect efh e amqus?ahﬁasl opuEi bk esi19. §eﬁlro%do)to LE-NYR 64
(400 MHz, CDC13) 5 (ppm) 0. 88(3H, t, J=6. 6 Hz)
g bf]x@at’l.c6§sﬁ:3@|é M he2: &6u (2thg Wit Jrys 121 0 wize (ﬂirBed under
Hz), 4.56 (1H, s), 10 7.26-7.48 (5H, m 15 7 was
r@@n@e@@te@smaaﬂtﬂﬁfeﬁthHEmm@ﬁéUMnyﬁt%DlEZahQOﬁwé@ld
Iomﬂg cool ed an internal temperature of 200 C. Then

8%%bU? @%}n%— @dgcgﬂygﬁgphgpy@gfetlc acid crystals HPLC
2-do, d |.t hi oph t )
18 3t BRI GEnR LT Se e e el g ro T oot S Hhy g e cal
I I | ut '
oA e (o el ) @&s@glﬂdear%tn%%@ 09 e

oehea Yafpdi-dedecyl odisswylfdde;y 15.5 area @6and ot her
inmpurities: 3.8 area %) of

TH-9)MR2¢ dodeyd, t dbophedy baaetd 88 agid tseparat@hy) , 1.10-1.63
prepared according to the process in Exanple 20 was
(Z3@parmt el 3. po epait ediamad added) dsz.a sdedizoryst.-dé tidl, s},
the concentrate. As a result, precipitation of
Tc$957af® WAE. Bonfirned. The tenperature was kept for

52 n1ngtef%?no n stoghy decreas d to an | i nterna

R , ’night
The r%ﬁ%gkln%9qrﬁ$gab% ﬂeEgn Eh%?%@% %élgr%éqg (§3sulflde

Ki ri yama funneél réduced pressure and
séWhEEoM t BoRBalth: Ay BERkage (@ack ahiogh was 2coeled dHemical
an internal tenperature of about -15 C. The I|qU|d
puast gufif.iThentl y (diermued/I diehldiider315. 6faved ¢ and other

crystals. The resulting wet
impurities: 3.8 area %))} of (8)-2-dodecylthiophenylacetic

.‘VAv .'. - A

acid separately prepared according to the process in Example

-7 was controlled to an internal temperature of 30° C and then

slewly cooled an internal temperature of 20° ©. Then, about
l0mgofacrystalof (8)-2-dodecylthiophenylaceticacid, which

was separately prepared, was added as a seed crystal to the

-concentrate. As a result, precipitation of crystals was

confirmed. The temperature was kept for 30 minutes and then
slowly decreased to an internal temperature of -5° C, followed

by stirring overnight. The resulting crystals were filtered

' off with a Kiriyama funnel under reduced pressure and washed

'twicewith23nﬂ_ofheptaneeachwhichwascoolajtoaninternaL

temperature of about -15° C. The liquid was sufficiently

removed to obtain 73 g of wet crystals. The resulting wet
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48 crystals were dried under reduced pressure at 40 C
to obtain 72 g (crystallization yield, 75% of
(S)-2-dodecyl t hi ophenyl acetic acid crystals. HPLC
eval uati on showed an optical purity of 98.9 %ee and a
chem cal purity of 99.7 area % (di dodecyl disulfide:
undet ected, and other inpuggties: 0.3 area 9.
(Exanpl e 11) (S)-2--Dodecyl t hi ophenyl acetic acid
coyeyel ohexyd aminel sabkrFr&8tice 8.0 gutd.atl 4ot )t dbbtain
di cycl ohexyl am ne was added to 10 g of a heptane
7oy utconstentarnitagnl yi@lgl,(2.5% mibl, 8 6 . 5 %e,
chem cal purity 70.0 area % (2--chlor ophenyl acetic
(%&:u %rdqucya\riéaov&lend’é%@ﬂltqua&ld Gy Arehs o HPLC
dec I sul area % and i r| ti
e‘i% aht 8y 536‘3‘”%4 aPs‘?PEla%é%}WtW 86h%§ypaceeet P a%u Chical
pl?]%?@*’aé lSy p{ red’ {dl%ll \@S(q @_{s 8‘1_18"%fttheectel'lﬁ and

tenpera Ur'e ‘Was troIIe

ofsSHl 1 APhr M XEUL e oWas -Stdaf kgd  overni ght to

crystallize. Thus obtained crystals were filtered off

(M dhp Be KL L} y 288 -DunRele cynderi o tiicelth & €58 useidand

washed twice wth 1 nml of heptane which was cooled to
dary@Dohaket amlineespértat ure of -15 Cto obtain 0 . 712

g of wet crystals. The resulting wet crystals were

dri ed F&ﬁéérr P etiBR @d( Hr esmgre O%filzwcclsomxo’é{amlrn%wa@@dded

S "Za?%%%hﬁhgf?g&@@%ép%w ar h%%)?‘im%e

LG ey tian shq an ;! aI ty..o

%%ch%;' or f@ %n Fy c\r/:g?n cz?llll eny % <£aal\rlcej‘a %

akds o] a1 opbepylaesti:cqapi dycHndet SQBgéec degyhtit:dle: o
undet ect ed, di dodecyl disul fide: undetecfed, and other

ate®UE | $h@Sothel am@ar¥tids: 13.1 area %)) of

(S)-2-dedecylthiophenylacetic acid separately prepared,
followed by stirring. After the internal temperature was
controlled to 20° C, the resultant mixture was stirred
overnight to crystallize. Thus obtained crystals were
filtered off with a Kiriyama funnel under redﬁced pressure
and washed twice with 1 ml of heptane which was cocoled to an
interna_ltemperatureof—l5O Ctoobtain0.712 gof wet crystals.
The resulting wet crystals were dried under reduced pressure
at 40° C to obtain 0.700 g (crystallization yield; 70.0%) of
wet crystals of (8)-2-dodecylthicphenylacetic aéid
dicyclohexylamine salt.. HPLC evaluation showed an optical
purity of 99.9% ee or more and a chemical purity of 88.9 area %
(2-chlorobhenylacetic acid: undetected, dodecylithiol:
undetected, didodecyl disulfide:_ﬁndetected, and other

impurities: 1.1 area %).
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1 H NWR (400 MHz, CDC13) 8 (ppm) 0. 88 (3H, t, J=6. 6

Hz) 1. 00-1 . 42, 1. 44-1 . 60, 1 . 68, 1 .87, 2 .84

(44H, m , 2. 34 (2H, tq, J=12. 3 Hz, 7.3 Hz), 4.46

(1H, s),.7.14-7.54 (SH, in) The quantitative

nmeasur enent and chem cal purity 5 neasurenent of

2-dodecyl t hi ophenyl acetic agpd dicycl ohexyl am ne salt

and the optical purity evaluation of
'H-9u21dodesyl t bbephesybasetd csdchd, di cyelohexy| ami.ne-1.42,

salt were performed using the follow ng anal yti cal
1methods0Coiuan, maeuf act it eds by, Baj cet . Chem@icaltg, J= 12.3

Industries, 10 Ltd. (Chiralpak AD 250 x 4.6 mm) x 2
Habbit é Phase? -HéxdAdl,i sdpropanbt’t74f [ 8ldr catetic acid

95/5/0.1 Flowrate; 0.5 m/mn Detection: WU 210 nm

15 Colldifn FHpel bt ubes Mops € RBEBAt PBA CRFEIC8 L SotFerty

30.7 minutes The chem cal .purity was determined by the
maRB 0B RHAFy Al SEeHOd e Ty e Ehe fof Fow ng

.9 i o uci by, = ( . .

Ry VA aneny P aGet T ¢ 20 Sa o or 41 ar o o MiEion ©f
(§¢L@CESQeQQEE%HQ@%kdyrgyéﬂﬁﬁ*ﬁtidn@ﬂé?&l@hexylamine salt

Applicability The process of the present invention is
weapapkefotmedecaion cald v «@ndelfdiecinhyeyyipadduethgdan

optically active conpound having a thio group at the

2- posiQdlommwi tihethi e oprédaby 2Bapaeitt Fhewhice Tedustries,

i nportant for producing nedicines and the 1ike. 50

Ledal (B8R raAPpkodds £ 0o Fr-cdd¥ngs ah optical ly active
Conpowg£ilephase:hexane/isopropanol/trifluoroaceticacid
= 95/5/0.1
- Flow rate: 0.5 ml/min
Detecticn: UV 210 nm

=]

Column temperature: 10 C

Retention time: S isomer 30.7 minutes

The chemical purity was determined by the above
analytical method according to the feollowing equation:

Chemical purity = (Area of 2-dodecylthiophenylacetic
acid/Total area of all detected compounds) x 100 (area %)
Industrial Applicability

The process of the present invention is capable of
economically and effectively producing an optically active

compound havinga thiogroup at the 2-positionwithhighoptical

purity, which is important for producing medicines and the

like.
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having a thio group at the 2-position and represented
by formula (4): SR3 1 (4) RR2 5 (wherein Rl
represents a substituted or unsubstituted al kyl group
having 1 to 6 carbon atonms, a substituted or
unsubstituted aryl group having 6 to 14 carbon atons,
or a substituted or unsubstptuted aral kyl group
~having 7 to 15 carbon atons; R2 10 represents
car boxyl, al kyl oxycar bonytyzamal kyl oxycar bonyl ,
hal ogenated acyl, or nitrile; and R3 represents a
substa totteetk s Orfamgubsdad i @daal &ytigadup havinmg tompound
15 carbon atonms, a substituted or unsubstituted aryl
hayy bup aHavi gr 6up @ tlghe Arpors 1 tdtaanend gepa esepdtad by g rmula -
or unsubstituted aral kyl group having 15 7 to 15
hi bon atons), the process conprising chlorinating an
opti dy active conpound having a hydroxyl group at
t he - position an? represented by formula (1): (1)
(mhe ein R1 and represent the sane as the above)
0 4 nversion of the configuration at the
]i posi tiln to convert the optically active conmpound
(1) to an optically active conpound having a chlorine
(@ OF2 8h 1@ c21RAYIHHOR 3RE s tiaRfaserRiednbYbEeiMHtRd alkyl
(2): 51 C1 ~~R2 (2) (wherein RL and R2 represent the
gs@mphaglh@@_ame@arboﬁmdcmhenase&etnm@tbhenophsuabhytuted
active conpound (2) having a chlorine

aryl group having 6 to 14 carbon atoms, or a substituted or
unsubstituted aralkyl gfoup having 7 to 15 carbon atoms; R*
represents carboxyl, alkyloxycarbonyl, aralkyloxycarbonyl,
halogenated acyl, or nitrile; and R® represents a substituted
or unsubstituted alkyl group having 1 to 15 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 14 carbon
atems, or a substituted or unsubstituted aralkyl group having
7 te 15 carbon atoms}, the process comprising chlorinating

an optically active compound having a hydroxyl group at the

Z—-position and represented by formula (1):

OH

/l\ (1)

(wherein R' and R? represent the same as the above) with
inversion of the configuration at the 2-position to convert
the optically active compound (1) to an optically active

compound having a chlorine atom at the 2-position and

represented by formula (2):
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atomat the 2-position with a netal thiolate
represented by 5 formula (3) : MSR3 (3) (wherein R3
represents the sanme as the above, and Mrepresents an
al kali nmetal or an alkaline earth netal) to introduce
a thio group with inversion of the configuration at
the 10 2-position. 2. The pipcess according to claim
1, wherein RL is a substituted or unsubstituted
phen{ll group. 3. The process according to claim1l or

2, erein R2 is a carboxyl group. 15 4. The process
accojding to any@he of clains 1 to 3, wherein R3 is
UbstNgait ed or unsubstituted al kyl group having.1l to
5 carb atons. 5. The process according to any one
of claims | to 4, wherein Rl is a phenyl group, R2 is
(whewre boxy/| agloRp reamt ROt $he dodecys L29 arow)  GndAthen
process for producing an optically active conpound

35T hT &£ thiok teddp e ctie ©2c pBBPERen (ahd 3 epresertdgrine

by formyl a %ﬁ-:.(A 52 (wherei .represents a
2LUbstt t'lited r“)%}n%ﬁigdét"ﬁ‘iﬁ &d m&l% E:{%d'rc’gﬁ‘ﬁeh5\%’5’%96Sfritoe‘j by
£ Srf@ bopsptons, a substituted or unsubstituted aryl

group having 6 to 14 carbon atons, or a substituted or

unsubsisipBut edz aral kyl group having 7 to 15 carbon

atons; R2 5 represents carboxyl, al kyl oxycarbonyl ,

(arat &Kyn IRdxyesr boayt s tihalsagenas echaaaypbyeqr anidtd ire@resents
and R3 represents a substituted or unsubstituted
aml kykali ouptdbvengan abkabiparbonthtoasala to introduce a

substituted or unsubstituted aryl group having 6 to 14
thig pppoup with inversion of theé configuration at the
2-positicn.

2., The process according to claim 1, wherein R! is a
substituted or unsubstituted phenyl group.

3. The process according to claim 1 or 2, wherein Rzris
a carboxyl group.

4. The process according to any one of claims 1 to 3, wherein
R® is a substituted or unsubstituted alkyl group having 1 to
15 carbon atoms.

5. The process according to any one of claims 1 to 4, wherein
R' is a phenyl group, R? is a carboxyl group, and R® is a dodecyl
group.

6. A process for producing an optically active compound
havingathiogroupat the 2-positionandrepresentedby formula
{(4):

SR?
(4)

R! R?
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atons, or a substituted or unsubstituted aral kyl group
having 10 7 to 15 carbon atons), the process

conprising reacting an optically active conpound (2)
having ‘a chlorine atomat the 2-position and

represented by formula (2): G RL,-""~ R2 (2) (wherein

Rl and R2 represent the samgyas the above) with a 15
netal thiolate represented by fornmula (3): MSR3 (3)
(hndes e RRR3 e 331 S sthe tabove ARd Mhkepesette@R1kyl
al kali nmetal or an alkaline earth netal) in the
gps@saace nafl watetarb on atlaBJus fud stthita tgrompunsibs tituted
i nversion of the configuration 20 at the 2-position.
aﬁyl Tdveoyp dressnact ordily deokeiraiarhodys wiver @i sudspgltarted or

anic solvent is further used. 8. The process )

u%\% ?H%E@t?ﬁ eraf k¥, InAEPePAVERE Z)O’F%rlf’d?ig%kh‘i’% atoms; R
solvent is at el ect ed fr

r Rt et thearoesihs hfult L8t EPnb o bantk tRucaRRonYL
h§9+¥g§£§edQL£ Pg%ﬂrﬁﬁEkﬁkQ' %bg@@%%%ﬁe substltuted

ur - cont a| I’ ng solvents vents

0B - unl& PF 0EEE84ASLRY I NB- 1P AR Ay 71 0f o 85 Vgltﬁ:r}:ﬁirﬂ digns, a
amount of the water used is 0.01to 0.90 in terns of

s@o 50l tiieed ad1t @nsafb swatterdddvatrern drpabatawigard €c 14 carbon
solvent). 5 10. The process according to any one of
atpdmd e roatopidstivhetred pr Mhohbthe tmekeal arhl blyateroup having
represent ed by formula (3) is potassium_  11. The
7 prockssCAERBRAPAGMES s afmf Soe BIe T HIRPBL T brgoreacting an

wh R2 i
O%%ﬁﬂf%aﬁ“fe{‘b?et%%m%?laﬁé’c@% ST e 1§ Herr e St &t ene
2§§ggp%yéhca§8| eB?%E%Qted by formula (2):
Cl

/l\ (2)
R].

2
R
(wherein R and R? represent the. same as the above) with a

metal thiolate represented by formula {3):

MSR® (3)

(wherein R?® the same as the above and M represents an alkali

metal or an alkaline earth metal) in the presence of water

to intreoduce a thio group with inversion of the configuration
at the 2-position.

7. Theprocess according toclaim é, wherein apolar organic
solvent is further used.

8. The process according to claim 7, wherein the polar
organic sclvent is at least one selected from the group
consistingofestersolvents,ethersolvents,ketonesolvents,

nitrogen—-containing solvents, sulfur-cortaining sclvents,
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10 a thio group at the 2-position is treated in a
m xed sol vent system contai ning water and an ester
solvent and/or water and an ether solvent to extract
or distribute the netal salt of the optically active
carboxylic acid having a thio group at the 2-position
in an organic layer. 15 12. sfhe process according to
claim1l, wherein the ester solvent and/or the ether
a5@! ¥eRthbs ebhyknagetate and/or tetrahydrofuran. 13.
The process according to any one of clains 6 to 12,
- Wher @he pheciektsr oduct d Dng afo althing7 grodip whietrkin the amount
i nversion of 20 the configuration at the 2-position
ohashe voordd quaeat iion 0.i0dvepsPeAlr abet ©fm9094 or vivdrgie ratio
14. The process according to any one of clains 6 to
053watﬁﬁéﬂﬁﬁﬁthé rliacalanp 2deitS v Eopbund (2) haV|ng

hl qr h
Ao By o Sttt itn B BF et FRge e b B wherein
1 LISPE LY 36k 40 LOTPOUDY DAY g, ?ogmgxe/é) 95 04 .

e 2-postiion and rep esent ed (1)

(mher ek @r%@s&a&@@f@ﬁﬁ?t tbhengasR ca% it h;qaa,la@v@ to 10,
with inversion of the con |gurat|on at the

wlZe pesht whan HB;xIM&qmuM£sséao&omdmm;ﬂax¢Mypﬂngnob metal
clains 6 to 14, 5 wherein RL is. a substituted or
S@hsub%ﬁﬂkupeddph@dybpgigaply‘aﬁtiThe:@rb@éséiacﬁahHMmying
to any one of clainms 6 to 15, wherein R2 is a carboxy
a gﬁ}b]tﬁb grl"?uP ?ﬁetb‘@o@eggsé@éSPdFﬁgt%aéﬁQ bRe? 6Ffl}%ﬂdalsﬁ>slvent
substitute uns ?stltuted

S%T’Tﬁf‘ Cg%%“hla’i‘/‘? ﬁ“’gat%aﬁfgt%“fsstceal’r 55 Vftno 87 YheSt and
a' OCkSP %f@égfngot&%c{)n& Q:tlscll.@i}:g@tg {'IQe ]rZetal salt of

the optically active carboxylic acid having a thio group at
the 2—position in an organic layer.

12. The process according to claim 11, wherein the ester
solvent and/or the ether solvent is ethyl acetate and/or
tetrahydrofuran. |

13. The process according to any one of claims 6 to 12,
wherein the introduction of a thio group with inversion of
the configuration at the 2-position has a configuration
inversion rate of 90% or more.

14. The process according to any one of claims & to 13,
wherein the optically active compound (2) having a chlorine
atom at the 2-position and represented by formula (2} is
prdduced by chlorinating an optically active compound having
a hydroxyl group at the 2-postiion and represented by formuia

(1):
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wherein Rl is.a phenyl group, R2 is a carboxyl group,
and R3 is a dodecyl group. 19. A process for producing
an optically active carboxylic 15 acid having a thio
group at the 2-position, the process conprising
crystallizing an optically active carboxylic acid
having a thio group at the 24position, containing at
|l east - its optical isonmer as an inpurity, and
représHnted by fornula (5)~ (5) 20 (wherein R1L
represents a substituted or unsubstituted al kyl group
havi 1 to 6 cafllon atons, a substituted or
hslibsttplted aryl group having 6 to 14 carbon atons,
or a substituted or 55 wunsubstituted aral kyl group
having 7 to 15 carbon atoms; and R3 represents a
%h@swﬂuﬁeda@ﬁ Ensmltﬁ@médthﬁkyamgr egp thaviehgvel twith
15 carbon atons a substituted or unsubstltuted aryl
in¥8Hp CRali n§h8 64 o at Dst M or 2 aPStbst PRut ed

unsubstituted 5 ar al group having 15 ¢
Q{OHB?HhSI ro% %%I%%%?rélnglualanyaﬁngllphgtﬁéms %{qo 14

w@¥95983§b0P359|y@@ét?@ﬁé@& 8r ﬁHEEH thﬁE%Bn?%%nyl group.
sol vent . The process according to claim

cogpr l’lﬂt@&br@ééfé‘;& akttaiagnhecophiCahly oacldiv@ms 6 to 15,
carboxylic acid having a 10 thio group at the
wRepesht ROniasaachrbexgati dro2b.. The process according
to claim19 or 20, wherein the aliphatic hydrocarbon
sbl verithe PBecteastcontdspbetpedntr ome e cgraugpy 6 to 16,
consi stisng of hexane, heptane, and nethylcycl ohexane.
WHET 95N Ripyes 6rSdJ83e%fs“'alt"c%ﬁ BFH&?%b%BstE%d&‘fl LyhguRgaving
1 1o, %5 mhegeln thesgulfur cont ai ni ng solvent is at

ca
Ieas one sePécte

"18. The process according to any one of claims 6 to 17,
wherein R' is a phenyl group, R? is a carboxyl group, and R’
is a dodecyl group.

19. .Aproceésforproducingancxﬁicallyactivecarboxylic'

acid having 'a thio group at the 2-position, the process

comprising crystallizing an optically active carboxylic acid
having a thio group at the 2-position, containing at least
its optical isomer as an impurity, and represented by formula

(5}):

SR3

/]\ | (5)
Rl |

COOH

(wherein R! represents a substituted or unsubstituted alkyl
group havinglto écarbonatoms, a substituted or unsubstituted

aryl group having 6 to 14 carbon atoms, or a substituted or
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fromthe group consisting of alkylthiols, dialkyl
sul fides, dialkyl disulfides, and pol yal kyl
pol ysul fides. 23. The process according to claim 19,
conprising 20 crystallizing the optically active
carboxylic acid having a 25 active carboxylic acid
having a thio group at the 3sposition. thio group at
. the 2-position as a salt with a base. 24. The process
uRSeRs di PgrtQ £1 21 By 23yr SO S 7 ebYst Ald Azd G tdis; and
optically. active carboxylic acid having a thio group
Ratephes2nposi ot Asutad ar uwes sias t 1 t 26ed Tléyir@cess having
according to claim 24, wherein the amne salt of the
1 gpt i Takkyoact i ves carboxyli tubedd thavengsaithited grohgroup
at the 2-position is an al kylam ne salt of the .
hapt e dl 19 56 CcaghonThecPf oc¥sd thdr iR @ chapRPegituted
copprising crystalli zi e optically active
220k rFfc¥av gt AoPd Pnrethrbup hrionk Sngos podyent
1891 B IBL 80 S8 pnls o THE QOSSR ACCOTAN Loapbal I
26, conprising 8 crystal'l'i zi ng The optically active
sICBFROXYbheadgidghavingna . thio group at the 2-position
as an alkali nmetal salt. 28. The process according to
any. omheofpd@ s dOcdéod2dg twheneiim tive apipoald yhg
active carboxylic acid having a thio group at the
cyposliiohnanthe epricsent bd dytioe mAwb¢E)lis aqipd having a
produced by chlorinating an optically actjve

| tle-%y@?@swcai:bakw PCPEsiid o&preseht B by Fbfmul a (7):

R COON (7 wherei n. RL represent ti t ed
I Un s ERART T Tt AV 2 0 & Ceartiein the
aPIONBy ;@ SURSLELPLEH 051 YDRUDSL i futed s+ one selected from

the group consisting of hexane, heptane, and
methylicyclohexane.
22. The process according teo any cne of claims 18 to 21,

wherein the sulfur-containing solvent is at least one selected

- from the group consisting of alkylthiols, dialkyl suifides, .

dialkyl disulfides, and polyalkyl polysulfides.

23. .The process according to claim 19, comprising
crystallizing the optically active carboxylic acid having a
thio group at the 2-position as a salt with a base.

24. The process according te claim 23, comprising
crystallizing the optically active carboxylic acid having a
thioc group at the 2-position as arn amine salt.

25, The process according to claim 24, wherein the amine
salt of the optically active carboxylic acid having a thio
group at the 2-position is an alkylamine salt of the optically

active carboxylic acid having a thio group at the 2-position.
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15 aryl group having 6 to 14 carbon atons, or a
substituted or wunsubstituted aral kyl group having 7
to 15 carbon atons) with inversion of the
configuration at the 2-position, and then reacting
the resultant optically active 2-chlorocarboxylic
acid represented by fornmulasg6): G 20 (6) (wherein RL
represents the sanme as the above) with a netal
t4d ol atre reptasanted-byaiggmibac(dim 98, MBBa3)sing
(wherein R3 represents the sane as the above, and M
creptesehtsngarhaldkal icaret alaorian cd kadd el @ardihd having a
netal) to introduce a thio group with inversion of
thhe gvatbgatathenZaproshd i®masogi tiggml 2081 The process
according to claim28, wherein the .opti cal

Zcti vERTRTRGET RXGPTEagi 4% §1 PABr 6Fed ﬁ%?&ﬁeﬁrﬁ%

f t
C‘}F\T[%‘%g&#% f}%l%%t}?%% & CJ?In\s/ I ncb%}f%fr]%car%oxy e
ci€L 0y 85,8 58l thi bhpaskm%a o AD é—ﬂ(%%é@aia¥§it

agaln transtferring the optically active

2ghl anpcyedd Gt ¥ id Ot ANrOF g G S Qliveiiis layerg 27,

and then renoving the agueous | ayer. 30. The process
whmt@tdin@et@pabgaDMQ attikal marb9®xtyd i29 acivhéreiimoREh thio

is a phenyl group, and R3 is a dodecyl group. 15 31. A
gpreeess tbe prodectagramropticrdsentcrd ey formula (5) is

2-chl orocar boxylic acid, the process con$r|5|n

p%?%ff%m byi ﬁblaﬁlBBFﬂééﬂ Ia;P it Ve bLY Y bt boxy! i ¢
a}(1:| %ggt agng{ngbrct n ItS oég%cglki%) CETIEI{‘M S ?9)
OH
@
R COOH

{wherein R! represents a substituted or unsubstituted alkyl

group havingl to é carbon atoms, asubstituted orunsubstituted -~

aryl group having 6 to 14 carbon atoms, or a substituted or
unsubstitutéd aralkyl group having 7 to 15 carbon atoms) with
inversion of the configuration at the 2-positicn, and then
reacting the resultant optically active 2-chlorocarboxylic

acid represented by formula (6):

Cl

(6)
R! COOH

(wherein R! represents the same as the above) with a metal

thiolate represented by formula {(3):
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unsubstituted al kyl group having 1 to 6 carbon atons,

a substituted or unsubstituted aryl group having 6 to

14 carbon atons, or a substituted or wunsubstituted

aral kyl group having 7 to 15 carbon atons) using 25 an

aromati ¢ hydrocarbon sol ventsyand/ or an ester sol vent

to 58 produce crystals with inproved optical purity.

32. Thgwirocess according to claim31l, wherein the

aromati ¢ hydrocarbon solvent is toluene. 33. The
(phecess MCeopdevgnte thaisamdlaswher e vichearatierepresents

solvent is ethyl acetate. 34. The process according to

- amnylbakiohethdi os 81 &bk83jinenwkershnmelie lopttiocdlntyroduce a

active 2-chlorocarboxylic acid to be crystallized is
Lhapr evedPi HiEReAPEAr SgM 13 i ST 6861 t1oPperht £BAs
2lnclugLng transferring the optically active 10

2P8RtorBtarboxylic acid as a salt with a base into an

%?O%ezﬁgﬁﬁgssaag?db&& r?z%%%{éi%zé he QI GALLY optically

active oroc oxXy acl I nto an organic

a 8Ol YEM-dIiyd o c 8o x § DER J8MPY kNGt e AHUBAUSh BYET purity
35. The process according to any one of clainms 31 to

b 34, sedbe tMadr €@ dr & hecaptimalddimgtireasZethliong the optically
rocar boxylic acid obtained by crystallization has an

agptveal -put¢tycofh07% ée acidore.a 36.1tTHa tpr aclesse into an
according to any one of clainms 31 to 35,  wherein the

2@PEPRAl L9YEEL | P82 TGS oA | B actRt L Fapt Bseftéde
,b iornula é6& IS ro%gced b¥ chlorinatinq ant?gr 4
o%? REPFHEREEYTE 28Ry r dRyCafBoRyIPPd tac PE st eséht®y 2»
t@gn removing the aquéous layer.
30. The process according to any one of claims 192 to 29,
wherein R' is a phenyl group, and R® is a dodecyl group.

31. A process for producing an optically active

- 2-chloreocarboxylic acid, the process comprising

~crystallizing an optically active 2-chlorocarboxylic acid- - -

containing at least its opticeal isomer as an impurity and

represented by formula (&):

Cl

J'\ (6)
Rl

COQOH

{wherein erepresents a substituted or unsubstituted alkyl
group having 1l to é carbon atoms, a substituted or unsubstituted
aryl group having 6 to 14 carbon atoms, or a substituted or
unsubstituted aralkyl group having 7 to 15 carbon atems) using

an aromatic hydrocarbon solvent and/or an ester solvent to
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R! COOH

formula (7): OHRL ' COCH (7) (wherein Rl represents
the sane as the above) with inversion of the
configuration at the 2-position. 25 37. The process
according to any one of clains 31 to 36, 59 wherein Rl
Is. a phenyl group.

58

produce crystals with improved optical purity.

32. The process according toclaim 31, wherein the aromatic
hydrocarbon solvent is toluene.

'33. The process according to claim 31, wherein the ester
solvent is ethyl acetate.

34, The prccess according to any one of claims 3% to 33,
wherein the optically active 2-chlorocarboxylic acid to be
crystallized is improved in chemical purity by a series of
operations including transferring fhe optically active
2-chlorocarboxylic acid as a salt with a base into an agueous
layer, again transferring the opticaliy active
2-chlorocarboxylic acid inte én organic solvent.layer, and
then removing the aqueous layer.

35. The process according to any one of claims 31 to 34,
whereintheopticallyactive2—chldfocarboxylicacidobtained
by crystallization has an coptical purity of 97% ee or more.

36.  The process according to any one of claims 31 tec 35,
wherein the optically active 2-~chlorocarboxylic acid
represented by formula {6) 1s produced by chlorinating an
optically active 2~hydroxycarboxylic acid represented by

formula ({(7):

OH
(7)

(wherein R! represents the same as the above) with inversion
of the configuration at the 2-position.

37. The process according to any one of claims 31 to 36,



59

wherein R' is a phenyl group.



