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(54) Title: PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE i f

- SUBSTI TUTED CYSTEI NE OR SALT THEREOF, | NTER- MEDI ATE
THEREFOR, AND PROCESS FOR PRODUCI NG THE SANVE -
Abstract: A practical process for edsy#? oﬂ%wﬁf;t“”/ ﬁﬁ
i ndustrially advant ageously producing froman easily

avai | abl e i nexpensive mate- rial an opticaPPﬂ]édPPﬂ&%/9(L$1$'

[err] -substituted cysteine or salt thereof useful as
an internediate for nedicines, etc. The process, which
is for producing an optically active
[err]-substituted cysteine or salt thereof, conprises
converting a cysteine derivative into a thiazoline
conpound, subjecting tBBSEBAPBURY to a stereosel ective
substituent-introducing reaction wth the aid of an

PRO@ﬁﬁﬁcipﬁyP&@PW@éNQuQP$ECﬁ&%¥ AFFBNEum-SHPET IeYpEd al | y
an axially asynmetric quaternary anmmoniumsalt, as _a

CYSEETHFY SR £SLThEFEBFOBht aNA EgﬂEgﬁﬁT@aﬂ‘WR&gpﬁveAND PROCESS
t hiazol i ne conpound, and hydrolyzing it. Pe-

FOR7 PRYDECAYY FHE SAYS DESCRI PTI ON PROCESS FOR PRODUCH NG
OPTI CALLY ACTI VE a- SUBSTI TUTED

Technical Field

The present invention relates to a process for
producing an optically active a-substituted cysteine or a
salt therecf, which is useful as an intermediate for, for
‘example, pharmaceuticals, and alsc relates to an
intermediate useful for synthesizing the optically active oa-
substituted cysteine or a salt thereof and a prccess for

producing the intermediate.

Background Art

The following methods for producing optically active o~
substituted cysteine derivatives or salts thereof have been
known, the derivatives being one of optically active amino
acid derivatives each having two different substituents at
the o position:
(1) a method for asymmetrically alkylating an optically
active thiazolidine compound prepared from an optically
active cysteine and pivalaldehyde (PCT Japanese Translation
Patent Publication No; 2000*515166,_W001/72702, and

WO01/72703) ;



10

15

.. 20

25

CYSTEI NE OR SALT THEREOF, | NTERMVEDI ATE THEREFOR, AND
PROCESS FOR PRODUCI NG THE SAME 5 Technical Field The
present invention relates to a process for producing
an optically active a-substituted cysteine or a salt
thereof, which is useful as an internediate for, for
10 exanpl e, pharmaceuticals, and also relates to an.
internedi ate useful for synthesizing the optically
active a- substituted cystepne or a salt thereof and a
process for producing the internediate. 15 Background
Art. The follow ng nmethods for producing optically
active a- substituted cysteine derivatives or salts

(2 tﬁefﬂééhOﬁa@@rbééHMﬁﬁémal%]ﬁetlaéw%ﬂ%%n%e%g%‘hjec%%ly
optically active amno acid derivatives each havj

actws ahﬂﬁépéh@lgﬁb@PmPaéﬁﬁspaﬁp%e@h r%fnp%?%hcaj(ﬂk?

o TR T A LA B0 L8 s

t active cysteine and pival al dehyde (PCT
1O6§§"gﬁggé¥Translatlon Pat ent Publ i cati on No.

2008 Rea P8, 2oz, mmerfeLatro tTh: Sorl eI Rt g i ol Ty
opt%%%?égl%§£§68|EgkgﬁoﬁQHBQHQQnQrSgﬁﬁggnérﬁP%ﬁQred from an

optically active valine and alanine and then replacing the

‘bromine atom of the resulting compound with an alkali metal

alkylthioclate {(J. Org. Chem., 1992, 57, 5568-5573);

(4) a method for synthesizing an optically active aziridine
compound from an optically active 2-methyl glycidol prepared
by Sharpless asymmetric oxidation of Z—methyl—2~propen—1~ol

and then for allowing the resulting aziridine compound to

- react with thiol (J. Org. Chem., 1995, 60, 720-791);

(5) a method for alkylating an aminomalonic acid derivative
and performing asymmetrization with a pig liver esterase

(hereinafter, referred to as "PLE") and then-allowing the .

‘resulting optically active ester to react with an alkali

metal thiocacetate (J. Am. Chem. Soc., 1993, 115, 8449-8450);
and |

(6) a method for résolving and purifying a racemic
thiazoline compound by chiral high performance liquid
chromatography (HPLC), the racemic thiazoline compound being
synthesized by methylating a thiazoline compound prepared

from a cysteine derivative (Synlett., 1984, 9, 702-704).
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active al ani ne and benzal dehyde (Tetrahedron, 1999,

55, 10685-10694); 5 (3) a nethod for asymretrically
brononet hyl ating an optically active di ket opi perazi ne
conpound prepared froman optically active valine and
al anine and then replacing the brom ne atomof the
resulting conpound with an alkali netal alkylthiolate
(J. Org. Chem, 1992, 57, 5568-5573); 10 (4) a nethod
for synthesizing an opticglgy_active aziridine
conpound from an optically active 2-nethyl glycido
prepared by Sharpl ess asymretric oxidation of

2-met hyl - 2-propen-1-ol and then for allow ng the

r eBaveivay, aahyi diaeofonpeundthodsr ¢hbt. Wet h ahfol3(J.
Og. Chem, 1995, 60, 790-791); 15 (5) a nethod for

incdukglsati AgwWalteawersRrenire2gEL@NdEE L aehy €XPgRgL Ve base

perform ng asymetrization with a pig liver esterase .
suchhapebwaitlel I thétar pad tHUgs FepLETRSaAd SPREG24I PERIFHGTLon
the resulting optically active ester to react, with, an

faciilisyi- ABealmethiogaddl af 8l yceAnTaeHe Mt e85 c and g§3 Fhus

115, 8449-8450); 2 d (6 hod f lLvi d
condFeeliae S5 ERREAS AU BTN D
. high perf liquid .ch hy (HPLC)..
s SRS LRLIES LL  hLOTeL TR, (KRG LS on o
t hyl at i, t hi [ .ed .25 A
« BTG B Chkazoline soppaung o gpated 25 comaco

mass-produce the PLE and thus to ensure an industriail-scale

- stable supply of the PLE; hence, the method (5} is

impractical. In the method. (6}, since the asymmetric
alkylation of a thiazoline compound has not been known, it
is necessary to resolve the racemic mixture by the chiral
HPLC. However, since the resclved needless enantiomer
cannot be reused by racemization, productivity is low; thus
this method is disadvantageous for mass production.

As described above, any method for industrially
producing an optically active oa-substituted cysteine or a

salt thereof has prcblems to be solved.

Disclosure of Invention
In view of the above-described problems, it is an
object of the present invention to provide a practical and

industrially advantageous process for producing an optically

active a-substituted cysteine or a salt thereof from

inexpensive and readily available materials.
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However, any one of the nethods (1),,(2), and (3)
includes a | ow tenperature reaction with an expensive
base such as butyl |ithiumand thus requires a
special production facility. The nmethod (4) includes
many steps and is thus 5 conplicated; hence, the
nmethod (4) is industrially disadvantageous. In the
nmet hod (5), the asymetrization of a diester with the
PLE is a key step. It is difficult to mass-produce
the PLE and thus to ensure an industrial-scale stable
supply of the PLE;, hence, the nethod (5) is 10
impractical. In the nethod (6), since the asymretric
al ky| at éwnodf tiae t &b awetderec cidrpd umidr drass et cdreerthe
known, it is necessary to resolve the racem c mxture

 prebynthénvhitalrs HRYE, chodevbed shheesite peydigedand found

needl ess enanti omer cannot be reused by racenj zation,
a ppredast foirt progurdng ehusptisalhysafbifggergubstituted

di5advantageou% for mass production. As described
cysibéue, ozny HethodhesrofnBUsEPREPFYITBr BAG¥PRGIAR

optically active a-substituted cysteing.,or.,a salt
deriafédf RASCOpRoblReAECLOI"BeCeBPOREY, 251 '§8F6§%r€h%f

I nvention,In XLem;of t he gbgve-deﬁcribed grﬁg%gns, it
respdting Shitecr ot AEmBPEEENtCi AvEREFBRSE™H

ovide a
T o TR P T St D
quagégﬁﬁgglémﬁgﬁgﬁﬁgﬁéﬁgv]pgétEQSfQEE§LVgnaggtﬁgégibyac?ive
axially asymmetric Quaternary ammonium salt functiohing as a
catalyst to produce an optically -active thiazoline compound,
and then hydrolyzing the resulting thiazoline compound. The

finding has led to the completion of the present invention.

. That is, the present invention relates to a process fox

‘producing an optically active thiazoline compound -

represented by general formula (1):

(where # represents an asymmetric carbon atom; R! represents
an optionally substituted linear, branched, or cyclic C;—-Cy
alkyl group or an optionally substituted linear, branched,

or cyclic C,-C,, alkylsilyl group; R* represehts an optionally.
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In view of the above-described circunstances, the
present inventors have conducted intensive studies and
found a process for producing an optically active
a-substituted cysteine or a salt thereof by
converting a cysteine 5 derivative into a thiazoline
conpound, subjecting the resulting thiazoline
conmpound to a stereosel ective substituent-introducing
reaction with an optically active quaternary ammoni um
salt, particularly, an optically active axially
asymmetric quaternary amoni um salt functioning as.a
10 catal yst to produce an optically active thiazoline
sukeaipeuwrd, cand.t heplhydoopyzirngnt hptiesallyngubstituted
t hiazol i ne compound. The finding has led to the |
lireemyl etdaorheid,t be pyedént G nleneilskl Fhavri sanghB
present invention relates to a process for_  producing
repare sgpitisc alnl pradoined livhisaksitilre teshpdied r15 Prepresent &d
by general fornmula (1): COOR 1 R3 é.l)pémhere * ,
cyqlapr €5efics aAKVASYRABDY | 8NcAPbORANALSH SRESFEPFEEENt SR
20 an optionally substituted linear, branch

bragyiate G CIF A gnobl GRTandogtPondl| JEEUBREILH ed
I
an G PO ICE RIS TAEE dPouiRe a2, & GYBATS Gh O
a1 R, SUBsh HeS L 1P {RBAANP it s tuted CpmCy
aralkyl group, or an optionally substituted C,-Cy
heteroaralkyl group), the process- including a step of
allowing a thiazoline compound represented by general

formula (2):

COOR! -

SR
R*— (2)
S

(where R' and R? are the same as above) to react with a

compound represented by general formula (3) in the presence

" of a base and an optically active quaternary ammonium salt

- functioning as a catalyst:

RL  (3)
(R®> is the same as above; and L represents a leaving group).

The present invention also relates to a process for



cyclic C1-C20 al kyl group, an optionally substituted
l'inear, 5 branched, or cyclic C2-C20 al kenyl- group, an
optionally substituted linear, branched, or cyclic
C2- C20 al kynyl group, an optionally substituted
i near, branched, or cyclic C3-C20
al koxycar bonyl al kyl group, an optionally substituted
C7-C30 aral kyl group, or an optionally substituted
C4- C30 10 heteroaral kyl grogp); the process including
a step of allowng a thiazdline conpound represented
by general formula (2): NCOORS ~ T (2) 15 (where
Rl and R2 are the sane as above) to react with a
pro@@ﬁ@ﬁgnﬁnr@?t@&@mlgdabyigenaFahbéﬁiﬂutad(Bysteinhe
presence of a base and an optically active quaternary
rep2BBBAtem gl fenkpatt fonrnngaageh oatal ysit ROerRBLL( 3)
(R3 is the sanme as above; and L represents a |eaving
group) The present invention also relates to a
process éor 6 producing an optically active

a- subsp¥ut e ine represented by general fornula
(.6) o |t %llfleof: SH '
HaN = 6)
O

(where * and R® are the same as above), the process including
a step of hydrolyzing an optically active thiazoline

cbmpound represented by general formula (1):

10 | | S

(where *, R, R?, and R® are the same as above).
The present invention further relates to an opticaily
active thiazoline compound represented by general formula

15 (7):
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OH6) 05 (where * and R3 are the sane as above), the
process including a step of hydrolyzing an optically
active thiazoline conpound represented by genera
formula (1): 10 COOR1 R3 1 (where *, Rl, R2, and R3
are the sane as above) The present invention further
relates to an optically active thiazoline conpound
represented by general fornmula 15 (7) N * COOR 1
R2--~SIR7 (7) (where *, Rl,_and R2 are the sane as
above; R7 represents an 6§¥Vbnally substituted

i near, branched, or cyclic C2-C20 5 al kyl group, an
optionally substituted |inear, branched, or cyclic

C2- C20 al kenyl graup ptionally substituted
~linear, (363(333ﬁic C2-C20 al kynyl group, an

tityted |inear, branched, or cyclic

CBEQ yl al kyl @7?up, an optiohally

(where *, R', and R® are the same as above; R’ represents an
optionally substituted linear, branched, or cyclic C,-Cy
alkyl group, an optionally substituted linear, branched, or -
cyclic C,~C,, alkenyl group, an opticnally substituted linear,
branched, or cyclic C,-Cy alkynyl group, an optionally
substituted linear, branched, or cyclic C3-Cy
alkoxycarbonylalkyl group, an optionally substituted C;-Cy
aralkyl group, or an optionally substituted C,-Csq

hetercaralkyl group).

The present invention will be described in detail below.

The present invention provides a process for producing

an optically active thiazoline compound represented by

general formula (1}):



10

15

20

10 aral kyl group, or an optionally substituted C4-C33
het er oar al kyl group). The present invention will be
described in detail below. The present invention
provi des a process for producing 15 an optically
active thiazoline conpound represented by genera
formula (1): COO Rl R3 (1} the process including a
step of allowing a thiazoline conmpound represented by
general fornula (2): COORL (2) to react with a
compound represented by général formula (3) .in the
presence of a base and an optically active quaternary
ammoni um salt functioning as a catalyst: R3L (3) 10

., thRe piricazel i1 1cenpRURd stepr esertidduwiyggenehakzbdimel a
(2) will now be described. In general formula (2), Rl

contRRINeS s cazrapid enaldeye ralbsiormitled (4)near, :
branched, or cyclic Cl1-Cl10 al kyl group, or an
optionally substituted |inear, branched, or cyclic Cl
15 C10 al kylsilyl group; and R2 represents an
optionally substi C30 aryl group or an
optionally bst | near, branched, or cyclic

Cl-l__\g%) al kyl" group. The nunbe(z)
S

to react with a compound represented by general formula (3)
in the presence of a base and an optically active -quaternary
ammonium salt functionigg as a catalyst:

R’L (3)

The thiazoline compound represented by general formula
(2) will now be described. .

In general formula (2), R* represents an optionally
substituted linear, branched, or cyclic C;-Cyy alkyl group,
or an optionally substituted linear, branched, or cyclic Cy-
C,; alkylsilyl group; and R® represents an optionally

substituted €,-C,, aryl group or an optionally substituted

linear, branched, or cyclic C;-C, alkyl group. The number

of carbon atoms in each of R* and R? excludes the number of
carbon atoms in the substituent. Examplés of the
substituent in R® include halogen atoms (a fluorine atom, a
chlorine atom, a bromine atom, and an iodine atom).

Examples of the substituent in R? include halogen atoms (a
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of carbon atons in each of Rl and R2 excludes the
nunber of carbon atons in the substituent. Exanples
of the 20 substituent in Rl include hal ogen atons (a
fluorine atom a chlorine atom a brom ne atom and
an iodine atom. Exanples of the substituent in R2
i ncl ude hal ogen atons (a 9 fluorine atom a chlorine
atom a bromi ne atom and an, iodine aton); and an
al koxyl group (such as a nefhoxy group and an ethoxy
group) . Exanples of the optronally substituted |inear,
branched, 5 or cyclic Cl-Cl10 al kyl group as R3
include a nmethyl group, a trifluoronmethyl group, an
fleitivle GtemMp, sarhNopiopyktgmoup, bapminsoptopy| agfoap,
an n-butyl group, a sec-butyl group, and a tert-butyl
ioddheuptdmanplnes aaf aflkexydt igooabl | ssgbsest a6t BEthPrEFagroup
branched, 10 or cyclic C-Cl0 al kylsilyl group as Rl
and rel whé ot g@rtouput.yl di met hyl silyl group and a
trimethylsilyl group. To ensure high selectivity, R
i sEprebéeabby ahe optionally §UE§F%EHF%@ }imeaF, branched,
branched, or cyclic C1-C10 al ky]| roup, nor
or myeﬂécatﬂly% kil 9gPBEpasSaR etHyt! &Jﬁle%lar?foupf a
n- propyl group, an isopropyl %E , an n- butﬁglgrougp, an

trifluggamaipl group, 67 &4l I aflo&pprg ngst
%&%ﬁ@%ﬁﬂﬁ%ﬁa&%ﬂ“&r&&ét Pt GreasesSh gy and @
teé%jﬁd%yl group.

Examples of the optionally substituted linear,_branched,
or cyclie C,-C,; alkylsilyl group as R' include a tert-
butyldimethylsilyl group and a trimethylsilyl group.

To ensure high selectivity, R' is preferably an

optionally substituted linear, branched, or cyclic C;—-Cyg

alkyl group, more preferably a methyl group, an ethyl group,

an n-propyl group, an isopropyl group, an n-butyl group, a

‘sec-butyl group, or a tert-butyl group, and most preferably

an ethyl group or a tert-butyl group.

Examples of the optionally substituted Cgz=Cs aryl group

‘as R? include a phenyl group, a 2-methoxyphenyl group,. a 3-

methoxyphenyl group, a 4-methoxyphenyl group, a naphthyl

.group, an anthryl group, a phenanthryl group, and a

terphenyl group.
Examples of the optionally substituted linear, branched,
or cyclic C,-C,, alkyl group as R? inciude a methyl group, a

trifluoromethyl group, a trichlordmethyl group, an ethyl
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group and more pre

as R2 include a phenyl group, a 2-nethoxyphenyl group,
a 3- 20 net hoxyphenyl group, a 4-nethoxyphenyl group,
a napht hyl group, an anthryl group, a phenanthryl
group, and a terphenyl group. Exanples of the
optionally substituted |inear, branched, or cyclic
Cl-C20 al kyl group as R2 include a nethyl group, a 25
trifluoronmethyl group, a trichloronmethyl group, an
ethyl - 10 group, an n-pronI group, an isopropyl.
group, a cyclopropyl group;” an n-butyl group, a
sec-butyl group, a tert-butyl group, a cyclobutyl
group, a pentyl group, a cyclopentyl group, a hexyl
grdﬁﬁ%ﬂan rdpRAClalexy| agr dspproprlonrohe, stangpdionrspyl
of ease of synthesis and high selectivity in the
grSifr ees el-ecttinie gsuhst, i tuertc-bnttyddgeiong, pedetitoputRl
is preferably an optionally substituted phenyl group
gramg noroyoioefendblgrcapphenypergyéugronra 4 cyclopentyl
nmet hoxyphenyl group. 10 The thi azoline conmpound
gragpr esémixad gy oggnerald ffoondleheE) gaRWpe prepared by
direct reaction between a nitrile conpound ang ,
cy§reimnshdestoatboénse bBf €RE&t PhgSARAPEFTLFedD oﬁﬁgﬁnd
wi th hydrogen chloride to producelgp i.m dat e ,and (}hen
é ucing

selglqtawiiiy tife thes ANEHRE Secddtd & ¢ Readt- it &t -
oSSBT YEL S, 25 LSROLLED ST PR B
o partiCU|arl%é££gf§H% phenyl group or a 4-
methoxyphenyl'group.
The thiazoline COmpbund represented by general formula
(2) can be prepared by direct reaction between a nitrile

compound and a cysteine derivative or by treating a nitrile

compound with hydrogen chloride to produce an imidate and

then allowing the resulting imidate to react with a cysteine -

derivative, as reported in, for example, Synlett, 1994, 3,
702-704. The nitrile compound is not particulariy limited
as long as the nitrile compound is available.

- Next, the compound represented by general fo;mula (3)

" will be described.

In general formula (3), R’ represents an optionally
substituted iinear, branched, or cyclic C,-C,, alkyl group,
an optionally substituted linear, branchad, or cyclic C,-Cy
alkenyl group, an optionally substituted linear, branched,
or cyclic C,-C, alkynyl group, an optionally substituted

linear, branched, or cyclic C;-C, alkoxycarbonylalkyl group,
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as long as the nitrile conpound is avail abl e. Next,
t he conpound represented by general formula (3) wll
be described. 20 In general fornula (3), R3 represents
an optionally substituted |inear, branched, or cyclic
Cl-C24 al kyl group, an optlonally substltuted l'i near,
branched, or cyclic C2-C20 al kenyl group, an
optionally substituted |inear, branched, or cyclic
C2- C20 al kynyl group, an optlonally substltuted 25
i near, branched, or cycllé C3- C20 al koxycar bonyl al kyl
group, - 11 an optionally substituted C7-C30 aral kyl
group, or an optionally substituted C4-C30
an Bpterpanalkylperouptel cl-apfesefiisyd deav ngograup.
The nunber of carbon atons in R3 excludes the nunber
opt@bnearbopubkemrsut8dt bg-syhisét ¢ tental by Exanphes ofF t he
substituent in R3 include halogen atonms (a fluorine
repateshta aehlenvhagateoupa bibai nemaéonpfandriann ab@mﬁeln R*
atom); al koxyl groups (such as a nethoxy group,
exceuhesytgeonpmbarpDﬁpoxybgnoapomandnath@téR?SEFBHEWt
and alkyl groups (such as a_pret hyl oup and an et hy]
Exagpbep) oflohéheub@ﬁpbuﬁatréprBselm@dlC%/ ot FEHU @
(3) is not particularly limted as Iong as the
flupsipeuAtioBanabehaPrdRedates; r @abEORiRA PF%mth?BgoFPne

conmpound represented by genera] formula % k
todgnet RECBPE| é%gpwls%@flpﬁut g4°h| fAgaf, “BFARE eaj—”oupr =3

ethoxy group, a propoxy group, and a butoxy group) ; and
élkyl groups (such as a methyl éroup and an ethyl group).

The compound represented by general formula (3) is not
particularly limited as long as the compound can be allowed
to react with the thiazoline compound represented by general
formula (2).

Examples of the optionaily substituted- lineaxr, branched,
or cyclic C,-C,, alkyl group as R® include a methyl group, an
ethyl group, an n-prepyl group, an isopropyl group, an n-

butyl group, a sec-butyl group, a tert-butyl group, a pentyl

- group, a hexyl group, a cyclopropylmethyl group, a

cyclopentylmethyl group, and a cyclohexylmethyl group.
Examples of the optionally substituted linear, branched,
or cyclic C,-C,, alkenyl group include an allyl group, & 2-
butenyl group, a l-methyl-2-propenyl group, and 2-methyl-2-
propenyl group.
Examples of the optionally substituted linear, branched,

or cyclic C,~C,, alkynyl group include an ethynyl group, a 1-
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15 or cyclic C1-C20 al kyl group as R3 include a nethyl
group, an ethyl group, an n-propyl group, an .
i sopropyl group, an n- butyl group, a sec-butyl group,
a tert-butyl group, a pentyl group, a hexyl group, a
cycl opropyl met hyl group, a cyclopentyl nethyl group,
and a cycl ohexyl net hyl" group. 20 Exanpl es of the
optionally substituted I'inear, branched, or cyclic
C2-C20 al kenyl group include an allyl group, a 2-
but enyl group, a 1-nmethyl=2%ropenyl group, and
2-nmet hyl - 2- propenyl group. Exanples of the optionally
substituted |inear, branched, 25 or cyclic C2-C20

pr R g rRUP d REdoide ggn gyl agbotignyd froup? a
propynyl group, a propargyl group, a butynyl group, a

perR&MNMNYr@iQuURndnrd hayexinytrogiwaup. . Exanpl es of the
optionally substituted |inear, branched, or cyclic
C3zgafpakkoxycankonpkabkyl lgr supsiatiibdd dipear, sbranched,
but oxycar bonyl net hyl group, and a

or teardl-hutgxggcanbéoyxlyeampbnygeddpl Exanpl éscéhdehe tert-
optionally substituted C7-C30 aral kyl group include a

butsenzylr kygmotme thwdhlgncsben2pid gr deF L-RutORysrEheRYyPThYL
group, a bronobenzyl group, a dichlorobenzyl 10 group,

graoapdi f | uor obenzyl - group, a di bronobenzyl group, a

LY berayl 91OUP, 2, [ELDOOY e, LR 3.3 a1
group include a benzyl group, a chlorobenzyl group, a
fluorobeﬁzyl group, a bromcbenzyl group, a dichlorcbenzyl
group, a diflucrobenzyl group, a dibromobenzyl group, a
methylbenzyl group, a methoxybenzyl group, a 3,4-
dibutoxybenzyl group, and a naphthylmethyl group.

Examples of the optionally substituted C,-Cj

‘heteroaralkyl group include a pyridylmethyl group, a

difluoropyridylmethyl group, a quinolylmethyl group, an
indolylimethyl group, a furfuryl group, and a thienylimethyl
group.

In the present invention, R? is preferably an optionally
substituted linear, branched, or cyclic C,~C, alkyl group,
ah optionally substituted linear, branched, or cyclic Cp=Cy
alkenyl group, an optionally substituted linear, branched,

or cyclic C,-C,, alkynyl group, or an optionally substituted

CT—Cw'aralkyl group, and more preferably a methyl group, an

ethyl group, an allyl group, a propargyl group, Or & benzyl

group.
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Exanpl es of the optionally substituted C4-C30
het er oar al kyl . group i nclude a pyridyl nethyl group, a
15 di fl uoropyridyl net hyl group, a quinolyl nethyl
group, an indolylnmethyl group, a furfuryl group, and
a thienylnmethyl group. In the present invention, R3
is preferably an optionally substituted |inear,
branched, or cyclic C-C20 al kyl group, 20 an
optionally substituted |linear, branched, or cyclic
C2-C20 al kenyl group, afn éﬁ%rbnally substituted
i near, branched, or cyclic C2-C20 al kynyl group, or
an optionally substituted C7-C30 aral kyl group, and
noreapheterabl yna Teifyhg of ool BNineliyd lgr begen aatoms
allyl group, a propargyl group, or a benzyl 25 group.
(a fiud2ZinExamphesaothtbeiheawiby, geobpotinachtude, hahdgen
atons (a fluorine atom a chlorine atom a brom ne

iodahematamd ;aandi adinaehaheshl fanglaxgeghanesukf Bnyl oxy

group, a p toluenesul fonyl oxy group, and a
toluehtbudrfomgfhagegubfpnybogya Srgfouprompshrarsgéfonyloxy

atons are preferable. Anobng the hal ogen atons, a
grouhl.or The apdppeanateuFnarat BrEI6rabL6m ndmapgm-ng halogen

particularly preferable. Next, the opticall%,active .
atopgat ér BRAPraRADALOFy saft JoORNE BEOHesBri BEAMIES #hEM 15

optical | yactive quaternary ammoni um salt used-in
particularly preferable.

Next, the coptically aétivé guaternary ammonium salt
will be described. .

‘The optically active quaternary ammonium salt used-in
the process of the present invention is not particularly
limited as long as it is generally used as, for example, a

phase-transfer catalyst. Examples of the optically active

- quaternary ammonium salt- include N-benzylcinchoninium

chloride, N-benzylcinchoninium bromide, N-
benzylcinchonidinium chloride, N-benzylcinchonidinium
bromide, N-p-trifluoromethylbenzylicinchoninium chloride; N-
N-p-trifluoromethylbenzylcinchoninium bromide, N-N-p-
trifluoromethylbenzylcinchonidinium chloride, N-N-p-

trifluoromethylbenzylcinchonidinium bromide, and optically

‘active axially asymmetric quaternary ammonium salts

represented by general formulae {4) and {5):
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the process of the present invention is not
particularly limted as long as it is generally used
as, for exanple, a phase-transfer catalyst. Exanples
of the optically active -quaternary amoni um

sal t-include N benzyl ci nchoni nium 15 chlori de,

N- benzyl ci nchoni ni um brom de, N benzyl ci nchoni di ni um
chl oride, N benzyl cinchonidinium bromde, N '
p-trifluoronethyl benzyl ci nchoni ni um chl ori de, N
N—p-trifluoronethylbenzyrtﬂﬁ%ﬁbniniun1bron1de, N-N-p-.
trifluoronethyl benzyl ci nchoni di ni um chloride, NNp 20
trifluoronethyl benzyl ci nchoni di ni um brom de, and
optically activegaxially asymetric quaternary

' general fornul ae (4)
and R6 are descri bed

epresent ed formula (4)
or activity" me that -t he
cont ) [ : Er anong potenti a

opt that of the other
opt ention, when an
opt Mrealty e axially et’ri ¢ quaternary

asy
amoni um sal t r&%resented by formula

R |
<[
N | (5)

(where R® and R® are described below).

The optically active gquaternary ammonium salt is
preferably an optically active axially asymmetric quaternary
ammonium salt repreéented by formula (4) or (5}.

The term "optical activity" means that the content of a
specific optical isomer among_potential optical lsomers 1is
higher than that of the other optical isomers. In the

present invention, when an optically active axially

asymmetric gquaternary ammonium salt represented by formula

(4) or (5) is used as a catalyst for the reaction for
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(4) or (5) is used as a catalyst. for the reaction for
stereosel ectively introducing a substituent into the
t hi azol i ne conpound (2), the content of a specific
optical isonmer is preferably at |east 90% nore
preferably at least 95% and still nore preferably at
| east 98% in order to 5 achieve a higher
stereosel ectivity. In general forrmulae (4) and (3), R
5 and R 6 each represent ydrogen atom an
optionally substituted lin , branched, or Cyclic
Cl -C20 al kyl group; an optionally substituted |inear,
branched, or Cyclic C2-C20 al kenyl group; 10 an

st eopldsenaldiy vellls tiinttitceh diinge ar subsdriched,t Antoy dhiec
C2-C20 al kynyl group; an optionally substituted _

£hiGEoT3Gcarydrpgnoub; (2).,ark heptioorainity ofulss tspegtidd ccoptical
heteroaryl. group; an optionally substituted C7-C.

iscareal Kyl pgredigmakdly eyt ilewaltl YO03substie mredecabdy, at least
het eroaral kyl group; an optionally 15 substituted

959,i mear stiddnaiwe roreigrably @t least A8y PTG rodp;
or a C7-CM aroyl group having an optionally

achdghst iat diedegr s 5 Wnd R 6 may be the sane
or different. The_nunber of carbon_ato ign _each of
RSIanaeReGaleféFWHééetﬁé}nﬁﬁﬁe?ggf gar%%%]%tgﬁﬁ%in t he
subst it uent

repdrd Rt i%ay%%aﬁﬁ';e}eﬁ%eﬁtgin%ﬁuﬁ :Stﬁleesg%%gééﬁi“ea“
o T S R

subd R & ALHRRY, 9%&%§bhéﬁﬁjé% QH&Q&M:QLQ@Q)alﬁéﬁ&l group;
an optionally substituted linear, branched, or cyclic C,-Cyy
alkynyl group; an optionally substituted Cg—Cy aryl group;
an optionally substituted C;-C,;, heteroaryl group; an
optionally substituted C,-C;, aralkyl group; an optionally
substituted C,~C,, hetercaralkyl group; an optionally
substituted linear, branched, or cyclic C,-C;; alkanoyl
group; or.a C,-C,, aroyl group having an optionally
substituted aromatic ring. R® and R® may be the same or
different. The number of carbon atoms in cach of B and R
excludes the number of carbon atoms in the substituents.
Examples of the substituents in R® and R® include halogen

atoms (a fluorine atom, a chlorine atom, a bromine atom, and .

an iocdine atom), alkoxy groups (such as a methoxy group, an.

- ethoxy group, a propoxy group, and a butoxy group), aryl

groups (such as a phenyl group and a naphthyl group),

cycloalkyl groups (such.as a cyclopropyl group and a
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groups (such as a phenyl group and a naphthyl group),
25. cycl oal kyl groups (such as a cycl opropyl group and
a - 16 cyclobutyl group), alkyl groups (such as a
nmet hyl group, an ethyl group, a propyl group, and a
butyl group), hydroxyl groups, and am no groups.
Exanpl es of the optionally substituted |inear,
branched, 5 O Cyclic O -C20 al kyl groups as R5 and
R6 include a nmethyl group, a trifluoronmethyl group, a
tert-but oxynet hyl ~group, 16815 propenyl group, an
allyl group, an isopropenyl group, a -cyclopropenyl
group, a but-enyl group, a-cyclobutenyl group, an
cyc8bBylkvar Q¥BupdN BIRLOPYro@HOURsuBR BSORr OPYhyDroupupa an
cycl opropyl group, an n-butyl group, a sec-butyl
eth@lOuRoud, keprobyllybreupypand aybliokit grogppuphydroxyl
pentyl group, a cyclopentyl group, a hexyl group, and
groudsGyehehexyhoggeuppskExanpl es of the optionally
substituted |inear, branched, or cyclic C2-C2,
al Reayplgsoop thel opeienaylhyl sgpotptubed bipeatergganched,
group, a cyclopentenyl group, a hexenyl group, a
or cycllakegeryd, gtbup, vamdra 8% yRylangt dupinEkafApl esmefhyl
the optionally substituted |inear, branched, _or
gro@ye| bc tC2LCROTANRYAYL §EOUB-i AcltGdé—&HOHNFRTPY §r 8HEIL/
a phenyl ethynyl group, _.a cyclopropyggkg%g¥a 8rou , @

an ethyl group, an n-propyl group, an 1 roup,
cyclopropyl group, an n-butyl group, a sec-butyl group, a
tert-butyl group, a cyciobutyl group, a pentyl group, a
cyclopentyl group, a hexyl group, and "a cyclohexyl group.

Examples of the optionally substituted linear, branched,
or cyclic C,-C,, alkenyl group include a vinyl group, a 1-

propenyl group, an allyl group, an isopropenyl group, a

- cyclopropenyl group, a butenyl group, & cyclobutenyl group,

a pentenyl group, a cyclopentenyl group, a hexenyl group, a
cyclohexenyl group, and a styryl group.

Examples of the optionally substituted iinear, branched,
or cyclic C,-Csy alkynyl group include an ethynyl group, a
phenylethynyl group, a.cyclopropylethynyl group, a
cyclobutylethynyl group, a l-propynyl group, a propargyl
group, a butynyl group, a pentynyl group, and a hexynyl
group. |

Examples of the optionally substituted Cg=Cyy aryl group
include a phenyl group, a 3,4,5-trifluorophenyl group, a

3,5-tert-butylphenyl group, a naphthyl group, an anthryl
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20 cycl obutyl et hynyl group, a 1-propynyl group, a
propargyl group, a butynyl group, a pentynyl group,
and a hexynyl group. Exanples of the optionally
substituted C -C30 aryl group include a phenyl group,
a 3,4,5-trifluorophenyl group, a 25
3,5-te-rt-butyl phenyl group, a naphthyl group, an
anthryl - 17 group, a phenanthryl group, a terphenyl
group, and a 31,3",51,5" -tent-butyl-mterphenyl
group. Exanpl es of t he oﬁtﬁané1ly substituted C3-C30
heteroaryl group include a pyrrolinyl group, a
pyridyl group, a 5 quinolyl group, an im dazolyl

roﬂbouﬁ phehdhYhr nogﬁouﬁﬂ alﬁdebhbngﬂogpou@rthnényl
group, an oxazo group, a thiazolyl group,

37 %Jphgnybvhlaéqtybugymum tanghany2- ganugylthlazolyl
group. Exanples of the optionally substituted C7-C,,
ar Bkkib1ed0ogr onp optionel by benzytigaoep, CaCso heteroaryl
chl orobenzyl group, a bronmobenzyl grou a phenet hyl

grogrodpcladeaphplyyrodtihyll group, aaRYaAELH a@ﬁﬁypneﬁhyl
group, a 3,5-difluorobenzyl group, and a trity

quigedyd. gEcemp! es éfidheodptli GFRMPyY - §u€§FV%u9éau€9 e30

15 heteroaral kyl group include a pyrldglneth¥ group,
1nd@lydl@K@@@Op@rﬁ@yﬁﬁﬁﬂh@ﬁO&Pouﬁn g¥gachdty BRetRyl @

group, |ndol%lneth yl roup, 3 furfuryl A9rQup,_a and
thy@aﬂﬁy@nﬁpw@@hyp phenylt iazolyl group, an

anisylthiazolyl group.

Examples of the optlonally substituted C,-C; aralkyl
group include a benzyl group, a chlorobenzyl group, a
bromobenzyl group, a phenethyl group, a naphthylmethyl group,
an anthracenylmethyl group, a 3,5-difluorobenzyl dgroup, and
a trityl group.

Examples of the optionally substituted C;-Cy
heterocaralkyl group include a pyridylmethyl group, a
difluoropyridylmethyl'group, a quinolylmethyl group, an
indolylmethyl group, a furfuryl group, and a thienylmethyl
group.

Examples of the optionally substituted linear, branchedr
or cyclic C,-C;; alkanoyl group include an acetyl group, a
propanoyl group, a butyloyl group; a pentanoyl group, a
cyclopentanecarbonyl group, & hexanoyl group, a
cyclohexanecarbonyl group, a glycoloyl group, a glycyl group,
andzé cinnamoyl group.

Examples of the C,-C,;, aroyl group having an optionally
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group. Exanples of the optionally substituted |inear,
branched, 20 or cyclic Cl-Cl5 al kanoyl group include
an acetyl group, a propanoyl group, a butyl oyl group,
a pentanoyl group, a cycl opentanecarbonyl group, a
hexanoyl ‘group, a cycl ohexanecarbonyl group, a
gl ycol oyl group, a glycyl group, and a cinnanoyl
group. 25 Exanples. of the C7-C30 aroyl group having
an optionally - 18 substituted aromatic ring include
a benzoyl group, a salicyl8yr group, and a napht hoyl
group. In the present invention, to achieve a higher
yield and selectivity, RS and R6 each are preferably
sub@hieptbanalbyabisubshit uhetuasys Heoupyl npreup, a _
preferably an optionally substituted phenyl group, an
sal@piiepal fyosppsahtiutedapaphohyl grgupup, an optionally
substituted anthryl group, an optionally substituted.
phemanidryte gEoupi neentaionpt t oreti e ves ubsrighredyield and -
t erphenyl group, still nore preferably a phenyl 10
selgrehpitg, 3R, Hd i kechophenpregesaplyaan optionally
3,5-tert-butyl phenyl group, a naphthyl group, an
subahthoygkdgaoup, gaophenanthr prefgrebpy ant ePpheryl1y
group, or a 3,3 ",5,5" -tert-butyl-m terghegyl hthvl
subgtouptednohapst grefer abRyoRtAapALAYI SyPEhptLLSC3NgPAtRY
5-trif|uorgphenXl grough a 3,5-te£tg$ut¥lﬁhen | - group,
growg, opracB¥ionally SybstifgkedpapyPriyt 8FpHBnyF gr oup.
optionally substituted phenanthryl group, or an optionally

substituted terphenyl group, still more preferably a phenyl

S group, a 3,4;5;trifiuorophenyl group, a 3(5—tert~butylphenyl—

group, a naphthyl group, an anthryl group, a phenanthryl
group, a terphenyl group, or a 3v,3'",5", 5" ~-tert-butyl-m-

terphenyl group, and most preferably a naphthyl group, a

~'3,4}5—trifluorophenyl group, a 3,5-tert-butylphenyl- group,

or a 3',3'',5',5'"'—tert-butyl-m-terphenyl group.

In formulae (4) and (5), R® and R® are preferably the
same group.

Fach ¥ in formulae (4) and (5)_represents 2 hetero atom
or an atomic group having ability to function as a_counter
anion to the ammonium cation. Examples of the X include
halogen atoms such as a fluorine atom, a chlorine atom, a
bromine atom, and an liodine atom; and a hexafluorophosphate
anion, a trifluorocmethylsulfonate aﬁion,'and a

methylsulfonate anion.

In the present invention, to achieve a higher yield and
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In formulae (4) and (5) , R5 and R6 are preferably the
sanme group. Each X in formulae (4) and (5) represents
a hetero atom or an atom c group having ability to
function as a counter 20 anion to the anmmoni um
-cation. Exanples of the X include hal ogen atons such
as a fluorine atom a chlorine atom a brom ne atom
and an iodine atom and a hexafl uorophosphate ani on,
a trifluoronethylsul fonate anion, and a

met hyl sul fonate ani on. 25 1P the present invention, to
achieve a higher yield and - 19 selectivity, Xis
preferably a hal ogen atom and nore preferably a

s RQTINAG Bt GM: sThe-GRiagal ¥ aetibyenasicahl yndsyoeet ric
quaternary ammonium salt represented by fornula (4)

pre¥erEdly & Mepared aterhy a nethod disclosed in, for
exanple, J. Am. Chem Soc., 1999, 121, 6515-6520, J.

AnThEheptiSacly 308Qyvel2Riab2P8as§R@6troc JaphpeRary
Unexam ned Patent Application Publication. No.

a2 LA 8866 Nptesdried @actficamufler (@t eoeoddl) edsi paeppared
introducing a 10 substituent into the thiazoline

by eomedind (2)sadictsedanin, ofiorc &iXeprdeti Ve diiat &08Ery SOC-
amonium salt, particularly an optically active

19%%i di2ly EHIEMETAl guater-nENETamPesi-umdR0y 122, 5228-

functioning as a catalyst will be _descri bed. . .
5229, or Japanese Unexamined Patent Application Publication..

No. 2001-48866.

Next, the reaction for stereoselectively introducing a
substituent into the thiazoline compound (2) with an
optically active quaternary ammonium salt, particularly an
optically active axially asymmetric quaternary ammonium salt
functioning as a catalyst will be described.

The reacticn is usually performed in a solvent. An-
organic solvent alone or a two-phase solvent system
containing an organic solvent and water may be used as the
reaction solvent. The orgaﬁic solvent used for the reaction
in the organic solvent alone or the two-phase solvent system
containing the organic solvent and water is not particularly
limited as long as the thiazoline compound (2) as a
substrate; the compound (3), and the catalyst can partially
or completély dissolve in the organic solvent. Examples of
the organic solvent include benzene, teoluene, xylenes,
diethyl ether, isopropyl ether, tetrahydrofuran,

acetonitrile, dioxane, methylené_chloride, chlorcform, and
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The reaction is usually perforned in a solvent. An 15
organi ¢ solvent alone or a two-phase solvent system
cont ai ni ng an organi c solvent and water nmay be used as
the reaction solvent. The organic sol vent used for
the reaction in the organic solvent alone or the
t wo- phase sol vent system containing the organic
solvent and water is not particularly 20 limted as
| ong as the thiazoline conggfnd (2) as a substrate,
the conpound (3), and thé al yst can partially or
conpl etely dissolve in the organic sol vent. Exanpl es
of the organic solvent include benzene, toluene,
eth¥Y! apesatdi et byk etheslubsepropykveshbigh yield and high
tetrahydrofuran, 25 acetonitrile, dioxane, nethylene
selebkokidg, ehborefoene aadlndﬁ@treahyy adetategebye gne to
t ol uene achi eves high yield and high selectivity, and
itst aheepeniivendast r hahty, atvdneagedaspdaéerablyt ysed.
I nexpensi veness; hence, toluene is preferably used.
Thehe o alemef of hehs o ynent sl@r@r%f%@}ylfad?%@%e% u%lﬁch
5 that the ratio of the volune nL% t he solven%
thathshewskgho 0§) tbE VREUERi 4¥8)i RE. EBRPEARTSED) tO B
the ratio nL/g, is 5. to 60 and nore eferab
welgbt WﬁénO€h§h?m6hhﬁ5§é1n§oP9@ﬁPu§93tgﬁvcﬁn?arnlHS 5ﬁtlo

o/ TR e i el 0
Db obRG YubpaRaSE  sd [FehEa8YLola' SoRELIRINE b Not B8nic

solvent and water is used, the mixing ratio of the organic
solvent to water is not particularly limited.

The reaction is performed in the presence of a base.
The base is not particularly limited as'long as the base can
generate the enolate of the thiazoline compound (2).

When the reaction is performed in the organic- solvent
alone, examples of the base include organic bases such as
butyl lithium and lithium diisopropylamine; and inorganic

pases such as sodium hydride and cesium hydroxide

- monohydrate. To achieve high selectivity, cesium hydroxide

monohydrate is preferably used.

When the reaction is performed in the two-phase solvent
system containing an organic solvent and water, an inorganic
base can be used. Examples of the inorganic base include
hyd:pxides such as lithium hydroxide, sodium hydroxide,

potassium hydroxide, rubidium hydroxide, and cesium

" hydroxide. Use of inexpensive sodium hydroxide or potassium
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The base is not particularly limted as |Iong as the

base can generate the enolate of the thiazoline

compound (2). Wen the reaction is perfornmed in the

organi c solvent 15 al one, exanples of the base

i ncl ude organi c bases such as butyl Iithium and

[ithiumdiisopropylam ne; and inorganic bases such as

sodi um hydri de and cesi um hydroxi de nono hydrate. To

achi eve high selectivity, si um hydr oxi de

monohydrate is preferably d. 20 Wien the reaction

is perfornmed in the two-phase sol vent system

cont ai ni ng an organi c solvent and water, an inorganic
nydiase eanbehds edacEiamplresudt st he emoeddrnt pasédd and

i ncl ude hydroxides such as lithium hydroxi de, sodium
se lmrdrioxitde ,andpdtsassivgmengdieaabde,. rubi di um hydr oxi de,

and cesium 25 hydroxi de. Use of inexpensive sodi um

hy@hexedeuot pét asei harhydresi d8 PreEpeakbEcti bR >0

results in excellent yield and selectivity_and
equiigragliens: oraeide malce Prfe raRdnt 60 £le SERdEatsBg sy sbased

preferably 1 to 50 eqU|vaIents and nore re%prablg I d
Ont@?%ﬂ?h&ﬁﬂQkﬂnéhﬁ§”¥ﬁégéh 3 -on e 1ORFEZ6n E3EEnPSund

The inorganic base i sed in_the form of

in mdﬁ@%&%ﬁ%ﬁquﬁ?g aAGe Cdly| uF’ n 2ARES IS s¥Mution
o AR a5 ERltel LR W o
v SRS YR VT mAveRery, 10
(5%he optically active axially asymmetric quaternary
ammonium salt represented by general formula (4) or (3)
functions as a chiral catalyst in the reaction for
stereoselectively introducing a substituent into the

thiazoline compound (2). Since the catalyst represented by

- -general formula (4} has two axial asymmetries, four isomers

are present. In general, a catalyst in which the two axial
asymmetries have the same configuration tends to provide
higher selectivity.

' The stereochemical configuration of the product

.prepared-with the optically active axially asymmetric

gquaternary ammonium salt represented by general formula (4)
or (5) varies depending on the stereochemical configuration
of the salt. That'is, use of the catalysts which are a pair
of enantiomers results in respective products having

different stereochemical configurations from each other with

the same selectivity and yield.- Therefore, selecting the
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functions as a chiral catalyst in the reaction for
stereosel ectively introducing a substituent into the
t hi azol i ne conmpound (2). Since the catal yst
represented by -general formula (4) has two axial
asymmetries, four isomers are present. In general, a
catalyst in which the two axial asymmetries have the
same configuration tends to provide higher
selectivity. The stereochenical configuration of the
product prepared with tﬁezgpfically active axially
asymmetric quaternary ammoni um salt represented by
general formula (4) or (5) varies depending on the
cat8ieseoghen eah contigureaié onterafclide sal tcoThguiaiion
use of the catalysts which are a pair of enantioners
of &Lesak§stiproespective products having different
stereochem cal configurations fromeach other with 25
t MEhes ammeowsel et iapiticadidy Velide Thertefmasy septiivyy salt
the - 22 catal yst used can control the stereochem ca
usedoa$i gucatabpst of s aprafeetbhy odluel .t ahpbht 2t more
optically active quaternary anmonium salt used as a
prefarabyst0i & pretenabby Bavadien 2ohaot9iasH r%oﬁés of
preferably 0.1 to 1 nol % based on the nunber of noles

theothighelth¢agerpPaendofpbund (2). The anount of

R T b1 AN & odiNeral e = Bt o £0 10
equivalents and more preferably 1 to 5 equivalents, based on
the thiazoline compound (Z2).

In general, the above-described reaction can be
performed by adding the base, the thiazoline compound (2);
the compound (3), and the catalyst to the solvent in air orx

an inert gas. For the reaction in air, in some thiazoline

compounds; the oxidation reaction of the thiazoline compound

preferentially occurs rather than the stereoselective
substituent-introducing reaction to form a thiazole. As a
result, a target optically active thiazoline compound can
hardly be produced. Thus, the reaction is preferably
performed in an inert gas.

For the reaction in a two-phase system containing water
and an organic solvent, the reaction temperature is
preferably 0°C to 50°C and more preferably 0°C to 10°C. For
the reaction in an organic solvent alone, the reaction
temperature is preferably -20°C to 50°C and more preferably

-20°C to l1l0°C.
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the thiazoline conpound (2). 10 In general, the
above-described reaction can be perfornmed by addi ng
the base, the thiazoline conmpound (2), the conpound
(3), and the catalyst to the solvent in air or an
inert gas. For the reaction in air, in some thiazoline
' conpounds-; the oxidation reaction of the thiazoline
conmpound 15 preferentially occurs rather than the
stereosel ective substituent-introducing reaction to
forma thiazole. As a résuit,” a target optically
active thiazoline conpound can hardly be produced.
Thus, the reaction is preferably perforned in an inert
gaghe20cEeribhetifact soprefeaabip- phase 8yS§t ém 24 hours.
containing water and an organic solvent, the reaction
A ilenper aldid lich tinef emablopr@Catld oG iademnsihe thiazoline
preferably OC to 10C. For the reaction in an-organic
congRiwent (23l dmeo tthd arzedet.i o husengdreatipes Giomptafigr a5 Jore
-20C t0.50C and nore preferably 25 -20C to 10C. - 23
preferatdactdlomtt e ite giefr@ualsi-y about 0.5 to 24 hours.
A longer reaction tinme may partially oxidize the
t hildzdl kwepecsmpounast2y rrateenhi 8folf8c FRASTPRe TOT
reaction time is nore preferabl aboutcg+§{to 12 .4 then
examUrs. VSO B esped T BhSs el dtiiehts bt e 20
reaction, for exanple, water is.adq_

2 peahathPrsiuft ot iadnd Srnéy oprtica A4 LR

v active thiazoline
compound (1) is extracted with an appropriate organic
éolvent. The extiacting solvent is not particularly limited
as long as the reaction product-can dissolve in the solvent.
General organic solvents such as diethyl ether, ethyl
acetate, and toluene can be used.

The organic layer resulted from the extraction is then

dried over and concentrated-to produce a crude product. The

crude product may be directly subjected to a next ring-
opening reaction of the thiazoline ring. Alternatively, the
crude product may be purified. The optically active
thiazoline compound (1) can be isolated and purified by
silica—~gel column chromatography.

Furthermore, in this reaction, the chiral catalyst can
be recovered and.reused. That is, after the reaction, it is
preferable that the optically active axially asymmetric
Quaternary ammonium salt represented by formula (4) or (5)
be separated and recovered from the reaqtion mixture by

column chromatography using a column packed with an
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a reaction product, that is, an optically active
t hi azol.ine conpound (1) is extracted with an
appropriate organic solvent. The extracting solvent is
not particularly limted 10 as long as the reaction
product can dissolve in the solvent. General organic
sol vents such as diethyl ether, ethyl acetate, and
tol uene can be used. The organic |ayer resulted from
the extraction is then dri over and
concentrat ed-t o- produce a de product. The 15.
crude product may be directly subjected to a next ring
openi ng reaction of the thiazoline ring.
adsAlteImat iarel yharhe hec medevereduch limpebeepaeiifi ed. The
optically active thiazoline conpound (1) can be .
i sebat etaapdepuritteedtby reitbttangetheorgamtion solution
chromat ography. 20 .Furthernore, in this reaction, the
is chilngdect atidlly statean apel mesdvelddedn# itdusadactat i s,
after the reaction, it is preferable that the
Extodicaln Vi sadts i raca iy ha Spmeprrioe T igkst eFAgRyc solvent,

ammoni um salt represented by formnula (i} or &5% b
ands dmTattéte S Hdcate Ped Y iemUE Ly d&c Frdf nPXElr 8n§‘y
25 col umm_ chr omat ogr aphy usj ng a col um_packed

ith
ConCent RATEST GanBroAES RoR TR PEscvereq Toip p6ufs, oagauct

is Fs%rpaerxaat ei’ntaof tt re torﬂv irc% tyl %%t itvrée trl'l%%%%llgﬂes %loiﬂalo%?ld

(1) and the chiral catalyst by column chromatography using a
column packed with an appropriate adsorbent. In this way,
the catalyst can be recovered.

Examples of the acid used for the neutralization
include hydrochloric acid, sulfuric acid, acetic acid,

hydrobromic acid, and trifluorocacetic acid. Hydrobromic

‘acid is preferably used in order that the catalyst recovered

can have high reaction actiwvity and selectivity.

The extracting solvent is not particularly limited as
long as the reaction product and the catalyst can dissolve
in the extracting solvent, and general organic solvents can
be used. For example, ethyl acetate, methylene chloride,
chloroform, diethyl ether, or téluene can be used. Ethyl
acetate or methylene chloride is preferable.

The adsorbent with which the column is packed is not
particularly limited but is preferably alumina, silica gel,
or the like. Silica gel is more preferable from the

standpoint of separability.
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Is diluted with water and neutralized with an acid.
Extraction is performed with an appropriate organic
solvent, 5 and then the resulting organic |layer is
dri ed over and concentrated to produce a crude
product. This crude product is separated into the
optically active thiazoline conpound (1) and the
chiral catalyst by col unm chromatography using a
col um packed with an appropriate adsorbent. In this
way, 10 the catalyst can™ Y écover ed: Exanpl es of the
acid used for the neutralization include hydrochloric
acid, sulfuric acid, acetic acid, hydrobromc acid,
ang; thi fésoseaces i gnasidentlydsedr bmi colam dohsomatography,
preferably used in order that the catalyst recovered
an &%p@@@rﬁév@ hb@bineadbhonfactiyenty andveestectiepenging on
The extracting solvent is not particularly limted as
a thepgtagrbHectenaayi be pseduch amderheocalabgstheapptically
di ssolve in the extracting solvent, and general ,
actdrvganihdasollvert somanunbe (dsed. ERgmpégranpfelnét Rypanic
acetate, nethylene chloride, 20 chloroform_ diethyl
soleehér inghutel eshylcanchetasehexpiify| Chapgpipatyr Methylene
nmet hyl ene chloride is preferable. The adsorbent with
chlntricle  t hetbengdm eEhsacked ang Fdethyar FFgﬁFar | ?%*
limted but is preferably alumna, .silica. gel, orn%he
combiipatign PEacgeERNils SOl epEf é“—P&%laé“fLPgmthge.aSEs ©

n in f Plity. -
sefgg%e%P%rok %hesgg%&%bbgh%%stln%SOf-these may be used.

After the elution of the optically active thiazoline
(1), the catalyst can be recovered with an eluent having a
higher polarity. A mixed solvent system containing a low-

polarity organic solvent and an alcohol at an appropriate

ratio is used as the eluent having a higher polarity.

Examples of the low-polarity organic solvent include

chloroform, methylene éhioride, ethyl acetate, and hexane.

Methylene chloride is preferable. Examples of the alcohol

include methanol, ethanol, n-propanol, and isopropanol.
Methanol is preferable due to ease of the removal df the
solvent by distillation and the efficiency of elution.

The mixing ratio of the low-polarity organic solvent to
the alcohol may be adjusted depending on the type of the
catalyst to be recovered. The volume of methylene chloride
used is preferably 5 to 50 times and more preferably 10 to
30 times that of methanol.

The recovered catalyst can be reused directly wilthout
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Wth respect to an eluent used in col um

chromat ography, an appropriate conbi nati on of organic

sol vents depending on a target product may be used in

order to elute the optically active thiazoline

conmpound (1). Exanples of the organic 5 sol vent

i nclude ethyl acetate, hexane, chloroform nethylene

chl oride, nethanol, ethanol, and diethyl ether. A

conbi nation of organic solvents containing at |east

one selected fromthe gfb&ﬁ consi sting of these may

be used. After the elution of the optically active

thiazoline 10 (1), the catalyst can be recovered with
any@R r@a#enly having a higher polarity. A mxed sol vent

system containing a low polarity organic solvent and

anTakcphekeat anvapphioprieate padvddés aspdeasss hgor

el uent having a higher polarity. Exanples of the
prddawtipal ani toytdiogddivc asghivent-snekstds utsde Rlyeit6fLdem

nmet hyl ene chl oride, ethyl acetate, and hexane.
repivietshyltere bohlgeriede li £oprefler 6] e OTERampilés LHETERE

al cohol include nethanol, ethanol, n-propanol, and

i sopropanol. Methanol is preferable due to ease of

the renoyal of the. solvent by distillation and the

efficiFQ Y O +pn. 20 The m xing ratio of the

| ow pol aN i ¢ solvent to the al cohol may be

adj uste ngFin the type of the catalyst to be

re d® TH& volunme o thyl ene chloride wused is

preféerably 5ito 50 tine d nore preferably 10 to 30
times that ofDmet hanol .

(where * and R® are the same as above), the process including
a step of hydrolyzing an optically active thiazoline

compound represented by general formula (L) :

N -k COOR'
R"— [R®* (1)
S

(where *, R', R?, and R® are the same as above). That is, by
hydrelyzing the resulting optically active thiazoline
compound (1), an optically active a—substituted cysteine (6)
or a salt thereof can be produced.

The process for the hydrolysis is not particularly

limited as long as the process can open the thiazoline ring.
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25 The recovered catal yst can be reused directly
without 26 5 any treating. The present invention also
provides a process for producing an optically active
a-substituted cysteine represented by general fornula
(6) or a salt thereof: R3/-SH OH H2N * If (6) O
(where * and R3 are the same as above), the process
including a step of hydrolyzing an optically active
t hi azol i ne 10 conpound represented by general formula
(1): 15 (where .*, R, RZ, 2dnd R3 are the same as
above). That is, by hydrolyzing the resulting
optically active thiazoline conpound (1), an

An BRbhpak! ¥yraghbveracsyhsthtut@dsCcyst eppeokb) wothaasahtid
t hereof can be produced. The process for the

or BWOROkKY%S$HS is not particularly limted as long as the

process can open the thiazoline ring. - 27 An exanple
of Ex&ep e 9ces sthach ikt siser appr badd ydhoehleacid aerd,
an al kal i

acetic acid, sulfuric acid, hydrobromic acid, and
trifluoroacetic acid. Hydrochloric acid is preferable.

Examples of the alkali used include hydroxides such as
lithium hydroxide, sodium hydroxide, potassium hydroxide,
calcium hydroxide, barium hydroxide, and magnesium hydroxide.
Lithium hydroxide, sodium hydroxide, or potassium hydroxide
is preferable.

The acid and.the base each are preferably used in the
form of an aqueous solution. The concentration is
preferably 0.1 to 20 N and more preferably 0.1 to- 10 N.

- The hydrolysis is preferably performed with the acid.-

The reaction solvent may be the acidic aqueous soluticn
or alkaline aqueous solution used for the hydrolysis.
Alternatively, the reaction solvent may be a mixture of
water and a solvent such as toluene, acetonitrile,
tetrahydrofuran, methanol, or ethanol. The amounts'of water
and the solvent are not particularly limited.

The reaction temperature should be set at a température
at which the reaction efficiently proceeds. The reaction
temperature is preferably set at 70°C to 130°C and more
preferably 90°C to 120°C.

With respect to the reaction time, the reaction is
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Exanpl es of the acid used include hydrochloric acid,
acetic acid, sulfuric acid, hydrobromc acid, and 5
trifluoroacetic acid. Hydrochloric acid is preferable.
Exanpl es of the al kali used include hydroxi des such as
['ithium hydroxi de, sodi um hydroxi de, potassium
hydr oxi de, cal ci um hydr oxi de, barium hydroxi de, and
magnesi um hydr oxi de. Lithi um hydroxi de, sodi um
hydroxi de, or potassium hydroxide 10 is preferable.
The acid and the base each?¥ & preferably used in the
form of an aqueous solution. The concentration is
preferably 0.1 to 20 N and nore preferably 0.1 to 10
ofthln Thehwdeal ysi s2i soppef ebabky pehkodiedppethathe of the
acid. 15 The reaction solvent may be the acidic
optagggq#saggﬁuhi@ﬂia@blahkabbmpoaqdeam$ s$el obnonrusddby
for the hydrolysis. Alternatively, the reaction
thisellvertr @Ry ohatagrephyr 6 TGE) .wafer anduassohtenbeipghslow
as toluene", acetonitrile, tetrahydrofuran, nethanol,
to areaethanrollonfee aragntsnofiwet és 20dandethe &l pepforming
are not particularly limted. The reaction tenperature
theshealot ive st haphateapperiuaee angt DAHPCRTEREUFEadtl 6n
efficiently proceeds. The reaction  tenperature is
prepeeireraiopisaeagtoTeCthe Isectind bRe CpPeP&r A6FYC68¢
to 120C. 25. Wth respect to the reactjon iinE %he _
ally active o

r cAétesnthe reagtion, the resulting optilc
substituted cysteine (6) or a salt thereof can be isolated
and purified in an appropriate solvent by crystallization.
The solvent used and the crystallization conditions should
be each optimally selected for the resulting optically

active o~-substituted cysteine (6). The case of an opticaliy

active o-methyl cysteine hydrochloride will be described,

- the o-methyl cysteine hydrochloride being produced by

methylating a thiazoline compound (2) to produce an

optically active thiazoline compound (1) and then

hydrolyzing the resulting compound (1) with hydrochloric

acid.

After the reaction, the reaction mixture is
concentrated under a reduced pressure until the total amount
of hydrochloric acid is reduced to about 1/6. Then, -toluene
is added, and water is further removed azeotropically.
During the step of repeating.further addition of toluene and
azeotropic removal of water, an optically active a-methyl

cysteine hydrochloride is deposited as crystals. The



often conpleted in 12 to 24 hours. The di sappearance

of the optically active thiazoline conmpound (1) is

confirmed by thin-layer chronmatography (TLC). For a

substrate being slow to react, a longer reaction timne

Is required. By performng 5 the reaction at

hi gh-tenperature and hi gh-pressure in a

pressure-proof reactor, the reaction time can be

reduced. After the reactign, the resulting optically

active a substituted cysreﬁ@e“(G) or a salt thereof

can be isolated and purified in an appropriate

sol vent by crystallization. 10 The sol vent used and
reshﬁ%1BQY§E9EkblaﬁboBlgeﬂdtbdoﬁﬁdsh@ghddbeléhcholuene,

optimal ly selected for the resulting optically active
folaoweHbsll HuledgCyst pirBguEe) anThpttasklpf aahivptdcaetyl

active a-nethyl cysteine hydrochloride will be
cysdeseei bgdrochheradeetiiyh eysteéilrethydrothl enidelpéiing

produced by 15 nethylating a thiazoline conpound (2)

t oTpe opuesean iopéntadhyahetipeothiey ot meotbrpbiindgctive

(1) and then hydrolyzing the resulting conpound gl)

5 thiwizbAihpdcowhbonidc repsedenAttepyt HENPEA t EBRIMUELRe (717
reaction mxture is 20 concentrated under a reduced
pressure until the total anmount of hydrochloric acid
is reduced to about 1/6. Then, toluene is added, and

water is further I jgézeotropically. During the
step of re (ggaxa addi tion of tol uene and
azegpropiL/re gf water, optically active

N R” "

t hy
S

7
(where #, RY, and R? are the same as above; R represents an

10 optionally substituted linear, branched, or cyclic C,-Cy
—alkyl ‘group, an optionally substituted linear, branched, or
cyclic C,-C, alkenyl group, an optionally substituted linear,
branched, or cyclic C,-C,, alkynyl group, an opticnally
substituted linear, branched, or cyclic C3-Cy |
15 = alkoxycarbonylalkyl group, an optiocnally substituted C,-Cy
aralkyl group, or an optionally substituted C,=Cs
hetercaralkyl group).
| The optically active thiazoline compound (7) prepared
in the present invention is a novel compound and can be an
.20 intermediate useful for the production of an optically
active a-substituted cysteine or a salt thereof.

Groups represented by R' and R® have been described
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25 cysteine hydrochloride is deposited as crystals.

.The - 29 resulting crystal is filtrated and washed

with toluene, followed by drying to produce an

optically active a-nmethyl cysteine hydrochloride with

excellent purity and yield. The present invention also

provi des an optically active 5 thiazoline conpound

represented by general formula (7): (where *, Rl, and

R2 are the same as above;. Eg}represents an 10

optionally substituted |in , branched, or cyclic

C2-C20 . -al kyl group, an optionally substituted

| i near, branched, --or- Cyclic C2-C20 al kenyl group, an
abfptionally substituted |linear, branched, or cyclic

C2- C20 al kynyl group, an optionally substituted

| i peamplbeanghede groapel rep€8s€R0ed5by R include the.

al koxycar bonyl al kyl group, an optionally substituted ;
grdab<C3br & abkytbripedpaboveanxopbtofiar| § BabEYLt GiFedP: R

C4-C30 heteroaral kyl group). The optically active
refihisazdls mercEmREUN 7 e EEp ATEWP i @It HE RBHEseEntdroup, an

invention is a novel conpound and can Qg¥a;n 20
1 s drtagryie di TR ,uSet U=yt BE Piod et Bt Yan OitiFeald y
active a-substituted cysteine or a salt thereof. 2

texgdupy I epiatbntte PBYER HRFR o Beer? deler ibed

30 above.
cyclopropylmethyl group, a cyclopentylmethyl group, &

cyclohexylmethyl group, an allyl group, a 2~butenyl group, 4
l-methyl-2-propenyl group, a 2fmethyl—2—propenyl group, a
propargyl group, a text—butoxycarbonylmethyl group, a benzyl
group, a chlorobenzyl group, a fluorobenzyl group, a

bromobenzyl group, a dichlorobenzyl group, a difiuorobenzyl

group, a dibromobenzyl group, a methylbenzyl group, a

methoxybenzyl groupy, a-3,4-dibutoxybenzyl group, &

" naphthylmethyl group, or an indolylmethyl group. An ethyl

group, an allyl group, a propargyl group, or & benzyl group

is more preferable.

Best Mode for Carrying Out the Invention

The present invention will be described in detail with

reference to examples below, but the present invention is

not limited to these examples.

(REFERENCE EXBAMPLF. 1) Process for producing ethyl 2-

phenylthiazoline-4-carboxylate

=thylbenzimidate hydrochloride (742.4 mg, 4 mmol),
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Exanpl es of the groups represented by R include the

groups for R3 described above except for a nethyl

group. R7 represents preferably an ethyl group, an

n- propyl group, an 5 isopropyl group, an n-butyl

group, a sec-butyl group, a tern-butyl group, a pentyl

group, a hexyl group, a cycl opropyl nethyl group, a

cycl opentyl met hyl group, a cycl ohexyl nethyl group, an

allyl group, a 2-butenyl gr%up, a 1-nethyl-2-propenyl

group, a 2-nethyl-2-propénylr group, a 10 propar gyl

group, a tert-butoxycarbonyl nethyl group, a benzyl

group, a chlorobenzyl group, a fluorobenzyl group, a
cysbegrebenryh @keup, hgddbehlorobentyiogboup, 4.2 mmol), and

di fl uorobenzyl group, a di bronobenzyl group, a
trieethykhenzyl(5¢508ppla 4 netimaybenzye dissplved in

3, 4- - di but oxybenzyl group, a 15 napht hyl net hyl - group,
methenad i(Bdoly| methyhegreapltAngenhyfurgroap, Shhraedyst

group, a propargyl group, or a benzyl‘groug IS nore
roopr ébmpabbélrBestvekbdehtor EaEeRyi AGAOLGECRNRL | WIERET on

20 The present invention will be described in detai
metiiephl rebeddncd iederfipradebeforrdBfiedt RECPFEERNL 2Nd the

cenit Ry PBe REAEIARERy BF B RFGFRBESA T2 CH REOVE PRFICe: T2
reothor L 2 Dlgeoher By achlat! 85, (AT0,8 Mid?
sul%g%%og%%QCB%centrated under a reduced pressure to.produce
a crﬁde product. The resulting product was purified by
silica-gel column chromatography (hexane:ethyl acetate =
8:1)y to yield target ethyl 2-phenylithiazoline-4-carboxylate
(941.2 mg, yield: 99%). |

(REFERENCE EXAMPLE 2) Process for producing tert-butyl 2-

- phenvlthiazoline-4—-carboxylate

A 2 M sodium hydroxide aqueous sclution (4 mL) was
added to a methanol solution (4 mL) containing ethyl 2-
phenylthiazoline—4—carboxylate (941.32 mg, 4 mmol) and the
resulting mixture was stirred at room temperature for 30
minutes. After removal of methancl by distillation under
reduced pressure, citric acid was added to the aqueous layer
to make the solution acidic, and then extraction was
performed with ethyl acetate. The resulting organic layer
was dried over anhydrous sodium sulfate and concentrated
under a reduced pressure to produce 2-phenylthiazoline-4-

carboxylic acid. This was cooled to 0°C. A methylene
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met hanol (8 nL) and the resulting m xture was stirred
at roomtenperature overnight. After addition of
water, 5 nmethanol was distilled off under a reduced
pressure, and the remaining water |ayer was extracted
with ethyl acetate. The resulting organic |ayer was
dried over anhydrous sodium sulfate and concentrated
under a reduced pressure to produce a crude product.
The resulting product was purified by 10 silica-ge
col uim chr omat ogr aphy (héxgﬁeTEthyl-acetate =8:1) to
yield target ethyl 2-phenylthiazoline-4-carboxylate
(941.2 ny, yield: 99% . (REFERENCE EXAMPLE 2) Process
ch1b9h gBr educkRent (emts bubnyhinlhgAd2nbtspdamimbpdrodide
aqueous solution (4 nm) was added to a nethano
(393Q0UkigON 3(4 mkplgonhai nemg-pubypho2- (1.15 mL, 12 mmol) was
phenyl t hi azol i ne- 4-carboxylate (941.32 ng, 4 mmol) and
addehie fresallyi ag3rbxtyrdohesyitarbedianideonPPdnpendt ufed
- for 30 mnutes. After renoval of nethanol by ,
mmodi) stviaksl atided, uader tRenr slec e spledsar BIXERER] vagepgirred
was added to the aqueous layer to make the sqlutio
foradi0dindnudrg -t hAngereraseiol IRas COE@PPB@nﬁéswffLI]rtgf:ﬁal off.
acetate. The resulting organic |ayer_  was dried._over L
Theamepdlodadsdiltinpsel Waﬁewéﬁae@owégﬁt Falle@yadgRgatogLc acid
reduced pressure to produce 2-phenylthiazolipe-4 25 .
andc hBox PRtEEELER YRSs PRES OCBE el 1t Géheﬁ-mgﬁﬁl gRguLting

32 chloride solution (8 n). containing.
Org@méﬁtﬁﬁwgﬁiW@ﬁyé?&ﬁﬂeoger a%hydrous sUium sulfate. Then,

the solvent was distilled off under a reduced pressure to
yield a crude product: The crude product was purified by
silica-gel chromatography-(hexane:ethyi acetate = 8:1) to
yield target tert-butyl 2-phenylthiazoline-4-carboxylate

{colorless oil; 547.9 mg, yield: 52%).

1§ NMR (400 MHz, €DCl,) &: 7.86-7.88 (2H, m), 7.39-7.49 (3H,.

m), 5.20 (1H, t), 3.63 (2H, d), 1.52 (9H, s).

(EXAMPLE 1) Process for producing tert-butyl {Ry—4-methvl-2-

phenvlthiazoline-4-carboxyvlate

In an argon atmosphere, toluene (2 mL) was added to
tert-butyl 2-phenylthiazoline-4-carboxylate (79.0 mg, 0.3
mmol) prepared in REFERENCE EXAMPLE 2 énd a catalyst (2.74
mg, 3 Mmol) having the (S,5) configuration of two axial
asymmetries and represented by general formula (8). Methyl

iodide (37.3 pl, 0.6 mmel) was added, and the resulting

‘mixture was cooled to 0°C. 2An aqueous solution of 50%

sodium hydroxide (1 mL) was added, and the resulting.mixture
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(3912.0 ng, 3.2 mol ) and tert-butanol (1.15 nm, 12
mmol ) was added, finally 1, 3-dicycl ohexyl carbodiim de
(907.7 ngy,.4.4 nmol) was added, and then the '
resulting mxture was stirred 5 for 30 mnutes. A
generated urea conpound was filtered off. The
resulting filtrate was washed with 1 N hydrochloric
acid, and then extraction was performed with ether.
The resulting organic qug{ was dried over anhydrous
sodi um sul fate. Then, thesolvent was distilled off
under a reduced pressure to 10 yield a crude product.
The crude product was purified by silica-ge

wasChtamatdgnaphy €hexdneaepbylkaacet afeterg-bhytyd Zyiel d
target tert-butyl 2-phenylthiazoline-.4-carboxyl ate

phefigdltbrbesd iokk1-847b0xydatei @hd: c5pf rmed RWVRTEE400
MHz, CDCl13) 8: 7.86-7.88 (2H, m, 7.39-7.49 (3H,. 15
m, 5.20 (1H., t), 3.63 (2H, d), 1.52 (9H, s).
(EXAMRLE 1) Precess for producing ttert-bijtyl R- -
in an argon atnpsphere, toluene (2 nL) was added to

i azol i ne- 4-carboxylate (79.0 ny,

text-butyF‘Z_p--nyItE
0.3 20 mmol @ i n REFERENCE EXAMPLE 2 and a
/
Q1

catal yst (2. ), 3 nol) having the (S,95)

configuratio wo axial asymmetries and

waxy{8). Methyl iodide
d the resulting.
n agwreous sol ution of 50%
was” added, and the
(8)

After the reaction, the mixture was diluted with water,
and then extraction was performed with diethyl ether. The
resulting organic layer was dried over anhydrous gsodium
sulfate and concentrated under a reduced pressure to yield a
crude product. The crude product was purified by silica-gel
column chromatography (hexane:diethyl ether = 10:1). As a
result of 'H NMR analysis of the resulting product, the
product was identified as target optically active tert-butyl
4—methyl—Z—phenylthiaioline—4—carboxylate (71.3 mg, yield:

86%). Analysis by HPLC {column: CHRALCEL OD (menufactured
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was stirred until the di sappearance of tert-butyl 2-

phenyl t hi azol i ne- 4- car boxyl ate. was confirnmed by TLC.

(8 ) 5 After the reaction, the m xture was dil uted

with water, and then extraction was performed with

di ethyl ether. The resulting organic |ayer was dried

. over anhydrous sodium sulfate and concentrated under

a reduced pressure to yield a 10 crude product. The

crude product was purified by silica-gel colum

chromat ogr aphy (hexane: di'ettyl ether = 10:1). As a

result of 1H NMR analysis of the resulting product,

the product was identified as target optically active
by Deficehuthlemi4atetihylus2rpkeny LtHi azokbheéls- phrbexyl at e

(71.3 ng, yield: 15 86% . Analysis by HPLC (col um:
hexGHRALEEENAD Endmii:dct wetentids thyeDailéel! Thaptesl (major),

I ndustries, Ltd.), nobile phase: hexane:ethanol = .
20.400c hutest dntinom Vi wowee, ThaitnGbes opiafFar) puragygwas 97%

m nutes (mnor)) showed that the optical purity was
e.297% e.e. 5 The retention tine for a test-butyl

(R) - 4-net hyl -2- phenyl thi azoline-4-car yl at e _

st Ahgarateapapat éw%ﬁ%a@eaerwwtéﬂgt ?gﬁrﬁ;,mggley{-,g

(R.-met hyl -L-cysteine tert-butyl ester _as tartin
OheRR ST NS ST P ARANAYS £ TRGENPE A gEP HEL 6 ReGo T

wit%h%%t%%%l J|AJ%E%%PQEUh%%t%@i—%—%%%E%g%%a%%&thutyl ester
as a starting material was 16.7 minutes. Thus, it was
determined that the main product had the R configuration.

M NMR (400 MHz, CDCLl,) &: 7.85-7.87 (2H, m), 7.40-7.47 (3H, -~
m), 3.83 (lH, d), 3.25 (1H, d), 1.63 (3H, s), 1.50 (SH, s);
[@]®, = -17.5 {c 0.50, CHCl;).

(EXAMPLES 2 to 4)

Optically active thiazoline compounds were each
prepared with the same catalyst and experimental procedure
as in EXAMPLE 1, except that ethyl 2-phenylthiazoline-4-
carboxyliate shown in Table 1 and represented by the
following formula was used instead of terfmbutyl 2m
phenylthiazoline-4-carboxylate, and that the compound R’L
shown in Table 1 was used instead of methyl iodide.

Table 1 summarizes the reaction time, yield, and

optical purity.
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10 "H NWR (400' MHz, CDC13) 8: 7.85-7.87 (2H, m,
7.40-7.47 (3H, - m, 3.83 (1H d), 3.25 (1H d), 1.63
(3H, s), 1.50 (9H, s) ; [a] D27 = -17.5 (c 0.50,
CHC13) (EXAMPLES 2 to 4) Optically active thiazoline
conmpounds were each 15 prepared with the sane catal yst
and experinental procedure as in EXAMPLE 1, except
that ethyl 2-phenylthiazoline-4- carboxylate shown in
Table 1 and represented by the follow ng fornula was
used instead of tent-butyl

phenyl t hi azol i ne- 4- carboxylate, and that the conpound
R3L 20 shown in Table 1 was used instead of nethyl

i od lpi1elsummr|zest CthﬂtInE d)R1
J@% SCOk oy EaEh AT
Ph (houaj-(a) EXAI\/PLE 2. cszcs

LE 3 C2H5CH§&@E@RZ 996 EXAMPLE
- 4- C2H5HC—CCHZBri@%g§]$AQUEOUSSOLUHON

Tzble 1
Time Yield
R R L % e.e
{hour) {%)
EXAMPLE 2 -C,H, C H;CH,Br 1.5 97 97
EXAMPLE 3 -C,H, CHE,=CHCH,Br |- 1.5 99 96
EXAMPLE 4| -C,H, | HC=CCHBr | ~ 4 74 - 95

The analytical conditions of NMR spectra and HPLC for

the resulting optically active thiazoline compounds are

‘described below. The term "CHIRALPAK AS" refers to & cdolumn

manufactured by Daicel Chemical Industries, Ltd.

(EXAMPLE, 2) Optically active ethyl 4-benzyl-2-

pben;t thiazo ]'DE“Q_QEJ:IQQX:E ate

¥ NMR (400 MHz, CDCl,) &: 7.85-7.87 (2H, m), 7.39-7.50 (3H,

m), 7.21-7.28 (5H, m}, 4.24 (2H, q), 3.82 (1, d), 3.43 (1H,
dy, 3.35 (1H, d), 3.30 (1H, d), 1.27 (3H, t)y; [alP,, = +73.6
(¢ 0.50, CHCL,); HPLC: CHIRALPAK AS {hexane:ethanol = 200:1},

retention time: 11.8 minutes (minor), 13.3 minutes (major).
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10 CH RAL CATALYST S TOLUENE 50% KOH AQUEQUS SOLUTI ON
N CO2R1 Ph/ + R3L Table 1 The anal ytical conditions
of NMR spectra and HPLC for the resulting optically
active thiazoline conpounds are described bel ow. The
term " CH RALPAK AS" refers to a doluirin manufactured
by Daicel Chem cal Industries, Ltd. KAMPLE 2) Co 4
_ben ~H NWR (400 MHz, CDC13) 8: 7.85-7.87 (2H, m ,
7.39-7.50 (3H, m, 7.21-7. 28 (5H, m , 4.24 (2H, q),
3.82 (1H, d), 3.43 (1H, "d? 3.35 (1H d), 3.30 (1H,
d, 1.27 (3H, t) ; [a] D27 = +73. 15 (c 0.50,
CHC13); HPLC. CHI RALPAK AS (hexane et hanol = 200:1),

Exhﬁbgﬁtaonobtnealia Scfi Gyt 8h{M foa)lyIR3 m nut es
(rmaj or) . 36 KAWPLE 3 1 Ob "H NWVR (400 MHz, CDC13)

pheﬁ%l£h§§251§ﬂ5£2£baﬂhgxiléﬁg7 49 (3H, m), 5. 78-5. 85
(1H, m, 5.15-5.21 (2H, n), 4.23-4.31 (2H, m, 5 3.87
g NME, (400 B1R9 L) dP; 2.96-2.99 (2B, m), 1.39-(3tP (3H,

t); [a] 27 = +27.8 (c 0.50, CHC13) ; HPLC, CHI RALPAK
m),AS.78-5.85 (1H, m), 5.15-5.21 (2H, m), 4.23-4.31 (2H, m),

3.87 (1H, d), 3.39 (1H, 4), 2.76-2.79 (2H, m), 1.31 (3H, t);
(a]®,, = +27.8 (¢ 0.50, CHCl,); HPLC: CHIRALPAK AS
(hexane:ethanol = 200:1), retention time: 9.3 minutes

(minor), 10.1 minutes (major).

(EXAMPLE 4) Optically active ethyl 4-propargyl=2-

phenvithiazoline-4-carboxylate

4 NMR (400 MHz, CDCl,) &: 7.84-7.86 (2H, m), 7.38-7.50 (3H,

m), 4.24-4.38 (2H, m), 4.03 (1H, d), 3.62 (1H, d), 3.02 (1H,

- dd); 2.80 (1H, dd), 2.05-(1H, t), 1.33 (3H, ‘t); [a]l®y =" -

+88.9 (¢ 0.50, CHCl;):; HPLC: CHIRALCEL OD (hexane:ethanol =
50:1), retention time: 12.5 minutes (minor), 18.6 minutes

(major).

(EXAMPLE 5) Recoverv and reuse of catalyst in process for

producing optically active tert-butyl 4d-methyl-2-

Qben;f tb: 870 i DE"Q“CEI’QQX;E] ate

The same catalyst and experimental procedure as in

EXAMPLE 1 were used. After the confirmation of the

disappearance of the material by TLC, water was added. The

Iresulting mixture was neutralized with a 1 N hydrobromic
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(hexane: et hanol = 200:1), retention tine: 9.3 mnutes
(mnor), 10.1 mnutes (major). 10 - 1H NMR (400 MHz,
CDC13) 8: 7.84-7.86 (2H, nm), 7.38-7.50 (3H, m,
4.24-4.38 (2H, n), 4.03 (1H, d), 3.62 (1H, d), 3.02

(1H, dd) ;...2.80 (1H, dd) , 2.05 (1H t) , 1.33 (3H,
t) ; Ea] Dig _ 15 +88.9 (c 0.50, CHC13); HPLC
CHI RALCEL OD (hexane: ethanol = 50:1), retention

time: 12.5 mnutes (mnor), . 18.6 mnutes (mjor). 20

tert-but 4--methyl-2- The Sdme cat al yst and

experinmental procedure as in EXAMPLE 1 were used.

After the confirmation of the disappearance of the
acidBteikbalisbyoTLEionat endwabeaddrd. o¥geni25lagsul vifg

m xture was neutralized wwth a 1 N hydrobromec. - 37
extacictcdquetus nechyf eor, chidriden t Bheorganpetray 8F IRa3C

extracted with nethylene chloride. The extracted
lavergamisc drhiaye o veas athiydd oove scankpd suds a§8drm sul f at e

and concentrated to yield a crude product. The crg@e y
congenduetes was Ypelif pe@rbyes PrPddciel dBfufgUCde product

chromat ogr aphy (hexane: di ethyl ether = 10:1) to yield
wasg Prgigaedpbyd gét-icaygald codev 6PIPRAEOPIARENt, the

catal yst was el uted and recoveneq from.the col%g%ct

(hegape :gliRitedd s6PeeEnt of ‘het kYl EAE LRI &ATGE aRd
(yig%%na%%%}(g%%h%[%Q?.Ch&%&qufg%tg%@%hy%tsgﬁ% %ﬁuted and
recovered from the column with a mixed solvent of methylene
chloride and methanol- (methylene chloride:methanol = 30:1 to
10:1) (recovery rate: 90%). The recovered catalyst was -used
again (second cycle), and a target optically active tert-
butyl 4-methyl-2-phenylthiazoline-4-carboxylate was obtained
as a result in 85% yield and 97% e.e. The catalyst was
recovered once again and used  (third cycle). A target

product was obtained in 83% yield and 97% e.e.

(EXAMPLE._6) Process for producing (R)-o-methyl-L-cysteine

nvd Hiorid
In a nitrogen atmosphere, tert-butyl (R) -4-methyl-2-

phenylthiazoline-4-carboxylate (97% e.e.) (1 g, 3.6 mmol)

| prepared in EXAMPLE 1 and a 4 N hydrochloric acld aqueocus

solution (10 g) were added to a glass reactor, and the

.-resulting mixture was refluxed. After the confirmation of

the disappearance of tert-butyl (R)-4-methyl-2-

phenylthiazoline-4-carboxylate by TLC, the resulting mixture
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10: 1) (recovery rate: 900). The recovered catal yst was
used again (second cycle), and a target optically
active tert- butyl
4- et hyl _2- phenyl t hi azol i ne- 4- car boxyl at e was obt ai ned
as aresult in 85%yield and 97% e. e. The catal yst was
recovered once again and used (third cycle). A target
15 product was obtained in 83%yield and 97%e.e. R
-a-~ne~ yl -L-cyrte.ine ( MPLE 6) Prnres,9 for
produci ng hydrochl oride 7l 8a_nitrogen at nospher e,
tert-butyl (R)-4-nethyl-2- 20
phenyl t hi azol i ne- 4-carboxylate (97%e.e.) (1 g, 3.6
wasABhrchEepaead hdeEXAVPEBudedandrasduhe hydt ot htloe i total
acid aqueous solution (10 g) were added to a gl ass
volhRactes, raddctletbeabbuing/ Al xt Gpduens f&f nhkedas Ape@pds
the confirmati on of the di sappearance of tent-butyl
and( Ratérmety kz2o2Fophenylvhiramoiefe- 4FeaFbBXYPEEe B%e
TLC, the resulting mxture - 38 was concentrated
azeohdepia- redoved pressduscunes| PeKECEBEE] tWyEP Uit hakh®
reduced to about 1/6. Toluene (5 nl) Mﬁs addegt. andh.te
sameaBECUWaES 04z Sotluepiec BPRY EarbvEdMeEur tHEr FEFB;, TtHE YOt
azeotropi c renmoval procedure was perfo d twice wth.
cryshels sgxe drdGrRter PéFuelEsSHsEd éaﬁh pLhgnernand Wiea

resulting white 15 20 , 1
under a red%ced pressure overnight. As a result of the “H

NMR analysis of the resulting white crystals (0.54 g, yield:
88;0%), the resulting crystals were identified as target

(R) “g~methyl-L-cysteine hydrochloride.

'Y NMR (300 MHz, D,0) &: 3.18 (1H, d), 2.89 (1H, d), 1.60 (3H,

s) .

(EXAMPLE 7) Process for-determining optical purity of -

optically active o-methyl-rL-cysteine hydrochloride
(R) ~a-Methyl-L-cysteine hydrochloride (74.2 mg, 0.44

mmol) prepared by a process described in EXAMPLE © was
dissolved in water (3 mL). To the resulting solution,
sodium hYdrogencarbonate (197.7 mg) and then 3 mL of ethanol
were added. After nitrogen purge, benzyl chlorocarbonate
(0.17 mL, 1.10 mmol) was added and the mixture was stirred
at room temperature for two days. Concentrated hydrochloric
acid was added to the reaction mixture to adjust the pH to
1.9. Extraction was performed with ethyl acetate, and then

the resulting organic layer was dried over anhydrous sodium
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crystals were filtrated off, washed with tol uene, and
dried wunder a reduced pressure overnight. As a result
of the "H NWR analysis of the resulting white
crystals (0.54 g, yield: 88.0%, the resulting
crystals were identified as target
(R)-a-nethyl -L-cystei ne hydrochloride. "H NVR (300
MHz, D20) 5: 3.18 (1H, d) , 2.89 (1H, d) , 1.60 (3H
aCtive-a-NE—th~zI-T,-cyg[pégf_hydrochloride
(R)-a- Met hyl -L-cystei ne hydrochloride (74.9 ng, 0.44
mmol ) prepared by a process described in EXAMPLE 6 was
di ssolved in water (3 nL). To the resulting solution,
sulgedisum hyedr egerneatbanat e€ict9712dng¥ fanddeneneduatdof
et hanol were added. After nitrogen purge, benzyl _
preciiuaracamrbenateulCAng7mikutel @aznpuk) fhasd AdegeRAgat1ve
the m xture was stirred at roomtenperature for two
thidaysye@ontenmadbgd abydr dPALEsi ¢ : labiedangd chbdéd2C6tRhRE
reaction mxture to adjust the pHto 1.9, Extract&gn £y
conwas ngexdf er g b Emosnisy ofageedtie 2gdd) thehS28 LREVIT ©
resul ting organic |ayer was dried over, anhydrous
NMFs gaiadivis1 539 thgyPUAEE * SPh & ORBIVERt “Rds l&lue?é:i\‘i%ﬁsg’ gff target
under reduced_pressure. The resuylting mxture ]
N, Sy@HicRire® s 2yl epa & e DY -AY; @Fp@hﬁg#§tg8(a§ﬁ%ld'

cotac s USRS AT AP TP e
on PN, B 08 SOt uae LABOLLELE o5 ).
moBE%e'€H§é¥r a potassium dihydrogen phosphate-phosphoric
acid (pH 2.0) aqueous solution/acetonitrile = 6/4, flow
rate: 1.0 mL/min, detection wavelength: 210 nm, column
temperature: 30°C, retention time: 19.15 minutes (D isomer),
22.92 minutes (L isomer)). As a result, the optical purity
was 97% e.e.

Iy NMR (300 MHz, D,0) &: 7.30-7.40 (m, 10H), 5.22 (s, 2H),

5.10 (s, 2H), 3.60 (s, 2H), 1.63 (s, 3H).

Industrial Applicability

The present invention provides a simple and
industrially advantageous process for producing an optically
active a-substituted cysteine or a salt thereof, which is
useful as an intermediates for pharmaceuticals, from
inexpensive and readily available materials with high
efficiency, by subjecting a thiazoline compound to. a

stereoselective substituent-introducing reaction catalyzed



60% . This conmpound was anal yzed by HPLC (col um:
CHI RALCEL OD-RH (nmanufactured by Dai cel Cheni cal
I'ndustries, Ltd.), nobile phase: a potassium
di hydr ogen phosphat e phosphoric 10 acid (pH 2.0)
aqueous solution/acetonitrile = 6/4, flow rate: 1.0
m./ mn, detection wavel ength: 210 nm col um
tenperature: 30C, retention tine: 19.15 mnutes (D
isomer), 22.92 mnutes (L |soner)) As a result,. the
opti cal purlty was 97%e. 60 15 1H NVR (300 MHz, D20)
6: 7.30-7.40 (m 10H), 5.22 (s, 2H), 5.10 (s, 2H),
3.60 (s, ZFD 1.63 (s, 3H). Industrial Appllcablllty
by Eheoptesedlyi avenveoqupkevhdes amspnphe aadtz. on
i ndustrially advant ageous process for producing, an
paraptidalrl, yanaekianélg- sEbENELUiedIegseENABY ORIROBANY Salt
thereof, which is wuseful as an internediates for
to pmadmaceanleatscaﬁﬁﬁnﬁctﬁﬁﬁpéhéﬁ@@léﬁa Femgpppd and then
avai l able materials with hig eff|C|enc¥ by
hydgeByyednongha msa&@npﬁetééﬁﬁ@éﬁa@t gogpognd.

'stereosel ective substituent-introducing reaction
catalyzed - 40 by an optically active quaternary
ammoniumsalt, in particular, an axially asymetric
guaternary ammonium salt to produce an optically
active thiazoline conmpound and then hydrolyzing the
resulting thiazoline conpound. - 41
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CLAIMS 1. A process for. producing an optically active
t hi azoli ne conpound represented by general fornula
(1): 5 R COOR 1 R3 (1) (where * represents an
asymmetric carbon atom Rl represents an optionally
substituted linear, branched, or cyclic Cl-Cl10 alkyl
group or an optionally substituted |inear, branched,
or cyclic Cl1-Cl10 al kylsilyl group; R2 represents an
optionally substituted C6-C3D aryl group or an
optional |y substituted |inédr,” branched, or cyclic
Cl- C20 al kyl group; and R3 represents an optionally
substituted |inear, branched, or 15 cyclic Cl-C20
al kyl group, an optional lgrzssstituted |inear
branched, or cyclic C2-C20 al kenyl group, an
optionally substituted |Iinear,  branched, or cyclic
C2-C20 al kynyl group, an optionally substituted .
1.i neamrdyaancifed; pafodeydhigc aB3of2@cally active thiazoline
al koxycar bonyl al kyl group, an optionally substituted
congh@al r2p rarsarkydd grogeneoser lafosprilendllly substit ut ed
C4-C30 heteroaral kyl group), the process conprising a
step of allowing a thiazoline conmpound represented by
general -- 4 2 formula (2) :

N_%_COOR’
R R )
S

(where * represents an asymmetric cafbon atom; R! represents
an optionally substituted linear, branched, or eyclic Ci—-Cyp
alkyl group or an optionally substituted linear, branched,
or cyclic C,-C, alkylsilyl group; R? represents an optionally
substituted C,~C;, aryl group or an optionally substituted
linear, branched, or cyclic C,;-C,, alkyl group; and R’

represents an optionally substituted linear, branched, or

cyclic C;-C,, alkyl group, an optionally substituted linear,

branched, or cyclic C,-C,, alkenyl group, an optionallily
substituted linear, branched, or cyclic C,-C, alkynyl group,
an optionally substituted linear, branched, or cyclic C3—Cyy
alkoxycarbonylaikyl group, an optionally substituted C,—Cy

aralkyl group, or an opticnally substituted C,=Cy

_heteroaralkyl group), the process comprising a step of

allowing a thiazoline compound represented by general



N COORS R2-~ ~ (2) S5 (where R and R2 are the sane
as above) to react with a conpound represented by
general formula (3) in the presence of a base and an
optically active quaternary ammonium salt functioning
as a catalyst: R3L (3) 10 (R3 is the sane as above;
and L represents a | eaving group). 2. The process
according to Caim1l1, wherein the optically active
quaternary ammonium salt is_an optically active
axially asynmmetric quatané?y‘annDniun1salt 15
represented by general fornmula (4) or general fornula
(5): - 43 (4) (5) (where R5 and R6 each represent a
forlMdeogen:atom an 5 optionally substituted |inear,
‘branched, or cyclic C1-C20 al kyl group, an optionally
substituted |inear, branched, or cyclic C2-C20
al kenyl group, an optionally substituted |inear,

branched, or cycli 2(2Q al kynyl group, an

optional | yNsubs C§G§%Bi§6-C3O aryl group, an
optiQpaII/,su ituted C3-C30 10 heteroaryl group, an
opRona-H%\ subgtituted C, -C3 2 al kyl  group, an

opti onal | E§u tituted C4-C30 heteroaral kyl group,

(where R' and R? are the same as above) to react with a
compound represented by general formula (3) in the presence
of a base and an optically active quaternéry ammonium salt
functioning as a catalyst:

RL  (3)

(R® is the same as above; and L represents a leaving group) .

2. The process according to Claim 1, wherein the
optically active quaternary ammonium salt is an optically
active axially asymmetric guaternary ammcnium salt

represented by general formula (4) or general formula (5):
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an optionally substituted |inear, branched, or cyclic
Cl -C15 al kanoyl group, or a C7-C30 aroyl group having
an optionally 44 substituted aromatic ring, and R5
and R6 may be the sanme or different; and X represents
a hetero atomor atomc group having ability to
function as a counter anion to the amoniumcation.) 5
3. The process according to Claim?2, further
conprising steps of, aftery+4he reaction, isolating
and recovering the optically active axially
asymmetric quaternary amoniumsalt represented by
formula (4) or (5) fromthe reaction m xture 10 by
colunn chronatogﬁiphy usrng a colum packed with an
xecovered salt. 4. The

or 3, |wherein R5 and in
an optionally. 15
z onal Iy substituted
Iy substi t(l4)ed ant hryl
tituted phenanthryl group,
ghenyl group. 20 5.
Clains 2 to 4,

| ae and (5) represent
&. The process according to any one

of Cl ains 2 to 5,
5
RO
| X
ND
6 ‘
R
(where R® and R® each represent a hydrogen atom, an
optionally substituted linear, branched, oxr cyclic C;=Cy
alkyl group, an optionally substituted linear, branched, or
cyclic C,-C,, alkenyl group, an optionally substituted linear,
branched, or cyclic C,~C,, alkynyl group, an optionally
substituted C,—C;, aryl group, an optionally substituted C;-Cy
hetercaryl group, an optionally substituted C,-C; aralkyl
group, an optionally substituted C,-C;, hetercaralkyl group,

an optionally substituted linear, branched, or cyclic C;=Cy

alkanoyl group, or a C;-Cs, aroyl group having an optionally



190

15

20

25

25 wherein, in fornmulae (4) and (5), each X represents
a - 45 halogen atom 7. The process according to any
one of Clains 1 to 6, wherein R represents a nethyl
group, an ethyl group, an n 5 propyl group, an
i sopropyl group, an n-butyl group, a sec- butyl group,
or a text-butyl group. 8. The process according to any
one of Clainms 1 to 7, wherein R2 represents an
optionally substituted phen group. 10 9. The process
according to any one of Qaims 1 to 8, wherein R3
represents a nethyl group, an ethyl group, an allyl
group, a propargyl group, or a benzyl group. 15 10.
subEE Hiteee s cageakdirigdt, 0 aady ROnenadfR Caiyndel the $ame or
wherein L in formula (3) represents a hal ogen atom
difFercApr eeesX frepreseduc ag haneopt Rtall pragtiowd Cagroup
substituted cysteine represented by general fornula
having) aorildty2@osdhnctiemeafs: aSHouaHes) apionggo [ECRsere *
represents an asymmetric carbon atom and R3
ammonium cation.)

3. The process according to Claim 2, further comprising
steps of, after the reaction, isolating and recovering the
optically active axially asymmetric quaternary ammonium salt
represented by formula (4) or (3) from the reactiocn mixture
by column chromatography using a column packed with an-

adsorbent, and then reusing the recovered sait.

4. The process according to Claim 2 or 3, wherein R® and

- R® in formulae (4) and (5) each represent an optionally

substituted phenyl group, an optionally  substituted naphthyl

group, an optionally substituted anthryl group, an

" optionally substituted phenanthryl group, or an optionally

substituted terphenyl group.

5. The process according to any one of Claims 2 to 4,
wherein R® and R® in formulae (4) and (5) represent the same

group.

6. The process according to any cne of Claims 2 to 5,

wherein, in formulae (4) and (5}, each X represents a
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represents an optionally substituted |inear, branched,
or Cyclic C1-C20 al kyl group, an optionally
substituted linear, 5 branched, or cyclic C2-C20
al kenyl group, an optionally substituted |inear,
branched, or cyclic C2-C20 al kynyl group, an
optionally substituted linear, branched, or cyclic
C3-C20 al koxycar bonyl al kyl group, an optionally
substituted C7-C30 aral kyl,-group, or an optionally
substituted C4-C30 10 heteroaral kyl group), the
process conprising a step of hydrolyzing an optically
active thiazoline conmpound produced by the process
halageor ditpgi.t 0 any one of Clains 1 to 10, the
t hi azol i ne conpound bei ng represented by genera
formula (1) : 15 R2 COORS R3 1 (where * and R3 are
the same as above; Rl represents an opt&gnalh&zéo 5,

Tsub$het pregessnageorBiaachedanygr °8gcPicCerieE

al kyl' group or an optionally substitutgg?l'near .
whegeaRcRedr ePHPSRYEP i & TI=01h FRF sidY 1€ ARy B

represents an ,optionally substitute = C30 _aryl _
e x oG BB 6 ban SOpteoharPy L D53 UbeuBtt Mt dFeq ) DRgap! @ sec

bt 29ened O Y HE-Ei 72y 8lgy! 9roun).

8. The process according to any one of Claims 1 to 7,

wherein R? represents an optionally substituted phenyl group.

9. The process according to any one of Claims 1 to 8,
wherein R® represents a methyl group, an ethyl group, an

allyl group, a propargyl group, or a benzyl group.

10. The process according to any one of Claims 1 to 9,

wherein L in formula (3) represents a halogen atom.

11. A process for producing an optically active o-
substituted cysteine represented by general formula (6) or a

salt thereof:

R> SH
OH
HZN x (6)

O
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12. A process for producing an optically active a-
substituted cystei ne represented by general fornula
(6) or a 5 salt thereof: R3 ASH OH HzN * If (6) O
(where * represents an asymmetric carbon atom and R3
10 represents an optionally substituted |inear,
branched,. or cyclic Cl1-C20 al kyl group, an
optionally substituted |inear, . branched, or cyclic
C2- C20 al kenyl group, an optdqnally substituted
| i near, branched, or cyclic C2-C23 al kynyl group, an
optionally substituted linear, branched, or cyclic
C3- C20 15 al koxycar bonyl al kyl group, an optionally
substituted C7-C30 aral kyl group, or an optionally
substituted C4-C30 heteroaral kyl group%, t he gro;ess
(whegeprti SERge88E8paBf 2ASHYBLbFYZi RGTAAT opt PRAI PY-alt i ve

renUEReTRg RagD RoTGOME SURE LI Cib U Lot et T RACAFE ( RE
cyc %QFC?§CgngE§1F%r£SBIeggnégtggnally substituted linear,
branched, or cyclic C,-C,, alkenyl group, an optionally
substituted linear, branched, or cyclic C,-C,, alkynyl group,
an optionally substituted linear, branched, or cyclic Cy—Cy
alkoxycarbonylalkyl group, an optionally substituted C,;-Cy
aralkyi group, or an opticnally substituted C,-C;,
heterocaralkyl gioup), the process comprising a step.of
hydrolyzing an optically active thiazoline compound produced
by the process according to any one of Claims 1 teo 10, the

thiazoline compound being represented by general formula

(1):

N % COOR'
R R
s~

(where * and R® are the same as above; R' represents an
opticnally substituted linear, branched, or cyclic C,—Cyo
alkyl group or an optionally substituted linear, branched,
or cyclic C,;~Cyo alkylsilyl group; and R? représents an

optionally substituted C¢-C;, aryl group or an optionally
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optionally substituted |inear, branched, or cyclic
Cl-C10 5 al kyl group or an optionally substituted
i near, branched, or cyclic Cl-Cl0 al kylsilyl group;
and R2 represents an optionally substituted C6-C30
aryl group or an optionally. substituted |inear,
branched, or cyclic C3-C20 al kyl group) 10 13. The
process according to Claim1l1l or 12, wherein an acid
is used for the hydrolysis,-14. An optically active
t hi azol i ne conpound represented by general fornmula
(7): 15 COORL R7 (7) (where * represents an asymetric
carbon atom R -represents an optional%g substituted
d

substhbated bk bmeted, borneyedi cod cyabic @gCa I8AKGr SEPW -
an optionally substituted |linear, branched, or cyclic
C, -Cl0 alkylsilyl group; R2 represents an optionally
substituted C6-C30 aryl group or an Ofiional%%%
13ubsti PEReRrFs | FeabToBi Ghehed FPTLFRTTE TIEER AT ky!
roup, and R7 5 represents_an optional |l ubstjtut
subff bRt ed et “Rroresert ol S cofiarad) Soratgs I ox
optional Ly substituted linear, branched, or cyclic
Sal%zg%ﬁﬁe%%kenyl group, an optionally substituted
i near, branched, or cyclic C2-C20 al kynyl group, an
optionally substituted linear, branched, or cyclic

““RS —sH

OH
HoN * (6)

0O

(where * represents an asymmetric carbon atom; and R
represents an optionally substituted linear, branched, or
cyclic C,-C,, alkyl group, an optionally substituted linear,
branched, or cyclic C,-C,, alkenyl group, an optionally
substituted linear, branched, or cyclic C,-C,, alkynyl group,
an optionally substituted linear, branched, or cyclic C;-Cy
alkoxycarbonylalkyl group, an optionally substituted C;-C;
aralkyl group, or an optionally substituted C,~Cy |
heteroaralkyl group), the process comprising a step of
hydrolyzing an optically active thiazoline compound

represented by general formula (1):
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15

10 al koxycar bonyl al kyl group, an optionally
substituted C7-C30 aral kyl group, or an optionally
substituted C4-C30 heteroaral kyl group). 15. The
conmpound according to Caim14, wherein R 15
represents a nethyl group, an ethyl group, an.n-propyl
group, an isopropyl group, an n-butyl group, a
sec-butyl group, or a tert-butyl group. 16. The
compound according to Claimg4 or 15, wherein R2 20
represents an optionally substituted phenyl group. 17.
- The conmpound according to Caim14, 15, or 16,
wherein R7 represents an ethyl group, an n-propyl
group, an isopropy an n-butyl group, a
sec- butyl Gizjtii-butyl group, a pentyl
gr a /exyl Qum a - 50 cycl opropyl net hyl group,
a gwgiﬁﬁgﬁylne h}R group, a(d?clohexylnethyl group
an allyl g a 2-bute.nyl "group, a
1- met hyl - 2+8r openyl group, a 2-nethyl -2-propenyl
group, a propargyl group, a tent-butoxycarbonyl nethyl
group, a benzyl 5 group, a chlorobenzyl group, a
fl uorobenzyl group, a bronobenzyl group, a
“ﬂp'%pQOEO%?%?YArgrQHQ,nggl%$q%&gﬁgﬂ%¥Jre £8§Qnt§ an
é?bronoﬁenzyl group, a methylbenzyl groldp, a

op ﬂl%tr%q_éi%’ %lﬁéytl ARy 1834 d !bk}_%gll%% henzyl graup. cac,,

nap group,” or ar in met hyl group.
alkyl group or an optionally substituted linear, branched,

or cyclic €,-C,, alkylsilyl group; and R’ represents an

optionally substituted C,—C;, aryl group or an optionally

substituted linear, branched, or cyclic C;-Cy alkyl group) .

13. The process according to Claim 11 or 12, wherein an

racid is used for the hydrolysis.

14. BAn optically active thiazoline compound represented

by general formula (7}:

' 1
{where * represents an asymmetric carbon atom; R" represents

an optionally substituted linear, branched, or cyclic C,-Cy
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- 49 -

alkyl group or an opticnally substituted linear, branched,
or cyclic C,-C,, alkylsilyl group; R® represents an optionally
substituted C,~C,y, aryl group or an optionally substituted
linear, branched, or cyclic C,-C,, alkyl group; and R’
represents an optiocnally substituted linear, branched, or
cyclic C,~C,, alkyl group, an optionally substituted linear,
branched, or cyclic C,-C,, alkenyl group, an optionally
substituted linear,'branched, or cyclic C,-C,, alkynyl group,
an optionally substituted lineér, branched, or cyclic-C3—C20
alkoxycarbonyialle-group, an optionally substituted C,=Cy
aralkyl group, or an optiocnally substituted C,-Cy

hetercaeralkyl group)}.

15. The compound according to Claim 14, wherein R
represents a methyl group, an ethyl grcup, an n-propyl group,
an isopropyl group, an n—butyl group, a sSec-butyl group, or

a tert-butyl group.

16. The compound according to Claim 14 cor 15, wherein R*

represents an optionally substituted phenyl group.

17. The compound according to Claim 14, 15, or 16,
wherein R’ represents an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, a Sec-butyl group, a

tert-butyl group, a pentyl group, a hexyl group, a



cyclopropylmethyl group, a cyclopentylmethyi group, a
cyclohexylmethyl group, an allyl group, a 2-butenyl group, a
1-methyl-2-propenyl group, a 2-methyl-2-propenyl group, a
propargyl group, a tert-butoxycarbonylmethyl group, a benzyl
group, a chlorobenzyl group, a fluorobenzyl group, a
bromobenzyl group, a_dichlorobenzyl group, a difluorobenzyl
group, a dibromobenzyl group, a methylbenzyl group, a
methoxybenzyl group, a 3,4-dibutoxybenzyl group, a

naphthylmethyl group, or an indolylmethyl group.



