1 DESCRI PTI ON PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE a- METHYLCYSTEI NE

DERI VATI VE 5 Technical Field The present invention relates to a process for
producing an optically active L- or D-a-nethylcysteine derivative or its
salt which is useful as an internediate for pharnaceutical products. 10
Background Art Known processes for producing an optically active L- or
D-a- et hyl cysteine derivative or its salt include the following: 15 1) A
process asymmetric nethylation of an optically active thiazolidine
conpound produced from optically az?:EﬁQfgIPw ei ne and pival al dehyde

(WD01/ 72702) C I.c thio | at | f optically
active oxazﬁ%@%%%ﬁ@%%%@%i%ﬁ@ %@&E&&M%ﬁ% and
benzal dehyde (J. Org. Chem, 1996, gﬂliv ggég 3357). 3) A process of

met hyl ati on of a thiazoline corrpouH p%; uced from cystei ne and
cyanobenzene, and isolating and purifying the resulting racem c thiazoline
conpound by chiral 25 HPLC (Synlett., 1994, 9, 702-704). 4) A process of

asynngtri.lce(g{lﬁir&[’@t yl@aiion of an optically active diketopiperazine
conpound synt hesi zed from

The present invention relates to a process for producing
an optically active L- or D-a-methylcysteine derivative or

its salt which is useful as an intermediate for

pharmaceutical products.

10
Background Art
Known processes for producing an optically active L- or
D-a-methylcysteine derivative or its salt include the
following:
15 1} A process asymmetric methylation of an optically

active thiazolidine compound produced from optically active
cysteine and pivalaldehyde (WO01/72702).

2) A process of asymmetric thiomethylation of an
optically active oxazolone compound produced from optically

20 active alanine and benzaldehyde (J. Org. Chem., 1996, 61,
3350-3357).

3) A process of methylation of a thiazoline compound
produced from cysteine and cyanobenzene, and isolating and
pgrifying the resulting racemic thiazoline compound by chiral

25 HPLC (Synlett., 1994, 9, 702-704).

4) A process of asymmetric bromomethylation of an

optically active diketopiperazine compound synthesized from

optically active valine and alanine, and replacement of



optically active valine and al ani ne, and repl acenent of 2 the brom ne atom
of the resulting conpound by an alkali nmetal alkylthiolate (Synthesis,
1983, 37-38). 5) A process for the reaction of thiol with the optically
active aziridine which is prepared fromthe 5 optically active

2-met hyl gl yci dol obt ai ned by Sharpless asymetric oxidation of

2-met hyl - 2- propene-1-ol (J. Og. Chem, 21995, 60, 790-791). 6) A process of
nmet hyl ati qn of am nonmal onic_acid derjvatives, desynmmetrization of the

pr oduct Vit kb‘f‘@“#‘?‘?/étonl(}’%ﬁbé? S YR HomRar sk Pvpper afépdiindeted) , and

{ﬁ?g;i:g?ﬁ%g(il}%ﬁsa%g% & ng&e%éag%%itwr?_\g@hg 2258; kal L\n;reg?l processes 1)
L0,4] oo 1% e omer s senclon i onsigerive fase such x|
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unpract i dymmdter £ Ui datBidh W Afnd i, Pr0GHRIFRG:, 185 ANQP! en%; .t enlke . sol ved

as an industrial process for producing an optically active rethylcysteine
derivativeay, id®, spd-790he optically active methyl cysteine derivative
produced 25 by any one of the above-described processes and the like(,)

6) A process of methylation of aminomalonic acid
derivatives, desymmetrization of the product with pig liver

10 esterase (abbreviated as "PLE"™ hereinafter), and reaction of
the resulting asymmetric ester with an alkali metal
thicacetate (J. Am. Chem. Soc., 1993, 115, 8449-8450).

Any of processes 1) to 4) requires low-temperature
reaction with an expensive base such as butyl lithium.

15 Process 5) is complicated by a large number of steps, and
reguires various kinds of expensive reagents. The key step
of process 6) is the desymmetrization of the diester by PLE
as esterase etc., but PLE cannot be easily stably secured on
an industrial scale because of difficulty in mass production

20 of PLE, thereby making the process unpractical. Therefore,
any one of the processes has problems to be solved as an
industrial process for producing an optically active
methylcysteine derivative or its salt.

The optically active methylcysteine derivative produced

25 by any one of the above-described processes and the like(,)
can be converted to optically active a-methylcysteine or its
salt by appropriate deprotection if necessary . The

resulting optically active a-methylcysteine or its salt is



can be converted to optically active a-nethylcysteine or its salt by
appropriate deprotection if necessary . The resulting optically active
a--nethylcysteine or its salt is 3 preferably isolated and purified by
crystallization. However, there has been no known exanple of isolation of
optically active a-nmethylcysteine or its salt by crystallization. Only

t he above-descri bed W001/ 72702 etc. di skl ose exanples of 5 isolation. These
exanples.relate to a method in which a thiazolidine conpound which is an

optical | yPEEFRTRPLY #EPhetRqy sTRf neubel 1§t PY eCTEs bl bkt R willavever,

ot byt cyobhre 5S; PSR e P SR U adf 1 Db B i and |
co o e hAE VR E R 11 T T B e SRl o
concentr ar g eDfvenaYSEL A P AU L. BiRldhd o BRAEPRRLREC Soi [

becomss a;Lafge; bHMP GINAINING 1AL 6l 1L JTRIE 5 FLLEGRNG AL LGULL. Al so,
i ¥ dReras et

when concentration is continued, the sol strongly adheres to the wall

and conestf, P 861981 nk | Sbb Skt eenilhieraf ofe, c#{l@:a@ﬂ.%f aldioRyoig-concent rating
the aqueous solution to precipitate a solid is disadvantageous as 20 an

i ndustri alhe@ﬂﬁl%é@@in@n@effﬁa@ﬂé d 4 epdsrdieRenaatedd R ocMildtic

concentration. is causes difficulty in stirring a crystallization
sol ution anddj spéatibing hen sohicbusThasriieh oft ptiseliaty ervmidheds

di scl osed in the above W01/ 72702 etc.
methylcysteine or its salt is concentrated to produce a solid,
10 and in some cases, the solid is washed with an organic
solvent to isolate the compound. However, as a result of
"isolation of the compound according to this method, the
inventors have found that a solid is precipitated with
concentration of the aquecus solution, and at the same time,
15 the solid becomes a large lump containing water to make
stirring difficult. Also, when concentration is continued,
the solid strongly adheres to the wall and comes to a non-
fluid state. Therefore, the operation of concentrating the
aqueous solution to precipitate a solid is disadvantageous as
20 an industrial operation, and the solid tends to be aggregated
with concentration. This causes difficulty in stirring a
crystallization solutién and isolating the solid. Therefore,
the isolation methods disclosed in the above W001/72702 etc.
are unsuitable for industrial production.
25 Furthermore, if the insoluble inorganic salts generate
ahd are mixed in the optically active e-methylcysteine or

its salt obtained by deprotection of optically active

- methylcysteine derivative during the reaction or a post-



are unsuitable for industrial production. 25 Furthernore, if the insoluble
I norganic salts generate and are mxed in the optically active a

-met hyl cysteine or its salt obtained by deprotection of optically active
nmet hyl cysteine derivative during the reaction or a post 4 treatment step
| i ke neutrization etc., the inorganic salt cannot be renoved by the
above-descri bed conventional nethod. Férthernmore, a-nethylcysteine or its
salt is unstable against oxidation and is easily converted to a disulfide
by 5 di fer9dsn.s Ikt dizeddionatsiten rofthey dneirgerisvisad ta sinilar
structure rapidl proceeds to produce cystine (Protein Chemstry 1, Am no
Aci d PeptGaBIOtGRSr i1 %l fyarthey abeyg-degerdbegi poniveatignags method.

a-nethylcystel roceeds to roduce .a .di sul fi.de, d the disulfide cannot
be easily 10 réﬁﬁﬁhﬁf lﬂ%%ﬂy Pime e ks Sﬁﬂ&d&étun?ﬁéké@ore it
IS inport 49 esl I.sh a_pyacess G pable of .significantl .SuUppr essi ng
t he produ |onqén %ﬁ%ﬁﬁ?n a 'di S ﬁﬁﬁﬁ copyerted, ko §t%6ﬁ§¥fl§§n§¥ded to
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processes, a conceivable pr sinply p Ci ng optically active

a- met hyl @ss@iine ARtV e || Bndi® o QM tPe%trl@%e m@o%l%%un%hmég%st gi.ne
derivative to an optically active a- met hyl Cystei ne“derivative by énzymatic
resoluti @ee6)n @nde;, dimerization of o-methylcysteine proceeds to
produce a disulfide, and the disulfide cannot be easily
10 removed and is unavoidably mixed in a product. Therefore, it
is important to establish a ptocess capable of significantly
suppressing the production and mixing of a disulfide.
It is thus strongly demanded to establish an
industrially practical process for appropriately
15 crystallizing a high-quality optically active o-
methylcysteine or its salt to obtain the compound as crystals.
Apart from the conventional processes, a conceivable
process for simply producing an optically active o-
methylcysteine derivative is to convert a racemic o~
20 methylcysteine derivative to an optically active a-
methylcysteine derivative by enzymatic resolution. In order
to realize this method, it is important to establish a
process for producing a racemic a-methylcysteine derivative
to be supplied to optical resolution and enzymatic reaction
25 having high opfical resolution ability. It is also important
to properly select a racemic o-methylcysteine derivative to

be supplied to the enzymatic optical resolution.

In order to realize the process using enzymatic optical



to realize this nmethod, it is inportant to establish a process for
producing a racem c (x-nethylcysteine derivative to be supplied to optical
resol ution and enzymatic reaction 25 having high optical resolution
ability. It is also inportant to properly select a racemc
(x-nmet hyl cysteine derivative to be supplied to the enzymatic optical
resolution. In order to realize the prdcess using enzymatic optical 5
resolution, it is required that a racem c a-nethylcysteine derivative used
as a substesnlaittlamn b silfplsparifies ithaty a2 preelidéed X -Bekhyles steinke
substrate specificity of an enzyne, and has a protecting %noup or an

auxi | i ar WroliF S18 tH5i%h For 5 @GR §IF StapPdyssifdectvveyy and t he
protecting group or auxiliary group,can be sinply renoved after enzymatic
reacti on.Prlf’r‘{i’rﬁ i &G i tg‘eprsé’fbértrré‘&er SOERTE 15+ Life Py PEy SPEYRE -

derivati ' N- b | - (x-net hyl t ei .derivative. .10 Lt b
nown 1 oriigl IR 3 e T R Rrs et RO 145 vn PO PHLERPYE BRg
[ f ~hydant oi.n al t al ti f, ti
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N- car banmoyl -'a- nmet I‘'ve 1s selectively “converted to

hydant oi -y i dhe eReyTenaadysuhbeshed L0p-0PLLEAL FESOhYLi @D. The
optically active N carbanmoyl-a- nethylcysteline derivative obtai ned by

optical rRSHpId AR LAl RRS ilvathereL any it &d da@ bahoR-bCakihyaehs¥eine
a-nethylcystelne

derivative.

10 It has been known for a long time that hydantoinase
known as a hydrolase for ring opening of hydantoin also
catalyzes a reverse reaction of converting N-carbamoyl-a-
amino acid to corresponding 5-substituted hydantoin. It is
thus expected that one of the optical isomers of the racemic

15 N-carbamoyl-a-methylcysteine derivative is selectively
converted to hydantoin with the enzyme and subjected to
optical resolution. The optically active N-carbamoyl-a-
methylcysteine derivative obtained by optical resolution can
easily be converted to an optically active a-methylcysteine

20 derivative by decarbamoylation. The other product of the
optical resolution, i.e., an optically active 5-methyl-5-
thiomethylhydantoin derivative, is equivalent to an optically
active a-methylcysteine derivative and can thus be led to an
optically active oa-methylcysteine derivative (having a

25 configuration reverse to that of the product directly
obtained by optical resolution) through ring-opening
hydrolysis and decarbamoylation.

The racemic N-carbamoyl-o-methylcysteine derivative can



20 derivative by decarbanoyl ati on. The ot her product of the optical
resolution, i.e., an optically active 5-nethyl-5- thionethyl hydantoin
derivative, is equivalent to an optically active oL-nethylcysteine
derivative and can thus be led to an optically active a-nethyl cysteine
derivative (having a 25 configuration reverse to that of the product
directly obtained by optical resolutidn) through ring-opening hydrolysis
and decar banoyl ati on. The racem ¢ N-carbanoyl - (x-net hyl cystei ne derivative
can 6 bePProREEED PR BRI b0 R yefriratiale Hammsiata geidwd dfor
synt hesi zi ng an am no acid and N-carbanoyl ati on reaction. However, a
process f oIttty IMETRLM T N-a2g PhrRAARaOHa AT a3 e er i vat i ve
in a small nunber of steps and hi gh 5:¥iel has not, yet been established. A
known exafple’ ot & FEMTatS prot &ty ing iTRFALG AR Pamoyl-a-
N- car banmoyl -.a-di subsi it ut ed. andi no aci d conprises. converting an et Qqne
derivati v%e%lgy FRber %, B SstT tuit & S ﬂ%ﬁ?rbffﬁé:%gscﬁé?cgﬁ‘%ﬂ}l hod,
hydr olgyzi ] - dj tit,uted hydantoin to produce a racem c
.9/té?%f@%m%?@%ﬂi?éé[é?%ﬁ 4 15?%5.

(x- disubStituted am no aci erivative r. Biol. Chem, 1971, 35,

53-58), and thencaardalipy &1 NG, (en el (s Dot g:%c{wngw(a{ rl\]IHCO\IH-)

pot assi um cyanat'e. However, in this’ nethod, e ‘ureyl ene grou

o e PSSO P AR peld M VS g e sl used o
N- car banmoydnve fi SuP s tadtSebradn - Bed o Herd o d i A &-di8ibst i tuted
hydantoin by the Bucherer method, hydrolyzing the racemic

10 5,5-disubstituted hydantoin to produce a racemic o-
disubstituted amino acid derivative (Agr. Biol. Chem., 1971,
35, 53-58), and then N-carbamoylating the derivative by
treatment with potassium cyanate. However, in this method,
the ureylene group (-NHCONH-} of the racemic 5,5-

15 disubstituted hydantoin cannot be effectively used as the
ureido group (carbamoylamino group: -NHCONH;) of the racemic
N-carbamoyl-a-disubstituted amino acid derivative. Also, the
method requires the three steps and is thus inefficient.

On the other hand, as a method for producing a carbamoyl

20 compound without passing through an amino acid produced by
hydrolysis of hydantoin, a method of hydrolyzing with calcium
hydroxide used as a base is known (US 5,338,859). However,
as a result of production of a racemic N-carbamoyl-o-—
methylcysteine derivative according to this method, the

25 inventors found that the target compound can be obtained in
only 25% yield. Namely, a process for producing a racemic N-
carbamoyl-a-disubstituted amino acid derivative, particularly

a racemic N-carbamoyl-a-methylcysteine derivative, in a small



met hod requires the three steps and is thus inefficient. On the other hand,
as a nethod for producing a carbanoyl 20 conpound w thout passing through
an am no acid produced by hydrolysis of hydantoin, a nethod of hydrol yzi ng
wi th cal cium hydroxide used as a base is known (US 5, 338,859). However,

as a result of production of a racem c N-carbanoyl -a- nethyl cysteine
derivative according to this nethod, tie 25 inventors found that the target
conmpound can be obtained in only 25%yield. Nanely, a process for

pr oduci ngPEWPRE e?f cShePT AWhrbigh aﬁucﬁléﬁﬁ@ﬁ tftte o sdmibee e @sd addriishgd -ve,

particularly a racem c N-carbanoy|-cc-nethyl cysteine derivative, in a

small 7  numbe?™ of Rt FREHMPH g Vil T IRECTH IC oz yBEdd e SPHIGedhed. On

t he ot her_han with respect to z tic aqptical . resolution of a racemc
N car bangyF St K irhy R e S Ry g GYS e d  Pat ent

Applicati 5 Publication No. 1-124398 di.scl oses, a.r.esol.ution process in
which a rcg%%ﬁ%tﬂr%hr SHD Y S-ea#rhecfiaéﬁnc?cge{%ﬁi?ﬁsﬁ é%éjpllslca &feosel ectivel y
cycli zed tyy WM th fd . V. p i bility of
Feact Pon o HEERHIER I 1 PR e d 3 FE RO PR P

d scl 0sed,otn S 0geed Rl NOLAUERIN Olnid APl 20N derat fon of

the above-described situation, an” object e present inventionis to
provide andnsusd1édivel Prafdl CAld P esHeARAPLA t9f nSidiRlob iREeduUci ng an

optically 15 active L- or D a-nethyl cysteine derivativé or its salts,
- However, the possibility of reaction of an N-carbamoyl-o-
methylcysteine derivative is neither disclosed nor suggested.
10
Summary of the Invention
In consideration of the above-described situation, an
object of the present invention is to provide an industrially
practical process capable of simply producing an optically
15 active L- or D-a-methylcysteine derivative or its salts,
which is useful as a pharmaceutical intermediate, from
readily available, inexpensive raw materials.
As a result of intensive research in consideration of
the above—deécribed situation, the inventors found a process
20 for producing an o-methyl-L-cysteine derivative or its salt,
the process comprising treating a racemic N-carbamoyl-o-

. methylcysteine derivative or its salt with a hydantoinase to
selectively cyclize the D-isomer and form a D-5-methyl-5-
thiomethylhydantoin derivative or its salt and an N-

25 cérbamoyl—a—methyl—L—cysteine derivative or its salt, and
then decarbamoylating the N-carbamoyl-o-methyl-L-cysteine
derivative or its salt and deprotecting the sulfur atom.

The inventors also found a process for producing an o-



which is useful as a pharmaceutical internmediate, from readily avail able,
i nexpensive raw materials. As a result of intensive research in

consi deration of the above-described situation, the inventors found a
process 20 for producing an a-nethyl-L-cysteine derivative or its salt,
the process conprising treating a racem ¢ N-carbanoyl -a net hyl cystei ne
derivative or its'salt with a hydantoidase to selectively cyclize the
D-isoner and forma D 5-nethyl-5- thionethylhydantoin derivative or its

salt and BRUN BB T IRy 19 iFtHIe 0 yidiseiStd tdethgaitpsess i ts salt, and
1 S T e R A B

P ocess  SErASHR W A i #h SBRRS e AR S
vent or S adfuditerd R SR ARt o SivBI neshid 15T acent o

N-car %amé(ff%c‘eﬂﬁ;gw' g;yl%cﬁi&%% derdvalii e eed 135 o lr—%tyyﬁr{éftﬁlg)’li:cg)r?&%g "he

above-descri processes. These processes resulted I'on of

the "presgati $WVER 1 Qkd NATR] Yoaul DR JUESAN A PHRNLY o SlRl6S H @ process
for 10 producing a D 5-nethyl -5-thi omethyl hydantoli n derivative

repr esentgebdys d8 Miltdekd) pebekkbsesakbsul WA ehNet R ESRHESENLE 8f the
substituted or unsubstituted alkyl group having 1 to 20 carbon atons, a
substi t utgefe®dnt invention.

Namely, the present invention relates to a process for

10 producing a D-5-methyl-5-thiomethylhydantoin derivative

represented by formula (2} or its salt:

O_ H
}—N

HN O (2)
\\““ S R1

(wherein R' represents a substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, a substituted or

15 unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 20 carbon
atoms); and an N-carbamoyl-oa-methyl-L-cysteine derivative

represented by formula (3) or its salt:

0, SR
o -

HAN™ N SCOOH

20 (wherein R! represents the same as the above), the process

comprising treating a racemic N-carbamoyl-oa-methylcysteine




15 unsubstituted aral kyl group having 7 to 20 carbon atons, or a

substituted or unsubstituted aryl group having 6 to 20 carbon atons); and

an N-carbanoyl -a-nmethyl -L-cystei ne derivative represented by fornula (3)

or its salt: SR1 H2NCOCH (3) 20 (wherein Rl represents the sane as the

above), the process conprising treating a racemc

N- car banoyl - a- met hyl cysteine 9 derivafive represented by formula (1) or

its salt with a_  hydantoinase to selectivel{ cyclize the D-isoner; 0 SRl

H2N N COSGTAVativey repiesenter bvefretvdes (lhe 0Fafkt sasallifewabbva). 5 Al so,

the present,  invention relates to a process for roduci ng an

a- met hy | WWIAMEOINRS &0 ¢ Fﬁglﬁgﬂﬂé§¥ﬁﬁé&eb§hef%F%EP&eFA) or its salt:

- H2NOOOH (4) (wherein repr esent ydrogen atomor R as described 10

above), the process nprJ si ng 25?% noyl ating the N

car banoyl - a- net hyl - L-{¢yst exne/deri vative represented by fornmula (3) or its

salts, and, if_ requi tecting the sul(33 atom Furthernore, the
r/o

, d
present invent NelatNto a 15 for duci ng an
o

a-net hyl - L- cyst efne repqqsented by formula (5) or its salt:

(wherein R?! represents the same as the above).
5 Also, the present invention relates to a process for
producing an a-methyl-L~cysteine derivative represented by

formula {(4) or its salt:

.. ;SR
Looon @

H,N~ ~COOH

(wherein R? represents a hydrogen atom or R! as described
10 above), the process comprising decarbamoylating the N-
carbamoyl-a-methyl-L-cysteine derivative represented by
formula (3} or its salts, and, if required, deprotecting the
sulfur atom.
Furthermore, the present invention relates to a process
15 for producing an dumethyl—L—cysteine represented by formula

(5) or its salt:

., ,~SH
L 5

H,N~ COOH

2

the process comprising treating an N-carbamoyl-a-methyl-L~

cysteine derivative represented by formula (3) or its salt in




SH COOH (5) the process conprising treating an N carbanoyl - a-net hyl -
cysteine derivative represented by fornmula (3) or its salt in 10 which R
is a tertiary al kyl group having 4 to 15 carbon atonms with an acid to

si mul t aneousl y perform decar banoyl ati on and deprotection of the sulfur
atom Furthernore, the present invention relates to a process 5 for
produci ng L-5-nethyl -5- thionethylhydani@in represented by formula (6) or
its salt: \6} tn_ process conprising cyclizing N-carbanoyl-a-nethyl -
cystelne‘ﬂ%#q i Ve @3)testipry sdkvlaggodephevéoui Agtehd5 terbohf ur aton1
t hereof. Furthernore, the resent invention relates to a process for
produci nj‘“r_o@s et Y | a5 Etchlrcg Middeanud 6 pasfqums des@nbandid airicgess

conprisin ycli zing N—carbanoyl a- neth | -- L-cysteine derivative (3) or
its salt ?ﬁﬁﬁﬁ?%ii?%‘¥%qﬂﬁfﬁH @?%Pﬂ?%%thylhydant0|n derivative
represent ed by rmula (7). .0r its s HN,' ~O (wherein R
represents the %Ié‘%é Jg%or[éf o Res JtIWéar?tJt%éﬁ%ecsné;Od@r iRFRAGSAE or its

sal t %ﬂtrkéglﬁga&héfhékﬁuélmé%hylfS—thlomethylhydant01n represented by

formula (6) or its salt:

O  H
3N
HN,_ <o  ©
“»—SH

the process comprising cyclizing N-carbamoyl-a-methyl-L-
cysteine derivative (3) or its salt and deprotecting the
10 sulfur atom thereof.

Furthermore, the present invention relates to a process
for producing L-5-methyl-5-thiomethylhydantoin (6) or its
salt, the process comprising cyclizing N-carbamoyl-oa-methyl-
L-cysteine derivative (3) or its salt to produce a L-5-

15 methyl-5-thiomethylhydantoin derivative represented by
formula (7) or its salt:

O. H

>—N
HN,*~o ()
: ",”I-—.’SR.I

(wherein R! represents the same as the above), and then
treating the derivative or its salt with an acid to deprotect

20 the sulfur atom thereof.



20 the sulfur atomthereof. 11 Furthernore, the present invention rel ates
to a process for producing an a-nethyl-D-cystei ne derivative represented
by formula (8) or its salt: ,,--S R2 H2ZN COOH (8) 5 (wherein R2 represents
the sane as the above), the process conprising hydrolyzing

D 5- net hyl - 5-t hi omet hyl hydantoin derivative (2) or its salt, and, if
required, deprotecting the sulfur atohlthereof. Furthernore, the present
invention relates to a process 10 for produci ng a-nethyl-D cysteine
represent ed byurdherwred) ther prlesesdl tinvent ildn H2NaCeBHtEOR becpssecess
conprising treating the conpound represented b formula (2) in which R is
aterti arfxgrjralmﬂdhwl@@p aja ¢ g th vilo DES yBS edaneh sle rdtverks Wei tiepare saoitedt o

simul taneously perform hydrolysis reaction and deprotection of the sul fur
atom  Fébt fEmdre Bhe Ofr édéniSaildvention relates to a process for

produci ng D-5--net hyl -5-thi onet hyl hydantoin represented by forrmula (11) or
its salt: 12 the procesg/cc%%i ng car banoyl ati ng an a-net hyl - D-cystei ne

derivativereprese%yf la (8) or its salt in which R2

H,N~ ~COOH (8)

5 {(wherein R® represents the same as the above}, the process
comprising hydrolyzing D-5-methyl-5-thiomethylhydantoin
derivative (2} or its salt, and, if required, deprotecting
the sulfur atom thereof.

Furthermore, the present invention relates to a process

10 for producing a-methyl-D-cysteine represented by formula (9)

or its salt:

SH
N7

HN” >cooH @)

the process comprising treating the compound represented by
formula (2) in which R! is a tertiary alkyl group having 4 to
15 15 carbon atoms with an acid to simultaneously perform
hydrolysis reaction and deprotection of the sulfur atom.
Furthermore, the present invention relates to a process
for producing D-5-methyl-5-thiomethylhydantoin represented by

formula (11) or its salt:



is the sane as Rl to produce an N-carbanoyl-a-nmethyl-D 5 cysteine
derivative represented by fornmula (10) or its salt: .-SRL N COCH (10) H
(wherein Rl represents the sane as the above), and then «cyclizing the
derivative or its salt and deprotecting the sulfur atomthereof. 10
Furthernore, the present invention relates to a process for producing

D- 5- et hyl - 5-t hi onet hyl hydant oin repredé@nted by fornula (11) or its salt,

t he process conprising treating the conpound represented by fornula (2)
with an acid tqgﬁepro ct the sulfur atom The optically active 5-nmethyl-5

15 t hi onet hyl hy oi W derivative or its salt can be easily converted to
optically actived§%ﬁ5 yl cysteine by hydrolysis, and as well as optically
active a-nethylc i

5- et hyl - 5-t hi

t he opticagqytictive
i n derivati or its salt can be suitably used

as a synthetic intenwgdi ate” for 20 pharmaceuticals and the |ike.
Furthernmore, the Ptese f ion relates to a process 13 for
crystallizing optically active a-nmethylcysteine or its salt, the process
conprising crystallizing froman aqueous solution of an optically active
a- met hyl cyisd ehAecOEs i dmSAl $in rbatf@a@&f@%eg ofn a-IRN-H-3Q) MR
Furthernore, the present invention relates to a process ™ for producing a

racem ¢ NISAL PRDYS - BeprésenBsd b glefb¥aii¥€(8) or its salt in which R?

is the same as R' to produce an N-carbamoyl-a-methyl-D-

5 cysteine derivative represented by formula (10) or its salt:

Q ~ SR

>

HN" N ~cooH  (10)

(wherein R! represents the same as the above), and then
cyclizing the derivative or its salt and deprotecting the
sulfur atom thereof.

10 Furthermore, the present invention relates to a process
for producing D-5-methyl-5-thiomethylhydantoin represented by
formula (11) or its salt, the process comprising treating the
compound represented by formula (2) with an acid to deprotect
the sulfur atom. The optically active S-methyl-5-

15 thiomethylhydantoin derivative or its salt can be easily
converted to optically active a-methylcysteine by hydrolysis,
and as well as optically active a-methylcysteine, the
optically active 5-methyl-5-thiomethylhydantoin derivative or
its salt can be suitably used as a synthetic intermediate for

20 pharmaceuticals and the like,

Furthermore, the present invention relates to a process



represented by formula (13) or its salt: OR3 R4 OH (13) (wherein R3 and R4
I ndependently represent a substituted or 10 unsubstituted al kyl group
having 1 to 20 carbon atonms, a substituted or unsubstituted aral kyl group
having 7 to 20 carbon atons, or a substituted or unsubstituted aryl group
having 6 to 20 carbon atons), particularly a racemc N

car banoyl - a- net hyl cystei ne derivative t&presented by fornmula 15 (1) or its
- salt, the process conprising hydrolyzing, with an organic base or an

al kal i meffed s tod diez 1ng remdeimial 1y, Setdiveulostmietityid visgdameoiomr déisi vati ve
represented by formula (12) or its salt: R3. -R 3 20 (wherein R and R4
repr esentSdHe sHife RIECIGRS A)ising gyarstiaddligding £ noacem @queous

5- et hyl - 5-t hi omet hyl hydant oin _ derivative represented by formula (14) or
its salt:S®lufian \pipen joptical v ActdNe owmetdivd aXstedpce sands st ke ldane as
t he aboxg@i §1Furthernnre, t he present invention relates to a racemc

N- car ba Lhe BRASHAS theidte Nt SR &iresented by formula (1) or
Its S%lt’ an qufghé%ﬁggéfxﬁﬂé/ﬁ%ggéﬁ% @hvention relates to a process
for preoducing a racemic N-carbamoyl-da-amino acid derivative

represented by formula (13) or its salt:

0O R3R4

//u\\ OH (1:3)

HN" N
o)

(wherein R® and R? independently represent a substituted or
10 unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 20
carbon atoms, or a substituted or unsubstituted aryl group
having 6 to 20 carbon atoms), particularly a racemic N-
carbamoyl-a—methylcysteine derivative represented by formula
15 (1) or its salt, the process comprising hydrolyzing, with an
organic base or an alkali metal hydroxide, a racemic 5, 5-
disubstituted hydantoin derivative represented by formula

(12) or its salt:

o)
NH

HN o (12)
R3” R4

20 (wherein R’ and R* represent the same as the above),




car banoyl - a- net hyl cystei ne derivative represented by fornula (3) or (10) or
its salt; a D or L-optically active 5-nmethyl- 10 5-thi onet hyl hydant oi n
derivative represented by formula (2) or (7) or its salt in which RLis a
tertiary al kyl group having 4 to 15 carbon atons; an L- or D-optically
active a- nethylcysteine derivative represented by formula (4) or (8) or
its salt in which R2 is a substituted b4 unsubstituted 15 al kyl group
having 1 to 20 atons, a substituted or unsubstituted aral kyl group havi ng
7 to 20 cEPoirwtaongy ©rracensiuhst-ntaithad -0 tinisweshivil biyednaoyiln gr oup havi ng
6 to 20 carbon atons; and an L- or D-optically active 5-nethyl-5

t hi onet hydaBideaftioish l"r%m%ﬁ%h Iy Foormaliaa (@) o (ts) sedtiits 20 salt.
Detail ed Di sclosure of the Invention The present invention will be
described in d il bgllow. First, conpounds of the present invention wll
be described. 1 n cem ¢ N carbanoyl - a- net hyl cystei ne derivative (1)
used in the prese I hyention, Rl represents a substituted or

unsubstituted alkyl gr havi ng 5174 O carbon atons, a substituted or
unsubsti tut ed I haV|n t/0 20 5 carbon atonms, or a substituted
or unsubstituted ar roup having 6 to 20 carbon atons. Exanples of an

al kyl group havi 11t0 n atons include |Iinear alkyl groups such
as a nethyl group, an ethyl group, a n-propyl group, and a n-butyl group;
and branched 10 al kyl groups such as an isopropyl group, an isobutyl group,
a (wherein R! represents the same as the above).

5 Furthermore, the present invention relates to a racemic
N-carbamoyl-a-methylcysteine derivative represented by
formula (1) or its salt; an L- or D-optically active N-
carbamoyl-a-methylcysteine derivative represented by formula
(3) or (10) or its salt; a D- or L-optically active 5-methyl-

10 5-thiomethylhydantoin derivative represented by formula (2)
or (7) or its salt in which R! is a tertiary alkyl group
having 4 to 15 carbon atoms; an L- or D-optically active a-
methylcysteine derivative represented by formula (4) or (8)
or its salt in which R® is a substituted or unsubstituted

15 alkyl group having 1 to 20 atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 20 carbon
atoms; and an L- or D-optically active 5-methyl-5-
thiomethylhydantoin represented by formula (6) or (11) or its

20 salt.

" Detalled Disclosure of the Invention
The present invention will be described in detail below.

First, compounds of the present invention will be described.



tert-butyl group, a neopentyl group, a tert-pentyl group, and a tert-hexyl
group. An al kyl group having 1 to 10 carbon atons is preferred. Exanples
of an aral kyl group having 7 to 20 carbon atons 15 include a benzyl group,
a p-net hoxybenzyl group, a phenethyl group, and a napht hyl net hyl group. An
aral kyl group having 7 to 15 carbon atons is preferred. Exanples of an
aryl group having 6 to 20 carbon atonsl5include a phenyl group and a
napht hyl group. An aryl group 20 having 6 to 15 carbon atons is preferred.
Each of the alkylrapemy Nearcaldbgmogloopnedhd layygi-egneuperismgthee (1)
unsubstituted or substituted. Exanples of a substituent include an anino
group, a YigH oyIthfr aesemt dnylentgesup R ahepr&agnys 3yrowpst bubddemy|
group, an al kynyl group, 25 an al koxy group, a nitro group, and hal ogen

at ons. E}éh’fr?é?%:slfdgc% gl group dsViRe dubst PQueatbpPpchtadS, akyl groups
each having 6 to 15 carbon atons, such as a_ phenyl group, _a naphthyl
group, a PERAEHHLERA Wsehrtidutets argdti) FRENY hgvong, 7ake EH

o- et Ryl phenyl gr.oup. Exanpl e f, n al kanoyl group. include al kanoyl

group eaCaF%a{mgﬁ“%rt SUG R GEOmer él&éﬁbgglﬁﬁtﬁge?ﬂ’lg%mﬂ? a

pr opanoyl. gr.oup, . and but anoyl. group. Exanples of an al kenyl group

i ncl ude glag‘fl%eq?yq alcgor ozu(gscaert}fcn %’5‘ ?nr?g 2 to 10 carbon atons, such as an

et henyl group%¥§$ éggﬂ@g&{gg%%&ggfggﬁnﬂgg§n8f1a@Oabbyg¥kbo L%ﬁg incl ude

al kyl groups e avi ng atons,” "such as an e yWSgroup
and a propyladNOUYRa PXAMIeYr¥ups such as a methyl group, an ethyl

group, a n-propyl group, and a n-butyl group; and branched
10 alkyl groups such as an isopropyl group, an isobutyl group, a
tert-butyl group, a neopentyl group, a tert-pentyl group, and
a tert-hexyl group. An alkyl group having 1 to 10 carbon
atoms is preferred.
Examples of an aralkyl group having 7 to 20 carbon atoms
15 include a benzyl group, a p-methoxybenzyl group, a phenethyl
group, and a naphthylmethyl group. An aralkyl group having 7
to 15 carbon atoms is preferred.
Examples of an aryl group having 6 to 20 carbon atoms
include a phenyl group and a naphthyl group. An aryl group
20 having 6 to 15 carbon atoms is preferred.
Each of the alkyl group, aralkyl group, and aryl group
may be unsubstituted or substituted. Examples of a
substituent include an amino group, a hydroxyl group, an aryl
group, an alkanoyl group, an alkenyl group, an alkynyl group,
25 an alkoxy group, a nitro group, and halogen atoms.
Examples of an aryl group as the substituent include
aryl groups each having 6 to 15 carbon atoms, such as a

phenyl group, a naphthyl group, a p-methylphenyl group, a m-



an al koxy group include al koxy groups each having 1 to 10 10 carbon atons,
such as a nethoxy group, an ethoxy group, a n- propoxy group, and an

i sopropoxy group. Exanpl es of hal ogen atons include a fluorine atom a
chlorine atom a bromne atom and an iodine atom Fromthe viewpoint of
the ease of deprotection and the 15 reactivity of stereosel ective
cyclization reaction with hydantoinasé Rl is preferably a substituted or
unsubstituted tertiary alkyl group having 4 to 15 carbon atons.

Speci f i can¢ihymhenyly grqur.b@nd &t cuple B wlahempdntgtowgr-oupxampieg of
tert-hexyl group, and preferably a tert-butyl group. 20 In racemc

N- car bano?ft -k 3R Ao BQUP detGhvids vt karmyl mrpubs @ariy havdawe ddémst 1149
represent a substituted or unsubstituted alkyl group having 1 to 20 carbon
atons, a SHHT (WP orSuThAbaT ARy WA, G AFPRFAAHY 92949 265 bon

t , bstituted bsti t d havi 1, to 20 b
25 at ore.® BUSATBL 01 ol EIRT8056 ShadPng o0y 2B=00PboReNE DS, an

SE2L K8 HOMRIRENT | A0 AR 20 i O DLANR TR0 © L0
N e e I R el
fosst! Dot B onu gD s DAL WS, Wl ol OpLESEREd Bl o
such as an ethynyl group and a propynyl group. Examples of
an alkoxy group include alkoxy groups each having 1 to 10

10 carbon atoms, such as a methoxy group, an ethoxy group, a n-
propoxy group, and an isopropoxy group. Examples of halogen
atoms include a fluorine atom, a chlorine atom, a bromine
atom, and an iodine atom.

From the viewpoint of the ease of deprotection and the

15 reactivity of stereoselective cyclization reaction with
hydantoinase, R' is preferably a substituted cor unsubstituted
tertiary alkyl group having 4 to 15 carbon atoms.

Specifically, R! is a tert-butyl group, a tert-pentyl group,
or a tert-hexyl group, and preferably a tert-butyl group.

20 In racemic N-carbamoyl-d-amino acid derivative (13), R®
and R independently represent a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 20 carbon

25 atoms. Examples of an alkyl group having 1 to 20 carbon
atoms, an aralkyl group having 7 to 20 carbon atoms, and an

aryl group having 6 to 20 carbon atoms include the same

groups as those described above for R.



exanples of RL in fornmula (15) include the sane as descri bed above. In
order to prepare conpound (13) by hydrolyzing 10 correspondi ng hydantoi n as
descri bed bel ow, each of R3 and R4 is preferably a substituted or
unsubstituted al kyl group having 1 to 6 carbon atons fromthe viewpoi nt of
reactivity of hydrolysis reaction. Exanples of such an al kyl group

i nclude a nethyl group, an ethyl groupl7a propyl group, a.n 15 butyl group,
a n-pentyl group, and a n-hexyl group. Mre preferably, at |east one of R3
and R4 is a nethgylabepuprotmn amnkwf RDund sl iasvd ety ngrvoine, and t he
other is a methyl group substituted by substituted thio group (15), of
course, WHiHvHNdEYIs) eoryulsorids-ad cBrpophgs(ef. the Rabehituent

N-car banoyl - a- et hyl cyst ei ne derivative (1) and racem ¢

N car bamoyft GGG e at3%e dist i WS sy eyt FPeovealficy Ryt &nd base. The
salts with a base are not particularly lim¢ted, but exanples of the salts

i ncl ude s%%}‘?%t%‘ﬁ]e‘%lﬁ‘? IR YRREGEES sodiodmudydridelde, potassi um
hydr oxi de, 25 ld4gthi um hygroxi de, and the like); and salts with alkaline
earth nmetal hydroxides (cal cium hydroxide, magnesi um hydroxide, and the

e, SNSRI S D e

18 In the Tacemc opticalTy active . (
T M PP S 0% BOLILg (B 0] ook e o Sy
above.
In order to prepare compound {13} by hydrolyzing
10 corresponding hydantoin as described below, each of R? and R*
is preferably a substituted or unsubstituted alkyl group
having 1 to 6 carbon atoms from the viewpoint of reactivity
of hydrolysis reaction. Examples of such an alkyl group
include a methyl group, an ethyl group, a propyl group, a .n-
15 butyl group, a n-pentyl group, and a n-hexyl group. More
preferably, at least one of R® and R’ is a methyl group. When
one of R® and R® is a methyl group, and the other is a methyl
group substituted by substituted thio group (15), of course,
compound (13) corresponds to compound (l).
20 Racemic N-carbamoyl-o-methylcysteine derivative (1) and
racemic N-carbamoyl-a-amino acid derivative (13) may be salts
- with a base. The salts with a base are not particularly
limited, but ekamples of the salts include salts with alkali
-metal hydroxides (sodium hydroxide, potassium hydroxide,
25 'lithium hydroxide, and the like); and salts with alkaline
earth metal hydroxides (calcium hydroxide, magnesium
hydroxide, and the like). Salts with sodium hydroxide and

potassium hydroxide are preferred.



5 1n the racemc 5,5-disubstituted hydantoin derivative represented by
formula (12), R3 and R4 are defined as described above for the conpound
represented by formula (13). O course, when one of R3 and R4 is a nethyl
group, and the other is a nethyl group substituted by substituted thio
group 10 (15), conpound (12) corresponds to conpound (14). The

5, 5-di substituted hydantoin derivativet8nay be salts wth a base forned at
the i mdo groups of the hydantoin rings. The salts are not particularly
linmited, but ekanphesratenite opfsigal ihddtderss e thilrod kal i net al

hydr oxi des (sodi um 15 hydr oxi de, potassi um hydroxi de, |ithium hydroxide,
and the Frikenethnhedantoin deslved i reanssanded wdsmudes (2eal ci um
hydr oxi de,_ magnesi um hydr gxi de,_ .and the |like)., Salts w_th sodi um hydroxide
and pot asg)u'm?ﬁ/d{']o‘{:}]l det aré d6FePerr 88. 8B rhPERe2BRVECAPFY LRt i ve

N- car banoyl - a- met hyl cyst ei.ne, .derivative represented by fornmula (3) or
(10), R1 %%%%%t%ep%/%erg% BYs ":ltorFé“Ua}t?ov(éﬁ “The optically active

N caramoy! - a-p ety | oyshEl DS derl vakies T e aalis . and cxanplees of the

sal ts”i ncl ude The Kares G descr] BEd Bove dpr esent ed

| des above T or | 25 T
DY o osant Eepidsedild Ny ABLLGA YR e BnBPk VA SUASLIR AR VAL ve

represent’e rnu . 'R2 ‘represent’s a hydrogen atom

(005 of SICESEILE S L6, S SOl 196,00 3
carbon at®@fssourse, when one of R® and R? is a methyl group, and the
other is a methyl group substituted by substituted thio group

10 (15), compound (12) corresponds to compound (14).

The 5,5-disubstituted hydantoin derivatives may be salts
with a base formed at the imido groups of the hydantoin rings.
The salts are not particularly limited, but examples of the
salts include salts with alkali metal hydroxides ({sodium

15 hydroxide, potassium hydroxide, lithium hydroxide, and the
like}; and salts with alkaline earth metal hydroxides
(calcium hydroxide, magnesium hydroxide, and the like).

Salts with sodium hydroxide and potassium hydroxide are
preferred.

20 In the optically active N-carbamoyl-a-methylcysteine
derivative represented by formula (3) or (10), R' represents
the same as the above. The optically active N-carbamoyl-o-
methylcysteine derivatives may be salts, and examples of the
salts include the same as described above for the compound

25 represented.by formula (1}.

In the optically active a-methylcysteine derivative
represented by formula (4) or (8), R? represents R' or a

hydrogen atom. The R' represents a substituted or



or a substituted or unsubstituted aryl group having 6 to 20 carbon atons,
and defined as descri bed above for the conpound 5 represented by fornula
(1). The optically active a- nethylcysteine derivatives may be salts with
an acid or a base. Exanples of an acid include hydrohalic acids

(hydrochl oric acid, hydrobrom c acid, and hydrofluoric acid), sulfonic
acids (met.hanesul fonic acid, benzenest®9fonic acid, 10 p-tol uenesul fonic
acid, and the like), sulfuric acid, nitric acid, and carboxylic acids
(fornm ¢ aimbubsdettutestiad kyproomivgnibevdgiad, 1 dxal?ilc agoimg, tr istibetibateti c
acid, and the 1like). Exanples of a base include organic bases (anmoni a,
triethyl & neswErtitkederadike, anein hevinge)/, tal R8I icambbal atbmlydr oxi des
(sodi um hydr oxi de, potassium hydroxide, |ithium hydroxide, and the |ike),
and al kal9he edfat ifsttad wrdisaures 1 twtgdianmlhgdesri 8eyingghesun?
hydroxi de, and the |ike). The_?PticaII active

5- lrr;at h;g( -Csirlc rbr‘?é"g:lﬁ‘ﬁh'h fﬂﬁﬂﬁ etdeﬁ'fﬁ bed PEPIYEI §°€6F_1'lgr gemﬁyuﬁrafy be a
salt. anpl es ereof inclu e sane,as those descri bed above for
the c8nmp _ﬁF@HﬁE?%ﬁP@ cH?“ﬁ@rﬁaﬁa (e ﬁPEFS@ng #oF1PF oduci ng the
elow R RS e e he St B Gt et GPSRSGR Pssalt 20
can be praduced ol ysi . 1.h i - _di subst i, tuted hydantoin
derivative réprggéﬁpéggb$¥fé§n§%§ﬁ ?Té?ﬁgglﬁygrgg??lﬁj %l%% or gani ¢ base or
an al kal I (HRh A ch A0 A%, #Ydrobromic acid, and hydrofluoric acid),

sulfonic acids (methanesulfonic acid, benzenesulfonic acid,
10 p-toluenesulfonic acid, and the like), sulfuric acid, nitric
acid, and carboxylic acids (formic aid, acetic acid,
propionic acid, oxalic acid, trifluorocacetic acid, and the
like). Examples of a base include organic bases (ammonia,
triethylamine, aniline, pyridine, and the like), alkali metal
15 hydroxides (sodium hydroxide, potassium hydroxide, lithium
hydroxide, and the like), and alkaline earth metal hydroxides
(calcium hydroxide, magnesium hydroxide, and the like).

The optically active 5-methyl-5-thiomethylhydantoin

represented by formula (6) or (11) may be a salt. Examples
20 thereof include the same as those described above for the
compound represented by formula (1).

A process for producing the compounds represented by
formula (1) and {13) will be described in detail below.
Racemic N-carbamoyl-a—-amino acid derivative (13) or its salt

25 can be produced by hydrolysis of the racemic 5, 5-
disubstituted hydantoin derivative represented by formula
(12) or its salt with an organic base or an alkali metal

hydroxide.



Racem c¢ 5, 5-di substituted hydantoin derivative (12) or its salt used as a
raw material can be synthesized froma correspondi ng ketone by the
Bucherer nethod well known to persons skilled inthe art. 5 1n this

met hod, hydrolysis is performed using a base such as an organic base or an
al kali metal hydroxide. The organic base is not particularly limted, but
exanpl es of the organic base include n® hyl am ne, dinethylam ne,
trimethyl am ne, ethylam ne, diethylamne, triethylamne, 10

di i sopropyl et Racanie 5 Pydidivist idnd eghiblvidastolheserarvganive (Basesrmay be
used alone or in a mxture of two or nore. Exanples of the alkali metal
hydr oxi delst§ ri@kider994 Msum Hpdt o%ites ladogicnmbry dvoxhasizpdt &xomum

hydr oxi de, and cesjum hydroxi de. These al kali netal hidroxides may be used
al one  15VrEFPAHING B Bo the RycBeres eshogt weilél #narWa &eononi cs,
the base used in _hydrolysis.is preferably an al kali netal hydroxide, and
nore  pr SIS Yo or potassi um hydroxi de. Although the

r
AUt Of L1 AR5 PSSOt PR LAY o 20 LU o, ghe prount of he
ot S S e ghae on e U goly RIS AL BUSES, RS,
or9an ¢ SHORNL: T ISEL, AL IOl MIRITLTbeSELUGEN T BT
the orgajidarsd wee ii1NdR HedhQaarier, salikerhiafshe! sol vents,

trimethylamine, ethylamine, diethylamine, triethylamine,

10 diisopropylethylamine, pyridine, and aniline. These organic

bases may be used alone or in a mixture of two or more.

Examples of the alkali metal hydroxides include lithium
hydroxide, sodium hydroxide, potassium hydroxide, and cesium
hydroxide. These alkali metal hydroxides may be used alone

15 or in a mixture of two or more.

In view of yield and economics, the base used in
hydrolysis is preferably an alkali metal hydroxide, and more
preferably sodium hydroxide or potassium hydroxide.

Although the amount of the base used is not particularly

20 limited, the amount of the base is preferably 1 to 10 molar
equivalents, and more preferably 2 to 5 molar equivalents,
based on the amount of the substrate used.

Bs a reaction sclvent, water only may be used, or a
mixture of water and an organic solvent may be used.

25 Although the organic solvent mixed with water to be used
as the solvent is not particularly limited, examples of the
organic solvent include hydrocarbon solvents, ester solvents,

ether solvents, alcoholic solvents, nitrile solvents, and



et her solvents, alcoholic solvents, nitrile solvents, and 21 am de

sol vents. Hydrocarbon solvents are preferred. The hydrocarbon sol vents are
not particularly limted. Exanples of the hydrocarbon solvents include

t ol uene, benzene, xylene, hexane, cycl ohexane, and heptane. These sol vents
may 5 be used alone or in a mxture of two or nore at any desired ratio.
Anmong these solvents, toluene is prefexyed. Exanples of the ester solvents
include ethyl formate, nethyl acetate, ethyl acetate, isopropyl. acetate,
and net hynmidy oplonrattss. 1AyExasakbsnofolhents here spkyeatsedncl ude di et hyl
ether, tetrahydrofuran, 1,4-dioxane, and nethyl tert-butyl ether.

Exanpl es of tHhallgehwldacken weitventsc lbude nokt pamalicudbhrdyollimitprdopanol ,

i sopropanol, 1-butanol, and 2-butanol. Exanples of the nitrile solvents

i ncl ude dcwtmiay idfe this hydd geagpioonisiodivieat sbiagghels ¢ ltieacanibegazeolevent s
i ncl ude di net hyl formam de and di net hyl acet am de. The anount of water used
for reactiYohells presfadrsablayd-chexpgeroand reptene -weTlghscofolventabseyat e
used. In view of 20 yield and volunetric efficiency, the amount of water
is nofe MefEESshI3LAREL To 110 & MRESUIEN@ I prefersbRy @ny desired nes,
the weight of the substrate used. Wen the amount of the water used is 0.2
to 3 ti St (ECHAL CBFSEhECLYBRt Fat BOLURRSt ke BRBERETSR -t he base used is

2 25.to 5 mlar, equivalentl Lhall v8:t 2,40, 3unetiat ey e o, iite,
methyl acetate, ethyl acetate, isopropyl acetate, and methyl
propionate.

10 Examples of the ether solvents include diethyl ether,
tetrahydrofuran, 1,4-dioxane, and methyl tert-butyl ether.
Examples of the alcoholic solvents include methanol,
ethanol, l-propanol, isopropanol, l-butanol, and 2-butanol.
Examples of the nitrile solvents include acetonitrile
15 and propionitrile.
Examples of the amide solvents include dimethylformamide
and dimethylacetamide.
The amount of water used for reaction is preferably 0.1
to 100 times the weight of the substrate used. 1In view of
20 yield and volumetric efficiency, the amount of water is more
preferably 0.1 teo 10 times, and most preferably 0.2 to 3
times, the weight of the substrate used.
When the amount of the water used is 0.2 to 3 times the
weight of the substrate, and the amount of the base used is 2
25 to 5 molar equivalents relative to the substrate used, the
reaction proceeds in the highest yield.
The reaction temperature depends on the type of the

substrate used, and the amounts of the materials used, and



reaction proceeds in the highest yield. The reaction tenperature depends on

the type of the substrate used, and the anounts of the nmaterials used,
22 thus cannot be determ ned unconditionally. However, the reaction

and

tenperature can be selected from500C to 150'C, and it is preferably 80" C

to 110'C, and nore preferably 85*C to
on the type of the substrate wused, thgzanounts of the materials used,

1000C. 5 The reaction tinme depends

and

the reaction tenperature, and thus cannot be determ ned unconditionally.

However,

thes reanidtornd idecd snipreef eradalndilt itom8Q yhouHsweaBdd, Bhee

preferably 2 to 24 hours for producing the product in 10 high yield. As a
post-treate&nﬂiqﬁttﬁmpduaquﬁndaanalﬂelmganmd(ﬁronpﬁmﬂmbﬁninﬂbaﬁﬁ diamect | y
used in a next reaction, or may be subjected to isolation by extraction

and purifitats @refarablnd Gt AU0TE wiar are e ipte LA e InatE5 6l Yo t he

reaction 15 m xture may be filtered to isolate the target conpound.
Simlarlyl Qﬁé-conpound represented by fornula (1) can be synthesized by
produci ng the racem ¢ 5-net hyl -5- thionethylhydantoin derivative

repr esent ed byTI?%rlfﬁ,ﬂcétJ(oﬂ)tl“fer éjrﬁpffldrﬁ Sac dttoh & YRS idfattibfe P SHEtBuUcher er
net hod, and 20 then <§§{Oléé%3%1the der.i vative represented by fornula (14).
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However, the reaction time is preferably 1 to 50 hours, and
more preferably 2 to 24 hours for producing the product in
high yield.

As a post-treatment after the reaction, the reaction
product may be directly used in a next.reaction, or may be
subjected to isolation by extraction and purification after
neutralization with an acid. Alternatively, the reaction
mixture may be filtered to isolate the target compound.

Similarly, the compound represented by formula (1) can
be synthesized by producing the racemic 5-methyl-5-
thiomethylhydantoin derivative represented by formula (14)

from a thioacetone derivative by the Bucherer method, and

then hydrolyzing the derivative represented by formula (14).

Description will now be made of a process in which
racemic N-carbamoyl-oa-methylcysteine derivative (1) or its
salt is subjected to D-selective cyclization reaction using
hydantoinase to synthesize D-5-methyl-5-thiomethylhydantoin
derivative (2) or its salt and N-carbamoyl-o-methyl-L-
cysteine derivative (3) or its salt.

The hydantoinase is an enzyme having an. activity to

hydrolyze a S5-substituted hydantoin derivative or its salt to



hydant oi nase to synt hesi ze D-5-net hyl -5-thi onet hyl hydantoi n 25 derivative
(2) or its salt and N-carbanoyl -a-nethyl-L- cysteine derivative (3) or its
salt. The hydantoinase is an enzynme having an-activity to hydrolyze a
5-substituted hydantoin derivative or its salt to 23 produce an N
car banoyl -a- amno acid derivative. It is generally known that this
enzynme produces a 5-substituted hydanksin derivative by cyclization of an
N- car banoyl -a-amino acid derivative in a reverse reaction of hydrolysis
(JapaneserBodinex aam rettaRgtaamy JApptanciate orciRUbld iatd ainveNo. 1t- 1243989). In
t he present invention, hydantoi nase derived from plants, animals, or

m cr oor ga@eReEa ey eowsddials thhes dryatame @radeentalSrauigsttiimted
D-stereo-sel ective cyclization reaction. Anong them hydantoi nase derived
from 10 rRXIVFYehi demt vat igrefar aiir gl ratdi drorof miustrdaatbamptli-watawimo  Any
~m croorgani sms_can be used as an enzynme source as long as the

ni cr oor gafF STEAHEVER | IHEe it 13 (SR IR deRaGHER E divdpad.ys i dAnanaste t he
m crogrg i sms j ncl ude tnhe known rrjcroorl%a.ni sns bel ow whi ch are capabl e of
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XanthonDQ§ﬁdantoinase catalyzing the D-stereo-selective cyclization
reaction. Among them, hydantoinase derived from

10 microorganisms is preferably used for industrial application.
Any microorganisms can be used as an enzyme source as long as
the microorganisms have the ability of producing the enzyme.
Examples of the microorganisms include the known
microorganisms below which are capable of producing the

15 enzyme.

Examples of the microorganisms include bacteria of the
genera Acetobacter, Achromobacter, Aerobacter, Agrobacterium,
Alcaligenes, Arthrobacter, Bacillus, Brevibacterium,
Corynebacterium, Enterobacter, Erwinia, Escherichia,

20 Klebsiella, Microbacterium, Micrococcus, Protaminobacter,
Proteus, Pseudomonas, Sartina, Serratia, Xanthomonas,
Aeromonas, Flavobacterium, and Rhizobium; actinomyces of the
genera Actinomyces, Mycobacterium, Nocardia, Streptomyces,
Actinoplanes, and Rhodococcus; molds of the genera

25 Aspergillus, Paecilomyces, and Penicillium; and yeasts of the
genera Candida, Phichia, Rhodotorula, and Torulopsis.

Preferébly, an enzyme derived from microorganisms of the

genus Agrobacterium, Bacillus, Pseudomonas, or Rhizobium is



Aer ononas, Fl avobacterium and Rhi zobium actinonyces of the genera
Actinonyces, Mycobacterium Nocardia, Streptonyces, Actinoplanes, and
Rhodococcus; nolds of the genera 2 5 Aspergillus, Paecil onyces, and
Penicillium and yeasts of the genera Candi da, Phi chi a, Rhodot orul a, and
Torul opsis. Preferably, an enzynme derived from m croorgani sns of the genus
Agrobacterium Bacillus, Pseudononas, 2# Rhizobiumis 24 used. More
preferably, an enzynme derived from Agrobacterium sp. KNK712 ( FERM BP-1900),
Baci | | us w§ed KNK245 ( FERM BP-4863), Pseudonobnas putida | FO12996,
Pseudononas KNKOO3A (FERM .5 BP-3181) or Rhi zobi um sp. KNK1415 is
used. The Agr@ﬁ&t@@ﬁﬁﬁa%y mkmzzmcdenusechpirmm@ba@mrmmﬁonas
sp. KNKOOQO3A are d osited as international a{ﬁ‘FOSI ts accordi ng8 to the

But apest M¥E5tY (FERMRRnG OralBaghsdkiat g @rﬁ@ﬁ@@lﬂ% BBy 4 gét)nonﬁl .

I nstitut dvanced 10 | ndust.r.i aI Sci ence and Technol o Al ST Tsukuba
Cent SO G AL O S Ao LA GRSl KRN 320 4R M ¢ h

acces FER 900 on 988 WI h accessi on nunber FERM
P 385 G NAHbT SRty “érﬁfv%ﬁa unber FERM BP—_3|181 on
Decenber 1, 1 ect.i vel r SITs._a W strain
or a variant 919n greirscgganc%toefrnlé}s}% Sé’ct}iv}ﬁi_@%c g%@@&%f%@?@éﬁ hd
Al ternati seélydor&&pagn O%M%J%l C)Stlr fo% r;%(%errga roorganl Sns

e €

produced by a gene reconbi nation $6%as s pr oduce
hydant oi nag& dard Ved-§FPMd K& the Butapest Treaty in International

Patent Organism Depositary, National Institute of Advanced

10 Industrial Science and Technology, AIST Tsukuba Central 6, 1-
1, Higashi l-chome, Tsukuba-shi, Ibaraki-ken, Japan with
accession number FERM BP-1900 on May 31, 1988, with accession
number FERM BP-4863 on November 2, 1994, and with accession
number FERM BP-3181 on December 1, 1990, respectively.

15 The microorganisms may be a wild strain or a variant
with hydantoinase activity increased by mutation;
Alternatively, the microorganisms may be transformed
microorganisms produced by a gene recombination method or the
like so as to produce hydantoinase derived from the

20 microorganisms with high efficiency.

In a method for formiﬁg the transformed microorganisms
capable of producing hydantoinase with high efficiency, a
hydantoinase gene is cloned from a strain exhibiting
hydantoinase activity, and an apprépriate recombinant plasmid

25 vector is formed and used for transformation of proper host
cells to produce the transformed microorganisms, as described
in, for example, W096/20275. The recombinant DNA technology

is well known in this field, and described in, for example,



20 m croorganisnms with high efficiency. In a nethod for formng the
transfornmed m croorgani sns capabl e of produci ng hydantoi nase with high
efficiency, a hydantoinase gene is cloned froma strain exhibiting
hydant oi nase activity, and an appropriate reconbi nant plasmd 25 vector is
formed and used for transformation of proper host cells to produce the
transfornmed m croorgani sns, as descrilbeg in, for exanple, W96/20275. The
reconbj nant DNA technology is well known in this field, and described in,
for examMdd,e2f arMVidlecungr 2ddomidig idnd (Edildi sprical dabpbirngabarbesry
Laboratory Press, 1989), Current Protocols in Mlecular Biology (Geene
-Publ i shi rRyefssodi%t®ds @ud rdhlitePriotbendesi éncipleExaapl BiodbgyyhéGreansf or ned
m croor gani snms capabl e of 5 produci ng hydantoi nase with high efficiency

i ncl ude tivd limhdmgo Agagicdat ede sand Wad eyn IND68520276e)such as Escherichia
coli HB101 pTH104 (FERN BP-4864) containing a hydantoi nase gene derived
from Baci | | us Esggm &5 (thRERNIBRSA®E8Rd mEsERertenisnsorhpaBle10fAHLI043
(FERN_BP-4865) containing a 10 hydant oi nase gene derived from Agrobacteri um
sp. KRK7 Prqatising pryopgie)nagsd viddh 8ipbhes facienas162Ccpprp3bhe ( FERN
BP-4866) .containing a hydantoi nase gene derived from Pseudononas sp.
KNKOO3A Fﬁ%%ﬁaélf%i‘)s. ﬁ&rEg’éﬁerli“cﬁ’Pg668Pi27ﬁBleCBTPEoE,SCE§€h§PfL%hi a coli

It or nat (91 ThA50a A T02c P BNy BES 1864) BEORRBLR TR BaPyIPACPATEFRa | ona
Patent O anl $/0,RROSIA ALY 5 NAYHONAL L wnko45 (FERM BP-4863),
Escherichia coli HB101l pAH1043 (FERM BP-4865) containing a

10 hydantoinase gene derived from Agrobacterium sp. KNK712 (FERM
BP-1900), and Escherichia coli HB101 pPHD301 (FERM BP-4866)
containing a hydantoinase gene derived from Pseudomonas sp.
KENKOO3A (FERM BP-3181}).

The Escherichia coli HB101 pTH104, Escherichia coli

15 HB101 pAH1043, and Escherichia coli HB101l pPHD301 are
deposited as international deposits according to the Butapest
Treaty in International Patent Organism Depositary, National
Institute of Advanced Industrial Science and Technology, AIST
Tsukuba Central 6, 1-1, Higashi I1-chome, Tsukuba-shi,

20 TIbaraki-ken, Japan on November 2, 1994 with accession number
FERM BP-4864, accession number FERM BP-4865 and accession
number FERM BP-4866, respectively.

When the hydantoinase is produced from the
microorganisms exhibiting hydantoinase activity or the

25 transformed microorganisms, culture may be performed using an
ordinary nutrient medium, and, if required, enzyme induction
treatment may be performed, as described in, for example,

W0%96/20275. The enzyme induction can be performed by, for



Institute of Advanced Industrial Science and Technol ogy, Al ST Tsukuba
Central 6, 1-1, Higashi 1-chonme, Tsukuba-shi, 20 Ibaraki-ken, Japan on
Novenber 2, 1994 with accession nunmber FERN BP-4864, accession nunber FERN
BP- 4865 and accessi on nunber FERN BP-4866, respectively. Wen the
hydant oi nase i s produced fromthe m croorganisns exhibiting hydantoi nase
activity or the 25 transfornmed m croorgani sns, culture may be perforned
using an ordinary nutrient nmedium and, if required, enzyne induction

t r eat mentexmyp e, peddiorgrad;acisl desahdetiliturd aeddxanpl e, W96/ 20275. The
enzynme induction can be perforned by, for 26 exanple, adding uracil to the
cul ture nedi umn |the Erqradgenimviantantr,orthet ey daypdarineisea pe opuoedc €dofir om
the m croorgani snms can be used directly as an enzyne or used in the form
of m cr odiyamisirdraAEE tdan e fusred ks rawhive 25 on gnzyeet menusproduct

t hereof . Exanples of the treatnment product of m croorganisns include a
crude extiacihe cipsm el micsqrganisgshinaview GiCFanisns OécéP@nénGNméd

cells, and disrupted products of these cells._ The enzg
i mobPl | A 3 EReRERetmROME e FARReO 0 EXaRBLES B & ﬁn*emam%g and used

as an imobilized enzyne. Wen the e S stablllzed by i mmobilj zati on,
ozt | Rt [ T T S T AR b e A Seks W FU LEBREEh (o

the, reacti.on. Furt ernD p055|ble to expect

ff |
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The enzyme may be immobilized in the form of an enzyme
10 or cells by a known means and used as an immcbilized enzyme.
When the enzyme is stabilized by immobilization, enzymatic
reaction can be performed in a severer temperature region to
- effectively accelerate the reaction. Furthermore, it is
possible to expect the advantage that the production cost can
15 be decreased due to repeatable use of the enzyme and
simplification of the production process.

The immobilizaticon can be performed by a method well
known to persons skilled in the art, such as a cross-linking
method, a covalent bonding method, a physical adsorption

20 method, or an inclusion method. Examples of a support
suitably used for immobilizing the enzyme include phenol-
formaldehyde anion exchange resins such as Duolite A-568 and
'D817186 {Rohm and Haas Ceo.,: trademark}, and anion exchahge
resins comprising polystyrene resins having amine-, ammonium

25 salt- or diethanolamine-type functional groups, such as
Amberlite IRA935, IRA%45, and IRA901 (Rohm and Haas Co.,:
trademark), Lewatit OCl037 (Bayer Corp.: trademark), and

Diaion EX-05 (Mitsubishi Chemical Corporation: trademark).



sinmplification of the production process. The imobilization can be
performed by a nmethod well known to persons skilled in the art, such as a
cross-linking nethod, a coval ent bondi ng nmethod, a physical adsorption 20
met hod, or an inclusion nethod. Exanples of a support suitably used for

i mobi | i zi ng the enzyne include phenol - fornmal dehyde ani on exchange resins
such as Duolite A-568 and DS17186 (Ropm and Haas Co.,: trademark), and

ani on exchange resins conprising polystyrene resins having am ne-,
amoni um 25 sia¢t suppodi ot DEAD eel Nesdey pearf wicdd dalusgyrdaups, such as
Anberlite | RA935, |1RA945, and | RA901 (Rohm and Haas Co.,.- trademark),

Lewat it OCLO37TiBaymmolebl pzedt emxienaric ,praxfterabilai grrdeid@sl WM tduebi shi

Chem cal Corporation: trademark). 27 As the support, DEAE-cell uose can

al so be usethodhdesambbedi ed Eoryeransler df@Y@22 7y oddeed gy tiedhatht hod
described in, for exanple, W96/20275. In this method, <cells are collected
froma cufehte 35¢uEPbheoted 5Xomid B1ltuns sty Uhidantadi daséradn vity and
then disrupted by ultrasonic waves or the |ike, and, for exanple, anion
exchar?ge haging %)6‘6???%1%@%%83?%1%(?&% e dHspupERd &Yz e S on,
followed by stirri ffr adsorption of the enzyne. In order to further
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and then washed
to further improve stability, for example, a cross-linking
10 agent such as glutaraldehyde may be added to the resin having
the enzyme adsorbed thereon, and the resultant mixture may be
subjected to cross-linking treatment by stirring. After
these treatments, the resin is filtered off and then washed
to produce immobilized hydantoinase.
15 In the present invention, the enzymatic reaction can be
. performed by the following method: The racemic N-carbamoyl-
a-methylcysteine derivative represented by formula (1) or its
salt is used as a substrate and subjected to reaction in an
aqueous medium in the presence of the hydantoinase. The
.20 concentration of the substrate charged is 0.1% (w/v) to 90%
(w/v)}, and preferably 1% (w/v) to 50% (w/v). The substrate
~is subjected to the reaction in a dissolved or suspended
state by standing or stirring for a while at a reaction
temperature properly adjusted to 10°C to 80°C, preferably
25 20°C to 60°C, and a pH kept at 4 to 9, preferably 5 to 8.
Alternatively, the substrate can be continuocusly added. The
reaction can be performed in a batch system or a continuous

system. In the present invention, the reaction can be



“to produce i mobilized hydantoi nase. 15 In the present invention, the
enzymati.c reaction can be perfornmed by the follow ng nethod: The racem c.
N- car banoyl - a-net hyl cystei ne derivative represented by fornmula (1) or its
Is used as a substrate and subjected to reaction in an aqueous nedi um
in the presence of the hydantoi nase. The 20 concentration of the substrate
charged is 0.1% (wWv) to 90% (wv), apgl preferably 1% (wv) to 50% (wv).
The substrate is subjected to the reaction in a dissolved or suspended
state by peabormed oritgi ithe ngnrdadrilai 2dd lem atmeq reeacinbaane arpertatyr e
properly adjusted to 10*C to 80*C, preferably 25 20'Cto 60'C, and a pH
kept at 4and thepkferably 5 to 8. Alternatively, the substrate can be
continuously added. The reaction can be perforned in a batch systemor a
conti nuous systamples ahdhs espmoummadtiuon indadeeactticon dwfieas28
performed with the immobilized enzynme, a nenbrane reactor, and the |ike.
Exanpl es bFO¥ hexaimRkous? SRR ifc i sfat & THE tsrifer f gndedanpl e, a
phosphate buffer, a Tris buffer, and a 5. carbonate buffer), and solvents

ont%‘?W?‘Pf@a"s%cq’\u%f%Ufff énd AR et §adoIGmrte ergshisai ko St feror

sal t
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RPUS e P8t P€a coenzyne, a

aquhgfnéékﬁlth an organic solvent (for example, ethyl acetate,
butyl acetate, toluene, chloroform, or n-hexane) insoluble in
water to form a two-phase system. If required, an
antioxidant, a surfactant, a coenzyme, a metal, and the like
can be further added to the medium.

As the result of the above-described reaction, only the
D-isomer of racemic N-carbamoyl-a-methylcysteine derivative
(1) or its salt is cyclized to be converted to D-5-methyl-5-
thiomethylhydantoin derivative (2} or its salt and N-
carbamoyl-a-methyl-L—-cysteine derivative (3) or its salt.

The produced N-carbamoyl-o-methyl-L-cysteine derivative
(3) or its salt may be subjected to decarbamoylation reaction

- in the form of the reaction solution, or may be isolated and
purified by a conventional separation method such as
extraction, concentration, crystallization, or column
chromatography, or combination thereof.

For example, when-N-carbamoyl-S-tert-butyl-o-
methylcysteine having a tert—bﬁtyl group at R!'in formula (1)
is used as the substrate of D-selective cyclizatioh reaction
with the hydantoinase, D-5-methyl-5-tert-

butylthiomethylhydantoin precipitated as an insoluble



can be further added to the medium As the result of the above-described
reaction, only the D-isonmer of racem c N carbanoyl -cc-nethyl cystei ne
derivative 15 (1) or its salt is cyclized to be converted to D 5-nethyl -5-
t hi omet hyl hydantoi n derivative (2) or its salt and N
car banoyl - a- net hyl - L-cysteine derivative (3) or its salt. The produced
N- car banoyl - a- net hyl - L-cystei ne derivatd9ve (3) or its salt nmay be
- subj ected to decarbanoyl ation reaction 20 in the formof the reaction
sol uti on,subrstrEycd e fitsot dtted @yttt ipur idare e yeam idgn weniciveralbysepar at i on
met hod such as extraction, concentration, crystallization, or colum
chr omat ogfialtwatiorn conbi nati on t hereof. For exanpl e, ' when
N-car banoyl - S-tert-butyl-ot 25 met hyl cysteine having a tert-butyl group at
R'An fornul a (3 this yseadhadidiirateataordfaibisa dde veseytkhinzati-on
reaction wth the hydantoinase, D-5-nethyl-5-tert-
but yI t hi cFEEPRAMNAFTS P deiPiataisy Favams Assidulbine a2gextsgiePance after
the reaction can be easi I% renmoved by filtration. In this case, the
filtrate oI MF e Fe A HHCA T Car baRofleaPHELRjFetieyst Bhife nay be
used in a.next step 5 directl r afte urification. In the purification,
the fil HENEFHE conBH w1 49 AP B3 fred Rt ¢y SEPE15and t hen
filtered to t ai n.t-he tarqget ou;;l{li he
‘D 5- et hy I}%?ﬁqleerq -%lujthcﬁr’_t%ol{ gtr?et%y%r%fd% eo;[tr"f‘rgpertecqoﬂptoélpgd as an insol ubl e
substance may & uped QINEAUY tert—putylthiomethylhydantoin
precipitated as an insoluble substance may be used directly
10 in a next step or used in the form of an aqueous alkali
solution in a next step. Alternatively, the aqueocus alkali
- solution may be neutralized to crystallize the D-5-methyl-5-
tert-butylthiomethylhydantoin. Any one of these methods may
be used.
15 Description will now be made of a process for producing
the a-methyl-L-cysteine derivative represented by formula (4)
or its salt, the process comprising decarbamoylating N-
carbamoyl-a-methyl-L~cysteine derivative (3} or its salt, and,
if required, deprotecting the sulfur atom.
20 The protecting group of the sulfur atom is -selected from
the groups described above as R'. 1In the deprotection,
decarbamoylation (déprotection of the amino group) and
deprotection of the sulfur atom may be simultaneously
performed. Alternatively, one of the deprotection steps may
25 be first performed, and then the other step may be performed
to remove the remaining protecting group. The deprotection

method may be appropriately selected according to the

protecting group and the purpose.



10 in.a next step or used in the formof an aqueous alkali solution in a
next step. Alternatively, the aqueous alkali solution may be neutralized
to crystallize the D-5-nethyl-5- tert-butylthionethyl hydantoin. Any one of
t hese net hods may be used. 15 Description will now be made of a process
for producing the cc-nethyl-L-cysteine derivative represented by formula
(4) wor its salt, the process conprising decarbanoyl ating N

car banoyl -a-rnethyl -L-cysteine derivative (3) or its salt, and, if
required, deprmtent,i nhd hetsidd W atiaml t20sbe 1y eleedbiragngr oup of the
sutfur atomis selected from the groups descri bed above as RL. In the
depr ot ectdesry rbadegardianoy laatd atep(xde qurtdtcec tiforthef sill€uvanmanemgwalp) band
deprotection of the sulfur atom may be sinmultaneously perforned.

Al t er nat idedorilmve. oRst herdepitt eft iohessiéps magedbche thesinpemforsed, and
then the other step may be perfornmed to renove the remaining protecting
group. THewepridtactwhan ardierdd any ad&vdpgropn dieeliygsdl sot 88 secbrding to
“the prot ecting group and the purpose. 30 First, the nethod of

si mul Pan SISy p‘%%cfkb r?g t%&*—ﬁaﬂmﬂr@ﬁmn l@néFS@éipla@t &bei prosecthrgsul f ur
atom wi II be desic |t of- intensive research, the inventors
found t h&r3tRen(R! t8|ft FQPySHIlﬂlF @FS{Bp ﬁﬁ??ﬁ@aﬂoféaEBOIéaﬁ‘B%Pir“?)t%t‘?%h%n such

2 om | decir Balb T bR QUEL EegFO IR HiRE. S 8 g FOr 5P -aAEHe RBt oct | on
of the S%gglglmuf%aneously performed in one step by treating N-

carbamoyl-g-methyl-L-cysteine derivative (3) or its salt with
10 an acid.

Examples of the acid used in this method include
hydfochloric acid, sulfuric acid, hydrobromic acid, nitric
acid, acetic acid, and trifluoroacetic acid. &Any one of
these acids may be used alone, or at least two of the acids

15 may be mixed at any desired ratio. From the viewpoint of
reactivity and economics, hydrochloric acid or hydrobromic
aid is preferred, and hydrochloric acid is more preferred.
As hydrochloric acid or hydrobromic acid, commercially
available concentrated hydrochloric acid or hydrobromic acid

20 can be used, and such an acid can also be used as the
reaction solvent. Although water or an organic sélvent may
be added, the acid is preferably also used as the reaction
solvent from the viewpoint of reacfivity.

With respect to the reaction conditions, for example,

25 when N-carbamoyl-S-tert-butyl-a-methylcysteine having a tert-
butyl group as the protecting group of the sulfur atom is

treated with hydrochloric acid to produce a—methylcysteine

hydrochloride in one step, the reaction temperature is



be simul taneously perfornmed in one step by treating N
car banoyl - (x-met hyl - L-cysteine derivative (3) or its salt wwth 10 an acid.
Exanpl es of the acid used in this nmethod include hydrochloric acid,
sul furic acid, hydrobromic acid, nitric acid, acetic acid, and
trifluoroacetic acid. Any one of these acids may be used al one, or at
| east two of the acids 15 nmay be mixed3ht any desired ratio. Fromthe
vi ewpoint” of reactivity and economics, hydrochloric acid or hydrobronc
aid is prefefarahlant? Hy drodf0iG,c sl ddre poed epradfler P84C tas 1BPdcechl ori ¢
acid or hydrobromc acid, commercially available concentrated hydrochloric
acid or Ml dBromeaccian Yo ds e blah@bowth 2airoadi dayan dlogo be used
as the reaction solvent, Although water or an organic solvent may be
added, t &R LHrC Gy &S §aeh afaspeerdsc pressugsl-veRkef rom t he
viewpoint o f reactivity. Wth regfpec,t to the reaction conditions, for
exanpl e, TESHHSH ﬂadhr‘%rﬂ?yq SIS IR 12 REFSCNFESYStarhé tHaFeRG te t er t -
butyl -gra a .tcﬂ_le rot ect.i rqup of the sulfur atomis treated with
hydr o2hl oarucf)ca }cli @tlg tp?‘@ﬁf@e%&toﬁﬁe%eei TRGFEIOR &re in one step,
the reaction t ra}:\%sr 1S :31 referably 70'.C to 180" C, _and nore
preferably 90 g1 %lps%r?&lthéﬁr g)éac |a)(§ine toifrréi Pgoﬁ:legFngﬁ y about 2 to 4
days, forpro%gﬂ}l ! —%eérgﬁfl‘i—t sHHI0G gud almmsaher, CfBE%%ﬁ‘Args AT%‘% .
reaction-can be perforned using a pressure-resisting feactor t “a hi gher
tenper at g Q IEAUGR IR JRACURD IRy decarbamoylating N—
carbamoyl-a-methyl-L-cysteine derivative (3} or its salt to
10 produce the a-methyl-L-cysteine derivative represented by
formula (4) or its salt in which R? is the same as R* in
formula (1), and then deprotecting the sulfur atom.
In this process, the decarbamoylation method is not
particularly limited as long as the carbamoyl group can be
15 removed. For example, a nitrous acid oxidation method, an
alkaline hydrolysis method, or an acid hydrolysis method can
be used. When the protecting group of the sulfur atom is a
tertiary alkyl group such as a tert-butyl group, the acid
hydrolysis method using hydrochloric acid or the like tends
20 to progress the deprotection of the sulfur atom. Therefore,
when only decarbamoylation is desired, another method is
preferably performed.
The nitrous acid oxidation method can use the reaction
conditions generally used for decarbamoylation. For example,
-25 nitrous acid alone or a combination of a nitrite and an
appropriate acid can be used. However, a combination of a

nitrite and an acid is preferably used.

Examples of the nitrite include sodium nitrite,



Next, description will be nade of a process for producing

a-net hyl -L-cysteine represented by fornmula (5 or its salt, the process
conpri si ng decarbanoyl ati ng N- car banoyl - (x-met hyl -L-cystei ne derivative
(3) or its salt to 10 produce the a-nethyl-L-cysteine derivative
represented by formula (4) or its salt in which R2is the sane as R in
formula (1), and then deprotecting the3sulfur atom In this process, the
decar banoyl ation method is not particularly limted as |long as the

car banoy| pgtrassi wann beritd, removieth rEarrieegnulesivi niittrdds , agiadnesidat i on
met hod, an al kal i ne hydrol ysis nethod, or an acid hydrolysis nethod can be
used. Whemitihistgr cired thangi ugr cu wifte.heRmohfuthasemisrateser pbaaysalyl
group such as a tert-butyl group, the acid hydrolysis nmethod using

hydr ochl ordleriies g 2omiun kel twids PG trogfreogesss Rhethepacidction of the
sul fur atom_Therefore, when only decarbanoylation is desired, another
net hod | sSCORPREIRY abl§h peid it tePh e Gfittiico wCighi drveiogdtliosd cmacied can use
the reaction_conditjons generally used faor decarbanoyl ati on. For exanpl e,

25 ni Or ouS™ el @l ki ord i CHH R GC i mrer PretaRdedn @t opriate acid
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preferreqaxéﬁbfé$iﬁg%ﬁgnol, ethanol, isopropancl, or the like) is
preferably used from the viewpoint of solubility of the

‘10 substrate.

The reaction temperature of the nitrous acid oxidation
method is preferably in the range of -5°C to 100°C, and more
preferably in the range of 0°C to 50°C from the viewpoint of
product stability and improvement in yield.

15 The alkali used in the alkaline hydrolysis method is not
particularly limited. For example, sodium hydroxide, lithium
hydroxide, potassium hydroxide, barium hydroxide, magnesium
hydroxide, calcium hydroxide, and the like are preferred, and
lithium hydroxide is more preferred.

- 20 The reaction temperature of alkaline hydrolysis is
preferably in the range of -5°C to 150°C, and more preferably
in the range of 80°C to 120°C from the viewpoint of
productivity and improvement in yield.

The compound represented by formula (4) in which R? is

25 the same as R!' in formula (1) may be used in a next step
directly or after purification. For example, when R? is a
tert-butyl group, purification can by perfo:med by adding an

acid to the reaction solution after the alkaline hydrolysis



conbined with the nitrite, acetic acid, hydrochloric acid, 5 sulfuric acid,
and hydrobromc acid are preferred, and hydrochloric acid is particularly
preferred. Al though the solvent is not particularly limted, water or an
al cohol (for exanple, nmethanol, ethanol,. isopropanol, or the like) is
preferably used fromthe viewoint of solubility of the 10 substrate. The
reaction tenperature of the nitrous ac3s oxidation nethod is preferably in
the range of --5C to 100C, and nore preferably in the range of 0C to 50C
fromthe w elpotadseoftheprtud tHealdlivty cand REpaoveswbt, i Bhgi @-d. 15 The
al kali used in the al kaline hydrolysis nethod is not particularly |imted.
For exanphe;hgoditmy tysdmexidie; i vattivieu mepnyedreotiede byp dicassilam (Hydraxi de,

bari um hydroxi de, nagnesi um, hydr oxi de, cal ci um hydroxide, and the like are
. preferr edltsamlalﬂ i irhiwrdiy & ostisde tgrﬁnbetgﬂe\?epuedcazobéhebteanedoas
tenperature of alkaline hydrolysis is preferably in the range of -5Cto
150C, and"Hvtep¥eferably in the range of 80C to 120C fromthe vi ewpoi nt

of product|V|ty and |nprovenent in yield. The conpound represented by

formuPa (4) i maHiE RSy B @ikaddnatsed fey I’Fhfeoraﬁﬂ!ﬂaél(ﬂf) rray be used in
a next ste rectl; after purifi catlon For ex when is a
Cert. but ﬁ%?%i.\bs § ARBIG i 95 P Byt Lo the

react i on oI uI | 0 ter. f he aI kaI i, ne dr ol ys ecr ease, t he pH of
t he Solut % 4 m@ Qﬁde, arlum.%ydro 1de, P

magnesium hydroxide, calcium hydroxide, and the like.
Examples of the acid added to the reaction solﬁtion after the

10 alkaline hydrolysis include hydrochloric acid, sulfuric acid,
~hydrobromic acid, nitric acid, acetic acid, and
trifluorcacetic acid. Any one of these acids may be used
alone, or two or more may be mixed at any desired ratio.
However, a combination of lithium hydroxide used as the

15 alkali and hydrochloric acid used as the acid is preferably
used because an inorganic salt produced in neutralization has
high solubility in water to facilitate desalting.

The term "neutralization™ means that the pH of the
reaction solution is adjusted to a crystallization region.

20 - In order to efficiently produce crystals of the o-methyl-I-
cysteine derivative represented by formula (4) or its salt in
which R® is a tert-butyl group, the upper limit of the pH is
preferably 9.5 or less, and more preferably 7.0 or less, and

- the lower limit of the pH is generally 1.0 or more,

25 preferably 2.0 or more, énd more preferably 3.0 or more.

When deprotection of the sulfur atom is further required
after the above-described decarbamoylation, for example, the

sulfur atom can be deprotected under reaction conditions



met hyl - L-cysteine derivative represented by formula (4) or its salt in
which R2 is a tert-butyl group can be obtained as crystals. 5 1In this
case, the alkali used for the alkaline hydrolysis is arbitrarily selected
from sodi um hydroxi de, [|ithium hydroxi de, potassium hydroxi de, barium

hydr oxi de, magnesi um hydr oxi de, cal ci um hydroxide, and the |ike. Exanples
of the acid added to the reaction solut4on after the 10 al kali ne hydrol ysis
i ncl ude hydrochloric acid, sulfuric acid, hydrobromc acid, nitric acid,
acetic aciultarice for fiheopoateidtd mcigtoudnyieketafy tkeése abiedsecomy ibe used
alone, or two or nore may be mixed at any desired ratio. However, a

conbi nat issntwfidn tdn urhterd dedlde iuse @ fas hieh ec—iife thlyR alli- carsd eliyer ochl ori ¢
acid used as the acid is preferably used because an inorganic salt
produced derifeaf¥vegd.i zati on has high solubility in water to facilitate
desalting. The term "neutralization" neans that the pH of the reaction

sol ution is adjUstetmd e ot dhg Paotestiag erour2ds- pnterdérryo

efficiently produce crystals of the cc-nethyl-L cysteine derivative
repr eéent@d‘ﬁy TSR U o % IsRU Hiin gr\%lipc RIRthe dikeyettheputyl group,
t he uppe 9.5 or |less, .and nore preferably

t of the pHis r ef er ab)
7.0 or ess”slén c?t%é:a\rg\ﬁﬁl' qqpﬁﬁqteé:ftetdhéypﬁre@t&@%r ¥ty gnoagidmpre, 25
f bI 2. and r or nore. n de rotectlon
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decar bargyl Al aihn {07, HEM1%r {NG o134 TlerLOTLGH) BR dePr ot ected under

reacti on 1 ons
trifluoroacetic acid. Any one of these acids may be used

10 alone, or two or more may be mixed at any desired ratio.
Among these acids, hydrochloric acid or hydrobromic acid is
preferred, and hydrochloric acid is more preferred. As
hydrochloric acid or hydrobromic acid, commercially available
conc. hydrochloric acid or conc. hydrobromic acid can be used,

15 and such an acid can also be used as the reaction solvent.
Although water or an organic solvent may be added, the acid
is preferably also used as the solvent from the viewpoint of
reactivity. The reaction temperature is preferably 50°C to
120°C, and more preferably 80°C to 100°C.

20 Description will now be made of the process for
producing a-methyl-L-cysteine (5) or its salt from the N-
carbamoyl-a-methyl-L-cysteine derivative represented by
formula (3) or its salt through L-5-methyl-5-
thiomethylhydantoin (6) or its salt.

25 ' First, the method for performing sulfur atom
deprotection and cyclization reaction of N-carbamoyl-o-
methyl-L-cysteine derivative (3) or its salt in one step will

be described. When the protecting group of the sulfur atom



34 suitable for the protecting group directly using the reaction solution
or after isolation of the (x-nethyl-L-cysteine derivative. For exanple,
when the protecting group is a tertiary 5 alkyl group such as a tert-butyl
group or the like, the sulfur atomcan be deprotected by treatnment with an
acid. Exanples of the acid include hydrochloric acid, sulfuric acid,
hydrobrom ¢ acid, nitric acid, acetic ®id, and trifluoroacetic acid. Any
one of these acids may be used 10 alone, or two or nore nay be m xed at any
desired riat i.ternipny tdidsd awiotp, shytr ashleotieatatiud yar ghpdipgbronmic acid i s
preferred, and hydrochloric acid is nore preferred. As hydrochloric acid
or hydr olstemiat exfiichn covdmysildlzar isvaiceabbe sdomd tampdusdyl @rird caied or
conc. hydrobronic acid can be used, 15 and such an acid can also be used as
t he react?wrizaatment wiAh Rougisiwat er or an organi c sol vent may be added,
the acid is preferably also used as the solvent fromthe viewpoint of
reactivity. THEIWAGQS Of tdepecicudacladsy dyerasinlosdgcacdd, 1 301€urisd nor e
pr ef er.abl BC)Eg} 00' C. 20 Description will now be made of the process
for prodiftitg W MG Apdtei M TEEF GF1frs 28&M O PGy hend
car banoyl.- a-net hyl - L-cystei.ne derivative_rg resenteg b formula (3) or its
sal t thr&ﬂaﬁﬁﬁgg¥ﬁﬁﬁﬁ§Fz§¥”fhioﬁﬁ¥h9?ﬂy8§n?§?ﬁe(%fl v %?g B ¥sedos First,
the neth q% per f.or m sul fur _atom .deprotection and cyclization
reactian%(£ﬁg%é§£§%%§fﬁgpd{e may be mixe a% any %e51red ratio.
Among these acids, hydrochloric acid is preferred. As
hydrochloric acid or hydrobromic acid, commercially available
10 conc. hydrochloric acid or conc. hydrobromic acid can be used,
and such an acid can also be used as the reaction solvent.
Although water or an organic solvent may be added, the acid
is preferably also used as the solvent from the viewpoint of
reactivity.
15 Although the reaction temperature is not particularly
limited, mild conditions are preferred for suppressing the
hydrolysis of L-5-methyl-5-thiomethylhydantoin (6) or its
salt. For example, the reaction may be performed in the
range of 0°C to 100°C, preferably 60°C to 90°C, for several
20 hours, and terminated when the major product is the desired
compound. |
Next, the method comprising synthesizing L-5-methyl-5-
thiomethylhydantoin derivative (7) or its salt by cyclization
and then deprotecting the sulfur atom will be described.
25 When the protecting group of the sulfur atom is a tertiary
alkyl group such as a tert~butyl group, cyclization is

preferably performed by alkali treatment because deprotection

of the sulfur atom proceeds when cyclization is performed



met hyl - L-cysteine derivative (3) or its salt in one step will be

descri bed. Wen the protecting group of the sulfur atom35 is a tertiary
al kyl group such as a tert-butyl group, deprotection and cyclization can
be sinultaneously performed by treatnment with an acid. Exanples of the
acid include hydrochloric acid, sulfuric 5 acid, hydrobromc acid, nitric
acid, acetic acid, and trifluoroacetifggacid. Any one of these acids nmay be
used alone, or two or nore may be m xed at any desired ratio. Anong these
aci ds, hygroechiordg@cid is preferred. As hydrochloric acid or hydrobromc
acid, comrercially available 10 conc. hydrochloric acid or conc.

hydrobrom ¢ agind carahe wsed- i samdtspelrtdrudeird canimdhsel, bendsed as the
reaction solvent. Although water or an organi c solvent may be added, the

acid is guaafdreablof alheo alsed ias rdiedeolswelitunf memirdye de, ewodiasts iafn
reactivity. 15 Although the reaction tenperature is not particularly
l'imted, hidmbxdaledi tliidhd var & ypheiddesd rfagmestippr éssinogitdes blayduol ysi s of

L- 5- net hyl - 5-t hi omet hyl hydantoin (6) or its salt. For exanple, the

r eact Pon hudrard dser famdmea Liod unhdiydroxgeleof ThCviewl100' evaptebétabyy 60"C to
900C, for several 20 hours, and term nated when the nalor product is the

desired ashpowid. Seshitm tysnestised eoEEsdivy e jovg LEtBime hyl - 5-

t hi onet hylhydant oin derivative (7) or its salt by cyclization and then
depr ot ect %@;Q%ﬁg%uﬂqlﬂrﬁﬁﬁﬁﬁQHﬂ | " be descri bed.

The reaction temperature of cyclization is preferably
0°C to 100°C, and more preferably 60°C to 90°C. The solvent

10 may comprise only water, or a mixture of water and an organic
solvént. The solvent preferably comprises only water.

L-5-methyl-5-thiomethylhydantoin derivative (7) or its
salt may be used in a next step directly or after extraction
with an organic solvent or isclation by crystallization or

15 the_like.

The resultant derivative (7) or its salt can be further
treated with an acid to advance deprotection of the sulfur
atom, and thereby L-5-methyl-5-thiomethylhydantoin (6) or its
salt can be produced.

20 Examples of the acid include hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and
trifluoroacetic acid. Any one of these acids may be used
alone, or two or more may be mixed at any desired ratio. In
view of yield and cost, hydrochloric acid is preferred. The

25 acid treatment can be preferably performed under the same
conditions as those described above for performing
deprotection and cyclization in one step.

L-5-methyl-5-thiomethylhydantoin (6) or its salt



25 When the protecting group of the sulfur atomis a tertiary alkyl group
such as a tert-butyl group, cyclization is preferably perforned by al kali
treat ment because deprotection of the sulfur atom proceeds when
cyclization is perforned 36 with an acid. The al kali used is not
particularly limted, and exanples of the alkali include sodi um hydroxi de,
potassi um hydroxide, |ithium hydroxi dgy7 magnesi um hydr oxi de, barium5

hydr oxi de, and cal ci um hydroxide. In view of availability and cost, sodium
hydr oxi degropbt@sdiasn dysirobbatt ayotd tdinime hywrvedidel it pr-akehnyddL-The
reaction tenperature of cyclization is preferably O C to 100*C, and nore
 preferablgy€0:itia ol B0'@: i soltvdt adi®d my aldmdriinse hoddop lwstier.,, Dhea

m xture of water and an organic solvent. The solvent preferably conprises
only wat értydrelssirettiih st aitktiy Imnakeneih derivative (7) or its salt
may be used in a next step directly or after extraction wth an organic
sol vent or i sdPETREDP iR AFidancids hydradidahijge acife seddugast

derlvgtlve (7) or its salt can be further  treated with an acid to advance

depr oPectF O oM ¥HPRIMG 2GkImnidnd ¢ msihy acetic acid, and

L- 5- net hy| - hi onet hyl hydan 0| 6) or it n be produce 20
Exanpl es of ]#Ha CERAF T el g\f‘ chPEr PE 3& &e iiz‘ﬁll GriféY 8gi ‘dse‘ﬁydrobrom c
acid, ni té c?néac'éj tavgoetérc ngocj_led . ndDe tH{ll}II oroacet |dc aci d. t\tlL one of these
aCIds may dﬁ b e any desired ra

Among these acids, hydrochloric acid or hydrobromic acid is
preferred, and hydrochloric acid is more preferred.

10 Preferred examples of the alkali include sodium hydroxide,
potassium hydroxide, and lithium hydroxide.

Description will now be made of a process for producing
a-methyl-D-cysteine or its salt by hydrolyzing D-5-methyl-5-
thiomethylhydantoin derivative (2) or its salt, and then

15 deprotecting the sulfur atom of the resultant o-methyl-D-
cysteine derivative represented by formula (8) or its salt in
which R®* is the same as R' in formula (1).

The hydrolysis is usually performed with an alkali. The
alkali used in the hydrolysis is not particularly limited,

20  but examples of the alkali include sodium hydroxide,
potassium hydroxide, lithium hydroxide, barium hydroxide,
magnesium hydroxide, and calcium hydroxide. Among these
alkalis, sodium hydroxide, potassium hydroxide, and lithium
hydroxide are preferred. Particularly, lithium hydroxide is

25 preferably used because an inorganic salt impurity produced
in.crystallization of the product after the reaction has high
solubility in water.

The solvent may comprise only water or a mixture of



al one, or two or nore may be m xed at any desired ratio. In viewof yield
and cost, hydrochloric acid is preferred. The 25 acid treatnent can be
preferably performed under the sane conditions as those described above
for performng deprotection and cyclization in one step.

L- 5- et hyl - 5-t hi onet hyl hydantoin (6) or its salt 37 produced as described
above can be converted to a-nethyl-L- gysteine (5) or its salt by acid or
al kal i ne hydrolysis. The hydrolysis with an acid is preferred. Exanpl es of

the aci d yaied tidendydh asifaii € AflivbntSUIdUl ithe BAGIht pydirekagnic acid,
nitric acid, acetic acid, and trifluoroacetic acid. Any one of these acids
may be ussshpmlone,orily twktedf. more may be mixed at any desired ratio
Anong t hese acids, hydrochloric acid or hydrobromc acid is preferred, and
hydrochl ori ¢ dthel freaammiren prexfperraachrel G sPrafedtarred 1gx aiffiCe s ocofl 50K E, al kal i
i ncl ude sodi um hydroxi de, potassium hydroxi de, and |ithium hydroxide.
Descri pt iaond wid e move frratdde &F° @ gy d@EEC f or produci ng
a-nmethyl -D-cysteine or its salt Qhy hydrolyzing D-5-methyl-5-
t hi omt hyl| hyddrisraiarieatyhan () ier ai tersabutyindronen a8 depdoiecting
the sul fur_ atomof the resultant a-nmethyl-D- cysteine derivative
repr esent&H Y Torihf agBtinn sl wdan e dgireR s iits PHe afamE &8eR in
formula (1), The h drokﬁfjs is usually performed with an alkali. The
al kal i usB(IN ¥He® MR s 3t ddiersdmt ithn dasitims gamesbyBat-exanpl es
of the altkeal.lfl—k;uq%lu— e-cs395 Ieuirplehycdarnq)%ededbtained as crystals.
The acid used is not particularly limited as long as the
10 pH of the reaction solution can be decreased. Examples of

the acid include hydrochloric acid, sulfuric acid,

hydrcbromic acid, nitric acid, acetic acid, and

trifluorcacetic acid. Any one of these acids may be used

alone, or two or more may be mixed at any desired ratio.
15 Among these acids, hydrochloric acid is preferably used

because when the hydrolysis is performed with lithium

hydroxide, an inorganic salt impurity produced in

neutralization has high solubility in water and is thus

little mixed into the crystals.
20 The term "neutralization" means that the pH of the

reaction solution is adjusted to a crystallization region.

In order to efficiently produce crystals of the a-methyl-S-

tert-butyl-D-cysteine, the upper limit of the pH is

preferably 9.5 or less, and more preferably 7.0 or less, and
25 the lower limit of the pH is 1.0 or more, preferably 2.0 or

more, and more preferably 3.0 or more.

The resulting compound represented by formula (8) in

which R® is the same as R' can be converted to a-methyl-D-



pot assi um hydr oxi de, |ithium hydroxide, barium hydroxide, magnesium

hydr oxi de, and cal ci um hydr oxi de. Anong these al kalis, sodium hydroxi de,
pot assi um hydroxi de, and |ithium hydroxide are preferred. Particularly,
l'ithiumhydroxide is .25 preferably used because an inorganic salt inpurity
produced in.crystallization of the product after the reaction has high
solubility in water. The solvent may cogprise only water or a m xture of 38
wat er and an organic solvent, but the solvent preferably conprises only
wat er. Theysesiaié o0t espertad Wi oprafimatdat inhCthe o0€ur ardwnore
preferably 80C to 120C. 5 For exanple, when R2 is a tert-butyl group, an
acid i s 'Bddetepootdret trepatetdod dlutdedredtedecroeasid nigt sopldhaf t er t he

hydrol ysis reaction, and thereby the resulting a-nethyl-S-

tert-but ywrdreysing neraan o Ot dnldthnasitomy.st Ehen The proteasigi s not
particularly limted as long as the 10 pH of the reaction solution can be
decr easedIT® APt e oFrtiaiey aoilyd etk swady géhleortied tabivgy 1s girouipi ©raci d,
hydrobrom c acid, nitric acid, acetic acid, and trifluoroacetic acid. Any
one of tHede kkels Why drPifartignran &e wasidy merdoraedp®dyni xed at any
desired ratio. 15 Anpng these acids, hydrochloric acid is preferably used
because WheFEtMEhyd gl vat 5 perforned with lithium hydroxide, an

| norgani ¢ sty L IpU1 Y, praduced, §n, Bputy A2 allgn g gl sofubi ity i

hydrochloric acid, sulfuric acid, hydrobromic acid, nitric
acid, acetic acid, and trifluorcacetic acid. Any one of

10 these acids may be used alone, or two or more may be mixed at
any desired ratio. From the viewpecint of reactivity and
economics, hydrochloric acid or hydrobromic acid is preferred,
and hydrochloric acid is more preferred. As hydrochloric
acid or hydrobromic acid, commercially available conc.

15 hydrochloric acid or conc. hydrobromic acid can be used, and
such an acid can also be used as the reaction solvent.
Although water or an organic solvent may be édded, the acid
+is preferably also used as the solvent from the viewpoint of
reactivity.

20 The reaction temperature is preferably 70°C to 180°C,
and more preferably 90°C to 150°C.

Next, the method for performing sulfur atom deprotection
and hydrolysis reaction of D¥5—methyl—5—thiomethylhydantoin
derivative (2} or its salt using an acid in one step will be

25 described. For example, when R' in formula (2) is a tertiary
alkyl group having 4 to 15 carbon atoms, such as a tert—butyl
group, -o-methyl-D-cysteine (9) or its salt can be obtained by

treatment with an acid in one step.



little mxed into the crystals. 20 The term "neutralization" neans that the
pH of the reaction solution is adjusted to a crystallization region. In
order to efficiently produce crystals of the a-nethyl-S-
tert-butyl-D-cysteine, the upper limt of the pHis preferably 9.5 or

| ess, and nore preferably 7.0 or less, and 25 the lower limt of the pHIis
1.0 or nore, preferably 2.0 or nore, ¢#nd nore preferably 3.0 or nore. The
resul ting conpound represented by fornmula (8) in which R2 is the sane as
Rl can be contdmgid d0 of meichycild 3%cloyiet aivae ol oefici heigal sul¥uric
deprotecting the sulfur atom The deprotecting nethod is sel ected

accor di ngpaial,t Heydproteadtd mgighoup tafict heislyl fuetdomcidheantihe protecting
group is a tertiary alkyl group such as a tert-butyl group or 5 the I|ike,

t he depr diwctiumrametie eadid.y payf oneedf biyhese eatient may tihe ansadi d.
Exanpl es of the acid used in the nethod include hydrochloric acid,

sul furi c BN, HIIrowr OF &o&E davnber pdxegdeipd, aavetiesizeddrasnd.
triflyoroacetic acid. Ar(ljy one of 10 these acids may be used al one, or two
or rmge MRPIEe theas agidsanyvdesichd@rist pgidrpsmhyHEobrenpsi acief is

a

reactivit d econom ¢s,. hydrochloric acid or hydrobromic acid is
preferre ,re%ﬁfﬁd%ﬁ]ﬁwﬂ@ OF 1iCs 2ftgfe 15r BR&Fr BESIRETRPdr A%l oric acid
or hydrohrom c .acid, commgrciall vai l.abl e ,conc. 15 hydrochlori¢c acid or
conc. hyg%dohgroo alcora{tci §%gh %e%yééﬂ’?’rgﬁl&c §E&Fﬂ’aﬁ°§.‘8‘?6°g3ﬁﬁé{l g%2péahded as
the reaCtééHEF“H§g§gchloric acid or conc. hydrobromic acid can be used,

and such an acid can also be used as the reaction solvent.

10 Although water or an organic solvent may be added, the acid
is preferably also used as the solvent from the viewpoint of
reactivity.

The reaction temperature is preferably 70°C 180°C, and
more preferably 90°C to 150°C.

15 Next, description will be made of a process for
producing oa-methyl-D-cysteine (9) or its salt, the process
comprising synthesizing D-5-methyl-5-thiomethylhydantoin (11)
or its salt by deprotecting the sulfur atom of D-5-methyl-5-
thiomethylhydantoin derivative (2) or its salt and then

20 hydrolyzing the compound (11) or its salt.

First, the method of selectively deprotecting the sulfur
atom of D-5-methyl-5-thiomethylhydantoin derivative (2) or
its salt to produce D-5-methyl-5-thiomethylhydantoin (11) or
its salt will be described. As described above, when the

25 protecting group of the sulfur atom is a tertiary alkyl group
such as a tert-butyl group, deprotection can easily be
performed by treatment with an acid.

Examples of the acid include hydrochloric acid, sulfuric



Al t hough water or an organic solvent may be added, the acid is preferably
al so used as the solvent fromthe viewpoint of reactivity. 20 The reaction
tenperature is preferably 700C to 1800C, and nore preferably 90'C to

150" C. Next, the method for perform ng sul fur atom deprotection and

hydrol ysis reaction of D-5-nethyl-5-thi onethyl hydantoin derivative (2) or
Its salt using an acid in one step wil4#1be 25 described. For exanple, when
R in formula (2) is a tertiary alkyl group having 4 to 15 carbon atons,
such as adiel! -lbdndbrawict mcial, metivdi-dDaeyst, eiareti?) aerid,t anslal t can be
obtained by treatnment with an acid in one step. 40 Exanples of the acid

i ncl ude hydirfololdrydaetaict decislil f Aniycoaei df hiidsebaohils maydbenusedc aci d,
acetic acid, and trifluoroacetic acid. Any one of these acids nmay be used
al one, orataweoromdre ey mzEraninead ket nedledi rey dasiigeds ratdrg t hese

aci ds, hydrochloric acid or hydrobromc acid is preferred, and

hydr ochl cMenacieses arrds prividsiadd.orAs Aidk denperiferaedd obs hydr obrom c
acid, comrercially available conc. hydrochloric acid or _conc. hydrobromc
aci d €an @@%ﬂlor%cﬁ%ﬁwraﬁl%@%cal%%e cesegredalhey puadipbhe
solvent. 10 Altho wat er or an organic Ivent may be added, the acid is
pr ef er abl §P HF 's&l téijso’%lfﬁe Gt I ¢ b&AFdicn @S CPEa bE; WP The

rlggctcl- on: te suc ua{n? allcsicprcearneraalblc}/ b7eo u%e%%scth%n%ean%r %nprs%fl%re%gl y 90"Cto

Although water or an organic solvent may be added, the acid
is preferably also used as the solvent from the viewpoint of
10  reactivity.

The reaction conditions are not particularly limited as
long as they are relatively mild for producing D-5-methyl-5-
thiomethylhydantoin (11) with high selectivity while
suppressing hydrolysis. However, the reaction may be

15 performed at 100°C or less for several hours, and terminated
when the major product is the desired compound.

Next, D-5-methyl-5-thiomethylhydantoin (11) or its salt
is hydrolyzed to produce a—methyl—D—cysfeine (9) or its salt.

The hydrolysis may be either acid hydrolysis or alkaline

20 hydrolysis. 1In the acid hydrolysis, examples of an acid
include hydrochloric acid, sulfuric acid, hydrobromic acid,
~nitric acid, acetic acid, and trifluorcacetic acid. Any one
of these acids may be used alone, or two or more may be mixed
at any desired ratio. In wview of reactivity and economics,
25  hydrochloric acid or hydrobromic acid is preferred, and
~ hydrochloric acid is more preferred. As hydrochloric acid or
hydrobromic acid, commercially available conc. hydrochloric

acid or conc. hydrobromic acid can be used, and such an acid



15 Next, description will be nmade of a process for producing
(x-methyl-D-cysteine (9) or its salt, the process conprising synthesizing
D 5- net hyl - 5-t hi omet hyl hydantoin (11) or its salt by deprotecting the

sul fur atom of D-5-nethyl-5- thionmethyl hydantoin derivative (2) or its salt
and then 20 hydrolyzing the conpound (11) or its salt. First, the method of
selectively deprotecting the sulfur aggpm of

D 5- net hyl - 5-t hi omet hyl hydant oi n derivative .(2) or its salt to produce

D- 5- met hyta®-4 hiorms hyddy dentidien ddaot iain ddisresal .t Mtholighdesceirbed. As
descri bed above, when the 25 protecting group of the sulfur atomis a
tertiary ah kgtganibepsobuatt asa Heerdddudd,ylthgr eufid deppatedetdapn ycan seasi | y
be performed by treatnment with an acid. Exanples of the acid include

hydr ochl onsed aes diheusd et Alromadiley vhiyevpadmdmod awadtimittryi.c @bed, acetic
acid, and trifluoroacetic acid. Any one of these acids nmay be used al one,
or two orreatilelemytereoedtdadratinmrafesiatdd /il to ABONE  t hesle magieds,
hydrochloric acid is preferred. As hydrochloric acid or hydrobromc acid,
conrerci aPF§feaxaplante C conclShyer odhorrackérs bimeons. PEGEREAPOHI c aci d
can be used, and such an acid can also be used as the reaction solvent.

Al t hough 3REEF oriant ot CYoISFERP Yy Ae 1dPdéd ta Hd0a& @ndi s preferably
al so used _as the splvent fromthe viewioint of %0 reactivity. The reaction
condi t i on3M AP HOT L PR LTI LR 1 yTF‘FrrF?é&téQH F8RgPEsPEREYTEPE FELATi Jel v
mld for é%éggﬁgégkégfg{gﬁéngééktor at higher temperature to reduce

the reaction time.

10 Next, description will be made of the process for
producing D-5-methyl-5-thiomethylhydantoin (11) or its salt,
the process comprising hydrolyzing D-5-methyl-5-
thiomethylhydantoin derivative (2) or its salt to produce the
a-methyl-D-cysteine derivative represented by formula_(8) or

15 its salt, converting the derivative (8) or its salt to N-
carbamoyl-a-methyl-D-cysteine derivative (10) or its salt by
carbamoylation, and then performing cyclization and
deprotection of the sulfur atom.

In this process, D—5—methyl—S—thiomethyhydantoin_

20 derivative (2} or its salt can be converted to a-methyl-D-
cysteine derivative (8) or its salt by the above-described
method.

The carbamoylation of o-~methyl-D-cysteine derivative (8)
or its salt can be performed with an alkali metal cyanate and
+ 25 an acid. Examples of the alkali metal cyanate include
potassium isocyanate, potassium cyanate, and sodium cyanate.
Examples of the acid include hydrechloric acid, sulfuric acid,

hydrobromic acid, nitric acid, acetic acid, and



t hi omet hylhydantoin (11) with high selectivity while suppressing

hydr ol ysis. However, the reaction may be 15 perfornmed at 100' C or |ess for
several hours, and term nated when the mgjor product is the desired
conmpound. Next, D-5-inethyl-5-thionmethylhydantoin (11) or its salt s
hydrol yzed to produce a-nethyl-D-cysteine (9) or its salt. The hydrolysis
may be either acid hydrolysis or alkalgme 20 hydrolysis. In the acid
hydrol ysi s, exanples of an acid include hydrochloric acid, sulfuric acid,
hydr obr ont ci. fltiel;casetti¢ aaicd d, Bgcesiagathdseandehtk| uaeoacetic acid. Any
one of these acids may be used alone, or two or nore nmay be m xed at any
desired raarmamdynlatawm ofs meadidrmady vtk recunom lc s;eaz3 ilyyd rrorklidriionsaci d or
hydrobrom c acid is preferred, and hydrochloric acid is nore preferred. As
hydr ochl of9e caihrrrylatidmobiion exagmd.e cdnferts dl007 Gviai laablagueons.
hydrochloric acid or conc. hydrobrom c-acid can be used, and such an acid
42 can afebv¥tlused as the reaction solvent. Al though water or an organic
solvent may be added, the acid is preferably also used as the solvent from
the videwpoi nt e reactizatien B Sedds G e rshratacd ion pefer ably 70C to
180C, and re 5 preferably 90C to ,150C, The reactjon tine is preferably
about 2 tFAURS-"Fd€ Yaﬁlﬁﬁ'é:,ysé;[e%éetlﬁr}vfltd(fean(dw)a%%ﬁeﬁacltptc@é’sure.

e et B PR U o PRSI R, RO al I et
of the prééﬁ?é&éfﬁg N-carbamoyl-a-methyl-L-cysteine derivative (3) or
its salt to L-5-methyl-5-thiomethylhydantoin (6).
10 Next, a process for crystallizing optically active a-
methylcysteine or its salt will be described in detail below.
The optically active a-methylcysteine or its salt can be
easily obtained by crystallization from an agueous solution
of the optically active a-~methylcysteine or its salt in the
15 presence of an organic solvent.
The optically active a-methylcysteine or its salt is not
particularly limited, but optically active a-methylcysteine,
a salt of optically active a-methylcysteine with an acid, and
a salt of optically active o-methylcysteine with a base are
20 given as examples. A salt with an acid is preferred. The
optically active da-methylcysteine may be either the L-isomer
or the D-iscmer.
Examples of the acid of the acid salt include hydrochalic
acids, sulfonic acids, sﬁlfuric acid, nitric acid, and
25 carboxylic acids. Among these acids, hydrohalic acids are
preferred.
Examples of the hydrohalic acids include hydrochloric

acid, hydrobromic acid, and hydrofluoric acid, and



produci ng D-5-net hyl -5-thi onet hyl hydantoin (11) or its salt, the process
conpri sing hydrol yzi ng D 5-net hyl -5- thionethyl hydantoin derivative (2) or
its salt to produce the a-nethyl-D-cysteine derivative represented by
formula (8) or 15 its salt, converting the derivative (8) or its salt to N
car banoyl - a- net hyl - D-cysteine derivative (10) or its salt by

car banoyl ati on, and then perform ng cyghizati on and deprotection of the
sul fur atom In this process, D 5-nethyl-5-thionethyhydantoin 20 derivative
(2) or itsydsddhlan beaciahviey etk - @edet hyl - D- cysteine derivative (8) or
its-salt by the above-described nethod. The carbanoyl ati on of

a- met hyl - D- cy SRl efera v athey ssy(I®)oniar ddisissdlriclade betpenkeudEdnwict h an

al kali metal cyanate and 25 an acid. Exanples of the alkali nmetal cyanate
i ncl ude potiassiheniesocyEnaiE c potiaksiand Erdamdiveneand foodicumcdyganat e.

Exanpl es of the acid include hydrochloric acid, sulfuric acid, hydrobromc
aci d, nitBtanpledsl ofaddid cardiakyldml agids rinfdlysleodosmiic aciid, Bgebdicng

t hese agents, the carbanoylation is performed under normal reaction

condi i orCid.orPRR RISy |2k ibn Horlersiphe and tridlyogoecef;ign agddeous
solvent)._ 5 The cyclization and sul fur atom_deprotection of N

car banoy | B3Rk hyat R Reihedhs 35k @) eclvds sEMendgn  be
per f or med_ b %é}{l@ sanme net h.o]g].I as that descr,ibed above for converting

N- car bamoyit Hyt2G - Afstelite VRt E®3) or

The method for preparing the aqueous solution of the
optically active a-methylcysteine or its salt is not
10 particularly limited. For example, the aqueous solution can
be prepared by appropriately converting or deprotecting the
a—methﬁlcysteine derivative or its salt produced by any one
of the conventional processes 1) to 6}, or a protected
compound thereof. An agueocus solution of the compound
15 produced by the method of the present invention may be used.
Preferably, an aqueocus solution of the optically active o-
methylcysteine oxr its salt produced by the method of the
present invention is used.
In the crystallization process, the agqueous solution of
20 the optically active oa-methylcysteine or its salt is
concentrated in the presence of the organic solvent to remove
water from the system and replace water by the organic
. solvent. Consequently, aggregation of the compound can be
suppressed to preoduce slurry which can easily be taken out
25 and filtered. The resulting slurry is filtered, and the
residue is washed and then dried to produce the optically
active a-methylcysteine or its salt as crystals.

When the crystallization process is carried out, the



Its salt to L-5-nethyl-5-thionethyl hydantoin (6). 10 Next, a process for
crystallizing optically active a- nethylcysteine or its salt wll be
described in detail below The optically active a-nethylcysteine or its
salt can be easily obtained by crystallization froman agueous sol ution

of the optically active a-nethylcysteine or its salt in the 15 presence of
an organic solvent. The optically actiyse a-nethylcysteine or its salt is
not particularly limted, but optically active a-nmethylcysteine, a salt
of opti calduedct istd wid-oretdTy lttys opitieailiyh aan igei d-maflyiaysaktnef or
optically active a-nethylcysteine with a base are 20 given as exanples. A
salt wi thten seditd miagy free foararldchinBhve 1yopbneahlty agetli befarsethyl oysghaine nay
be either the L-isonmer or the Disoner. Exanples of the acid of the acid
sal t i ncladerendrighaldded.acildsthsal tanee Ble daqusahsd usdlutatdm, imitric acid,
and 25 carboxylic acids. Anong these acids, hydrohalic acids are

pr ef er r e®Trbeadlles csmashd nafedomgitild abledsongentdathpdr byhivediobtaeifd,

hydr obrom c acid, and hydrofluoric acid, and 44 hydrochloric acid is

pr ef err ed-ReE oAb H % HIv siiehdc iods moEel uBerRePKahesablions8® baci d,
benzenesul foni.c acid, and p-toluenesul fonic acid. Exanples of the

car boxyl I SL MA%Fde formic acid, acetic 5 acid, propionic acid, oxalic

g et AR Rl WAPIRE Pp108.RaRE 9L 1OE Pase salt

i ncl ude anmmoni

particularly limited, but the organic solvent is preferably
azeotropic with water so that the water content at the

10 azeotropic point is 5.0% by weight or more. The organic
solvent more preferably has low or no compatibility with
water.

Examples of the organic solvent having low or no
compatibility with water include hydrocarbon solvents, ester

15 sclvents, and ether solvents. The hydroca;bon organic
solvents are preferred from the viewpoint of low
compatibility with water, low solubility of the optically
active a-methylcysteine or its salt, and easy recovery and
reuse of the solvent.

20 The hydrocarbon organic solvents are not particularly
limited, but for example, toluene, benzene, xylene, hexane,
cyclohexane, and heptane may be used alone or in a mixture of
two or more. From the viewpoint of economics, toluene is
preferred.

25 Examples of the ester solvents include ethyl acetate,
isopropyl acetate, and isobutyl acetate. .

Examples of the ether solvents include dipropyl ether,

dibutyl ether, 1,4-dioxane, and methyl tert-butyl ether.



triethylamne, aniline, and pyridine. The nethod for preparing the aqueous
solution of the optically active a-nethylcysteine or its salt is not 10
particularly limted. For exanple, the aqueous solution can be prepared by
appropriately converting or deprotecting the a-nethylcysteine derivative
or its salt produced by any one of the conventional processes 1) to 6), or
a protected conpound thereof. An aqueo#$ solution of the conpound 15
produced by the nethod of the present invention may be used. Preferably,
an aqueous solThésn fltdie Dpidcdld ywusaet ialeree aretihy lac ysdtsgivre @rf itthe sal t
produced by the nethod of the present invention is used. In the
cryst al | igane owpe cvestifidrequiemes of wdloendfs 820 anlye destiiread Inatdcet.i ve
a-nmethyl cysteine or its salt is concentrated in the presence of the
organi ¢ sol venth¢ orermsaeniatisr thye mngss isy stodmiearid meap lbec @ amdicemelsy t he
organic solvent. Consequently, aggregation of the conmpound can be
suppr essed tPHrIRR LTI 1y B dah ddasigpsre Threameunt2gfafbefi| t er ed.
The r<§sultin .slurr?c/ is filtered, and the residue is washed and then dried
[

to produc® $HE OptITHN Yy ¥ e (IRRIGFSTEMTe BPenES oF hes toPpst al s.
unen Lhe 911 LERIL PTRBERSS 1, ST Wve i, B eguecus solution
concert ARS8 e FOTE uSBARL S Red B RSB Rrs oy
wei ght ofyng thus cannot be determined unconditionally. For example,
when toluene is used as the solvent, the amount of toluene

.10 charged each timé is preferably 0.1 to 100 times, and more
preferably 0.2 to 10 times the total weight of the agueous
solution.

After the corganic solvent is added, water is removed
from the system to crystallize the optically active a-

15 methylcysteine or its salt. In this operation, the
concentration of the solute, i.e., the concentration of the
optically active a-methylcysteine or its salt, is 0.1 to 70%
by weight, and preferably 1 to 70% by weight.

In the above-described operation, the amount of the

20 water finally remaining after water removal from the system
is preferably 100% by weight or less on the basis of the
optically active a-methylcysteine or its salt. From the
viewpoint of the properties of the resulting crystals,
filterability, the rate of crystallization, and slurry

25 fluidity, the water is preferably removed from the system

‘until the water content becomes 40% by weight or less.

The evaporation rate in concentration depends on the

~ability of the apparatus used, and thus cannot be determined



5 the conpound is 10% by wei ght or nore, nore preferably 30% by weight or
nore. The organic solvent used for replacenent is not particularly
limted, but the organic solvent is preferably azeotropic with water so
that the water content at the 10 azeotropic point is 5.0% by wei ght or
nore. The organic solvent nore preferably has low or no conpatibility with
wat er. Exanpl es of the organic sol vent4having low or no conpatibility with
wat er include hydrocarbon solvents, ester 15 solvents, and ether solvents.
The hydr agesrdrodi torqgeadliley .soHwesterar espthéeevegotaomvhheavéenporotses, | ow
compatibility with water, |low solubility of the optically active -

a- met hyl dystkeli e sorgnitfs csalttly andtueasy weeseer thandluielisy off the sol vent.
20 The hydrocarbon organic solvents are not particularly Ilimted, but for
exanpl e, tegwldmnt EEnzEne anky lcenese kexandenoyy dookegargatawd .hept ane may be
used alone or in a mxture of two or nore. Fromthe viewpoint of

econoni csthaxgfigif jtdie svaponadd ops rBtenpeds Ush U Ity apsoretionl wases angcl ude
et hyl acetate, _isopropyl acetate, and isobutyl acetate.. Exanples of the
et her SsolWet < imf | iR @ TEESTGRIY @ondrolleg bot yi00& Adh-1f ardiesane, and
nmethyl tert-butyl_ ether. 46 Thesg solvents nay be used alone or in a

m xture d‘?oﬁ%@%?eratkie;ﬁ’e 650 &1@?'& efif t§pes SF¥§8F9eﬂf§f‘é¥a€?ﬁ¥ 8@ red
ratio. L/h'm® or less, and most preferably 100 L/h-m® or less.

In concentration after the addition of the organic
solvent, the degree of vacuum is generally 500 mmHg or less,
16 and preferably 200 mmHg or less. Although the lower limit is

not particularly limited, the lower limit is generally 0.1
mmHg or more.
The concentration temperature depends on the degree of
vacuum and the ability of the apparatus used, but the
15 temperature is 0°C to 150°C, preferably 10°C to 100°C, and
more preferably 30°C to 70°C, for obtaining high-quality
crystals easy to handle.
Next, detailed description will be made of a process for
crystallizing the optically active a-methylcysteine or its
20 salt from an aquebus solution thereof after an inorganic salt
is removed. An organic solvent is added to the aqueous
solution of the optically active a-methylcysteine or its salt,
and then concentration is performed to remove water from the
system and replace water by the organic sclvent. In this
25 operation, most of an insoluble inorganic salt is
precipitated, and thus the inorganic salt can be removed by a

method such as filtration or the like. The resultant

filtrate is then mixed with a poor solvent, cooled or



The repl acenent by the organic solvent may be perforned in one step or in
a plurality of steps. The anount of the . 5 organic solvent used for the
repl acenent depends on the type of the organic solvent, the degree of
vacuum for concentration, and the internal tenperature of the system and
t hus cannot be determ ned unconditionally. For exanple, when toluene is
used as the solvent, the amount of tol ygne .10 charged each tine is
preferably 0.1 to 100 times, and nore preferably 0.2 to 10 tines the total

wei ght of céheemEtenss tSodbitd 0N. cAf418d14 her of RS S VBptadsiwdded, wat er
Is removed fromthe systemto crystallize the optically active cc 15

met hyl cystetimgtcpstéeinse sat titd nseddit s operation, the concentration of the
.solute, i.e., the concentration of the optically active a-nethylcysteine
or its salt, iBnOtHetabd08oddrcmidhahtoparat poref exftbdy thd cor¥hiy wei ght.
In the above-descri bed operation, the anmount of the 20 water finally

remai ni ngsafvent wat exddedovad fatoerw tie sywterd fomrgfersbdterd,008hdy wei ght
or less on the basis of the optically active (x-nethylcysteine or its

sal t. 5Fr O Wet @F evippi htnafly Heemrigpianrg ivate! iheoretanabiy 6t s,
filterability, the rate of crystal]lization, and slurry 25 fluidity, the
water is Fredleh bF yletthe e dhathe of sthenorirtsalbhaakies %ont ent

becones 409%ﬁ%lwei€ht or less. The evaporation rate in concentration
depends I HHELGHTETIRR AT tHe affpldr at dEolsdde FA@ PRIStc&Enéhebe det er ni ned

4T deposit of the inorganic salt to be removed, the water is
preferably removed from the system until the water content
10 becomes 40% by weight or less.

Although the type of the organic solvent used for
replacement is not particularly limited, an organic solvent
compatible with water is preferred from the viewpoint of the
physical properties that the inorganic salt is slightly

15 soluble or_insoluble, and an optically active a-—
methylcysteine hydrochloride is soluble. More preferably, a
single alcoholic solvent, a single ether solvent compatible
with water, or a mixture thereof at any ratio is used.

Examples of the alcoholic solvent include methyl alcohol,

20  ethyl alcohol, n-propyl alcohol, isopropyl alcchol, n-butyl
alcohol, isobutyl alcohol, sec-butyl alcohol, and tert-butyl
alcohol. Any one of these solvents may be used alone, or a
mixture of two or more at any desired ratio may be used.
However, isopropyl alcohol is preferred in view of the

25 efficiency of dehydration, economics, decrease in side
reactions such as esterification and the like.

Examples of the ether solvent compatible with water

include diethyl ether, diisopropyl ether, tetrahydrofuran,



~uncondi tional |l y. However, as the evaporation rate increases, bubbles
significantly occur to worsen the fluidity of the resultant slurry and
cause a tendency to aggregation. Therefore, the evaporation rate per unit
evaporation area and 5 unit tinme is preferably controlled to 1000 L/h-m 2
or less, nore preferably 600 L/h-m 2 or |ess, further preferably 300
L/h-nm2 or |ess, and nost preferably 10fgL/h-n2 or less. In concentration
after the addition of the organic solvent, the degree of vacuumis

gener al | vi,50QiBRdhe)r drRbmethk ard-tRitenakine200 MH{0oRE bESEhedbt hough
the lower limt is not particularly limted, the lower Iimt is generally

0.1 mMHedvemrse makh® aneehtalaimegn dempariature depends oenmbhre degr ee of
vacuum and the ability of the apparatus used, but the 15 tenperature is OC
to 150' Campyr efagviatdld/ rHI(C tmayl@R0Cseand Howeeepy ef et abhydB00@C-an ¥90C, for
obtaining high-quality crystals easy to handle. Next, detailed description
will be e asfregl prroodsy fadr ther wdftfdldiieniayy ofthdebydiredlion aotl ve

cc-nmethyl cysteine or its 20 salt froman aqueous sol ution thereof after an

i nor gani @c|Iamidss renopved. An organic solvent is added to the aqueous
solution of the optically active a-nmethylcysteine or its salt, and then
concentrat i on T REFGSRed Ao Graifivd Mgiad fthemophd cadyst aptang Pepl ace

wat er by Egg}%y%gniq solvent. In _this 25 operation, nost of an insoluble
i nor gani @M YSteINiGh tidtte 2 ldnd Hud hend ilhgaganrotadredc a5 tEE r enoved

by a nthgga%H%%ﬁ%i;lgéfﬁtfé“lﬁ%f&gkiéIsg t Eger%%%%LEaQE not

particularly limited. For example, a general crystallization
10  operation such as addition of a poor solvent, cooling,
concentration, or the like can be carried out. Preferably,
the method of adding a poor solvent is carried out.
The poor solvent is not particularly limited, but
hydrocarbon solvents, ester solvents, ether solvents having
15 no or low compatibility with water, and the like are given as
examples. From the viewpoint of the deposit of crystals and
crystal purity, hydrocarbon solvents and ester solvents are
preferred, and hydrocarbon solvents are more preferred.
Although the hydrocarbon solvents are not particularly
.20 limited, examples of the hydrocarbon solvents include toluene,
benzene, xylene, hexane, cyclohexane, and heptane. Among
these solvents, toluene, xylene, hexane, and heptane are
preferred, and toluene is more preferred.
Although the ester solvents are not particularly limited,
25 ‘examples of the ester solvents include methyl acetate, ethyl
acetate, propyl acetate, methyl propionate, and ethyl
propionate. Among these solvents, ethyl acetate is preferred.

Although the ether solvents having no or low



filtrate is then m xed with a poor solvent, cooled or 48 concentrated to
obtain crystals of the optically active a- nmethylcysteine or its salt. In

t he above-descri bed operation, after the organic solvent is added and
water is renoved fromthe system the 5 anount of the finally remaining
water is preferably 100% by wei ght or less on the basis of the optically
active a- nethylcysteine or its salt. fgsomthe viewpoint of the deposit of
the inorganic salt to be renoved, the water is preferably renoved fromthe
syst em untdnpathid Matter widit emtt ek0 dyec oits p4Qdhiky lseilghtlien tkass. Al t hough
the type of the organic solvent used for replacenent is not particularly
linited, ssrmplganicd $ley erthercemiatentise inidlindsatdpriopypr etéered from the

vi ewpoi nt of the physical properties that the inorganic salt is slightly
15 sol ublE artsilnsdihesl e 1, dndisxassti cald yle.é;é‘ltYllvéea:t ety eybeai.ne
hydrochloride is soluble. Mre preferably, single al coholic solvent, a
singl e ether JOIRRNSARFES BrRY bR ﬁlﬁe\ﬁataé,oneopralm Rt Biatuper e8f the any
ratio_is used. Exanples of the al coholic solvent include net hyI al cohol ,

20 et flyl SAoHdPe r?r niddderendofoPes §dpsegyiendsc dhorPnyndggiyed &REdRel

| sobutyl 32%3&@%& L R L S R
Geot o9 G311 AR O L SUULPY 230Uk beall SLEEAL b 1 o

the temperature, the solvent ratio, and the like. However,
the concentration of the compound is generally 0.1% by weight

10 to 70% by weight, preferably 1% by weight to 70% by weight,
and more preferably 2% by weight to 70% by weight, based on
the whole weight of the solution.

The crystallization process of the present invention is

capable of satisfactorily obtaining the optically active a-

15 methylcysteine or its salt with high purity through
industrially practical steps. The crystals produced by the
crystallization method of the present invention contains a
.corresponding disulfide of the compound at a content of 1.0
mol% or less, preferably 0.5 mol% or less, and more

20 preferably 0.1 mol% or less. A preferable form for obtaining
the optically active oa-methylcysteine or its salt having a
low disulfide content is a salt with an acid, more preferably
a salt with a hydrohalic acid, and most preferably a salt
withvhydrochloric acid.

25
Best Mode for Carrying Out the Invention

Although the present invention will be described in

further detail below with reference to examples, the present



reactions such as esterification and the |ike. Exanples of the ether

sol vent conpatible with water include diethyl ether, diisopropyl ether,
tetrahydrofuran, 49 1, 4-dioxane, and nethyl tert-butyl ether. Any one of
these solvents may be used alone, or a mxture of two or nore at any
desired ratio may be used. However, tetrahydrofuran is preferred in view
of the efficiency of dehydration and 5ggcononics. The process for
crystallizing the optically active cc- nmethylcysteine or its salt fromthe
filtrate ightctitiesh afd @lot tNGitd DM ¥ neelculRl@mpnesgani ¢ salt is renmoved is
not particularly limted. For exanple, a general crystallization 10
operation such as addition of a poor solvent, cooling, concentration, or
the like can be carried out. Preferably, the nmethod of adding a poor

sol vent i SREAEREACEOEXAMPLE pooMesbbdeibri producpagt raotmi ¢ysS+mathed; but
hydr ocar bon sol vents, ester solvents, ether solvents having 15 no or | ow
conpat i bid-tterbmbut widthdromedrng ifhhelanidog nar e gi ven as exanpl es. Fromt he

vi ewpoi nt of the deposit of crystals and crystal purity, hydrocarbon

sol vefit s and dst ér rs@iofem Pravddesy efidir ed nidregeypdbeddrbon sobvents are
nore preferred. Al though the hydrocarbon solvents are not particularly ,20
limted, aaiessiumhdrerdds od wWdlorenSs 6 el ddemmgilliendd tpshzene,

xyl ene, hexane, cycl ohexane, _and heptane.. Anong these solyents, tol uene,
I

xyl ene, TeLTRRIER diie & &L prldr 8Modd, “et® Mdérgenati 8 for angr BRerred.

mixture was stirred for 10 minutes. Then, chloroacetone

(0.79 mL, 10 mmol}) was added to the mixture, and reaction was

10 ﬁerformed at room temperature for 2 hours. The reaction
solution was light yellow and separated into two phases. A
Dimroth condenser was attached to the reactor, and NaCN (588
mg, 12 mmol), (NH4)HCOs (2.77 g, 35 mmol), and 28% ammonia
water (3.1 mL) were added to the reactor to prepare a

15 homogeneous solution. Then, the temperature was increased to
55°C to 60°C. After stirring under heating for 6 hours, the
solution was cooled to 0°C, and conc. hydrochloric acid was
added to the reaction solution to control the pH to 7.0 to
7.6. The resulting white crystals were filtered off and

20 analyzed by 'H NMR. As a result, it was found that the

target compound (1.84 g, yield 84.8%) was produced.

(REFERENCE EXAMPLE 2) Method for produciﬁg 5-(2-

methoxyphenylmethyl) -5-methyl-hydantoin

25 First, 2-methoxyphenylacetone (16.4 g, 100 mmol) was
mixed with 164 g or water, and NaCN (5.88 g, 120 mmol),
(NH4)HCO3; (27.7 g, 350 mmol), and 27.7 ¢ of 28% ammonia water

were added to the resulting mixture. After stirring at 50°C



Al t hough the ester solvents are not particularly limted, 25 'exanples of
the ester solvents include nethyl acetate, ethyl acetate, propyl acetate,
nmet hyl propionate, and ethyl propionate. Anong these solvents, ethyl
acetate is preferred. Although the ether solvents having no or |ow 50
conpatibility with water are not particularly limted, exanples of the

et her sol vents include dipropyl ether,s2dibutyl ether, 1,4-dioxane, and

met hyl teEt-butyl ether. These solvents may be used alone or in a mxture
of the 5feane Hypes aindlid{f 6ET fompe efousel,venks maktany ¢asi aedowatl o.
When the optically active a-nethylcysteine or its salt is crystallized, the
concent r atéo aco@f ddven compiite, deperdsroronthe ltledpeoaptr €. 5t bg sdki et
ratio, and the |ike. However, the concentration of the conpound is

gener al | yc@hd Y% ydwedlghtril® aoid.0% by peeghpitptefiesabig 486 bfikeeghd to
70% by weight, and nore preferably 2% by weight to 70% by wei ght, based on
t he whol eoinei ghrslvdd thict s dtakuane, Brgl daisdalndest iredugedc psssetirehgo
present invention is capable of satisfactorily obtaining the optically
active a-oHRHBtR Y <d elieelst 94-99alaf Wiheh Hitde perPeynghr ough

i ndustri al | ractical steps. The crystal igproduced by the crystallization

met hod of & A&Ryr @0 t1Hzy EMCGlah font |t c_(c%'r éondi-1g dibddif ilde rof the
and more 20 6r Fordhly %020 nisl o6 th 1 dsS T Adr dFdr a5 oFm PEY obt ai ni ng

the optically active a-nethylcysteine or its salt having a

(REFERENCE EXAMPLE 3) Method for producing racemic N-

10 carbamoyl-S-tert-butyl-a-methylcysteine

Racemic 5-methyl-5-thiomethylhydantoin (4.77 g, 22.1
mmel} was dissolved in a 10% aqueous sodium hydroxide
solution (75 g), and the resultant solution was refluxed for
72 hours. After being allowed to cool down to room

15 temperature, the reaction solution was sampled for confirming
the production of racemic S-tert-butyl-a-methylcysteine by
HPLC (column: COSMOSIL AR-IT (precduced by Nacalai Tesque
Inc.), mobile phase: potéssium dihydrogen phosphate-agueous
phosphate solution (pH 2.0)/acetonitrile = 97/3, flow rate:

20 1.0 ml/min, detection wavelength: 210 nm, column temperature:
40°C, retention time: 21.15 min). After the reaction
‘solution was adjusted to pH 8 with conc. hydrochloric acid,
.the solution was heated to 70°C, and a solutién of potassium
cyanate (2.07 g) in distilled water (10 mlL) was added

- 25 dropwise to the solution over 20 minutes. After the
completion of the addition, the resultant mixture was stirred
for 5 hours, and the reaction solution was sampled fdr HPLC

analysis. As a result, an unreacted aminc acid was



| ow disulfide content is a salt with an acid, nore preferably a salt with
a hydrohalic acid, and nost preferably a salt wth hydrochloric acid. .25
Best Mbde for Carrying Qut the Invention Al though the present invention
will be described in further detail below with reference to exanples, the
present 51 invention is not limted to these exanples. (REFERENCE EXAMPLE
1) Method for producin~L racem c 5-nethyl- 5-tert-butylthionethyl hydantoi n
51n a reactor provided with a nitrogen balloon, a 5 wt% aqueous sodi um.
hydr oxi dersebdgiil oad ( arid gshus? aman Yutainch (e tpotadsflurmereapitan (4l.1u3 gyL, 10
mol) were mxed at OC, and the mxture was stirred for 10 m nutes. Then,
chl or oacetwngi£0i IBedriyatlér nfd) miWasvaad ded-tthe 1t keidadk idnopwiard toeadid on was
10 perforned at roomtenperature for 2 hours. The reaction solution was

| i ght yel$olnaheh seper o eduimttees wo AflhesetheAcoPphebihncofidehser was
attached to the reactor, and NaCN (588 ng, 12 mmol), (NH4)HCO8 (2.77 g, 35
mol ), ardeBtiemmobia reptldranad mixiyreysas ddgddiaro athenesadicsr to prepare
a 15 honogeneous_ sol uti on. Then, the tenperature was increased to 55 ' Cto
60’ C. 2Af tePUst | 2+ oedineRrcaRatd flt B st uLsy| @i hREs cool ed t o
O*C, and conc., hydrochloric, acid was , added to the reaction solution to

control tF&IPEED P PR A ARE v BRI AT @drst AP€ were filtered
of - and 20, analyzed by, 1 Hh R A% L8P dr, 1405 LQWRY LR, Theg
then dried. The 'H NMR analysis of the solid showed the
production of the target cbmpound (3.38 g, yield 66%).

10

(EXAMPLE 1) Method for producing N-carbamoyl-S~tert-butyl-a-

methyl-L-cysteine and D-5-tert-butylthiomethy-5-—

methylhydantoin

According to the culture method and the method for _
15 preparing an immobilized enzyme described in W096/20275, the
Bacillus sp. KNK2Z45 strain (FERM BP-4863) was cultured, and
then cells were collected and disrupted by ultrasonic waves
to produce an enzyme solution. Then, an anion exchange resin,
Duolite A-568, waé added as an immobilization support to the
20 enzyme solution to adsorb the resulting enzyme thereon.
Furthermore, cross-linking was performed by glutaraldehyde to
obtain immobilized hydantoinase. -
Next, 1.5 ml of a 0.1 M potéssium phosphate buffer (pH
7.0) and 0.003 ml of a 0.5 M aqueous manganese sulfate
25 solutionh were added to 15 mg of the racemic N-carbamoyl-S-
tert-butyl-a-methylcysteine produced in REFERENCE EXAMPLE 2,
and the resultant solution was adjusted to pH 6.5 with a 10 N

agueous sodium hydroxide solution. Then, 200 mg (wet weight)



target conpound (1.84 g, yield 84.8% was produced. (REFERENCE EXAMPLE 2)
Met hod for producing 5-(2- nethoxyphenyl net hyl)-5-nethyl - hydantoin 25
First, 2-nethoxyphenyl acetone (16.4 g, 100 mmol) was mxed with 164 g or
water, and NaCN (5.88 g, 120 mmol ), (NH4) HCO3 (27.7 g, 350 mmol) , and
27.7 g of 28% ammonia water were added to the resulting m xture. After
stirring at 500C 52 for 4 hours and at{460C for 12 hours, the m xture was
allowed to cool down to 23C, and then controlled to pH 7.5 by addi ng

conc. hydsoctherimndsi i zeth e iRt dlidaalee b 1eYdré es Gieskernedd abbrewashed
wi th toluene, and dried under reduced pressure to 5 obtain 22.10 g (yield
94. 5% ofwddeadddd ets armpo Wil uthikdMMRNDB AR MHA.onCRGES pelfofmEd- 688 (M 4H),
5.49 (brs, 1H), 3.86 (s, 3H), 3.20 (d, 1H), 2.97 (d, 1H), 1.49 (s, 3H

( REFERENGE: B4AVRY E213)4 IVt hiwdk f4® pnoduci bgriagethe MeadOion, the pH

car banoyl - S-tert-butyl -a-net hyl cystei ne Racem c

5- met hyl.-¥a% hreptetdly | dyaddntoin ysiriziz g N 2¥droaimglrionasidi.ssbsvad in a 10%
aqueous sodi um hydroxide solution (75 g), and the resultant sol ution was
ref | uved ¥ovulty Ohoths -HAG enadaisip a(lchmm 't COSYEIS Idowe 8-Sk oebise
tenperature, the reactjon solution was sanpled for confirmng the

pr oduct i PPATE T REH T g1 idie/ W] Aguromsy RAFassivg By hvdpegeicol um:
i hydr oo PRSI s HHbe et [Soieit Corf (BURAR0) FAREECorPRr i o =
oTrS, Tlon i el Siod0: L T, by S8 SRR S0 21000 eolym,
solution, the residual ratio of the N-carbamoyl-S-tert-butyl-
10  a-methylcysteine was 41%. Also, as a result of the HPLC
analysis (column: CHIRALPAK AS (produced by Daicel Chemical
Industries, Ltd.), mobile phase:
hexane/isopropancl/trichloroacetic acid = 7/3/0.01, flow
rate: 0.5 ml/min, detection wavelength: 210 nm, column
15 temperature: 30°C) of the N-~carbamoyl-S-tert-butyl-a-
methylcysteine contained in the reaction solution, the
optical purity was 96.7% ee. Furthermore, the resulting
optically active N-carbamoyl-S-tert-butyl-a-methylcysteine
was converted to methylcysteine by the method described in
20 EXAMPLES 9 and 10, and the optical rotation of the compound
was measured. As a result, it was confirmed that the
optically active N-carbamoyl-S-tert-butyl-a-methylcysteine
was the L-isomer.
On the other hand, the precipitated compound produced by
25 the enzymatic reaction was extracted with ethyl acetate, and
analyzed by chiral HPLC (column: CHIRALPAK AD (produced by

Daicel Chemical Industries, Ltd.), mobile phase:

hexane/isopropanol = 10/3, flow. rate: 1 ml/min, detection



40C, retention tine: 21.15 mn). After the reaction solution was adjusted
to pH 8 with. conc. hydrochloric acid, .the solution was heated to 70C, and
a solution of potassium cyanate (2.07 g) in distilled water (10 nL) was
added 25 dropwi se to the solution over 20 mnutes. After the conpletion of
the addition, the resultant m xture was stirred for 5 hours, and the
reaction solution was sanpled for HPLGsganal ysis. As a result, an unreacted
am no acid was 53 recognized, and thus a solution of potassium cyanate

(4.14 0) wdveldijidd ed ovalnr AN )t e dasnddar sadded daepyi :@@s{[lpt%]he
e

solution over 20 mnutes.. After the conpletion of the addition, t

resul t antthe xdlure oms ifmd tdeeimitdad @d fhorhhtb dfoudr stahkdewad skapteq! down to
roomtenperature, and then adjusted to pH 2 with conc. hydrochloric acid.
The precrpi tigt ethssdlhubs was) ffiidnteet adhaaf frhenasiredunidt wawaberticaidy t hen
dried. The 1H NWR anal ysis of the solid showed the production of the
target caorpourel J-3.€38 dputyilditd @ehy 1T frEXAVRhFdentnhdd themgraeduci ng

N- car banoyl -S--tert-butyl-a- net y -L-cysteine and

D-5-t &rt iy mbiRhyrsl an optical purity of 100% eget Wpiledastrei n
According to the culture nmethod and the nethod for 15 preparing an

i mobi | i A/F AR Rk G edSa tRPde6Y) 2028850 has Bareshis 8p. HRMK245 strain

(FERM BP-4863) was cultured, and then cells were collected and disrupted
by ult r asBH S elcolumn: CHIRALPAK AD (produced by Daicel Chemical

Industries, Ltd.), mobile phase: hexane/isopropanol = 10/1,
flow rate: 1 ml/min, detection wavelength: 210 nm, column

10 temperature: 30°C, D-isomer: 14.7 min, L-isomer: 25.3 min),
it was confirmed by comparison with the retention time of a
separately synthesized standard sample that the optically
active 5-tert-butylthiomethyl-5-methylhydantoin was the D-
isomer.

15 N-carbamoyl-S—tert-butyl-ea-methyl-L-cysteine: 'H NMR {300 MHz,
CD3OD) &: 3.22 (d, 1H), 3.16 (d, 1H), 1.52 (s, 3H), 1.29 (s,
9H)

- D-5-tert-butylthiomethyl-5-methylhydantoin: 'H NMR (300 MHz,
CDCl; with 3 drops of CD3;0D) &: 2.90 (d, 1H), 2.80 (d, 1H),

20 1.49 (s, 3H), 1.30 (s, 9H)

(EXAMPLE 2) Method for producing N-carbamoyl-S—-tert-butyl-o-

methyl-L-cysteine using transformed microorganisms of

- Escherichia coli HB101 pTH104

25 Transformed microorganisms of Escherichia coli HB101l
- pTH104 (FERM BP-4864) containing a hydantoinase gene derived
from the Bacillus sp. KNK245 strain (FERM BP-4863) were

~inoculated into 10 ml of a liquid medium {(containing 10 g/1



to produce an enzyne solution. Then, an anion exchange resin, Duolite
A-568, was added as an i mmobilization support to the 20 enzyne solution to
adsorb the resulting enzyne thereon. Furthernore, cross-1linking was
performed by glutaral dehyde to obtain inmobilized hydantoi nase. Next, 1.5
m of a 0.1 M potassi um phosphate buffer (pH 7.0) and 0.003 ml of a 0.5 M
aqueous nmanganese sul fate 25 solution sg&re added to 15 ng of the racemc

N- car banoyl -S- tert-butyl -a-nethyl cystei ne produced i n REFERENCE EXAVPLE 2,
and the resyiand, sid Wilbovaesas adjtrsicdd tadpld G./3 wath ait@ PH agueaus

sodi um hydr oxi de sol ution. Then, 200 ng (wet weight) 54 of the inmmobilized
“hydant oi masspaqresparedtas iddstmided dRVE fHeas laddedutest hedsahehi on, and
reaction was performed by stirring at 40C for 48 hours. During the

react i on,addiengpH 0Gvasy Kemf @mpdlvdutl 16 Shusiugd 6iNemrydtechlorbtiavid. As a 5
result of the HPLC analysis (colum: COSMOXSIL 5C8-MS, nobile phase:

acet oni t fiqielorEdirafleddsipaddsingmadi BYdCoder 18hbspiat e Eol at 5= 3/ 7,

flowrate:. 0.8 m/mn, detection wavelength: 210 nm _colum tenperature:
400) of tHe YeakasHICHolUELn, It A Cdsitdsalculbice splukédon was then
the HPLC LAY (GHA TOHORACPARTAS | Brtodaded Loy Stk Conoenam cap
711310, 0154 =V BTG A, Wen s torl e GOEEngPR: So85hircdortm 16
tenperat Lirz%%mf@r OlfS tmhl%ul%ecsa}.r %riq}gw_e%— %r tsh%%ti%lg_ Fulture at 37°C for
24 hours. Then, the cells collected from 1 ml of the culture
10 solution by centrifugation were suspended in 1.5 ml of a 0.1
M potassium phosphate buffer (pH 7.0), and 150 mg of racemic
N-carbamoyl-S~tert-butyl-a-methylcysteine and 0.003 ml of a
0.5 M aqueous solution of manganese sulfate were added to the
resulting suspension. Then, the resulting mixture was
15 adjusted to pH 6.5 with a 10 N aqueous solution of sodium
hydroxide, and subjected to reaction by stirring at 40°C for
.24 hours while maintaining the pH at about 6.5 using 6 N
hydrochloric acid. As a result of the HPLC analysis {column:
COSMOSIL 5C8-MS, mobile phase: acetonitrile/10 mM agueous
20 potassium dihydrogen phosphate solution = 3/7, flow rate: 0.8
- ml/min, detection wavelength: 210 nm, column temperature:
40°C) of the reaction solution, the residual ratio of N-
carbamoyl-S-tert-butyl-a-methylcysteine was 49%. Also, as a
result of the HPLC analysis (column: CHIRALPAK AS (produced
25 Dby Daicel Chemical Industries, Ltd.), mobile phase:
hexane/isopropancl/trichloroacetic acid = 7/3/0.01, flow
rate: 0.5 ml/min, detection wavelength: 210 nm, column

- temperature: 30°C) of N-carbamoyl-S-tert-butyl-o-



met hyl cystei ne contained in the reaction solution, the optical purity was
96. 7% ee. Furthernore, the resulting optically active
N- car banoyl - S-tert-butyl -a-nmethyl cysteine was converted to nethyl cysteine
by the nmethod described in 20 EXAMPLES 9 and 10, and the optical rotation
of the compound was neasured. As a result, it was confirmed that the
optically active N-carbanoyl-S-tert-bufyl-a-nethylcysteine was the
L-isomer. On the other hand, the precipitated conmpound produced by 25 the
enzynmat i oneglactd st avarse exdnrtacires! virt Hhet mdacadetratsslvaridn, atdleyzed by
chiral HPLC (colum: CH RALPAK AD (produced by Daicel Chem cal I|ndustries,
Ltd.), notptecphaserithesemdld Sopraspandk was0a3sof cowfiamed Bynl / min,
detection 55 wavel ength: 210 nm colum tenperature: 30'C) . As a result,
t he el ut i eFMR3FES Udi et dehsni i arifdiorp ft ianes togh ddved Naplbamovdn@-itenlias t hus
confirmed that the conpound was, optically active
5-t er t - bURYFYhi GrFet HRY Lok 7Rt A RF SIS e 1on ERAELES 1ndhiatty the 88% and an
ich were. determned hy the area ratio). Al so,

o e Vs s e e R P A S B thE el

Chem cal 1ndu§£ries, Ltd.), nobile phase: hexane/isopropanol = 10/1, flow
rate: 1|%V}ﬁ?ﬁ et ection wavel ength: 210 nm colum 10 tenperature: 30'C,
Disonmer: 14.7 mn, L-isonmer: 25.3 mn), it was confirned by conparison

with the retention time of a separately synthesized standard sanpl e that

‘the opti calduhymGt iMe msdrld 1 W ATREN YA iRk kdaalelp,pgs -khe D

methyl-L-cystelne using bacteria of the genus Bacillus

10 In a 500-ml Sakaguchi flask, dry preserved cells of the
.Bacillus sp. KNK245 strain (FERM BP-4863) were inoculated
into 100 ml of a liquid medium (10 g/l polypeptone, 10 g/1
meat extract, 5 g/l yeast extract, pH 7.5) which was
sterilized at 120°C for 15 minutes, followed by shaking

15 culture at 45°C for 15 hours. Furthermore, 2 ml of the
culture solution was inoculated into an above described
medium containing the additional components, 1 g/l uracil,
and 20 mg/l manganese chloride, followed by shaking culture
at 45°C for 24 hours. Then, the cells collected from 15 ml

20 of the culture solution by centrifugation were suspended in
1.5 ml of a 0.1 M potassium phosphate buffer (pH 7.0), and
150 mg of racemic N-carbamoyl-S-tert-butyl-u-methylcysteine

"and 0.003 ml of a 0.5 M aqueous solution of manganese sulfate
were added to the resulting suspension. Then, the resulting
25 mixture was adjusted to pH 6.5 with a 10 N agueous solution
of sodium hydroxide, and subjected to reaction by stirring at
: '40°C for 19 hours while maintaining the pH at about 6.5 using

6 N hydrochloric acid. As a result of the HPLC analysis



I somer. 15 N-carbanoyl-S-tert-butyl-(x-methyl-L-cysteine: 1H NVR (300 MHz,
Cb30D) 8: 3.22 (d, 1H), 3.16 (d, 1H), 1.52 (s, 3H), 1.29 (s, 9H
D-5-tert-butylthionethyl-5-nmethyl hydantoin: 1H NVR (300 MHz, CDC13 with 3
drops of CD30D) 8: 2. 9 0 (d, 1H , 2. 8 0 (d, 1H , 20 1.49 (s, 3H, 1.30
(s, 9H) (EXAMPLE 2) Method for produci ng N-carbanmoyl -S-tert-butyl-cx-

met hyl - L- cystei ne using transformed m %8 oorgani sns of _ Escherichia coli
HB101 pTH104 25 Transforned m croorgani sns of Escherichia coli HB101

pTHL104 ( RERMUBR::48REMOSIt HTH-F a ropddet phaase gertodétiriéd/10r oM t he

Baci |l us sp. KNK245 strain (FERM BP-4863) were .inoculated into 10 ml of a
liquid nediugays eataissiivg 0 hydroggn physpbeée $0lgthiopeasB/dxt faow, and 5
g/l NaC with pH 7 and  prepared by sterilizing at 120C for 15 m nutes and
then addiat§ 100 Srgpli/mem afsit@qtiion mavedgnotihize218t ami | ceaten), fol | owed
by shaking culture at 37C for_18 hours. In a 500 5 ml of Sakaguchi flask, 1

o

m of thdLWMIG SOl F b s HiferfeaTidom &eddtiAne Sbenfesiddali qui d
Cteri Pl et COC RIS T T TR TSy AR 661 1BPe AAF-37C f or
cent i T uddiioan Vere "Eoddn i T ARG YA 16, 1CoRipat bt GhERRB Pt e
Dttt Bt 08 SR Goguoggies, ot -opoile phase:
hexane/isopropanol/trichlorcacetic acid = 9/1/0.01, flow
rate: 0.5 ml/min, detection wavelength: 210 nm, column
10 temperature: 30°C) of N-carbamoyl-S-tert-butyl-o-
methylcysteine contained in the reaction solution, the
optical purity was 99.0% ee. It was also confirmed by
comparison with the retention time éf the N-carbamoyl-S-tert-
butyl-oa-methyl-L-cysteine produced in EXAMPLE 1 that the
15 resultant N-carbamoyl-S-tert-butyl-o-methylcysteine was the

IL-isomer.

(EXAMPLE 4) Method for producing N-carbamoyl-S-tert-butyl-o-

methyl—L—cysteine using bacteria of the genus Pseudomonas

20 Pseudomonas putida IF012996 was cultured in a solid
medium(containing 10 g/l polypeptone, 2 g/l yeast extract, 1
g/l magnesium sulfate heptahydrate, and 15 g/l agar with pH
7.0) at 30°C for 24 hours. In a 500-ml Sakaguchi flask, one.
~platinum loop of the cultured cells was inoculated into 100

25 ml of a liquid medium (20 g/1 meat extract, 6 g/l glycerol, 1
g/l uracil, 2 g/l potassium dihydrogen phosphate, 1 g/l
1magnesium sulfate héptahydrate, 40 mg/l calcium chloride

dihydrate, 20 mg/l ferrous sulfate heptahydrate, 20 mg/l



0.5 M aqueous solution of manganese sulfate were added to the resulting
suspension. Then, the resulting m xture was 15 adjusted to pH 6.5 wth a 10
N aqueous sol ution of sodium hydroxide, and subjected to reaction by
stirring at 40C for .24 hours while maintaining the pH at about 6.5 using
6 N hydrochloric acid. As a result of the HPLC analysis (colum: COSMOSIL
5C8- M5, nobil e phase: acetonitrile/ 10 M aqueous 20 pot assi um di hydr ogen
phosphate solution = 3/7, flowrate: 0.8 nm/mn, detection wavel ength: 210

nm col uman@paatdirietatdtEt rehyidie teeaet heradgletiten, 20hag/asicdpplerr ati o
of N carbanoyl-S-tert-butyl-a-nmethylcysteine was 49% Al so, as a result of
t he HPLC sarlafiatst pdroadydratell A PAK )Agh(iphoduced te2h 1hycBaiagell 20tem cal

I ndustries, Ltd.), nobile phase: hexane/isopropanol/trichloroacetic acid =
7/ 3/ 0.01,fd4 o\p miatwsed). Fall/avien, bgetsbetiioy wavlehergth: 3220 dox Gdl um
tenperature: 30C) of N-carbanoyl-S-tent-butyl-a 57 nethylcysteine

cont ai neddurg he Theaet tba selldsi opllepbedopromal Opnticy tas Sul6oree. |t
was al so confirmed by conparison with the retention tine of the

N car Banjaludiqsr thy inanfriGugeddien W@I@y§ﬂ1épﬁéd|§ﬁioéacédmlln CEXAMPLE M t hat

t he resultant N-car bamyl - S—tert but a- et hyl cysteine was the L-isomer.
( EXAVPLE PHtadEt HEy Bhgs &%‘b& |r-snfieﬁp Bgt Pif- gacemic N-

L R a3 0 (0 e e g o s
(FERM BP- 48a6q31)eovl\.llesr esélu%%l'claln o%d manganese sulfate were added to the
resulting suspension. Then, the resulting mixture was
10 subjected to reaction by stirring at 40°C for 50 hours while
maintaining the pH at about 6.5 using 6 N hydrochloric acid.
As a result of the HPLC analysis {column: COSMOSIIL 5C8-MS,
mobile phase: acetonitrile/10 mM agueous potassium dihydrogen
phosphate solution = 3/7, flow rate: 0.8 ml/min, detection
15 wavelength: 210 nm, column temperature: 40°C) of the reaction
solution, the residual ratio of N-carbamoyl-S-tert-butyl-o-
methylcysteine was 52%. Also, as a result of the HPLC
analysis (column: CHIRALPAK AS (produced by Daicel Chemical
Industries, Ltd.), mobile phase:
20  hexane/isopropanol/trichlorocacetic acid = 9/1/0.01, flow
| rate: 0.5 ml/min, detection wavelength: 210 nm, column
temperature: 30°C) of N-carbamoyl-S-tert-butyl-o-
methylcysteine contained in the reaction solution, the
optical purity was 95.6% ee. It was also confirmed by
25 composition with the retention time of the N-carbamoyl-S-
tert—butyl—a-methyl¥L—cysteine produced in EXAMPLE 1 that the
resultant N-carbamoyl-S-tert-butyl-a-methylcysteine was the

L-isomer.



into 100 M of a liquid medium (10 g/I polypeptone, 10 g/l neat extract, 5
g/l yeast extract, pH 7.5) which was sterilized at 120'C for 15 m nutes,
foll owed by shaking 15 culture at 45"C for 15 hours. Furthernore, 2 m of
the culture solution was inoculated into an above described nedium
containing the additional conponents, 1 g/l wuracil, and 20 ng/l manganese
chloride, followed by shaking culture gat 450C for 24 hours. Then, the
cells collected from15 m 20 of the culture solution by centrifugation
were suspended in 1.5 m of a 0.1 M potassi um phosphate buffer (pH 7.0),
and 150 ng of racem c N carbanoyl-S-tert-butyl-a-nethylcysteine and 0.003
m of a 0.8XAMRIFedYS Medlhod dioiofpreingd nes d-salrbaime v 1wse cadded thya —olre
resul ting suspension. Then, the resulting 25 m xture was adjusted to pH 6.5
with a l0ontlgudousysiutineg orsingf beadiaumhahydr dhiedejerarsd Ay gjbecttetitum
reacti on by stlrrlng at 40'C for 19 hours while maintaining the pH at
about 6.5 using! & NIgadrteEt drube adihg Ay opacdsyliimfsp-h&NHNIC anal ysis 58
(colum: COSMOSI L 5C8- MS, nobil e phase: acetonitrile/10 nm aqueous

pot assi un¥ e hyr Ffei! fHoditiile was dmaslatedy il it ©f @ 8 iauig n,
detection wavel ength: 210 nm chy um terrperature 40C) of the reaction

sol uti on,™¢He"™H e ml@%ﬂoo (1 e—fS]{et‘E’c/let%ﬁ &EXFEA8H cyst ei ne

was 44% o) s a res he HPLC anal ysi colum: CH RALPAK AS
(pr oduceog/tbf‘g/ | SE aI50 dul¥eEsing & /%TT%E‘] Yo Pigfs giihydrogen
hexane_ll zporpgs\lofg}rartol /t cg%oqr(%acaet| C aC| —r%/g%/no p%OSphan\g rwaiti_'«?1 QI rgi /[ mn,

detectio eng’t col
which was sterilized 120°C for 15 minutes, followed by

10 shaking culture at 30°C for 24 hours. Then, 1 ml of the
culture solution was inoculated into 100 ml of a liquid
medium (containing 25 g/l glycerin, 5 g/l sucrose, 5 g/1
potassium dihydrogen phosphate, 5 ¢g/1 disodium hydrogen
phosphate, 1 g/l magnesium phosphate heptahydrate, 10 mg/l

15 manganese chloride tetrahydrate, and 4 g/1 yeast extract with
PH 6.5, and prepared by sterilization at 120°C for 15 minutes
and then adding 2 g/l urea and 1 g/l D-N-carbamoyl-oa-p-
hydroxyphenylglycine through filter sterilization), followed
by shaking culture at 33°C for 23 hours. Then, the cells

20 collected from 5 ml of the culture solution by centrifugation
were suspended in 1 ml of a 0.1 M potassium phosphate buffer
(pH 7.0), and 10 mg of racemic N-carbamoyl-S-tert-butyl-oa-
.methylcysteine and 0.002 ml of a 0.5 M aqueous solution of
manganese sulfate were added to the resulting suspension.

25 Then, the resulting mixture was subjected to reaction by
stirring at 40°C for 5 hours while maintaining the pH at
about 6.5 using 6 N hydrochloric acid. BAs a result of the

HPLC analysis (column: COSMOSIL 5C8-MS, mobile phase:



10 tenperature: 30C) of N-carbanmoyl-S-tert-butyl-a- nethylcysteine
contained in the reaction solution, the optical purity was 99.0%ee. It
was al so confirned by conparison with the retention tinme of the

N- car banoyl - S-tert- butyl-a-methyl-L-cystei ne produced in EXAMPLE 1 t hat
the 15 resultant N carbanmoyl-S-tert-butyl-a-nmethyl cysteine was the

L-isonmer. (EXAMPLE 4) Method for produging N-carbano |-S-tert-but |-a-

nmet hyl - L- cystei ne using bacteria of the genus Pseudononas 20 Pseudonobnas
puti da | RE2A%6 vl el O wive thduecuss Pdiths STRGE WM RhokdHath

pol ypeptone, 2 g/l yeast extract, 1 g/l magnesium sul fate heptahydrate,
and 15 g/dolgaromit B H L) mtts300 .floml24nigurdetddt iarblrvdleDajcaguchi
flask, one .platinumloop of the cultured cells was inoculated into 100 25
m of a |3Xfuirdnmechlumr( 2Emyel ateate :e X400t 06 tdlel wardercol sollutg/dn,ur aci |,
2 g/l potassium di hydrogen phosphate, 1 g/1 magnesiumsulfate

hept ahydridte, raoidipll wadlis @f dhiauhgeoit§rdreattesb @y Ingy1 ferrous sul fate
heptahydrate, 20 ng/1 59 nmanganese sulfate tetrahydrate to hexahydrate, 20
ng/ | Copgtethgityslieinemathydrat eR1gA, 535) ankieehliagfsthei HPEEd at 120C

for 15 mnutes, followed by. shaking culture at 30C for, 24 hours. Then,

the cel | SHEHYEER ebF I8 LS HRRAY P AN & T irtadiasd divuDadredy emicadugat i on
wer e suspfn(ge in1l ?acg_f a 0.1 M potassium phosphate buffer (pH 7.0), and
10 ng of TH Ue%i”%”f@’ tr drrofICPa S H35R Y | - a- net hyl cyst ei ne and 0.002 M of
a 0.5 Mhaeqsyaerg)eufissoogrugpla%%lolf tr%@%%r}:%sé%e LJl_lcf %tceia,\%r 99/81%6% lt,o f(l)%
rate: 0.5 ml/min, detection wavelength: 210 nm, column
10 temperature: 30°C) of N-carbamoyl-S-tert-butyl-o-
methylcysteine contained in the reaction solution, the
optical purity was 85.8% ee. It was also confirmed by
comparison with the retention time of the N-carbamoyl-S-tert-
butyl-o-methyl-L-cysteine produced in EXAMPLE 1 that the
15 resultant N-carbamoyl-S—tert-butyl-a-methylcysteine was the

L-isomer.

(EXAMPLE 6) Method for producing D-5-tert-butylthiomethyl-5-

methylhydantoin

. 20 In order to remove S-tert-butyl-oa-methyl-L-cysteine
contained as an impurity in the mixture (50 g) of the enzyme
and D-b5-tert-butylthiomethyl-5-methylhydantoin obtained by
the method in EXAMPLE 3, water (400 g) was added to the
mixture, followed by stirring. Then, the insoluble substance

25 was filtered off and washed with water (200 g), and a 5 wt$%
aqueous sodium hydroxide solution (120 g) was added to the
filtrate, followed by stirring. Then, the enzyme was

filtered off as an insoluble substance, and the filtrate was



resul ting suspension. Then, the resulting m xture was 10 subjected to
reaction by stirring at 40C for 50 hours while naintaining the pH at about
6.5 using 6 N hydrochloric acid. As a result of the HPLC anal ysis (col um:
COSMOSI L 5C8-Ms, nobile phase: acetonitrile/10 nmM agueous potassi um

di hydrogen phosphate solution = 3/7, flowrate: 0.8 m/mn, detection 15
wavel ength: 210 nm columm tenperatureg240C) of the reaction solution, the
residual ratio of N-carbanmoyl-S-tert-butyl-a- nethylcysteine was 52% Al so,
as a resudjwftddhedHRHC 9 analty sicsid.C tlydrvchTdRA. BAKJAS theoduced by Dai cel
Chem cal Industries, Ltd.), nobile phase: 20

hexane/ | yopradgeriatad iahsdredac etaire ddilderedl DE,0ashleavwirtdt evat@r m / min,
detection wavel ength: 210 nm colum tenperature: 30C) of

N- car banmpd $heay drigdy lungle metedpasyks raiass weenttal et aiim hemegct | on
solution, the optical purity was 95.6%ee. It was al so confirnmed by 25
conposi t iREPAMIth ashemvstadts di %-i7me)of fReaNrearbhnoy| tBe HPLC

tert-hutyl -a-methyl -L-cystei ne produced in EXAVPLE 1 that the resultant

N- car Bandiia gsier t (AUt a GRIMAF Iy SCHHE naie e Pﬁlais§orrer 60 (EXAVPLE 5)
Met hod for rodu0| car bano tert but nmet hyl -L-cystei ne usj Ra
bacteria tg‘éﬁ%s)\l-&aﬁéﬂ‘% dreagn &%@épthé‘éttetu TAGr G5d€t eri um
sp. KNK712 5 stral E BP-1 00) was inoculated.into 1 f aliquid
medi um ( S (npff) ZEEIY poI (}r?@’ PGS/ - r?eg‘[l/%aéitery ostigf yeast

extract, vﬁa‘%fer@txlce% 5 O RSN O%P ) ot the craae

product, the purity and yield calculated by comparison with a
10 standard sample were 87.5 wt$% and 79.6%, respectively. Also,
as a result of HPLC analysis {column: CHIRALPAK AS (produced
by Daicel Chemical Industries, Ltd.), mobile phase:
hexane/isopropanol = 9/1, flow rate: 1.0 ml/min, detection
wavelength: 210 nm, column temperature: 30°C, retention time:
15 D-isomer = 15.2 min, L-isomer = 39.8 min), the optical purity

was 97.6% ee,

(EXAMPLE 7) Method for producing S-tert-butyl-oa-methyl-D-

cysteine
20 . The mixture (80 g) of D-5-tert-butylthiomethyl-5-

methylhydantoin and the enzyme produced by the method in any
one of EXAMPLES 1 to 5 was dissolved in a 10 wt% aqueous
“lithium hydroxide solution (150 mL). The enzyme was removed
by filtration, and then D-5-tert-butylthiomethyl-5-

25 methylhydantoin contained in the mother liquid was
quantitatively analyzed by HPLC (under the same analytical
conditions as in EXAMPLE 6). As a result, the amount of the

compound contained in the mother liquid was 44.2 g. Then,



phosphate, and 5 g/1 disodi um hydrogen phosphate with pH 6.5) which was
sterilized 120'C for 15 mnutes, followed by 10 shaking culture at 30*C for
24 hours. Then, 1 m of the culture solution was inoculated into 100 m of
a liquid nedium (containing 25 g/l glycerin, 5 g/1 sucrose, 5 g/1

pot assi um di hydr ogen phosphate, 5 g/1 disodium hydrogen phosphate, | g/1
magnesi um phosphat e hept ahydrate, 10 ngsl 15 nanganese chl ori de
tetrahydrate, and 4 g/1 yeast extract with pH 6.5, and prepared by
sterilizatitdniah HROEEx s (B4 ndinwires diatdi Xheh wadding 52 @)l wdwea and 1 g/ 1
D- N- car banoyl - a- p- hydroxyphenyl gl ycine through filter sterilization),

f ol | owed aded haki e cabfuwiriorat BRDEHorr23:Hourts milttame twees aed #1318
collected from5 m of the culture solution by centrifugation were
suspendedindey htalbing R M gorwssi uﬁ‘hphmipthatre wakf ellogpH ToOkpoand 10
ng of racem c N-carbanoyl-S-tert-butyl-a | cysteine and 0.002 ml of a
0.5 M aquidis &l iRt e iihe sid mﬁ%wq%*@chdﬂ@dd ovashe irldsded ng
suspension. 25 Then, the resulting m xture was _ subjected to reaction by
stirring Qtf 40T @ePorQ9nﬁoup§dWﬁFPg°ﬁ&Pn?§ﬂﬁlﬁélphg)pﬂaétad&ﬁduﬁ°6t58u3|ng 6
N hydrochl or.i a result of the HPLC analysis (colum: CQSMOS

5C B, R phieeid QG dit CrItieeD. AR U diHr ogen
phosphat &0 SOUHLLEN STy JLQuT a6l 8B Mg, det ecllon ayel enath.
lr’gtslulot O];f ﬂ%%ﬁ%’i ﬁser}tp rfatq}%éllo@ ZIi’(ETEaErtyl ¢ f%]?égefg\@% Zt;f’(g/l?lrs % ats a
the produced solid was filtered off and dried in vacuum at
10 40°C for 24 hours to obtain dry crystals (34.9 g). As a
result of HPLC analysis (column: COSMOSIL 5C18-AR (produced
- by Nacalai Tesque Inc.), mobile phase: potassium dihydrogen
phosphate - phosphoric acid solution (pH 2.0)/acetonitrile =
90/10, flow rate: 1.0 ml/min, detection wavelength: 210 nm,
15 colﬁmp temperature: 40°C), it was confirmed that the solid
was the desired compound. The purity and yield were

determined by comparison with the authentic sample (purity

86.7 wt%, yield 85.7%).

20 (EXAMPLE 8) Method for producing a-methyl-D-cysteine

hydrochloride

S—-tert-butyl-a-methyl-D-cysteine (20 g) was dissolwved in
conc. hydrochloric acid (180 g), and the resultant solution
was refluxed under heating foxr 45 hours. The reaction

25+ solution was allowed to cool down to room temperature, and
then concentrated to 35 g. Then, the solution was heated to
40°C, and toluene (110 mL) was added to the solution,

followed by concentration to about 40 g. This operation was



anal ysis (col umm: CH RALPAK AS (produced by Daicel Chem cal Industries,
Ltd.), nobile phase: hexane/isopropanol/trichloroacetic acid = 9/1/0.01,
flow rate: 0.5 m/mn, detection wavel ength: 210 nm colum 10
tenperature: 30C) of N-carbanoyl-S-tert-butyl-a- methylcystei ne contained
in the reaction solution, the optical purity was 85.8%ee. It was al so
confirnmed by conparison with the reteggaion tine of the N carbanoyl-S-tert
butyl -a-nmet hyl - L-cystei ne produced in EXAMPLE 1 that the 15 resultant

N- car banoiu rtSrdrerdegaitydd ot hyineysst eime thas driteiuded $@TRE waEXAVPLE 6)
Met hod for producing D-5-tert-butylthionethyl-5- nethylhydantoin 20, In
order to fFidnmuwedS-dfdT tariltddi<al netded vacyst eitne 0 “corfloai ASd hasixran tiompuri ty
in the -mxture (50 g) of the enzyne and _

D- 5-t er t -<ditajn Hitemrdtithlle Somgtawyichyadart oibd tebtsailded (). 3t kg .medbkod in
.EXAMPLE 3, water (400 g) was added to the mxture, followed by stirring.
Then, the&ssisdl Wl ERGhargdesizs (eesl uin i SARCESF PAKd SiKs Hed omiuciedndstyer
(200 g), and a 5 wt % aqueous sodi_um hydroxi de solution (120 g) was added

to the fihiseide Gl by "1 Mfia She oA idwy PHB V@EoIer | t ered of f
as an insql ubl e substapce, and the filtrate was 62 adjusted to pH 9 with
conc. hy(ﬁquﬁﬁﬁ}t?rqec “acPa°sFPReT1pr acifi falBgierydpH| &- bl aceronitedler T,

veshed Wadlreela, S0 LRED GlAd nder aduced RSSO 9.gPLgln @ orude

column temperature: 30°C), it was confirmed that the solid
was the desired compound (yield 84.6%). The measurement of

10 optical rotation showed [o]%g = -6.28 (cl. 21, H,0). Since
the sign of the optical rotation was opposite to that of the
a-methyl-L-cysteine hydrochloride produced in EXAMPLE 10, it
was confirmed that the obtained compound was the intended D-
stereoisomer.

15

(EXAMPLE 9) Method for producing a-methyl-L-cysteine

hydrochloride

N-carbamoyl-S-tert-butyl-a-methyl-L-cysteine (100 mg,

0.43 mmol) was dissolved in conc. hydrochloric_acid (1 mL},

20 and the resultant solution was refluxed in nitrogen for 60
hours to prepare an aqueous solution of a-methyl-L-cysteine

hydrochloride.

(EXAMPLE 10) Method for producing a-methyl-L-cysteine

25 hydrochloride

Isopropyl alcochol (0.5 mL) was added to the reaction
solution of a-methyl-L-cysteine hydrochloride obtained in

EXAMPLE 9, and the resultant mixture was concentrated under



5 anal ysis (colum: COSMOSIL 5C8-MS, nobile phase: acetonitrile/potassium
di hydrogen phosphate - phosphoric acid solution (pH 2.0) = 2/8, flowrate:
1.0 M/mn, detection wavelength: 210 nm colum tenperature: 40C) of the
crude product, the purity and yield calculated by conparison with a 10
standard sanple were 87.5 wt % and 79.6% respectively. Also, as a result
of HPLC anal ysis (colum: CH RALPAK AS5f produced by Daicel Chem cal

| ndustries, Ltd.), nobile phase: hexane/isopropanol = 9/1, flowrate: 1.0
M/ mn, dedectdopressualeeagichdrdEad iy azelctmoptienpehsgduaneiod0C, ThHes ent i on
time: 15 D-isomer = 15.2 mn, L-isoner = 39.8 mn), the optical purity was
97. 6% ee OPEEXANPRINE WA Mepked eothesdidimeg Sitérlt thet yolansebeybnb-
cysteine 20 The m xture (80 g) of D 5-tert-butylthionethyl-5-

net hyl hy @Reudi d/andn keneenfmatgcsducElieny the reshddei vaanyeatved of
EXAMPLES 1 to 5 was dissolved in a 10 wt % aqueous |ithium hydroxide

sol ution %0150 RPY teHacas, e Mhds Yesndwsed kp fhier rasieie - andifEpenthe
D-5-tent-hutylthiomethyl -5 25 nmet hyl hydant oi n contained in the nother

li quid WIS XS EEntetativerpEak v28 E%/”WHPIP@ CoRTe L ePRE L84 HECaHBASE cal

COnLt 90 3%, SXMELEE) 1 BuhSitlle Ao RIS gL Lhe ceomonnd
9) 2 St NBLEC Rl ) VRig ARSI SIED RSB
al | oned %%dp%gﬁed under reduced pressure to obtain the title compound
‘as a white solid (44.3 mg). As a result of HPLC analysis
10 {under the same analytical donditions as in EXAMPLE 8), it
was confirmed that the solid was the desired compound (yield
60.0%). The measurement of optical rotation showed [w]P =
8.77 (cl. 15, Hz0). Since the sign of the optical rotation
coincided with the value in the reference (Tetrahedron, 1993,
15 49, 2131-2138, W098/38177), it was confirmed that the
obtained compound was the intended L-stereoisomer.
'H NMR (300 MHz, D,0) &: 3.18 (d, 1H), 2.89 (d, 1H), 1.60 (s,
3H)

20 (EXAMPLE 11) Method for producing S-tert-butyl-a-methyl-I-

cysteine
N-carbamoyl-S-tert-butyl-a-methyl-L-cysteine (82.4 g,
351.4 mmol) was dissolved in a 18% aqueous lithium hydroxide
solution (630 g}, and the resultant solution was refluxed in
25 nitrogen for 41 hours. After the solution was allowed to
cool down to room temperature, thé insoluble substance was
filtered off, and the filtrate was adjusted to pH 6 by adding

conc. hydrochloric acid (180.1 g). After stirring for about



down to roomtenperature, and the produced solid was filtered 5 off. Then,
conc. hydrochloric acid (110 g) was added to the nother liquid kept at an
internal tenperature of about 20C to control the pHto 6.7. Then, the
solution was cooled to an internal tenperature of 2C and stirred for 2
hours. Next, the produced solid was filtered off and dried in vacuum at 10
40C for 24 hours to obtain dry crystalgg(34.9 g). As a result of HPLC
anal ysis (columm: COSMOSIL 5C18- AR (produced by Nacal ai Tesque Inc.),

mobi | e phagesumpotiass inim ity drpgefbolphDIRhat°e tpsosphenicragtdesol ution
(pH 2.0)/acetonitrile 90/10, flowrate: 1.0 m/mn, detection wavel ength:
210 nm Ricotadntderipératnir e Thé0Grpdiitedasresnhilsnedréhai1tbeegobid, was
t he desired compound. The purity and yield were determ ned by conpari son
wi t h t he waghwehtwid-hs argilesc,( purd thhem@lrd agt Undgire lreBised¥preBGuifEXANMPLE 8)
Met hod for producing_a-nethyl-D-cysteine hydrochloride

S-tert - bbfain méehyiiBeywmined 26 @ whkdsadissddld/dd3i.® gdenchs a

hydrochl oric acid (180 g), and the resultant solution was refluxed under
heati fg fsSWs durPLCrRmalarcs oedsmyy| LEPSMOREE AF18wAR {prederedown to
roomtenperature, and then concentrated to 35 g. Then, the solution was
heat ed t &Y ARSal@id & e(ﬂq}@né[r{ollo rmb%%@&@d POtERS 138 GihgArogrsl | oned

Four 11 RS SFthe: GRRNAE o A b Lol 9r-0) 4AGSIPTed or vacuum
at 60C f%b/%%r“¥f€%tf%te 1.0 mi/min, detection wavelength: 210 nm,
column temperature: 40°C), it was confirmed that the solid
10 was the desired compound (yield 85.7%)
'H NMR (300 MHz, D,0) &: 3.18 (d, 1H), 2.91 (d, 1H), 1.60 (s,
3H), 1.35 (s, 9H)

(EXAMPLE 12) Method for producing a-methyl-L-cysteine

-15 hydrochloride
Conc. hydrochloric acid (345.3 g) was added to S-tert-
butyl-o-methyl-L-cysteine (38.4 g, 201 mmol) produced by the
method in EXAMPLE 11, and the resultant mixture was refluxed
for 24 hours to obtain an aqueous solution of o-methyl-I.-

20 cysteine hydrochloride.

(EXAMPLE 13) Method for isolating a-methyl-L-cysteine

hydrochloride

The reaction solution of a-methyl-L-cysteine
25 hydrochloride obtained in EXAMPLE 12 was concentrated to 67.5
g {degree of vacuum: 30 to 60 mmHg, temperature: 45°C), and
toluene (206 g) was added to the residue. Again a vacuum

concentration operation (degree of wvacuum: 40 to 60 mmHg,



‘obtain the title conpound as a white solid (15.3 g). As a result of HPLC
anal ysis (colum: CAPCELL PAK SCX (produced by 5 Shiseido Co., Ltd.),
nobi | e phase: potassi um di hydrogen phosphate - phosphoric acid sol ution
(pH 2.0)/acetonitrile = 95/5, flowrate: 0.3 m/mn, detection wavel ength:
210 nm colum tenperature: 30C), it was confirmed that the solid was the
desired conpound (yield 84.6% . The neggurenent of 10 optical rotation
showed [a] D20= -6.28 (cl. 21, H20). Since the sign of the optical rotation
- was opposidmpdmntited: ofo Whe diastiatlidr eeateai n® hydroel) owhde produced in
EXAMPLE 10, it was confirmed that the obtai ned conmpound was the intended
D st er e@esoivermed Sir{tEXAMPIEE 1)t aNe twaad 0 ogor eohuic itad vaeneet (I20l6- k) cywaisei ne
hydr ochl ori de N-carbanoyl -S-tert-butyl-a-nmethyl-L-cysteine (100 ng, O0.43
nmol ) wastuwlitsof \esttled worthe hyadriobid, orficd laviedl (Y moncen2radrignt.heThe
resultant solution was refluxed in nitrogen for 60 hours to prepare an
aqueous STIRE | R prretasy | rapaaisichit& thyrhcod dotdd. tOEXNRLE 20) Met hod
for producing a-nethyl stelne 25 hydrochl ori de |sopropyl al cohol (0.5
n) wds deieEn® E’(Wrr}éa@td/ d%h%rprtﬂd%trmmeqhyéy@réﬁy%eme
hydrochlo%§g§ gbt ai ned in and the resultant m xture was
concent r S U T Ik - rgBGCHEtBFe§§HF§n§n8 dEP8dShyrayYeBepople by

: dehydrailégkght E%ased on a—methyl~-L-cysteine hydrochloride). The
slurry was filtered, and the obtained crystals were washed
with toluene and dried under reduced pressure {(at 0 to 100

10 mmHg and 30°C to 80°C for 5 to 10 hours) to obtain the title

compound as a white solid {(32.2 g, yield 93.4%).,

(EXAMPLE 14) Method for producing o-methyl-L-cysteine

hydrochloride

15 First, water (47.6 g) and conc. hydrochloric acid (177.4
g) were added to S-tert-butyl-a-methyl-L-cysteine (25g, 131
mmol) produced by the method of EXAMPLE 11, and the resultant
mixture was refluxed for 41 hours. Furthermore, conc.
~hydrochloric acid (47.6 g) was added to the mixture, followed

20 Dby reflux for 3 hours. After the mixture was allowed to cool
down to room temperature, isopropyl‘alcohol (90 mL) was added
to the mixture, followed by vacuum concentration. Then,
azeotropic dehydration was performed three times using the
same amount of isopropyl alcohol. Finally, isopropyl alcchol

25 was added to the residue, and the resultant mixture was
concentrated to a volume of about 1/3. Then, the residue was
heated to 60°C, and toluene (90 mL) was added to the residue.

After the mixture was allowed to cool down to room



operation was repeated three times until the vol une becane about 1/3 by
concentration. Then, the residue was heated to 60C, and toluene (1 nlL) was
added to the residue. After the 5 m xture.was allowed to cool down to room
tenperature under stirring, stirring was continued for about 1 hour. Then,
the precipitated crystals were filtered off, washed wth toluene, and
dried under reduced pressure to obtaingghe title conpound as a white solid
(44.3 ng). As a result of HPLC analysis 10 (under the sane anal ytical

condi t i onsemsetat AMde B)stiidringgs coinfdime drddhalontieusad athowas it he
desired conpound (yield 60.0%. The neasurenment of optical rotation showed
[@a] n20 =hdi7.7 ([Chén,15heHpOpcifinatetheryisgnlef welhe OpiteatdrofAii on
coincided with the value in the reference (Tetrahedron, 1993, 15 49,

2131- 2138{aaN38B/+381Y Do luanaepasrebrit igvbdintdwat neticegbipaiesstreotrpound was
the intended L-stereoisoner. 1H NWVR (300 WMHz, D20) 5: 3.18 (d, 1H), 2.89
(d, 1H), by hyyHie (@ urrE B avBitHgE faorl igk dddeiong . Sytiedd- but

| -a-nmeth | -L- cystelne N-carbanoyl -S-tert-butyl-a-nmethyl-L-cysteine (82.4
g, 3§1JﬁQWﬁﬂ) was di ssol ved in a 18% aqueous |ithium hydroxide sol ution
(630 g), and the resultant solution was refluxed in 25 nitrogen for 41
hours. After the solution was allowed to cool down to room tenperature,

t he insol i adjusted to
pH 6 by aed rPag for about
66

methylhydantoin

First, D-5-tert-butylthiomethyl-5-methylhydantoin (4.38

10 g) produced in EXAMPLE 6 was dissolved in conc. hydrochloric
acid (100 g), and the resultant solution was stirred at 80°C
for 18.5 hours. After the solution was allowed to cool down
to room temperature, the solution was concentrated to about a
half, and the residue was adjusted to pH 0 by adding 30.5 g

15 of a 30 wt% aqueous sodium hydroxide solution. After
extraction with ethyl acetate (100 mL x 3}, the organic phase
was concentrated to 10% of the total, and toluene (30 mlL) was
added to the residue. The precipitated crystals were
filtered off to obtain the target D-5-mercaptomethyl-5-

20 methylhydantoin (2.65 g) in a yield of 80%. As a result of
the measure of the optical purity of this compound by HPLC
(CHIRALPAK AS (produced by Daicel Chemical Industries, Ltd.},
mobile phase: hexane/isopropanol = 9/1, flow rate; 1.0 ml/min,
detection wavelength: 210 nm, column temperature: 35°C,

25 retention time: D-isomer; 30.4 min, L-isomer; 33.8 min), the
L-isomer was not detected.

'H NMR (400 MHz, MeOH-d4) &: 1.32 (s, 3H), 2.60 (d, 1.6 Hz,

1H), 2.72 (d, 1.6 Hz, 1H)



1 hour, the mixture was cooled to 4C to 5C, and further stirred for 1 hour.
The produced crystals were filtered off, washed with water, and then dried
under reduced pressure to obtain the title conpound as a white solid (53.9
g). As a 5 result of HPLC analysis (colum: COSMOSIL 5C18- AR (produced by
Nacal ai Tesque Inc.), nobile phase: potassium di hydrogen phosphate -
phosphoric acid solution (pH 2.0)/acetgpitrile = 90/10, flowrate: 1.0
m/mn, detection wavel ength: 210 nm colum tenperature: 400, it was
confirnmed that the solid 10 was the desired conpound (yield 85.7% ''H NWR
(300 MHz, D20) S: 3.18 (d, 1H), 2.91 (d, 1H), 1.60 (s, 3H), 1.35 (s, 9H

( EXAMPLE 19xavepTiodi 6 oMepriosil iy det it idg eystieiale puld thy droedd ori de
Conc. hydrochloric acid (345.3 g) was added to S-tert-

butyl - - a-methyl ~-L-cysteime ¥38rdciglo2lde nmol ) produced by the nethod in
EXAMPLE 11, and the resultant m xture was refluxed for 24 hours to obtain
an aqueous sol Biroh, of-mehryhyl=¢y 20 bystleydeodtyidroictd of14de mdEXAVAILE 13)
Met hod for isolating a-nmethyl-L-cysteine hydrochloride The reaction

sol ut ifon WRoh) rp¥egiced dyst e anotheg de b AN BEde bbtvimati S39IeaVAIrE 12 was
concentrated to 67.5 g (degree of vacuum 30 to 60 , tenperature:

45C), and"@t@F uehe kol SRRlwnduriiegehecd e ile - ANadidn
concentratij.on OPerﬁtion $degrq$ of vacuum 40 to 60 nnrq? 67
ethanol (3 mL) werée added to the resultant sclution. After

nitrogen purge, benzyl chlorocarbonate (0.17 mL, 1.10 mmol)

was added to the resultant mixture, followed by stirring at
10 room temperature for 2 days. Then, conc. hydrochloric acid
was added to the reaction solution to adjust the solution to
pH 1.9, and extraction was performed with ethyl acetate.
Then, the organic phase was dried over anhydréus sodium
sulfate, and the solvent was distilled off under reduced
15 pressure. As a result of the PTLC (hexane/ethyl acetate =
1/1 with a small amount of acetic acid) purification and *H
NMR analysis of the residue, it was confirmed that the
desired compound (106 mg, yield 60%) was produced. The HPLC
analysis (column: CHIRALCEL OD-RH (produced by Daicel
20 Chemical Industries, Ltd.)}, mobile phase: potassium
dihydrogen phosphate - phosphqric acid sclution (pH
2.0)/acetonitrile = 6/4, flow rate: 1.0 ml/min, detection
" wavelength: 210 nm, column temperature: 30°C, retention time:
19.15 min (D), 22.92 min (L)) of the compound showed an
25 optical purity of 98.6% ee.
'H NMR (300 MHz, Dp0) 8: 7.30~7.40 (m, 10H), 5.22 (s, 2H),

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



tenperature: 40C, distillation rate: 107 L/ hnR) was perforned until the
total was 109 g, and toluene (206 g) was further added to the residue,

foll owed by concentration. The sane operation was repeated six tinmes in
total to obtain a 5 toluene slurry (104 g), of the product,

a-nmet hyl -L-cysteine hydrochloride. The water content of the slurry was 30%
by weight (based on a-nethyl-L-cysteipg hydrochloride). The slurry was
filtered, and the obtained crystals were washed wth toluene and dried
under reduedMEIESSUr7e tEea 10 Methdd ¥ornwigdardndOf-tarBAfol0rs5teor10
hours) to obtain the title conpound as a white solid (32.2 g, yield

903. 4% . (HANPid=miebhNetdyedtdigre produci ng a-nethy | -L-c ysteine

hydrochl oride 15 First, water (47.6 g) and conc. hydrochloric acid (177.4
g) were added RigrsS-t evadibunt ylyderoxsidey lanld enpdteal wmerg2bgideti3to Gmok)ytpr oduced
by the nethod of EXAMPLE 11, and the resultant mxture was refluxed for 41
hours. Fluthertivrase thadnd —rabhpdrldeifagrtiod naciaahd( 4he6 rgpuldenidaddtiget he

m xture, followed 20 by reflux for, 3 hours. After the m xture was all owed
to codl “HEwheareadhdf remi@datiprainesh pegppradiueshand( s¢iFrpdwasTheided to

the m xture, followed by vacuum cqoncentration. Then, azeotro

c

dehydr at iR SAELCTHSF AR Maeendhged dn§ilte (COIMBNANGGFMOSELI sopr opyl
al cohol . Fjnally,, isopropyl alcohal .25 was added.to the_residue, and the
resul tantﬁ#ﬁ_ﬁﬁ/e( uﬁ’ﬁé’é'nﬂa&ag@% greé?% RE - dfr E‘Bg&ﬁelp 35¥Ren, the
resi due was ., heated to 60 and tol uene (90 . added,to _t he residue.
After thé Cne‘iIh‘xcinul(ralcerlvvzias/o‘L A Y0 1° (?5\(53&.”% . \é\%sﬁmogen phodphdte

solution = 30/70, flow rate: 1.0 ml/min, detection

10 wavelength: 210 nm, column temperature: 40°C) to determine

. the yield of the title compound. The results are shown in

Table 1.
Table 1
15
Example NaOH Water Reaction Reaction Yield
{(molar (times by Eemperature time (%)
equivalent) weight} {°C) (I;our)
17 3.3 1.4 90 44 82
i8 . 3.3 1.4 95 15 81
19 3.3 1.4 100 9 64
20 2.2 1.0 95 13 80
21 1.6 0.7 95 6 54

(EXAMPLE 22) Method for producing N-carbamoyl-S-tert-butyl-oa-

methyl-cysteine

First, 5—tert—butylthiomethylnS—methylhydantoinl(5 g, 23

20 mmol) was mixed with a 58% aqueous potassium hydroxide



68 tenperature under stirring, stirring was continued about 1 hour. Then,
the precipitated crystals were filtered off, washed with toluene, and

dri ed under reduced pressure to obtain the title conpound as a white solid
(13.5 g, yield 5 60.0%. (EXAMPLE 15) Method for producing

D- 5- mer capt onet hyl --5-- net hyl hydantoin First,
D-5-tert-butylthionethyl-5-nethyl hydanypin (4.38 10 g) produced in EXAMPLE
6 was dissolved in conc. hydrochloric acid (100 g), and the resultant

sol uti on sebutsied r g9, Atg)80Gnd arhel Snixthoy Sva AHertddhe osalsic apndwas al | owed
to cool down to roomtenperature, the solution was concentrated to about a
hal f, andstiwreesicitie vdsowsi usthd HPLPHaAabysaddofigtBO. begcdbonf a 30 wt %
aqueous sodi um hydroxi de solution. After extraction with ethyl acetate
(100 nL xs@)ytidre shrged chphgsedwasi agordenthreaattad lteo cbifoahdt He total , and
toluene (30 nL) was added to the residue. The precipitated crystals were
filtered xddctionhfbtldtdfe 32rget D-5-mercapt omet hyl -5 20 net hyl hydant oi n
(2.65 g) in ayield of 80% As a result of the nmeasure of the optical
purit? of this conpound by HPLC (CH RALPAK AS (produced by Dai cel Chem ca

I ndustries, Ltd.) nobi | e phase hexane/|500ropanol 9/1, flowrate: 1.0
m/mn, SME ‘ Y D P3d T]-uSpteﬁt("bu’bK =

retention'£i ‘: : |soner; 30. 4 m n, L-|soner, 33.8 nfn) the L--isonmer was
not det ectEL MHz, MeOH- d4) 8: 1.32 (s, 3H), 2.60 (d, 1.6 Hz,

First, 5-tert-butylthiomethyl-5-methylhydantoin (5 g, 23

mmol) was mixed with a 65% aqueous potassium hydroxide

10 solution (4.4 g) and toluene (5 ml), and the mixture was
heated to 95°C and stirred for 27 hours. The HPLC analysis
of the reaction solution showed the production of the title

compound in a reaction yield of 88%.

15 (EXAMPLE 24) Method for producing N-carbamoyl-S-tert-butyl-

a-methyl-cysteine

First, 5-tert-butylthiomethyl-5-methylhydantoin (5 g, 23
mmol) was mixed with a 73%_aqueous potassium hydroxide
solution (5.7 g) and toluene (10 ml), and the mixture‘was

20 -heated to 95°C and stirred for 51 hours. The HPLC analysis
of the reaction solution showed the production of the title

compound in a reaction yield of 90%.

(EXAMPLE 25} Method for producing N-carbamoyl-Z-amino-2-

25 methyl propionic acid

First, 4.0 g of 5,5-dimethylhydantoin was mixed with 4.0
g of sodium hydroxide and 4.0 g of water, and the mixture was

stirred at 85°C to 90°C for 3.5 hours. The HPLC analysis



1H), 2.72 (d, 1.6 Hz, 1H) 69 .(EXAMPLE 16) Method for determ ning optical
purity of a- nethyl-L-cysteine hydrochloride First, a-nethyl-L-cysteine
hydrochl oride (74.9 ng, 0.44 5 muol) produced by the method of EXAMPLE 13
was dissolved in water (3 nmL), and sodi um hydrogen carbonate (197.7 ny)
and ethanol (3 nL) were added to the resultant solution. After nitrogen
purge, benzyl chl orocarbonate (0.17 nL721.10 mmol) was added to the
resultant m xture, followed by stirring at 10 roomtenperature for 2 days.
Then, conteohyndt 0ct0IMOITIACH T 8 Wil Bdgethdurddey eRelhilen Jelsdfiieonniq )adj ust
the solution to pH 1.9, and extraction was perforned with ethyl acetate.

- Then, t henayigbmimharms e aw=omdirt ed elldy mdhamircouss gediasmi usu idfiatyelroged t he
solvent was distilled off under reduced 15 pressure. As a result of the
PTLC (hexzirmgrhdnd swlattbtan = 20/8 Wi tihlcw siadld: dvduml /ofinac eleite cadion)
purification and | H NWR analysis of the residue, it was confirmed that the
desi red CHPADYL0R IR, Wi il BUv)tampe natotisced0 e ofPtbe asalcfdion

(col umm: CHI RALCEL OD- RH (produced by Dai cel 20 Chem_cal_ Industries, Ltd.),
mobi | @ pHESE U tShQiqfin th IABYER Ph 38 9 phdsghoride 18di @Lfsébgt i on
(pH 2. O)Iacetonltrlle = 6/4, flowrate: 1.0 mM/mn, detection wavel ength:
210 nm cot %‘i&ﬁé’ﬁﬁ%ure 30C, retention tine: 19.15 nin (D), 22.92 min

(L)? ([))1‘20';1 N%%nggﬁgd%%[hom%d n 25%0% fal @ﬂ;lty of 98.6% ee. 1H NWVR (300

(EXAMPLE 26) Method for producing N-carbamoyl-2-amino-3-(2-

10 methoxyphenyl)-2-methyl propionic acid

First, 4.40 g of 5-(2-methoxyphenylmethyl)-5-methyl-
hydantoin was mixed with 2.64 g of sodium hydroxide and 3.5 g
of water, and the mixture was subjected to reaction at 94°C
to 96°C for 30 hours. The HPLC analysis (column: COSMOSIL

15 5CI18-ARII (produced by Nacalai Tesque Inc.), mobile phase:
acetonitrile/10 mM aqueous potassium dihydrogen phosphate
solution = 20/80, flow rate: 1.0 ml/min, detection
wavelength: 210 nm, column temperature: 40°C) of the reaction
mixture showed the production of the title compound, 2-amino-

20 3-(2-methoxyphenyl)-2-methyl propionic acid, and the raw
materiai at an area ratio of 78.8:5.5:15.5.

'H NMR (300 MHz, D;0) &: 7.32-6.90 (m, 4H), 4.84 (s, 3H),

3.19 (d, 1H), 3.18 (d, 1H), 1.37 (s, 3H)

- 25 (EXAMPLE 27) Method for producing N-carbamoyl-S-benzyl-o-

methylcysteine

First, 5.0 g of 5-benzylthiomethyl-5-methylhydantoin was

mixed with 3.6 g of potassium hydroxide and 3 g of water, and



5.10 (s, 2H), 3.60 (s, 2H), 1.63 (s, 3H 70 (EXAMPLES 17 to 21) Method for
produci ngN- car banoyl -S-tert-- butl-a-neth | -c steine First, sodium

hydr oxi de and water were added to 5-tert- )

but yl t hi onet hyl - 5- net hyl hydantoin, and the resultant m xture 5 was heated
to a predeterm ned tenperature and stirred. The reaction solution was

anal yzed by HPLC (columm: COSMOSIL 50%8- AR (produced by Nacal ai Tesque
Inc.), nobile phase: acetonitrile/ 10 mM aqueous potassi um di hydrogen
phosphat echs ahigtwre =wB/ Fiilhjddtovd rtad ecedetlon /at 84 *detreciedic ¥or 12

wavel ength: 210 nm columm tenperature: 40C) to determne the yield of the
title conpoemsl. The MEEW teadye ishdwo lumn : TEDBEOSIL15CTABARIT

Exanpl éNaOHWAt er React i onReacti onYield (nolar(times bytenperaturetime($)

equi val entpyedeted (oy (fhotrlal 7BeSuaAdirelgd2 18313k 4068581 193. 31. 4100964
202.21. 0951380 211.60. 795654 ( EXAMPLE Met hod for producin

N car ban3Fetnbeibed J0 M aqureuy|nqiafsdiyre dihydrogen phosphate

5 solution = 30/70, flow rate: 1.0 ml/min, detection
wavelength: 254 nm, column temperature: 40°C) of the reaction
mixture showed the production of 3.56 g (yield 66.4%) of the
title compound.

'H NMR (300 MHz, D,0) &: 7.40-7.30 (m, 5H), 3.78 (s, 2H),

10 3.15 (d, 1H), 3.14 (d, 1H), 1.41 (s, 3H)

(COMPARATIVE EXAMPLE 1) Method for producing N-carbamoyl-S-

tert-butyl-a-methylcysteine

First, 5-tert-butylthiomethyl-5-methylhydantoin (5 g, 23
15 mmol) was mixed with barium hydroxide (11.7), and water (10
g), and the mixture was heated to 95°C and stirred for 2
hours. The HPLC analysis of the reaction solution showed the

production of the title compound in a reaction yield of 39%.

20 (COMPARATIVE EXAMPLE 2) Method for producing N-carbamoyl-S-

tert-butyl-a-methyl-cysteine (according to the method

descried in US5338859)
First, 5-tert-butylthiomethyl-5-methylhydantoin  (purity
content 10782 g, 50.0 mmol) was mixed with calcium hydroxide
25- (3.70 g, 50.0 mmol), and water (60 g), and the mixture was
heated to 100°C and stirred for 3.5 hours. The HPLC analysis
of the reaction solution showed the production of the title

compound in a reaction yield of 25%;



First, 5-tert-butylthionethyl--5--nmethyl hydantoin (5 g, 23 20 mmol) was

m xed wth a 58% aqueous potassi um hydroxide 71 solution (9.2 g), and the
m xture was heated to 95C and stirred for 22 hours. The HPLC anal ysis of
the reaction solution showed the production of the title conmpound in a
reaction yield of 92% (EXAMPLE 23) Method for producing

N-car banmoyl - S-tert-butyl - a-nethyl -cysygine First,
5-tert-butylthionethyl-5-nethyl hydantoin (5 g, 23 mmol) was mxed with a
65% aqueous pot assi um hydroxi de 10 solution (4.4 g) and toluene (5 m), and
the m xture was heated to 95C and stirred for 27 hours. The HPLC anal ysis
of the rehedustrisol Wpmn cdwadt he production of the title conpound in a
reaction yield of 88% 15 (EXAMPLE 24) Method for produci ng N carbano

| -S-tert-but |As adamthiHed ydiwiene aeidestding to the present invention,
5-tert-butylthionethyl-5-nethyl hydantoin (5 g, 23 mol) was mxed with a
73% aquedustipdtles di-umrhy dr-oxisseme rsolaft iaon ofpfitad)l vandttickuene (10 nl), and
the m xture was 20 heated to 95C and stirred for 51 hours. The HPLC

anal y38i s meffhy ey stesdiard slerdatadtiiven oxhdwed selé , prbdedt iienuskfuleatsi ghe
conpound in a reactjion yield of 90% (EXAMPLE 25) Method for producing

N- car banPhaznagaiHolorl Intesmpdiayeopiconi beapiredrcest framorgagily

5, 5-di met hyl hydantoin was mxed with 4.0 q_of sodi um hydroxide and 4.0 g
of mater,a §9ﬂ§ﬂﬁ%ﬂqﬁﬂ?3@%¥e raw materials by a simple,

industrially practical process. Also, the compound can be

obtained as crystals by an industrially practical means.
10



stirred at 85C to 90C for 3.5 hours. The HPLC analysis 72 (colum:
COSMOSI L 5C18- ARI'l " (produced by Nacal ai Tesque Inc.), nobile phase:
acetonitrile/ 10 nmM agueous potassi um di hydrogen phosphate sol ution =
20/80, flowrate: 0.5 m/mn, detection wavelength: 210 nm colum
tenperature: 40C) of the reaction 5 m xture showed the production of 3.38 g
(yield 74.1% of the title conmpound. %4 NVR (300 MHz, D20) S: 1.39 (s, 6H)
(EXAMPLE 26) Method for .produci ng N carbanoyl - 2-am no-3-(2- 10
met hoxyphenyl ) - 2- nmet hyl propionic adildrFMEst, 4.40 g of
- 5-(2-net hoxyphenyl nmet hyl ) - 5-met hyl - hydantoin was m xed with 2.64 g of

sodi um hydraoxi HepaddeSs St@r piodat g @AnD-3-heethxi+t6-€ was subjected to
reaction at 94C to 96C for 30 hours. The HPLC anal ysis (colum: COSMOSIL
15 5C18- ARlilonfgirpdiinethriiye iNa el rdivakdsgu erdpresentrabblye fpltaméa (2) or
acetonitrile/ 10 nmM aqueous potassi um di hydrogen phosphate solution =
20/ 80, fligve retle:: 1.0 m/mn, detection wavel ength: 210 nm col um
tenperature: 40C) of the reaction mxture showed the production of the
title conpound(jz-ani 20 3-(2-net hoxyphenyl)-2-net hyl propionic acid, and
the raw materiak\at FH area ratio of 78.8:5.5:15.5. "I H NWR (300 MHz, D20)
S: 7.32-6.90 (m .84 (s, 3H), 3.19 (d, 1H), 3.18 (d, 1H, 1.37 (s,
3H) 25 (EXANPLEdﬁﬂ) Met\hod for ]2rod@€Dng N-carbano | -S-benz | -a-
met hyl cyst ei ne FiNgt , B Q)of 5- ben t hi onet hyl - 5- net hyl hydant oi n was

SR

\B“\‘

(wherein R! represents a substituted or unsubstituted alkyl

group having 1 to 20 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 20 carbon atoms, or a

substituted or unsubstituted aryl group having 6 to 20 carbon
10 atoms); and an N-carbamoyl-o-methyl-L-cysteine derivative

represented by formula (3) or its salt:

0, SR
J -

H,N u' COOH

(whereinrR1 represents the same as the above)}, the process
comprising treating a racemic N-carbamoyl-o-methylcysteine
15 derivative represented by formula (1) or its sélt with a
hydantoinase to selectively cyclize the D-isomer:
0 SR |
1>
H,N~ ~N~ “COOH (1)
H

2

(wherein R' represents the same as the above).




m xed wth 3.6 g of potassium hydroxide and 3 g of water, and 73 the

m xture was subjected to reaction at 94C to 96C for 12 hours. The HPLC
anal ysis (columm: COSMOSIL 5C18-ARIl  (produced by Nacal ai Tesque Inc.),
nobi | e phase: acetonitrile/ 10 nmM aqueous potassi um di hydrogen phosphate 5
solution = 30/70, flowrate: 1.0 m/mn, detection wavelength: 254 nm
colum tenperature: 40C) of the reactipgp m xture showed the production of
3.56 g (yield 66.4% of the title conmpound. IH NVR (300 MHz, D20) 8:
7.40-7.30 (m 5H), 3.78 (s, 2H), 10 3.15 (d, 1H) , 3.14 (d, 1H , 1.41 (s,
3H) (COMPARATI VE EXAMPLE 1) Met hod for produci ng N-carbanmoyl -S-

tert-butyl 2a- nehbypeyseesnectbr8ing Sed eclaimty) thorethyihd- met hyl hydant oi n
(5 g, 23 15 mmol) was m xed with barium hydroxide (11.7), and water (10
g), and thwedamixdinmaesenaiss higatieckd Er@¥BCrend cginganddnfsor £2 thikogesiusThe HPLC
anal ysis of the reaction solution showed the production of the title
conpound Agrebaeeriwn Batidl lofs,39% P2EUJOONMPARATI VE EXAMPLE 2) Met hod for
produci ng N-carbanoyl -S- tert-butyl-a-nethyl-cysteine (according to the
met ho@ descried in US5338859) First,

5-tert- butylthlonethyl 5-nmeth Ihydant0|n (purity content 10.82 g, 50.0
mol ) was mi-xedR@i PROEGFEI ﬁﬁ?ﬁ?@%’@)&l‘a‘é chaimal, 7‘@1%1‘?6350 emol ), and water

(60 g), and the m xture s heated to 100C and stirred for 3.5 hours. The
HPLC anal SEIENERINI9R 1oART O dIAT SHeRARE NG SPodibErdn dFERHe 111 o

BP-1900), Bacillus sp. KNK245 (FERM BP-4863), or Pseudomonas
putida IF012996.
10
4. The process according to any one of claims 1 to 3,

wherein the hydantoinase is used as an immobilized enzyme.

5. The process according to any one of claims 1 to 4,
15 wherein R' is a substituted or unsubstituted tertiary alkyl

group having 4 to 15 carbon atoms.

6. The process according to claim 5, wherein the tertiary

alkyl group is a tert-butyl group.
20

7. A process for producing an a-methyl-L-cysteine

derivative represented by formula (4) or its salt:

. o SR2
"l "

H,N” ~COOH

(wherein R? represents R or a hydrogen atom. R! represents a

25 substituted or unsubstituted alkyl group having 1 to 20




conpound in a reaction yield of 25% 74 Industrial Applicability As

descri bed above, according to the present invention, both the D and L-
i somers of an optically active a- nmethylcysteine derivative or its salt,
which is useful as an pharmaceutical intermediate, can be produced from
readily available, inexpensive raw materials by a sinple, industrially
practical process. Al so, the conpound ¢an be obtained as crystals by an
i ndustrially practical neans. 10 75 CLAIMS 1. A process for producing a

D- 5- net hydadhdhi ormidy | h e ad G v ey ioratinkRIDsSRReSRt &gk yloyhdu (2) or
its salt: (2) 5 (wherein R 1 represents a substituted or unsubstituted
al kyl  grieupidavi ng 24 c2banrdienat @ a aupdSttdtéleedror  unsubsti t ut ed
aral kyl group having 7 to 20 carbon atons, or a substituted or
unsubst i tunsdssiriyt utgEd upesHaw rapd Har iz darteo2 01 @ aatens kxtcard ,anhe
N- car banoyl - oc- met hyl - L-cystei ne derivative represented by fornmula (3) or
its salt:pO@SRs ' comprising decarbamoylating an N-carbamoyl-o-methyl-

5 L-cysteine derivative represented by formula (3) or its salts,

and, if required, deprotecting the sulfur atom:

0, SR
) 3

H,N~ “N” ~COOH
Fl
(wherein R! represents the same as above)

10 8. The process according to claim 7, wherein
decarbamoylation is performed by treatment with nitrous acid,
or a nitrite and an acid, to produce a compound represented

by formula (4) in which R? is the same as R! in formula (3}.

15 9. The process according to claim 7, wherein
decarbamovylation is performed by treatment with an alkéli to
produce a compound represented by formula (4) in which R® is

the same as R' in formula {3).

20 10. The process according to claim 9, wherein the alkali
used in the decarbamoylation is sodium hydroxide, potassium
hydroxide, lithium hydroxide, magnesium hydroxide, barium

hydroxide, or calcium hydroxide.

25 11. The process according to claim 9, wherein the alkali



H2N )~ N~ COOH(3) H (wherein R 1 represents the same as the above), the
process conprising treating a racem c N-carbanoyl - a- net hyl cystei ne 15
derivative represented by formula (1) or its salt with a hydantoinase to
selectively cyclize the D-isomer: Q, ,,-SRI COOH (wherein R 1 represents
the sane as the above). 76 2. The process according to claim1l, wherein the
hydant oi nase is derived from m croorgapgsns of the genus Agrobacterium
Baci |l us, or Pseudononas. 3. The process according to claim1, wherein the

hydant oi Nngs&€q i sn derd Vs FM A6 ard um3B.ukKNGEkS BERM  BP- 1900) ,
Baci |l us sp. KNK245 ( FERM BP-4863), or Pseudononas putida |F012996. 10 4.
The process according to any one of clains 1 to 3, wherein the hydantoi nase
i's used as an inmmobilized enzynme. 5. The process according to any one of
clains 1 td24, ThewheveensRictsrdisgbissidny esherofinsidisis tutes Tertiary
al kyl group having 4 to 15 carbon atons. 6. The process according to claim
5, whereivonpeisong i addim lkad ariclipd $he tmyactiuny Isojudiipn 2ter

5 decarbamoylation reaction to decrease the pH, thereby

crystallizing a compound represented by formula (4) in which

R? is the same as R!' in formula {(3).

13. The process according to claim 12, wherein the acid
10 used is any one selected from hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and
trifluoroacetic acid, or a mixed acid of at least two acids

selected therefrom.

15 14. The process according to claim 12, wherein the acid

used is hydrochloric acid.

1%. The proceés according to any one of claims 12 to 14,
wherein the pH of the reaction solution is decreased to 9.5

20 or less.

16. The process according to any one of claims 7 to 15,
wherein the N-carbamoyl-oa-methyl-1-cysteine derivative
represented by formula (3) or its salt is produced by the

25 process according to claim 1.

17. A process for producing an a-methyl-L-cysteine

represented by formula (5) or its salt:



7. A process for producing an a-nethyl-L-cysteine derivative represented by
formula (4) or its salt: H2N' -'COON (4) (wherein R2 represents R or a
hydrogen atom Rl represents a 25 substituted or unsubstituted al kyl group
having 1 to 20 77 carbon atonms, a substituted or unsubstituted aral kyl
group having 7 to 20 carbon atons, or a substituted or wunsubstituted aryl
group having 6 to 20 carbon atons), thggo process conprising

decar banoyl ati ng an N-carbanoyl -a-nethyl 5 L-cysteine derivative
represented by fornul a (3) its salts, and, if required, deprotecting
~the sulfur atom SRS C4 égf{mherein Rl represents the sane as above) 10
8. The process accoﬁdl to clain17 wherein decarbanoylation is perforned

by treat nment mnth a nigmite and an acid, to produce a
conpound repre 3 d byéé@Ha (4) m%)ch R2 is the sane as Rl in
formula (3). The process according to claim?7, wherein

decarbannylatlon i's perforned by treatnent with an alkali to produce a

conpound resented ernuIa (4 which R2 is the sane as Rl in
formul a (9} eo ﬁ%“ Jd}?hg e B AY S whe CETRARE al kal |

used in th a atlon |s SOdIU h dr.oxi de ot a m r oxi de,
i thium 5 %%:e tb rmcélne roc%ydrogﬁoure N9 r‘F‘iny o Osfs almgdl ¥
15 and represented by formula (4) in which R? is the same as

5 R! in formula (3), to deprotect the sulfur atom.

18. The process according to claim 17, wherein the acid
used is any one selected from hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and

10 trifluorocacetic acid, or a mixed acid of at least two acids

selected therefrom.

19. The process according to claim 17, wherein the acid
used is hydrochloric acid.
15
20. A process for producing an a-methyl-L-cysteine

represented by formula (5) or its salt:

., ,~SH
L 5

H,N~ “COOH

the process comprising treating, with an aéid, an N-
20 carbamoyl-a-methyl-L-cysteine derivative represented by

formula (3) or its salt:



hydr oxi de, or cal cium hydroxide. 25 11. The process according to claim?9,
wherein the alkali 78 used in the decarbanoylation is |ithium hydroxide.
12. The process according to any one of clains 9 to 11, conprising adding
an acid to the reaction solution after 5 decarbanoyl ation reaction to
decrease the pH, thereby crystallizing a conpound represented by formla
(4) in which R2is the same as RL inggprmula (3)-. 13. The process
according to claim 12, wherein the acid 10 used is any one sel ected from
hydrochloric acid, sghfuric acid qrobrom c acid, nitric acid, acetic
acid, and trifluoroa t|09a0| 0 m xed acid of at |east two acids

sel ected therefrom 14.“.;Jhe process accordagg to claim12, wherein the

acid used is h 0 g;ti Fﬂe proce ccording to any one of
ereﬁﬂ the () e reacti

clainms 12 to 14] n‘solution is decreased to
9.5 20 or less. 16. Thdprocess according to any one of clains 7 to 15,
wherei n the N carbanoyl -a-net hyl -L- cystelne derivative represented by
formula (3) or itg salt is groduced the 25 process according to claiml.
17. A pr 9883810 R piddBcHAHE R A- FEERY | 91w haT e represeht@FRIRR f or nul a

5) or its salt: 79 SH
(5) atoms, to simultaneously perform decarbamoylation and

deprotection of the sulfur atom.

21. The process according to claim 20, wherein the acid
used is any one selected from hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and
trifluorocacetic acid, or a mixed acid of at least two acids

10 selected therefrom.

22. The process according to claim 20, wherein the acid

used is hydrochloric acid.

15 23. The process according to any one of claims 20 to 22,
wherein the N-carbamoyl-oa-methyl-L-cysteine derivative
represented by formula (3) or its salt in which R' is a
tertiary alkyl group having 4 to 15 carbon atoms is produced
by the process according to claim 1.

20

24. A process for producing L-5-methyl-5-

thiomethylhydantoin represented by formula (6) or its salt:



H 2 N COOH (5) the process conprising treating, with an acid, a conpound
produced by the process according to any one of clains 7 to 15 and
represented by fornmula (4) in which R2 is the sanme as 5 RL in forrmula (3),
to deprotect the sulfur atom 18. The process according to claim 17,
wherein the acid used is any one selected fromhydrochloric acid, sulfuric
acid, hydrobromc acid, nitric acid, agptic acid, and 10 trifl uoroacetic
acid, or a m xed acid of at least two acids selected therefrom 19. The
process accor di Laim 17, wherein the acid used is hydrochloric acid.
15 20. A proce or oducing an a-net hyl - L-cystei ne represented by
formula (5) or §§*sa H2NCOOH (5) the process conprising treating, with
an acid, an N 20 ar banpyl -
formula (3) or N_sal

a--nethyl cysteine derivative represented by
CII}( )) wherein R* is a tertiary al kyl

group having 4 to ar bo atons to simultaneously perform

decar banoyl ati on d 'ﬁ@qu§ tion of the sulfur atom 21. The process
according to claim 20, wher the acid wused is any one selected from
hydrochl oric acid, sulfuric

the process comprising cyclizing an N-carbamoyl-ag-methyl=-L-

cysteine derivative represented by formula (3) or its salt:

0 , -SRI
e -

H,N ” COOH

2

5 (wherein R' represents a substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unéubstituted aryl group having 6 to 20 carbon
atoms), and deprotecting the sulfur atom thereof.

10

25. The process according to claim 24, comprising
cyclizing the N-carbamoyl-a-methyl-L-cysteine derivative
represented by formula (3) or its salt to pfoduce an L-5-
methyl-5-thiomethylhydantoin derivative represented by

15 formula (7) or its salt:

O H
SN
HN, *~q (1)
qq%h__ESF21

(wherein Rr! represents the same as the above), and then




acid, hydrobromc acid, nitric acid, acetic acid, and trifluoroacetic acid,
or a mxed acid of at |least two acids 10 selected therefrom 22. The
process according to claim20, wherein the acid used is hydrochloric acid.
15 23. The process according to any one of clainms 20 to 22, wherein the

N- car banoyl - a- et hyl - L-cystei ne derivative represented by fornula (3) or
its salt in which RL is a tertiary algyl group having 4 to 15 carbon atons
is produced by the process according to claiml. 20 24. A process for

produci ng rea2-1iRt Rle AchhivaraiRy bRydart giantr eRrasant adibytbonaplat&bi or
its salt: 81 (6) the process conprising cyclizing an N carbanoyl -a-nethyl-L
cyst ei ne tghey isvdtfiire atepr esemted.by fornmula (3) or its salt: 5 (wherein Rl
represents a substituted or unsubstituted alkyl group having 1 to 20
carbon atons, a substituted or unsubstituted aral kyl group having 7 to 20
carbon atons, or a substituted or unsubstituted aryl group having 6 to 20
carbon at8fs) ,Tnddeprst estdorine SuldlaimtZdm tvemsdhn cyelizatiiom
process according to claim24, conprising .cyclizing the

N- car bamsyplacaiest iyl perdpsmedneudepgvani yékatepresented by fornula (3) or
its salt to produce an L-5- nethyl-5-thionethyl hydantoin derivative

"~ represented by

27. The process according to claim 26, wherein the alkali
used is sodium hydroxide, potassium hydroxide, lithium
hydroxide, magnesium hydroxide, barium hydroxide, or calcium

10 hydroxide.

28. The process according to claim 24, comprising treating
"the N-carbamoyl-da-methyl-L—cysteine derivative represented by
formula (3) or its salt with an acid to simultaneously

15 perform cyclization and deprotection of the sulfur atom.

29. The process according to any one of claims 25 to 28,
‘wherein the acid used is any one selected from hydrochloric
acid, sulfuric acid, hydrobromic acid, nitric acid, acetic

20 acid, and trifluorcacetic acid, or a mixed acid of at least

two acids selected therefrom.

30. The process according to any one of claims 25 to 28,
wherein the acid used is hydrochloric acid.
25
31. The process according to any one of cléims 24 to-29,
wherein the N;carbamoyl—a—methyl-meysteine derivative

represented by formula (3) or its salt is produced by the



15 formula (7) or its salt: P) (wherein R represents the sane as the
above), and then 82 treating the derivative or its salt wth an acid to
deprotect the sulfur atomthereof. 26. The process according to claim 25,

wherein cyclization 5 reaction is perforned using an alkali. 27. The
process according to claim26, wherein the alkali wused is sodium
hydr oxi de, potassi um hydroxide, lithiu hydr oxi de, magnesi um hydr oxi de,

bari um hydroxi de, or calcium 10 hydroxi de. 28. The process according to
claim 24, , 98P ShbSot A £RG 1 £ c1daa Nt car banoyl - a-met hyl - L-cystei ne
derivative represented by formula (3) or its salt with an acid to

si mul taneously 15 perform cyclization and deprotection of the sulfur atom
29. The process according to any one of clains 25 to 28, wherein the acid
used i s any3aneisekected foenphypdunothboahca-metdyl siHdéysteinmei d,
hydrobrom c acid, nitric acid, acetic 20 acid, and trifluoroacetic acid, or
a m xed aceprefemted dogt fotmolac{dls oelict exhtttrerefrom 30. The process
raccording to any one of clains 25 to 28, wherein the acid used is

hydrochl oric acid. 25 31. ngh?rocess according to any one of clainms 24 to
29, wherein the Ngarb y met hyl - L-cystei ne derivative represented by
formula (3) or its sal# is produced by the

H,N~ ~COOH ()

5
the process comprising hydrolyzing the L-5-methyl-5-
thiomethylhydantoin represented by formula (6) or its salt
which 1s produced by the process according to claim 24.
10 33. The process according to claim 32, wherein hydrolysis

is performed with an acid.

34, The process according to ciaim 33, wherein the acid
used is any one selected from hydrochloric acid, sulfuric
15 acid, hydrobromic acid, nitric acid, acetic acid, and
trifluorocacetic acid, or a mixed acid of at least two acids

selected therefrom.

35. The process according to claim 33, wherein the acid

20 used is hydrochloric acid.

36. A process for producing an a-methyl-D-cysteine

derivative represented by formula (8) or its salt:



83 5 process according to claim1l. 32. A process for producing an

a-methyl -L-cysteine represented by fornula (5) or its salt: H2NOOOH (5) the
process conprising hydrolyzing the L-5-methyl-5- thionethylhydantoin
represented by fornula (6) or its salt which |s produced by the process
according to claim?24. 10 33. The process according to claim 32, wherein
hydrolysis is perforned with an acid. 8. The process according to claim
"33, wherein the acid wused is any one selected from hydrochloric acid,
sulfuric 15 acid, hydrobrcggEaggcid, nitric acid, acetic acid, and
trifluoroacetic ac d acid of at |east two acids selected
therefrom 35. Theugﬁeggss according to claim33, wherein the, acid 20 used

i s hydrochloric¢ . a ocess for duci ng an a-net hyl - D cystei ne
derivative repH &ted k@éﬁlﬁfa (8) or(BPs salt: 84 ,,---5 R2 H2N COON
(8) (wherein R2 |s R or a hydrogen atom R represents a substituted or
unsubstituted al kyl group having 1 to 20 carbon atons, a substituted or

gpsubst : tH}heq:ealr aldéyhsgﬁougr hr%\;/érngge?n taotozrr(L). C?{ﬁbggpgésogﬁts of a substituted
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aralkyl group
-5 having 7 to 20 carbon atoms, or a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms), the
process comprising hydrolyzing a D-5-methyl-5-
thiomethylhydantoin derivative represented by formula (2) or

its salt:

O. H

}-N

HN 0 (2)
w S R1

10

(wherein R! represents the same as the above), and, if

required, deprotecting the sulfur atom thereof.

37. The process according to claim 36, wherein hydrolysis
15 is performed with an alkali ‘to produce a compound represented

by formula (8) in which R? is the same as R! in formula (2).

38. The process according to claim 37, wherein the alkali
used in the hydrolysis is sodium hydroxide, potassium
20 hydroxide, lithium hydroxide, barium hydroxide, magnesium

hydroxide, or calcium hydroxide.



unsubstituted aryl group having 6 to 20 carbon atons), the process
conprising hydrolyzing a D 5-nethyl-5- thionethyl hydantoin derivative
represented by fornmula (2) or its salt: 10 (wherein Rl represents the sane
as the above), and, if required, deprotecting the sulfur atomthereof. 37.
The process according to claim36, wherein hydrolysis 15 is perfornmed with
an alkali to produce a conpound represggted by fornula (8) in which R2 is
the sane as R in fornula (2). 38. The process according to claim 37,

wherein theal keht pYsedskNatBer@YHEOLYShiyi Sné 08k UBL AYHS 0X6 b POL assi um
20 hydroxide, l|ithium hydroxide, barium hydroxi de, nmagnesium hydroxide, or

- cal ci um hystioxi $ng 88ddid®. arl Nec I AGe S G i #th tdblai e ffercl ai s 36
to 38, conprising adding an acid to the reaction solution after hydrolysis
reacti on hgdsleryebs erddnet pdh ansl dagsiadd 1126 pH conpaundtadiriesent ed by
formula (8) in which RR is the sane 5 as R1L in fornula (2), thereby

obt ai ni ngcdheowrdpoerck fentadt st afermddta e ipr odeisth &fcasdichg semel ai m 39,
wherein the acid used is any one selected fromhydrochloric acid, sulfuric
10 acisd, &ydRolkmodicemadiad, (21i,t the rabiyd obdedningashe, camgounif haor oacet i ¢
acid, or a mxed acid of at |least two acids selected therefrom 41. The
process a@En?Rhy-to claim39, wherein the acid

40, The process according to claim 39, wherein the acid
used is any one selected from hydrochloric acid, sulfuric
10 acid, hydrobromic acid, nitric acid, acetic acid, and
trifluorocacetic acid, or a mixed acid of at least two acids

selected therefrom.

41. The process according to claim 39, wherein the acid

15 used is hydrochloric acid.

42. The process according to any one of claims 39 to 41,
wherein the pH of the reaction solution is decreased to 9.5
or less.

20
43. A process for producing a-methyl-D-cysteine

represented by formula (9) or its salt:

~SH

H N>\COOH 9)

2

the process comprising treating the compound produced by the

25 'process according to claim 36 and represented by formula (8)




15 used is hydrochloric acid. 42. The process according to any one of
clains 39 to 41, wherein the pH of the reaction solution is decreased to
9.5 or less. 20 43. A process for produci ng a-nethyl-D-cysteine
represented by fornmula (9) or its salt: -,.ASH H2N~-000H t he. process
conprising treating the conpound produced by the 25 process according to
claim 36 and represented by fornula (& 86 in which R2 is the same as R in
formula (2) with an acid to deprotect the sulfur atom 44. The process

accordi ngnt @hclal ®F48s vHEr ehme the RCIih forusad i(9)amitdnansekeet ed from
hydrochloric acid, sulfuric acid, hydrobromc acid, nitric acid, acetic
aci d, andejprioftkear aheetiut fagi dtomt a m xed acid of at |east two acids
selected therefrom 10 45. The process according to claim43, wherein the
~acid used is hydrochloric acid. 15 46. A process for producing
a--nmet hyl -D-cysteine represented by formula (9) or its salt: -,.ASH
HZN~COOH t #é . pridee o awsmdsy isiany dimeattiongladim 4 3an wagirg 1na thempednd
5 -used is any one selected from hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and
trifluorocacetic acid, or a mixed acid of at least two acids

-selected therefrom.

10 45. The process according to claim 43, wherein the acid

used is hydrochloric acid.

46. A process for producing o-methyl-D-cysteine

represented by formula (9) or its salt:

~SH

X

H.N~ “COOH (9)

15 2

the process comprising treating, with an acid, a compound

represented by formula (2):

O. H
?—N

HN 0 (2)
w SR‘I

wherein R' is a tertiary alkyl group having 4 to 15 carbon
20 atoms, to simultaneously perform hydrolysis reaction and

deprotection of the sulfur atom.



represented by fornula (2): (2) -SRI wherein RL is a tertiary al kyl group
having 4 to 15 carbon 20 atons, to sinultaneously perform hydrolysis
reaction and deprotection of the sulfur atom 87 47. The process according
to claim46, wherein the acid used is any one sel ected from hydrochloric
acid, sulfuric acid, hydrobromc acid, nitric acid, acetic acid, and
trifluoroacetic acid, or a mxed acid gf at |least two acids 5 selected
therefrom 48. The process according to claim46, wherein the acid used is

hydrochl origqg ,actHe BBod8ss TAECHFOLES St ACEDE Th N ! Avrae e d Ldid ms 46 to
48, wherein the conpound represented by formula (2) in which RL is a

tertiary wdeyligrapip dravisug ebdedl Froaeamhent cahQis ks acpdodyeeduly ot he
process according to claim1l. 15 50. A process for producing D 5-nethyl-5

-t hi onet hyddiytlarityed robrepries extiet] i tfrdromalca d, 1 Bcetiid beishl and' ™' ', '-S H 20
the process conprising carbanoylating a conpound represented by formula (8)
., . ~SRz tHAN'UeQE@e(i8) ashat,eiar R niskechecanefastRleastf dmoulkgids0), to

produce an
selected therefrom.

48. The process according to claim 46, wherein the acid

used is hydrochloric acid.

10 4%, The process according to any one of claims 46 to 48,
wherein the compound represented by formula (2) in which R!
is a tertiary alkyl group having 4 to 15 carbon atoms is

produced by the procéss according to claim 1.

15 50. A process for producing D-5-methyl-5-

thiomethylhydantoin represented by formula (11) or its salt:

O  H
N

HN =~ (11
" —SH

W

the process comprising carbamoylating a compound represented

by formula (8):

~SR2

H2N>\COOH (8)

20

.wherein R? is the same as R* in formula (10}, to produce an




88 N-carbanoyl - a-met hyl - D-cystei ne derivative represented by

formul a (10)

or its salt: D SRL NCOOH (10) H (wherein Rl represents a substituted or
unsubstituted alkyl 5 group having 1 to 20 carbon atonms, a substituted or

unsubstituted aral kyl group having 7 to 20 carbon atons, or a

substi t ut ed

or unsubstituted aryl group having 6 to 20 carbon atons), and then
cyclizing the derivative or its salt agg deprotecting the sulfur atom
‘thereof. 10 51. The process according to claimb50, wherein carbanoylation
i's pref ormrech o pn-dtked iy Tri-aty aysanad @leanidra @iivaaGichreben®ad e process
according to claim50 or 51, wherein the deprotection of the sulfur. atom
and cycl i zatmobha r €BCY i@ Are sgdarsformed with an acid. 53. The process
according to claimb52, wherein the acid 20 used is any one selected from
hydrochloric acid, syJuric ang§3 drobromic acid, nitric acid, acetic

acid, and trifluoroacgticegci@" or m xed acid of at |east two acids
sel ected therefrom 2H 54. e process accordizﬁtbs claim52, wherein the

acjd 89 used iiigrq och {3'(: ()r1

(wherein R' represents a substituted or unsubstituted alkyl

5 group having 1 to 20 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 20 carbon atoms, or a

substituted or unsubstituted aryl group having 6 to 20 carbon

atoms), and then cyclizing the derivative or its salt and

deprotecting the sulfur atom thereocf.

10
51. The process according to claim 50, wherein
carbamoylation is preformed with an alkali metal cyanate and
an acid.
15 52. The process according to claim 50 or 51, wherein the

deprotection of the sulfur atom and cyclization reaction are

performed with an acid.

53. The process according to claim 52, wherein the acid

20 used is any one selected from hydrochloric acid, sulfuric

acid, hydrobromic acid, nitric acid, acetic acid, and

trifluorocacetic acid, or a mixed acid of at least two acids

selected therefrom.

25 54. The process acceording to claim 52, wherein the acid



55. The process according to any one of clainms 50 to 54, wherein the
conpound represented by fornmula (8) in which R2 5is the sane as Rl in
formula (10) is produced by the process according to claim36. 56. A
‘process for producing a D 5-nethyl-5 thionethyl hydantoin represented by
formula (11) or its salt: '.--S H 10 the process conprising treating, with
an acid, a D-5-nethyl-- 5-thionethyl hygiant oi n derivative represented by
formula (2) or its salt: 15 (wherein Rl represents a substituted or
unsubst i tided ial kyla-puprhavhegqgl to 20 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atons, or a substituted
or unsubstituted aryl group having 6 to 20 carbon atons) to deprotect the
sul fur atom 20 90 57. The process according to claim56, wherein the acid
used i s ang5onerise| modeskd raadydiiror ordryy amad,ofSwlfaimisc 50adicd 54,

" hydrobrom c acid, nitric acid, acetic acid, and trifluoroacetic aC|d or a
m xed amwhanéun'wnwstm@wundcm@@re5e9$bdcbedfbhmuéﬁrdﬂﬂ 58. wmhehpRacess
according to claimb56, mhereln the acid used is hydrochloric acid 10 59.
The pbocdss ’Cé@c@ramenngt &' ahy bpemelackbP heisepredsssd Mhefke PXdeeednpound

represented by formula (2) is produced
according to claim 36.

56. A process for producing a D-5-methyl-5-

thiomethylhydantoin represented by formula (11) or its salt:

"HN 0O (11)
S

10
the process comprising treating, with an acid, a D-5-methyl-
5-thiomethylhydantoin derivative represented by formula (2)

or i1ts salt:

O. H

?—N

HN o) (2)
" N——gRH

15 (wherein R' represents a substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, a substituted or
. unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
‘substituted or unsubstituted aryl group having 6 to 20 carbon

atoms) to deprctect the sulfur atom.
20



by the process according to claim11. 60. A process for producing
a-net hyl - D-cysteine 15 represented by fornmula (9) or its salt: -,.ASH

H2N'" ~000H t he process conprising hydrolyzing the D 5-nethyl-5-

t hi omet hyl hydantoin represented by fornula (11) or its salt which is
produced by the process according to claimb56. 20 61. The process accordi ng
to claim60, wherein hydrolysis is prefjprmed with an acid. 62. The process
according to claim6l, wherein the acid 25 used is any one selected from

hydrochl or 5g  aciik Stbddd Caddordaid t N0l ¥¥,C Erbimidhd @A d, acetic
acid, and trifluoroacetic acid, or a m xed acid of at |east two acids

sel ect ed (dsher dfs ey 23 selikethodesh agaebdhngrie abtadm 6klfwheeei n the
.acid used is hydrochloric acid. 64. A process for crystallizing optically
acti ve a-agiet,hHyepmsibaions coradids sadlttriccanpd, sapngtdéryatabl, i anhdg t he 10
optically active a-nethylcysteine or its salt froman aqueous solution of
-t he conpamdliwwndeeqiriesenda oforar orgad ecidobfent. 166stTheoproddss
according to claim64, wherein a salt of 15 the optically active

a- net Ayl opstesitssl vittdredfiraacid i s obt ai ned.

- 58. The process according to claim 56, wherein the acid

used is hydrochloric acid.

10 59. The process according to any one of claims 56 to 58,
wherein the compound represented by formula (2) is produced

by the process according to claim 1.

60. A process for producing a-methyl-D-cysteine

15 represented by formula (9} or its salt:

SH
N7

H.N~ >COOH (9)

2

| the process comprising hydrolyzing the D-5-methyl-5-
thiomethylhydantoin represented by formula (11) or its salt
which is produced by the process according to claim 56.
20
61. The process according to claim 60, wherein hydrolysis

is preformed with an acid.

62. The process according to claim 61, wherein the acid

25 used 1s any one selected from hydrochloric acid, sulfuric



66. The process according to claim®65, wherein a salt of the optically
active a-nethylcysteine with a hydrohalic acid 20 is obtained. 67. The
process according to claim®65, wherein optically active a-nethyl cysteine
hydrochl ori de is obtained. 25 68. The process according to any one of
clainms 64 to 67, conprising crystallizing the optically active a-

met hyl cysteine or its salt produced by9l he process according to claim7,
17, 20, 32, 36, 43, 46, or 60. 92 69. The process according to any one of
cl ai ns 64a¢icl,68ydrdmunisi rgichnedntriat g d, hecafuieoasishl anidon of the
optically active a-nethylcysteine or its salt in the presence 5 of the

© organi ¢ sotMeonanaediiny @odd e rf romirkd sgddemfand legpitadiweg asider by the
organi ¢ solvent, thereby crystallizing the conmpound. 70. The process
accor di ngeleatied hbege -ein the organic 10 sol vent used has | ow or no
conpatibility with water. 71. The process according to claim®69 or 70,
wher ei n the organic sol vent used is a hydrocarbon sol vent, an ester

sol vent, t her solvent. 15 72. The proce S cordin o claim69 or
70, wher ei §3¢he G g el VehRT D T A DRE ST Vi S The

process aceco dlnqlcpO q;g;?Z wher ein the 20 hydrocarbon solvent used is
one sel ect®d fromt ol éé lﬁéﬁf@ﬁ% xyl ene, hexane, cycl ohexane, and
hept ane, or a m xed

64. A process for crystallizing optically active o-
methylcysteine or its salt, comprising crystallizing the
10 optically active a-methylcysteine or its salt from an agueous
solution of the compound in the presence of an organic

- solvent.

65. The process according to claim 64, wherein a salt of
15 the optically active oa~-methylcysteine with an acid is

obtained.

66. The process according to claim 65, wherein a salt of
the optically active a-methylcysteine with a hydrohalic acid

20 is obtained.

67. The process according to claim 65, wherein optically

active a-methylcysteine hydrochloride is obtained.

25 68. The process according to any one of claims 64 to 67,
comprising crystallizing the optically active a-
methylcysteine or its salt produced by the process according

to claim 7, 17, 20, 32, 36, 43, 46, or 60.



solvent of at |east two selected therefrom 74. The process according to
any one of clains 69 to 73, 25 wherein the optically active

a-nmethyl cysteine or its salt is crystallized at a concentration of 1% by
wei ght to 70% by weight. 93 75. The process according to any one of
clainms 69 to 74, wherein the aqueous solution is concentrated to repl ace
water by the organic solvent until thepresidual water content is 100% by
wei ght or less relative to the optically active a- nmethylcysteine or its
salt, thereby obtaining the optically active a-nethylcysteine or its salt
as crystals. 76. The process according to any one of clainms 69 to 75,
wher ei n t h&%vapheaprooesat eccordbngetd rahy ooné sofontaihs edld 40 68, 1000

L/ hm2 or less. 77. The process according to any one of clains 69 to 75,
wher ei n t¢tEnErvapor@t¢arcaratm iima diiee qwown delwoimn alf dthe to 600 L/ hnR
or less. 15 78. The process according to any one of clains 69 to 75,

wher ei n tértesably adtoive aand thiclticiming ion IS amltty din ddve trr 86 as hn
or less. 20 79. The process according to any one of clains 69 to 78,

wher eidn the ey re Bl G aAURh toiBITRTeY SSohtths 1ssetem Bh g or
| ess. 80. The process according to any one of clains 64 to 68, _ .25

conpri si MECRbMEEM ri el Rhe by AR oI IRV GPlof Giifreby crystallizing

the compound.

- 70. The process according to claim 692, wherein the organic

10 solvent used has low or no compatibility with water.

71. The process according to claim 69 or 70, wherein the
organic solvent used is a hydrocarbon solvent, an ester

solvent, or an ether solvent.
15

72. The process according to claim 69 or 70, wherein the

organic solvent used is a hydrdcarbon solvent.

73. The process according to claim 72, wherein the
20 hydrocarbon solvent used is one selected from toluene,
benzene, xylene, hexane, cyclohexane, and heptane, or a mixed

solvent of at least two selected therefrom.

74. The process according to any one of claims 69 to 73,
25 wherein the optically active a-methylcysteine or its salt is
crystallized at a concentration of 1% by weight to 70% by

weight.



optically active a--nmethylcysteine or its salt in the presence of the
organi c solvent to renove water fromthe systemand replace water by the
organic solvent, filtering off the 94 precipitated slightly soluble
inorganic salt, and then «crystallizing the conpound froma sol ution

t hereof by adding a poor solvent, cooling, or concentrating. 5 81. The
process according to claim80, whereing4he water is renoved fromthe
systemuntil the residual water content is 100% by weight or less relative
to the optiGal | yhnacpiyeeds aBEbyd OyptEed NenPrond Sosattainkd B2.tolhes process
according to claim80 or 81, wherein the organic solvent used for

- repl acenaitetsim Wagigmeaheohallutdonvdnt concennglhae celt her replivent watkera

m xed sol vent thereof at any desired ratio. 15 83. The process according
to cl ai mi82, thehermganitthe cdlveotioluntsdl vémt res idme ls @lkeetredohitemtngtshyl

al cohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl

al cohol , ¥t Mutwaiditcgiollesssaispdaylivel dohdhe optiepfllyueytislecohol , or a
m xed sol vent of at |east two selected therefrom 20 84. The process
“accor & ngrathelwshgne Werddish & rettherebyolobépiniag she setdcedd ¥ rom

di ethyl ether, diisopropyl ether, tetrahydrofuran, 1,4-dioxane, or nethyl
t ent - but VSt ¥Rt REEhyE GHst&d "o et Sof 3t PEaSTYSMG 1Sel ect ed t her ef rom
25 85. The process according to any one of clains 80 to 84,

76. The process according to any one of claims 69 to 75,
wherein the evaporation rate in concentration is controlled

10 to 1000 L/h-m? or less.

77. The process according to any one of claims 69 to 75,
wherein the evaporation rate in concentraticn is controlled

to 600 L/h-m® or less.

15
78. The process according to any one of claims 69 to 75,
wherein the evaporation rate in concentration is controlled
to 300 L/h-m® or less.
20 79. The process according to any one of claims 69 to 78,

wherein the degree of vacuum in concentration is controlled

to 500 mmHg or less.

80. The process according to any one of claims 64 to 68,
.25 comprising concentrating the aqueous solution of the
optically active a-methylcysteine or its salt in the presence
of the organic solvent to remove water from the system and

replace water by the organic solvent, filtering off the



wherein the poor solvent is added for crystallizing the a- nethylcysteine
or its salt. 95 86. The process according to claim85, wherein the poor
solvent is any one of a hydrocarbon solvent, an ester solvent, and an

et her solvent, or a m xed solvent of at |least two of 5 these solvents. 87.
The process according to claim85, wherein the poor solvent is a

hydr ocar bon sol vent. 10 88. The proces84according to claim87, wherein the
hydr ocarbon solvent is any one of toluene, xylene, hexane, and heptane, or
a nmxed foteeipivited kot iwesofullwsoommEnvientsaltl5 andXhekthe process
according to any one of clainms 80 to 88, wherein the optically active

a- net hyl c@%‘l%ﬁcﬁﬁlwlmq sty qonppuret ﬁsqcaﬂt |4 el utien ddremen T &1y arddifndl % by
wei ght to 70% by ight. 20 90. A process for producing a racemc

N-car barm%/lp%méﬁ%v%‘fhd Rk ing i v represdntatditg- formula (13) or its
salt: 0 RB R4 OH (13) (wherein R3 and R4 independently represent a
substituted or unsubstituted aIkyI group having 1 to 20 carbon atons, a 96

subst it ut ed .or substituted ara rou havj 7 to 20 carbon atons, or
oubSt 1 uedd of REnBEBEEFE LPERe P T gPOUB LA by EneEe5D ERFLERLS onm)

the procgﬁg fémg%eélf%bm the system until the residual water content
- is 100% by weight or less relative to the optically active a-

methylcysteine or its salt.

10 82. The process according to claim 80 or 81, wherein the
organic solvent used for replacement is a single alcohol
solvent, a single ether solvent, or a mixed solvent thereof

at any desired ratio.

15 83. The process according to claim 82, wherein the alcohol
solvent is one selected from methyl alcohol, ethyl alcohol,
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-
butyl alcohol, isobutyl alcohol, or tert-butyl alcohol, or a

mixed solvent of at least two selected therefrom.

20
84. The process according to claim 82, wherein the ether
solvent is. one selected from diethyl ether, diisopropyl ether,
tetrahydrofuran, 1,4-dioxane, or methyl tert-butyl ether, or
a mixed solvent of at least two selected therefrom.
25

85. The process according to any one of claims 80 to 84,
wherein the poor scolvent is added for crystallizing the a-

methylcysteine ox its salt.



hydrol yzing, wth an organic base or an alkali netal 5 hydroxide, a racemc
5,5-di substituted hydantoin derivative represented by fornmula (12) or its
salt: (wherein R3 and R4 represent the sane as the above). 10 91. The
process according to claim90, wherein the alkali netal hydroxide used is
sodi um hydroxi de or potassium hydroxide. 92. The process according to
claim90 or 91, wherein water 15 is uped in an anount of 0.1 tines to 10
times the weight of the racem c 5,5-disubstituted hydantoin derivative
represented by fornmula (12) or its salt. 93. The process according to any
one of clains 90 to 92, 20 wherein water is used in an anount of 0.2 timnmes
to 3 tinmes8et heTheimgitcerds tdreeorationy cdb,S-adins st iwhetresd rhyeen toeiar
derivative represented by formula (12) or its salt. 94. The process

accor di ngalyeaty isn@nyf ogkaiofs 290 ydeoe3drbon seeceitn eheelb&se isglusad in an
anount of 1 nolar equivalent to 10 nolar equivalents relative to the
racenm c 56l agi siihs sellaenihydant 8i Rided vativeatr ofr aseAeagtbyvwPopiiul a

(12) or its salt. 5 95. The process according to any one of clains 90 to
94, dhertdiese $OWEHESi-s used in an anbunt of 2 nolar equivalents to 5
nmol ar equi valents relative to the racemc 5,5- disubstituted hydantoin
derivative represented by fornmula 10 (12) or its salt.

87. The process according to claim 85, wherein the poor

solvent is a hydrocarbon solvent.

10 88. The process according to claim 87, wherein the
hydrocarbon solvent is any one of toluene, xylene, hexane,
and heptane, or a mixed solvent of at least two of these

solvents.

15 = 89. The process according to any one of claims 80 to 88,
wherein the optically active a-methylcysteine or its salt is
crystallized at a concentration of 1% by weight to 70% by

weight.

20 90. A process for producing a racemic N-carbamoyl-oa-amino

acid derivative represented by formula (13) or its salt:
0 R°R4
,/”\\ C)F1 (1:3)

HN N
O

2 H

(wherein R® and R* independently represent a substituted or

unsubstituted alkyl group having 1 to 20 carbon atoms, a




96. The process according to any one of clainms 90 to 95, wherein water is
used in an amount of 0.2 times to 3 tines the weight of the racemc

5, 5-di substituted hydantoin 15 derivative represented by formula (12) or
its salt, and the base is used in an anmount of 2 nolar equivalents to 5
nmol ar equivalents relative to the racemc 5,5-disubstituted hydantoin
derivative represented by fornula (12)9®r its salt. 20 97. The process
according to any one of clainms 90 to 96, wherein a solvent conprising

wat er al Giu®sar tatrdX bu e@nelib swd ttert e@ind ran kgl g atiotips bhwenty 7stwsed. 98. The
process according to claim97, wherein the organic 25 solvent used in
conbi nat icarbert latiche , watrer issiba thyditecaoonnsabganitated wenl. gro@®. The
process according to any one of clains 90 to 98, 98 wherein the reaction

t enper at dregriing 80Cat @01 T@ChonO@.LOTSE ,pithee pgogessr dongrisiagy one of clains
90 to 99, wherein R3 in formula (12) is a substituted or unsubstituted 5
primary avidrolgrémg havithgar ©g9endsar boscarsmen @Gkallh@eﬁﬁécess according
to claim 100, wherein R3 in fornula (12) is a meth group. 10 102. The
proce§s Q&QﬁQﬁHQ§rt@ éﬁ?eﬂﬁ€ éf56pdﬁﬁ§8§etpéeﬁoby PéPndéré8ﬁﬁéUﬁd
represented by fornul a -NHNC '/1-~p_(14) SRl (wherein R
represenF?R&%ﬁﬂ%%*%ﬁﬁb 06 u&ﬁ%dﬁ@ﬂlFﬁtéﬁsaﬁﬁ9g

}—NH
HN

R3 R*

o (12)

- (wherein R® and R* represent the same as the above)}.

10 91. The process according to claim 90, wherein the alkali
metal hydroxide used is sodium hydroxide or potassium

hydroxide.

92. The process according to claim 90 or 21, wherein water
15 1is used in an amount of 0.1 times to 10 times the weight of
the racemic 5,5-disubstituted hydantoin derivative

represented by formula (12) or its salt.

93. The process according to any one of claims 90 to 92,
20 wherein water is used in an amount of 0.2 times to 3 times
the weight of the racemic 5,5-disubstituted hydantoin

derivative represented by formula (12) or its salt.

94. The process according to any one of claims 90 to 83,



group having 1 to 20 carbon atons, a substituted or 15, unsubstituted

aral kyl group having 7 to 20 carbon atons, or a substituted or
unsubstituted aryl group having 6 to 20 carbon atons) is used as the
racem c 5, 5-di subsituted hydantoin derivative represented by fornula (12)
to produce a conpound presented by fornula (1) as the racemc

N- car banoyl --a-am no 20 acid derivative7represented by formula (13): COCH
(1) 99 (wherein R represents the sane as the above) 103. The process

accor di ngvitexrcimitthel Ghsavhiet eigedRlid rad el (O#)1 inhlard edrilalyntgr oup. 5
104. The process according to any one of clains 1 to 5  wherein the

racem ¢ MNadrbaniyd r eeqetinilarst etdlaatdierd vat itte rmeemmdserit,éd by fornmula (1)
or its salt which is produced by the process according to claim 102 or 103
is used. diGUlgH:itAtret dridantaiar kimiiata-wee tiad rssrdiaue bde fioratihee
represented by formula (1) or its salt: Q, ~SRlL COOH (1) (wherein Rl
representl?) stibsittis ytalk or unsubstituted al kyl 15 group having 1 to 20
carbog atons, a substituted or unsubstituted aral kyl group having 7 to 20
carbon atons, or a substituted or unsubstituted aryl group having 6 to 20

parbon at%gg).

The process according to any one of claims 90 to 94,
wherein the base is used in an amount of 2 molar equivalents
to 5 molar equivalents relative to the racemic 5,5-
disubstituted hydantoin derivative represented by formula

10 (12) or its salt.

96. The process according to any one of claims 90 to 95,
wherein water is used in an amount of 0.2 times to 3 times
the weilght of the racemic 5,5-disubstituted hydantoin

15 derivative represented by formula (1l2) or its salt, and the
base is used in an amount of 2 molar eguivalents to 5 molar
equivalents relative to the racemic 5,5-disubstituted

hydantoin derivative represented by formula (12) or its salt.

20 97. The process according to any one of claims 90 to 96,
wherein a solvent comprising water alone or a mixture of

water and an organic solvent is used.
98. The process according to claim 97, wherein the organic
25 solvent used in combination with the water is a hydrocarbon

organic solvent.

- 99. The process according to any one of claims 90 to 98,



20 106. An L- or D-optically active N-carbanpyl-a- nethyl cysteine
derivative represented by fornmula (3 100 (wherein Rl represents a
substituted or unsubstituted alkyl group having 1 to 20 carbon atons, a
substituted or wunsubstituted aral kyl group having 7 to 20 carbon atons, or
a substituted or unsubstituted aryl group having 6 to 20 carbon 5 atons),
or formula (10) : 1 4) H2N' ~N COOH (g¢l (wherein R ' represent the sane as
the above), or its salt. 107. The conpound according to claim 105 or 106,
wherei n Rihdfkirs thd erddariyvmldetipegiaaupchad vy °4& tt@ 419 ocar.bon atoms 108.
The conpound according to claim107, wherein the tertiary alkyl group is a
tert-butyl group. 15 109. A D or L-optically active 5-nethyl-5-
t hi.onet hylhydant oi n derivative represented by forrmula (2): or formula (7)
101 wherei A0R. |iBha protéss yaatdaydimy oup dayione of occlbinarPdntat Vs, or
its salt. 5 110. 'I;he conpound according to claim 109, wherein the tertiary
al kyl grotpisim R'ein- farphlgr 6dp) 16 ai1subanituted propnpshbtgtuteidve
a- met hyl cyst ei ne

5" primary alkyl group having 1 to 6 carbon atoms.

101. The process according to claim 100, wherein R® in

formula (12) is a methvl group.

10 102. The process according to any one of claims 90 to 101,

wherein a compound represented by formula (14):

O  H
N
HN o (14

SR

(wherein R' represents a substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, a substituted or

15 unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 20 carbon
atoms) is used as the racemic 5,5-disubsituted hydantoin
derivative represented by formula (12) to produce a compound
presented by formula (1} as the racemic N-carbamoyl-a-amino

- 20 acid derivative represented by formula (13}:

O SR
/”\ >( (1)

H;N" "N~ “COOH




derivative represented by fornmula (4): H2N' "COON or fornula (8): (4) .~SR2
H2N COOH (8) (wherein R2 is a substituted or unsubstituted al kyl group
having 1 to 20 atons, a substituted or unsubstituted aral kyl 15 group
having 7 to 20 carbon atonms, or a substituted or wunsubstituted aryl group
having 6 to 20 carbon atons), or its salt. 102 112. The conpound
according to claim 111, wherein R2 is ggtertiary alkyl group having 4 to 15
carbon atons. 113. The conpound according to claim 112, wherein the 5
tertiary @lledeid! QPrepraskatl- BHEYkafboHR. thé4apbiel- or D-optically
active 5-nmethyl -5 thionmethyl hydantoin represented by fornula (6): (s~ 10 or
formula (11): or its salt. 103 ABSTRACT The present invention provides a
sinple industrial process for producing an L- or D-optically active a-
met hyl cyst é0Be deine vatdoesoradtsrdahd , tahtthimsle2 uysefeteird phammceuti ca
I nternmedi ate, fromreadily avail abl e,

formula (14) is a tert-butyl group.

5
104. The process according to any one of claims 1 to 5,
wherein the racemic N-carbamoyl-oa-methylcysteine derivative
represented by formula (1) or its salt which is produced by
, the process according tc claim 102 or 103 is used.
10

105. A racemic N-carbamoyl-a-methylcysteine derivative
represented by formula (1) or its salt:
J(J)\ >(SR1 '

H,N" “N” ~COOH

(wherein R' represents a substituted or unsubstituted alkyl
15 group having 1 to 20 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 20 carbon atoms, or a

substituted or unsubstituted aryl group having 6 to 20 carbon

atoms).

20 106. An L- or D-optically active N-carbamoyl-o-

methylcysteine derivative represented by formula (3}:

0, SR
ol 5

N~ >N~ “COOH

H
2 H




| nexpensive raw materials. In a process for producing an L- or D-optically
active a-nethylcysteine derivative or its salt, a racemc N

car banoyl - a- net hyl cystei ne derivative or its salt is D 10 selectively
cyclized with hydantoi nase to produce a D 5- nethyl-5-thionethyl hydant oi n
derivative or its salt and an N carbanoyl - a-net hyl -L-cystei ne derivative
or its salt, which are then subjectedgpo deprotection of the am no group
~and the sulfur atom and hydrolysis. 15

(wherein R' represents a substituted or unsubstituted alkyl

group having 1 to 20 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 20 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 20 carbon

5 atoms), or formula (10):

O +~ SR

X

HN" N ~cooH  (10)

(wherein R' represent the same as the above), or its salt.

107. The compound according to claim 105 or 106, wherein R!

10 is a tertiary alkyl group having 4 to 15 carbon atoms.

108. The compound according to claim 107, wherein the

tertiary alkyl group is a tert-butyl group.

15 109. A D- or L-optically active S5-methyl-5-

thiomethylhydantoin derivative represented by formula (2):

O H

N
'S (2)

HN 0O
\\“\‘, S R 1

or formula (7):



101
O  H
SN
HN o ()
“»—8R!

wherein R' is a tertiary alkyl group having 4 to 15 carbon

-atoms, or its salt.

5 110. The compound according to claim 109, wherein the

tertiary alkyl group is a tert-butyl group.

111. An L- or D-optically active oa-methylcysteine

derivative represented by formula (4):

L
HN >cooH (@)

10

or formula (8):

SR?
N7

HN" >cooH (@)

(wherein R® is a substituted or unsubstituted alkyl group

having 1 to 20 atoms, a substituted or unsubstituted aralkyl
15 group having 7 to 20 carbon atoms, or a substituted or

unsubstituted aryl group having 6 to 20 carbon atoms), or its

salt.



102
112. The compound according to claim 111, wherein R? is a

tertiary alkyl group having 4 to 15 carbon atoms.

113. The compound according to claim 112, wherein the

5 tertiary alkyl group is a tert—butyl group.

114. An L- or D-optically active 5-methyl-5-
thiomethylhydantoin represented by formula (6):

O  H
N

HN>)<O (6)
“—SH

10 or formula {(11}:

O. H

T (1)

HN O
w S

H

or its salt.



10

15

103
ABSTRACT

The present invention provides a simple industrial
process for producing an L- or D-optically active a-
methylcysteine derivative or its salt, which is a useful
pharmaceutical intermediate, from readily available,
inexpensive raw materials.

In a process for producing an L- or D-optically active
a-methylcysteine derivative or its salt, a racemic N-
carbamoyl-o-methylcysteine derivative or its salt is D-
selectively cyclized with hydantoinase to produce a D-5-
methyl-5-thiomethylhydantoin derivative or its salt and an N-
carbamoyl-a-methyl-L-cysteine derivative or its salt, which
are then sﬁbjected to deprotection of the amino group and the

sulfur atom, and hydrolysis.



