.S Decenber 2006 1 DESCRI PTION PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE

“a- METHYLCYSTEI NE DERI VATIVE 5 Technical Field The present Dégstrbet2006h
relates to a process for producing an optically active L- or

D- (x-nmet hyl cysteine derivative or its salt which is useful as an
“internediate for pharmaceutical products. 10 Background Art Known
processes for producing an opticallyjactive L- or D a-nethylcysteine
derivative or its salt include the following: 15 1) A process asymetric
met hyl ati on of an optically acbrgerthirazal i di ne conpound produced from
optically active cysteine and pival al dehyde (W001/72702). 2) A process of
asymet r i ERORESAEFDRI AaRODUCDRGaOPTOORLTE hyTavti weMprazobyse sa@mpound

pr oduced fron1opt|cally 20 active al ani ne and benzal dehyde (J. Org. Chem,
1996, 61, 3350-3357). 3) A pragssi/agfiveet hyl ation of a thiazoline
conpound produced fromcystei ne and cyanobenzene, and isolating and
purifying the resulting racem c thiazoline conpound by chiral 25 HPLC

(Sy Iett 1994, 9, 702 704) 4) A process of asynmetric brononethyl ation
of Technical Fiel a :

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—awmethylcysteine derivative or its salt include the
following:
i5 - 1) A process asymmetric methylation of an dptidally

active thiazolidine compound produced from opticélly active
cysteine and pivalaldehyde {(WO01/72702) . o |
2) A process of asymmetric thiomethylation of an
optically active 0xazol®nercompoﬁnd produced'from'optiéally
| 20‘_active‘alanine and benzaldehyde (J. Org. Chem., 1996, 61,
3350-3357) . |
3) A process of‘ﬁethylation of a thiazoline compound
iproduéed from cysteine and cyanobenzene, and iSOiatiﬁg and
purifying the resulting raéemic thiazoline COmpound.by chiral
25 HPLC (Synlett., 1994 9, 702 704)
| 4) A,process of asymmetrlc bromomethylatlon of an
 thically active diketopiperazine compound Synthesized frém

optically active valine and alanine, and replacement of




optically active diketopi perazi ne conpound synt hesi zed from optically
active valine and al anine, and repl acement of 5 Decenber X0@&emper2qes

brom ne atom of the resulting conpound by an alkali metal 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 obtai ned by Sharpless asynmmetric oxidation of

2- met hyl - 2- propene-1-ol (J. Og. Chem, 1995, 60, 790-791). 6) A process of
met hy| dtficorbmimiard rdrmml anfi ccleei te suler i vgt comsSoutlesypnehr L Zrsi 9nmof a1 he
product with pig liver 10 esterase (abbreviated as "PLE" hereinafter), and
react i el kifl e lradsul tSyng-ressyimet¥9&3 ester3&ith an al kali net al

t hi oacetate (J. Am Chem Soc., 1993, 115, 8449-8450). Any of processes 1)
to 4) requirds & dwoceserfaturthe exptdioromi o h Eni @kpensh vehdase such as
butyl lithium 15 Process 5) is conplicated by a |arge nunber of steps, and
requi r 8@N&Adus aGtide srziedstimg whirdngentprerfreek ebramn ephe of process 6)

is the dg‘—sléggﬁ”i zation of the diester by PLE as esterase etc., but PLE
canhot 9B Yy aGtaEEy SsaEiredt Dy cigel miistined ki afkapekesse of

~difficulty in mass _productio 0 of PLE, thereby making the process
unpr acti A e & é)f(gld@ lo&nf%%e“&ﬁ”ﬂhe‘%‘%%&"%ﬁl ot Ehs ¢hebe sol ved

as an qigRdustt, al79;ar__9%¢i§s for producing an optically active nethylcysteine
derivative’or. ' its salt.- - _

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

10 éstgrase (abbreviated as "PLE" hereinafterj, and reaction of
the resulting asymmetric esteriwith an alkali metal
thioacetate (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 éteps, and
requires various kinds of ekpensive‘réagents- The key step
of process 6) is the desymmetrization of the diester.by PLE
.és esteraseretc;, 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.methjlcysteine.dérivative produced

25 by any one of the aboveudeSCfibed processes and the like(,)
can be converted to optically active dfmethylcysteine or its
salt by appropriate deprotectidn.if necessafy . The

resulting optically active a-methylcysteine or its salt is




The optically active nethyl cysteine derivative produced - 25 by any one of
the above-described processes and the like(,) can be convePewmber006
optically active a-nethylcysteine or its salt by appropriate deprotection
if necessary The resulting optically active a-nethylcysteine or its salt is
S Decenmber 2006 3 preferably isolated and purified by crystallization.
However, there has been no known exanple of isolation of optically active
cc-nethyl cysteine or its salt by crystallization. Only the above-descri bed

mc01/72ﬁﬁéfetab1gisebmaeeaxaﬁmlgarq&ﬂédfg?eﬁﬂyytaiﬂﬁ%&%f@ﬁynﬂgg%eggggte to
a method in which a thiazolidine conpound which is an optically active a-
met hyl cyseeenbadebkeat hoe khswdeprangtied fwikh1Aydoachifobke i-aging, resul ting
an aqueous solution of optically active a- nmethylcysteine or its salt is.
concentatévet e—-peoluteyvatsdhedpri@tandailn sonmergases lizhe isel.i dohsywashed
with an organic solvent to isolate the conpound. However, as a result of

i sol at i Be opbetie-deapoihedalebldidg0Roethi. sdisthode t hexanpentef s have
found that a solid is precipitated with concentration of t he aqueous

sol gti o%ﬁ%%ll%-tr%l%%@reexaweqml@t%dmoﬁb?ummﬁnlmgehmtnp o
cont ai nj.n r.to make stirring difficult. so, en concentration is
contihu%%gaggiidﬁﬁ?iﬂoﬁPPBﬂﬁlVhaﬂ et8saooPhéCcadlLy aﬁﬂlﬁﬁn@s to a non-
fluid state . Therefore, the operation of concentrating the aqueous

sol uti o“ﬁg‘i%ylp‘?%%f%%?%t @eﬁl’gﬁfiﬂei %Sdiq%%%ﬁf:é@@owétésgzdraﬁhitﬁawt rial

QPEfaIié&&df”%%é@ftfHéiQntgggéoﬁg ggluggggeg%tggtically active o-
| 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 coméound-according to this method, the
inventorS-haverfound that a solid is precipitated with
COnéentration of'the aqueous solution, and at the .same time,
—15 the Solid becomes'a large lump containing watef to make
. stirring difficult.r Also, when cOncentration is continued,
the solid strongly adheres to the wall and éomes to a non-
_fluid.state. Therefore, the operation of concentrating the
. agueous solutioﬁ to précipitate a solid is disadvaﬁtageoUs 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 WO01/72702 etc.
‘are-unsuitable for industrial production.
- 25 - ‘Furthermore, if the inséluble inorganic salts generate
| aﬁd are mi%ed in the optically active a -methylcysteine or
its salt obféined by deprotection of optically active .

~methylcysteine derivative during -the reaction or a post-



wi th concentration. This causes difficulty in stirring a crystallization
solution and isolating the solid. Therefore, the isol ati oneserpRIgeos

di scl osed in the above WOA / 72702 etc. are unsuitable for industrial
production. 25 Furthernore, if the insoluble inorganic salts generate and
are mxed in the optically active a-nethylcysteine or its salt obtained by
deprotection of optically active ., neghyl cysteine derivative during-the
reaction or a post 5 Decenber 2006 4 treatnment step |ike neutrization
etc., tiesanoemansicesal tke canmotibet femoved. pychbeiabpyendesssibed
conventional nethod. Furthernore, a-nethylcysteine or its salt is unstable
agai nstcaoxidathonremaved leasihy donverdeskctbbaddesulréntdeohyl hethod.

di meri zation. For exanple, dinmerization of cysteine having a simlar
structure rapieiieproeeedsnotpy bodyeee byst oneit Psat ei hs Chentsbty 1, Ami no
Acid Peptide, Kyoritsu Shuppan, p- 326). Also, dinerization of

a- met hyA 43/t e ieditdlckdtsand ipreaiicky censettedeto anddihel @idel by de. cannot
be gasi|y 10 renpved and is unavoidably mixed in a product.. Therefore, it
is Pnp 1 3364t -ab[Fiodh SxapPdCe s S 18gFdMad ism <ifyMivistedme yavsmspreessi ng
the production gnd mixing of, a disulfide. It is thus strongly demanded to
establ isHarf " i%ﬁ}é‘ﬁq%ﬁ I%S/al‘b]r@clf iIREACH St} Pepduppropibiely 15

sl nE A e 1) AR e U e IR rste e o s sl
.a ConcgkﬂﬂqleAlso, dimerization of a-methylcysteine proceeds to
' prbduce a disulfide, and the disulfide_cannot be easily
10 removed and is unavoidably mixed in a product. Therefore, it
~is important to establish a pfocess Capable of significantly
suppressing the production and mixing of a disulfide.
| It is thus strongly demanded to éstablish an
industrialiy_practical process for appropriately
15 cfystallizing a high-quality optically active d—
methylchteiné or its salt to obtain thé compound as crystals.
Apart from the conventional processes, a conceivable
process for simply producing an optically active a~
methylcysteine derivative is to convert a racemic a;
20 methylcysteine derivative to an optically active a-
methylcysteine.derivative by eniymatic resolution.  In order
”-  to realize this method, it is important to establish a |
. process for producing a racemic a-ﬁethchysteiné derivative
to be supplied to optical resolution and enzymatic reaction
125  having.high‘optical-resolutidn ability. It is also important
to properly select a racemic a-methylcysteine derivative to
- be supplied.to the enzymatic optical resolution.

In order to realize the process using enzymatic optical,




process for sinply producing an optically active a- nethyl cysteine
derivative is to convert a racemic a 20 methyl cystei ne derdRagembes 2886 an
optically active a- methylcysteine derivative by enzymatic resolution. In
order to realize this nmethod, it is inportant to establish a process for
produci ng a racem c a-nethyl cysteine derivative to be supplied to optical
resol ution.and enzymatic reaction 25 &Kaving high optical resolution
ability. It is also inportant to properly select a racenmc

a- met hydewysitied ten deri va | Ment Oredder 1541PPA | 84491 4 e QnaymL) & opld cal
resolution. In order to realize the process using enzymatic optical 5 _
Decenmbete 2006 i e nesal Uid an,sildst St S ask tdaip By reafcf%étfiv%—lgﬁt hyl cyst ei ne
derivative used as a substrate can be sinply effectively produced,
conf or perdduddue, subsiomie spadid iibyt etanenzyimi @t Ras R, ecting
group or an auxiliary group suitable for 5 achieving high

st ereoselcedtdyia yprawutitivey prmtuge tamgagraoui lora ryauwdduparsa igladile Gar be
sinply renmoved after enzymatic reaction. Fromthis viewoint, a preferred
racen @cariawmiry Ifolymt of ive abeve heatti el s, samd\Hder parodctd-nre gnohagy steei ne
derivative. = 10 It has been known for a long tine that hydantoi nase known
" as .a hpdrdildse f SFrQUmhgaspdsi g mifl hyekarwsich aflter ecatvalafZes a rever se
reaction of converting N-carbanoyl-a- am no _acid to corresponding

5- subs e P hy dARPBI RPipt VievWPPRUE eRpREEEETTREL raeaBief dthe opti cal

i soners he racemc, . ) . . o
- méghficystelne derivative is an N-carbamoyl-a-methylcysteine

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-o-
amino acid to corresponding S5-substituted hydantoin. It is
thus expectéd that one of the optical isomers of fhe racemic

15 N~carbamoylwa—methleYSfeine derivative ié selectively

| converted to hydantoin with the enzyme and subjeéted to
optical resolution. The optically active N—carbamojl—dn

- methylcysteine derivative‘obtained by optical resolution can
easily be converted to an optically active a—methylcysteine

20  derivative by decarbambylation. 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 canrfhus be led to an
optically active a-methylcysteine derivative {(having a

25 - configuration reverse to thaﬁ of the product directly
obtained by optical resolution) through ring-opening

"hydrolysis and décarbamoylation.

The racemic N-carbamoyl-a-methylcysteine derivative can




15 N-car banoyl - a- met hyl cystei ne derivative is selectively converted to
hydantoin with the enzynme and subjected to optical resol uiDeembatieos
optically active N carbanoyl-a- nethylcysteine derivative obtai ned by
optical resolution can easily be converted to an optically active

a- met hyl cystei ne 20 derivative by decarbanoyl ati on. The ot her product of
the optical resolution, i.e., an optgcally active 5-nethyl-5-

t hi onet hyl hydantoi n derivative, is equivalent to an optically active

a- met hdec st dler \@nibit ANb e JE tah%;%:ﬁerdl_ed:htegli_%al iR Ippacti ve

a- met hyl cystei ne derivative (having a 25 configuration reverse to that of

t he preducdthediirzscig an ehtiaioned iky 0t iNala fee@hUkiaB) tReeuakr.i ng- openi ng
hydr ol ysi s and decar banoyl ati on. The racem ¢ N-car banoyl - a- net hyl cyst ei ne

deri vatiorewean % Deovemser 2006 robiued rgr atiec ed deyiconbicaabiayaf-ca gener al

chem cal nmethod for synthesizing an am no acid and N-carbanoyl ati on

react i eethyiowserinea demsress vieod nprodueilig nulderaognise eiNsc anbiamayh- a-

~nmethyl cysteine derivative in a small nunber of steps and high 5 yield has
not J yetyligdeh hest aigiti stedd beanksstmbdsiaimeide of a general process for
produci ng a_ racem ¢ N-carbanoyl - a-di substituted am no acid conpri ses
converting &nkaCEToRE2HELRY &L Re JEBeradeRireCc8s5- dosubsbidtgtied ahydant oi n by

t he Bucherer, thod, hydrolyzing the racem c 10 5, 5-di substituted hydantoin
to pr o&&&&m&%ngegﬁﬁ%’a OydreiRderbatdduirrnemaspdagadi ¢anpyaseAgr. Bi ol .

Chem, 1971, . ) ) .
converting an acetone derivative to racemic 5,5-disubstituted

hydantoin by the Bucherer method, hydrolyzing the racemic

10 5,5-disubstituted hydantoin to produce a racemic o-
disubstitu?ed amino acid deriﬁative (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.uéed as the
ureido group (carbamoylamino group: ~NHCONH:;} of the racemi%
N-carbamoyl-a~disubstituted amino ‘acid defivative. Also, the
method requires the three steps and is thus. inefficient.
| On the other hand, as a method for producing a‘carbamoyl

".20 'compouhd withdut passing through an amino acid.produced.by
hydrolysis of hydantoin, a méthod 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-oa-
methylcysteine'derivative according to this method, the

.25 inventors found that the targét'compound can be obtained in
‘only 25% yield. Namely, a pﬁocess for producing a racemic N-
 carbamoyl—a—disubstiﬁuted aminO‘acid deriﬁative, particularly

a racemic N—carbamoyl~a*methyloysteine-derivative,,in_a small



35, 53-58), and then N carbanoyl ating the derivative by treatnment with

pot assi um cyanate. However, in this nmethod, the ureyl ene Hbhetembér ABCONH- )
of the racemc 5,5 15 disubstituted hydantoin cannot be effectively used as
the wureido group (carbanoyl am no group: -NHCONH2) of the racemc

N- car banoyl - a-di substituted am no acid derivative. Al so, the nethod
requires the three steps and is thus. inefficient. On the other hand, as a
met hod for producing a carbanoyl 20 conmpound without passing through an

am no aci roduced b hydrol ysis of hydantoin, a nethod of hydrolyzing
with cal ﬁ%"fh%‘?pc?xf%‘é h&\é]édylﬁigah%agﬁ? Yes RefowRctabsishesig 859). However,

as B nesult Al RLodicl kaRa0f,3y ! ALRILE I SRIABIDY oy JPLINLENSLE! N

deri vative according is met Avent or s at"the target

conpoung: gaf,Rgi ORtal Ao N a-RNG1 2pdeYhéel i NATRLY  s3aREQc eSS for

produci ng a racem ¢ N carbanoyl -a-di substituted am no acid derivative,
parti cuwnkbyined PACBET Lo eaf Ranpybriazsedhybcystienes dekbvdesve, in a snal |
5 Decenber 2006 7 nunber of steps and high yield has not yet been

est abl isisetivtion pheesthir whackd a whtdnireSpecbateyleagyrtaticed opt i cal
resolution of a racem c N carbanoyl -a-nethyl cysteine derivative, Japanese
-~ Unexani&dvdivents Appreasatleomn vPubldveatjeonbRoiredted398thdi scl oses a

resol ution process in which a racem c N-carbanpyl-am no acid derivative is
st er eoSHPBRITVRTS E9ETCFed 5y PRIERE MMt ofi TR Ctifdahtdt NagEbareidever, the
possi bi ] ity ﬂf reactign .of _an N-car *%EQPVJi'scfas%%t Qgrl csylst eine derivative is

nei t her™ f:lr_‘l SO SR Ror Syt teds et ggested.

Summary of the Invention

In consideration of the above-described situation, disclosed
herein is an industrially practical brocess capable of simply
producing an optically active L- or D-o-methylcysteine derivative or
ité salts, which is useful as a pharmaceuticai intermediate, from
readily availabié, inexpensive raw materials. |

Disclosedris a process for producing an o-methyl-L-cysteine
aerivative or its salt, the process comprising treating a racemic N~
carbamoyl—af methylcysteine derivative or its salt with a hydantoinase
to selectively cyclize the D-iscmer and form a D-5-methyl-5-
fhiomethylhydantoin derivative or its salt'and an N- carbamoyl-o-
methyl-L-cysteine derivative or its salt, andrthen decarbamoylating
the N—carbémoylna—methyl—L—cysteine derivative or its salt and

. deprotecting the sulfur atom.

Disclosed further is a process for producing an o—




Summary of the Invention In consideration of the above-described situation,
disclosed herein is an industrially practical process capabtembér 20D&mpl y
produci ng an optically active L- or D a-nethylcysteine derivative or its
salts, which is useful as a pharmaceutical internediate, from readily
avai | abl e, inexpensive raw materials. Disclosed is a process for producing
an a-nethyl-L-cysteine derivative or its salt, the process conpri sing
treating a racem ¢ N carbanoyl - a- ngthylcysteine derivative or its salt
with a hydantoinase to selectively cyclize the Disoner and forma

D- 5- metdythy 5-i-hiyorBiayhbydapt Al 0, 080d Yati Ven0rodots S dokpiidngn N

car banoyl -a- nethyl-L-cysteine derivative or its salt, and then

decar baiirbagding a tiie-he sl berapy bmachy@hiddnthi € Yok @b e velesd Makiyargr its
salt and deprotecting the sulfur atom D sclosed further is a process for
produciang, deprogiett Degcenbenl 206 tol. Methydmbrey shei heredestvati ve or its
salt, the Erocess conprising hydrolyzing a

D- 5- netd4ffebEishkfonetinglhyeameditar chifievhively produringal tacemandidepr ot ecti ng
the sulfur atom Furthernmore, the inventors established a sinple nethod

for ef fECPIRRIYIITAULTIRTANT SeEhTREING wsechasnsy Faw-Bderid pét diene

derivatjive Q§ed as raw material of the above-described processes.
.aboye-~ ESCFl e process?s. . : . .
Accordingly, a tirst aspect of the present invention provides a process

for producing a D 5-nethyl-5-thionmethyl hydantoin derivative represented by
formula (2) or its salt: O
' Accordingly, a first aspect of the present invention provides a

process for producing a D-5-methyl-5-thiomethylhydantoin derivative

represented by formula (2) or its salt:

O

(2)

(wherein R! repfesents a sﬁbstitutedlor unsﬁbstituted 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); and én N—carbambyl—a—methyl-

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

- sSR!
0

A

HN N COOH
H .

><

- (3)

(wherein R' represents the same as the above), the process comprising

treating a racemic N-carbamoyl-o-methylcysteine



HV O SR? (2) (wherein Rl represents a substituted or unsubstituted al kyl
group having 1 to 20 carbon atoms, a substituted or unsubsbédembecoes al kyl
group having 7 to 20 carbon atonms, or a substituted or unsubstituted aryl
group having 6 to 20 carbon atons); and an N carbanoyl -a-nethyl - L-cysteine
derivative represented by formula (3) or its salt: 3RD X HZ\ H COCH (3)
(wherein Rl represents the sane as the above), the process conpri sing
treating a racem c N carbanoyl -a-nmet hyl cysteine 5 Decenber 2006 9
derivative represented by formula (1) or its salt with a hydantoinase to
selectively cyclize the D-isomer: SR§ O HZN H COON (1) (wherein R
represents the sane as the above) A second aspect provides a process for

produc:a@rigatarm&ﬁﬁasenteocwtﬂﬁawe«ﬂ)V@@ iite LQRrgsented by formula (4) or
its salt: SR

hydantoinase to selectively cyclize the D-isomer:

_ SR!
z’ﬁ:\ :>z<i’f
H,N N
2 H

COCH
(1)

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

A second aspect provides a process for producing an o-methyl-

L-cysteine derivative represented by formula (4) or its salt;

SRZ

4
=
<
.

H,N COOH
, (4)

(wherein R® represents a hydrogen atom or 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), the process. comprising decafbamoylating the N-
carbamoyl-a-methyl-L-cysteine derivative represented by formula (3)

or its salts, and, if required, deprotecting the sulfur atom:

(3)

{wherein R' represents the same as above)



H2N COON (4) (wherein R2 represents a hydrogen atomor Rl represents a
substituted or unsubstituted al kyl group having 1 to 20 caPémmbat2ods, 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),

t he process conprising decarbanoyl ating the N

car banoyl - a- net hyl - L-cystei ne derivative represented by formula (3) or its
salts, and, if required, deprotecting the sulfur atom SRS HZN j, N LOOH
H (3) (wherein Rl represents the s as above) 5 Decenber 2006 9a A
third aspect provides the process according to the second aspect,
conprising adding an acid to the reaction solution after decarbanoyl ation
reaction to deGheasgstdi® Phvibdersdy, cryst @LJ:&% gtoatﬁé)@%ad represent ed
by forrmula (4) in which is the sanme as ormula (3). Afourth
aspect FpevtdesmsriRingesidihdnpiadued rtgleaﬁeaaauaietézbyhtigrpyﬁﬁ&l ne represented
by formula (5) or its salt: SH 112N : (5) the process conpri sing

t r eat i mMpcavibdneyaatizae thacaiconpodeittease the pH, thereby crystallizing

"a compound represented by formula (4) in which R? is the same as R' in
formula (3).
A fourth aspect provides a process for producing an o-

methyl-L-cysteine represented by formula (5) or its salt:

(5)
the process comprising treating, with an acid, a conmpound
" produced by the process according to the second aspect and
represented by formula {4) in whlch_R? is the same as R! in

formula (3), to deprotect the sulfur atom.

A fifth aspect provides a process for producing an o-

methyl-L-cysteine represented by formula (5) or its salt:

{5)

the process comprising treating, with an acid, an N-carbamoyl-o-—
methyl-L-cysteine derivative represented by formula (3) or its

salt:




produced by the process according to the second aspect and represented by
formula (4) in which R2 is the sane as R in formula (3), 5Decegger 208ct t he
sul fur atom A fifth aspect provides a process for producing an a-

nmet hyl - L-cysteine represented by formula (5) or its salt: SK H N 011 (5)
the process conprising treating, with an acid, an N carbanoyl -a-

nmet hyl - L-cystei ne derivative represented by fornmula (3) or its salt: 5
Decenber 2006 9b R ,rSR3 H2N N COOH H (3) wherein Rl is a tertiary al kyl
group having 4 to 15 carbon atons, to sinultaneously perform

decar banoyl ati on and deprotection of the sulfur atom Furthernore, one
enbodi nent provides a process for prgducing an a-nethyl-L-cysteine
represented by fornula (5) or its salt: SH H2N COON (5) the process
conprising treating an N-carbanoyl -a-nethyl-L-cysteine derivative

represented by f(jjtiléfié?qugFals salt in 5 Decenber 2006

H,N~ "N~ “COOH
H 3)

wherein R! is a tertiary alkyl group having 4 to 15 carbon atoms,
to simultanecusly perform decarbamoylation and deprotection of
the sulfur atom.

Furthermore, one embodiment provides a process for producing

an o-methyl-L-cysteine represented by formula (5) or its salt:

(5)

the process comprising treating an Nmcafbamoyl—a—methyl—L—cysteine

derivative represented by formula (3} or its salt in




10 which R is a tertiary alkyl group having 4 to 15 carbon atons with an
acid to sinultaneously perform decarbanoyl ati on and depr otsdcember@bos t he
sul fur atom Furthernore, disclosed is a process for producing

L- 5-met hyl - 5- thi onet hyl hydantoin represented by fornmula (6) or its salt: O
-N 11V O ' =SH (6) the process conprising cyclizing

N- car banoyl -a-nethyl -L cysteine derivative (3) or its salt and
deprotecting the sul fur atomthereof. Accordingly, a sixth aspect provides
a process for producing L- 5-nethyl-5-thionmethyl hydantoin represented by
fornula (6) or its salt: O HN O () the process conprising cyclizing an
N- car banoyl - a-nmet hyl - L-cysteine derivative represented by formula (3) or

its saldnicBRE ié"ZethM:tcj‘:% a(l"-'rt)yl %Q%E%Q?&Eg 2PQ8 15 carbon atoms with an
acid to simultaneously perform decarbamoylation and deprotection of
the sulfur atom.
Furthermore, disclosed is a process for producing L-5-methyl-5-

thiomethylhydantoin represented by formula (6) or its salt:

0
$ H
N
HN.
. 0
a—

(6)

the process comprising cyclizing N-carbamoyl-o-methyl-1 cysteine
derivative (3) or its salt.and deprotecting the sulfur atom thereof.

' Accordingly, a sixth aspect provides a process for producing L-
S5-methyl-5-thiomethylhydantoin represented by formula (6) or its
salt:

| (6)

~the process comprising cyclizing an N-carbamoyl-a-methyl-L-cysteine

derivative represented by formula (3) or its salt:




10a (wherein Rl represents a substituted or unsubstituted al kyl group ]
having 1 to 20 carbon atons, a substituted or unsubstit ut edlDecermikk3d006 gr oup
having 7 to 20 carbon atoms, or a substituted or wunsubstituted aryl group
having 6 to 20 carbon atons), and deprotecting the sulfur atomthereof. 5
Decenber 2006 10b A seventh aspect provides the process according to the
sixth aspect, conprising cyclizing the N-carbanoyl-a-nethyl-L-cysteine
derivative represented by formula (% or its salt to produce an L-

5- et hyl - 5-t hi onret hyl hydant oi n deri vafi ve represented by fornmula (7) or
its salihefit N HN-Osdnfl o (MhekeinR o'i%s%&a%@&&ge%ea%ﬂfﬁe gd8ufhe above),
and then treating the derivative or its salt wth an acidto deprotect the
sul fur natomg 1t BereofcarBon eit@hth aspeeti QiR desuldspiaaess according to
the sixth aspect, conprising treating the N carbanoyl-a-nethyl-L-cysteine
deri vagrekkylegregeitaedndy7 fror 40| @arbdh otonst Sosad tsuksthtwaedactrd to

si mul t aneously perform cyclization and deprotection of the sulfur atom A
ni nt h d8peettiprbsd deylagprwcssinmié pe otfuciangoraretammbt Rpld-

deprotecting the sulfur atom thereof.




L-cysteine represented by fornula (5) or its salt: SH H2N GOON (5) the
process conprising hydrolyzing the L-5-nethyl-5- thionethy} Psademhecions
represented by fornmula (6) or its salt which 1is produced by the process
according to the sixth aspect. 5 Decenber 2006 11 Furthernore, a tenth
aspect provides a process for producing an a-nethyl-D-cysteine derivative
represented by fornula (8) or its salt: SR2 .y. H2N COCH (8) (wherein R2
is R or a hydrogen atom Rl represents a substituted or unsubstituted
al kyl group having 1 to 20 carbqp atonms, a substituted or unsubstituted
aral kyl group having 7 to 20 carbon atonms, or a substituted or
unsubstituted aryl group having 6 to 20 carbon atons), the process
conpri si ng fAy&F 612 AT S PRETHAS: She (GREE hTIRFAant oicn ther $ddi ve
represerpest bych@r Mia £4d1:0inkt fhe SRLETbLANI-FLN IR 1.L)steine

derivative represented by formula (3) or its salt to produce an L-

S-methyl-5-thiomethylhydantoin derivative represented by formula

{7) or its salt:

(7)

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

thereof.

An eighth aspect provides the process according to the sixth
aspect, comprising treating the N-carbamoyl-oa-methyl-L-cysteine
‘derivative represented by formula {(3) or its salt with an acid to
simultaneously perform cyélization-and deprotection of the sulfur
atom. '

A ninth éspect provides a process for pioducing an o-methyl-

L-cysteine represented by formula {53) or its salt:

SH

H:N COOH

(5)
the process comprising hydrolyzing the L—5—méthyl—5—
thiomethylhydantoin represented by formula (6) or its salt which

is produced by the process according to the sixth aspect.



(wherein R represents the sane as the above), and, if required,
deprotecting the sulfur atomthereof. 5 Decenber 2006 || & Pgreabenzétfi h
aspect provides the process according to the tenth aspect, conprising
adding an acid to the reaction solution after hydrolysis reaction to
decrease the pH and crystallize a conpound represented by fornmula (8) in
which Rz is the sane as R in fornmula (2), thereby obtaining the conpound
as crystals. Furthernore, disclosed herein is a process for producing a-
met hyl - D-cystei ne represented by formula (9) or its salt: ./ SH H N COCH
(9) the process conprising treating;the conpound represented by fornula
(2) in which RLis atertiary alkyl group having 4 to 15 carbon atons wth

an acid to sjml eousl.y rform hydrolysis reacti.on and deprotection of
the sul fur g%%egﬁ%ceér 3G 1§1as§eﬁ\€ﬁ3 Yhde)aés%éacﬁOC%?SO\’;f’ﬂeD§°§uCp1t’18c%%s f or

pr oduc pAgethgl AketdyyteiDe cyati eatieer epiresanieadoprobrmaul® ©2)i®y shis: salt: ASH
H2N COON (9) the process conprising treating the conpound produced by the
process according to the tenth aspect and represented by fornula (8) in
which R2 is the same as R1L in fornula (2) with an acid to deprotect the

sul fur atom , SR2

P

&
ey
-~
bl

H.N COOH
(8)

(wherein R? is R' or a hydrogen atom. R' represents a substituted or
unsubstituted alkyi group having 1 to 20 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 20 carbon
-étoms, or a substituted or unéubstituted aryl group having 6 to 20
carbon atoms}, the process comprising hydrolyzing D~5-methyl-5-
© thiomethylhydantoin derivative represented by formula (2) or its

salt:

(2)

(wherein R represents the same as the above), and, if required,

deprotecting the sulfur atom thereof.




5 Decenber 2006 I|Ib Athirteenth aspect provides a process for producing
a-nethyl - D-cysteine represented by fornmula (9) or its sal&Dec8hber0td2N COOR
(9) the process conprising treating, with an acid, a conpound represented
by formula (2): O HN OsR (2) wherein R is atertiary alkyl group
having 4 to 15 carbon atonms, to sinultaneously perform hydrolysis reaction
and deprotection of the sulfur atom Furthernore, a fourteenth aspect

provi des a process for produciﬂg D 5- net hyl - 5-t hi onmet hyl hydant oi n
represented by fornula (11) orits salt: 5 Decenber 2006 12 O H ~N HN

An eleventh aspect provides the process according to the tenth
aspect, comprising adding an acid to the reaction solution after
hydrolysis reaction to decrease the pH and crystallize a compound
represented by formula (8) in which F? is the same as R! in formula
{2}, thereby obtgining the compound as crystals.

Furthermore, disclosed herein is a process for producing o-

methyl-D-cysteine represented by formula (9) or its salt:

’/,SH

=
>
&
-
h

H,N COOH
- (9)

the process comprising treating the compound represented by formula
(2) in which R! is a tertiary alkyl group having 4 to 15 carbon atoms
with an acid to simultaneously perform hydrolysis reaction- and

deprotection of the sulfur atom.

Accordingly, a twelfth aspect provides a process for producing

a—methyl—D—cystéine.represehted by fdrmula-(9) or its salt:

SH
o

o
o'
N
oy
LS
:

H,N COOH
(9)

the process comprising treating the compound produced by the
process according to the tenth aspect and represented by formula
(8) in which R’ is the same as R! in formula {(2) with an acid to

deprotect the sulfur atom.




0 ° 5H (U the process conprising carbanpyl ating a conmpound represented
by formula (8): "~ SR2 H2N COOH (8) wherein RZ is the sabeceaberR00G n
formula (10), to produce an N-carbanoyl -a-nethyl -D- cysteine derivative
represented by fornula (10) or its salt: SRS H2N N N'' ~ COOH (10)
(wherein R represents a substituted or unsubstituted al kyl group having 1
to 20 carbon atonms, a substituted or unsubstituted aral kyl group having 7
to 20 carbon atonms, or a substituted or unsubstituted aryl group having 6
to 20 carbon atoms), and then cyclizing the derivative or its salt and
deprotecting the sul fur atomthereof;p5 Decenber 2006 12a Furt hernore,

di sclosed is a process for produci ng D-5-nethyl-5- thionethyl hydant oi n
represented_by fornmuyla (11) or its salt, the rocess conprising treating
"the conpounfl %‘%ﬁg%%gﬁ‘t 8%’%%5 POFIIFS A BFOCShSt ﬁogr?raﬁ‘i“b‘nﬁo“‘ci‘@ﬂ%{"ect t he
sul f ur patpmeifldeeppts@aledybacidrnel H- (arebhydtsSshhi onet hyl hydant oi n
derivative or its salt can be easily converted to optically active

a- met hyl cystei ne by hydrolysis, and as

/SH

Y
%

HoN COOH

(9)
the process comprising treating, with an acid, a compound

represented by formula (2):

(2)

wherein R! is a tertiary alkyl group having 4 to 15 carbon atoms,
to simultanecusly perform hydrolysis reaction and deprotection of

the sulfur atom.

Furthermore, a fourteenth aspect provides a process for
producing D—5—methyl—5—thiomethylhydantoin represented by formula
(11) or its salt: '



wel |l as optically active a-nethylcysteine, the optically active 5-

met hyl - 5-t hi onet hyl hydant oi n derivative or its salt can be Bareinbdrl2g06 used
as a synthetic intermediate for pharnaceuticals and the |ike. Accordingly,
a fifteenth aspect provides a process for 5 Decenber 2006 12b producing a
D 5- net hyl - 5-t hi omet hyl hydant oi n represented by fornula (11) or its salt:
OH HTn SH (11) the process conprising treating, with an acid, a

D- 5-net hyl - 5-thi onet hyl hydant oi n derivative represented by forrmula (2) or
its salt: O ~~-N HN O SRS (2) (wherein R represents a substituted or
unsubstituted al kyl group having 1i40 20 carbon atons, a substituted or
unsubstituted aral kyl group having 7 to 20 carbon atonms, or a substituted
or unsubstituted aryl group having 6 to 20 carbon atons) to deprotect the

sul fur asm 4
N

HN

\ 0
§ SH
(11)

the process comprising carbamoylating a compound represented by formula
(8):

SR2
’,e’

§F
L
£

HpN COOH
(8)

- wherein R’ is the same as R* in formula (10}, to produce an

N-carbamoyl-a-methyl-D-cysteine derivative represented by formula {10)

or its salt:

COOH

sSR!
HN)J\N
2 CH

(10)

(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), and then cyclizing the

derivative or its salt and deprotecting the sulfur atom thereof.




A si xteenth aspect provides a process for producing a-nethyl-D cysteine
represented by formula (9) or its salt: ASH H2N COCH (9) %DEeowebdNc 2006
12c the process conprising hydrolyzing the D 5-nethyl-5-

t hi onet hyl hydantoin represented by formula (11) or its salt which is
produced by the process according to the fifteenth aspect. 5 Decenber 2006
13 A seventeenth aspect provides a process for crystallizing optically
active a-nmethylcysteine or its salt, conprising crystallizing the
optically active a nethylcysteine or _jts salt froman aqueous solution of
t he conpound in the presence of an &@ﬁanic sol vent. Accordingly, an

ei ght eenth aspect provides the process according to the seventeenth
aspect, conprising crystallizing the optically active a-nethylcysteine or
its salt produced by the process according to the second, fourth, fifth,
ninth, twelfth, thirteenth or sixteenth aspects. A nineteenth aspect
provi des, the process according to the seventeenth or eighteenth aspects,
conprising concentrating the aqueous-solution of the optically active
a-nmet hyl cysteine or its salt in the presence of the organic solvent to
renove water fromthe system and replacing water by the organic sol vent,
thereby crystallizing the conmpound.

Furthermore, disclosed is 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 5-
methyl-5-thiomethylhydantoin derivative or its salt can be easily
converted to-optically active o~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'pharmaceuticals and the like.

Accordingly, a fifteenth aspect provides a process for



A twentieth aspect provides the process according to the seventeenth or

ei ghteenth aspects, conprising concentrating the aqueous %Bkesrmiben2086 t he
optically active a-nethylcysteine or its salt in the presence of the
organi c solvent to renove water fromthe system and replace water by the
organi c solvent, filtering off the precipitated slightly soluble inorganic
salt, and then crystallizing the conpound froma solution thereof by
addi ng a poor solvent, cooling, or concentrating. 5 Decenber 2006 13a
Furthernore, disclosed hereinis a Argcess for producing a racemc N

car banoyl -a-am no acid derivative represented by fornula (13) or its salt:
O RR R4 OH HZN N N I O (13) wherein R3 and R independently represent
a substHHEEFIo? D"Gﬁ%?%’é!llﬁ‘lhhéﬂ“% VIYRRbe: Kariesgracd By 2P reatdon atons, a
substi tutiedbr ats wasypbsti tuted aral kyl - group having 7 to 20 carbon atons,
or a substituted or unsubstituted aryl group having 6 to 20 carbon atons),
particularly a racem c N-carbanoyl - a- net hyl cystei ne derivative represented
by formul&y (1) or its salt, the process conprising hydrolyzing, with an
organi ¢ ba van al kali metal hydroxide, a

N

>
-~
=
=

(11)

the process comprising treating, with an acid, a D-5-methyl-
5~thiomethylhydantoin derivative represented by formula (2) or

its salt:

(2)

(wherein R' represents a substituted or unsubstituted alkyl group
having 1 to ZOecarbon-atoms, a substituted or unsubstituted aralkyl
- group having 7 to 20 carbon’atdms, or a substituted or unsubstituted
. aryl group having 6 to 20 carbon atoms) to deprotect the sulfur atom.
A sixteenth aspect provides a process for producing aemethyl—D—

. cysteine represented by formula (9) or its salt: .

//SH

-
Ll
o
&
3

H,N COOH
- (9)




racem c 5, 5-di substituted hydantoin derivative represented by fornula (12)
or itssalt: NH N in\ o 123 R4 (12) (wherein R3 and R Decepber280ft t he
sanme as the above), 5 Decenber 2006 14 particularly a racemc

5- et hyl - 5-t hi onet hyl hydant oi n derivative represented by forrmula (14) or
its salt: OH HN (14) SRl (wherein R represents the sane as the above)
Furthernore, disclosed is a racem c N-carbanoyl-a- nethyl cysteine
derivative represented by fornmula (1) or its salt; an L- or D-optically
active N-carbanoyl -a-net hyl cysteine derivative represented by fornmula (3)
or (10) or its salt; a D or L-opticd&fly active

5- net hyl - 5-t hi onet hyl hydant oi n derivative represented by formula (2) or
(7) or thkSpsildssi Bo¥iGAnR hydS oyl &id itBkYp M kit n@{ 041p having 4 to 15
carbon atonms; an L- or D optical Fy active a-nethylcysteine derivative

r epr esent edethylhodantdoan ( ddprasenhBid My kbamsal t1in whiteh 44 shién substituted
or unsubstituted al kyl group having 1 to 20 atons, a substituted or
unsubstist predicgdabk yhegroogedrarrngrdingot20tleathoheenth aspect.



atons, or a substituted or unsubstituted aryl group having 6 to 20 carbon
atons; and an L- or D-optically active 5-nethyl-5- thionethikdepidantodén
represented by fornula (6) or (11) or its salt. Accordingly, a twenty-one
aspect provides a process for producing a racem ¢ N-carbanoyl -a-am no acid
derivative represented by formula (13) or its salt: 5 Decenber 2006 14a O
R3 Ra OH HZN NH (13) (wherein R3 and R independently represent a
substituted or unsubstituted al kyl 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 atons),
the process conprising hydrolyzing, with an organic base or an alkal

nmetal hydroxide, a racemic 5, 5-disubstituted hydantoin de;;vazk%e -
represented,b fornul r 1 erein

ang R represéﬁ?nf e sa%EP&j:?ﬂ“”é%%ﬁb?nxﬁsFmEﬁi§rgﬁégﬁ& égpect provi des a

racem opbbcanbarmyle a-naeiyleysne o idersaat, i ¥vengrgpi@pented by formula (1)

or its salt:

crystallizing the optically active o methylcysteine or its salt from an

aqueous solution. of the compound in the presence of an organic solvent.

Accordingly, an eighteenth aspect provides the process
according to the seventeenth aspect, comprising crystallizing the
optically active a-methylcysteine or its salt produced by the process

according to the second, fourth, fifth, ninth, twelfth, thirteenth or

sixteenth aspects.

A nineteenth aspect provides, the process according to the

. .seventeenth or eighteenth aspects, 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 replacing water by the organic solvent, thereby
crystallizing the compound,

A twentieth aspect provides tﬁe process according to the
seventeenth or eighteenth aspects, comprising concentrating the
aquecus solution of the optically active o-methylcysteine or its salt
in the presence of the-organic.solvent to remove water froﬁ the system

and replace water by the organic solvent, filtering'off the
. precipitated slightly soluble inorgénic salt, and then crystallizing
"~ the compound from a solution thereof by adding a poor solvent, cooling,

or concentrating. .




SRS HZn H COOH (1) 5 Decenber 2006 14b (wherein Rl represents a
substituted or unsubstituted alkyl group having 1 to 20 caPdrembetdtds, a
substituted or unsubstltuted aralkyl group having 7 to 20 carbon atons, or
a substituted or wunsubstltuted aryl group having 6 to 20 carbon atons). A
twenty-third aspect provides an L- or Dmoptically active N

car banoyl - a- net hyl cystei ne derivative represented by fornmula (3): SS O.-~k
NHINHCH ( 3) (wherein R represents a substituted or unsubstituted

al kyl group having 1 to 20 carbon atQms, a substituted or unsubstituted
aral kyl group having 7 to 20 carbon atons or a substituted or

unsubs%ltuted arvyl gioup having 6 to 20 carbon atons), or fornula (10):
SR KPRFTeERY $Hs C(Sfﬁ)heﬁﬁﬁﬁrleﬁ A RECEPr BEeRTOFITENE Andas®uichiy- above), or

i ts saldarbaryylWerdninb oatitthd@siReel v raykdRscad By b1 QPliz¢ablt Wractive 5-
met hyl - 5 thlonethylhydant0|n derivative represented by fornmula (2)i O

H,N

(13)

(wherein 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 atoms),
particularlyla racemic N-carbamoyl-g-methylcysteine derivative
represented by formula (1) or its salt, the process comprising
hydrolyzing, with an organic base or an alkali metal hydroxide, a
racemic 5,5-disubstituted hydant01n derivative represented by formula

(12) or its salt:

'o_
}-—NH
HN
O
E

(12)

(wherein FP'and‘Rf represent the same as the above),



HN O SRl (2) 5 Decenber 2006 14c or formula (7): O ~N ml O 6R (7)
wherein R is a tertiary alkyl group having 4 to 15 carborb Racember2606 its
salt. Atwenty-fifth aspect provides an L- or D-optically active a-

met hyl cystei ne derivative represented by fornula (4): SR2 H N COCH (4) or
formula (8) SR2  HIN COOH (8) (wherein RZ is a substituted or
unsubstituted al kyl group having 1 to 20 atoms, a substituted or
unsubstituted aral kyl group having 7 to 20 carbon atonms, or a substituted
or unsubstituted aryl group having,§ to 20 carbon atons), or its salt.

particularly a racemic 5-methyl-5-thiomethylhydantoin derivative

represented by formula (14) or its salt:

O  H

N o (14)
SR

(wherein R represents the same as the above).

Furthermore, disclosed is a raéemic N-carbamoyl-u—
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-5-thiomethylhydantein 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 alkyl group having 1 to 20 atoms, a
-substituted or unsubstituﬁed 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 S5-methyl-5-
thiomethylhydantoin represented by formula (6) or (11) or its salt.

Accordingly, ‘a twenty—éne aspect provides a process for
'producing a racemic N-carbamoyl-o-amino acid derivative represented

by formula (13} or its salt:




5 Decenber 2006 14d A twenty-sixth aspect provides an L- or D-optically
active 5- nethyl-5-thionethyl hydantoin represented by forfuDe&ehtyr208N~ SH
(6) or formula (11): O Sri (11) or its salt. Detailed Disclosure of the
I nventi on The present invention will be described in detail below First,
conpounds of the present invention will be described. 5 Decenber 2006 15
In racem ¢ N-carbanoyl - a-net hyl cysteine derivative (1) used in the present
invention, Rl represents a substituted or unsubstituted al kyl group having
1 to 20 carbon atons, a substituteq_or unsubstituted aral kyl group having
7 to 20 5 carbon atons, or a substi tUfed or unsubstituted aryl group
having 6 to 20 carbon atons. Exanples of an al kyl group having 1 to 20
carbon atons include linear alkyl groups such as a nethyl group, an ethyl
group, a n-propyl group, and a n&butyk gpoup; and branched 10 al kyl groups
such as an isopropyl group, an i §fobutylsgroup, a
‘ OH
HyN N
0
0
(13)

(wherein R® and R! independently represent a substituted or
unéubstituted 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), the process comptisiné hydrolyzing, with an organic
 base or an alkali metal hydroxide, a racemic 5, 5-disubstituted-

hydantoin derivative represented by formula (12) or its salt:

RF Rt
(12)

(whereih R’ and R' represent the same as the above).
A twenty-second aspect provides a racemic N-carbamoyl—o-—
methylcysteine derivative.representéd by formula (1) or its salt:

SR!

COCH

(1)




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 prefipaceaber2Rapl es
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 atons .include a phenyl group and a
napht hyl group. An aryl group 20 having 6 to 15 carbon atons is preferred.
Each of the al kyl group, aral kyl group, and aryl group may be

unsubsti tuted or substi t ut ed. Exanpl of a substituent include an am no

, d . | k , | k I
oroup. SRS~ raRrt 58 Baredes Giroans S FCFER Grodh 9 hal ogen
at oms, ﬁ&agpieéo o ANk LOMR: 381016 RUA%0 LS LAGLUAS o o ouPsS

each haV|ng 6 to 15 carbon a suchas a group, a napht hyl

- _group, e@raﬂk??tn{ﬁduﬁhﬁé"%nggfioﬂcp 2oacméorp%%smerOIZQOQubSJtQtHEéJ%IDheny' group,

and an o-net hyl phenyl group. Exanples of an al kanoyl group incl ude

aIkanothgb@upan@achrﬁﬁwmagp2mh@n4061ﬁﬁQb0@aﬁk@n§mm§pch as an acetyl group, -

a propanoyl group, and a butanoyl group. Exanples of an al kenyl group
“i'ncl ude 5 alkemyty-griodpspeeaphoidas oy 12 e bbowcEirdadnyasoiitre §dch as an

et henyl group and a propenyl group. Exanples of an al kynyl group include
al kyl JPERpEoREChTRAVY IysPeine Porewiion atrmsented by formula (3):

JL/(

COOH

‘,\\\\

(3)

(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), or formula (10):

q_
F
Iy

>

I»IZN COOH

© (10)
wherein R represent the same as the ‘above), or its salt .
A twenty-fourth aspect provides a D- or L-optically active 5-

methyl-5-thiomethylhydantoin derivative represented by formula (2):

(2)



such as an ethynyl group and a propynyl group. Exanples of an al koxy group
i ncl ude al koxy groups each having 1 to 10 10 carbon at ons,d Egehbea80G%

met hoxy group, an ethoxy group, a n- propoxy group, and an i sopropoxy
group. Exanples of halogen 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
wi th hydantoi nase, R is preferably & substituted or unsubstituted
tertiary al kyl group having 4 to 15 carbon atons.. Specifically, RL is a
tert-butyl -group, @ tert-pentyl group, or a tert-hexyl group, and
preferably a tert-bbtyl group. 20 In racem c N-carbanoyl -a-am no acid
derivative (13), R3 and R4 independently represent a substituted or
unsubstitgyted alkyl group having | to 20 carbon atons, a substituted or
unsubstit;§§g€ﬁralkyl group having 7 to 20 carbon atons, or a substituted

or unsubsti d aryl group having 6 to 20 carbon 25. atons. Exanpl.es of an
al kyl gro haying 1 to 20 carbon atons, an aral kyl group having 7 to 20

- carbon ato amg,an aryl group having 6 to 20 carbon atons include the

sane groupglas those described above for RL. 5 Decenber 2006 17 The al kyl
group, aral yﬁ—gﬁmUp,,ﬂnd aryl group may be unsubstituted or substituted.
Exanpl es of the subst {?uent “include the same as those described above for

- R, andhsudist Rt uted teliamyr olipd gepeseningdd iy fidramben @t&)s, or

its salt.

A twenty-fifth aspect provides an L- or D-optically active a-

methylicysteine derivative represented by formula (4):

or formula (8):

@

(wherein R®* is a substituted or unsubstituted 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_tQ 20 carbon atoms), or'its_salt.




5 -SR (15) wherein. R represents the 'sanme as the above. Preferred
exanples of R in fornula (15) include the same as descri beléecembenos | n
order to prepare conpound (13) by hydrolyzing 10 correspondi ng hydantoin 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 nmethyl group, an ethyl group, a propyl group, a.n 15 butyl group,
a n-pentyl group, and a n-hexyl groupi4sdwre preferably, at |east one of R3
and R4 is a nethyl group. Wien one of R3 and R4 is a nethyl group, and the

other is a mei Iwént EORE SUPstd b%@ﬂje@,yaéltb%kwio?@léaﬁ'lgac QYR £15), of

cour se, ound 1 corresponds to conpound em c
N- car barﬁﬁy Frethyt é’péYq?é‘tﬂJé? |r\?ﬁf?iﬁétt64)byaﬁﬂmql&c i ic
- N-carbanoyl -a-am no acid derivative (13) may be salts wth a base. The

salts with a base are not articularly |imted, but exanples of the salts
include salts with al kali & hydroxi des (sodium hydroxi de, potassium

hydroxi de, 25 lithium hydrgki dey and the like); and salts with al kaline
earth nmetal hydroxides (cal Chk roxi de, magnesi um hydroxi de, and the

" like). Salts with sodi um hydf dxidg,and potassium hydroxide are preferred.
-5 Decenber 2006 18 In the racem c opggcally active 5-nethyl -

or formula (11);

HN

ﬁh’ﬂ Y
zn
<

SH
(11)

or its salt.
. Detailed Discleosure of the.Invention

The present invention will be described in detail below. First,

compounds of the present invention will be described.




t hi omet hyl hydant oi n derivative represented by formula (2), (7), or (14),

R is defined as described above for the conpound represenPeagmber 2006 nul a
(1). 51In the racemc 5,5-disubstituted hydantoin derivative represented
by formula (12), R3 and R4 are defined as described above for the conpound
represented by fornula (13). O course, when one of R3 and R4 is a net hyl
group, and the other is a nmethyl gregip substituted by substituted thio
group 10 (15), conpound (12) corresponds to conmpound (14). The

5, 5- di subst iTrutretenyida dt-eiar bdetoWati-vRs HAY:- L8 cSdld $e MWivddt iddage formed at

the imdo groups of the hydantoin rings. The salts are not particularly
| i m t edisesutinestdmeplres sehtt Hevesalitom, i ¢l ndpreabhsswat bubkkakitBat 8k
hydr oxi des (sodi um 15 hydroxi de, potassium hydroxide, |ithium hydroxide,
and t heinsubedytugied sdlkyd wirolpahlealiinge ledrt 2 0metalbony ditaxisges:  (cal ci um
hydr oxi de, magnesi um hydroxi de, and the like). Salts w th sodi um hydroxide
and pottA&SitdiltiRgd Pex vas ulss 1 tyitelde Brred ky20 ginouphdaopiioc &l Ity &6t i ve '
N-car banoyl - a- et hyl cystei ne derivative represented by formula (3) or
(10}, RPEIPEPr 8LEASs Ofhe sikstadutrd spovasuphsisptiecalny lagriony
N—carb%n%%l-a6 netgﬁlc%sgeine derivatives may be salts, and exanples of the
salts TACHEge %t k€ €AnE*ZE°e8PMSed above for the conpound 25 represent ed
by fornul a % n_the optically active a-nmethylcysteine derivative
representedg émPgFﬁupg ?g)ag%y%8ﬁfoﬁ§ %@Hﬂ@geﬁt§°R§Oopa§boﬁy&FG@§n at om
_The Rliﬁgﬁﬁaﬁeﬂﬁﬁegrsggﬁ§itggggpgrsuch 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 groﬁp 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-hydroiyl 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-




5 Decenber 2006 19 unsubstituted al kyl group having 1 to 20 atons, a
substituted or unsubstituted aral kyl group having 7 to 20° Befeder 2809 ms,
or a substituted or unsubstituted aryl group having 6 to 20 carbon atons,
and defined as described above for the conpound 5 represented by formula
(1).. The optically active a- nethylcysteine derivatives nmay be salts with
an acid or a base. Exanples of an t d i nclude hydrohalic acids
(hydrochl oric acid, hydrobrom c acid, and hydrofluoric acid), sulfonic
aci ds feehhaprsyl i ogir-suACI bgpnzen i i p- esul fonic
acid, and ?hg Iite)? su?fu?‘ing e ﬁ%?%“??@*‘%a‘??d%% 'ca‘%%%fﬁ%e?“f% %Eci ds
(fornlanaaﬁkaﬁﬁgll@raﬁpdincmhaﬁ|Q@kﬁn@?&dgrgﬁﬁg'%a@ﬁ'ﬂav%ﬁgfbuﬁgofﬁeplc
ases

acid, and the |I|ike) Exanples of a base include organic anmoni a,
triet hghaobneatans| i sechpysi dinaceapd §B6ubi, k8) prapkabi1 MeLalp 15, iy dr oxi des
(sodi um hydr oxi de, potassi um hydroxi de, i thium hydr oxi de, and the I|ike),

and al kabvhenenttyroepal Hwanowkeslast A1€ad Theiy DYGFOND 0tnc T@ENESi um
hydroxi de, and the like). The optically active

5- ret lkenyhi oneany| éydantairingr 2ptestat edrbynf atouba §63hoss(4dd) may be a
salt. Exanples 20 thereof include the sane as those described above for

the coOrpFMl Jeprrsanded byoponvll aredy. Axpmulss dOrarpradyaiyig t he
conpounds represented by fornmula (1) and (13) will be described in detai
bel ow.9 r%eﬁﬁ"%hh@%a%’a%ygr@uﬁm ﬁ@c%ch@lva@gi ¥atpvel (d¢8¥bon atemsalt 25 can
be pr Osdz,lljccl”?dasbyar?yg{l%lf%ﬁ Sggc];ué hgné agelﬂgpgﬁgi 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 atém, 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 or uﬁsubstituted
tertiary alle_group having 4 to 15_carbon-atoms_
Specifically, R' is a tert-butyl group, a tért—pentyl group,
or a tert—hexyl group,.and preferably a tert-butyl group.
20 . In racemic Nfcarbamoylua—amino acid derivative (13); R?
and R* independently-represéntra substituted-or unsubstituted
.:alkyl group having 1 to 20 carbon atoms, a substitutea_bi
unsubstituted aralkyl group having 7 to 20 éarbon atoms, or a
substituted orlunsﬁbstituted aryl group having 6 to 20 carbon
25. atoms. Examples of an alkylﬁgroup having 1 to 20 carbon
atoms, an aralkyl_group having 7 to 20 carbon afoms} and an

“aryl group having 6 to 20 carbon atoms include the same

groups as those described above for R,



di substituted hydantoin derivative represented by fornul a 512) or its salt
with an organic base or an alkali metal hydroxide. 5 Dec mbeEg6 20
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 Thle a106,9a0j:e1Pas & rkNghade ALY L Bsylg{b%hﬁy@%‘ pe
yfantne, "1

trimethyl am ne, ethylam ne, diethylamne, trieth

di i sopuapybethyharner Rybisdinatcand BRihhNEs JhesEe o5 gy £rudases may be
used alone or in a mxture of two or nore. Exanples of the alkali netal
hydr oxiided uideclthee shiehiasmthpdeodieder ipedi uBLB¥dFexi He, fpfassium

hydr oxi de, and cesium hydroxide. These al kali netal hydroxides may be used
al one subsgdtuped mhibugeoapst wepeesented brp Yoemudh yie)d and econonmics,
the5 base usgg kN hﬁéﬂ ysis is preferably an al kali metal hydroxide, and
nore prefer Bly sodi hydr oxi de or potassi um hydroxi de. Al though the
“amount of the base used is not particularly 20 limted, the anount of the
base i ¥PpFefer Bgl yeRresenos ndtarsang v dilentahoend Roedeprefierably 2 to 5

mol ar eguiv | ents, ,based on the anpunt of the substrate used.
exampies of R° in formula (15) include the same as described

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
‘haviug 1 to 6 carbon atoms from the viewpoint of reactivity
of hydrolysis reaction. Examples of such an alkfl group
include a methyl group, an ethyl group, a propyl group,-a.nf
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) correspouds'to coﬁpound (1). | |
20‘__ Racemic N-carbamoyl-a~-methylcysteine derivative (1) and
racemic N~carbam0ylra—amino acid derivative (13) may be salts
:._plwith'a base. The salts with a base are not particularly'
limited, but ekamples of thé salts include salts with alkali
-metal hydroxides (sodium hydroxide, potassium hydroxide,
s25 'lithium hydroxide, and the iike); and salts with alkaline
sarth'metal hydroxides (calcium hydroxide, magnesium
_ hydroxide,'and the like). Salts with sodium hydroxide and

potassium hydroxide are preferred.




As a reaction solvent, water only may be used, or a mxture of water and
an organi c solvent may be used. 25 Although the organic sd?@%ﬁﬁbﬁﬁﬁgﬁ with
water to be used as the solvent is not particularly limted, exanples of
the organic solvent include hydrocarbon sol vents, ester solvents, ether
solvents, alcoholic solvents, nitrile solvents, and 5 Decenber 2006 21
am de sol vents. Hydrocarbon sol ventsjgre preferred. The hydrocarbon
solvents are not particularly limted. Exanples of the hydrocarbon

sol vent s i ndudthe aladentc berzena )y adeng Nexang, oycl ohexane, and
hept ane. These solvents may 5 be used alone or in"a mxture of two or nore

at any tdesimegdy itgtdant cAmp g rtilves s o lnegfeserftldiene tsrmref efed.

Exanpl es of the ester solvents include ethyl formate, nmethyl acetate, ethyl
acet-at €7)i.sopr diyil) ;a®ét asedendedethytespropeanabevel@obxanpl es of the

et her solvents include diethyl ether, tetrahydrofuran, 1,4-dioxane, and
met hy| COEWPRIHRGE yeparkentedtangloeswdfa t(de .al cohol i ¢ sol vents incl ude

met hanol , ethanol, 1-propanol, isopropanol, 1-butanol,.and 2-butanol.

Exahpl es of Ith&bgi FRCLELS0PY &rmdd sivbsitdde tage honiantidia dks iandtive
propionitrile. Exanples of the am de;solvenfs include di methylformam de
and di FEPRVEEEELENPYe FOTRE LAY dRY oR wakdr Rusoee fdef¥madtasn i s preferably

0.1 tqg 100.times, the ight. of the substrate used. In view of
Qescri egeabove %%rgthe-compound represented by formula (13).

Of course, whgn one of R’ and R? is a methyl group, and the
other is a methyl grdup 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 inclﬁde_salts with alkali metal hydfoxides (sodium‘

15 hydroxide,.potaSSium hydroxide, lifhium hydroxiae, and the
like); and salts with alkaline'eartﬁ metal hydroxides
(calcium hydroxidé, magnesium hydroxide, and the'like).

Salts with sodium hydroxide and potassium‘hydroxide are
_‘preferred. |
f 20_ _ Iﬁ_the optically active N-carbamoyl-a-methylcysteine
- derivative represented by formula (3) or (10),-'R1 represents
the same as the above. The optically active Necarbamoyl~d—‘
methylcysteine derivétives may be salts, and examples 6f the
-salts include the same as described above for the compound.

25 represented by formula (1).:.

In the optically active a-methylcysteine derivatiﬁe
répresented by formula {(4) oi (8), R? represents R' or a

. hydrogen atom. ' The R! represents a substituted or




20 yield and volumetric efficiency, the amount of water is nore preferably
0.1 to TOtimes, and nost preferably 0.2 to 3 times, the Sdcghber@d0ad he
substrate used. Wen the amount of the water used is 0.2 to 3 tines the
wei ght of the substrate, and the ampunt of the base used is 2 25. to 5
nmol ar equi valents relative to the substrate used, the reaction proceeds in
the highest yield. The reaction tenpgirature depends on the type of the
substrate used, and the anpbunts of the materials used, and 5 Decenber 2006

22 thumm@mﬁim&?tﬂmﬁ?ﬁ%WMMQ@I by odloveygt, d %béﬁg‘%%mc to

tenperature can be selecte rom50C to 150C, and it is pref

110C, and wnseb riefiedabl yrB8bky 1 rd@ Gawidder refactd A thde Hdepghds on the
type of the substrate wused, the anounts of the materials used, and the
reacti ore & enpestaitturesd and drish cannotedea el ef mouechasconds tional 1 y.
However, the reaction tine is preferably | to 50 hours, and nore

pr ef er afgbQ tag- @k heurd defiprddei dgsdhioqt atiste ifor Ihdignpheld. As a
post-treatment after the reaction, the reaction product may be directly
used i reprRsantashdy dimrmmrlarail be Thebjopitiedlfily bsaliaki or by extraction
and purification after neutralization with an acid. Alternatively, the
react i WU IARA e wle e Ftives arpyt doa st ldt=e witid taar gatid anpaund. '

imlarly, the conmpound represented by fornmula (1) can
Slnllabéée. Examples of ag acid incl%de hydrohgléc acids

{hydrochloric acid, hydrobromié acid, and hydrofluoric acid),
suifonic acids (methanesulfonic acid, benzenesulfonic acid,
iO p-toluenesulfonic acid, and the like), sulfuric acid, nitric
acid, and carboxylic acids.(foxmic aid, acetic acid,
propionic_acid, oxalic acid, trifluorocacetic acid, and the
like). Examples of a baée include orgaﬁic baées {ammonia,
triethylamine, aniline, pyfidine, and the like), alkali métal
15 hydroxides (sodium hydroxide, potassium hydroxide, Lithium
- hydroxide, and the iike), and alkaline earth metal hydroxides
kcalcium 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 Samé as those described above for the
compound represented by formula (1).

A process for producing the cémpoﬁnds represented by
formula (1) and (13) wili be described in détail below.
Racemic N—carbamoyl—d—amino‘acid deriﬁative (13) or its salt

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

hydroxide.




be synthesized b roducing the racemc 5-methyl-5-. thionethyl hydantoin
derizative repregegted by formula (14) froma thioacgtong5§eﬁmvatﬂme by
the Bucherer nmethod, and .20 then hydrolyzing the derivative represented by
formula (14). Description will now be made of a process in which racemc
N-car banoyl - a-met hyl cyst ei ne derivative (1) or its salt is subjected to
D-sel ective cyclization reaction usi hydant oi nase to synthesi ze

D 5- net hyl - 5-t hi omet hyl hydant oi n 25. derivative (2) or its salt and

N- car banoy| raceRtikyls, k- g ¥sheitne et Yaldav 4i3) Q%Friihx}a}f@é t(‘12§heor
hydant oi nase is an enzyne having, an. activity to hydrolyze

5- substiittsutsed thydaat aisn adetiw abickeian b 3 ts 4@ 1% Jecehsr, 2006 23
produce an N-carbanoyl-a-amno acid derivative. It is generally known that

thi s emspymesppodicgs katbneubst ichut edchbydaniithoderdat g Ry ycl i zation
of an N-carbampyl -a-amno acid derivative in a reverse reaction of

hydr ol psirsopdapamnédedSibnekaniamed Patent Application Publication No.
1-1243989). In the present invention, hydantoinase derived from plants,
anital s, or IR Ehdsr gatheds hyirbéyesedias pelreorimpdanisingase nealeal yzi ng the
- D-stereo-sel ective cyclization reaction. Anpbng t hem hydant oi nase derived
from 18UflcRBorBafrdABirsbpref eraphyalkedif oetiAdbstrioalidappl Thati on.  Any
m croorgani sms_can be used as an enzine source as long as the

mi cr ooPGaANSHsPASG el EnROEDPRFEYCBL 2B Bdliénagetihe btz pramp lEsambl éhieof t he

i i i ncl ude_the known . o .
nlcroog ggﬁfgsbase gnclude methylamine, dimethylamine,

triﬁethylamine( ethylamine, diethylamine, triethylamine,
10 diisopropylethylamine, pyridine, and aniline. These organic
bases may be used alone dr 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 hydrogides may be used alone.
15 or in a mixture of two or more. |
In view of yield.and'eCOnomics, the base used in
'hydrolfsis 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 i to 10 molar
equivalents, and more preferably 2 to 5 molar equivalents,
" based on the amount of the substrate used.
| As a reaction solvent, water only may Be used, or a
mixture of water and an organic solvent may be used.
25 Alﬁhough the Qrganic solvent mixed with water to be used.
as the solvent is not particularly limited,‘examples of the |
organic solvént include hydrocarbon sqlvgntsf ester solvents,

ether solvents, alcoholic solvents, nitrile solvents, and




m croorgani sms bel ow which are capabl e of producing the 15 enzyme.
Exanpl es of the m croorganisns include bacteria of the geneeambeetobact er,
Achronobact er, Aerobacter, Agrobacterium Al caligenes, Arthrobacter,
Baci |l us, Brevibacterium Corynebacterium Enterobacter, Erw nia,
Escherichia, 20 Klebsiella, Mcrobacterium M crococcus, Protam nobacter,
Proteus, Pseudonpnas, Sartina, Serrapja, Xanthononas, Aeronpnas,

Fl avobact eri um and Rhi zobi um actinonmyces of the genera Actinonyces,

My cobaetmerdeumo INecausdi ally$toeptiooyces)veAeti aepl aregeraad Rhodococcus;

nol ds of the genera 25 Aspergillus, Paecilonyces, and Penicillium and
yeasts of tH&e godeosaChodi dalvehitehisare Ruadetonial and, Tomil @RS s.
Preferably, an enzyme derived from nmi croorgani sns of the genus

Agr oba&#aripd®s BacithieusydPseadbronas l vem tRhiizatiude it ImdacemezeRQ6 24
used. Myre preferably, an enzyne derived from Agrobacteriumsp. KNK712

( FERM BPL1£060) heBasel| gycdphekRre45 APFERMEBRI4B63The sPseudornhasmpyt i da

| FQL2996, Pseudononas sp. KNKOO3A (FERN 5 BP-3181) or Rhi zobium sp. KNK1415
i sc%se © ¥REINGLOPECLEr LinPsPLXkNKP12E Basi Idrugmogs. aNI245 dearidred _

- Pseudonpnas sp, KNKOO3A are deposited as international deposits according
"to therﬁgﬁgpes%mq?%aﬁ@ﬁ?% Tt et i ohgtuepat éht PER§anFsth Deposi tary,

Nat i onal ln?%gﬁgggsgnggMgngggelo ITdustrlaI Sci ence_and Technol ogy, Al ST

d
Tsukuba Cen r solvents include ethyl formate,
methyl acetate, ethyl acetate, isopropyl acetate, and methyl
prépionate.
10 Examples of the ether solvents include diethyl ether,

tetrahydrofuran, 1,4—dioxane, and methyl tert-butyl ether.
Examples of the alcohélic solvents include methanol,
ethanol, l-propanol, isopropanol, l-butanol, and 2-butanol.
| Examples of the -nitrile solvents iﬁclude acetonitrile
15 and propionitrile.
Examples.of the amide solvents include dimethylformamide
and dimethylécetamide;
The amount of water used for reaction is preferably 0.1
'to 100 times the_weight.oflthe substrate used. In ﬁiew of
20 yield and volumetric.efficiency, the amount of water is more
preferably 0.1 to 10 times, and moét preferably 0.2 to 3
' times, the weight of the substfate used.
When the .amount of the water used is 0.2 to 3 times the
. weight of the substrate, and the amount Qf the base used is 2
725 to 5 molar equivalents relati%e to the substrate used, the
7 reacﬁion pioceéds in the highest yield.
The reaction temperature depends on the type of the

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




1, Higashi 1-chone, Tsukuba-shi, |baraki-ken, Japan with accession nunber
FERN BP-1900 on May 31, 1988, with accession nunber FERN BPeerghsr 446
Novenmber 2, 1994, and with accession nunber FERM BP-3181 on Decenber 1,
1990, respectively. 15 The microorgani sns may be a wild strain or a variant
Wi th hydant oi nase activity increased by nutation. Alternatively, the

m croorgani sns may be transformed mgroorganisns produced by a gene
reconbi nati on method or the |ike so as to produce hydantoi nase derived

from t k@0 AinglcR0 hgadles BE mWnkl hingnefifHicirenay, . !ﬂo@eggkboghgor form ng
the transformed m croorgani sns capabl e of produci ng hydantoi nase wi th high

ef fi ci eraytian hydpetaitnase cgenee Seikened fhom &0 @i @vdI tng
hydant oi nase activity, and an appropriate reconbi nant plasmd 25 vector is

f or med idnd supee feanbilyagsfor wet 100 °0f, phAP@brROBi-e reellhs t ®sproduce the
transfornmed m croorgani sns, as described in, for exanple, W96/20275. The
reconbil@@NEC-DNA technology is well known in this field, and described in,
for_exanple, 5 Decenber 2006 25 Ml ecular Coning 2nd Edition (Cold Spring
Harbor Labofheorgachiesstime8depeadsr ent tReotgpel sfi hhiblsedsitantBi ol ogy
(G eene Publishing Associ ates and W1 ey-Interscience). Exanples of the
“transf 58fEd & Er 8BPYBRFsAE thpabREcsials peeducikng hidameaictdse with hi gh
effici%nc include the mcroorgani snms described in W96/20275, such as
Escher FERPEL2EBEE. HBRE 1 F TR 02 RERRE BAe486H) nedntarandd ta onpdant oi nase

However, the reaction time is preferably 1 to 50 hours, and
mofe preferably 2 to 24 hours for producing the product in
10 high yield. |
As a post-treatment after the reaction, the reaction
product may be directly used in a neit.reaction, or may be
subjected to isolation by extraction and purification after
neutralizationlwith an acid. .Alternatively, the reaction
IS mixture may be filtered to isolate the target cémpound.
Similarly, the compound represented by formula (1) can
be synthési;éd by producing the.récemic 5-methyl-5-
thiomethylhydantoin derivative represented by formula (14)
from_a thiocacetone derivative by the Bucherer method, and
20 then'hYdrolyzing the derivative represented by formula (14).
Description will now be made of. a brbcess in which
 :racemic N—carbamoyl—a—methylcysteine derivative (1) or its
salt is subjected to D-selective cyclizatioﬁ_reaction using
‘hydantoinase to Synthesize D-5-methyl-5-thiomethylhydantoin
25 derivative (2) or its salt aha'N—cérbamoyl—armethyléL—- |
cysteine derivative (3) or its salt.
"The hydantoinase is an enzyme haﬁing.an.activity"to

hydrolyze a 5—substituted hydantoin derivative or its salt to




r

ene derived from Bacillus sp. KNK245 (FERM BP-4863), Escherichia coli
aBlol PAHL043 (FERN BP-4865) containing a 10 hydantoi nase Ye¥emae2ded from
Agrobacteriumsp. KNK712 (FERM BP-1900), and Escherichia coli HB101
pPHD301 (FERM BP-4866) containing a hydantoi nase gene derived from
Pseudononas sp. KNKOO3A (FERN BP-3181). The Escherichia coli HB101 pTH104,
Escherichia coli 15 HB101 pAH1043, amd Escherichia coli HB101 pPHD301 are
deposited as international deposits according to the Butapest Treaty in

| nt er ngtricahade Rat eRica@bgariysMdeposid aldid Natdional vd nstit yie of Advanced

I ndustrial Science and Technol ogy, Al ST Tsukuba Central 6, 1-1, H gash

1- chongenksululyaksiown 20altbatald deeiymel apayivdie NoV eeh 4 i A% W t h _
accessi on nunber FERM BP-4864, accession nunber FERN BP-4865 and accession
nunber hyERRIBRN4 868 1 vaed yec tiw elyy:1 i\taer onhe thydant-eiaiasedys Ri-eigrd from
the mcroorgani snms exhibiting hydantoi nase activity or the 25 transforned
m cr ooP§asi s ivaliver é nnay deweperf ormed iusi of aydreddisiar Y dgtamicass

medj u and, if required, enzyme induction treatment may be perforned, as
de er@&%aW}n?SrPé%&ﬁﬁl@PPIWG@GﬂQ@QFEbliﬁ@té@yym@.iﬂdﬂ@MB@WEUan be

~performed bﬁﬁ Egr 5 Decenber 2006 26 exanple, adding uracil to the culture
Te

nmedium In FeBERESPhv &RVEGE L othe Pirjaancoragse dsrddeded romom  t he
m croorganisns_can be used directly as an enzyne or used in the form of

m cr 0oPJaRiSrs *RAVPAG - alEi POy OPSFaPAETENTge e used as the

hydantoinase catalyzing the D-sterco-selective Cyclizafion-
reéction. 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 producihg the enzyme..
.Examples of the microorgéhisms include the known
microorganiéms_below which are capable of producing the

15  enzyme. |

Examples of the microorganisms inciude bactéria,of the
genera Acetobacter, Achromobacter, Aerobacter, Agrobacteiium;
Alcaligenes, Arthrobaoter( Bacillus, B:eVibacterium,
Corynebacterium, Enterobacter, Erwinia, Escherichia,

20. Klebsiélla, Microbacterium, Micrococcus, Protaminobécter,
Proteus, Pseudomonas, Sartina,.Serratia, Xanthomonas,
Aeromonas, Flavobacterium, and Rhizobium; actinomyces of the 
genera Actinomyces, Mycobacterium, Nocardia; Streptomyces,

- Actinoplanes, and Rhodococcus; molds of thelgenera

- “25 Aspergillus, Paecilomyces, and Penicillium; and yeasts .of the

genera Candidé, Phichia, Rhodotorula, and Torulopsis.
Preferably, an‘eﬁzyme derived from microorganisms of the

-genus Agrobacterium, Bacillus, Pseudomonas,.or Rhizobium is




5 or a treatnent product thereof. Exanples of the treatnent roQuct of

m croorgani sns i nclude a crude extract, cultured cells, | §

organi sns, acetone-dried cells, and disrupted products of these cells. The
enzyme nmay be immobilized in the formof an enzyme 10 or cells by a known
nmeans and used as an inmobilized enzyne. When the enzynme is stabilized by
i mmobi i zation, enzymatic reaction gan be performed in a severer .
tenperature region to effectively accelerate the reaction. Furthernore, it
is possicdl.e to expect the advantage that the production cost can 15 be
decreased due to repeatable use of the enzyne and sinplification of the

product i on MermeC gase f kb liyyebi ldrizaticonsan ke nen algred Ry «a it hed wel
known to persons skilled in the art, such as a cross-linking method, a
coval edNKydizdi (g Rk tEiod, 906 )phyesicddll vad s@r.ptinm 420 (FeRoep-as 631 ,i ncl usi on
nmet hod. Exanpl es of a support suitably used for inmbilizing the enzyne
i ncl udé gstvetesionaio mvdlidehid® 12%i%n Eschangesesisps KUE00as Dueki e A- 568
and_ DS17186 (Rohm and Haas Co.,: trademark), and ani on exchange resins
compr i SiFg 1§y Sty Réri& Abdein SPhaiNig 44 rie- usanoni um 25 sal t- or
di et hanol am ne-type.functi onal grougg, such as Anberlite |1RA935, |RA945,
and | RA901 (REhAIERPAEESICH sp- &N é#&r@ﬁplﬂéwefSp-CﬁmﬁslﬁcBay?r gbrp.k)
rademgrk),. and D aion EX-Q5 (Mtsubishi Chem cal Corporation: tradenmark).
E‘Decg%ﬁ;g%"d?@@@a%?pm i‘m‘@‘)gé\p%‘a?t deppaftted pgodetesnaaienabe used.

deposits according to the Butapest Treaty in International
Patent Organism Depositary, National Institute of Advanced

10 Industrial Science and Technology, AIST Tsukuba Central 6, 1-
1; Higashi 1-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'mutatiop;
~Alternatively, the micrdorganisms may be transformed
microorganisms produced by a gene recombination method or the
like so as to produce'hYdantoinase derived_from the

- 20 'miérqdrganisms with high-efficiengy-
In a method foruformiﬁg the transformed'microorganisms‘
_-Capable of producing hydantoinase with high efficiency,‘a
hydantoinase gene is.clonedrfrom a strain ekhibiting
hydantoinase activity, and an apprépriate récémbinant plasmid:

25 vector is formed and used‘fdr‘transformation of proper host
cells to produce the transformed miCroorganisms,'as described

h H;in, for example, W096/20275. The‘recombinant DNA technology

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




The imobilized enzyne is preferably produced by the nethod described in,
for exanple, W96/20275. In this method, cells are coll ectiégenbsgPp
culture solution of a strain 5 having hydant0|nase activity and then

di srupted by ultrasonic waves or the |ike, and, for exanple, anion
exchange resin Duolite A-568 is added to the resultant enzynme sol ution,
followed by stirring for adsorption the enzyne. In order to further
inprove stability, for exanple, a cross-linking 10 agent such as

gl utar pdehyde ey oRenadded kA khe.! qeoadh% 'ﬂ%g HagnenzY B adsorhed

t hereon, and the resultant m xture 6 Cross-Tim i ng

treat meRtshy SBLY| NGurAbher prb%%%fsr %t ﬁte%ultaﬁtegl%%apﬂ eldcdehgred off

and then washed to produce inmmobilized hydantoi nase the present

i nvent Pab)ikhengNAYBBLLE 6 tEeaghiiowigal-he rperfieneed by the fol |l ow ng

met hod: The racem c N-carbanoyl - a-nethyl cysteine derivative represented by
formul a (1) Eeemplles sl thestusadfasmed &ﬂb&bb&b@n@@ﬁsseﬁbﬁﬁﬁedoEO reaction
in an aqueous nmediumin the presence of the hydantoi nase. The 20
contenpratiiohngf hyientubstsat eichahdgege eE fOci¥ney Yhellad80%he(W v), and
preferably 1% (wv) to 50% (W v). The substrate .is subjected to the
react|@ﬁcrﬂoagéhssmﬁvéﬂsorlbaépendﬁd96§232é5bysabhndsngsahesﬁbh&ang for a
while at _a reaction tenperature properly adjusted to 10C to 80C,

pref er @88y BB1OBOTBLBHC(FERY BPpHBREpt cantainéng, aphgéienablipaSet o B.

Al ternatively, the substrate can be continuously added. The reaction can
be pergﬁPﬁeﬁthV%db§¥%% %?%%é%ﬂ%rsﬁ cBNEZABOUESERYyBPeAB6Bh, t he present

'i.|nventtschethe reaction C

richila coli HBfgl pAH1043 (FERM BP-4865) containing a

10 hydantoinase gene derived from Agrobacterium sp. KNK712 (FERM
BP-1900), and Escherichia‘coii HBloi pPHD301 (FERM BP-4866)

~containing a hydantoinase gene derived from Pseudomonas sp.
KNKOO3A (FERM BP-3181).
The Escherichia coli HB101 pTH104, Escherichia c¢oli

15 HB101 pAH1043"and Escherichia coli HB101 pPHD301 are
deposited as international dep031ts accordlng to the Butapest
Treaty in International Patent Organism Dep051tary, Natlonal
Institute of Advanced Industrlal Science and Technology, AIST
Tsukuba Central 6, 1-1, Higashi 1—chome,-Tsukuba—shi,

20 Ibarakieken, Japan on November 2, 1994 with accession number
EERM 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

A treatment-may be performed, as described in, for example,

WO096/20275. The enzyme induction can be performed by, for




5 Decenber 2006 28 perfornmed with the imobilized enzyne, a nenbrane
reactor, and the I|Ee Exanpl es of the aqueous nedlun1|ndFB§@”W@ﬂ@96
buffers (for exanple, a phosphate buffer, a Tris buffer, and a 5.
carbonate buffer), and solvents each containlng such a buffer and a

wat er - sol ubl e organi c solvent (for exanple, ethanol, nethanol, or
acetonitrile). The aqueous nedi um be conbined with an organi c sol vent
(for exanple, ethyl acetate, butyl @acetate, toluene, chloroform or

- hexagehnipnsol Wbl nyn w143t €6 k9 Qrita Loncaagae system If required, an

anti oxi dan a surfactant, a coenzyne and the |like can be

further added %ﬂetB@e&eﬂtUEhvé§tE%%_f%%%'hgeénkgﬁPQQQ BragneLhredopeact] on.

only the D-isomer of racem c N carbanoyl cysteine derivative 15

(1) OrthbSmsakbokgaﬁyﬁth@dpt@ebﬁs%@nﬂﬁ&%%QlP a@'én”@hg¥ﬁe or used
t hi omet hyl hydant oi n derivative (2) or its salt and

car banoyl themebhyl of- nystrebrgadesnsahiavenG3hcel vits %@kttheTQﬁzyﬂéoduced
N- car banoyl - a- met hyl - L-cystei ne derivative (3) or its salt may” be

sub} ecbtedat brdetaebanpybdticontheaebiton RRampl éhecf orme of rd dand@act i on
solution, or may be.isolated and purified by a conventional separation

" et hodP50EHChsOLeni cacorganiemAcéntiation, cenyst aktiraatj oaulonreal um
chromat ogr aphy, or conbi nation thereof. For exanple, when

N- car b&fb} - S Y@PhleF?@ argsnisniy| syetennedhiwingedlser anbutyl group at

R1 in fornul a
gsrupteé products of these cells.

The enzyme may be immobilized in the form of an enzyme
10 or cells by a known means and used as an immobilized enzyme.
When the enzyme is stabilized by immobilization, enzymatic
reaction can be performed_in a severer temperature region to
B effectiveiy accelerate the reaction. Furthermore, it is
possible td.expect the advantage thét the production cost can
.152 be decreased due to repeatable use of the enzyme énd
l simplification of the production process. |
The immobiliiation 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 anioh exchange resins such as‘Duolite A~568.and
'D817186 (Robm and Haas Co.,: trademark), and anion exchaﬁge
resins comprising polystyrene_resins'having‘amine—,_ammonium.
'25 salt- or diethanolaminewtypé functional'gtoups,'such as:
Amberlite IRA935, IRA945, and IRA901 (Rohm and Haas Co.,:
trademark), Lewatit OC1037-(Bayér Corp.: trademark}, and

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




is used as the substrate of D-selective cyclization reaction wth the
hydant oi nase, D-5-methyl-5-tert- butylthiomethyl hydant oi n YH%erpredi%ed as
an insoluble 5 Decenber 2006 29 substance after the reaction can be easily
removed by filtration. In this case, the filtrate containing the resultant
N- carbamoyl -a-net hyl -L-cysteine may be used in a next step 5 directly or
after purification. In the purificatipn, the filtrate is controlled to
acid pHto precipitate crystals, and then filtered to obtain the target

compound, «Fiae B9t en-L.81h uBULYLLY GELMYLhydantof n precipl tated as

an insol ubl e substance nay be used direct i'n"a’'next step or used in
the form of 188 afkeeus iaklabh 3akbULOR LR REX! ShaRCAA LEr RRL vely, the

aqueous al kali solution nay be neutralized to crystallize-the

D- 5- netkylhod- deektibutiy linhi awet hyldnpdant eioves Aty ene of, tth%%emg%*&%ds may
be used. 15. Description will now be nade of a process for pro_u0|nd t he
a- met hylkedllscystetneldetiedatirvr hepuesanrtedobyitfionmdlraa(4:ra@fh its salt, the

process conprising decarbanoyl ating N carbamoyl - a- et hyl - L-cysteine
der} vahevéng3hydantbdnsakt acandityi kndequibnedisdaptetiebti ngtirhe osulf ur
atom 20 The protecting group of the sulfur atomis selected from the
groupsW§§§érPﬁeﬂhabévéegsaﬁﬂ, Fart headppeopt entibanexctlaagebassyhat i on
(depro%gg&%gg giS%Qeignngegrggp%hgngesultant enzyme solution,
followgd by stirring for adsorption of the enzyme. In order
to further improve stability, for example, a cross-linking
10 agent such as glutaraldehyde may be added to the resin having
the enzyme adsérbed thereon, and the resultant mixture may. be
- subjected to cross-linking treatment by stirring. After
these treatments, the resin is filtered off and tﬁen washed
to.produce immobilized hydantoinase.
""15 - In thé present invention, the enzymatic reaction can be
. performed by the following method: The racemic N-carbamoyl-
o-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 conceﬁtration.of the substrate charged is 0.1% (w/v) to.90%
(w/v), and preferably 1% (w/v) to 50% (w/v). The substrate -
-1s subjected to the reaction in a dissolved or suspended
state by standing or stirring for a while aﬁ'a reaction
temperature properly adjusted to 10°C to 806C, preferably
25 20°C to 60°C, and a pH kept.at 4 to 9, preferably 5 to 8.
-Alternatively(-the substrate can befcontinuoule'added. The

reaction can be performed in a batch system or a continuous

system. 1In the present invention, the reaction can be




deprotection of the sulfur atom may be sinmultaneously perforned.
Alternatively, one of the deprotection steps nmay 25 be flrgpeﬁﬁﬁﬁb%%%d and
then the other step may be performed to renobve the renmining protecting
group. The deprotection nethod nay be appropriately selected according to.
the protecting group and the purpose. 5 Decenber 2006 30 First, the method
of simultaneously perform ng decarbagoylation and deprotection of the
sul fur atomw Il be described. As a result of intensive research, the
i nvent erer fdonendl vitat e ringadianti Ay &HKye 9rDUR AN AL L5 carbon 5
atons, such as a tert-butyl group, is used as the protecting group (R1) of
t he smdhﬁ @dteomyildecar banoyl ati on (deprotection of the am no group) and
deprotection of the sulfur atomcan be sinultaneously performed in one
step by tredsanpiN<arfbamey lacaremetshyledinny sivgi Inglederd teat,i Waiff@rsor its salt
with 10 an acid. Exanples of the acid used in this nethod include
hydr ocHifem exaaird,e s @ flcisehadied bufiftrmbreo M sadiu fami, t rred aaci d; acetic
aC|g and trifluoroacetic acid. Any one of these acids may be used al one,

t IEdeRks suffierlacicast B9 Livmy tive emcbe doatt admyi rdesiuckd ar &tififerFr om t he
Vi ewp0| nt of reactl Vi and econom cs, hydrochloric acid or hydrobromc
aid is UW&&r@éﬁP@ﬂchédﬁﬁﬂﬁsfﬁﬁﬂeeﬁ@@ﬁéﬁne@thamglhydrochlor|c
acid. or bronlc commercially avail abl e concentrated
hydr oc fE &hl g(ﬂ & ra G’P&Elr&r‘neé -actBe” aqueous medium may be

.combined with an organlc selvent (for example, ethyl acetate,

butyl acetate, toluene, chloroform, or n-hexane) insoluble in
10 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-aboﬁe“described reaction, only the
D-isomer of.racemic N-carbamoyl-o-methylcysteine derivative 
- 15 (1) or its salt is cyclized to be converted to-ﬁ—S—methyl*S—
thiomethylhydantoin derlvatlve (2) or its salt and N-
carbamoyl-o-methyl-L- cystelne derlvatlve {3) or its salt.
The. produced N"carbampyl~a~methyl—Lfcyste1ne derivative
{3) or its salt may be‘subjected to decarbamoylation reaction
20 . in the form pf the reaction solution, or may be isolated and
purified by a conventional séparation method such.as'
‘_eXtraction, concentration,‘crystallization, or column
chromatdgraphy, or combination thereof. |
For example, when N-carbamoyl-S-tert-butyl—a—
.'25 ,methylcysteine havingré tert~butyl group at R'in formula (1)
is used as the substrate of D-selective cyclizatioﬁ reaction
with the hydantoinase{ D—S—méthylnS—tert—

- butylthiomethylhydantoin precipitated as an insoluble




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

sol vent. Although water or an organic solvent may be addetPeemEerzePq is
preferably al so used as the reaction solvent fromthe viewpoint of
reactivity. Wth respect to the reaction conditions, for exanple, 25
when. N- car banoyl - S-tert-butyl -a-nmethyl cysteine having a tert- butyl group
as the protecting group of the sulfujggatomis treated with hydrochloric
acid to produce a-nethyl cysteine hydrochloride in one step, the reaction

t enper ahiysg dri:b dPreentere 2006+ i3h RS ¢ARI 119C R 618AC,,and nore
. preferably 90C to 150C, and the reaction tine i's preferably about 2 to 4

days, ffdritrestdrpl.e, at 100C to 110C and at nospheric pressure. The reaction
can be performed using a pressure-resisting reactor 5 at a higher
t enper at ur e Iino thdducaskhe theadtilanatiemeontNext ngdeser kFpkL0Rawe! ly-be nmade of
~a process for producing a-nethyl-L-cysteine represented by formula (5) or
i ts salcerbaeydrecesshydmiricyishg idec axlyaey atidngnNa next step
car banoyl - a-met hyl - L-cystei ne derivative (3) or its salt to 10 produce the
a- net hfiireceyst ernafyeri variféecaspoeseniedthy phorfidat (e, othéts salt in
~which R2.is the sane as RLin fornmula (1), and then deprotecting the

sul f ur fAt-&Feteniehrensreddsd tohacddcabarpykatipht abehodyssahet
particulgrlﬁ Iiglied as | ong as  the carbanoél group can be 15 renoved. For
exanpl 8% tAPEr 644 t5CEd 6%i BREROR ABEhGBrIsh &PREPWAE- hydrol ysis nethod, or

‘an acid hyd&ngBLgwgggggg—gégert—butylthiomethylhydantoin
precipitated as an insoluble substance may be used directly
10 in a next step or used in the form of an aqueoﬁs alkali
solution in a next step. Alternatively, the aqueous alkali
soluﬁion may be neutralized to crystallize the D-5-methyl-5-
tert~butylthiémethylhydantoin. Any one of these methods may
be used. |
15 ‘ DesCription will now be made of a process for producing
. the o-methyl-L~cysteine derivative represented by formula (4)
_of its saltp'the process comprising decérbamoylating N~
cafbamoyl4a—methyl—L—cysteine derivative {3) or its salt, and,
if required, deprotecting the sulfur‘atom.  |
‘720 _ Therprotecting group of‘the'sulfuf atom is -selected from
the groups described above as Rl. In the deprotection,
"decarbamoylation (déprbtection of the amino group) and
. deprotection of the sulfur atom may be simuitaneously
performed.. Alternatively, one of the deprotectioh steps may
: 25 be first performed, and_thenAfhe‘other step may be performed
to remove the femaining protecting group. 'The déprdtection
~methed may be appropriately selected according té.the

protecting group and the purpose.




be used. When the protecting group of the sulfur atomis a tertiary alkyl
group such as a tert-butyl group, the acid hydrolysis mettRsgeHR RS
hydrochloric acid or the like tends 20 to progress the deprotection of the
sul fur atom Therefore, when only decarbanoylation is desired, another
method is preferably perforned. The nitrous acid oxidation nmethod can use
the reaction conditions generally d for decarbampyl ation. For exanpl e,
25 nitrous acid alone or a conbination of a nitrite and an appropriate acid

can be usedy; % i nat i itri nd_an acid is preferably
used. Exanpfégggﬁ ?ﬁg ﬁ?????eg?néﬁﬁagkgggfﬁﬁ? i%gf 85" Pecenber 2006 32

POt asSHUELRbhIbYEare8hCLUM BbEbEEctdBSl I BLL! Ly MBARGHI Wy ML Tt e, and

bariumnitrite. "Anong these nitrites, potassium nitr nd sodiridmnitrite

are prakeeigBedAs Adea agd s tONDE NG ¥t Nvd NE L £t ) RS e f Fo il A

hydrochloric acid, 5 sulfuric acid, and hydrobromc acid are pre?erred,

and hyduaahknaicwhehdai Sepanbirgukanky Pk@hﬁfhﬁdinélhheagmsthgrbéﬁﬁvent i's
not particularly limted, water or an alcohol (for  exanple, nethanol,

et Hanohtomsopsopanak, aoterheblick®) grsuppr eketabhyaysedel poBtEheiMgewpoi nt
of solubility of the 10 substrate. The reaction tenperature of the nitrous
aci d ogrdapi 6R') nef hotk i supfef exaxhy decd fieamayige: 0fn - bep o Ud0G oand nor e
preferably in the range of 0OC to 50C fromthe viewpoint of
of the amino group) and deprotection of the sulfur atom can
be_simultaneously performed in one step by treating N-
carbamoyl-o-methyl~L-~cysteine derivative (3} or its salt with
10  an acid.
Examples of the acid used in this method -include
hydrochloric acid, sulfuric acid, hydrobromic acid, nitric
acid, acetic écid, and trifluoroacetic acid. BAny one of
.Ehese 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 preferféd, 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 én acid :can also be used as the
reaction solvent. Although water or an organic solvent may -
- be added, the acid is preférably aléo used as the reaction
" solvent from the viewpoint of reacfivity. |
With respect to the reabtion conditions, for example,
”_25 .when.N—carbamoyl—s—tert—butfl—a—methylcyéteine having a tert-
bﬁtyl group as the protecting group of the sulfur atom is
-treatéd with hydrochloric acid to produce a-methylcysteine

hydrochloride in one step, the reaction temperature is



roduct stability and inprovenment in yield. 15 The alkali used in the
glkaline hydrol ysis nethod is not particularly limted. PFoPeceRBefz0es

sodi um hydroxi de, |ithium hydroxide, potassium hydroxide, barium
hydr oxi de, nagnesi um hydroxide, calcium hydroxide, and the like are
preferred, and |ithiumhydroxide is nore preferred. 20 The reaction

tenperature of al kaline hydrol ysis ii preferably in the range of -5C to
150C, and nore preferably in the ra be of 80C to 120C fromthe vi ewpoi nt

of I QUG i t ield.  The ¢ ound .r epr Q§ed by

for mrjl a (4) r%r%;l&hﬁc%ﬁdmi{%{g 23 "t ﬁéﬁsﬁr?gr_ea?r_ﬁ%%’lrﬁ%gg]r lrr'rgﬁl & %?) ei%ﬁa "be used
in a nexd $hep re@iiqehl ¥ idl afd ?re&lérﬂaﬁﬂ&a%ho%ﬂg Eortoeg?iﬁg'y%’ ‘%"ég” R2 5.2
tert-butyl group, purification can by performe y ad ing-an idto the
react| exanpllul i ot abbec khe 1alkal ibng hxdiabyels S Pecsnber 206 33 to
decrease the pH of the solution. As a result, the a- nethyl-L-cysteine
deri vatesetdiepr esenbed poy roofad asidyy o preksusaltekdsMhgh RS2 .
tert-butyl group can be obtained as crystals. 5 In this case, the alkal
usedl fet shaighkal krepelydueky $os resiuaebichearthytseheetpd. from sodi um
hydroxi de, Iithium hydroxide, potassium hydroxide, barium hydroxide, _
nmagnesi um hilgxbxi descecapbtiiom Wydiokedeadandft hepkbkess Exanpl es of the acid
added to the reaction solution after the -10 al kal i ne hydrol ysis incl ude
hydr ocRFefReinei 8, -msGhydrLlccasteajine represented by formula (5) or

~ its salt, the process comprising decarbamoylating N-
carbamoyl—awmethyl—anysteine 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 dep;otecting 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 USedQ .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 ¢f the sulfur atom. 'Therefére, |
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 combiﬁatidh of a
nitrite and an acid is preferably used.

Examples of the nitrite include sodium nitrite,



“hydrobronic acid, nitric acid, acetic acid, and trifluoroacetic acid. Any
one of these acids may be used alone, or two or nore may HECHTREGOHE any
desired ratio. However, a conbination of Iithium hydroxide used as the 15
al kali 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 ternl"qf tralization" nmeans that the pH of the
reaction solution is adjusted to a c #stallization region. 20 In order to

o1l LLNUALSe abuotals oLyl g TR ULy L IR SRS

represented by formula (4) or

the uppeg bl t 0k b§§ﬁﬁﬁ hitrﬁ%%te¥ %%gg e §L Afégi?$€913%{§?£%€fgTaggy

7.0 or less, and th ower Iimt o pH TS genera

prefer abtyie0anti BBUGuNANG L H0EE REE! BEABLY-3L0 Ofs MDLE-afign deprotection
of the sulfur atomis further require after the above-descri bed :

decar basmyl ablioni thothexanpkerel Necesils HEiatl ORLA2R-Rgdepr gtegt ed under

reaction conditions 5 Decenber 2006 34 suitable for the protecfing group
di r'ect byl fisirbg hbed; eaati Bpdrsprohiienaehdakier pikeebatkan ghgt he

a-methyl - L-cysteine derivative. For exanple, when the protecting group is
a terthpdyochlakkyl agidupsspabtasudatreyt phutykrgaoumdrnddh litke, the
~sul fur atom can be deprotected by treatnent with an acid. Exanples of the
aci d i selvefet hyydr nehl paktiavidrlgulfimitedacwdter or an alcohol (for
example, methanol, ethanol, isopropanol, 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 preferébly-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
hydroxidé, potassium hydroxide, barium hydroxide, magnesium
hydroxide,'calcium.hydroxide, and the like are preferred, and
lithium hydroxide is mbre preferred. .

20 . The reaction température‘of alkaline_hydrolySis is
preferably in the range of -5°C to 150°C, aﬁd more preferably -

.,.in the range of 80°C to 120°C from the viewpoint of | |
productivity and improveﬁent in yield. |

The compoﬁnd repreéented.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 performed by adding an

_acid to the reaction solution after the alkaline hydrolysis




hydrobronic acid, nitric acid, acetic acid, and trifluoroacetic acid. Any
o%e of these acids may be used 10 alone, or two or nore neyDHEMREEH at any
desired ratio. Anong these acids, hydrochloric acid or hydrobromc acid is
preferred, and hydrochloric acid is nore preferred. As hydrochloric acid
or hydrobromc acid, comrercially available conc. hydrochloric acid or
conc, hydrobrom c acid can be used, % and such an acid can also be used as
the reaction solvent. Although water-or an organi c solvent may be added,

roactivity SHRE T onatt En (I r e Ur et A of: AoFy o0e t?%h%'l%“?;‘" nd o e

reactivity. The reacti tenperature i's

prefer a@%ﬁogic%sl,{g]&e Qﬁasﬁr‘}eotlke%k%%érhi@@v% ﬁ"gﬁﬁ h(e rocess

for.  producing a-nethyl-L-cysteine derivative

repr esantsecs i fiof MM 3 9L Lt s %%tht gk RalEpRaY Ly, :
thPoneththydanﬁbln 66) or its salt. 25 Er g " heaneFE d ?alnsgrﬁgrnlng
sul f ur catyerdaldepr ot ecti on and cycllzatlon reaptlon of N-carbanoyl -
net hyl - L-cysteine derivative (3) or its salt in one step will be

des&ri bed. \herchile darse,eahien @ 1¢20up Wed e 8 WHAL 1892 Decenber 2006 35
is atertiary alkyl group such as a tert-butyl group, deprotection and

" cycl i zavidew Lyari sbe ssiamilittanedus) s dlerdesdTet-orb s ddieat MRk oWilda , an aci d.
Exanpl es of the acid include hydrochloric acid, sulfuric
lithium hydroxide, pota531um hydroxide, barium hydroxide,
magnesium hydroxide, ¢a1c1um hydroxide, and the like.
Examples of the acid added to the reaction solution after the
10 alkaline hydrolysis include hydrochloric acid, sulfuric acid,
‘hydrobromic acid, nitric acid, acetic acid, and
trifluorocacetic acid. Any one of tﬁese acids may.be used
alone, or two or more may be mixed at any desired ratio.
However, a combination of lithium hydrgxide uéed as the
' 15‘ alkali and hydrochloric acid used as the acid is preferably
used because an inorganic‘saltfproduced in neutralization has
high solubility in water to facilitate.desalting.r
The term "neutralization" means that the pH of the
reaction solution is ad]usted to a crystalllzatlon reglon
| 20 -In order to efflclently produce crystals of the a—methyl -L~
; cysteine derivative represented by formula (4) or its salt in
r which R? is a tert-butyl group, the upper limit of the pﬁ is
preferably 9.5 or less, and mdre preferably 7,0.or less, and
- the lower limit of the pH is generally 1.0 6r more,
25  preferably 2.0 or more,.éndrmore preferably‘B 0 or more.
| | .When deprotectlon of the sulfur atom is further requlred

after the above- descrlbed decarbamoylatlon, for example, the

sulfur atom can be deprotected under reaction conditions




5 acid, hydrobronic acid, nitric acid, acetic acid, and trifluoroacetic
aci d. Anyyone of these acids may be used alone, or two or®R&fe€@bREAPIBe

m xed at any desired ratio. Among these acids, hydrochloric acid is
preferred. As hydrochloric acid or hydrobronic acid, comrercially
avai | abl e 10 conc. hydrochloric acid or conc. hydrobrom c acid can be used,
and such an acid can al so be used as_the reaction solvent. Although water
or an organic solvent may be added, ihe acid is preferably al so used as

h I nt f t .of reactiyvit 15 Al.t hough the reaction

teﬁpZ?aYﬁPeh¥TO QﬁlggggégFﬁgglﬁﬁPFQddlﬁP%&1¥0H§ﬂPBOH Car&afitaPBrred for
h | ysi 5-th hyl hydantoin (6) or its

S“ppre%%'lﬂ%%éﬁeor E Y LaB0P 5 ag To& et BEREA L 11 FHE e Bhge of OC To

100C, peek g@@@%g 60C to 90C, for several 20 hours, and term nated when the
maj or product is the desired conpound. Next, the method conprising

synt hesi zi nggle- éxgﬁb@gl-Qgehhkggekgg%gggggé F?Sggr gagingQYLrgeslts sal t

by cyclization and thén deprotecting the on1mn cribed. 25

When t hekpnogeeshbngushodp af tkhe-sukiar Gabap bs EhEeFEkéry nd! kyl' group
such as a tert-butyl group, cyclizationis preferably per ornmed by al kal i

treat nenl fhecauss dapr pteabbeBreotetingysukbltnahem,pEACERASMEN
cycllzatlon is perforned. 5 Decenber 2006 36 with an acid.
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
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.
cbnc. hydrqchloricjacid or conc. hydrobromic acid éan be used,

15 and such an acid can also be used as the reaction solvent.
Although‘wafer or an ofganic sdlvent may be added, the acid
-is preferably also used as the solvent from the viewpoint of
- reactivity. The reaction temperature is preferably 5b°C to
120°¢, and more preferably 80°C to 100°C.. |
20 DésCription will now be made of the process for ..
producing o-methyl-L-cysteine (5) or its salt from the N-
'carbamoyl—a—methyl—LFcysteine derivative represented by'
formula (3) or_its sait through L-5~methyl-5-
thioﬁethylhydantoin (6) or its sélt. |
25 ' First, the method for ﬁerformingsulfur-atom
| deprotection and cyclization_reaction of N-carbamoyl-o-
o methyl-L-cysteine derivative (3) or its salt in one step will .

. be ‘described. When the prdtecting.group of the sulfur atom




The alkali used is not particularly limted, and exanples of the al kali

i ncl ude sodi um hydroxi de, potassium hydroxide, |ithium hﬁd?&@ﬁmmm%
magnesi um hydr oxi de, barium 5 hydroxide, and cal ci um hydroxide. In view of
availability and cost, sodium hydroxide, potassium hydroxide or lithium
hydroxide is preferred. The reaction tenperature of cyclization is .
preferably OC to 100C, and nore preﬁﬁkriabl y 60C to 90C. The solvent 10 may
conprise only water, or a m xture of ter and an organi c solvent. The

sol vent; jpr e?:%r%ma)ﬁyc%rméj]]s%sm%% Y vater | nltgr&n%tu%(ltlj t hi omet hyl hydant oi n

derivafive be Us &l “ectly or after

ext rachle?,riot\gcttgogn PG ssaluent (3% 'b%()ls%n'u%& By G St%:telu' atgl:e nor 15

i fs
the |ike. The resul tant rivative its salt can Be

treat eg\y iR eaRr@eicd i@ Hadyanes Hepr ot ectl on of the sulfur atom and ,
t hereby L-5-net hyl - 5-thi onet hyl hydantoin (6) or its salt can be produced.

20 Exanpl es eghmphe saeird thcluder Rndneeh! aride o2fidr i SULEYY, € 518%104
hydrobromic acid, nitric acid, acetic acid, and trifluorodacetic acid. Any

oneiOfathdsehgdmdbr@micbaﬁﬂaednlﬁkQ&eacQH t Wee@f cMBkgdBYnle m xed at any
desired ratio. In view of yield and cost, hydrochloric acid is preferred.

" The 25tadifdubreateeit: eandbe pnefenabby Dl&éiﬁ@l’é@ﬂ(ﬂ@dﬁéytlbé gas® conditions
as those described above for perform ng deprotection and cyclization in
one st apong, 5omethypl o5- thireneblyy bhy ddmedi at( 6hyotdektigesalrhitio. :
Among these acids, hydrochloric acid is preferred. As
hydrochloric acid or hydrobfomic acid, commercially available
10 conc. hydrochloric acid or éonc. 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 | : Althoﬁgh the reaction temperature is not particularly
 1imited, miid conditions are preferred for suppréssing 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 pfoduct is the desired
compound. |
Next, the method comprising synthe8121ng L-5- methyl ~5~
thlomethylhydant01n derivative (7) or its salt by cyclization
and then deprotecting the sulfur atom will bé described.
25 When the protécting grdup oflthe sulfuf atom is a fertiary
alkyl group such as a tert-butyl group, cyclizétion is
: preferably-pérformed by alkali treatment because deprotection |

of the sulfur atom proceeds when cyclization is performed



5 Decenber 2006 37 produced as described above can be converted to
a-methyl -L- cysteine (5) or its salt by acid or alkaline hyBewshpei2f06 The
hydrolysis with an acid is preferred. Exanples of the acid include
hydrochloric acid, sulfuric 5 acid, hydrobromc acid, nitric acid, acetic
acid, and trifluoroacetic acid. Any one of these acids nmay be used al one,
or two or nore may be m xed at any desired ratio. Anmong these acids,
hydrochl oric acid or hydrobromc acid@is preferred, and hydrochloric acid
IS nnrg.gﬁeggrrggd 10 Preferred exanples of the alkali include sodium
hydrOX|ﬁe, po?assrun1hydroxide, and |ithium hydroxide. Description wll
now be made e ot _p ugl . _a-nmet hyl = D- teine or its salt by
hydrolyzingTEI-ES-g%gtEEgIa.ggg:l EﬁiéﬁgtﬁéPg§8§% 5?3 %é?%géﬁiv%n 2) or its salt,

and thgn,43;deppet eRki 0gxhhe ggh%ga?agea}a&( égaggggyg ggﬁg];gymyl -D-

cyst.ei ne derivative represent ornmul a n""which R2 is

- the sappdaszRhel, N1iORMULANGd) oxi ABE H¥9ﬁ8E¥§53h95r8§Eéély?foéﬁrUEd wth an
alkali. The alkali used inh the hydrolysis is not particularly limted, 20

buts exagptesiak, t Badakkakiunaludex$adi um i oxige, ;v Potassi 1y hydr oxi de,
|'i thium hydroxide, barium hydroxide, magnesium hydroxide, and “cal cium

hydr oxafe. césongsbhesr hallkakiae, spdiupshydr Byidexiget @ssi vpnhydr oxi de, and
lithium hydroxide are preferred. Particularly, lithiumhydroxide is ..25
preef erbptiyonsdd becpuséeanednorganic salt innpurity produced

- 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—S—methyl—5—thiOmethylhydantoin derivative (7) or its

salt may be used in a next step directly or after extraction
| with an orgénic solvent or isolation by crystallizétion or
15 the like.

The resultant derivative (7) or its-salt caﬁ be further
treatéd_With an acid to advance deprotection of the sulfur
atom, and thefeby L—5-methyl—S-thiomethylhydantoin (6) or its

"salt can be produced.
20 R E%amples of the acid include hydrochloric acid, sulfuric
acid, hydrobromic acid; nitric acid, acetic acid, and
trifluoroacetic acid. BAny one of these acids may be used
alone, or two Or more may be mixed at any désired ratio. 1In
view of yield and cost, hydro;hloric acid ié-preferred. The
25 acid treatment can be preferably performed under the  same
_conditions as those described above for perfbrming
deprotection and cyclization in one step.

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



in.crystallization of the product after the reaction has high solubility
in water. The solvent nmay conprise only water or a m xtur e dceBb®eoedrber
2006 38 water and an organic solvent, but the solvent preferably
conprises only water. The reaction tenperature is preferably -5C to 150C,
and nore preferably 80C to 120C. 5 For exanple, when R2 is a tert-butyl
group, an acid is added to the reac Eon sol ution to decrease |ts pH after
the hydrolysis reaction, and thereby’the resultlng a- met hyl -

tert-buf) LY SLe i alned as cr | s, .The aci sed i's not
83;“ Cﬁ )agr lu;% I(&?/%I tlsag}%f&q] h db%b Cf: grg%lllfygj etrpll oq; :%)Cﬁ o sul_%olnccggl 36
h;g; ggr am e aci ESino'?r |lgtsa%|agce c&}eﬁ c a% d, }83 |hfyl(%6)r16"§c}§tl c é@l d. Any

one of nleea a6isds iRy ke sdsed i Al c;mo or nore may be mxed at any
desired ratlg% fS innng'tﬁése ébl Ig{ochlorlc acid is preferably used

because whemxhg1eydog! Yies alcidoqrﬁcﬂrda'@ w&%daf&ylwﬂaémdf %1%%
inorganic salt inpurity produced in neutralization has hi'gh solubility in
m@lﬁr arddi, s hiydusbrbintitcl @ciidlediiditie tha £r vldlis a2Qqdlheer m
"neutralization" neans that the pH of the reaction sol'ution is adjusted to
a crystahﬁim&tpaneteglanld | nhoydenet ofethiegkeathys produse giystals of the

a- net hyl -
_ alone Or two or more may be mixed at any desired ratio.

Among these acids, hydrochloric acid or hydrobromic acid is
preferred, and hydrobhloric 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
o-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 a~mathyl—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 hydroly31s is not: particularly llmlted

20 but examples of the alkali include sodium’ hydr0x1de, |
potassium hydroxide, lithium hydroxide, barium hydroxide,

» magnesium hydroxide, and calcium hydroxide. Among these
alkalis, sodium hydroxide, potassium hydroxide, and lithium
hydrbxide.are ?referred. Particularly, lithium hydroxide is

25 preferably used because an 1norganlc salt 1mpurlty praduced
in. crystalllzatlon of the product after the reaction has hlgh

" solubility in water.

' The solvent may comprise only water or a mixture of



tert-butyl-D-cysteine, .the upper limt. of the. pHis preferably 9.5 or

| ess, ané nDreypreferany 7.0 or Less, and 25 the |ower |%Heembera0p@ pH is
1.0 or nore, preferably 2..0 or nore, and nore preferably 3.0 or nore. The
resul ting conpound represented by formula (8). in which R2 is the same as
R1 can be converted to a-nethyl-D 5 Decenber 2006 39 cysteine (9) or its
salt by deprotecting the sulfur atom  The deprotecting method is sel ected
according to the protecting group of8the sulfur atom When the protecting

group is.a tertjary alkyl. group such as a.tert-butyl group or 5 the like,
the depfdtdcti a@aﬁr§§¥é§gﬁ VE& T oied Y SOrlestire B SRCERLAN aci d.

Exanpl f .t ihd used in the method include hydrochloric acid,
sulfur?%Hggﬁég%hég%gbwgﬁﬁg'acid, nitric acid, acetic acid, and

i i p f . i.d R lo , t
i voroaceyfe stolds iy e ol 40 \ieos ELds R e ysedglone. o o

[
or nore nmay be m xe ny desired’r

reacti My ndRed peeeBeaL§S, ghovdr echlenie¢. acid or hydrobromc acid is .
preferred,ﬂlandphyd%gghﬁgrﬁg gbi ﬁ?ong}e preferred. As hydrochloric acid

or fydr obr OMbe a&athp1 COMUREE! Ak Yo ayaLLAPLELEONCqrdan IVEK o5l grie aci d or
conc. hydrobrom c acid can be used, and such an”acid can also be used as

t he readteantsokyentreachibRogghutabar ter daerahgani¢ sSphvartcpaYRe added,
the acid is preferably also used as the solvent fromthe viewpoint of
reactihiytlyolysis reaction, and thereby the resulting o-methyl-S-
tert—butyl~D—cysteine can. be obtained 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,
hydrobromic acid, nitric acid, acetic acid, and
trifluoroaqetic acid. Any one of these acids may be used
élone, 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'perforhed with lithium
‘hydroxide, an inorganic'sélt impurity produced in
neutralizétion has high solubility in water and is. thus
little mixed into thé crystals.
200 : The term "neutralization"_means that the pH of*the.
- reaction solution is adjustéd-to'a érystallization regioh.
~In order to efficieﬁtly produce crystals of the aumethyi—s—
tert-butyl-D-cysteine, the upper limit of the pH is
‘preferably 9.5 or less, and more préferably 7.0 or less, and
' 25 the lower limit of the pH is 1.0 or more, preferably 2.0 or
| more, and mqrerpreferably 3.0 or_mérez
The resulting compound repﬁesented by formula (8) in

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




20 The reaction tenperature is preferably 70C. to 180C, and nore
preferably 90C. tomiSOC. Next, the method for perforning suPfsmbendsff
deprotection and hydrolysis reaction of D-.S-nethyl-5-thionmethyl hydantoin
derivative (2) or its salt using an acid in one step will be 25 descri bed.
For exanple, when Rl in fornmula (2) is a tertiary alkyl group.having 4 to
15 carbon atons, such as a tert-butyl group, a-nethyl-D-cysteine (9) or
its salt can be obtained by treatneaf vvitlh aam ﬁCidd IEI one st_eg. 5 furi
enber 2006 40 Exanples of the acid include hydrochloric acid, sulfuri
g(e:;:d, Hydi Sbrbm @)ad?rg%ﬁ 1933 R lericdis et g déhaniil f4y fattmmoacet i c
aci d. %q,ye ope of these aci be used alone, or two or nore nay be

el . .
m xed at any pd:_eosﬁe_rcedu}‘gaﬁe& & Arfbrig tHeRA T HRrtoe st i ¢ aC|](cj or -
v oorroect Sty Gl b St eime MbeRl LpeapaptaBtandcone.
) 0fi e saci ic aci and such i d.
chn o o5 B0 g, MO R R AR i Hitet S0 9t gant ¢
sol Sentth@)iiba%,a@l%d»deﬁ;&%t%@tq?d S eferahly g)?egifjosr%decgso the solvent from

the viewpoint of reactivity. The reaction te ure i B’referably 70C

180C, andatmen® Rriehernablayi%0C to 150C. 15 Next, description will be made
of a process for producing a-nethyl-D-cysteine (9) or its salt, the :

process Examples of the acid used in the method include

hydrochloric acid, sulfuric acid, hydrdbromic acid, nitric
acid, acetic acid, and trifluorocacetic acid. Any cne of
10 these acids may be used alone, or two or more may be mixed at
any desired ratio. From the vieﬁpoint-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 hydrochlbric acid or conc. hydrobromic acid can be used, and
such an acid can alsd'be'uséd_és the réaction solvent.
| Although water or an organic solvent maj be added, the acid
“is preferably alsd used as the solvent from the viewpoint of
reactivity. | |
20 - ~The reaction temperature is‘preferably 70°C to 180°cC,
and more preferably 90°C to 150°C.
Next, the method for performing sulfur atom deprotéction
and hydrolysis_reaction of D{S—methyl¥S—thiomethylhydantoin
:derivative (2) or its salt using an acid in one stép 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 terfnbutyl
_group,-a—methyleD—cysteine (9) or its salt can be obtained by

treatment with an acid in. one step.




conpri sing synthesi zing D-5-nethyl -5-thi onet hyl hydantoin (11) or its salt
byrrgeprot gcti ng the sul fur atom of D 5-methyl-5-thi omet hyl PRFETREFOAC .
derivative (2) or its salt and then 20 hydrol yzing the conpound (11) or its
salt. First, the nethod of selectively deprotecting the sulfur atom

of . D- S- et hyl - 5- t hi onet hyl hydantoi n derivative .(2) or its salt to produce
D- S-net hyl - 5-t hi onet hyl hydant oi n (1%? or its salt will be described. As
descri bed above, when the 25 protect(hg group of the sulfur atomis a

terti I h as.g tert-hutyl group, deprotection can easily
'bgr L2;¥o?n§%EE§EEEESFﬁ§ﬁ .aﬁﬁahlﬁﬁE&§Fd¥Y€gaﬁ§ﬁ8§leaFﬁ@raEPéfPﬁéFude

hye ocbkgnlcngBilorLLULLE S Regemher 2006, 4} acid, vdrbroni ¢ acid

nitric acid, acetic acid, ant ny e of these acids

may berpsed,oak9ne:;0r 5L (”A{§”5hﬁﬁgfb@h%%éegc§és%@%% esired ratio.

Anmong these acids, hydrochforic acid is préeferTeéd: ‘?d#%%%loric acid

or hydéD@ﬁ@ni§r§€hg1QQOHH?éCh§§|MeaM§kE§b5% ﬁgnﬁesﬁﬁgﬁoggk Lic acid or
conc. hydrobronlc acid can be used, an such &n"&cid can-al' 20 be used as

t hes r eRGbhONEBEOLYEAtids Al hPQHEELYBEEE §Fi8NeT H?Hk&}b%}n}(@”&cﬂ&yi@e added,
the acid 1is preferably also used as the solvent fromthe viewoint of 10

reactiptéﬁerﬂh&,rEﬂﬁthp@r@@ﬂﬂ&ii@nécﬁﬁei§0ﬁ99§r%&éﬂéﬁfeﬁ.|Uﬁited as

| ong-as they are relatively mld for producing 5- et hyl - 5-

t hi omst Yyt dylibot o¢ na¢ild ) omi hdholghosetestidi t Yomhbkeially available
'conc. hydrochloric 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 aiso used as the solvent from the viewpoint of
reactivity.

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

15 . Next, description will be made of a process for
producing a—methyl—D—cysteiﬁe (9} or its salt, the process

‘-comprising syﬁthesizing D—5¥methyl~5—thiomethylhydantoin (11)
or its salt by deproteeting the sulfur atom of D-S5-methyl-5-
thiomethylhydantoin derivative {(2) or ite salt. and then

'_ 20 hydroifzing the compound (11) or its seit.

‘First, the method Of‘eelectively deprotecting the sulfur

.‘_atomVOf‘D—5nmethyl—S—thiomethylhydanfoin derivative (2) er'

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.sulfﬁr atom is a tertiary alkyl group

- such as a tert-butyl group, deproteétioh can easily be

performed by treatment. with an acid.

Examples of the acid include hydrochloric acid, sulfuric




f

suppressi ng hydrol ysis. However, the reaction may be 15 perfornmed at 100C
or less for several hours, and ternminated when the major 231558MRa 20 t he
desired conpound. Next, D-5-nethyl-5-thionmethyl hydantoin (11) or its salt
is hydrolyzed to produce a-nethyl-D-cysteine (9) or its salt. The

hydrol ysis nmay be either acid hydrolysis or alkaline 20 hydrolysis. In the
acid hydrolysis, exanples of an acid4include hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric acid, acetic acid, and trifluoroacetic

aci d. n f i.ds ) al_one,. or_ t Qr _nore may be

ni xed %gﬁdgngygggﬁ%gﬁa?a?%%g’lEE¥¥§§fo(§g%aé¥¥Vﬁfya§ﬁ ‘e@ffomi cs, 25

hydr ochl-aieigoagld @l hudnabr ofh¢ BREdokscpEgherreds fnd plvdroght oric acid
is nore preferred. As hydrochloric acid or ydrobrom € aci d; Cconmercial ly
avai | ablleneoner hydr 0ehlBiicCmadCiod @fi kNGt Rydr alLom.g gcidcan be used,
and such an acid 5 Decenber 2006 42 can also be used as the reaction

sol venhmoflgt hbegk watek, Ohydadcinealicc a3alyvent pray-hecaddegs the acid is
preferably also wused as the solvent fromthe viewpoint of reactivity. The
reatti bydrerpépatier acis prehgtabbyoflc heili§0comaBdcHRNEy5Saphefiapabl y 90C
to 150C. The reaction tinme is preferably about 2 to 4 days, for exanple,
at 100€one.1h@Crandloatmosphdr be poessuhgdrébeoneachicad ean be peefipr ned

- using a pressure-resisting reactor at higher tenperature to reduce the

react i 8Rdt preh 20 RMexd, cdeselbpt benuaiekl abethmadecattiba podeess.f or
.Although water or an organic solvent may be added, the acid
is preferably a;so 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-
'thiomethylhydéntoin (11) with high selectivity while
suppressing hydrolysis. However, the reaction maylbe
15 performed at 100°C or less for several hours, and terminaﬁed
when the major product is the desired c§mpound.
Next, D-5-methyl-5-thiomethylhydantoin (11) or its salt
is hydrolyzed-to pﬁoduce a~methyl-D—cys£eine (9)Aor:its'sa1t.
The hydrolysis may be either acid hydrolysis or alkaline
20 hydrdlysis. In the acid hydrolysis, examples of an acid
include hydrochloric acid, sulfuric acid, hydrobromic acid,

. nitric acid, acetic acid, and trifluoroacetic acid. _Anf one
of these acidslmay be used aloﬁe,'or two or more may be mixed
at any desired ratio. In view of ;eactivitf and economics,

'~ 25 hydrochloric aéid or hydﬁpbromic acid is preferred, and

_ hydrbchloric aéid-is more preferredq As hydrocﬁloric acid or

hydrobromic acid, commercially available conc. hydrochloric

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




roduci ng D 5- nmet hyl - 5- thlonethylhydant0|n (11) or its salt, the process
gonprisigg hydr ol yzi ng D 5-net hyl -5- t hi onet hyl hydant oi n d%?ﬁﬁ@?%@@%ZZ) or
its salt to. produce the a-nethyI-D-cyste[ne derivative represented by
formula (8) or 15 its salt, converting the derivative (8) or its salt to N
car banoyl - a- net hyl - D-cystelne derivative (10) or its salt by

car banoyl ati on, and then perfornlng f%cllzatlon and deprotection of the
sul fur atom In this process, 5 thlonethyhydant0|n 20 derivative

(2). or chhsa33bt peansRe ggn\eﬁrt%a iR D £YBLELOE geriyalive. (8)

or its salt by the above- descrlbe tho

a- met hyh- Drgyat el Q%lqghltvﬂitag\/%e( 844 delf, ‘h% g@&h &gn %%feﬁékgg, ts%“h an

al kali.metall cyanate and 25 an aci al cyanate

i ncl udgspat agstHm lsm%)éa@atf%omp%@s%Ilié%%xa@ab% raagtife_dﬂt m cygpat e.
Exanpl es of the acid include hydrochloric acid, uric Cld hydr obr om c.

acid, pehtttoactédmpagatugeagid ré@@ra@l?quﬁbe%OZQ@@ C43ahB'RBBBr0acet'C
acid. By using these agents, the carbanoylation is perforned under nor nal

redct i pne€ondbliyons °cf ab aaonbBanvytiad i eeadf Dén exand! £s tordO0E i n an
aqueous solvent). 5 The cyclization and sul fur atom deprotection of N _
- car banaipbut- Bethyl- Dagyst €bneedempiat i we. (20fCokoi 1308al knaan be perforned
by the sane nethod as that described above for
atmospheric pressure. The reaction can be performed using a
pressure-resisting reactor at higher temperature to reduce
the reaction time.
16 Next, description will be made of the process for
producing D—5—methyl—S—thiométhylhydantoin (11) or its salt,
the process comprising hydrolyzing D~5~methyl—5f
thiomethylhydantoin derivative (2) or its salt to produce the
~a-methyl-D-cysteine derivative represented by fqrmula (8) or
15  its salt,-éonverting the derivative (8) or its salt to N-
'carbamoyl—a—methyl~D—chteine derivative (10) or its salt by
carbamoylatibn, and then performing cyclization and-
deprotection of the sulfUr‘atoﬁ.' ,
In this process, ﬁ—5~methyl—5"thiomethyhydantoin
20 derivative (2) or its salt cén be converted to o-methyl-D-
cysteine derivative. (8) or itsJSaltrby the aboﬁe—described
..method.
The carbamoylation of a—methylmecysteihe 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.
_.Exémples of the acid include hydrechloric acid, sulfuric acid,

‘hydrobromic acid, nitric acid, acetic acid, and



converting N-carbanoyl -a-nethyl-L-cysteine derivative (3) or its salt to
L-5-met hyl - 5-t hi onet hyl hydantoin (6). 10 Next, a process f%PecempstP§i zi ng
optically active a- nmethylcysteine or its salt will be described in det ai
bel ow. The optically active a-nethylcysteine or its salt can be easily
obtained by crystallization froman aqueous solution of the optically
active a-nmethylcysteine or its salt jn the 15 presence of an organic
solvent. The optically active a-nethytfcysteine or its salt is not

parti culard i dildiddate bl PP BGALLY nBCLELE A-RLRY] cygLel ne,  a salt of

optically active a-nethyl cysteine w an aci and a salt of optically

acti ve @rBRERNIGHSIRI Ne WdiFARas e RIS 20 9iven %g{@o% t%o alt wth

an acid is preferred. The optically active.a- ne el ne nay e either

the L-ifsenesrndyietRds o &eagles ofc the 1@%“@: QLf t e gal t
i nclude hydrohalic¢ acids, sulfonic acids, sulfuric aci n| ric acid, and

. 25 cardadxyinitg .aci ds. Anong t hese aci ds, hydrohallc aC|ds are preferrgd
Exanpl es of the hydrohalic acids i ncl ude hydrochloric acid, hydrobromc
aci 8, and hyidieoidyedriza tdeind anghdul fac erdeer Q06 tat4 ydisachioric acid is
preferred. Exanples of the sulfonic acids include nethanesulfonic acid,
benz enesubkomeivd —acivet harid Do-cysited mes ulefrdnviat iaei d.10)Exanples safitt ban
carboxylic acids include formc acid, acetic
e performed by the same method as that described above for
converting 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 o-
methylcysteine or its salt will be described in detail below.
The optically active a-methylcysteine or its salt can be
‘easily obfainéd-by crystallization from an aqueous solution
of the optically active a—methylcysteihe or its salt in the
15 presence of an organic solvent.
The optically,active a;methylcystéine-or ité‘salt is not
particularly limited, but optically active awmethyléysteine,
a salt of optically active a-methylcysteine with anracid, and
a salt of optically active a-methylcysteine with a base are
20 given as examples. A sélt'with an-acid.isfpreferred. ‘The
optically active. a-methylcysteine may be either the L-isomer
._or the D-isomer.
Examples of the acid of ﬁhe-acid salt include hydrohalic
Iacids, sulfonic acids, sﬁlfuric acid, nitrié acid, and
ﬂ25 carboxylic acids. Among these acids, hydrohalic,acids-are
  §referred.

Examples of the hydrohalic acids include hydrochloric

acid, hydrobromic acid, and hydrofluoric acid, and



5 acid, propionic acid, oxalic acid, and trifluoroacetic acid. Exanples of
the base of the base salt include ammonia, triethyl am ne,5 2%fEMPee00&nd
pyridi ne. The nethod for preparing the aqueous solution of the optically
active (x-nethylcysteine or its salt is not 10 particularly Iimted. For
exanpl e, the aqueous solution can be prepared by appropriately converting
or deprotecting the a-nethylcysteing4derivative or its salt produced by
any one of the conventional processes 1) to 6), or a protected conpound

t her eofhy i AAWARAUS 2alditi 0n, f s d e gompound 15 produced by the method of
the present invention may be used. Preferably, an aqueous solution of the

optical |y a®daplars Mt HLKRIBIE Oradids SAld1 OGS fWs the, B! hod of
the present invention is used. In the crystallization process, the agueous

sol uti amidf, HRO.zekeuamdrGal laciatt iag H-EIEYSlBdIs Ofadil$, salt is
concentrated in the presence of the organic solvent to renove water from

the sy&xempdes odpltaee cmtoex iy d ke ialgaiti €l uds Horedits  Loans equantily,
aggregati on of the conpound can be suppressed to produce slurry which can
eas? | yapédy alkewpdenizs acdnd fadatldrechcikhe ares wdi fgicsldadar iics ddild.ered, and
~the residue is washed and then dried to produce the optically active
a- net hjKeypteisnefoithiet Yasel ofasher ystsa ssaMhemdlhelec raystoalila, zat i on process
is carried out, the 5 Decenmber 2006 45 aqueous solution of the optically
act i vet31REDHYPEYEFei ABidine, and pyridine.
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 derivatiﬁe or its salt produced by any one
of the conventional processes 1) to 6}, or a protected
_COmpound thereof. -An aqueous solution of the compound
15 produced by the method of the present invention may be used.
Preferably, an aqueous'sblutioh of the optically active a-
methylcysteine or its salt producéd by the method of the
present inventiOn is used.
In the crystallizétion process, the aqueous solution of
20 the opfically active a?methylchteine or ifs‘salt is . |
concentrated in the presence of the organic solvent to remove
‘watef from the system and replace water by the organic
-.solvent. Consequently, aggfegation of the compound can be
suppressed to produce slurry which can easily be takén‘out
25, and filtered. The resulting slurry is filtered, and the
residue is wgshe&yand then dried to produce the optically

- active o-methylcysteine or its salt as crystals.

- When the crystallization process is carried out, the




its salt may be prelimnarily concentrated before the organic solvent is
added. In t%is cgse, t he aqugous solution is preferably c@ﬁ@@ﬁ@?@ﬂ@@ unti |
the concentration by weight of 5 the conpound is 10% by wei ght or nore,
nore preferably 30% by weight or nore. The organic solvent used for

repl acenent is not particularly limted, but the organic solvent is
preferably azeotropic with water sq4§hat the water content at the 10
azeotropic point is 5.0%by weight or" nore. The organic solvent nore

refer S n at.ihi.lj_t th. water. | es .of the organic
B0l ven heei g Lo gy n T S ST Ly A b IY L0E Ry aFocdr bon”
sol ventiss estier ma5psobyents nand 16t I&%,'hc%%'t%%'%%ﬁ' b@@%r@y%‘%‘:%&b%\?\lﬂg ganic
solvents are preferred fromthe viéwoint of 1ow conpatlbll!tg h wat er

| ow sokubivkhty ief atiheqopt tgathys @&éé)’etﬁén?(%ﬁé%ﬁgsftsghﬁl@%cgﬁ its salt, and
easy recovery and reuse of the solvent. 20 The hydrocarbon organic

sol venpsefieeabhdy pantiaulacky uhichilt ede QthEﬁ%rﬁ%QBH'%F e ypRe ghenzene,
xyl ene, hexane, cycl ohexane, and heptane may be used alone Or in a m xture

of 5 tweher compeunfir om 1he biyewpaght of Reeapnese pekuwerapis 3peeherred. 25

Exanpl es of the ester solvents include ethyl acetate, isopropyl acetate,
“and | s¥BUEYF atemare.. Exanples of the ether solvents include dipropyl
ether, .dibutyl ether, 1,4-dioxane, and nethyl tert-butyl ether.

The  organic solvent used for replacement is not
particularly limited, but the organic solvent is preferably
‘azeotropic with watei so that the water content at the

10 aéeotropic point is 5.0% by wéight or more. The organic
solvent more préferably has low or no compatibility with
water.

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

15 solvents, énd ether solvents. The hydrocarbon organic
solvents are preferred from the viéwpoint of low
compatibility ﬁith water; low solubility of the optically
ractive a—methleYsteine or its salt, and easy recovery and
reuse of the solvent. |

 _20 . The hydfocarbon organic solvents are not particulariy
limited, but for example, toluene, benzene, xylene, hexane,
cyclohexane, and heptane_may be used.alone or in.a mixtuie of
two or more. From-the viewpoint of economicé,‘toluene'is
preferred. | |

25 . Examples of the ester sélvents include ethyl acetate,

© isopropyl acetéte, and isobutyl acetate. . |

Examples of the ether solvents include dipropyi ether,

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



- water I's pre

5 Decenber 2006 46 These solvents nmay be used alone or in a mxture of the
sane type or different types of solvents at any desired ratPgember7g06

repl acenent by the organic solvent nmay be perforned in one step or in a
plurality of steps. The anmount 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 iggernal tenperature of the system and
thus cannot be determ ned unconditionally. For exanple, when toluene is
used as the Welseesto ] vidhe: sammiynteofustcol uare el @ char gechisach-d idre tre
preferably 0.1 to 100 times, and nore preferably 0.2 to 10 tinmes the total
wei ght sefnet heypaqweoul £ feolantti aiypeAf todr stoiercortganiic 56/ RiHi desi added,. wat er

is rempved fromthe systemto crystallize the optically active a 15

met hyl cyst eilh€ @erilesegeint. biyn thisi orgperiat isoi,vetrdte magones paraiorgedof t he

-solute, i.e., the concentration of the optically active a-nethylcysteine

or itsiBaPRe iS§ep. o1t dn7@9P lhyaldityhiof ameppr.ef Bhabhyolntoo0thby wei ght .
In the above-descri bed operation, the anount of the 20 water finally

ren%i NPRECRACePOINERE MRV AP Lhm Thelapememt idepengisecablthel @%by wei ght
or less_on,the basi.s.of the optically active a-nethylcysteine or its salt.
From t R& t@?eﬂﬁgﬁﬁﬁcoﬁoﬁﬁgnﬁroggﬁtﬁ§§r8? Phe VESs ifRg crystal s,

Rl A A G R (S s R L L R O SPR A S
and thus cannot be determined unconditionally. For example,
whén toluene is used as the solvent, the amount of toluene

';10 lcﬁarged each timé‘is preferably 0.1 to 100 times, and more
preferably 0.2 to 10 times the total weight of the aqueous
solution.

After the organic s&lvent is'added, water is removed
from the system to crystallize the optically active a-
15 methylcystéine'or its salt. In this operation, the.

' ~concentration of the solute, i.e., the concentration of the
thically active a-methylcysteine or its salt, is 0.1 to 70%
by weight, and preferably 1 to 70% by weight.

In the above—deécribedf0perati§n, the-amount of the
20 water finally remaining afterfWater removél.from'the syétem
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 depénds on the

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




until the water content becones 40% by weight or less. The evaporation
rate in concentration depends on the ability of the appar 3§sENREHCand
t hus cannot be determ ned 5 Decenber 2006 47 unconditionally. 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 %it evaporation area and 5 unit tine
is preferably controlled to 1000 L/h or less, nore preferably 600 L/hnR

or | estnchutihebninaler ablyed0p, LLhoR.oL.Less.ca0d oS preferaply 100

L/ hn2 or less. In concentration ter the a ron o 0

the deguebleb vaguim:iisngeRebakhy %QQw%EE%nQEhke%iuidﬁanB? L&l erabl'y 200
nmHg or | ess. Although the lower |imt is not particularly limted, the

| over kesut thatgenaral! ¥n@. taudBHy eenmRLey Theaggpegatiali on tenperature
depends on the degree of vacuum and the ability of the apparatus used, but

the 15Thempépatur ehese®pbeat’ioh, rpref peablinitOevhpolQ@tonaldeamhg
preferably 30C to 70C, for obtaining high-quality crystals easy to

hardl eunibeximedésabrefedebtyi ppharoM kbl e mode ofhamprocessssor
crystallizing the optically active a-methylcysteine or its 20 salt froman
aqueouBos8| BEEEArEheyebP0aky br mAros nbegmni tusahér pseferayed. 3¢m or ganic
solvent is added to the aqueous solution of the Opztl cally active

a- met hif By8t ¥hel @¥54 tand drest 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,
10  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 OQC to 150°C, preferably 10°C to 100°C, and
more preferably 30°C to 70°C, for\obtainihg high~quality
crystals easy fo handle.
Next, detailed description will be made of a process for
crystallizing the opﬁically active a-methylcysteine or its
720 ‘salt fiom:aﬁ aquebus solution thereof after an inorganic salt
is removed. An organic solvent is added to the aqueous
- solution of the optiqally active anmethylcysteine or ité salt,
and then concentration is pérformed to remove water from the
‘system and repiace water by the organic solvent. 1In this
-_25 :operation, most of an insolﬁble inorganic salt is
: precipitated; and thus the inorganic salt can be removed by a
method such as filtration or the like. Thejreéultant

filtrate is then mixed with a poor solvent, cooled or




and then. concentration is performed to renove water fromthe system and
repl ace water by the organic solvent. In this 25 operalignﬁD%%@ngPm%n
insoluble inorganic salt is precipitated, and thus the inorganic salt can
be remobved by a nethod such as filtration or the like. The resultant
filtrate is then mxed with a poor solvent, cooled or 5 Decenber 2006 48
concentrated to obtain crystals of thg optically active a- nmethylcysteine
or its salt. In the above-descri bed operation, after the organic .solvent

i s addedranturaierd its rermued Jhomdihe osfys}franopttp%aﬁf%%qtveofqi he finally

remai ning water is preferably 100% by wei ght or less on the basis of the

opti cakleyt ladidyea eanamRirhyiley staitne or its salt. Fromthe viewpoint of the
deposit of the inorganic salt to be renoved, the water is preferably

renoved frornt htes ysioam-drisidr ithel \Wwaleal G, entrttd heeomrsya4Q% by wei ght or
|l ess. Although the type of the organic solvent used for replacenment is not
parti cglodrvent] iimi weldedcarndr gatier sel remiovecfraii hhe wyistengt @hel s .
preferred fromthe viewoint of the physical properties that the inorganic
sal? i gmeunghofy the fdnablly eenaisdingblveteandsapreffeiradllly 1808 ve a-

met hyl cystei ne hydrochloride is soluble. Mre preferably, a single

al cohoFrd Ikl péntlesg ennghe beiwds od| bet optripaililhl ectiivehawat er, or a

~mixture thereof at any ratio is used. Exanples of the al coholic solvent
i ncl ud®e H?ysgpégﬁopr_lts salt. From the viewpoint of the

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 sQlVent
compatible with Qater is preferred from the viewpqint of the
physical properties that the inorganic salt is slightly
15 soluble br insoluble, and an optically active o-
| methyleysteine hydrochloride is soluble; More preferably, a
single alcohdlic solvent, a single ether solvent compatible -
with water, or a mixture thereof at any ratio is used.
Exambles of.the alcoholic solvent inciude methyl alcohol, .
‘20' ethyl.alcohol, n-propyl alcohol, ‘isopropyl alcohol, nubﬁtyl
: alcohol,; isobutyl alcohol, seq—butyl alcohol, and tert-butyl
jalcohol. Any-one of these solvents may be used alone, or a
mixture of two or more at any desired ratiq-may be ﬁsed,
However, isopropyl alcohol is preferred in ﬁiew'of'the
25' efficiency of dehydration, ébonomics, decrease in side -
reactions such as esterification and the like..
Examples of the ether solvent compatible with water

include diethyl ether, diisopropyl ether, tetrr:th;,rch':(jfuran_lr




20 et hyl al cohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol;

i sobutyl al cohol, sec-butyl alcohol, and tert-butyl al cohbPecemher 2866 of

t hese solvents may be used alone, or a mxture of two or nore at any
desired ratio may be used. However, isopropyl alcohol is preferred in view
of the 25 efficiency of dehydration, econom cs, decrease in: side

reactions such as esterification an he |ike. Exanples of the ether

sol vent conpatible with water include diethyl ether, diisopropyl ether,

tetrahydsofubanme) DROCHBER 2008, 4Butyd- digxane, aapd et fyl oLl -butyl

et her. Any one of these vents may used al one; or a mXxture of two or

more agol@@ytgeshyeder akka HRYnBE H%eg-ka%ﬁ¥%fpft%EbaegdﬁBEBr%E s
preferred in view of the efficiency of dehydration and econom cs. The

processnyodesiystiakhtzbn@athpeoptiaal | NoRstd Ve Bar PRANNISYSESI NEOr i ts
salt fromthe filtrate obtained after the slightly soluble inorganic salt
i s remmweflersedoin paewi odl ahkyefifiiti edcyFor aéﬁgﬁkﬁti@ngﬁﬁﬁr3|-
crystallization 10 operation such as addition of a poor solvent, cooling,
codcemcamnimhcsor the |ike can be carried out. Preferably, the nmethod of
~adding a poor solvent is carried out. The poor solvent is not particularly
limted, bufhehydpoeasbbarsokyehadliestgrtbel vphisaléyhectsokvants having
.15 no or low conpatibility with water, and the |ike are given as
exanpl RRthY b vt ¢ hee vpBuwpbPnsabt fhendehesfilofateysbhbsnaddafter

the élightly scluble inorganic salt is removed is not
particularly limited. For.example; a general crystallization
IQ - 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, hydfocarbon solvents and ester solvents are
preferred, and hydrocarbon solvents are more‘preferred.
Although the hydrocarbon solvents are not particularly
S 20 limited, examples bf the hydrocarbon solvents include.tdluene,
' benzene, xylehe, hexane, cyclohexane, and heptane. Among
theSersolveﬁts, toluene, Xylene,‘hexane, and heptane aré
-preferred, and toluene is more preferred. |
‘Although the ester solvents. are not particularly limited,
i25' examples of the ester solveﬂts_include methyl acetate, ethyl
agetate, propyl acetafe, methyl propionate, and ethyl
. propionate. Among these solvents, ethyl acetate is preferred.

Although the ether solvents having no or low




crystal purity, hydrocarbon solvents and ester solvents are preferred, and
hydr ocarbon sol vents are nore preferred. Al though the hydrdbegeydar 286vent s
are not particularly .20 limted, exanples of the hydrocarbon sol vents

i ncl ude. tol uene; benzene, xylene, hexane, cycl ohexane, and heptane. Anong
t hese sol vents, toluene, xylene, 'hexane, and heptane are preferred, and
toluene is nore preferred. Although %He ester solvents. are not
particularly limted, 25 exanples of "t he ester solvents |nclude met hyl

acet at Vil cetate th ro and et hyl

pr opi oenceftﬂg:ta}E bllaict hg}slgfhso a\?(gé/n sa%: etrh Oo%i‘_i”gl t b I AIt t h\cl)mugﬂ t he
et her MEN i RoND CTe r ibility

wat er }?JS noie%ptaaﬁ/ltg% ar im te gg(?rlp Cges cngpz[c}pey et tg} ts’o]_Jlovten]t S ![Ecl ude
di prop; reidiar th@rbut:lyhz:ahﬁ{ el 4 utyl ether.
These sé]véﬁ?éﬁhay be “used Jéléﬁé orr?% a nlxtureéggqﬁy %?sane type or

different !ypeScolscloiatent ! ANLLRSIAIRhd i O W?ﬁh 1o QR lgal 1y

active a-nmethylcysteine or its salt is crystallize e concentration of
t heS compaend ypependsli@ferddit tSRY AU 1idt SV enly rldi®eand ihe |ike.
However, the concentration of the conpound is generally 0.1% by wei ght 10

"to 70% by weihght ther efperiabily vl %di weioghtic tHy 1236t neeicghtit s aad tnor e
preferably 2% by weight to 70% by wei ght, based on the whole weight of the

"~ solutiém. cTiystedystreld,i tae ovnuentess ioh tdfe thiee semtpdunde dlepehdss on

the temperature, the solvent ratio, and the like. However,
the concentration of'the coﬁpound 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 éatisfactorily obtaining the optically active o-
15 methylcystéine or its salt with high purity through
industrially practical steps. The crystals‘prodﬁced by the
crystallization‘method of the present invention contains a
.correspondiﬁg disulfide of the compound at. a content of 1.0.
mol% or‘less, preferabiy G.5 mols or less, and more
20 preferébiy 0.1 mol% or less. A preferable form for obtaining
~the optically active a-methylcysteine or its salt having a
_ low disulfide content is-a*sélt withlan'acid, more‘preférably
a salt with a hydrohalic acid; and most‘preferably a salt
with.hydrochloric acid. | |
25
Eest Mode for Carrying Out fhe Invention
Althéugh the present ihvention will be described in

s‘further detail below with reference to examples, the present




capabl e of satisfactorily obtaining the optically active a-

rreltohyl cysteine or its salt with high purity through i ndustﬁp%ﬂembe'b?roﬁ%tl cal
steps. The crystals produced by the crystallization method of the present
invention contains a .correspondi.ng disulfide of the conpound at.a content
of 1.0 nol%or less, preferably 0.5 mol % or less, and nore 20 preferably
0.1 nol % or less. A preferable formf?r obtaining the optically active
a-methyl cysteine or its salt havi ng | ow di sulfide content is a salt with

an aci I refera a sa t W drohal ic acid, and nost
prefer gﬁ’lv;%%éﬁsa £ Wi Qh)ﬁ‘n t&’rlt@ea%‘?aé/ XY BESt Mode for Carrying Qut
the I nvention Although the present invention will be described in further

detail below with reference to exanples, the present 5 Decenber 2006 51

i nventi QEIFER@ngI 'E:M%th _qfrgq_J : (555 tjn) Met hod
for produ ace g na

reactog_@@Q\tl_g,eﬁ_ ttfﬂo%emhtyrl nQ@JJ_ITpon ab wt%aqueous SOdI um hydr oxi de
sol'utimx\lm‘lzﬁ’)”‘mﬁ‘g%ﬁ—butyl mercaptan (1.13 nm, 10 mmol) were
m xgd at 0Cinakd rel@td¥ Pirdhg RS wSitH LG fidlogkh BNURS,- aTERies
chl oroacetone (0.79 nL, 10 mml) was added to the m xture, and reaction
was 10 apeebasmeddainy @grmrroermer abure ifar @ .hoy,s. 12Thend18agddP e g0l ution
was |ight yellow and separated into two phases A

butyl mercaptan (1.13 mL, 10 mmol) were mixed at 0°C, and the

mixture was stirred for 10 minutes. Then, chloroacetone
(0.7% mL, 10 mmol) was added to the mixture, and reaction was
10 berformed at room temperature for 2 hours. The reéaction
| eelution was light vellow and separated into two phases. A
. Dimroth condenser was attached to the reactor, and NaCN ({588
mg, 12 mmol), (NH.) HCOs (2.77 g, 35 mmol), and 28% ammonia
water (3.1.mL)-were added to the reactor to prepafe a
15 homogenecus solution. Then, the temperature was increased to
55°C to 60°C. After stirring ﬁnder-heating for 6 hours, the
solution was.coeled 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 producing 5-(2-

methoxyphenylmethyl)-S—methyL—hydantoin

e25 o First, 2—methoxyphenylecetone (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 mmoi), and 27.7 g ef 28% ammonia water

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




D nroth condenser was attached to the reactor, and NaCN (588 ng, 12 mol),
(NH4) HCOB (2.77 g, 35 mmmol), and 28% ammonia water (3.1 rADecomba 280ded to
the reactor to prepare a 15 honpgeneous sol ution. Then, the tenperature was
increased to 55C to 60C. After stirring under heating for 6 hours,
solution was cooled to OC, and conc. hydrochloric acid was added to the

react

crystals were filtered off and 20 a

f ound
( REFE

zed by 1H NMR As a result,
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g, 100 mmo m e or water,

: H4), 0 ) % ' ‘
Co he Tosur s ras elaetad MR B b e SR SRS
bpHl swaBHeat wbOE E@Iuégeboﬂﬁ§1dkmgdnhﬁBHEeréﬁﬁcéhlgg@gs %8 £8
C, and then controlled to pH 7.5 by adding conc. hydrochloric
restpihapedisoli dywasaf bhisspdorothe washed-whbhyhal uene, and
reduced pressure to 5 obtain 22.10 g (yield 94.5% of the ti
Ut NMEH (VR (1800, NMEG1,CDG13Y . 80-6. 80- GmB84fm, 4o 5149, (bus,
(s, 3H, 3.20 (d, 1H), 2.97 (d, 1H), 1.49 (s, 3H) (REFERENCE
thodlof 68, pBducBng0r &deniid) N 2097 (d, 1H), 1.49 (s, 3H)
noyl - S-tert-butyl -a-net hyl cysteine

(REFERENCE EXAMPLE 3) Method for producing racemic N-

carbamoyl-S—-tert-butyl-a-methylcysteine

Racemic 5Qmethyl—5—thiomethylhydéntoin (4.77 g, 22.1
mmol) was dissolved in a 10% aqueoué sodium hydroxide
solution (75 g), and the resultant solution was refluxed for
72 hours. After being allewed to cool down to room
temperature, the reaction solution was sampled for confirming

the production of racemic S¥tert—butYl—awmethylcysteine by

- HPLC (column: COSMOSIL AR-II (produced by Nacalai Tesque

-+ Inc.), mobile phase: potassium dihydrogen PhQSphatefaqueous

"phosphate solution (pH 2.0)/acetonitrile 2_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 aéid,

' the solution was heated to 70°C, and a solution of potassium

25

cyanate (2.07 g) in distilled water. (10 mL) was added

dropwise to the solution over 20 minutes. After the

t he

ion solution to control the pH&gf 7.0 to 7.6. The resulting white
y

it was

cetone

, 120

er were
06 52
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completion of the addition, the resultant mixture was stirred

for 5 hours, and the reaction solution was sampled for HPLC

analysis. As a result, an unreacted amino acid was



Racem ¢ 5-net hyl - 5-t hi onet hyl hydantoin (4.77 g, 22.1 mmol) was di ssol ved
in a 10% aqueous sodi um hydroxide solution (75 g), and théDeeeler 296
solution was refluxed for 72 hours. After being allowed to cool down to
room 15 tenperature, the reaction solution was sanpled for confirmng the
production of racemc S-tert-butyl-a-nmethylcysteine by HPLC (col um:
COsMOSI L AR-11 (produced by Nacal ai sque 1Inc.), nobile phase: potassium
di hydr ogen phosphat e- agueous phosphate solution (pH 2.0)/acetonitrile

=.97/3, f rate: 20, 1.0 mM/mn, .detection wavel ength: 210. col.um -

t enper fteu'grogi:“lz%ﬁﬁ, ar%élt étrll—'t(%sor? tslogel%tlff 15 rﬁ%ﬁssﬁ%%xq{@%}%agﬂ]&n 9sol uti on
was adj;yst t. i.th. . ric i d the soluyti was
heat ed l'lthts) Q%elg%,ﬂ&% %a\g(()alrhut(iﬁoﬁ%o&’f) B%at%?gﬂut%ercfgﬁdﬁde d(rf%"fsgej Uﬁonoctrhesti |l ed

wat er ,(sjo(id"éi)on"‘%%e%d%dmi%ﬁt@sqp.""ltq%@ekoth@%%ﬁb%i;?gno%%r +gd mnutes. After

the conpletion of the addition, e resultant"m xture was stirred for 5

hours, aand ke, edet ireR9Qaid o Mg HRY adifi9fe HRLG ranplysi s As a
result, an unreacted am no acid was 5 Decenber 2006 53 recogni zed, and
thus ahselnyt 20N cvledp@iassicimdaeyanale dbml4 ehpe dat St idded st er (20 nl)
was further added dropwi se to the solution over 20 mnutes. After the
conpl etidomstked e @ddi2t wdrnh doed.esyldrarih 1@ritcuzeiwas frHet her stirred for 3
5 hour, allowed to cool down to roomtenperature, and then adjusted to pH
2 wi t hpderd piltydedc blediide vasi dilTke o edifi waisteds eliitth was fd,| tagved of
washed with water, and '

: then dried. The 'H NMR analysis of the solid showed the

production of the target compound (3.38 g, yield 66%).
10 |

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

methyl-I,—cysteine and D-5-tert-butylthicmethy-5-

methylhydantoin

| According-to the culture method and the method for
15 preparing an immobilized enzyme described in WO§6/20275, the
Bacillus sp. KNK245 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,addéd as an immobilization support to the
20 enzyﬁe-solution to adsorb the resulting enzyme thereon.
Furthermore, cross-linking was performed by glutaraldehyde to
obtain immobilized hYdantoinaée.- |
Next, 1.5 ml of a 0.1 M potéssium phosphate buffer (pH
7.0f and 0.003 ml of a 0.5 M aqueous mangénéSe sulfate
25. solution 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

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



then dried. The 1H NVR analysis of the solid showed the production of the
target conpound (3.38 g, yield 66%. 10 (EXAMPLE 1) Met hod Besemper@8i ng
N-carbanoyl - S-tert-butyl-a- nmethyl-L-cysteine and

D-5-tert-butyl thionethy-5- methyl hydantoin According to the culture nethod
and the nethod for 15 preparing an inmobilized enzynme described in

W06/ 20275, the Bacillus sp. KNK245sgtrain (FERM BP-4863) was cul tured,
and then cells were collected and disrupted by ultrasonic waves to

pr oduc e BncienZyimRo150l 1@y A6 @R &1 00 £XCHANICIL &3} oq DHOLIL € A 568,

was added as an inmmobilization support to the 20 enzyne solution to adsorb

the restds i aplenzyore: Hdes @Dk i o U MEr FBE € 1 6 0983 | hOKE g MRS, per for med by
glutaraldeﬁggé to obtain inmobilized hydantoinase}ﬁNext, 1JS$% of a0..1
M pot assiium iplinsphat & dufder4§ prour’s 0) pardng: 302 HeafidrQ- 2HY ggueous
~manganese sul fate 25 sol ution were added to 15 ng of the racemc

N- car batsy |kept tadr tabiutty |6 26 netinyd oy Nt eiyer qtoducied 4% REFEBENCE EXAMPLE 2,
and the resultant solution was adjusted to pH 6.5 with a.10 N aqueous

sodPumIsadridxicde tdw HAIéh.ankhers i 200:alguwe tCORMARTT) o decenhesbi2006 54 of

the immbilized hydantoinase prepared as described above was added to the
*sol ut | 6P3%rid ARG G ey Wermbramds rettiagsingn ati e dgem 48 hours.
AR R AR UL LS v I VA AR G
aci d. ar SeLu ' ‘
wavelength: 210 nm, column temperature:,40°C)'of the reaction
soiution, the residual ratio of the N-carbamoyl-S-tert-butyl-
-10 ~o-methylcysteine was 41%. Also, as a result of the HPLC
analysis (column: CHIRALPAK AS (produced by Daicel Chemical
Industries, Ltd.), mobile phase:
hexane/isopropanol/trichloroacetic acid = 7/3/0.01, flow
rate; 0.5 ﬁl/min, detection wavelength: 210 nm, column
,15' temperatufe: 30°C) of the N-carbamoyl-S-tert-butyl-a~
| 'methylcysteine contained in‘fhe reactioﬁ solution,  the
optical purity.was 96.7% ee. Furthermore, the resulting
optically'active-N—carbamoyl-S—tert~buty1ea—methylcysteine
was converted to methyldysteine 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—tertébutylnaemethylcysteine
:1was the L-~isomer. . |
On the other‘hand, the precipifated compound produced by
25 the enéymatic reaction was exfracted with ethyl acetate, and
analyzed by chiral HPLC (column: CHIRALPAK AD (produced by
'baicel-Chemical Industries, Ltd.), mobile phase:

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



5 result of the HPLC analysis (colum: COSMOSIL 5C8-Ms, nobile phase:
acetonitrile/ 10 mM aqueous potassi um di hydrogen phosphat & eseber@ale= 3/ 7,
flowrate: 0.8 m/mn, detection wavelength: 210 nm colum tenperature:.
40C) of the reaction solution, the residual ratio of the

N-car banoyl -S-tert-butyl 10 a-nethyl cysteine was 41% Al so, as a result of
the HPLC analysis (colum: CHI RALPAg AS (produced by Daicel Chem cal

| ndustries, Ltd.), nobile phase: he ane/ | sopropanol /trichl oroacetic acid =

7/ 3/ 0. I ter ' det ect i th: 210 I 15
t enper g"ﬂ%‘?%é%% :aoﬁq _ElheniI\I-rgc(éatlrr{%)][’[_g{irr[)tyefen}};%?C If‘—’l’e’f(‘)ll?lf %ﬁ}/ +g€)g méthyi é{]?sr%‘)ellpt(rjfeum
cont ai nefk i) e, f 6aGHd Wb SRLUON NG oPtiFal RULIAYr 485,38, 70 ee-
Furthernore, the resulting optlcale d

Tet byl cyeraine by The et had Geear hed 1 BoreRmbrE PHAAEY 2nd the

met hyl cystei ne by the nmet hod desc ed

- opti caladtGhvad ir eaft U LD h WA TRAMY B a A5t & e8U! thed i cABS

confirmed that the optically active _
N- car bgpumyiltySdferdsdbuind =ar rtdid0y heting, y@siddge de SR 3kd he ot her
hand, the precipitated conpound produced by 25 the enzymatic reaction was
- extracted ewintimeet tyl tdeetsaten, rando)anahyzed by ehireah1bPb€ @eelcurm:
CHI RALPAK AD (produced by Daicel Chemical Industries, Ltd.), nobile phase:
hexanefingdjysdgango lumt0/ THIRAGWAK &tk (plraddadd, byd diegiatd ot Henaeemnber 2006
55 wavel ength: 210 nm colum tenperature: 30C). As a result,
: 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—tért—butylthiomethyl—S—methylhydantoin was the D-
isomer. .
15 charbamoyl¥S—tert—butyl—a—methyl—L—cysteine: 5 NMR (300 MHz,
.CD;0D) &: 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 CD3OD) 8: 2.90 (d, 1H), 2.80 (d, 1H),

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

{EXAMPLE 2) Methqd for producing-N—Carbamoyl—s—tert—bufyl—a—

-methyl-L-cysteine using transformed miéroorganisms of

- Escherichia coli HB101l pTH104

25 : Transformed microorganisms of Escherichia coli HB101
- pTH104 (FERM BP-4864) containing a hydantoinasé gene. derived
from the Bacillus sp. KNK245 strain (FERM BP-4863) were

;inoculated into 10 ml of a liquid medium (containihg 10 g/1



the elution time coincided with that of a standard sanple, and it was thus
confirmed that the conpound was optically active 5 December 2006
S-tert-butylthionethyl-5-nethyl hydantoin (a chenmical 5 purity of 88% and an
optical purity of 100% ee, which were deternmined by the area ratio). Also,
as a result of HPLC analysis (colum: CH RALPAK AD (produced by Daice

Chem cal Industries, Ltd.), nobile ggase: hexane/ i sopropanol = 10/1, flow
rate: 1 m/mn, det ect i on wavel engt h~ 210 nn1 colum 10 tenperature: 30C,

D"SOWEE %én% nﬁ@ 91'?8%%% e%%r%c n%hd & S NG fir BY compari son

W th the etenfion fime o Separat’ely syn esi z€ &t'd 53 | e that

th t Et—b ko Y 5+ I_h ntoi.n was the D
| somer T B R dar Bansyl TE L or e Bt yl ety oL RS né% HRRIR (300 N

CD3OD 2206d 3 113H) . (%
CERCD) o 8y 28 ng 1) ool 10 xS SR byt faciolih

drops £b61CB3ED) bY: sRaBnfdculthire2280 3Gdc %Hk 182ﬁ0%r@9 ($n a8Hood. 30 (s,
9H) (EXAMPLE 2) Met hod for producing N-carbanoyl-S-tert-butyl-a-

netshyl mL- oystekaguusinglasansionred fmeeoenganiremsoofit i6achari ehka col
- HB101 pTH104 25 Transformed m croorgani sns of Escherichia coli HB101

- pTH104i(0FERM: BRL4864Y. S@omiabhi aglaghydankdinase1lgengl dekpyede,fromthe

- Bacil lus sp. KNK245 strain (FERM BP-4863) were inoculated into 10 ml of a
| i qui dgfdveastcontaintng510/y/ Hablpepénfier wBQ@BB was sterilized at

120°C for 15 minutes, followed by shaking culture at 37°C for
24 hours. 'Then, the cells collected from 1 ml of the culturé
10  solution by centrifugation were suspended in 1.5 ml of a 0.1
M potassium phdsphate 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 aquequs‘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 agueous solution of sodium
hydroxide, and-subjectéd_;o'reaction by stirring at 40°C for
24 hours while méintaining the pH at about 6.5 using 6 N
hydrochloric acid. As a resﬁlt of the HPLC anélysis (column:
COSMOSIL 5C8-MS, mobile phase: acetonitrile/10 mM aqueoué
ZOA potassium dihydrogen phosphate éolution = 3/7, flow raté: 0.8
. ml/min, detection wavelength: 210 nm, colﬁmn temperature:
©. 40°C) of the reactidn‘soluticn, the residual ratio of N;_
carbamoylfS—tert—butylwaumethylcysteine'was-49%, Also, as a
: résult of the HPLC analysis (coluﬁni CHIRALPAK'AS (prodgced
.25 by Daicel Chemical Industriéé, Ltd.), mobile phase:
heXane/isopropanol/trichloroacetic acid = 7/3/0.01, flow
rate: 0.5 ml/min,ﬁdetection wavelength: 210 nm, column

: temperature: 30°C) of N~carbamoylnS—tert4butyl~af




56 tryptone, 10 g/l yeast extract, and 5 g/1 NaC with pH 7 and prepared
by sterilizing at 120C for 15 m nutes and then addi ng 100 Bepembef2006
anpicillin through filer sterilization), followed by shaking culture at
37C for 18 hours. In a 500 5 m of Sakaguchi flask, | m of the culture
solution was then inoculated into 50 m of a liquid nmedium (10 g/l
tryptone, 10 g/l yeast extract, 5 g/l NaC, pH 7) which was sterilized at
120C for 15 minutes, followed by shaj?(’l’ng culture at 37C for 24 hours.

Then, trge C(i||S collecteg from1l m of the culture 10 sol ution by

centri fnuggtyi SN e 8Cs FERERABES i Hemregetdon FOlMtisasdiigm phosphat e

buf f er H_(,0),. . 150 f, racem .

N- car ba F&ﬁlc-gé- %Nelﬁffal-@%ufq%ls- g.g-‘(rgr;é’t I%?I'c;gfewﬁﬁ 2hd°ocBBsipredobYa 0.5 M
aqueous..s0k.uti;on of n l.fate.were ed to the resyting
s-uspen%ioo .al&%ﬁen, Ilﬁga?gguﬁt%i%ﬁélﬂr}io% Erl\é%wgga%g‘ea jt?ftrgﬁmtotflpllg ()t.e%q\mth a 10
N aquegus v3obutleR 9t rsedisum; Jaydroxi d §;l7!9£ d.tq.reaction by
stirring gti 40C fo:ry 24 gurémvvh Irgj)&l[nl%i%r?t giplnlEng P%é%t %%tg]t%tagt%ﬁt 6.5 using 6
N $iydreshherhe ACEHrbARCY1L8SELYLt0huthe BPHEARALY SIS (oL 1y, LOSMOSI L
5C8- M5, nobile phase?: acg?oni trilel 1(1)1 E}m%l aqueou?q%’%potla%s%g&hﬁydr ogen

- phosphatéssakution = 3/7, flowrate: 0.8 m/mn, detection wavel ength: 210
nm colum tenperature: 40C) of the reaction solution,. the residual ratio
of- N carbanoyl -S-tert-butyl-a-nmethyl cysteine was 49% Also, as a result
of the HPLC anal ysis (colum: CH RALPAK AS (produced 25 by Dai cel Chem cal

| ndust | (BXAMPLE. }) Mebhteé phaserodhekageli-sapbapandlbttteehlpuegteli-c acid =

7/3/0.01, flow
methyl-L-cysteine using bacteria of the genus Bacillus

10 In a 500-ml Sakaguchi flask, dry préserved 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/l
meat extract, 5 g/l yeast extract, pH 7.5} which was
sterilized ét 120°C for 15 miﬁutes, foilowed by shaking
15  culture at 45°C for 15 hours. Furthermore, 2 ml of the
" culture solution was inoculated int§ an.above described
medium containing-the additiohal components, 1 g/l uracil,
and 20 mg/1 ménganese chloride, followed by shaking cu1ture
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—tertvbutylfa—methylcystéine
"and 0.003 ml of a 0.5 M aquééus solution of'manganese sulféte
were added to the resulting suspension. Thén, the resulting
:25' mixture was adjusted to'pH 6.5 with a 10 N agueous solution
of sodium hydrdxide, and subjected to. reaction by stirring af
- 40°C for 19 ﬁours while maintaining the pH at about 6.5 using

-6 N hydrochloric acid. BAs a result of the HPLC analysis.




rate: 0.5 m/mn, detection wavelength: 210 nm colum tenperature: 30C)
of N-carbanoyl-S-tert-butyl-a 5 Decenber 2006 57 net hyl cypdtespiker@séft ai ned
in the reaction solution, the optical purity was 94.6%ee. It was al so
confirmed by conparison with the retention tinme of the N-carbanoyl-S-tert
butyl -a-methyl - L-cystei ne produced in EXAVPLE 1 that the 5 resultant
N-carbanoyl - S-tert-butyl -a-nmethyl cysteine was the L-isomer. (EXAVPLE 3)
Met hod for producing N-car lbiarmyllbsl-télgt 588t ?/r}L g— krret hKI :‘_I gyit eldp)e/ usi ng
bacteria of the genus Bacillus n a - akaguchi fl ask,
preser V(é%?(ié’éfm:s (g%Sbh‘?éIL BAc T QP ks it r%‘F%t?IFFRVB@Pfh@G@?LO\Ae;F
! , i , t one
oAt eRTARS BOpL Y e oA i ShL el or A (2 A 120G for
15 mn .. fol by shaking 15 culture at 45C for 15 hours.
Furthe#tr?%r%é, Oggjm%vieo/?mt%e OnQia:tu T SETTOH Was THocFar<t ¥ o an _albove |
. . g o N
20 ol A i S Pral Gt b LR g bl 1 & oSG for 24
houss. rhheR, Jeher-cely j-ected 1 o g g@q;, ) Lculfure solution by
centri Eugati on were_sbu%lsr-[mi:;)jélndedtiq;'(ﬁL 1&?}’#‘1 of “a f{ Xf\ﬁtg;;egltnaesmausm phosphat e

buffernlpd,72@) a aRGuIESG MRS HBGEMH ] ysi lumn: CHIRALP
N-car banoyl - g— t ear t- bl?t yl - a- met hyl cyst ei neySlaSnd(CO? Ou()n%%rl m o% a (5“% Iﬁ'aqueous

sol uti qprotiuceagaye e ivdlf ARmiRie Bldeft fid ha.desul thidig 1RUSREN on.
Then, the. resulting
hexane/isopropanol/trichloroacetic acid = 9/170.01, flow
rate: 0.5 ml/ﬁin, detection wavelength: 210 nm, column
10 temperature: 30°C) of.ﬁ—carbamoyl—s-tert—butyl—a—
methylcysteine contained in the reaction solution, the
bptical purity was 99.0% ee. It was also confirmed by
comparison with the retention time of the N-carbamoyl-S-tert-
butyl~a—methyl~L—cySteine produced in EXAMPLE 1 that the
15 resultant N—carbamoylus—tert—butyl—a—methylcysteine was the

‘L—-isomer.

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

methyl-L-cysteine using bacteria of the.genué Pseudomonas

20 . Pseudomonas. putida IF012996 was cultured in a solid
| medium{containing 10 g/1 polypeptone, 2 g/1 Yeasf extract, 1
g/l magnesium sulfate heptahydrate, and 15 g/l agar witﬁ pH
7.0} at 30°C for 24 hours. In a 500-ml Sakaguchi. flask, one .
platinum loop of the cultured cells'was inéculated into 100
 25 ml of a liquid medium {20 g)l meat-extracf, 6. g/1 glycerol, 1
| g/l uraCil,_Z Q/l'potassium dihyergen phosphate,‘i g/l
. magnesium sulfate héptahydrate, 40 mg/l calcium chloride

dihydrate, 20 mg/l ferrous sulfate heptahydrate, 20 mg/1



25 mxture was adjusted to pH 6.5 with a 10 N aqueous sol ution of sodium
hydr oxi de, and suLjected to. reaction by stirring at 40C5ﬂ3$eT@?ﬁ8gﬁs
whil e nmaintaining the pH at about 6.5 using 6 N hydrochloric acid. As a
result of the HPLC analysis. 5 Decenber 2006 58 (colum: COSMOSIL 5C8- M5,
nobi | e phase: acetonitrile/10 mMM aqueous potassi um di hydrogen phosphat e
solution = 3/7, flow rate: 0.8 ml/mn, detection wavelength: 210 nm
colum tenperature: 40C) of the reaction solution, the residual 5 ratio of

=S - as i 4% |t of
DR L S

5l I = <h i .t ri,chl orgaeeti c aci
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in the reaction solution, the optical pdrity was Yoee. Tt was al so

confirpedrby TRHPAriISONCcN 1h SELECEENM 08t B Of o £ heh N G&F yl-S-tert
butyl -a-nmethyl - L-cysteine produced in EXAVPLE 1 that the 15 resultant

N- car baobyt iSnt Byt cbutylfragaei byl eystesnepwagelingn L-hsosera (EXANPLE 4)
Met hod for produci ng N-carbanmoyl -S-tert-butyl-a- nethyl-L-cysteine using
bact erpata$sihe geosph®seudoafiveas (A Pseydoandasopuyi €8 +504R996nwas
cultured in a solid nediun(containing 10 g/1 polypeptone, 2 g/l yeast

ext r acearhamgy l-fapaesitontylt-fanethgptahydiateandnd. 482 ghl agas oish pH

M aqueous solution of manganese sulfate were added to the
resulting suspension. Then, the resulting mixture waé
10 subjected to reaction by stirring at 40°C for 50 hours while
maintaining the'pH at about 6.5,usiﬁg-6 N hydrochloric acid.
AS'a result of the HPLC analysis (éolumn: COSMOSTIL 5C8-M3,
mobile phase: acetonitrile/10 mM aqueous potassium dihydrogen
phosphate solution = 3/7, flow rate: 0.8 ml/min, detection
15 ;wavelength:.ZIO-nm, column temperature: 40°C) of the reaction
solution, the residualrratio'of'charbamoyl—s—tert—butyl—a—
methylcysteine waé 52%. Also, as a result of thé,HPLC
analysis {column: CHIRALPAK AS (produced by Daicel Chemical
-Industries, Ltd.), mobile‘phase: |
20 hexane/iSopropanol/trichloroacetic acid = 9/1/@.01; flow

rate: 0.5 ml/min, detection wavelength: 210 nm, column
ltemperature: 30°C) of N—Carbamoyl—s—fertwbutyl—a—

- methylcysteine contained in the reaction solution, the
roptical_purity was 95.6% ee. It was also confirmed by

© 25  composition with the retentibn time of the N-carbamoyl-S—

.tert~butyl—a—methylFL—cysteine_produced in EXAMPLE 1' that the

 resultant N~carbamdyles~tertfbutylma—methylcysteine-was the

I.—-isomer.




7.0) at 30C. for 24 hours. In a 500-m Sakaguchi flask, one platinum]loop
of the cultured cells was inoculated into 100 25 m of anQﬁWﬂbﬂﬁﬂxhn1(20
g/1 nmeat extract, 6.9/1 glycerol., 1 g/1 uracil, 2 g/l potassium

di hydrogen phosphate, .1 g/1 magnesium sulfate heptahydrate, 40 ng/1
calciumchloride dihydrate, 20 ng/1 ferrous sulfate heptahydrate, 20 ng/l
5 Decenber 2006 59 nmanganese sul f at 0tetrahydrate to hexahydrate, 20 ng/l
copper sul fate pentahydrate, pH 5.5? whi ch was sterilized at 120C for 15
m nutes, followed by shaking culture at 30C for 24 hours. Then, the cells
. collected from10 m of the culture 5 solution by centrifugation were
suspendegdxhipidr k) Ofic8nBql M {F N uffer, (pH 7.Q), and 10
ng of rgcenlc NF éarbgnggiFg%tE?F@§§5§g1§?33?%%#%¥§t55%grgngué?ﬁﬂa M of a
0.5 Mnaghgous-sokuting akimgngaress isulfate Il added o dde i Jegsul ting
suspension. Then, the résulting mXture was 10 subjected to reactton by
stirring at TAO& fargbOtheur sunki,| @ heMrigHdRiteditde HH adn@hout 6.5 using 6
N hydrochloric acid. As a result of the HPLC anal ysis (colum: COSMOSIL
5C8 Msstrabhi (FERHaBE:-1806) oniakr iihe/clQ andaagueeus opailassi wnididwidr ogen

- phosphate solution = 3/7, flowrate: 0.8 m/mn, detection 15 wavel ength:
210 nmpeddhumicoebpénangr é0 40C) pofl yidee tioe@gt i10n g/Jodstorx tirhe-d,esi dua
rati o of N-carbanmoyl-S-tert-butyl-a- nethylcysteine was 52% Al so, as a
resul t94} vheskpPeeLranbl y8i §/lcallymrr iOhH BAGPAKpAS aEsriotu ceith vieyr cbainc el

Chemi cal Industries, Ltd.), nobile phase:
phosphate, and 5 g/l disodium hydrogen phosphate with pH 6.5)

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 phpsphate, 5 g/l disodium hydrogen
_phosphate, 1 g/l magnesium phosphate heptahydrate;-lo mg/l_
15 manganesé chloride tetrahydrate, and 4 g/l yeast extract with
pH 6.5, and prépared by sterilization at 120°C for 15 minutes
and then adding 2-g/i urea and 1 g/l D-N-carbamoyl-o-p-
ﬁydroxyphénylglycine through filter sterilization), followed
. by shaking culture at 33?C for 23 hours. Then, the cells
20 collecfed from 5 ml'of the culture solution by centrifugation
'.were suspended in 1-mi cf a 0.1 M potassium.phosphate buffer
. {pH 7.0), and 10 mg of racemic N—carbamoyl~sftert—butyl;a“
:methylcysteine and 0.002 ml of a 0.5 M aqueéus solution of
manganese sulfate were added.to'the'resultihg suspension.
25 . Then, the resulting mixturerwas subjected to reaction by
stirring at 40°C for 5 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:




20 hexane/i sopropanol /trichl oroacetic acid = 9/1/0.01, flow rate: 0.5
“m/min, det ecltoi olr[: wavel engt h: 210 nm col umm tenper at ur e:5 BRyefbgsL006
N-carbanoyl - S-tert-butyl-a- nmethylcysteine contained in the reaction
solution, the optical purity was 95.6%ee. It was al so confirned by 25
conposition with the retention tinme of the N carbanoyl-S-
tert-butyl-a-nethyl-L-cysteine produgzd in EXAMPLE 1 that the resultant
N- car banoyl - S-tert - butyl - a- et hyl cys ine was the L-isoner. 5 Decenber

2006 A 5 od for I-S—tert but yl -
net hyl %%%ystgqoﬂr}geu)s% ng E ueer?%t C%’ I genucga}}%?% URPAYE 3 Iar ge

test t Agr cter BP- 1 Oepfgﬂ 1
i nocul atl&)galtitl%o 1030/b;a @da"ylr%aﬁ% dlﬁ\"gﬁg co alé#:%g%\ﬂid”av% %ept one,

- 10 g/ | oAt nEXtdAGin Etenqjér . 1R ctO I TRY: 11};1%{ ’L*ol%t% pot assi um
di hydr ogen phosphate and 5 g/1 d| SOdI um rogen phosphate wtH pH 6.5)

whi ch m@ﬁz&k%mduamﬂi45¥83JﬂﬂwéH%ﬁBdﬂafﬁLsiﬂéﬂﬂnﬁﬂtﬁmLJI’Shak'ng Culture at

30C for 24 hours. Then, 1 m of the <culture solutiion was i noculated into

1005n1H@kh@ﬂdyﬁﬂaindﬂW$SHﬂi£Onhﬁbﬂlngs25 gekudlyeer kRe Apgcl sucrose, 5
~ g/l potassium di hydrogen phosphate, 5 g/l di sodi um hydrogen phosphat_e, 1

g/l magmedivemsphosphate lteptranmivare Hrodilded Hyranganras eHeliQEide
‘tetrahydrate, and 4 g/l yeast extract with pH 6.5, and prepared by
steril ﬂzlaltlllSd;ﬂrl@tsfllat@ fior b idienghesse:and t hen adding 2 g/l urea and 1. g/l
D- N- car banoyl - .
hexane/lsopropanol/trlchloroacetlc acid = 9/1/0.01, flow
rate: 0.5 ml/min, detection wavelength: 210 nm, column
10 temperature: 30°C) of N¥carbaﬁoyl—s—tert~butyl—a—
methylcysteine'contained in the reaction solution, the
optical purlty was 85.8% ee It was aléo,confirmed by
comparison w1th the retention time of the N-~carbamoyl-S-tert-
butyl—a—methylfL—cysteine produced in EXAMPLE 1 that the
15l resultant N-carbamoyl-S-tert~butyl-a-methylcysteine was the

L-isomer.

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

methylhydantoin

. 20-  o Ih order to remove Smtert—butyl—a~methyl—L—cysteiné
| contained as an impurity in the mixture (50 g) of the enzyme
‘ .and D—5—tert“butylthiomethyl~5—methylhydantoin obtaiﬁed.by
the method in EXAMPLE 3, water (400 g) was added to the
mixturé, followed by stirring: Then,.the insoluble substance
 25' ﬁaé 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




hydr oxyphenyl gl yci ne through filter sterilization), followed by shaking
culture at 33C for 23 hours. Then, the cells 20 col | ect ed *fHGAPR#P%f ¢ he
culture solution by centrifugation were suspended in 1 m of a 0.1 M
pot assi um phosphate buffer (pH 7.0), and 10 ng of racenmc
N- car banoyl - S-tert-butyl-a- nmethylcysteine and 0.002 m of a 0.5 M aqueous
solution of manganese sulfate were @gsided. to the resulting suspension. 25
Then, the resulting m xture was subjected to reaction by stirring at 40C
for 5 heyustehi ke B Bt aiknNGohbe BHBL AR %&&’ﬁ/{gﬂ& N hydrochl ori c
acid. As a result of the HPLC analysis (colum: COS 5C8- M5, nobile
phase: p5eB&p&lﬁbeléd2QQ§'st@lsaCJ%tr@n|ft1'l|t|eQ/ejzp J¥¥ aqueaus) petassiamdi hydrogen
phosphate solution = 3/7, flowrate:. 0.8 m /'min, detection wavel engt h:
210 nnendolben U@ﬁpdrahdee réaﬁbedfp&@%guﬁwﬁkp@bﬂaﬂﬂléﬂbrw&$e resi dual
ratio of N-carbanoyl-S-tert-butyl-a 5 nethylcysteine was 23% Also, as a
resul t pobduké HPLCryahallysi(d 9. dobumm: A€Hh RAEPAKt AST( phedyeed by Dai cel
Chem cal Industries, Ltd.), nobile phase:
hexaneANadpFdpanePLtmhe hCOPYQEELI 5C8eMS, = m@bl/le: @hadd:ow rate: 0.5 m /nin,
~detection wavel ength: 210 nm columm 10 tenperature: 30C) of
N-carbéﬁﬁ?PnStFéﬂ?/BGF9ESaﬂmnéﬁhyﬂéygﬁél@@O@@ﬁﬁaﬁnedph@apm@xnea@MMm1
solution, the ? tlcal puri % was 85.8%ee. It was al so confirmed by
conpar PSOHERPEN (PHe?r BY efit 24 t £hEYoFatRe N-SardaMeyl - Seteation

EXAMPLE 1 th h
.butyl - wave&hx th:CXTBehE? gg?gﬁgegeggerature: 4OLC?to% %he crude

product, the purity énd yield calculated by comparison with a
10 standard sample were 87.5 wf% and 79.6%, respectively. Also,
as a result of HPLC analysisr(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 temperatﬁre: 30°c, retention time:
15 D-isomer = 15.2 min, L-isomer = 39.8 min), the optical purity

ﬁas 97.6% ee.

(EXAMPLE 7) Method for producing S—-tert-butyl-o~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% aqueoué,
Jlithium‘hydroxide solution {150 mL). The eﬁzyme.was femoved
by filtration, and then D-5-tert-butylthiomethyl-5-
25 methylhydantoin contained in the mother iiquid was
| quantitatively'analyzed by HPLC {(under the éame analytical
 conditions as in EXAMPLE 6). As a result, the amount of the

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



15 resul tant N-carbanoyl-S-tert-butyl-a-nethylcysteine was the L-isoner.
(EXAMPLE 6) Met hod for produci ng D-5-tert-butylthi onet hyl 23ecember 2006

nmet hyl hydantoin 20 In order to renpbve S-tert-butyl-a-nethyl-L-cysteine
contained as an inpurity in the mxture (50 g) of the enzyme and
D-S-tert-butylthionethyl-5 methyl hydantoin obtained by the method in
EXAMPLE 3, water (400 g) was added te the mxture, followed by stirring.
Then, the insoluble substance 25 was %lltered off and washed with water

(200 9h iy Aadnanfathts caayequs, sadgmndroxl g salutign (120.q) was added

to the [trat stirring e en iltered off

as an LRaakublbersebstanes onand ihe Hfd 'ﬁefs%tl%a‘é@é{ﬁﬁ% %"Q%r ?r%%alx%%

adjusted to pH 9 with conc. hydrochloric aci reC|p|tate crystals

were fihtieredeatfngnashedgwhbiyrvat efpe ﬁQQtE?@”wQE'leHQQSr theduged
pressure to obtain a crude product as crystals . . a result of

t he HPHGwhH aaakmsmstémpbuanureCSME@Ikh%c%ﬂwaud@dmédqlah%%% filtered
acetonitril e/ potassi um di hydrogen phosphate - phosphoric acid solution (pH

2.0 =o2f8, Thew ratec. lhfdnbénioridesecti gn10vngyewesghbdedlfonghecol um
tenperature: 40C) of the crude product, the purity and yield calculated by
conparingbhewi thaaidOkspandar dnsampleenadr ¢ eBiperaniYeand. 2®cady 20€spect i vel y.
Al so, as a result of HPLC anal ysis (colum: CH RALPAK AS (produced by

Dai cel teheantapl] hiaspHi &9, 6LTd. ) Thembi tkephasetion was cooled to

an internal temperature of 2°C and stirred for 2 hours. Next,
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 Tésqué Inc.),_mdbile phase: potassium dihydrogen
phosphate - phosphoric acid solution {(pH 2.0)/acetonitrile =
90/10, flow rate: 1.0 ml/min, deteétion wavelength: 210 nm,’

15 coiﬁmn temperature: 40°C), it was confirmed that the solid
‘'was the désired compound. The purity and yieéld were
determined by comparisoﬁ with thefauthentic sample (purity

96.7 wt%, yield 85.7%).

20 ‘(EXAMPLE‘S) Method for producing a—methyl—Dncysteine

hydrochloride

S—tert—butyl—a—methyl—D—cysteihe (20 g) was dissolved in
conc. hydrochloric acid (180-g),'andrthe reéultant solution
was refluxed under heating for 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 ta about 40 g. -This operation was



hexane/i sopropanol = 9/1, flowrate: 1.0 m/mn, detection wavel ength: 210
nm colum tenperature: 30C, retention time: 15 D-isoner 5 Dpgerpber 2P
L-isomer = 39.8 mn), the optical purity was 97.6% ee. (EXAMPLE 7) Met hod
for producing S-tert-butyl-a-nmethyl-D cysteine 20 The m xture (80 g) of
D-5-tert-butylthionethyl-5- methyl hydantoin and the enzyne produced by the
nmethod in any one of EXAMPLES 1 to b, was dissolved in a 10 wt % aqueous

| ithium hydroxi de solution (150 nL). %he enzynme was renoved by filtration,
and t hgRrPraxt ebbelibrl Eplometivl, 520 ERLhYLvdantoin gontained n the
nmother liquid was quantitatively analyze y HPLC (under the sane

anal yt irgakereandictii gR8 agikl BXAMPLE8lurASta ghesuldl,, tiae ranpunt. of the |
conpound contained in the nother liquid was 44.2 g. Then, 5 Decenber 2006
63 |itbbuaihydhexicdeleSéogphoand disshi Whedevwaband( §1sgs were nadded.to the
solution, and the resultant m xture was refluxed wunder heating for 38
“hour s. rEkelmi pffuHelLvasnallyewed (toleeal: CA@ERILOPREOKCKENPeLA e Hynd t he
produced solid was filtered 5 off. Then, conc. hydrochloric acid (110 g)
wasd ad@bdseddph€o. pol.bdr ) | i gobdlkephaat:apoitatetinal diaygebakur e of . about
. 20C to control the.pHto 6.7. Then, the solution was cooled to an

i nter nehosphpérat-urghesplzg Bndasid rsetut don 2(hidu? sO) Nex¢tonthei peoduced
solid was filtered off and dried in vacuumat 10 40C for 24 hours to obtain
dry Cf?gfébsf@SH.QaE?F As3gml/min, detection wavelength: 210 nm,

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

10 optical rotation showed fal® = -6.28 (cl. 21, Hy,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-o-methyl-L-cysteine (100 mg,

‘ 0,43:mmol) Wés dissolved in conc. hydrochloric‘acid (1 mL),

20 énd;thé resultant solution was refluxed in nitrogen foriGO
hours to prepafe an aqueous_solution of a-methyl-L-cysteine

- hydrochloride.

(EXAMPLE 10) Method for producing anmethleL—cysteine

25 - hydrochloride

Isopropyl alcohol (0.5 mL) was added to the reaction
solution of a4methyl—L—cy3teine hydrochloride obtained in

EXAMPLE 3, and the resultant mixture was concentrated under




result of HPLC analysis (colum: COSMOSIL 5C18- AR (produc b | ai
Tesque Inc.), nobile phase: potassium di hydrogen phospha?gk¥aéﬁygﬁﬁoric
acid solution (pH 2.0)/acetonitrile = 90/10, flowrate: 1.0 m/mn,
detection wavel ength: 210 nm 15 colum tenperature: 40C), it was confirned
that the solid was the desired conmpound. The purity and yield were

det erm ned by conparison with the authentic sanple (purity 96.7 w% vyield
85.7% . 20 (EXAMPLE 8) Method for producing a-nmethyl-D-c steine

hydrochbonids SrbebhrBUbhl anRihyy B G, - 1A%, di sggliyed in
GEE &h t regﬂlta sgiwgio

conc. hydrochloric acid (180 n wasS refluxed

under B@@&la@qohoc«a%ragléa%edw%ﬂe%a%t IH@}, it 150114t d %mﬁe ?hééé\é\%d to cool

down to roomtenperature, and then concentrated to t he

sol uti apowas 1eabedchbaceh@eatrash .t OhHEAE Eﬁéor@%ldﬁﬁswﬁgdﬁ@akgdtB@
solution, followed by concentration to about 40 g. This operation was 5

Decenbeén °2006ndb4ol ushber 1 epeaies helded ivEThandditidr odgeed sakid was
filtered off and dried under vacuumat 60C for 48 hours to obtain the
titie wompovrdwas alibived sol icdo(llbicding)to Anain teafidratfrdHrlr@eanal ysis
- (colum: CAPCELL PAK SCX (produced by 5 Shiseido Co., Ltd.), nobile phase:
pot assbuardihgdr egénripbogpkatent iphesipfor abacitd 1sdloutri.onThph, 2:h8)
/acetonitrile = 95/5, flowrate: 0.3 m/mn, detection wavel ength: 210
rim Pprecipitated crystals were filtered off washed with toluene,
and dried 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 conditions as in EXAMPLE 8), it
was confirmed that the solid was the desired compound (yield
60.0%) . The measurement of optical rotation showed [a]P =
8.77 (cl. 15, Hp0}). Since the sign of the optical rotation
coincided with-fhe value in the reference (Tetrahédron, 1993,
15. 49, 213142138,'WO98/38177); 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—dFmethyl—L—

cysteine
N-carbamoyl—S- ~tert- butyl—a—methyl i P cystelne (82. 4 d,

.351 4 mmol) was dissolved in a 18% aqueous lithium hydroxide
solution (630 g}, and the resultantAsolution was refluxed in
25 nitrogen for 41 hours. After the.solution was allowed to
cool down to room temperature, thé insoluble substénce was
- filtered off, and the filtrate was adjusted to pH 6.by adding

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



columm tenperature: 30C), it was confirned that the solid was the desired
compound (yield 84.6% . The measurement of 10 optical rot2P¢Embereied
[a]20 = -6.28 (cl. 21, H20) Since the sign of the optical rotation was
opposite to that of the a-nethyl-L-cysteine hydrochloride produced in
EXAMPLE 10, it was confirmed that the obtained conmpound was the intended
D- stereoisoner.. 15 (EXAMPLE 9) N@tg d for producing a-nethyl =L-cysteine
hydrochl ori de N-carbanoyl -S-tert-butyl-a-nmethyl-L-cysteine (100 ng, O0.43
mol ) wasg, Ji,5sqljved s ydrochlaric id ( 0 d.the
resul tant so 'u?!lhoeﬁqnv\%a}gs?C re% ﬁJI?XS}(; |O§1Jlenoll &roogileﬁ’cftoor.gaégt%‘gﬁlr %utrgHﬁFepare an
aqueous;+Sel 4 o ,0f7 it hy by - [ loride.. MRLE -10) Met hod
for producing (x-nethyl-L-pys%e?%ghﬁfgghfg¥%%%ﬁ%r%8gglgé%?%g?ﬁ gF%Ohol (0.5
m) wasizadded Wi R He8actin « 130 Wiy qfy -mlemqeeld LS.

su

hydrochl ori de obtained in EXAMPLE 9, and the resultan nlxtUre Was
concentobalzdeh whdert iy llecmpRundde HxHaUeRA R eg3ure And gdri gd by

azeotropi c dehydration. This operation was repeated three times until the
vol fime descdne ofabpuic Bnd gy iconenuimal: onosiiben thesraai dyeowascheated to

- 60C, and toluene (1.m) was added to the residue. After the 5 m xture was
al | ovedyt dacedkiddesdue Moam)t enpéridiclhasdepotassium diliydrogen
~ phosphate - phosphoric acid solution (pH 2.0} /acetonitrile %
90/10, flow rate: 1.0 ml/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) &: 3.1é (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-a-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 obtaih an. aqueous solution of aumethyl—L¥

20 cysteine hydrochloride.

(EXAMPLE 13) Method for isolating a;methylmecysteine

. hydrochloride

The reaction solution of a—methyl—L—cyéteine
25 hydrochloride obtained in EXAMPLE‘12 was concentrated to 67.5
| g (degree of vacuum:. 30 to 60 mmHg, temperaturei 45°C), and
_tdiuene (206 g) was added to the residue. Again a vacuum

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




stirring, stirring was continued for about 1 hour. Then, the precipitated
crystals were filtered off, washed with toluene, and drléﬂmﬁﬁ@éﬁﬁﬁgﬂuced
pressure to obtain the title conpound .as a white solid (44.3 ng). As a
result of HPLC analysis 10 (under the sane anal ytical conditions as in
EXAMPLE 8), it was confirned that the solid was the desired conpound
(yield 60.0%. The neasurenent of ogzical rotation showed [a] 20 = 8.77
(cl. 15, H20). Since the sign of the ptical rotation coincided with the
val ue i ihe elerenced( Tekrahsdron, 1993, .15 @9, 21312136, [098/38177).
ed TRE T e

it was confir t hat the obtalne npound Wwas

, 1.60
(s LIRS R Y e lE ol e«B%C’Llro?d@?. ngmé"a %F«)rb T (%Et%a
cyst ei ggnear Bamewl 8 tekt +Rut Whied- @h@dwéﬁ S e onAj(C%éo g}% 4 mol )

was di ssolved in a 18% aqueous |1t hi um hydroxi and the

resul t gaime spkwhit@BNVAS s eEbuxedd 3125 Midd0geN Jdtrafllt@%éauﬁfé er the
solution was allowed to cool down to roomtenperature, the insoluble

subst anogusds sfukteredoef ) amdthke phidducat e avase agdiust-ed, 4 ¢ 6 by
adding conc. hydrochloric acid (180.1 g). After stirring for about 5

~ Decenbeyd20061lo66dé . ouThe thet i xtdheemasocoohedstard4G was5Gpsang furt her
stirred for 1 hour. The produced crystals were filtered off, washed with
wat er , vgadhthéhadeidednuadmethgdutedyptedser dyidrochloride). The

slurry was filtered, and the obtained crystals were washed
with toluene and dried under reduced pressuré {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 c-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
mol) produced by the method of EXAMPLE 11, and the resultant
mixture was refluxed for 41 hoﬁrsa Furthermore, conc.
~hydrochloric acid (47.6 g) was added to the mixture, followed

20 by‘refiux for 3 hqurs. After the mixture:was allowed tb cool
down to room temperature, isopropylialcohol‘ﬁ90 mL) was added
to the mixture, followed by vacuum concentration. Then;'
.azeotropic dehydration was performed three fimes using the
same amount of isopropyl alCohol; Finélly, isopropyl alcohol

. 25 was added to the residue, aﬁd the resultant mixture was

- concentrated to a volume of about 1/3. Then, the residue was
heated to 60°C, and toluene (20 mi,}) was added to the residue.

After the mixture was allowed to cool down to.room



obtain the title conpound as a white solid (53.9 g). As a 5 result of HPLC
anal ysis (col um: COSMOSIL 5C18- AR (produced by Nacal ai TREff§EPEIO0§
nmobi | e phase: potassium di hydrogen phosphate - phosphoric acid sol ution
(pH 2.0)/acetonitrile = 90/10, flowrate: 1.0 mM/mn, detection

wavel ength: 210 nm colum tenperature: 400, it was confirnmed that the
solid 10 was the desired conpound (ggeld 85.7% 1H NWR (300 MHz, D20) S
3.18 (d, 1H), 2.91 (d, 1H), 1.60 (s, 3H), 1.35 (s, 9H) (EXAWPLE %f) Met hod
for pr j ~ |- L4Gyst.ei.ne ar.i . chloric

aci d (g%g.@f%t%g% té]g’)dééfdlst%%lﬁl«??t = Ey)ﬁ%?{?g r%f%“fj{i-“%;es eaub%d%g‘gw g, 201
mol) Bpducednby thge PREROO: ERCEXAVRLELL, dotheitesull gk m xture was
refluxed for 24 hours to obtain an aqueous solution of a-nmethyl-L 20

cyst ei pashydr aghhotibdeeneEXAMA B rid)d Meled AfudPhdtdiGire to

a-nmet hyl -L-cysteine .hydrochloride The reaction solution of

a- met hypbthiayshei 1625 kydipochidotisde ebfidined ik IAVRLE 12 was
concentrated to 67.5 g (degree of vacuum 30 to 60 mrHg, tenperature:

45.) , 6an@%)t.ol uene (206 g) was added to the residue. Again a vacuum
concentration operation (degree of vacuum 40 to 60 mrHg, 5 Decenber 2006
.67 ‘tenperature: 40C, distillation rate: 107 L/hn2) was performed until the

total was 109 g, and toluene (206 g) was
(EXAMPLE 15) Method for producing D-5-mercaptomethyl-5-

methylhvdantoin

First; D~5—terthutylthiomethyl—5—methylhydantoin (4.38
10 g} produced in EXAMPLE 6 was dissolved in conc.. hydrochloric
acid (100 g), and the resultant,soluﬁion was stirred at 80°C
for 18.5 hours; After the solution was allowed to cool down
tb‘room temperature, the solution was concentrated to about a
half, and the residue was adjusted to bH 0 by adding 30.5 g
15 of a 30 wt$% agueous sodium hydroxide.solution.l After
 extraction with éthyl acetate (100 ml. x 3), the organic phase
was concentrated to 10% of the total, and toluene (30 mL) was
added to the residue. The.precipitated crystals weré
filtered off to obtain;the target Df5—mercaptomethyl—5¥
 '20 Imethylhydantoin (2.65 g) in a yield of.809. 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/isopropanocl = 9/1,'floﬁ rate; 1;0.ml/min,
detection wavelength; 210 nm, column temperéture: 35°C,
.25 retention time: D-isomer; BO.4 min, L-~isomer; 33.8 min), the
_ Luisomef was ﬁot detected. .
g NMR (400 MHz, MeOH.—dll) 8: 1.32 (s, ‘3H), 2.60 (d, 1.6 Hz,

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




further added to the residue, followed by concentration. The sane
operation was repeated six tines in total to obtain a 5 tofDewmambet 2006y (104
g) of the product, a-nethyl-L-cysteine hydrochloride. The water content of
the slurry was 30% by weight (based on a-nethyl-L-cysteine hydrochloride).
The slurry was filtered, and the obtained crystals were washed wth

tol uene and dried under reduced presggre (at 0 to 100 10 nmmHg and 30C to
80C for 5 to 10 hours) to obtain the title . compound as a white solid (32.2
g, yield 93.4% . (EXAVMPLE 14) Method for producing a-methyl-L-cysteine
hydrochl oride 15 First, water (47.6 g) and conc. hydrochloric acid (177.4
g) wer e (asded 10 159t sethbdt ¥hradeRbli nkney $1eiika 1( 22¢i+13%L ¢ @l ) produced
by the. nmethod of EXAMPLE TT; and thé tesultant "mxture was Tefluxed for
41 houmsthyRuwl-hersweiee hgoochllydidechl oric acid (47.6 g) was added to the
m xture, followed 20 by reflux for 3 hours. After the m xture was al |l owed
to cool dowhrst,r oometthiefatuyseeinsopiveiydcrdloadhel (BQ 9igg,was. edded to
the m xture, followed by vacuum concentrati on. Then, azeotropic

deh§dr amodn waedperetobyedhehmeshpidned BEXAMPLENG 3 sane ddrawitvesf iirsopr opyl

al cohol . Finally, isopropyl alcohol 25 was added to the residue, and the
resul t #teR XBuPd ) wasndc sRcénty Avddouena cralbomatef (ATut? Wald. dfen, the
resi due s _heated to 60C, and toluene (90 nlL) was added to the residue.
After &R (re™hds YErEonedero teobshedawmsulignts sohus ibscenB&be2006 68

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 Waé dried over anhydrous sodium
| sulfatg, and the solvent was distilled off under reduced
15 ‘pressure. As a result of the PTLC (hexane/ethyi acetate &-
1/1 with a small amount of acetic acid) ph;ifiCation and 'H
NMR analysis of the residue, it‘wés‘confirmed'that the
- . desired compound (106 mg,ryield 60%) was produced. The HPLC
analysis {(column: CHIRALCEL OD-RH (produced by Daicél
20 Chemical Industries, Ltd.), mobile phasei potassium
dihydrogen phosphate - phosphqric acid solution‘(pH
.:2.0)/acetonitrile = 6/4, flow rate: 1.0 ml/min, detection
" wavelength: 210 nm, column temperature:.30°é, 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, D;0) &: 7.30-7.40 (m, 10H), 5.22 (s, 2H),

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




tenperature under stirring, stirring was continued about 1 _hour. Then, the
precipitated crystals were filtered off, washed with t ol PPREEMBFH GO i ed
under reduced pressure to obtain the title conpound as a white solid (13.5
g, yield 5 .60.00). (EXAVPLE 15) Method for producing

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

sol utl oy YRR peL5r §d: ! RRUER A RLLIBRALMLION MRS al | oned

t o coot—dow Shpe tre he o wWas—cohcen ed—t0 about
a halButgﬂdap&%t%&ﬁLg&%t&g%eadlUSted to pH 0 by adding 30.5 g 15 of a 30
wt % aq ol ution After extraction with ethyl acetate
(100 nL x 3 rLhe ge&aﬂbch%%@ud@,a%n@o%%@ﬂ esd LaakPof shedatal, and
tol uene (30 n) was added to the residue. The precipitated crystals were

filterpdtofithtionelhaipsthe thaiaetaRtoimEr ept oMt Melsvd t20 tetidredant oi n
(2.65 g) Inayield of 80% As a result of the nmeasure of the optical
puri t ywat hbhsedompoungrbyiedBliei neCHIBMNBAMS the «( phaduead Hay .Dairgel Cheni cal
I ndustries, Ltd.), nobile phase: hexane/isopropanol = 9/1, flow rate:
1. O M kauntiocdesedtitannwauel englllyzedl G ynMPLCO| (e uinenpeceaMisaT. 35C, 25
retention tine: Disonmer; 30.4 mn, L-isonmer; 33.8 nmn)'., the L-isoner
was nobCietadt dgrodHCcHNRby4ADechizl NMeGHued)ng:. )1. 8@b(ide PHpse2. 60 (d, 1.6
Hz, 1H), 2.72 (d, 1.6 Hz, 1H)

'acetonltrlle/lo mM aqueous potassium dihydrogen phosphate

solution = 30/70, flow rate: 1.0 ml/min, detection
100 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 ﬁater- © Reaction ~ Reaction Xield
(molar (.times by temperature time (%)
~ equivalent) weight) (°c) (hour) |
17 3.3 1.4 90 44 82
18 . 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-o-

methyl-cysteine
First, 5ntert~butylthiomethyl—54methylhydantoinr(5.g, 23

20 mmol) was mixed w1th a 58% aqueous potassium hydroxide




5 Decenber 2006 69 (EXAMPLE 16) Method for determ ning optical purity of
a- methyl-L-cysteine hydrochloride First, a-nethyl-L-cyst&lasenbai2ehl ori de
(74.9 ng, 0.44 5 nmol) produced by the nethod of EXAMPLE 13 was di ssol ved
in water (3 nL), and sodi um hydrogen carbonate (197.7 ng) and ethanol (3
m.) were added to the resultant solution. After nitrogen purge, benzyl

chl orocarbonate (0.17 nL, 1.10 mmol)_,. was added to the resultant m xture,
foll owed by stirring at 10 roon1tenﬁ%*ature for 2 days. Then, conc.

hydrochl grj,c aci was added.to the reaction sol ution .adjust the
so|uti§ﬁﬁﬁﬁlﬂ&H<%:3,ginda %tFé@tF&ﬁtﬁﬁ§ H@ngFﬁﬁﬁdmﬁPhbgtﬁy?ngcetate.

Then, i a S | ed r drous.sodi um _sulfate, and the
solvenkq%ég%g?g?ﬁlPgdﬁgﬁggunggégr%gﬁge%g€g¥%%%s%5r§beA@e%p e8It of the
PTLC (ke et hyl etate s qLL1sw thea . cetic acid)
purifi%gpﬁgﬁogh pﬁ%gNk%Eaﬁgﬁgﬁfglg??ﬁetﬁggk Sggng?& 8&“?0% |%ned t hat the
desi r e¢<GRANOWNG 16186 HOgo¥i el d 60% was produced. The HPLC anal ysis
(colum: CHI RALCEL OD- RH (produced by Daicel 20 Chemical Industries, Ltd.),
nobs | e phased potassi um di hydrogen phosphate - phosphoric acid sol ution
(pH 2.0)/acetonitrile = 6/4, flowrate: 1.0 m/mn, detection wavel ength:
210 nm (EHBMPRE! e0penatboe: £80CG ro@henhyON-thiBamo¥d-35t8+A-bBy122. 92 nin
(L)) of the conpound showed an 25 optical purity of 98.6% ee. IH NWVR (300
MHz; D26jebhyi-8@stedfie(m -10H), 5.22 (s, 2H),

First, 5-tert-butylthiomethyl-5-methylhydantoin (5 g, 23
mmol) was mixed with a -65% aqueous potassium hydroxide
100 solution (4.4 g) and toluene (5 ml), and the mixture was
heated to 95°C and stirred for 27 hoﬁrs. The HPLC analysis
of the reaction soluti@nrshowed 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, S-tert-butylthiomethyl-5-methylhydantoin (5 g, 23
mmol) was mixed with a 73%_aqueous'potassium hydroxide
solutioﬁ (5.7 g) and toluene (10 ml), and theimixture_Was

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

compound in a reaction yield of 90%.

(EXAMPLE 25){Methqd for producing N-carbamoyle—aminoﬁZ—

25 methyl propionic acid
First, 4.0 g of 5,5-dimethylhydantoin was mixed with 4.0
g of sodium hydroxiderand'4.0 g of water, and the mixtare was

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




5.10 (s, 2H), 3.60 (s, 2H), 1.63 (s, 3H) 5 Decenber 2006 70 (EXAMPLES 17
to 21) Method for produci ng N-carbanoyl -S-tert- butyl - a- métlepembey2908i ne
First, sodium hydroxi 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 (col unm: COSMOSI L 75C18 AR (produced by Nacal ai Tesque
Inc.), nobile phase: acetonitrile/ 10 mv aqueous pot assi um di hydr ogen

vl oRgoh 51 e RROTE utia s %%ifai Birgeuz5) BroNagearh H6>9the 1JFeld of the
vat er f&%ﬁ%?%?ﬁh%aa%%%’é% PRt TeRmPan PANEE n, PPERRRRATUPE Y ARSEDy
195 PRCIPEE el (“"99)’85 5137551 978 81 43de” o et dalnte 22
Met hod, £ 081 PREENCT Ho Nafar LaMRYE - SahfEbaPUbyL - 30FE} hyle- ¥8t ebl8tion

| 5 mixture showed the production of 3.38 g (yield 74.1%) of the

title compound.

'H NMR (300 MHz, Dy0) 8: 1.39 (s, 6H)

(EXAMPLE 26) Method for producing N?carbamoyl—Z—amino—B—k2—

10 methoxyphenyl)—2—methyl propionic. acid

First, 4.40 g of 5—(2—methoxyphenylmethyl)"5~méthyl~
hydantoin was mixed with 2.64 g of sodium bhydroxide 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. 5C18~ARII (produced by Nacalai Tesque Inc.), mobile phase:
acetonitrile/10 mM agueous potassium dihydrqgen phosphate
solution = 20/80, flow rate: 1.0 ml/min, detection
-wévelength: 210 nm, column température: 40°C) of the reaction
mixture showed the production of the title compound, 2-amino=
.20 :3~(2&ﬁethoxyphenyl)—2+methyl propionic acid, and'the,raﬁ
materiai at an area.ratio of 78.855.5:15.5.
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—a—

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-tert-butyl thi onet hyl - 5- net hyl hy

First, 5-tert-butylthionethyl-5-nmethyl hydantoin (5.9, 23 20 mmol) was

m xed with a 58% aqueous pot assi um hydroxi de 5 Decenber 2@QfcerfBergodeut i on
(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
compound in a reaction yield of 92% 5 (EXAMPLE 23) Method for producing
N-carbanp | -S-tert-butyl- a-nethyl-cysteine First,
5-tert-butylthionethyl-5-nethyl hydantdin (5 g, 23 mmol) was mxed with a
657 aqueeis. Dol @ssi wi hydh pxEdeq 10, SpLULE O, (4 Jopcand dpluepg, (o), and

the m xture was heated to 95C and stirred hours.™ The anal ysi s
of the K@@ed | OMHROIHHTICOMh S t e INERAUG thg g conpound in a
reaction yield of 88% 15 (E)XI%%PL 214) I\/Eﬁ(lj(%ﬁ%sgﬂ;l' pS:E;ﬁl uékltﬁnlgi N- car bano
|-S—tertpﬁmﬂu&edabﬁfmiﬁﬁl£ysf@éﬂ@eFiﬁéE}, mobile phase: . .

: dantoin (5 g, 2 mmol) was mxed with a
73% aqueteisorpit miske A0 hytdr Dxbsleu s s@ﬁémﬁ&gﬂl@r@%t@{d@é}eﬁgéo m), and
the m xture was 20 heated to 95C and stirred for 51 hours. The HPLC
anabPysisolwfidghe= r2a6t0 ont sod utaion: showadl e prasiedtiom of the title
compound in a reaction yield of 90% (EXAVWPLE 25) Method for producing
N- car bamaRglengii noz™M 188, nethyin preamomtumei X0°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, S5H), 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-oa-methylcysteine

First; 5—tert—buty1thiomethyl~5—méthylhydantoin (5 g, 23
_15  mmol) was mixed with barium hydroxide (11.7), and water (10
g), and the mixture was heated'tb'95°c and stirred for 2
hours. The HPLC analeié of the reéctioﬁ solution-shoﬁed 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*methychysteine (accofding to the method
descried in US5338859) |
| First, 5~tert4butylthiomethyl~SMmethylhydantoin:(purity
content 10.82 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 reaétion solﬁtion showéd the production .of the title

compound in a reaction yield of 25%;




First, 4.0 g of 5,5-dinethylhydantoin was m xed with 4.0 g of sodium
hydroxi de and 4.0 g of water, and the m xture was stirreds Bécelbhé 2005 90C
for 3.5 hours. The HPLC anal ysis 5 Decenber 2006 72 (colum: COSMOSIL
5C18- ARI | (produced by Nacal ai Tesque Inc.), nobile phase: acetonitrile/ 10
mM aqueous pot assi um di hydrogen phosphate solution = 20/80, flowrate: 0.5
m/mn, detection wavel ength: 210 n?h colum tenperature: 40C) of the
reaction 5 m xture showed the productron of 3.38 g (yield 74.1% of the
title conpound. 1H NMR (300 WHz, D20) 8: 1.39 (s, 6H) (EXAMPLE 26) Met hod
for producing N-carbanoyl -2-am no-3-(2- 10 net hoxyphenyl) - 2-net hyl

propi ont .86 & H rz‘—gﬁplfha@iﬁﬁf 5- (2- nmet hoxyphenyl net hyl ) - 5- net hyl -
hydantoin was m xed wth 2.64 g of sodium hydroxide and 3.5 g of water,
and the m xtay esavas- 3 egd t Q a4 f . hours. The
HPLC anal ysis (col um: COSV.‘EB%'L%ES 5C1l8r§§;ﬁfl%L %ge?c&) uégseezg’gylrﬁé%a J?31({%)'“I'esque

| nc. ), bath ltheplmseind acetiyndrd &/F Q1Y ssi ym di hydr ogen
phosphate solution = 20/80, flow rate: f%i%q%{ %@Z‘féeﬁr} on wavel engt h:
210 Snmmepdi winay stteniper atairieratdel) oaf itte g:8act ol cHidd Ui shoved the
production of the title conmpound, 2-am no 20 3-(2-nethoxyphenyl)-2-net hyl

pr opi ol @EE st it heteawe digtter, i @amtbap@RadBtiromfraf 8. 5: 15. 5. 1H
NVR (300 MHz, D20) 8: 7.32-6.90 (m 4H), 4.84 (s, 3H), 3.19 (d, iH), 3.18
(d, 1H@vaLlzples, igrpensive raw materials by a simple,

industrially practical process. Also, the compound can be

obtained as crystals‘by an industrially practical means.
10



25 (EXAVPLE 27) Method for producing N-carbanoyl-S-bent 1-a- nethyl cysteine
First, 5.0 g of 5-benzylthionethyl -5-net hyl hydant oi n was sbetesibarizots 3. 69
of potassium hydroxide and 3 g of water, and 5 Decenber 2006 73 the

m xture was subjected to reaction at 94C to 96C for 12 hours. The HPLC
anal ysis (colum: COSMOSIL 5C18-ARIl (produced by Nacal ai Tesque Inc.),
nobi | e phase: acetonitrile/10 mM aqu eous pot assi um di hydr ogen phosphate 5
solution = 30/70, flowrate: 1.0 m /M n, detection wavelength: 254 nm
colum tenperature: 40C) of the reagi{@g m xture showed the production of
3.56 g (yield 66.4% of the title conpound. 1H NMR (300 MHz, D20 S:

3 CMPARRTIVEERAVPLE. TSRO o pratidity Tt i’aiﬁaﬁﬁw 9, LA (s

(5 o, oaropR MR YUGNEbE BaF bk s, L ERRIHbRD Qé"?%%@é' aKZ uiter (10" "

g) angtghgagtxture was heated to 95C and stirred for hours. The HPLC
anal ysis of the reaction solution showed the productlon of the title
conpound in Czreactlon yield of 39% 20 (COVMPARATI VE EXAVPLE 2) Method for

produci ng N I-S— tert-butyl-a-nmethyl-cysteine (according to the
~method descri JUS5338859) First, _
5-tert-butylthi I-5-nethy|hy%2f$oin (purity

met
HN 0
w SR1

(wherein R' represents a substituted or unsubstituted alkyl

greoup 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 haﬁing & to 20 carbon
10 atoms); and'an_N—carbamoyl—a—methyle—cysteine derivative

represented by formula (3) or its salt:

o ., ,SR"

HN" “N"~COOH

(wherein‘R1 represents the_same-as the above)}, the process
comprising treating a racemic N-carbamoyl-a-methylcysteine
—15 derivative represented by_formula (1) or its salt with a

‘hydantoinase'to selectively cyclize the,DniSomer:
) .
HNT N“cooH ()

- {wheérein R represents the same as the above).




content 10.82 g, 50.0 mmol) was m xed with cal ci um hydroxide 25 (3.70 g,
50.0 mmol ), and water (60 g), and the mixture was heated tideLo0Rrapes
stirred for 3.5 hours. The HPLC analysis of the reaction solution showed
the production of the title conpound in a reaction yield of 25% 5
Decenber 2006 74 Industrial Applicability As described above, according to
the present invention, both the D Z&d L- isomers of an optically active a
5 methyl cysteine derivative or its saft, which is useful as an

~ pharnaceutical internmediate, can be produced fromreadily available,

i nexpensive raw materials by a sinple, industrially practical process.

or act i cal moane. P18 - pecerer tobor b A v el it oss for produci ng

D 5- -Bin i A | s loyat ept. t formula (2)
a D! tﬂdmgaoaﬁ@h@ﬁ% J(azegae%t&m %51%?0' ML el Re R oL

Agrobacterium, Bacillus, or Pseudomonas.

5
3. The prodess according té claim 1, wherein the
hydantecinase is derived from Agrobacterium sp. KNK712 (FERM
BP-1900}), Bacillus sp. KNK245 (FERM BP~4863),70r Pseudomonas
putida TFO12996. |
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 processlaccording'to claim 5, wherein the tertiary

alkyl group is a tert-butyl group.
20 ,
- 7. A process for producing an a~methyl—ﬁ~cysteine

~derivative represented by formula (4) or.its'salt:

“, S_R2 | |
Lo @

H,N" ~COOH

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

.25 'substituted or unsubstituted alkyl group having 1 to 20




(wherein Rl represents a substituted or unsubstituted alkyl group having 1
to 20 carbon atonms, a substituted or unsubstituted aral kys Dedcompr doeeyi ng 7
to 20 carbon atonms, or a substituted or unsubstituted aryl group having 6
to 20 carbon 10 atons); and an N-carbanpyl-a-nethyl-L-cysteine derivative
represented by fornula (3) or its salt: OSRS H2 NN COOH (3) H (wherein
R1 represents the sane as the above), the process conprising treating a
racem ¢ N-car banoyl - a- net hyl cyst ei ne’715 derivative represented by formula
(1) or its salt with a hydantoi nase to sel ec_tivelaé/1 cyclize the D-isonmer: O

SRS HAR Y B g whie ret i TR Tt ede s thvd datke salf%é(yalb%ﬁ}?UEB Decenber
2006 6 2. T rocess according to claiml1, wherejin the ydant oi nase is
deri ved Fr'oM rrhféclr%o gari of Or“%e §eénds SURGOGAtSS iU Baci | Ihus, or
Pseudo oD 3 T rocess accardi to aim1, erei.n the

hydant glﬁl%g%esjlﬁstu%&q \t}% rggﬁuRg?lc?B%&ge%?utrﬂ g? %ﬁ%%ﬁ% BA1000) |
Baci 11 g o¥Res WG s MR8 R0y 10 {PRP UG TPNAS o Ay 193, 3426 10

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

and, if required, deprotecting the sulfur atom:

o ., SRt
Lo @

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

10 "8. The process according to claim 7, wherein
decarbamoylétiqn 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 c¢laim 7, wherein
decafbamoylation is performed by treatment with an alkali to
producé a compound represented by formdla'(d) 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 hydfdxide, potassium
 _ hydroxide, lithium hydrqxidé,'magnesium hydroxide, barium

hydroxide, or calcium hydroxide.

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



4. The process according to any one of clains 1 to 3, Werein the
hydant oi nase is used as an imobilized enzyne. 5. The pr &d¥sembsddadi ng to
any one of claims | to 4, 15 wherein Rl is a substituted or unsubstituted
tertiary alkyl group having 4 to 15 carbon atons. 6. The process according
to claim5, wherein the tertiary alkyl group is a tert-butyl group. 20 7.
A process for producing an a-nethyl-L-cysteine derivative represented by
formula (4) or its salt: SR2 H2N CIi§1(4) (wherein R2 represents RL or a
hydrogen atam Rl represents a .25 substituted or unsubstituted al kyl group
havi ng ufetado 130 " epEESHEERTOYEG t 1PR ddr ot Pty dgogiBEt i t ut ed or
unsubstituted aral kyl group having 7 to 20 carbon atons, or a substituted
or unsubstituted aryl group having 6 to 20 carbon atons), the process

conpri si d i an..N-carbanoyl -a-net hyl_ 5 L-cystei.ne derivative
repr esen?ga by %% 7 rru‘%@a% f?cqcoorrcf]tnsg gta(? tasr,ly “hd, f(’ylrae]d[lﬁ r9e)éc,° g@}jr ot ecti ng
the Sub%H%r%%ﬁ%? QadRng HnNacidk N @Q@Hrgékti%angwugEghnag%egepresentS the
same as above) I0 8. The process according to clairm7; wherern

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 pfocess 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.
trifluorcacetic acid, or a mixed acid of at leaet two acids

seleeted therefrom.

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

used is hydrochloric acid.

15. The procees according to any one of claims 12 to 14,
whereinethe pH of the reaction solution is decreased to 9.5

20 or 1ees.

16. The process'according to any one of claims 7 to 15,
wherein the N-carbamoyl~a-methyl-L-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:




decar banmoyl ation is perfornmed by treatnent with nitrous acid, or a nitrite
and an acid, to produce a conmpound represented by formul & Pepmbei 208 ch R2
is the sane as RL in formula (3). 15 9. The process according to claim?7,
wherei n decarbanoylation is perfornmed by treatnent with an alkali to
produce a conpound represented by formula (4) in which R is the sanme as
R in formula (3) 20 10. The process7?ccording to claim9, wherein the

al kali used in the decarbanoylation'is sodi um hydroxi de, potassium

hydr oxi de, |ithium hydroxi de, magnesi um hydroxi de, barium hydroxi de, or

cal ci um hydroxi de. 25 : process according. to claim9, wherein the

al kali 5 Decenber%,20 78 used in the decarbanoylation is |ithium

hydr oxi de. 12. The’fifocess according t ny one of clainms 9 to 11,
conprising apdi Ny” an qCi 4 he react(iqé;1 solution after 5

decar banoyl atidn reactTon To decrease the pH thereby crystallizing a
conpound represented by fornmula (4) in which R2 is the sane as R in
formula (3). 13. The process according to claim 12, wherein the acid 10
used i $hgnprogesselcenped sfingmthneditdety, oniithacind acsid,f W icompatind)

hydrobrom c acid, nitric acid, acetic acid, and trifluoroacetic acid, or a
m Xed BEOGUSEdaby| hst Prasess @scoselioct d¢d tEmer efcomt 15 alidis Theopr ocess

'accordigg to claim12, wherein the acid wused is throchIoric aci d.
- 157 and represented by formula (4) in which R? is the same as

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

18. The process accordinglto claim 17, wherein the acid
used is any oneg selected from hydrochloric acid, sulfuric
.acid, hydrobromié acid, nitric acid, acefic écid, and
10' trifluoroacetic acid, or a mixed acid of at least two écids

selected therefrom.

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

‘repreéeﬁted by formula (5) or its salt:

%, SH -
Loon ®

H,N” ~COOH

-the'proqess comprising treating, with an acid, an N-
- 20 carbamoyl~a~methyl-L-cysteine derivative represénted by

formula {3) or its salt:



15. The process according to any one of clains 12 to 14, wherein'the pH of
the reaction solution is decreased to 9.5 20 or |ess. 16.5 DPembeoifess
according to any one of clainms 7 to 15, wherein the
N- car banoyl - a- met hyl - L-cyst ei ne derivative represented by fornula (3) or
its salt is produced by the 25 process according to claim1l. 17. A process
for producing an a-nethyl-L-cysteine_  represented by fornula (5) or its
‘salt: 5 Decenber 2006 79 SH H2N coiy (5) the process conprising treating,
with an acid, a coppound produc gQHy the process according to any one of
claims 7 to 15 an epyesen flormula (4) in which R2 is the sane as
5 Rl in formula (3) to‘@e otect the sulfur atom 18. The process
according to cI a| in the acid USﬁESE any one selected from

ci

hydrochl ori cH, sullNiri ¢ "GO Mydrobro nitric acid, acetic
acid, and 10 t |quor etic acid, or a m xed aC|d of at |l east 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- net hyhelredystréi ng ar epresenyediRyif gesubank5ingr 4i £8 $8! Larbon

atoms, to simﬁltaneously perform decarbamoylation and

-deprotection of the sulfur atom.

21. The process aceording to claim 20, wherein the acid
used is any one selected from hydrochloric acid, sulfuric
acid, hydrobromic acid, nitric ecid, 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 accordlng to any one of clalms 20 to 22,
’whereln the N- carbamoyl o-methyl-L- cystelne 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 produc1ng L-5-methyl-5-

_thlomethylhydant01n represented by formula (6) or its salt:




f

“represented or mul

SH H2 N COON (5) the process conprising treating, with an acid, an N 20
car banoyl - a- net hyl - L-cystei ne derivative represented by fSdregerhizer@d)s or its
salt: 5 Decenber 2006 80 0 SR H2 NHOCOH (3) wherein R is a tertiary
al kyl group having 4 to 15 carbon atons, to sinultaneously perform
decar banoyl ati on and deprotection of the sulfur atom 5 21. The process
according to claim 20, wherein the acid used is any one selected from
hydrochl oric acid, sulfuric acid, H%Hrobronic acid, nitric acid, acetic
acid, and trifluoroacetic acid, or a mxed acid of at |east two acids 10
sel ected the(Bfron1F¥2. The process according to claim 20, wherein the acid
used is hydrochphorigjacid. 15. 23. The process according to any one of
claims 20 to 22 rein the N carbanoyl -a-nmethyl-L-cysteine derivative
.&) or its('@)ilt inwhich R is a tertiary alkyl

n atons Y s’ produced by the process according to
pr,0cess Lir produci ng L-5-nethyl -5-

+—S|

group having
claim1l. 20 24.

the process comprising cyclizing an N-carbamoyl-o-methyl«IL-~

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

@) 2, -SR1
/I'L /{ | (3) .

HNT N SCOOH

‘S'A'(w'heréian1 represents a substituted or unsubstituted alkyl
.group having 1 to 20 carbon atoms, a substituted or
'.unsubstituﬁéd aralkyl group having 7 to 20 carbon atoms, or a
substituted or unéubstitﬁted 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~carbam@yl—a—methyl~L—Cysteine deriﬁétive‘
represented by formula (3) or its salt to pfoduce an_L~5~
methyl—S—thiomethylhydantoinIQerivative reptesented by
iS__formula (7) or its salt:
O H
—N
HN O "(7) h
”""ff-—-SR‘l

(wherein R' represents the same as the above), and then




t hi onet hyl hydantoin represented. by fornula (6) or its salt: 5 Decenber
2006 81 OH ~-N (6) HN O --SH the process conprising &MEcembaigoten

N-car banoyl - a-met hyl =L- cysteine derivative represented by formula (3) or
its salt: SR 10 HZNCN COOH) H 5 (wherein R represents a substituted
or unsubstituted alkyl group having 1 to 20 carbon atons, a substituted or
unsubstituted aral kyl group having 7 %o 20 carbon atoms, or a substituted
or unsubstituted aryl group having o 20 carbon atons), and deprotecting

e UL UL Rhg M OCHERT o 180 THEPL0GE58 BRCRRIL RG0! PoCkBbILEd e |

conprising CyC I ZI N CyS

represgpted, by forpulacf3)-0F its salt to produce an L-5-
nmet hyl - SéthFon%thylhydgﬁt%Fﬁ derivative represented by 15 fornmula (7) or

its salt: OH --N

26. The process according to claim 25, wherein cyclization

5 reaction is performed using an alkali.

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-a-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 prbcess,according to.any_one of claims 25 to 28,
‘wherein the acid used is any one selected from hydrochloric -
- acid, sulfurig acid, hydrobromic acid, nitric.acid, acetic:
20 acid, énd’trifluoroacetic acid, or a mixed aéid of at léast

two acids selected therefrom.

30. The process according to any one of ciaims 25 to 28,
_ whereinlthe acid used is hydrochloric acid.
25 |
31. The process according to any one of cléims 24 to-29,
~wherein the N-carbamoyl-o-methyl-IL-cysteine derivative

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




HN O (7) "''f--SRS (wherein R represents the sane as the above), and then
5 Decenber 2006 82 treating the derivative or its salt wiStDgcembesddld t o
deprotect the sulfur atomthereof. 26. The process according to claim 25,

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

bari um hydroxide, or calcium 10 hyd? xi de. 28. The process according to
claim 24, conprisi tre t|n N- car banoyl - a- met hyl - L- cyst ei ne

deri vatﬁfoc$sr?t;raecs (fﬁq% Cg]r ;1(3) or its salt with an acid to

si mul t aneously 15 perfornlcycllzatlon and deprotection of the sulfur atom
29. The process according to any one of clains 25 to 28, wherein the acid

used is apy Oﬂep%égggeﬁommﬂgm h} ,gracme@%an : @éﬁiﬁ aci d,

hydrobrom c acid, nitric ac acet 0 aci uor oacetic acid, or
a m xed-rkofr at ﬂﬁpaﬁgrmﬁlvp @% ds- s_ngse(‘staa% therefrom 30. The process
accordlng to any one of clainms 25 to erein the acid used is
hydrochloric acid. 25 31. _The process according to any one of claims 24 to
29, mhereln t he N—car_ a- met hyl - L- cystelne derivative

H,N~ “COOH (5)

5
the process comprising hydrolyzing the L-5-methyl-5-
thiomethylhydantoin‘represented by formula (6) or its salt
which is produced by the process according to claim 24.

10 33. The process according to claim 32, wherein hydrolyéis

is performed with an acid.

34. The process according to ciaim 33, whereiﬁ the acid
~used is any one selected from hydiochloric acid, sulfuric
15 acid, hydrobromic acid, nitric acid, acetic acid, and
: trifluoroacetic_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 o-methyl-D-cysteine

derivative represented by formula (8) or its salt:-




represented by fornula (3) or its salt is produced by the 5 Decenber 2006
83 process according to claim1. 32. A process for producisifcgpper 2006
a-nmet hyl -L-cysteine represented by formula (5) or its salt: SH s H2N COOH
(5) the process conprising hydrolyzing the L-5-nethyl-5-
t hi onet hyl hydantoin represented by formula (6) or its salt which is
produced by the process according t | aim24. 10 33. The process according
to claim32, wherein hydrolysis isq% rformed with an acid. 34. The process
according to claim 33, wherein the acid used is any one selected from
hydrochloric acid, sulfuu F{215 acid, hydrobromc acid, nitric acid, acetic
acid, and trifl oagetic acid, or a mxed acid of at |least two acids
sel ected therefromx35. The process a rding to claim 33, wherein the,
acid .20 uqigi' hy gggpsg ijc acid. %_ A process for producing an
a-nmethyl -D-c el ne i've represented by fornmula (8) or its salt: 5
Decenber2006 84 ,,-S R2 HZN, COOH (8) (wherein R2 is RL or a hydrogen
atom Rl represents a

(wherein R® is R' or a hydrogen atom. R! represents a

substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aralkyl group
-3 having 7 to 20 carbon atoms, or a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms), the
process comprising hydrolyzihg a D-5-methyl-5-
thiomethylhydantoin derivative represented by formula (2} or

its salt:

(2)

10
(wherein R! represents the same as the above), and, if

required, deprotecting the sulfur atom thereof. .

37. The process acéording 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 Ri ih'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.




substituted or unsubstituted alkyl group having 1 to 20 carbon atons, a
substituted or unsubstituted aral kyl group 5 having 7 to Zﬁ)Deféﬁ'Pb'(ﬂﬁO%torrs
or a substituted or unsubstituted aryl group having 6 to 20 carbon atoms)
the process conprising hydrolyzing a D 5-nethyl-5--thi onet hyl hydant oi n
derivative represented by formula (2) or its salt: OH --N (2) HNO SR
10 (wherein Rl represents the sane a§5t he above), and, if required,
deprotecting the sul fur atomthereof ”“37. The process according to claim

36, wh d I ' f d wi | kal

corrpouﬁcrj rgprhiés:ao e%égﬁs ‘?SFI%‘F 3%8 rrr%n%hf’eﬁ ﬁgn?g Pﬁ%éénﬁga\g uce a

f I g, t t h I k I
ugregul n éﬁ) lhyg’[ ol ysi E{qogergz um y rOX|PeC(l’%o asssqluuml%(%le%y&r oil Se aI : t hi um
hydr oxi 200? dum hydroxide, dﬁy X ge t%ifl(i' ym_hydr oxi de. 5

Decenber 85 39. The pr ocess accor to any ains 36 to 38,
conpr i SR RAH Nk ARG 1hd byf Moo iRact | o8y Sal uiHion fﬁzt €5 tA¥dEQhysi s

reaction to decrease the pH and crystallize a
5 as R! in formula (2), thereby obtaining the compound as

crystals.

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
trifluoroacetié'acid, or a‘mixed acid of at least two acids

selected therefrom.

41. The process according to.élaim 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
X\/

HN">cooH (9

the process comprising treating the COmpound produced by the

25 -process according to claim 36 and represented by formula (8)




.compound represented by fornula (8) in which R2 is the same 5 as in
formula (2), thereby obtaining the conpound as crystals. @ﬁfmaTH§28W%cess
according to claim 39, wherein the acid used is any one selected from
hydrochloric acid, sulfuric 10 acid, hydrobromc acid, nitric acid, acetic
acid, and trifluoroacetic acid, or a. mxed acid of at |east two acids
selected therefrom 41. The process ggcording to claim39, wherein the acid
15 used is hydrochloric acid. 42. The process according to any one of

ol gl ™o 39 o 1 wacEgEnshiie B of 1feco fRci 4 ofa POl oy | seflecrgased to
y

9.5 or less. 20 43. A process for producing a el ne

repr esetdethtdaed el 1(fYr Aedd.s salt: ,ASH H N'COO—| (9) 2 the process
conprising treating the conpound produced by the 25 process according to

claim 36 and represented by formula (8) 5 Decenber 2006 86 in which R2 is
the sane as RL in fornula (2) with an acid to deprotect the sulfur atom
44. The PAhocebze guonras nNgatonodandn 43, cdian ed B, titeegein t19e Us€ddi s any one
sel ected from hydrochloric acid, sulfuric

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.

10 45. The process according to claim 43, wherein the acid

used is hydrochloric acid.

46. A process for producing a-methyl-D-cysteine

- represented by formula (9) or its salt:

N

 HNTcooH @

15
the process comprising't;eating,.with an acid, a coﬁpound

repreéented.by formula'(Z):

0O YH

\- :2
HN O (2)
w SR
wherein R' is a tertiary alkyl group having 4 to 15 carbon

' 20_ratoms; to simultaneously perform hydrolysis reaction and

deprotection of the sulfur atom.




acid, hydrobromc acid, nitric acid, acetic acid, and trifluoroacetic
acid, or a mixed acid of at |east two acids selected therddfacember200M5. The
process according to claim43, wherein the acid -used is hydrochloric acid. -
46. A process for producing a-nethyl-D-cysteine represented by.formula (9)
or its salt: ,.ASH H2N COCH (9) is the process conprising treating, with
an acid, a conpound represented by §ﬂrrml a (2): OH~N(2) HN O SRS
wherein R is a tertiary al kyl group®having 4 to 15 carbon 20 atons, to

si mul t angousl rformhydrolysis reactjon a eprot ection of the sulfur
atom 5 gée e%%%es%fﬁy%h%g Prdc Jsasl%ch] r %1‘%“?30“011‘15? A2E wherein

the acideqised s 3% 909 SRLLCUGd ORI OLIG £Cldy Sylifuric . aci d,

hydr obrom c aci nitric acid, acetic“acid, an tri uoroacétic acid, or a

m xed aghd, ohyalroheash ot Weidci ds ¢ 3 sel8c e refr 4 The process
according to glaai m 46,1vanerlei'n tihe aci éﬁ dsegte!%g?hfggc@éh%glﬁ c acid.
trifluorocacetic acid, or a mixed acid of at least two acids

5 selected therefrom.

48. The process according to claim 46, wherein the acid

used is hydrochloric acid.

10 49. The process accordihg 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 proceés according to claim 1.

15 50. A process for producing D-5-methyl-5-

-thiomethylhydantoin represented by férmula (11) or its s=salt:

0. H
—N

HN, =g  (11)
W8 H

the process comprising carbamoylating a compound represented

by-formula {8):

\\/S R2

| H2N>\COOH - (8)

. wherein R?_is the same as RY in formula (10), to produce an




10 49. The process according to any one of clains 46 to 48, wherein the
conmpound represented by forrmula (2) in which Rl is a tert$%??”@?%@ﬂ3group
having 4 to 15 carbon atonms is produced by the process according to claim
1. 15 50. A process for produci ng D-5-nethyl-5- thiomnethyl hydantoin
represented by fornmula (11) or its salt: OH~N HN O SH the process
conpri sing carbanoyl ating a conpound represented by fornula (8): 4
\.,,-SR2 H2N CCCH (8) 20 .wherein R38is the same as R in fornula (10), to
produc%Jan nber %:0 88 N-car banpyl - a-nmet hyl - D-cyst ei ne derivative
represente q‘( Dcﬁ’yﬁttes”éealqe“datgvi@ neOgeseamsd o) 2 H

(wher ei I%&brep( ents. sub tituted or unsubstituted al kyl 5 group having
1 to 20 carbon gt ns,” a U i%uted or  unsubstitut ed aral kyl ‘group havi ng
7 to 20 carbon ators, or a sub F&qted or unsubstituted aryl group having

6 to 20 carbon
- L% (10)

H,N" N COOH

(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 thén cyclizing the derivative or its salt and

deprotecting the sulfur atom'thereof.

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 -

rdeprotectlon of the sulfur atom and cycllzatlon reactlon are

performed with an a01d

53. The procesé according to claim 52,-whereih the acid
'20 -used is any one selected ftom hydrochloric écid, sulfuric
acid, hydrobromic acid, nitric acid, aceticlacid, and
trifluorcacetic acid, or a mixed acidlof at least two acids

selected therefrom.

25 54. The pquess according to claim 52, wherein the'acid




atons)., and then cyclizing the derivative or its salt and _deprotecting
the sul fur atomthereof. 10 51. The process according to cl2¢%MBe 200her ein
carbanoyl ation is preformed with an alkali netal cyanate and an acid. 15
52. The process according to claimb50 or 51, wherein the deprotection of
the sul fur atom and cyclization reaction are perforned with an acid. 53.
The process according to claim52, mgﬁrein the acid 20 used is any one
sel ected from hydrochloric acid, sulfuric acid, hydrobromc acid, nitric

aci d, %gg%{qugéghr qmanjEkgggoacetic acid, or a mxed acid of at |east

two aci sel ed therefrom 25 54. The process according to claimb52,
wherein the acid 5 Decenber 2006 89 used is hydrochloric acid. 55. The
process according to any one of clains 50 to 54, wherein the conpound

represensged byhd s raltesd BoddrdMh§Nefany bsethe SABn&SsSRlcdnsfornul a (10)
is produced by the process according to claim36. 56. A process for

pr oducivhgreil Theetdewpodmd HeprRidud duadd it ddrmiapr eggntied Wy dromtul a (11)
or its salt: OH--N HN O (~) _
5 is the same as R!' in formula (10) is preduced by the process

according to.claim 36.

56. A process for producing a D-5-methyl-5-

thiomethylhydantoin represented by formula (11) or its salt:

"HN___*~=q (11)
WUNw—8H

10
the process comprising treating, with an acid, a D-5-methyl-
S—thiomethylhydantoin derivative represénted by formula {(2)

or its salt:

15. (Whefein R' represents a sﬁbstituted Cor unsﬁbstituted alkyl
group having 1 to 20 carbon atoms, a substituted or
. unsubstituted aralkyl group'ﬁaving T to 20 carbon atoms, or a
‘substituted or unsubstituted aryl group having 6 to 20 carbon

atoms) to deprotect the sulfur atom.
20




10 SH the process conprising treating, with an acid, a D 5-

5-t hi omet hyl hydant oi n derivative represented by for mul a (2§Deﬁ?*?ﬁ%m§alt O
H ---N HN O (2) 7-SR1 15 (wherein R represents a substituted or
unsubstituted al kyl 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 atons) to deprotect the
sul fur atom 20 5 December 2006 90 ¥7. The process according to claim 56,

wh id d | ect ed f d hI d, | f

_acfée'”y%?obﬁ®ﬁ<?€§§%féi%§%¥69 © 4 éﬁﬂb et MRS (T Figfontet ic
d d f.at 1t d 58. Th

ot ocesSoSAcOPATNY PBCcPaLRvEES MRGPaTKCTRa AGPAS ELH: | SﬁEﬁéfééﬁFLr.c aci d.

10 5. 2108, Progess anear diog {9:a0Yc ogelaf chaiys 26:40 BRawherein the

conpoun réprésente ormil a IS prbduce by the process according
to clapm ¥11800aRcPi8C88Sal Oh rPHORYGERT R 1 ABLRY he D1 EYSECLRE acids

) selected therefrom.

58. The process according to claim 56, wherein the acid

ﬁsed 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 "

N
h)
-\\

HN"~CcooH )

| the prbceSs comprising hydrolyzing the D~5—ﬁethyl—5—
'thiomethYIhydantoin represented by fqrmula (11) or its salt
- which is produced by the process according to claim 56,‘
61l. The process according to cléim 60, wherein hydrolysis

is preformed with an acid.

62. The process accordiﬁg to claim 61,:wherein the acid

25 used is any one selected from hydrochloric acid, sulfuric




15 represented by fornmula (9) or its salt: ASH H 2 N(XI{%&(% ocess
conprising hydrol yzing the D-5-nethyl-5- thionethyl hydant 5%?@ ted by
formula (11) or its salt which is produced by the process according to
claim56. 20 61. The process according to claim60, wherein hydrolysis is
preformed with an acid. 62. The process according to claim®61l, wherein the
acid 25 used is any one selected fr@m hydrochloric acid, sulfuric 5
Decenber 2006 91 acid, hydrobromc acid, nitric acid, acetic acid, and

trifluaeeacehlaragitmilr a2, X8d raqid 0f; At ¢ ci sel ect ed
therefrom 5 ZSr Themérogeés accordlng tgﬁcaggﬁﬁ %aﬁgrgﬁﬁ'the acid wused

i s hydeeshihobieaastde G4idA BROGERS Lo aeu¥Sl@ bitzing ptieally acti ve a-
met hyl cysteine or its salt, conprising crystallizing the 10 optically

acti vesalpethyl cysteFpemor its salt from an aqueous solution of the
conpound in the presence of an organic solvent. 65. The process according
to claim64, wherein a salt of 15 the optically active a-nethyl cysteine
with an acid is obtained. 66. The process according to claim65, wherein a
salX of 63. The process according to claim 61, wherein the acid

used is hydroéhloric acid.

64. A process for crystallizing optically active a-
.methylcystéine_or its salt, comprising crystallizing the
10 optically active o-methylcysteine or its salt from an aqueous
‘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 a-methylcysteine with an acid is

obtained.

66. The process according to claim 65 wherein a salt of
the optlcally active a—methylcystelne with a hydrohallc acid

20 is obtained.

67. The process according to claim 65, wherein opticaily

.active d—methylcysteine hydroéhloride is obtained.

25 - 68. The process aCcording'to any one of claims 64 to 67,
comprising crystallizing the optically active o-
_ methylcysteine or its salt produced by the process according

to claim'7, 17, 20, 32, 36, 43, 46, or 60.




the optically active a-nethylcysteine with a hydrohalic acid O0is
obt ai ned. 67. The process according to claim65, wherein 6HFF@HWF§0m3aCt|ve
a- met hyl cyst ei ne hydrochloride is obtained. 25 68. The process according to
any one of clainms 64 to 67, conprising crystallizing the optically active
a- nethylcysteine or its salt produced by the process according to claim
"7, 17, 20, 32, 36, 43, 46, or 60. 59g9cenber 2006 92 69. The process
according to any one of clainms 64 to conpri sing concentrating the
aqueous solution of the optically active a-nmethylcysteine or its salt in
the presence 5 of the organic solvent to renpve water fromthe system and

repl aci n@9""%ﬂ§erﬁ§!r68§s§r9@é‘6£d§ %}V@Qtan%hgﬁg cLystallszing od he

corrpound rocess accor ng to Ia|n1 erein the organlc 10

sol ventcd438d Nag; l%cﬁn%ﬁ%a&ﬂ@ia{q&%&! tébl"%?éﬁfn ol -tnhEhe process
according to claim69 or 70 erein organi c solvent used is a

hydr oc@tara99ky et i @ e Hedihy 158} taliine Ur ant £LtNart sl et prelenéd The
process according to claim®69 or 70, wherein the organic solvent used is a

hyd§ ocaifbames @lreefitic &1 vEt MOGRSRHACGRIHMNE ddh el Byslenieiei n the 20
~hydrocarbon solvent used is one selected fromtoluene, benzene, Xxylene,
hexane repjlelkdmex arg.crand, et anejardrc adtiwatt, thereby crystallizing

the compound.

- 70. The process according to claim 69, 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 solveht used is a hydrocarbon solvent, an eéter
sdlvent, or an.ether solvent. |

15 |
'72. The process according to claim 69.or 70, wherein the

organic solvent used is a hydrocarbon solvent.

73. The process according to claim 72, wherein the
20 hydrocarbon solvent used is one selected from toluéne,
benzene, xylene, hexane, cyclqhéxane, and heptane, or a mixed

'._ solvent of at least two selected therefrom.

74. The process according to any one of claims 6% to 73,
25 wherein the optically active o~-methylcysteine or its salt is
crystallized at a concentration of 1% by weight to 70% by

weight.



sol vent of at least two selected therefrom 74. The process according to
any one of clains 69 to 73, 25 wherein the optically actPygcember2006
a-nmethyl cysteine or its salt is crystallized at a concentration of 1% by
wei ght to 700 by weight. 5 Decenber 2006 93 75. The process according to
any one of clains 69 to 74, wherein the agueous solution is concentrated
to replace water by the organic solyent until the residual water content
is 100% by weight or less relative 10 the optically active a 5

et hyl CYSEe! NEnOry Hice $2! JocdARTEPY: bﬁw "LR0 APE PPLLEAd Y, agk i ve

a- met hyl cyst el ne BTt salt as ¢ yS process according to any

one of .glal , Lel he e i r [ entration is
controlwlfﬂed eni{lﬁo toetclél Oolilsvwr%%lgfﬁlotle’lsgs %%r%ﬁlétr%?ggggtg é:c% g:% Wtat%ﬂany one

of cl aiyyp B trghhic \Maﬁrv%ln% hh%ﬁV%@@ e RuIAL Graltd rC R %tntat {ion 1S
controlled to 600 L/hn2 or less. 15 78. The process according to any one

of cl ailmw6BHyt welhgpht Wheneisk tr@@a@\i&@ort@t IR k8 dal 1GoReeNALI-on i
controlled to 300 L/hnR.or less. 20 79. The process according to any one

of Bl ams:H§9.dysté8ne whereisn shhe, degeeesf opreUBNigN thenegttialilgn is
~controlled to 500 mMHg or |less. 80. The process according to any one of
_Clainsa@¢iw@ 88methylcysteine or its salt as crystals.

- 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 concentration is controlled

fo 600 L/h-m® or less.

15
' 78. The process according to any one of cléims 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 prbcess according to any one of claims 64 to 68,
;ZSV_comprising ¢oncentratiﬁg the agqueous solution of the

‘optically active a—methylcysteige or its salt in the presence

of the organic soivent‘to rémoﬁe water from the system and

réplace water by the organic solvent, filtering off the




.25 conprising concentrating the aqueous solution of the optically active
a-nmethyl cysteine or its salt in the presence of the orgarfitecepraiétfe t o
renove water fromthe systemand replace water by the organic solvent,
filtering off the 5 Decenber 2006 94 precipitated slightly soluble
inorganic salt, and then «crystallizing the conmpound froma sol ution

t hereof by adding a poor solvent, c?%Iing, or concentrating. 5 81. The
process according to claim80, wherein the water is renoved fromthe
syste til st Iesi I ter ntent _is 100%.hy weight or less relative
to thg]pc%pr?)etql al ;e/teéjgﬁlg“ t-l\gﬁrrésalﬁcbgyestler}onr B tssalgtal ta.n(ggc'}taf. The process
accor dichg 18l ialiRBY Y Bl iRl &bt N s ORGANE SLRIE K5 etid 9l

repl acenmeént 1s a single al coho solvent, a S|né}e ether sol vent, “or a

m xed oyt dNefLQf, @biamy desi redhdald %tilry 83. The process according
to claim82, wherein the alcohol solvent is one selected from nethyl

al cohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl

al cohol, sec- butyl al cohol, isobutyl alcohol, or tert-butyl alcohol; or a

m x®d sofventTiod @todeastadadrspi@ctedeihenefs pmnheBeB84. tbevPEHEESS

according to claim82, wherein the ether solvent is.one selected from

- di et hylisetrieeovedi ifsopr apyl setsherm urttetlr alhedrefdican,] kot @canentor net hyl

tert-butyl ether, or a mxed solvent of at |east two selected therefrom
is 100% by weight or less relative to the optically active o-

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 aleohol, isopropyl alcohol, n—bufyl'alcohol, sec—
butyl alcohol, isobutyl alcohol, or tert~butyl alcochol; 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,
etetrahydrofuran, 1,4;dioxane, or methyl terﬁ—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 solvent is added for crystallizing the a-

,methylcysteine_or its salt.




25 85. The process according to any one of clains 80 to 84, wherein the
poor solvent is added for crystallizing the a- .nmethyl cystiiasemear2pd6s sal t .
5 Decenber 2006 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 proc%%s according to claim87, wherein the
hydr ocar bon sol vent is any one of toluene, xylene, hexane, and heptane, or
a m xed solvent of at |least two of these solvents. 15 89. The process

di t f_cl al 80 to 88, . in the opticall ti
ot hy! Bt TR 1917t At STate Sa il o armOHE T S or 196 by
i ght g i ght. 20 .90, f dugi j
N car banayi . am A Sy dor v PERE ol Py ERRTeE ¢

Salt:,Qn@ﬁ?%br htd BN, 2 GMBELE B3t BE pdependently Jrepresent a

substitute
o) these solvents.

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.

200 90. A process for producing a racemic N-carbamoyl-a-amino
acid derivative represented by formula (13) or its salt:
0 RR4 |
CHNTONT YT - (13)
~{wherein rR® and R* independently represent a substituted dr

unsubstituted alkyl group having 1 to 20 éarbqn atoms, a




unsubstituted al kyl group having 1 to 20 carbon atons, a 5 Decenber 2006

96 substituted or unsubstituted aral kyl group having 7 to >Z¢pcemle BB at ons,
or a substituted or unsubstituted aryl group having 6 to 20 carbon atons),
t he process conprising hydrolyzing, with an organi c base or an al kali netal
5 hydroxide, a racemc 5,5-disubstituted hydantoin derivative represented
by formula (12) or its salt: 0O --NH 9 Np (12) R3 R4 (wherein R3 and R4

represent the sane as the above). 10791. The process according to claim 90,

e i B sl ool e sl o apiam s e, o pot sl ur

hydr ox pr ocess "accor water 15
is used.i n t 0. I YRS ti &S i ght . of he racem c

5, 5-di S:u Ijs%to?lt l?t%e Hy(?g‘{ltaois?labgerl veéel%v]eooﬁ edpr esesth{igcd.yf%)cgr%rc}@mﬂlté) 12) or its
salt. 93~ifhe Precess AGeUdiNGntl amhOonG Hf ' Qe 92, .20 wherein
wat er isv&sgz in an anount nofattg). quti mes %3%%&%”% lv{% ght of the

racem ¢yaire1¢izS RSt Withe & rh WA badS Iatdy & Nepreseniad by formula (12)
or its salt. 94. The process according to any one of clainmns 90 to 93, 5
Decegnberd20@8de, a racemic 5,5-disubstituted hydantoin derivative

represented by formula (12) or its salt:

O

}—NH

‘HN o (12)
R¥ R4

" (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 ¢laim 90 or 91, wherein water
.15 is 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 93,




97 wherein the base is used in an anmount of 1 nolar equivalent to 10 nol ar
equival ents relative to the racenmic 5,5- disubstituted hy@dfcemberdeisi vati ve
represented by fornmula (12) or its salt. 5 95. The process according to
any one of clainms 90 to 94, -wherein the base is used in an anount of 2
nol ar equi valents to 5 nolar equivalents relative to the racemc 5, 5-

di substituted hydantoin derivative 2% resented by fornmula 10 (12) or its
salt. 96. The process according to @ one of clains 90 to 95, wherein

wat er %ﬁ %sgd %H a éagnunt gf 0.2 t%ne%_totB tiges t he meighi o{ t he
raceni 8P85528i §0BsPRPGL &8 Hyaant8i A"18V88F Y &Li ve PEpF e84RE A BY f or mul a
(12) or..i . se_li jsed.in of 2 _nolar equivalents
to 5 n% a?é %%%%5a?§ﬁ%ggig g?iggi§5§? etPagg%i%ggggaaiéugstituted

hydant gy 8ufet s YalLuChaRhESEA! Al Y OUELERLCLELNREA b9 £BLRY1Z0 97 The

process according to any one o ai s rein a sol vent
conprigigg wat ersakgpe_ or a mxture of water and an organic solvent is
- used. 98. The process according to claim97, wherein the organic 25
solvent used in conbination with the water is a hydrocarbon organic
“solvent. 99. The process according to any one of clainms 90 to 98, 5
Decenbera2006he9®rocess 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 procesé according to any one of claims 90 to 95,
wherein water‘is used in an amount of 0.2 times to 3 times
the weight of-the racemic 5,5-disubstituted hydantbin

15 -derivative represented by formula (12) or its salt, and the
base is used in an amount of 2‘molar:eqﬁivalents 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 20 to 98,




wherein the reaction tenperature is 80C to 110C. 100. The 5pr ocess accordi ng
to any one of clains 90 to 99, wherein R3 in formula (12)°Pesembeyghe it ut ed
or unsubstituted 5 primary alkyl group having 1 to 6 carbon atons. 101.
The process according to claim 100, wherein R3in formula (12) is a nethyl
group. 10 102. The process according to any one of clainms 90 to 101,

wherei n a conpound represented by fo§€ul a (14): OH ~-N (O HN (14) SR
(wherein Rl represents a substituted”or unsubstituted al kyl group having

1. to r-ho t u i tut or .15 sti.t.ut aral kyl group
havi ng%g]eﬁ%l Or%(?%r %%%tgﬁgﬁse%énrpegraecgﬁgsﬁ% t?tteg gcro t}nl;buog'gfti tuted aryl group
having 6 to 20 carbon atons) is used as the racem c 5, 5-di subsituted

“hydantoin derivative represented by forrmula (12) to produce a conpound

present edoby f{dH@ddeds ag-ddQ a5 et Call CRIPANPYLT 25R8N 619 20 @i d
derivative represented by formula (13): | SRS 1 H2N H COCH ) 5 Decenber
2006 Qdeleher e’ niRlrsepnesepls) t e sagBbasithieeabo¥ehnsubstituted

5 primary alkyl group having 1 to 6 carbon atoms.

101. The process according to claim 100, wherein R® in

formula (12) is a methyl group.

10 = 102. The process according to any one of claims 90 to 101,

wherein a compdund represented by formula (14):

O H
-N
HN, *~g (14)
SR

(wherein r! represents a Substituted 6r ﬁnsubstituted alkyl
group having 1.to 20 carbon atoms, a substituted or
.15l unsubstituted araikyl group having 7 to 20 carbon afoms,‘or a
'sﬁbstituted or unsubstituted aryl group—ﬁaving 6 to ZO-Carbon
atoms) is used as the racemic 5,5-disubsituted hydantoin
= derivative represented by formula (12) to produce a compound |
presented by férmula (1) as the racemic N—éarbamoyl—mfamino

20  acid derivative represented by formﬁla_(lSJ:

O SR1 |
| JJ\ >( : (1)

H,N N" COOH



103. The process according to claim 102, wherein RL in fornula (14) is a

tert-butyl group. 5 104. The process accordlng to any one Sdecembirgelél to 5,

wherein the racem ¢ N carbanoyl - a- met hyl cystei ne derivative represented by

formula (1) or its salt which is produced by the process according to

claim102 or 103 is used. 10 105. A racenic N- car banoyl - a- et hyl cyst ei ne

derivative represented by formul a (&é its salt: 4 SR """k N1 H2NH
ted

COON (wherein R1 represents a substi
havi ng
havi ng

or unsubstituted al kyl 15 group
éw Jol Qg%r%%%g%g %h%“%%%l teq_ k%ﬂgﬂbstltuyed aral kyl group
to 20 carbo

atons, or a |tu nsubstituted aryl group

having 6 to 20 carbon atons). 20 106. An L- or D-optically active
N- car banoyl - a- net hyl cystei ne derivative represented by fornula (3): O SRS

J~ 3 H Z0N.N €N Yockks Q@@@H&@ﬁgwe%mgﬁl fLuber @her&nr gprgsents a
substituted or -unsubstituted alk

10

15

20

formula (14) is a tert- butyl group.

104. The process according to any one of claims 1 to 5,
wherein the racemic N-carbamoyl-a-methylcysteine derivative
represented by formula (1) or its salt which is produced by

the process according to claim 102 or 103 is used.

105. A racemic N-carbamoyl-a-methylcysteine derivative

represented by formula (1) or its salt:

0 SR !

H,N™ "N ~COOH

'-(wherein Rl_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) .

106. An L~ or D-optically active N-carbamoyl-a-

methylcysteine derivative reépresented by formula (3}

0O 4 SR |
Lo @

HN™ “N” “CoOH




*

group having 1 to 20 carbon-atonms, a substituted or wunsubstituted aral kyl
group having 7 to 20 carbon atoms, or a substituted or uPRASEPPHFEP®d aryl
group having 6 to 20 carbon 5 atons), or fornmula (10): O,,.ASR H NN
COOH (10) 2 H (wherein Rl represent the sanme as the above), or its salt.
107. The conpound according to claim105 or 106, wherein RL 10 is a
tertiary al kyl group having 4 to 151%®r bon atons. 108. The conpound
according to claim 107, wherein the ertiary alkyl group is a tert-butyl

group. 1D: - ica i 5- et hyl - 5: . L hi opet hyl hydant oi n
er i vat oSt Fane & creBheps AP, or b st B I b S PR Y Ol
(7)1 5gPes : 01,0 ~- N H I el is a tertiary alkyl
group havi %{;ﬁ%rvt%%gg é:(%l)r %gn dgéti)gr?sét%%)si'ts@ sga tilgh%f?o%he conmpound

accor divagub@ £ @il 0%a1Whar @rBubN8aving 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 5-methyl-5-

thiomethylhydantoin derivative_represented by formula (2):

or formula (7):




tertiary alkyl group is a tert-butyl group. 111. An L- or D-optically
active a-nmethylcysteine derivative represented by fornul adPdiemb8RB06 H2N
COOH (4) 10 or forrmula (8): -SR2 H2N COON (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 atons,
or a substituted or unsubstituted aryd; group having 6 to 20 carbon atons),
or its salt. 5 Decenber 2006 102 112. The conpound according to claim
111, wherein is a tertiary alkyl group having 4 to 15 carbon atons.
113. The conéznd aHordi ng to claim 112, wherein the 5 tertiary alkyl
group is a ter%bu&N group. 114. An L- or D-optically active 5-nethyl-5-

t hi onet hyl hydanyoi n {epresent ed by(_}3rnul a(6): OH--N(6) HNO

HN

J-N,I,___S R 1

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 grdup.

111. An L- or D—optically active o-methylcysteine

derivative represented by formula (4):

L
HN" SCOOH  4)

10

or formula (8):

«~SR2

DN

HN">cooH ()

(whereian? is a substituted or unsubstituted alkyl group
having i to 20 atoms, a substituted or unsubstituted aralkyl
S 15 group having 7 to 20 carbon'atoms, or a substituted or
unsubstituted ary} group having 6 to 20 carbon atoms), or its

f sa1t,




10 or formula (11): O H -N HN p X11) SH or its salt. 5 Decenber 2006
ABSTRACT The present invention provides a sinple industiresembgsedess f or
producing an L- or D-optically active a- nmethylcysteine derivative or its
salt, which is a useful pharmaceutical internediate, fromreadily

-avai l abl e, inexpensive raw materials. In a process for producing an L- or
D-optically active a-nethylcystei ne gerl vative or its salt, a racemc N
car banoyl - a- net hyl cyst ei ne deri vat i 8 its salt is D selectively cyclized

with hydﬁF Oi éoﬁr_p%( I8 1%151 {%} rBﬁLa:ént |lorT§; %\Qr hydant oi.n_derivative

or its salt an elne |vat|ve OI’ its salt,

whi ch t@!&%lsggynamuegn:%qpt ﬁa@i,g%otqe%' 98 ofybbs ambhg oroup and the

sul fur atom and hydroly

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):

‘ 10 or formula (11):

or its salt.
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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—a—methylcysteine derivative or its saltris D-
selecti@ely 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.



