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from a cheap easily procurable raw material through an enzymatic D-stereoselective hydrolysis of racemic 5-halomethyl.5-methyl-
MY hydantoin. L--methylcysteine dervative or its salt is produced by converting racemic 5-halomethyl-5-methylhydantoin to L-5-

¢ halomethyl-5-methyThydantoin through an enzymatic D-stereoselective hydrolysis, reacting the L-5-halomethyl-5-methylhydantoin
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with a sulfurizing agent into L-5-methyl-S-thiomethythydantoin and hydrolyzing the L-5-methyl-5-thiomethylhydantoin.
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(AREE Cehpamrrin o does 19 A Ty iy idins
derRva?ivasO82KanedP) salts, which are useful as drug
intermediates, and a process for producing the same. The
present invention further relates to L-5-halomethyl-5-
methylhydantoins and L-5-methyl-5-thiomethylhydantoin, which

are intermediates of the L-d-methylcysteine derivatives, and

a process for producing the same.

Background Art

L-a-Methylcysteine derivatives or salts thereof have
been produced by the following known methods:
(1) Asymmetric alkylation of an optically active
thiazolidine compound which is prepared from optically
active cysteine and pivalaldehyde (PCT Japanese Translation
Patent Publication No. 2000-515166, International
Publication Nos. WO01/72702 and WO01/72703 (US patent Nos.
6,403,830 and 6,586,474, and European Patent Nos.
EP1265859A2 and EP1265860A1)),
(2) Asymmetric thicalkylation of an optically active
thiazolidine compound that is prepared from optically active

alanine and benzaldehyde (Tetiahedron, 1999, 55:10685-10694),
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(81) 195t IN (MA): AE, AG AL, AM AT, AU, AZ, BA
BB, BG BR, BY, BZ, CA, CH CN CO CR CU CZ DE
DK, DM DZ, EC, BE, IS, FI, &B, G G &, GvM HR
HU, ID, it, IN IS, JP KE, KG KP, KR Kz, LC LK
LR, LS, IT, LU LV, MA MO, MG MK, WMN, MN MX, MZ
NI, NO Nz, OM PG PH, PL, PT, RO RU SC, SD, SE,
SG SK, SL, SY, TJ, TM T N, IR, -TT, TZ, UA UG US,
Uz, VC, VN YU ZA ZM ZW (84) a Y(r) 01-V g):
ARIPO (GE GNl KE LS MN N2, SD, SL, SZ, TZ, UG
W, i 7 (AM_ AZ' BY KG KzZ MND, RU TJ,
Tﬁﬁym@etrﬂ&a&ybﬁomoﬂetbx#ataen Bé,a@Hopévcaéiy PECIVR,

dlkggopggergglncho$ﬁPunggﬁﬁptépp1&e%§§r%§5opéﬁcaéﬁy %ftlve

Val%“? ""Pdl a&agé :e'%d %ﬁ XFE%%&P%N g’fEmﬂ‘e aWéqF the
PCT~7- k~" | 4

e SRS CEOR BREDIGERET . 24 kM T Rr ot K B Vs

Orgﬂ C gﬁ4) 9 |55 5%6@ §g7§27) Abstrapt. A process f or

y prodaci'ng an~L- fhyl cystei ne derivative or

'%§n%ﬂ %asWBECQn'%pH%SBthaﬁcﬁlgéUSzhERSEHEdbSﬁ ound_from

fron1a cheap easily procu e raw material thr
opt&&éﬂﬁ@tb@t@v%tQﬁﬁ@§ﬁk§§§y¥§dbyd§95%§kédob ragg §ess

5- hal onet hyl - 5- met hy hydant oi n ﬁyleys ei ne
asyf@kicyatl veightibs 8@l b-instRYOIECEdopY¥nCONYEr EbN¥owed by

racem c 5-hal onet hyl - 5- et hyl hydantoin to L-5-
reabhglienetviyh- Shaethythydagt ocheibhy oughsansenzyoarse) ,

D stereosel ective hydrolysis, reacting the
(5)LDeskhamenet hytkibnnefhyhhytlapt ated aminomalonic acid

derivative with pig liver esterase (hereinafter abbreviated

~to PLE), and then reacting the resulting optically active

- ester with an alkali metal salt of thicacetic acid {J. Am.

Chem. Soc., 1993, 115:8449-8450), and

(6} Separation and purification of a racemic thiazoline
compound, which is prepared by methylation of a thiazoline
compound synthesized from a cysteine derivative, by chiral
high-performance liquid chromatography (HPLC} (Synlett.,
1994, 9:702-704).

Any method disclosed in (1}, {2), and (3} includes a
low-temperature reaction using an expensive base such as
butyllithium and requires a special manufacturing facility.
The method described in (4) is complicated due to a large
number of steps. This is disadvantageous for industrial

application. In the method described in (5),
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with a sulfurizing agent into .

L- 5- et hyl - 5-t hi onet hyl hydant oi n and hydrol yzi ng the
L- 5- et hyl - 5-t hi onet hyl hydantoin. (57) : 7t' ~ 5-/ g
~)t -5-~~JLr* f -( ~(T] 1Z ~a DL{ , j 17k53 ]I~ L. |
na O W ilt, 1-Z - z40)5--/\CJ7t--f JL-5-A Jl,1

1 W
-f:.,eDV | Zc 6DAf*AtRI 7)J117)C3M ):g L. L-5-/t
(-T)1.-5-$x)1,t$r:/ F-(iL Y, _r ibftLO)FR t L-5-
“T)[.-5--T $-1-)Lt-" i I--(71 1430 2 L. Ztila7k537a
L-a-~t_ It 03 Nil 7a PCTIJP2003/ 010881 2003 4-8 , 27

"~ H (27-09-2003) Hp - 1 DESCRILPTI ON_PROCESS FOR
desesiciNg tioal METAYEEeSTEFNESBER) VAR VE TekRHi EAPP- PLE

. Field 5 The present inventigon relates to

1S ung! SCYSTelRSS B&PAVALIP8s 38R CREPPTsRPt BIOGHFER on
are, usef.ul. as drug ..nternedi ates, apd process for .

on RS | e, TR S rere Yot lon 3 (1 hdr et ical

rel ate

-5-h hyl,-5- hyl hyd [ d
e S R A L S

Cerrd ¢ epol. Lovst o
.al%ﬂ¥§%¥§%pl§%%%s% JENenk %hEBEggﬁgézgﬁgESggﬁrh¥ahbge§P?wn,

ocess for producing ckgroun
L-a- hyl [ Lvat,i ues e a
e BB E ARLLVEL Pessnbarakta LOCLRSE b YOLc.

FurAhePmRiiel, ¢ salhlowl @hkonn@kcaBsapti eabh¥idfbkV€annot be
t hi azol i di ne conpound which is prepared fromoptically

. raceetiizé@,CYst enecangepi-vakabdehyde r6PETe)apaBesoduct ivity

Transl ation
of this method is low and the preparation by this methoed on

an industrial scale is disadvantageous. When these methods
are applied'as an industrial manufacturing proceés to
prepare optically active a-substituted cysteine or its salt,
all the above methods have problems to be solved.

A possible process for effectively preparing an L-o-
methylcysteine derivative or its salt includes the steps of
stereoselectively hydrolyzing a 5-halomethyl-5-
methylhydantoin, which is easily obtained from a haloacetone,
to an optically active L-5-halomethyl-5-methylhydantoin with
hydantoinase; synthesizing an L-5-methyl-5-

thiomethylhydantoin by reaction of the resulting L-5-

halomethyl-5-methylhydantoin with a sulfurizing agent, and

then hydrelyzing the resulting L-5-methyl-5-
thiomethylhydantoin. However, no process is known to
effectively prepare an optically active hydantoin having two

different substituents at the 5-position by stereoselective
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Patent Publication No. 2000-515166, International 20
Publ i cati on '‘Nos. W001/ 72702 and WO01/ 72703 (US pat ent
Nos. 6,403,830 and 6, 586, 474, and European Patent

Nos. EP1265859A2 and EP1265860Al1)), (2) Asynmetric

t hi oal kyl ati on of an optically active thiazolidine
conpound that is prepared fromoptically active 25

al ani ne and benzal dehyde (Tgtrahedron, 1999,
55:10685-10694), (3) Asymmetrical brononethyl ati on of
an optically active diketopiperazine conmpound

synt hesi zed fron1opt|cally active valine and al anine,
@ﬁﬂ%&%ﬁﬁw%@aﬂ BYORG t8 1BPERI nBOAt SRToPTERET ipgsant PR§ically

ompound with an al kali, nmetal alkylthioglate (J. 5 Og.
acﬁﬁﬂﬁnamlf§9?01§7d§§6§a§5?§)haF&Pg %thééi§eéﬁn5n

|caI e aziridine c und from optical
B i S SEPESH i Re gV OSNaLE) B0s the
ric o¥|dat|on of 2-nethyl -2-propen-1 - ol
resP@%ﬁ&ﬁb@ﬂ9 Pé8¢tion with thiol (J. Og. Chem, 1995

6oal88r %lyéC|é51 g?ﬁy éELZQ%'PHegé g@eﬁfk % ntlon

am nona ve W |ver esterase

to QQH%aft%%tﬁ%gr%%Eaﬁggdlﬁgvgkgéafﬁﬂg ih nmE%ﬁ?EEPgtelne

he resulting optical act er’wth an a

and”%%%ls%QEt oh bR @CQEEQuQCEg EJdrﬁgllnEEfHéd§QEe' from a
1993, "115:'8449- 8450) and 15 (6) Separation and

cheP iahidCakla@R 19f a8ah 268TCmbRL2Z8h1 BE DceeEQgsgeléetgbe
IS prepared by nethylation of a thiazoline conpound

hydsyntResi zedhf oraacfyst 6-AR18RELKIN FYemeBNyLhVHAhtoin and
hi gh- performance |iquid chromat ography (HPLC)

hydgSynliektse,. 1994, 9:702-704).

Summary of the Invention

In view of above, the inventors have intensively
studied in order to find a method for preparing an L-o0-
methylcysteine derivative or its salt by D-stereoselectively
hydrolyzing a 5-halomethyl-5-methylhydantoin, which can be
easily prepared using a cheap and readily available
haloacetone, to produce an optically active L-5-halomethyl-
S-methylhydantoin by hydantoinase; synthesizing an L-5-
methyl-5-thiomethylhydantoin by the reaction of the 1-5-
halomethyl-b-methylhydantoin with a sulfurizing agent; and
then hydrelyzing the resulting L-5-methyl-5-
thiomethylhydantoin, and, as a result, have completed the
present invention.

The present invention relates to a method for preparing




20 Any nmet hod disclosed in (1), (2), and (3) includes
a lowtenperature reaction using an expensive base
such as butyllithiumand requires a speci al
manufacturing facility. The nmethod described in (4) .
is conplicated due to a large nunber of steps. This
1s disadvantageous for industrial 25 application. In
the method described in (5)5 desymetrization of a
di ester using PLE is a key step. PLE is unsuitable
for mass production and cannot be produced on an
i_ndustrial scale. Therefore, nethod (5) is not
an gy a?c-thacléamethyrlr-15h@eﬁém%éérde@&@ﬂ%éeprﬁseeyedsbﬁc Eogpula
5 asynmetric 5 al kylation process of the thiazoline
( )conpound is not known, the racem c conpounds have to
be separated b chlral HPLC. Furthernore, since the
unnecessary e(f)tioner cannot be racem zed, it cannot
be reused. Ther re, o productivity of this method
is low and the pr by this nmethod on 10 an
i ndustrial scale fs diskdvant ageous. \Wen these
net hods are T%iged as i ndustri al facturing
process to pre C @active ﬁgzljjbstitut ed
cysteine or its salty, all the above t Hods have
probl ens to be sol dﬂgﬁ poss) bl e process for
effectively prepafFing a T 15 net hyl cyst ei ne
derivative or its salt includes the steps of
stereosel ectively hydrol yzing a 5-hal onet hyl -
(wheeichyl Xy denbeies, awhbetbgkes eashly bbbt pipedréoesiactively
hal oacetone, to an optically active
5 - hydrd8yhdhngmat plcehinethyibhydanheilr5wnkbhyhigdahobhase;
synt hesi zing an L-5-nethyl -5 20 thionet hylhydantoi n by
reprezgenited ofy thempésul(fing L-5-

O

}—NH

HN 0 (1)
X

(wherein X is the same as above), with hydantoinase.
The present invention is also relates toc a method for
10 preparing an L-5-methyl-5-thicmethylhydantein represented by

-Formula (3):



hal onet hyl - 5- et hyl hydantoin with a sul furizing agent,
and then hydrolyzing the resulting L-5-nethyl-5-

t hi onet hyl hydant oi n. However, no process is known to
effectively prepare an optically active hydantoin
having two 25 different substituents at the 5-position
by stereosel ective hydrolysis w th hydantoi nase, nor
for preparing an optically gactive am no acid ‘
derivative having two different substituents at the
a-position by hydrolysis of the resulting hydantoin.
5 Accordingly, it is an object of the present

invention to vide a nmethod for readily preparing
L- a- met hyl cyst € ang | salt, which is useful as a
drug internediate, %heap and readily avail able

material by D stergosel é¢ctive hydrolysis with a

racem c  5- hal t | hydant oi n 10
hydant oi nase. vention €ﬁiyiem10f
above, the inventors jave int€nsively Stddied in
order to find a netgd“4,or pr ryng an L-a 15

nmet hyl cyst ei ne der¥vati VEor S @ial t by

D-stereosel ectively hydrolyzing a

5- hal onet hyl - 5- met hyl hydant oi n, which can be easily

(whir@Rar &1 4ehPPBed £hRAEr858nT 884! YaRval k@bl &roup having 1
hal oacet one, to produce an optically actlve

to LoSdhabenehiivins ohAehhiblydant @hBaby Bydanhebnase; cyclic,
synt hesi zing an L-5 20 net hyl - 5-t hi onet hyl hydant oi n” by

a suhetieatkidonrolinkiBskibutbal BaRERY| gbotipt hyhhydanhein
with a sul furizing agent; and then hydrol yzing the
5 grougshktviing L- SomeOhykrbon atoms, or an alkoxycarbonyl
group having 1 te 20 carbon atoms; and each of R2 and R3
independently denotes a hydrogen atom, or an alkanoyl group
having 1 to 20 carbon atoms, and may be the same or |
different), by reacting an L-5-halomethyl-5-methylhydantoin
10 represented by Formula (2) with a sulfurizing agent.
Furthermore, the present invention relates to a method

for preparing an L-0-methylcysteine derivative or its salt

represented by Formula (4):

SR
C)fi (z;)

15 (wherein R! is the same as above), by hydrolyzing an L-5-




t hi omet hyl hydantoin, and, as a result, have conpl eted
the present invention. 25 The present invention
relates to a nethod for preparing an
L- 5- hal onet hyl - 5- met hyl hydant oi n represent ed by
Formula (2) : (wherein X denotes a hal ogen aton,
D stereosel ectively hydrolyzing a racemc

- 5-hal onet hyl - 5- et hyl hydant i n represented by Formul a
(1): (wherein X is the same as above), with
hydant oi nase. The present invention is also relates to
a nethod for 10 preparing an

metﬁlﬁ-&ettﬁworf@t@wlaﬁé@ﬁypﬁw ZRPEERePEprebEnFRgmpya (3) with

For,mul a (wher denotes a h dro en aton1 an
an éﬁqe;‘ﬁl °gr gﬂ%aﬂr&w&%‘ Y PBtéﬁné‘in&HoﬂeHF P@hanﬁﬂrtﬁ‘égen
‘ ear brancqg ar. cyclic, a substltuted or
a Cﬂh?@%&?‘t&té& Sz ¢ OEToup, an al kanoyl 5 group havi ng
c n, al ko carbo ro
%gr%gir$89§0 garb Ee% %ﬁslnve %%acﬂpo? ﬁ& g E& >
[ den L a l
halgoﬁ%ﬁp?ﬂa% T R Rt i yg%ga?éer@ééhe
' or different). by reacting an
L- 5- halonethy(:} nmet hyl hydantoin 10 represented by
Formula (2) wt sulf (i gzi ng agent. Furthernore, the

present inventionjyre to a method for preparing
an L-a--nethyl cysfeine erlvatlve or its salt

represent ed b*.N mul a O (2)
”I,_X

(wherein X is the same as above).

The present invention also provides an L-5-methyl-5-

thiomethylhydantoin represented by Formula (5):

(wherein R? denotes an alkyl group having 1 to 20 carbon

atoms which may be linear, secondary, or cyclic, a

substituted or unsubstituted benzyl group, an alkanoyl group

having 1 to 20 carbon atoms, or an alkoxycarbonyl group
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15 (wherein Rl is the sane as above), by hydrol yzing

an L-5 - 7 nethyl-5-thionethyl hydantoin represented

by Formula (3) with an acid or alkali and by

optionally deprotecting a nitrogen atom and/or a

sul fur atom - Furthernore, the present invention

provi des an 'L-5- hal onet hyl - 5- met hyl hydant oi n

represented by Forrmula (2):g0=- H HNO O C2) (wherein

- X is the sane as above). The present invention also

provi des an L-5-nethyl-5- thionethl hydantoin '

Lepresente% by Formula (5): Rs R6N6-0 =5) &o ¢~ - - SR4
havifiereit? RY G&TREs T8l k#P9gPEGH Rdvifng219td 20

. b t i ch be i , d :
iRty st e VST OUREUBLE Yt Eod B8 ofi5oP
Ik havi 1 to. 20 t
na e ly Gt Bon g RBus v ABSLES 26 GARbSATa: Sfs:  and
difﬁ?ﬁ%n%f R5 and R6 independently denotes a hydrogen
a on1oR'an al kanoyl group having 1 to 20 carbon atons

ang, ey .beotae EEEEPQES%H£fiﬁéfﬂgionEgﬁéFf&@Qr$h the-

present invenfion pfovides an me cyst ei ne
nmet@NINALIM OHdAivagakl bepresenbed bypkeLBHkad by Formula

(6):

SR’

(wherein R7 is a substituted or unsubstituted benzyl group,
an alkanoyl group having 1 to 20 carbon atoms, or an

alkoxycarbonyl group having 1 to 20 carbon atoms).

Detailed Description of the Invention
| The present invention will now be described in detail.

In the present invention, an L-5-halomethyl-5-
methylhydantoin represented by Formula {(2) is prepared by D-
stereoselectively hydrolyzing a racemic 5-halcmethyl-5-
methylhydantoin represented by Formula (1) using
hydantoinase.

The racemic 5-halomethyl-5-methylhydantoin (1) can be

readily prepared by, for example, a Bucherer reaction.
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(6): i~R7T . 1r -~wn (6} O (wherein R7 is a
substituted or unsubstituted benzyl group, 10 an
al kanoyl group having 1 to 20 carbon atons, or an
al koxycar bonyl group having 1 to 20 carbon atons).
Det ai | ed Description of the Invention The present
invention will now be described in detail. - 15 In the
present invention, an L-5-hglanethyl -5-
nmet hyl hydant oi n represented by Fornmula (2) is prepared
by D- stereosel ectively hydrolyzing a racemc
5- hal onet hyl - 5- net hyl hydantoi n_represented by Fornul a
Naﬂ?ﬁﬂ*u@iﬁ@r9ﬁ¢d§ﬁ@@Pﬁ8§€.1§OSYﬁéhﬁ§ééﬁﬁch stirring a
5- hal onget hyl - 5- net hyl hydantoin (1) can be readil ,
COI&B&&&H@&H& ,haﬁ(s’#e&@ﬁﬁp & tha sgddrer evapdget PanPONa%@w{n
a.target, hydantoin is_synthesized by stirring a
oY DR SH5h TG HAOKEEBRE AL R1s 6P AT EYhnIiBLeFe of water

and“g€§§§dfﬂ cyani de and ammoni um carbonate in a sol vent
mXture of water and ethanol. 5 Hydantoi nase used in

thhngP98§ﬁ§skfu§Q%efﬁy _igaﬁ%ggesgnigc%ﬁVéﬁ%#&é“ﬁﬁying
generates an car panoyl - a- am no acid erivati ve py

an gﬁ@ﬁ%&%§i%h%E %eﬁé%gQégigﬂtﬁdcg¥ggﬂk9hnawamino acid
derivative by hydrolysis of a 5-substituted hydantoin
derivative. Hydantoinase used in the present invention to
catalyze the stereoselective hydrolysls can be derived from
animals, plants, or microorganisms. An enzyme derived from
microorganisms is preférable in terms of industrial
application. Any microorganism that is capable of
generating such an enzyme can be utilized, including the
following known microorganisms:

Examples of such microorganisms belonging to bacteria
include Acetobacter, Achromobacter, Aercbacter,
Agrobacterium, Alcaligenes, Arthrobacter, Bacillus,
Brevibacterium, Cocrynebacterium, Enterobacter, Erwinia,
Escherichia, Klebsiella, Microbacterium, Micrococcus,
Protaminobacter, Proteus, Pseudomonas, Sarcina, Serratia,
Xanthomonas, Aeromonas, Flavobacterium, and Rhizobium.

Examples of microorganisms belonging to actinomycetes
include Actinomyces, Mycobacterium, Nocardia, Streptomyces,
Actinoplanes, and Rhodococcus.

Examples of microorganisms belonging to molds include
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derivative. Hydantoi nase used in the present invention
to catalyze the stereoselective hydrolysis can be
derived from 10 aninals, plants, or mcroorgani sms. An
enzyme derived from mcroorganisns is preferable in
terms of industrial application. Any m croorgani sm
that i's capable of generating such an enzyne can be
utilized, including the fol{®w ng known K
m croor gani sns: 15 Exanpl es of such m croorgani sns
bel onging to bacteria include Acetobacter,
Achr onobact er, Aerobacter, _ Agraobacterium

ASpRTH) | e £ 2 & sESy e AN IBEENHCEd L 1UBr evi bact eri um

Corynebacterium, Enterobacter, Erwinia, Escherichia
| EHEFBIES, O BLGBREBRN TS WPEIBEBLRGSEO Beasts inClude

Pr, ' _ . P . P d LD [ ,

Carg R 1H O RSO AE LRer e T SEORFIBact o) um  and
Rhi ' Ex I fom ' bel [ t
M e e TR T

Ag%%ﬁ%?ﬁgf%unﬁt%%@Hggﬁ%gfgge@?%h%%%%angﬁd.ﬁHQZBEFum are

odococcus. m crodr gani Sne ongl ng
prdf@@ids include - 10 Aspergillus, Paecilonyces, and
Penicillium Exanples of m croorgani sns bel onging to

yegatmbBCchudeve§andbdangPhshiae r RRAUQOL OF 4 Ba i ANBNK 712

Torul opsis. Enzynmes derived from m croorgani sns

(FER®] I 0hQ Babdnobackeri eraBackhkigs ReeHMORPRAsE3),
and Rhi zobium are preferable. Enzynmes derived from

P s eAgicaiactse putMaosp I Fet nakn 6KNKAEAdomonas sp. strain KNXK0O03A

(FERM BP-3181}, and Rhizobium sp. strain KNK1415 (FERM BP-
4419) are more preferable.

In the present invention, the hydantoinase can be used
in the forms of the enzyme itself, a microorganism or its
processed product having the enzyme activity, or a
transformed microorganism or its processed product having
the enzyme activity.

Examples of the processed product of the microorganism
include a crude extract, a lyophilized organism, an acetone-
dried organism, and disrupted cells thereof. Furthermore,

the enzyme itself or cells may be immobilized by a known

-method. The immobilization can be conducted by a process

widely known by those skilled in the art, for example,
crosslinking, covalent binding, ionic binding, physical
adsorption, or an entrapment method. Examples of a

preferable support for the enzyme immobilization include
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(FERN BP-1900),  Bacillus sp. strain KNK245 (FERN
BP-4863), Pseudononas putida | FO 12996, Pseudononas
sp. strain KNKOO3A 10 (FERN BP-3181), and Rhi zobi um
sp. strain KNK1415 (FERM BP- 4419) are nore _
preferable. In the present invention, the hydantoinase
can be used in the forns of the enzyne itself, a

m croorganismor its processed product having the
enzyme activity, or a 15 transfornmed m croorgani sm or
its processed product having the enzyne activity.

Exampl es of. t he procgessed product of the m croorganism
Phﬁﬂﬁiiﬂﬁ¥@? Celtr&E° gﬁﬁaﬁhFﬁﬁiéé SHGAnASPRghites

s QS QL AT LR e bR IR o <
va%}e bH .Z%% b)Le%;c oW r%%&%%d T%E innnb'li%ati%g ¢8Qins
e dordudt eémby a process  w dglaf n8%np8;yts g&8

haG%ﬂﬂlfﬂﬁétgo% 8 g&%u %p%fe§% .%%B a&&gggligﬁhngium salts,
7 coval'ent” bi'ndi'ng, "i'6ni ¢ bi nding, physrcal aasorptlon,

; t t I f I
o R SRS cieviie T rrab T 24t b adr bdo g7 “and

IRAYANQltvhekmBi-deByde ani @ﬁaeaqga@ne%mbsﬁ'y?? $HGBLE8 0c1037
Duolites A568 and DS17186 (trademark of Rohm and Haas

(L rGURRAY) ofaBdyer ¢akbek¥utebnani aRdexchapgerkesbns
based on pol ystyrene resins ﬁaV|ng functional groups

(trefdev@kods AAtBEe®isAAMUAkAtaadl t8rpbrotion). DEAE-
di et hanol am nes, such as Anberlites | RA935, | RA945,

celdmnd oskRASMO1 bet raddemarskdothsRahm angdpblaas Conpany),

Lewatit OCl1037 (trademark of Bayer Corporation), and

Di ZheniEXeBblized enzyme may be adequately prepared by,
for example, a method described in International Publication
No. WO96/20275, i.e. harvesting cells showing hydantoinase
activity from a cﬁlture, disrupting the harvested cells by
sonication or the like, adding an anion-exchange resin, for
example, Duolite A-568 to the resulting enzyme solution, and
then stirring the solution in order to adsorb the enzyme.
The resin adsorbed with the enzyme may be additionally
stabilized by crosslinking, i.e. stirring the resin with a
crosslinking reagent such as glutaraldehyde. Following
these processes, the resin is then collected by filtration,
and washed in order to prepare the immobilized hydantoinase.

The production of transformed microorganisms is

effective in order to prepare highly active microorganism

that effectively produce hydantoinase. A method for

preparing the transformed microorganisms is described in,
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(trademark of M tsubishi Chem cal Corporation). DEAE-
cellul ose can be al so used as the support. 10 The

i mobi li zed enzyne may be adequately prepared by, for
exanpl e, a method described in Internationa
Publication No. W96/20275, i.e. harvesting cells
show ng hydantoi nase activity froma culture,

di srupting the harvested celd s by sonication or the
i ke, addi ng an ani on-exchange resin, for 15 exanpl e,
Duolite A-568 to the resulting enzyne sol ution, and

t hen stirrin% the solution in order to adsorhb the

foro pApmp e THE Legsrlk 1088dr BEB LhCek 1PReNenz YR ona) 2k, 1-e-
additionally stahilized %y crossl i nki 9, i.e.
C1GENG, PG Ffe SPEETING £hea IVERBEe PARENG P Bagont such

| , | | dehyde. | ,owi 2 h \ th
mi et ol st ST Tear SEA¥ATEy The fYaRToRL Re R e e ket Yy

ger¥d8 L0 B €pAL8 Lhe Lobihig6d, by R0t nage . o Theang

product’ on O mcroorgani sns 1S € ective

the ”t%%%%%o&ﬁi&re%%%goﬁ§ggk$ ﬂ%EkVEexﬁﬁégg%gapggnggEPBE.

ef fectively pro ant ol nase.

TheP 1@RBMbAG% ahiRe DinaRebAnBRE G §50Q5 B8N SRBolE Y8SEREPEde14.
in, - 12 for exanple, Intérnational”Publication No.

SeeW36h2@%ABp1k, eMolekaNbRICcAcHEAE eAQOEHENYibAC (Cold Spring
hydant oi nase froma m croorganism strain showi ng the

HarbydanaboRase rgcirkisky, 19g6ner ahirRgnanpappeeplizate
reconbi nant plasm d vector, and 5 then transform ng

Molapplapr BabechgstGeekhs wubhithényeBksocialtbe and Wiley-
reconbi nant DNA technology is widely known in the
Interekdenc8ée, for exanple, Ml ecular Coning 2nd
Edition (Cold Spring
Examples of the transformed microorganism effectively
producing hydantoinase prepared as described above include
Escherichia coli HB101 pTH104 (FERM BP-4864) containing é
gene encoding hydantoinase derived from Bacillus sp. strain
KNK245 (FERM BP-4863), Escherichia coli HEB101l pAH1043 (FERM
BP-4865) containing a gene encoding hydantoinase derived
from Agrobacterium sp. strain KNK712 (FERM BP-1900), and
Escherichia coli HB101l pPHD301 (FERM BP-4866) containing a
gene encoding hydantcinase derived from Pseudomonas sp.
strain KNKOO3A (FERM BP-3181), which are disclosed in
International Publication No. W096/20275.
Hydantoinase can be produced by culturing these
transformants or the above-mentioned microorganism strains

showing hydantoinase activities in a commonly-used nutrient

medium disclosed in, for example, International Publication
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Har bor Laboratory.Press, 1989), Current Protocols in
Mol ecul ar Bi ol ogy (G eene Publishing Associ ates and
Wl ey- 10 Interscience). Exanples of the transforned

m croorgani smeffectively produci ng hydantoi nase
prepared as described above include Escherichia col
HB101 pTH104 ( FERM BP-4864) containing a gene
encodi ng hydantoi nase deriwed fromBacillus sp. strain
15 KNK245 (FERM BP-4863), Escherichia coli HB101
pAH1043 (FERN BP-4865) containing a gene encodi ng

&ﬁg%a% e derived from Agrobacterium sp. strain
No.k @gg’ N BB F66GMeRAd foEsEHéW@hPQdESFFOPIBTGZ be
ERN BP- 4866 t codi n
Conﬁ&ﬁgﬁpgiﬁFggcﬁéﬁaggd %rggPngﬂaggDﬁasggge gg stLa?n
- K 03A (FERM BP- 3181 I d .
| nt 8P arPENa AR ed FoC] n%%%/é%%%?eeser'ﬁ@ invention
car @ %%'f%%?{édc%% s%r gﬁ%&e%eR woul turing these; n using

transtornman ove-nen |one n1croorga

hy a3 %seSth&%%e%ﬁga@tﬂ BnEtf ﬁ' hb8fyh yaant
95 hedi e Por

comonl y- Used nutri ent |sclo

repPEaIped b@t@ﬁ&%hﬁgnQH PH@'h%@H'QQ a éﬁbs%@ate in an
W96/ 20275. treatnent for enzynme 1 nduction may be

aqueen@uehedent .necessary. The enzyne reaction according
to the present invention can be perforned as

desarthedrbetovon| Nnthdestiegeisod USi dssdlved or _
hydant oi nase, a racem c 5- hal onet hyl - 5- net hyl hydant oi n

suspepdesieatednby nkaiall dackd)nyscusednagaaisubserat esi tio

an aqueous sol vent .
90% (w/v), the reaction temperature is appropriately adjusted
in the range of 10°C to 80°C, the pH is maintained in the
range of 4 to 10, and the sclution is left to stand or
stirred for a while. The substrate may be added
continuously. The reaction can be carried out in either a
batch or continuous process.

An immobilized enzyme, a membrane reactor, or the like
can be used for the reaction according to the present
invention. As mentioned above, the enzyme itself, the
microorganism or its processed product having the enzyme
activity, and the transformed microorganism or ilts processed
preoduct having the enzyme activity can be used as
hydantoinase. Examples of the aqueous solvent include water,
a buffer solution, and an agueous solvent thereof containing

a water-soluble organic solvent such as ethanol. OCther

examples include a suitable solvent consisting of twc phases
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In the reaction, the substrate is dissolved or
suspended at an initial |oading concentration of 0.1%
to 10 90% w v), the reaction tenperature is
appropriately adjusted in the range of 10C to 80C,
the pHis maintained in the range of 4 to 10, and the
solution is left to stand or stirred for a while. The
substrate may be added cont4 nuously. The reaction can
be carried out in either a 15 batch or conti nuous
process. An immobilized enzynme, a nenbrane reactor or
the like can_be used for the reaction_according

of taﬁjeaﬁ’é‘é)éjrﬁ SIFEH PER. 2AYERE |161ﬁé’&u868v8rgtaﬁéceﬁ2}ﬁ§nt
W Ynd EnsyRe 30 SBLOT Ly Lo d%ﬁ%%%.yineﬁs?a%ar butyl

TEI OOI‘ nismor.its ocesse uct
ace 8 Q

ha ing the
Ty TR 6§Ieda§ &Eﬁ?& naf}ér BRafipres an
Lvent
anﬂiqglggn%qu%%%%a%% V&Nt JA% &%'ﬁr%%heréo%ngug &M1ike may

1on an aquéous $6 cont ai ni ng
%@ﬁﬁ&fﬁ%’%@d%éy' i c solvent such as ethanol. O her
exanpl es include a suitable solvent consisting of

tm@h@hﬁégﬁltlﬂé 195- ﬁQl@ﬂé€H§§ §D$¥€H915§@Eﬁ%01n can be
wat er - 1 nsol ubl & organi c sol vent nples of the

usé@f@@&b%t&@'V%&%hbﬂ%|5@%1@&6&kléﬁet@hethQUh¥kt peskaks.
t ol uene, chloroforn1 and n- hexane. Furt hernmore, an

PredRiria®iivjant., isubliagifast, bgoerg¥rel 1Bhak onafd tRgrbikethe
may 5 be added If necessary. The resulting

optlicailhanamehkyicalmpuby khydant oin can be used
directly, without purification, in the next process.

Examples of the solvent for the crystallization include
ethyl acetate, methyl alcohol, ethyl alcohol, propyl alcohol,
isopropyl alcchol, n-butyl alcohol, sec-butyl alcohol, tert-
butyl alcchel, acetone, tetrahydrofuran, and acetonitrile.
These solvents may be used alone or in combination. Among
them, ethyl acetate and ethyl alcohol are preferable. In
the crystalliization, a poor sclvent may be simultaneously
used to increase the yield. Examples of the pcoor solvent
include benZene, toluene, hexane, heptane, and cyclohexane.
Hexane and heptane are preferable.

Next, a reaction process of an L-5-methyl-5-
methylhydantecin represented by Formula (2) with a
sulfurizing agent in order to prepare an L-5-methyl-5-
thiomethyhydantoin represented by Formula (3) will be
described.

In Formula (3), R! denotes a hydrogen atom; an alkyl
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Preferably, it is purified by crystallization to
improve the optical and chem cal purities. 10
- Exanpl es of the solvent for the crystallization

include ethyl acetate, nethyl alcohol, ethyl alcohol,

propyl al cohol, isopropyl alcohol, n-butyl alcohol,

sec-butyl alcohol, tert- butyl alcohol, acetone,

tetrahydrofuran, and acetonj¢rile. These solvents may

be used al one or in conbination. Anong 15 them et hyl

acetate and ethyl alcohol are preferable. -In the

crystallization, poor solvent may be sinultaneously
gr%&l%‘blr}%clr é%i%ezot [F& TRoa @toes@awmhéé:hofﬂaﬁfh@epééﬁearr
sol v i ncl ude benzene, .toluene, hexane,

e

Praff eS| Ph&¥ed-C7 Be it é%%ﬁgnélnéﬂlésa;ﬁ@rlgﬁsbbsml.

B e

nt |n rder to repar e

# nrgltlélyﬂyéa% Si ré’plré;sreﬁltp By For m?qn L%@)Zarl?‘%/n patons,
F 3,
whldcﬁ?%dyb%de 3hdt FHIALS o ﬁq%t 95630AKdrogeRny )

atom “an al group "havin
e I| he LG

grog%ﬁt)fgﬁnt :%Hhéhor %u?ubst?) ;pg& gg’iﬁ% gar g%ﬁ,f%blﬁ gtoup,
an 3-anRay q?aaﬁa havieRgphtlha 29 % rb%”t%%@“%ut§laﬁBbﬁ§,

of the al group having 1to 20 carbon. atofs,
perWiiIC iy oRip bea hiegar grah@ncﬁe@,yc%p%@gﬂlcgtragbuda a

met hyl group, an ethyl group, a propyl group, an
cydlsuteQy lgr@ieypa cgialbpluiyll gioup, ansea- bytybhekeoup,

a tert-butyl group, a
group. The tert-butyl group-is preferable because of easy
deprotection.
Examples of the substituted or unsubstituted benzyl
group include a benzyl group, an o- or p-methoxybenzyl group,

an o- or p-hydroxybenzyl group, an o- or p-acetoxybenzyl

group, a p-nitrobenzyl group, a 2,4,6-trimethylbenzyl group,

and a 2,4, 6-trimethoxybenzyl group. The benzyl group and

the p-methoxybenzyl group are preferable because of easy
deprotection.

. Examples of the alkanoyl group having 1 to 20 carbon
atoms include an acetyl group, a propanoyl group, a butanoyl
group, a pentanoyl group, and a hexanoyl group. The acetyl
group 1s preferable because of easy introduction and
deprotection.

The alkoxycarbonyl group having 1 to 20 carbon atoms

may be any common protecting group for sulfur. A
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pentyl group, a hexyl group, a cyclopropyl group, a
cycl obutyl group, a cyclopentyl group, and a
cycl ohexyl 10 group. The tert-butyl group is
preferabl e because of easy deprotection. Exanples of
- the substituted or unsubstituted benzyl group include
a benzyl group, an o- or p-nmethoxybenzyl group, an o-
or p-hydroxybenzyl group,_afga- or p-acetoxybenzyl 15
group, a p-nitrobenzyl group, a 2,4,6-trinethyl benzyl
group, and a 2,4, 6-trinethoxybenzyl group. The benzyl
group and_ the p-nethoxybenzyl group_are preferable
beﬁﬂ&%ﬂﬁﬁ?@ﬂbq€§§ygfﬁéﬁk6?@%@1Gﬁ?tE?§ﬁ§P§§YSPIPH§Y1 group
al kanoyl _group _haying 1,to 20_carbon 20 atons | ncl ude
ard P ta e oL BaCh BroBangyR B oUtfohe Ay S i 2
ent anoyl group, .and a.hexanay roup. The,acet
oy BRY BIY o Pib pd Aok 8 oroLhaY L RH: FolifcPPor knan
atd%%P%%%eﬁ%'o%e %5% aLicaxygarbenyl group having 1 to 20
car bon atons may De “any Common protecti ng group
fo . 6 0 r
P P sk S L e R R e
tdR% and1B3e ndeneadent Ly denotes 8.,y gi 0geBuat O Bt 3oyl
2 al kanoyl Sroup hav?ﬁgblotg 2% %grggn 9at nsugnd may %eoy

grdipe %aE%nQEnQYﬁf%&%ﬁb} QHEXQWHE§§n9§ltF?oﬁbkan@ﬁé acetyl
group havi ng to 20 carbon atons include an acetyl

gro@ouR, paefe@paneybegteR, o BHEINOMEro8h8HRonAand
pent anoyl group, and a hexanoyl group. The acetyl

deprotection.

Examples of the sulfurizing agent used in the reaction

‘include alkali metal hydrosulfides or alkaline-earth metal

hydrosulfides such as sodium hydrosulfide, potassium
hydrosulfide, calcium hydrosulfide, barium hydrosulfide,
magnesium hydrosulfide, lithium hydrosulfide, and rubidiﬁm
hydrosulfide; ammonium hydrosulfide; alkyl mercaptans such
as tert-butyl mercaptan; aralkyl mercaptans such as benzyl
mercaptan, p-methoxybenzyl mercaptan; and thiocacyl compounds
such as potassium thiocacetate and thiocacetic acid.

Sodium hydrosulfide and potassium hydrosulfide are
preferable because they are inexpensive and readily
available for industrial use, easy to handle, provide good
yields, and do not require a deprotection process for the
sulfur atom. When a thiocarbonic acid or its salt such as
thicacetic acid and potassium thicacetate is used as the

sulfurizing agent, an acyl group may be introduced to the
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group i s preferable because of easy introduction and
deprotection. 10 Exanples of the sulfurizing agent
used in the reaction include al kali netal
hydrosul fi des or al kaline-earth netal hydrosulfides
such as sodi um hydrosul fide, potassium hydrosulfide,
cal ci um hydrosul fide, barium hydrosul fide, mnagnesium
hydrosul fide, |ithium hydrosulfide, and rubidium 15
hydr osul fi de; ammoni um hydrosul fi de; al kyl mercaptans
such as tert-butyl nercaptan; aral kyl nercaptans such
as benzyl nmer capt an, p-nethoxybenzyl nercaptan; and

nlﬁﬂﬂﬁ@@bﬁlogbnpounds such as potassiun1thioacetate and

t Sod d | f [
R e
ilable f i ndust
or ISR MR U, Buallshle for st Ll o,
h | f
oI Ak ct00 S8 L b gl Lo phon
ca iy %%%etlc acid and potassiumthioacetate is used as
the sul furizing agent, an acyl group may be

| AT gduGedet st Q@lec%@d @dﬁéx‘i’c@ﬁ{‘g %ﬁ%h@rﬁﬁ&‘@ié’mg

this reaction is perfornmed in the presence of a base.

ageEXanRlees @fr e basedingl udeitsadi WBYHOXi delarly limited.

pot assi um hydr oxi de, potaSS|un1carbonate and sodi um 5
Forcaxhapatke. wAe&OEbﬁmbmlﬁy&@b@ﬁl@ﬂddeﬂﬁngbﬁgsQﬂuﬁhe

sul furizing agent used for the reaction, but is not
hydpastilcikdar iy uisedt edolvents selected from the group
consisting of water; alcchols such as methyl alcohol, ethyl

alcohol, n~butyl alcohol, tert-butyl alcchol, and isopropyl

alcohol; and aprotic polar solvents such as dimethylsufoxide,

-diethylsulfoxide, and dimethylformamide are desirably used

alone or in combination.

The resulting L-5-methyl-5-thiomethylhydantoin (3) can

be used directly, without purification, in the next process.

It may be purified by crystallization or the like to improve
the chemical and optical purities.

The hydrolysis of the L-5-methyl-5-tiomethylhydantoin
(3) will now be described.

The hydantoin moiety can be hydrolyzed in either an
acid or alkaline solution. After the hydrolysis, L-0-
methylcysteine or its salt is produced directly or by
further deprotection of the sulfur atom,.depending on R! in

the hydantoin (3) and the conditions for the hydrolysis.
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For exanpl e, when sodi um hydrosul fi de or potassi um
hydrosul fide is used, solvents selected fromthe group
10 consisting of water; alcohols such as nethyl

al cohol, ethyl alcohol, n--butyl alcohol, tert-butyl
al cohol, and isopropyl alcohol; and aprotic polar

sol vents such as di net hyl suf oxi de, diethyl sul f oxi de,
“and dinethyl formam de are dgsirably used alone or in
conbi nation. .15 The resulting :
L-5- et hyl - 5- t hi onet hyl hydantoin (3) can be used
directly, w thout purj fication, in the next process.
I't Fﬁ‘ﬁyeﬁémﬁé?rf?’@lnbﬁ A AT TRYOA FTUR 13%e to

R
d bed. The. hydant b
. @a«faquyn;ego ST PR 8
I I
oo I BB, L GUSLELD8, 0,854 Lo

the %%1%&' f %ﬁo‘fht 2 Q%E%Bg#ﬁﬂyoﬁegérgr s 5aEh%oh¥g§HE§%pL—a—

e conditions for~t YSI' S

met%&@@@%%eLW%eﬁ Bl -$18rhQet -butyl group, an additiona
step’to depro?éct the sulfur atomis required in an

al WaLhNRL SP$ Wi OdetipVeyIup Walk tdie ddF I SIS dtS the
performed with hydrochlorlc acid, a de-tert-butylation

sul@fur. Stbhe sSuhifl#knaboen §i Bb!bh@@eﬁh!%thQQQQ!L§s§§ 28 béth

produce L-a- nethyl cysteine hydrochloride. Wen Rl is
theamcddetyld grnaupintheodaasehyl abi prodtickhe-a-
methylcysteine or its salt. When R! 1s a benzyl group, the
deprotection with sodium or the like is necessary after the
hydrolysis.

Examples of the acid used in the acid hydrolysis
include, but are not limited to, hydrochloric acid, sulfuric
acid, nitric acid, hydrdbromic aclid, and acetic acid.
Preferably, they are used alone or in combination.

Examples of the alkali used in the alkaline hydrolysis
include, but are not limited to, sodium hydroxide, barium
hydroxide, lithium hydroxide, potassium hydroxide, calcium
hydroxide, sodium carbonate, and potassium carbonate.
Sodium hydroxide, potassium hydroxide, barium hydroxide,
Calcium hydroxide, and lithium hydroxide are especially
preferable from the viewpoint of reaction yield.

- Preferably, the reaction temperature for the hydrolysis

is between 70°C and 180°C. When the reaction temperature is
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sul fur .atom si mul taneously occurs with hydrolysis in
both the acid and al kaline solutions to produce L-a
10 nethyl cysteine or its salt. When Rl is a benzyl
group, the deprotection with sodiumor the like is
necessary after the hydrolysis. Exanples of the acid
used in the acid hydrolysis include, but are not
l[imted to, hydrochloric.aci@,_sulfuric 15 aci d,
nitric acid, hydrobrom c acid, and acetic acid.
Preferably, they are used al one or in conbination.
Exanples of the alkali used in the alkaline hydrolysis

highgq jd@n B‘me &Pélﬁ@ﬁ Pedte @ Lt Fhess@lusnkydroRraésd
bari um dro I|th|un1h£PrOX|de pot assi um

tr%F&raé’ FrA rﬁﬁﬁ Y28 SRGdr oXiN§®, LESdTrGRFEAPBoREIBETatUre
taSS|un1carbonate qQdi um,hydr ox ot assi u
is e SR P Gﬁfﬁyaglaﬁﬁgéevsrﬁﬁ
| t.h h |1 t
dayls elmsg(“f.@ﬁu"ldrr%?;a?t SRS Eerb e PRl s eHePeRoP Y on
f C
pxd e SIS ﬁeng%acﬁéﬁﬂféép@%re%ﬁr > JAoLUECRE0C B0fes

by ihe Qg&lbgngQhEH of 7hie Fal. %enkheaggagbf sis 1is

autocl ave 1S preferably use en'the reactio

preifRRe13t Wal riles EQ@ Lewg %e%%%!akﬁ?g B?agbpéntB'Tgo C.
that spans several days is required and a disulfide

nHThEesﬁQfﬁEﬂzéﬁlénbdf5LP5Dﬁﬁﬁémeymﬁﬂ—ﬁrﬁbiﬁ?@ﬁy&&ht01n
tenperature is too high, other Dby-products my be

and @hretydHaerefier en theahydnohyssslusiofr eharpbl ¥arried
carried out at a tenperature of 90C to 150C

- out in a one-pot.

Examples of the alkaline solution include sodium
hydroxide, barium hydroxide, lithium hydroxide, potassium
hydroxide, calcium hydroxide, and cesium hydroxide. Sodium
hydroxide, potassium hydroxide, and lithium hydroxide are
preferable. In such a case, examples of the sulfurizing
agent include, but are not limited to, benzyl mercaptan, p-
methoxybenzyl mercaptan, n-butyl mercaptan, sec-butyl
mercaptan, and propyil mercaptan. Benzyl mercaptan and tert-
butyl mercaptan are preferable.

Preferably, the sulfurization temperature ranges
between 0°C and 100°C, more preferably, between 20°C and
80°C. The temperature for the following hydrolysis
preferably ranges between 70°C and 180°C, more preferably,
between 90°C and 150°C.

When L-oa-methylcysteine or its salt is prepared by




10

15

20

25

The sul furization of L-5-hal onethyl -5-nethyl hydant oi n
and the hydrolysis in an al kaline solution can be
carried 10 out in a one-pot. Exanples of the al kaline
sol ution include sodium hydroxi de, barium hydroxide,
l'i thi um hydroxi de, potassium hydroxide, calcium
hydr oxi de, and cesi um hydroxi de. ~Sodi um hydr oxi de,

pot assi um hydr oxi de, and lidgdium hydroxi de are 15
preferable. In such a case, exanples of the

sul furizing agent include, but are not limted to,

' l tan, p- neth b l_, tan, n-butyl
YRRt U (i oay Ear S LA cpFoy PonreaHEEs, 22
@ Faraiie. 35 PHeTeFably et Nt BRROLE4E 6AR be

t t bet 0C 100 Cq s
o RO aay L HET W S9C e S6c. Thaotinbyr Sdrs4ae

: fol]l owing hydrolysis preferably ranges between
re%}%%ngg @g%

C, nore preferably, between 90C and 150C.
25 =a: I I its; LS RLEP
i SR S R R A e S
1inBreaieed 2as 1 A PYPRALYCIan! R18HGR Bhead8suliRede bond,

di sul fide can be <convérted to L-a-nethylcysteine or

metdls $Rlch RBY Blinld, Zithe, @ anteddghBg i a8§NhndSpExapnlas of
t he reduci ng agent include, but are not I|inmted to as

conpigidds t heyngarheksate ibhelghsebhide haad, netals

such as zinc, tin, and magnesi um and phosphi ne
trialkylphophine compounds are preferable because of their
significant decomposition ability and ease of removal by an

extraction process. Triphenylphbsphine is most preferable

because of easy handling and reduced cost.

Best Mode for Carrying Out the Invention

The present invention will now be further described
with reference to Examples, however, the present invention
is not limited to these Examples.

(Reference Example 1) Method for preparing 5-methyl-5-

chloromethylhydantoin

Ammonium carbonate (753 g, 6.6 mol) and sodium cyanilde
'(135 g, 2.75 mol) were dissolved in distilled water (730.mL)
at room temperature, and ethanol (730 mL} was added.
Chlorocacetone (204 g, 2.2 mol) was then added. The solution

was stirred for 10 minutes, and was further stirred

overnight at 60°C. The reaction mixture was spontaneously
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conpounds. Anmong them triaryl phosphi ne and
trial kyl phophi ne conpounds are preferabl e because of
their 10 significant deconposition ability and ease of
renoval by an extraction process. Triphenyl phosphine
is nost preferable because of easy handling and
reduced cost. Best Mdde for Carrying Qut the Invention
15 The present invention wid{ now be further described
with reference to Exanples, however, the present
invention is not linmted to these Exanples.
(Reference Exanpl e 1) Method for preparing 5-nethyl-5-
coqdh ;H%Wzmtarﬁ 2GNEmTo @R]tcﬁﬁﬁoﬁé(%oﬁ%d under

recﬁacsegﬂ"a?ee&a'ﬁdﬁeé. ARG EeE e L7 B i s hed voilb, OF Ene
d ethanal. (730 :
ori lggﬁgacetoncgﬁzojﬂlanolfgﬁgp)wﬁé m%ﬂgﬁgggdea P%h%i Py
0
Bl 35 AL SO0 M0 (ILBULEL0nBat, 8001 U1 e

waéSQ%%Ea%%%%%HYW%%h.%%Qgeh% rQom tenpeyat urf e ngutlon was

sol vent was evaporated under reduced pressure t

'adj%%ﬁ%@x%%abﬁlw ®§'%dHH%gV%bHE§nQEaE@8 h98&9bﬁ§brlc acid

sol ution. The sol ution was adjusted to pH 1

TO@d )N n3@ANnWi Uesedicd ah ka9 XbaRehBPPEAXNI bebktﬂgetgh with
5 was then washed with tol uene (1.5 X 2). The

eths,QI wle®ateag 2 adixusyed traeptlezumy;agdbﬁgaﬁ@acgnasat Réls
hydrochloric acid (700 g) in an ice-cool ed

drieqyiovermanhydandswasgexkiant ed1vath astihyheacetatentZated
L x 2). The resulting organi c phase was

under reduced pressure to yield a white solid (198.5 g).

The results of the HPLC analysis [ column: COSMOSIL 5C8

(Nacalai Tesque, Inc.), mobile phase: acetonitrile/10mM

potassium dihydrogenphosphate = 30/70, flow rate: 0.8 mL/min,

detection wavelength: 210 nm, column temperature: 40°C]

showed that the white solid contained 192.5 g (1.2 mol) of

the titled compound (a yield of 54%). The white sclid was

used, without purification, in the next process.

IH NMR (300 MHz, D,0), 8: 3.86 (d, 1H), 3.75 (d, 1H), 1.51 (s,

3H).

(Example 1) Method for preparing L-5-chloromethyl-5-

methvlhydantoin

According to methods described in International
Publication No. W096/20275, cells were cultured and an
immobilized enzyme was prepared. Bacillus sp. strain KNK245

(FERM BP-4863) was cultured, and bacterial cells were
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dri ed over anhydrous magnesi um sul fate and then
concentrated 10 under reduced pressure to yield a
whi-te solid (198.5 g). The results of the HPLC
anal ysis [colum: COSMOSIL 5C8 (Nacal ai Tesque,
Inc.), nobile phase: acetonitrile/l10nmM potassium
di hydrogenphosphate = 30/70, flowrate: 0.8 niL/mn,
detection wavel ength: 21Q nyg col um tenperature: 40C]
15 showed that the white solid contained 192.5 g (1.2
nol) of the titled conpound (a yield of 54% . The
ﬁﬁ%%e solid was used, w,thout purlflcatlon in the
co f*%%oc@@ée“meﬂwﬁoagéeoﬁH?aSD@é?PaEe 3! Sﬁs?alciF&ng

ehe ol bt b %mr&ﬁﬁnsfeﬁjp 5. Thel ﬁw%gm% ; as828eb%o a
carBGegrding tq nethads desc&aged ins nt e ﬁ.gnaé_ _
ﬁﬁﬁ 'catldn No 20862637 RS ﬁ@rﬁlgﬁ ture gﬁa’an

s SERRERR ER BB e e BACLh Unash B T
1mdaﬂlh§z@eE%e e%%yﬁ%llgﬁﬁeﬁ SAQhEﬁZXgBagghﬂkbﬁn ?@ﬁ
co cells.

preépared by sonicating e ected bacteri a

gluEB%a@@éﬁ@%eW%% @Q%ﬁ%?@dlhﬁoﬁllﬁééa'ﬁ daht8ingBeani onic
exchange'resin, Duolite A5 whi ch was added to the

ENKYRE, Sﬁéﬂék0n91ﬂmﬁfd§ﬁdt9 @ b NITORA h & 1€ 4D Es ENZHER,
and was t hen crossllnked with glutaral dehyde to

solpiepar § oi. MeORIL) i zedehydantiotBagsRe chNayk, cyaber1694rnl)
and a 0.5 M manganese sulfate solution (0.18 nL) were
racadded st-ehilbeoaettglebystahglhfdantoin (9.1 g; 83.6 wt%)
prepared in Reference Example 1, and the solution was
adjusted to pH 8.7 with a 20 wt% sodium hydroxide solution.
Immobilized hydantoinase (32 g by wet weilght), prepared as
in the above, was added to the solution, and then the
solution was reacted with stirring for 25 hours at 45°C.
During the reaction, the solution was maintained at pH 8.7
by adding the 20 wt% sodium hydroxide solution. After
completing the reaction, the immobilized hydantoinase wés
filtrated and washed. The resulting filtrate was adjusted

to pH 7 with 6 N hydrochloric acid, and then extracted twice

with an equivalent volume of ethyl acetate. The resulting

- ethyl acetate phase was dried over anhydrous sodium sulfate

(80 g), and concentrated to dryness under reduced pressure
to yield 5-chloromethyl-5-methylhydantoin (3.35 g).
The results of the HPLC analysis [ column: two

CHIROBIOTIC T (Advanced Separation Technoclogies Inc.)
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racem ¢ 5-chl oronet hyl - 5- net hyl hydantoin (9.1 g; 83.6 .
w% 10 prepared in Reference Exanple 1, and the
solution was adjusted to pH 8.7 with a 20 wm % sodi um
hydr oxi de solution. |nmmobilized hydantoi nase (32 g by
wet weight), prepared as - in the above, was added to
~the solution, and then the solution was reacted wth
stirring for 25 hours at 45G 15 During the reaction,
the solution was maintained at pH 8.7 by adding the
20 wt % sodi um hydr oxi de solution. After conpleting the
reacti on, the i nmmobjlized_hydantoi nase s filtrated

CoLI e CORMEGTESul fokd 16 IPhesee WaS e&dptsvddaleghpl =
7 with 6 N h hl_ori, id, dth t t i
o/ il AT RO, Sel e B0 S gt oy e
[t t hyl t h dr.i .
col SRR i, 35P3! SRR 5% e B, af 03

oAr r..-e r res t [ .
Vﬂ:%f%ﬂfggb#@%ﬁﬁa}S%ﬁ§§%9fﬁ§3§ﬁf?fne 3¥3§h%)¥1?%g Pgsults
f C leysis [colum: two 25 CH ROBIOTIC T
hyﬁ%@ﬁgﬁ%EFE§§g2?g¥ion Technol ogies Inc.) - 23 columms

were-CoREaeEeHy ABRLLEIPPaset iyt RYALLPYInaksohol Fhe -
9/1, flowrate’ 0.3 nm/nmin, detection wavelength: 210

ford TGAIsURR S QrReRatfdee p§0Rkashowed %h@hggtﬁéhlprthiion
of 91.8 w%and an optical purity of 97.0%ee. The

of Yiedlhylefysthydaricaivervas 4@oh%thiheekasdlihyneptically
optically active hydantoin was in the L- form This

actiare igennitbied aky ime@sumpnegst Be toptiucal rotation

{Example 2} Method for preparing L-5-chloromethyl-5-

methylhydantoin

Agrobacterium sp. strain KNK712 (FERM BP-1900) was
cultured in a solid medium (10 g/L polypeptone, 10 g/L meat
extract, 5 g/L yeast extract, 15 g/L, pH 7.5) at 30°C for 48
hours. The bacteria on a platinum loop were inoculated into
50 mL of a liguid medium (10 g/L polypeptone, 10 g/L meat
extract, 5 g/L yeast extract, pH 7.5) sterilized at 120°C
for 15 minutes in a 500-mL Sakaguchi flask, and were
incubated with shaking at 30°C for 24 hours. Then, 1 ml of
the culture solution was inoculated into a liquid medium,
prepared by addition of 1 g/L uracil and 20 mg/L manganese
chloride to the above-menticned liquid medium, and was then
incubated with shaking at 30°C for 24 hours. BRacterial
cells separated from the culture solution (15 mL) by

centrifugation were suspended in 1.5 mL of 0.1 M carbonic
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of met hyl cysteine converted fromthe resulting
optically active hydantoin as in Exanples 8 to 24. 10
(Exanmpl e 2) Method for preparing L-5-chloronethyl -

met hyl hydant oi n Agrobacterium sp. strain KNK712 (FERN
BP-1900) was cultured in a solid nmedium (10 g/L

pol ypeptone, 10 g/L neat extract, 5 g/L yeast

extract, 15 g/L, pH 7.5) at;80C for 48 15 hours. .The
bacteria on a platinumloop were inoculated into .50
mL of a liquid medium (10 g/L pol ypeptone, 10 g/L neat

e tr , 5 g/ ast extract, pH 7.5) sterilized at
aciBb s adn w8 finesn t&%@aﬁ@%aﬁgﬁéﬁprm&%wlaﬁd

bat d t h .shaki OC for 24 ho
metflyr%ﬁlya?an A e o PR 30 oo X faborg s Staaith o a

soriddsh (i rangane aredéjrﬂb%} ?“‘r’rﬁﬁdugso%’s%néhﬁ%hsa
an%&% LT, B D S S0 e
soﬂﬂ% %ﬁ?ﬂdgg a%%%d ét?ys%irgﬁ ErEEQQgE ﬁguwgrgt 40°C,

suspen nL of M car boni c -

Thed Wid8i1 P Bt Rl H2Re taﬂ%‘iyrs@%e[?c%lﬁmﬁhl epeBLhY! seg-ms

met hyl hydantoin (45 ng) and M manganese sul fate

(Na%@ 1l 0 s(@eQ1Tnkl) , WRbe 13ddefasERe aBFLXbHA @ rWaS /1 0mM
adj usted and nai nt ai ned at about pH 8.7 with a 10 N

‘potsediivm Rydretodenphsebubiren =angd owas rneackadew bhg ml./min,

stirring for 26 hours at 40C. The results of the HPLC
detaraliysi sravedlennmh : COBMOGH, oC8uhb teMNpeabaiirédesquéc] of

Inc.), nobile phase: acetonitrile/l0mV
the reaction solution showed that the rate of remaining
hydantoin was 39%. Hydantoin in the reaction solution had
an optical purity of 92.7% ee according to an HPLC analysis
(the analytical conditions were as in Example 1)}). The
retention time compared with the hydantoin prepared in
Example 1 indicated the resulting hydantoin as being in the

L-form.

(Example 3) Methed for preparing L-5-chloromethyl-5-

methylhydantoin using a Pseudomonas genus

Pseudomonas putida IF012996 was cultured in a solid
medium (10 g/L polypeptone, 2 g/L yeast extract, 1 g/L°

magnesium sulfate heptahydrate, 15 g/L agar, pH 7.0) at 30°C

- for 24 hours. The bacteria on a platinum loop were

inoculated into 100 mL of a liquid medium (20 g/L meat
extract, 6 g/L glycerol, 1 g/L uracil, 2 g/L potassium

dihydrogenphosphate, 1 g/L magnesium sulfate heptahydrate,
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pot assi um di hydr ogenphosphate = 5/95, flow rate: 0.8
m./mn, detection wavel ength: 210 nm col um
tenperature: 40C] of 10 the reaction solution showed
that the rate of remaining hydantoin was 39%
Hydantoin in the reaction solution had an optica
purity of 92.7%ee according to an HPLC analysis (the-
anal ytical conditions were & in Exanple 1). The
retention time conpared with the hydantoin prepared in
15 Exanple | indicated the resulting hydantoin as

.401@%J@ inthe L-form (Exanple 3) Methad for preparing

Le KiedianBt o3 dfe Ry adhe o alg/ﬁgfgrrous sulfate

udo nas enus,_Pseudonobnas FO1299

herrAr 867 T PP ed A RELEO T8/ ECBERy peBt one,

Shiaapie TR, s Ly, 5 5.
T o
Ve S A e
/ I 2,4/
3 A SOSELY b btCo ptost

Bad@%&ﬁ%ﬁy@%QH% t%ét ﬁ%r@ggéﬁ%§hﬁbH”EEBEOEhéecﬁ&@ﬁgéate
O ng/L ferrous sulfate ept ahydrate, 20 ng/

sol%&ﬂ%&ﬂﬂ&@ ah f atecketrarubatiBaxabydr 848peddefUAL 1.5 ml
copper sulfate pent ahydrate, pH 5.5) sterilized at

of 12QCM earbdnAtndtes bfEe20QpRLgSakaguahi thehl askemands-
wer e i ncubated w th shaking ?or 24 hours at 30C

chlBaeciherihgll -6ehkshiyhaydeeteisegasaingd Ehanot beMcubhhgarese
solution (15 nmL) by centrifugati on were suspended in

sulfafemsolution (0.003 mL) were added. The mixture was

adjusted and maintained at about pH 9.0 with a 10 N sodium

hydroxide scolution and was reacted with stirring for 52

‘hours at 40°C. The results of the HPLC analysis (the

analytical conditions were as in Example 2) of the reaction
solution showed that the rate of remaining hydantoin was 70%.

Hydantoin in the reaction solution had an optical purity of

26.7% ee according to an HPLC analysis {the analytical

conditions were as in Example 1). The retention time

compared with the hydantoin prepared in Example 1 indicated

the resulting hydanteoin as being in the L-form.

(Example 4) Method for preparing L-5-chloromethyli-5-—

methylhydanteoin using Bacillus genus

Dried stock bacterial cells of Bacillus sp. strain
KNKZ245 (FERM BP-4863) were incculated into 100 mL of a

liguid medium (10 g/L polypeptone, 10 g/L meat extract, 5
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of 0.1 Mcarbonic acid buffer (pH 8.7), and then
racem c 5- chl oronethyl -5-net hyl hydantoin (15 ng) and
0.5 M manganese 10 sul fate solution (0.003 nmL) were
added. The m xture was adjusted and mai ntai ned at
about pH 9.0 with a 10- N sodi um hydroxi de sol ution
and was reacted with stirring for 52 hours at 40C.
The results of the HPLC anglysis (the analytical
conditions were as in Exanple 2) of the reaction 15
solution showed that the rate of remai ni ng hydantoin
was 70% Hydantoin _in the reaction solution had_ an

9/TopieeeH egirecy o Jeo7uéeracdardi A§ £60ah FPECLS
mirg A he 7 50Pnaly SROdsh L i8S keuRBar BRLs LACBRated with
rdant Qi i Ex I 1 i t th

shal ot A RS RRo < BotEaP! Fndny g B2t F f ReERaABRES

4), .Met hod f, i ng,L-5-chl thyl - 5- .
solpkal®l W8S RoRISRRL Brk 3 fRGILATCLIKLE R2g, By, addition

i.al I Baci,l | i :

or BaBAL13lchal LioboBag bl 1snsgs by Bhfor KNOZS, (EERMove-
merfEdni 61096l rBekKREPLARC L8 GhbnRALEXELACY; R -

26 g/Ly 120C for

ast extract, pH 7.5) sterilized at

shak@ngMaRUyescl B2 2Q0nBlirsakagyehirihaske188d W8 eyere
- incubated with shaking at 45C for 15 hours. Then, 2

sepila®bdt FeomUlhdr eulcsebUkboatWBs imecHl.ateg into a
medi um prepared by addition 5 of 1 g/L uracil and 20

cenffBiEuanganeserehkakpdadka thelabomMe- ofeat comed tagubic
~ nmedium and were then incubated with shaking at 45C
acidobuZ4eloyps. 8Ba¢t eehdl thehl satbat cwerehloromethyl-5-
methylhydahtoin (15 mg) and a 0.5 M manganese sulfate
solution (0.003 mlL) were added. The solution was adjusted
and maintained at about pH 9.0 with a 10 N sodium hydroxide
solution and was then reacted with stirring at 40°C for 52

hours. The results of the HPLC analysis (the analytical

conditions were as in Example 2) of the reaction solution

identified that the rate of remaining hydantoin was 74%.

The HPLC analysis (the analytical conditions were as in
Example 1) of hydantoin in the reaction soluticn identified
an optical purity of 30.7% ee. The retention time compared
with the hydantoin prepared in Example 1 indicated the
resulting hydantoin as being in the L-form.

(Example 5) Methed for preparing L-5-chlorcomethyl-5-

methylhydanteoin using Rhizobium genus

Dried stock bacterial cells of Rhizobium sp. strain
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separated fromthe culture solution (15 nL) by
centrifugation were suspended in 1.5 nL of a 0.1 M
carbonic 10 acid buffer (pH 8.7), and then racemc
5-chl oronet hyl -5- net hyl hydantoin (15 ng) and a 0.5 M
manganese sulfate solution (0.003 nL) were added. The
solution was adjusted and naintained at about pH 9.0
with a 10 N sodi um hydroxi Solution and was then
reacted with stirring at 40C for 52 15 hours. The
‘results of the HPLC analysis (the anal ytica

conditions were as in Exanple 2) of the reaction

KNKI il i (GFRY @&mdidfifed ergt inpeutatedofintemalAi i of 2

. hydantoin was 74% The HPLC analgsis (the anal ytica
llgﬂ&ﬁb@@ﬁéﬁ?-%épegg; PﬁlYE?QﬁBPSflﬂ og/ﬁyﬂﬁﬁFo?ﬁt¥ﬁthe5
reaction solution_identified,20 an optical rity_of
O/ T o8 FRE tr oBEnon SRS LLaRear 88 Lo0F EhiPRels
._hydant.oi n prepaced _in Ex l.e_| .indigated the .
minBEEH g RYTaACorR A8 EENnG [PRKY nEP0. FEFR TERRRGPY vith
. t.hod ~foor prepari -5-¢ghl.gro | =5
Sha%é yﬁﬁy gngofﬁruggnéggﬁkiob?gﬁggegﬁéﬂgngFngcg Egﬁe
rial L Is [ . strain,.- .
=T MR A terRaaret HEg drStinRy BiBeared; of HadiRion
of ﬁ'%Vhdu%%@&ﬁnhhéozg/hg9@|MBE?BBE@e 48184k gBRRL the above-
extract, 5 g/L yeast "extract, pH 7.5) sterilized at
menk4d@&ehion i4hidmneutes, i And REQ9- hesakagushtell A8kn 3REking
were incubated with 5 shaki ng at 30C for 18 hours.
at Boern, fdrnmk4ohole.cuBhbterisol bkl 0B wasti Reedl aépdrated

into a nedium prepared by addition of 1 g/L uraci
froandh20 cogturensganesenchiior mdg bo thatabougation were

suspended in 1.5 mL of a 0.1 M carbonic acid buffer (pH 8.7),

and then racemic 5-chloromethyl-5-methylhydantoin (15 mg)

and a 0.5 M manganese sulfate solution {(0.003 mL) were added.
The solution was then adjusted and maintained at about pH
9.0 with a 10 N sodium hydroxide solution and was reacted
with stirring at 40°C for 32 hours. The resulits of the HPLC
analysis (the analytical conditions were as in Example 2) of
the reaction solution identified that the rate of.remaining
hydantoin was 54%. Furthermore, hydantcoin with an optical
purity of 22.5% ee was idenfified in the reaction sclution
by the HPLC analysis [ column: two CHIROBIOTIC T (Advanced
Separation Technologies Inc.) columns were connected, mobile
phase: 0.036 M potassium dihydrogenphosphate-phosphoric acid
solution (pH 2.2), flow rate: 0.5 mL/min, detection

wavelength: 210 nm, column temperature: 40°C]. The
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Examgls ilon dd&tted éde I’F&tsullﬁéniga

mentioned |iquid nmedium and was then incubated wth
shaking at 30C for 24 hours. Bacterial cells that
were separated 10 fromthe culture solution (15 nlL) by
centrifugation were suspended in 1.5 nL of a 0.1 M
carbonic acid buffer (pH 8.7), and then racemc
5- chl or onet hyl - 5- et hyl hydantoin (15 ng) and a 0.5 M
manganese sul fate sol utian 4. 003 nm) were added. The
sol ution was then adjusted and mai ntai ned at about pH
15 9.0 with a 10 N sodi um hydroxi de sol uti on and was
reacted wth stlrrlng at 40C for 32 hours. The
reteadiiians tdme [remmpred &ﬁ§my§h§ hyRen&Rany Pregpred in
condi tions were as.in of the reaction |,
&fd&rltpéﬁa@ﬁ. %ﬁmg in the

L dantoin was 54% Furthernore, hydantoin with an
éﬁ%qcal 20 purity of 22.5%ee was identified |n t he
t y the.HPLC analﬂs's X

| -».

meﬂﬁﬂfﬂﬂﬁé‘@%ﬁa gﬂﬂgf %%udg&%b ﬁgha%%ra9n0§§58b3A (FERM

pp-3algytyion (pH 2.2), flowrate: 0.5 m/min, detection 25
%“V%Wé&ength 210 nm colum tenperature: 40C]. The - 28

repentholtbEReLeerRAL 8d Weilsthe BYZRRLRLA P §PATr §6rd
Exanple 1 indicated the resulting hydantoin as being

KNKOO 3h e rerd @pm3ibEyanehe GhoMatheddf entBr epar midof a
L- 5-chl oronet hyl -5- 5 nmet hyl hydant oi n usi ng

liddseudermmas (0. g$tI@ﬂQcéN§ﬂQ3A GFERYLUBBs3]810) 3Dgiedyeast
st ock bacterlal cell s of Pseudononas sp. strain
extract, 3.5 g/L potassium dihydrogenphosphate, 3.5 g/L

~disodium hydrogenphosphate, 0.5 g/L magnesium sulfate

heptahydrate, 0.02 g/L manganese chloride tetrahydrate, 0.01
g/L iron sulfate heptahydrate, 1 g/L calcium carbonate, 3
g/L N-carbamoyl-D-alanine, pH 7.5, wherein glucose and N-

carbamoyl-D-alanine were sterilized by filtration and then

added to other constituents which were sterilized by

heating) sterilized at 120°C for 15 minutes in a 500-mlL
Sakaguchi flask, and were incubated with shaking at 45°C for

46 hours. Bacterial cells that were separated from the

. culture solution (40 mL) by centrifugation were suspended in

1.5 mL of a 0.1 M carbonic acid buffer (pH 8.7), and then
racemic 5-chloromethyl-5-methylhydantcin (15 mg) and a 0.5 M
manganese sulfate solution (0.003 mL) were added. The
solution was adjusted and maintained at about pH 9.0 with a

10 N sodium hydroxide solution and was reacted with stirring
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KNKOO3A ( FERM BP-3181) were inocul ated into 100 nmL of

a liquid nmedium (10 g/L glycerin, 5 g/L glucose, 0.3

g/ L yeast 10 extract, 3.5 g/L potassium

di hydr ogenphosphate, 3.5 g/L disodi um

- hydr ogenphosphate, 0.5 g/L nmagnesium sul fate

hept ahydrate, 0.02 g/L nmanganese chloride

tetrahydrate, 0.01 g/L_ngﬂasylfate hept ahydrate, 1

g/ L cal ciumcarbonate, 3 g¢g/L N carbanoyl -D- al ani ne,

pH 7.5, wherein glucose and N 15 carbanoyl - D- al ani ne

were sterilized by filtration and then added to other
at dén$t ifiowedtds hahirsh wlhe seeniltszed bje HEAE ngaalysw {the
~ sterilized at 120" C for 15 mnutes in a 500-
anagakdg@dhiconcddl ongndewer asi AbuBEEBER LR ?h @ﬁakhﬁgrﬁ?mtlon

45' C for., 46 hours. Bacterial cells that were
solyddanadeertidmechéhag &het Grées8EurPBAIPARInydpytoin was

centrlfu at,i on re suspended in of.,a 0.1 M
24%ar &PdwﬁggféP CpH82 )Puaﬁaytﬁén%5r56eﬁ?cln che

sol?e&ﬁ%éﬁ&%%e SOePER 0 by GHC( 0 bbaoREF kP Bbdedis Lol
corgfledtian . uas adi yst ed, ﬁ?ge”%' ntained 3t gbouk, pii:g- 0

i G roXi de , o an
com%%%%%?%1@'t%ﬁgthgﬁéﬂgﬁé ﬁ%{éé gﬁgﬁgﬁpcguﬁslnabgated

<ondih'angy Welends hn gtxetgghs 25 eh tﬁefesa_@tl on

solutlon e‘rate o remal ni ng

hy‘@ﬁﬁ&ﬁb@e“@? Meffoa Hydanb @k Pri Ay AN OpLigR] —purity
of " 65.8%Wee In the 5 sofution was identified by t he

ch1dPbmeanal v$iasnktbhe anal ytical conditions were as in
Exanpl e 5). The retention tinme conpared with the

hydantei n-preeanhel-bAckxerphethyingisatedtn (68.85 g)

prepared as in Example 1 was dissolved in ethyl alcohol
(137.7 mi) and was then heated to 60°C. Hexane was slowly
dropped until any white turbidity disappeared, while the
internal temperature of the solution was controlled sc as
not to reach a temperature lower than 60°C. The amount of
hexane used was 105 mL. Then, the solution was gradually
cooled to -20°C and was stirred at -20°C overnight.
Precipitated white crystals were separated by filtration and

washed with 250 g of a hexane solution containing 5 wt%

" methyl alcohol to obtain the titled compound with a yield of

94.7%, a chemical purity of 94.6%, and an optical purity of
98.3% ee (the analytical conditions were as in Reference
Example 1).

(Example B8) Method for preparing L-5-mercaptomethyl-5-
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the resulti-ng hydantoin as being in the L-form (Exam
le 7) Method for purifying L-5-nethyl-5- 10
chl oromet hyl hydant oi n Crude
L- 5- net hyl - 5- chl or onet hyl hydantoin (68.85 g) prepared
as- in Exanple 1 was dissolved in ethyl alcohol. (137.7
m.) and was then heated to 60C. Hexane was slowy
dropped until any white ttugﬁ dity di sappeared, mhlle
the 15 internal tenperature of the solution was
controlled so as not to reach a tenperature | ower
than 60C. The anount of hexane used was 105 nL. Then,
me thyd hyelagitiodm was gradually cooled to -20C and was
stirred at -20C overni ght. PreC|p|tated white
cr 95&5aﬁbl@ép@ef,éﬁér5r@atbylhyqi@%w@n andd 29 vasHegrical
wth 250 of a hexane solution containing 5 wt %
purijdihyit §I706’F$0’Ir 8 Gbtaralt RETEFY ed %m%ouﬁl WP pmsol)

ield of . 94. 7% chemni_cal ur|t 4._69% d an
and)SEcam ByAaF g 68 (395 8 Bt Rurhed ofr abr e BharERens
n Reference Met hod

di%ﬁﬁlVE%:6§rFﬁjtll eﬁeW@ﬁﬁFoé@?ﬁ ang lglgklon was
fg%%gé!h%%%ntoH%ro e% g@m BHEE m?@b %hﬁlh Qa”t@hg

em cd pur| an-opticCa

sol%g o%yw%f %gbg%hﬁgoygg%rggbiedaeg ggghugéﬁﬁgggﬁHkéigﬁd

Wer e I ssol've

the%'%ﬁ'h%?%ﬂ?%%ebﬂ(&sglgh EBgCEH@rQQEHthgarﬁ@ﬁloiﬁélHé?g in
gen at nospher e .5 hour The solution

an Weg-epenkaneashynreaked raer 98MuteBRELALUERLAREted with
ethyl acetate (500 mL x 4). The resulting organic phase was
dried over anhydrous sodium sulfate and then concentrated
under reduced pressure to yield a white solid (14.8 g).
Analysis by HPLC [ column: COSMOSIL C18-AR (Nacalai Tesque,
Inc.}, mobile phase: potassium dihydrogenphosphate-
phosphoric acid soiution (pH 2.0) /acetonitrile = 97/3, flow
rate: 1.0 mL/min, detection wavelength: 210 nm, column
temperature: 30°C] showed that the white solid contained
11.1 g (64.5 mmol) of the titled compcund (a chemical purity
of 75.0%, a yield of 80.7%).

IH NMR (300 MHz, D, 0), &: 3.52 (d, 1H), 3.32 (d, 1H), 1.40 (s,
3H) .

{(Example 9) Method of purifying L-5-mercaptomethyl-5bH-

methylhydantoin

L-5-Mercaptomethyl-5-chloromethylhydantcin (2.04 g, a

chemical purlty of 83.6%, an optical purity of 96.1% ee) was
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then adjusted to pH 1 with concentrated hydrochloric
acid in an ice-cooled environnment. The solution was
extracted with 10 ethyl acetate (500 nL x 4). The
resulting organi c phase was dried over anhydrous
sodium sul fate and then concentrated under reduced
pressure to yield a white solid (14.8 g). Analysis by
HPLC [col um: COSMOSIL Cl8-AR (Nacal ai Tesque, Inc.),
nmobi | e phase: potassi um di hydrogenphosphate 15
phosphoric acid solution (pH 2.0)/acetonitrile = 97/3,
flow rate: 1.0 nl/mn, detection wavel ength: 210 nm
dissgiliag dtvegidyvat @p@ta?r@(:] 49nhowed ath &0 “Ehe WereBSSHREd
. contained 11.1 64.5 mmol ) of the titled conpound
Slq%iﬁﬂﬂﬁﬁgﬂﬂd-ﬂﬁﬁi%y h@fW?St@%$u§b%pé¢E QﬂSSGP?@gedZO The
NVR ( 300 VHz, 5: 3.52 F%
amojiniy O(fs SXFnE U(SB@aﬁ’ﬁ‘lse%) mﬂﬂst hB"&eélfr Ei&ﬁ F?#Hﬁlon as

hyl - h
grad e C&%B{%ﬁtﬁ% ?@ﬁ b %#Ff%'&lgﬁ?o. RO 594 g4
25 t GW ti t
pred et ilte a3 Ble®leBRbRER0 BYN Y e 2hkion and
wefg JQ% ed %%Eh@§%ne8|gﬁL%Lqr%Bp%?tﬂﬁhlkhgh%l%ﬁbge

turbidit I Sappéar ed amoun hexane use

con%%g.mamaﬁ%na %1%9'%tP9”4f hourﬁggﬁglhy nggdakmﬁgcé°

sstirr rectpita ife
andC ahS btS AAS usrei?r?r dlredghys fbta”atrh%naﬁﬁgi tYeR¢ washed

wi th hexane to obtain the titled conpound
codﬂlkﬁo%sybﬁl@h%fc%%m&%hlapﬁﬂgﬂycﬂbréuébtXnoﬁxgﬁp§%©8. The
analytical conditions of the optical purity were as follows;
column: CHIRALPAK AS (Daicel Chemical Industries, Ltd.},
mobile phase: isopropanol/hexane = 3/7, flow rate: 0.5
mL/min, detection wavelength: 210 nm, column temperature:
30°C.

(Example 10) Method for preparing L-5-methyl-5-tert-

butylthiomethylhydantoin

L-5-Chloromethyl-5-methylhydantoin (10.00 g, 61.51
mmol) was diséolved in a 10 wt% sodium hydroxide solution
(100 g} and then tert-butyimercaptan (10.4 mL, 92.27 mmol)
was added. The sclution was stirred under nitrogen
atmosphere at 50°C for 3 hours. The reaction mixture was
spontaneously cooled to room temperature and then washed
with toluene (100 mL x 3). The reaction mixture was
adjusted with concentrated hydrochloric acid to pH 1 to 2.

The generated white solid was separated by filtration,
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and an optical -purity .of 98.6% ee. The anal ytical.

conditions of the chenmical purity were as in Exanple-

8. The 10 analytical conditions of the optical purity

were as follows; colum: CH RALPAK AS (Daicel

Chem cal Industries, Ltd.), nobile phase:

i sopropanol / hexane = 3/7, flowrate: 0.5 nlL/mn,

det ecti on wavel ength: 21Q col umm tenperature:

30C. 15 (Exanple 10) Metho or preparing

L-5-nethyl-5-tert- butylthi onet hyl hydantoin

L- 5- Chl or onet hyl - 5- met hyl hydant oi n_ ( 10. 00 61.51
washesl W ivds vgitesol (V8 mh %5:%@@556?9@59@30%9@@ reduced .

solution (100 g) and then tert-butyl nercaptan é10.4
Pr%ﬁ§UE§2t?7Yﬁﬁ6@)azﬁhwé§ §adéd. ofh&heoFdtieR GASPSERF &d- 72

under tro spher at 5QC for .3 hours
51 PodGIOh T SEa 68 waDe SRoN ahERts CIEsLBaS BoFBoRp 1
g?f era ure nd Shen washed w th toluene (100 nL x
m xture was adjusted mnth
%HThel 31

c a hl of.i dto
H &gﬁeﬁgpb hmﬁft¥8§ﬂ? qaagzggkérdte Hyjflltratl
washed with water (100 nL x 3), and then drled
'unggf reduced pressure to yield a white solid of the
t'kh§9m§98p99PdMé€h3§ £8r ﬁr¥é§£gngfL£%L£@@h%iE%ule

ben%&lt%1%ﬁe¥%§lﬁ%@gnwain CD30D), 8: 2.89 (s, 2H), 1.46
(S, 3H), I.3T (S, 9H). (Exanple 11) Method for

prEPQLCHgokoﬁeﬂB§D¥$ =methylhydantoin (10 g, 61.5 mmol)

was dissclved in a 10 wt% sodium hydroxide éolution {LO0 qg)
and then benzylmercaptan (11.5 mL, 98.4 mmol}) was added.
The solution was stirred under nitrogen atmosphere at 50°C
for 3 hours. The reaction mixture was spontaneously cooled
to room temperature and was then washed with toluene (20 mL
X 2). The reaction mixture was adjusted to pH 2.0 with
concentrated hydrochloric acid. The resulting white solid
was separated by filtration, washed with water, and then
dried.under reduced pressure to yield a white solid of the
titled compound (14.82 g, a yield of 96.3%, the analytical
conditions were as in Reference Example 1}.

1H NMR (300 MHz, CDCly), d&: 8.61 (s, 1H), 7.34-7.26 {m, 5H),

6.06 (s, 1H), 3.76 (d, 1H), 3.72 (d, 1H), 2.79 {(d, 1H), 2.72

“(d, 1B}, 1.45 (s, 3H).

(Example 12) Method for preparing L-1-N-acetyl-5-

acetylthiomethyl-5-methylhydantoin
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benzyl t hi.omet hyl hydant oi n
L- 5- Chl or onet hyl - 5- et hyl hydantoin (10 g, 61.5 mmol)
10 was dissolved in a 10 wt % sodi um hydr oxi de sol ution
(100 g) and then benzyl mercaptan (11.5 ni, 98.4 nmol)
was added. The solution was stirred under nitrogen
at nosphere at 50C for 3 hours. The reaction mxture
was spont aneously cool ed 5%3[90n1tenperature and was
t hen washed with tol uene ( nm. 15 x 2). The reaction
m xture was adjusted to pH 2.0 with concentrated
hydrochloric acid. The resulting white solid was '
sepabafhdobymethytabroathwikidanwinh wat®d  gand thequmol,
dri ed under reduced pressure to yield a mhlte solid of
a chpaicgilt Pegisanpsuld - 634. 82 GPLACHePHT6FYIBL3YE - Bhece)
anal ytical 20 conditions _were as in Reference Exanpl e
was1p13fplmﬁﬂ e@ongﬂf yég@i§yx1§e 81lgq g uggﬁr nitrogen
7.34-7.26

atqﬂ§phfmﬁ ggﬁth&n ?gyas§1y§ %aoaie§at§(i%41§% ngzga 0

T R F;leltﬁ é@&%b&rﬁh%gﬁégﬁy PRy haR Boper 3) ASREY.S1ne®
solﬁ$gpn W§%2%§%F¥ 'eS&rﬁ y ¥gg§tg86ré§mg§eﬁ%e%§tage and

the?l) a%ﬁble%e%eko gﬂ 6dlt§539| @h' q % gxkaehismea&}a?

nitro at nosp ere ot assi um

sollaiiRacet ahe éﬁﬁgﬁoﬂ’w%%Bth§aEHQB)WT@ﬁ @9H9§ ghdcate.

reacted at 7 or 21 hours. The solution was
Thesee%h§@§ﬁ585¥ggﬂqbegh5eer9@&1aemeerayegeaaﬂydrbﬁgn

adjusted to pH 6 with a 10% hydrochl oric acid
magnesium suifate. The ethyl acetate was evaporated under
reduced pressure to yield an orange solid (12.45 g) .
Analysis by HPLC (the analytical conditions were as in
Reference Example 1) showed that the orange solid eontained
5.48 g of the titled compound (22.43 mmol, a chemical purity .
of 44%, a yield of 65.5%).
1§ NMR (300 MHz, CDClj), &: 8.61 (s, 1H), 7.27 (s, 1H), 3.92
(d, 1H), 3.48 (d, 1H), 2.54 (s, 3H), 2.33 (s, 3H), 1.80 (s,
3H).

(Example 13) Method for purifying L-1-N-acetyl-5-

acethylthiomethyl-5-methylhydantoin

L-1-N-Acetyl-5-acetylthiomethyl-5-chloromethylhydantoin
(5.48 g) obtained in the above Example was dissolved in
ethyl acetate (22 g) and then heated to 60°C. Hexane was
slowly dropped until the white turbidity disappeared. The

amount of hexane used was 39.2 g. The soclution was
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solution. The solution was-extracted with ethyl
acetate. The resulting organic phase was dried over
anhydrous 10 nmagnesi um sul fate. The ethyl acetate was
evapor at ed under reduced pressure to yield an orange
solid (12.45 g).  Analysis by HPLC (the anal ytica
conditions were as in Reference Exanple 1) showed
that the orange solid contamned 5.48 g of the titled
conpound (22.43 mml, a chen1ca| purity 15 of 44% a
yield of 65. 596 1H NMVR (300 MHz, CDC13), 8 8 61 (s,
1H, 7.27 (s, 1H, 3.92 (d FD, 3.48 (d, 2.54

spqndangqpsly, g9oled 3@) ropmghemperagyye eEséawﬁFe’dieﬁl
Met hod for. purifying L-1-N-acety

st b . 0 ey | FGeERLRELOR vas gradually
: -1-N- Ac tyl- cetyl t hi,onet h chl | hydant
coqlgd (6 TG0SF GBtard SPHITRE Bbovilixa ﬁ-srg'gw% P

oo QiiaIa sl e bt Bhe L A0 e
waghedbgg%%y3@|?ﬁ%p%%rgdhe;g%ezggiﬂﬁggﬁ 8Enggéﬁpﬁgu§9deahyi

sol ution was spont aneous cool

ace%%tro%g'E%qggkakﬂ%etﬁ@geﬁaﬁoﬁﬁgpgg FEEGQ §9élaoof 78.3%,

Then, the solution was cooled to

120G A1d p\as +3t Ll 88 .ak - 206 har tBeHiS ty of 99.1%
@ CP%ecF%|t§ ed %LFte crystal's mereogeparatggr%yy °

ee f'@%%a%h@ﬁy%ﬁ@alW%%ﬂ@QthhQ 39. 2n8 eheAibexap@rity were
sol ution containing 1% ethyl acetate to obtain the

as tint Redcgompeunswplik a.yi ehd epbt78a3%uratoheascal
purity of 87.1% and an optical purity of 99.1%
determined by HPLC [ column: CHIRALCEL OD-H (Daicel Chemical
Industries, Ltd.), mobile phase: hexane/isopropénol = 9/1,
flow rate: 1.0 mL/min, detection wavelength: 210 nm, column

temperature: 30°C] .

(Example 14) Method for preparing L-2-

benzylthiomethylalanine

L-5-Benzylthiomethyl-5-methylhydantoin (5.0 g, 20 mmol)
was dissolved in a 2 N sodium hydroxide solution (40 g) andr
stirred for 2 days at 100°C. The solution was spontanecusly
cooled to room temperature and then adjusted to pH 7 with
copcentrated hydrochloric acid. Precipitated white crystals
were separated by filtration and washed with water several
times. After drying under reduced pressure, the white
crystalline product was analyzed by 1H NMR and HPLC (the
analytical conditions were as in Reference Example 1). The

results of the analyses showed that the resulting white




ee. The anal ytical conditions of the chemcal purity
were as in Reference Exanple 1. The optical purity
was 10 determ ned by HPLC [col um: CH RALCEL OD-H
(Dai cel Chemical Industries, Ltd.), nobile phase:
hexane/ i sopropanol = 9/1, rom;rate: 1.0 nmL/ mn,
detecti on wavel ength: 210 nm colunmn tenperature:
30C]. (Exanple 14) Method ﬁﬁg_preparlng L-2- 15
Benzyl t hi onet hl al ani ne
L- 5- Benzyl t hi onet hyl - 5- et hyl hydantoin (5.0 g, 20
mol ) was dissolved in a 2 N sodi um hydroxide
cryséiadt Wes (he §prasd cempeked fiar vaeddyefatr83voc. The
sol ution was sgontaneous%y cooled to roon1ten%e %t
Wi

'H §HB (REA YHPus{eaD{B:pH Pwit-i 820 -dhc@nt Pibe

d hl d. P I
séaéﬁétéﬁfbﬁﬂ?ﬁi@rg@fﬁﬁﬂﬁhh nadhdd Wen? §2r35e3§¥§|
ES. r)

reduced the white

5 but h .Oa &lﬁel c%ndltlons were as in Reference
_ esults of the anal yses showed t hat
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e EeRULLLBO YLk fone o of Vakaky S IED 1A geL00 o)
4. é% ?§ ?§ %TQSdQ Sgﬁ#%d 3In’d @?Exgﬁgkgd%gﬁ8ﬁggﬁgﬁk%e

sol@&gBﬁr'ﬁQ vagqeehd %t@%&EBtEbQWQtBMb§|QBIm@o C. The

- -tert But yIt hi onet hyi - - 5- net hyl hydantoin (1.00 g,
solﬁt@%nnmﬁb)§ﬁ%%t@h%%@%!9dchlédleow&%b&OGEMﬁehﬁdﬁ@éIéﬁd
then adjusted to pH 6.5 with 4 M hydrochloric acid. A white
precipitate was removed by filtration. The filtrate was
concentrated to yield white crystals. The white crystals
were separated by filtration and washed with water several
times. After drying under reduced pressure, the white
crystalline product was analyzed by 'H NMR and HPLC (the
analytical conditions were as in Reference Example 1). The

results of the analyses showed that the resulting white

crystals were the target compound (a yield of 78.8%).

-1H NMR (300 MHz, NaOD/D,0), &: 2.65 (d, 1H), 2.63 (d, 1H),

1.25 (s, 12H).

(Example 16) Method for preparing L-2-

benzylthiomethylalanine

L-5-Chloromethyl-5-methylhydantoin (200 mg, 1.23 mmol}
was dissolved in a 10 wt% sodium hydroxide solution (2.0 g).

Then, benzyl mercaptan (0.23 mL, 2.0 mmol) was added and the
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solution (14.97 g) and stirred for 3 days at 110C:. The
- solution was spontaneously cooled to roomtenperature
and 10 then adjusted to pH 6.5 with 4 M hydrochloric
acid. Awhite precipitate was renoved by filtration.
The filtrate was concentrated to yield white '
crystals. The white crystals were separated by
filtration and washed w th yater several times. After
dryi ng under reduced pressure, the white 15
crystalline product was anal yzed by 1H NMR and HPLC
(the analytical conditions were as in Reference
midEugiep e sl Stinred vasert 816rogre akaryeEsrehakedOt Rafor S
t he resultlng white crystals were the target cqnpou
hoyzg -yi dife &feafj@l@@) te@ﬂeﬁr@#‘eu(f?owaﬁl—lfalﬁﬁwgz 6posC ?nasthe

X&’é’gﬁoﬁ%%ﬁh i isﬁdrf@?‘ %ﬁén% 3ot hw%raa g 1
addigd o S e M e Sa Ly %E%%d%y%pg;gf:ggh ipﬁfﬁ ”ED' Lhe

m1§£ur3§Was f% Eh%ns %%&la§61%%pha%o§02%3h 2 OAnalyszs

Was Tad m Xt Uré was ed

by %@ﬂ@'éﬂ&ﬂ&@qﬁmﬁt%ﬂépggEgeﬁtcgg 0%9?088 QQ%EB thQS 0%

reaction tenperature was rals the

' waéﬂﬁ?é oeﬁps further stirred for 26 hours. After the

n of a 30 wt % sodi um hydr oxi de solution (1.0

9) (EkBRp1e M7xtMEEn¥@SEEHIbREhasthEr Ed2ate400C for 24
hours Anal'ysi's Dby HPLC showed that the ftitled

butSApawh thd uiiehdnef 78.0% was prepared.

L-5-Chloromethyl-5-methylhydantoin (501.8 mg, 3.08
mmol) was dissolved in a 10 wt% sodium hydroxide solution
(5.03 g). Then, tert-butyl mercaptan (0.55 mL, 4.87 mmol)
was added and the mixture was stirred under nitrogen
atmosphere at 50°C for 5.5 hours. The reaction temperature
was raised to 100°C and the solution was further stirred for
21 hours. After the addition of a 10 wt% sodium hydroxide
solufion {5.00 g), the solution was further stirred for 2
days. After the reaction, the solution was spontaneously
cooled to room temperature and then adjusted to pH 6.5 with
a 4 M hydrochloric acid sclution to separate any white
precipitate. After removing the white precipitate by
filtration, the filtrate was concentrated to yield white
crystals. The white crystals were separated by filtraticn
and then washed with water several times. The white

crystals were dried under reduced pressure‘and analyzed by
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(Exanple 17) Method for preparing L-2-tert-
but yl t hi onet hyl al ani ne 10
L- 5- Chl or onet hyl - 5- net hyl hydantoi n (501.8 ng, 3.08
‘mol ) was dissolved in a 10 wt % sodi um hydr oxi de
solution (5.03 g). Then, tert-butyl nercaptan (0.55
n., 4.87 mol) was added and the m xture was stirred
under nitrogen atnosphere st 50C for 5.5 hours. The
reaction tenperature 15 was rai sed to 100C and the
solution was further stirred for 21 hours. After the
addition of a 10 wt % sodi um hydroxi de solution (5.00
1H §MR gRE ¥BLGti(bhevnasatutiRat SPRAEBUOPSr Wore gagsin
After the reaction, the sol§hion S spontgneous

Ly ..
ReASFSIGE COTB0M LemperBEurE St Rén LA GBE0H°Es plrboated
end %S A MO ol 20, st o L6 Separal
pr.eci pit %g by, filtration, the filtrate was -
(a'égﬁﬁéﬁﬁ}at 4 %%3 "yi el d white _crystals. The white
Cr Y2Lalp10en8) SHRRRBLCE Y ELLLE 2hhOf o 2Rd: LDED, ¥RENE

val €1 StEveEl dI L TTIES. me wmte 2o Crystdlrs were

hﬁ@%%kﬁgﬁﬁﬂgﬁi reduced pressure and anal yzed by - 37 1H

C (the analytical conditions were as in
RetepeRes - ExafiPbRethy1dheniesyl tsg, of 1 henRdn) Vipes
indicated "that the resulting white crystals were the

didddihed aemaund s Gambnelad (80 23.)1%hde? GExa28Bka 18)
Met hod for preparing L-a-nethylcysteine hydrochloride
atolodpRaRzy ki emehhytledlbaniie cbddumdwdéd enbllywasided at -

78°C. When the color of the solution changed to blue, the
temperature of the solution was raised until the reaction
solution was refluxed. The solution was stirred for 30

minutes, while metallic sodium was added if the blue coclor

of the solution disappeared. Then, ammonium chloride was

‘added until the color of the solution changed from blue to

white, and the solution was heated to remove the liquid
ammonia by véporization. The sclution was adjusted to pH 1
te 2 with a 2 N hydrochloric acid solution, and the water
was evaporated under reduced pressure. The resulting white
sclid was further dried overnight under reduced pressure.
The white solid was slurried with THF (13 mlL) and ethyl
alcohol (6.5 mL), and the slurry was stirred for about 10
minutes. Insoluble matter was removed by filtration. The
mother ligquor was concentrated and the resulting white solid

was further dried under reduced pressure for several hours.
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di ssolved in liquid amonia (50 nlL) under nitrogen
at nosphere, and then netallic sodiumwas slow'y added
at 10 78C.- Wen the color of the solution changed to
blue, the tenperature of the solution was raised
until the reaction solution was refluxed. The
solution was stirred for 30 mnutes, while, netallic
sodi um was added if the hlug color of the solution
di sappeared. Then, ammoni um chlori de was 15 added
until the color of the sol ution changed fron1b|ue to
white, and the solution was_ heated to_renove
Afuqmmwst@%maélw v&a&g 24tiven 21 FRECL 0RO Bﬁlﬁﬁ§er the

adjusted to pH 1 with a 2 N hy droihlorlg
resyitifi% i ided Ctrrs@%hser 47v?fa§19évy&6feaﬁaa MR&Er Veg%c%l‘&R

and; hePifsluré%%%ﬁln{ %Sé\:? v ek s o eared® She it h

T 13
roRig o B R e L YaéS%PPg‘P)SE%Pg? kiBapnipit dbia
oS 0 U LS s TEyet i, LG 26 O o /i,

uor was concentra ed an he resu

 detMUli® S v%l%%g%s byt Ber wlglgnuregﬁge&s@uss@ 30°¢C] .

pressure or several "hours.

Thé”ﬁ5§ﬁ¥ﬂ§ zat i0R Wshn s%%hihd%E%anltﬁBg takugReet he
resulting white crystals (473 ng) were anal yzed by 1H
crﬂﬂ@%lsaWQrﬁpkge[%@Eﬁgﬁ conBeEkY RAKySeXa( Shi sei.dg) Co. The

d.), | e phase: potassium
opﬂxdaﬂd&@@%mﬁbﬂsmﬁat?aphggph6§rx7a@idjﬁjsphuiwgo y(pHSince
2.0)/acetonitrile = 95 flowrate: 0.3 ni/mn,

thedetiegtd arraaveleandchl 230 vamuesodirnlberpedat punblications

30" C]. The results of the analyses indicated that the
(Tewrahedron, 1993, 49:2131-2138 and International

Publication No. W098/38177), the target L-form configuration
was identified.

1H NMR (300_MHZ, D,0), 6: 3.18 (d, 1H), 2.89 (d, 1H), 1.6 (s,
3H) .

(Example 19) Method for preparing L-a-methylcysteine

hydreochloride

L-P-tert-Butylthiomethylalanine (433.9 mg, 2.27 mmol)
was dissolved in concentrated hydrochloric acid (9 mL), and
The solution was refluxed for 4 hours under.nitrogen
atmosphere. After the solutlon was spontaneously cooled to
room temperaﬁure, the water was evaporated under reduced
pressure. The resulting white solid was further dried under
reduced pressure by using a vacuum pump. The white solid

was slurried with THF (6 mL) and ethyl alcohol (2 mL), and
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crystals were the target conpound (a yield of 62.6%.
The optical rotation was [X]D 20 = 8. 7 7 (c, 1. 15
in H20) Since 10 the signs were identical to val ues
di scl osed in publications (Tetrahedron, 1993,
49:2131-2138 and International Publication No.
W98/ 38177), the target L-form configuration was
identified. 2-H NVR (300 Mg, D20), 8: 3.18 (d, 1H),
2.89 (d, 1H, 1.6 (s, 15 3H). (Exanple 19) Method for
preparing L- ( X- net hyl cyst ei ne hydrochloride '
-p-tert-Butylthionmethylal ani ne (433. nmol )
thﬁM§§u§F§sHﬁﬁeétﬂﬁréénééﬁtﬁﬁ?@& HQdWé@HFeﬁrc é@ﬁalrble
nm), and 20 the sol ution was refluxed for 4 hours
matifdeaRi LEBGER apﬁo§hhéFétlﬂPterTPﬁemQBhﬁfr6hqhﬁ§ was

t I dt t
e
urt her $L'ed unde reduced

redi e PR o8 “FHCR0R BONge ThBCKRFre SGFFPG D6 gReLLiathd
exobl YRV atebllo] Sl elrlefly %?y% 3heengs “Jﬁlr%l?r%gals

ZEbnﬁﬁluQE§e gﬁ%&gEeﬂaﬁerQQM@g Lﬁﬁ%aiﬂﬁg tical

uor centrate e resu

conwhh&%n§0hegewe§ Qh'ﬁgaﬁﬁﬁérl8§eduﬁﬁg Pé§§§H£eof°Ehe

several hours. After crystallizing 5 fromethyl
anaqgeeBOEhawedtehHEHEhethﬁleesek 5081 ¥hib £ CAYBY@kSchloride
(229 ng) were anal yzed by 1H and HPLC (the
of a&nal yhirgak ceppdihbons yeeedasti pgExanpl e 18)- The
results of the '
(Example 20) Method for preparing L-o-methylcysteine

hydrochloride

L-5-Mercaptomethyl-5-methylhydantoin (1.0 g, a purity
of 89.2 wt%, an optical purity of 98.6% ee, 5.57 mmol) was
dissclved in concentrated hydrochloric acid (20 g}, and the
solution was refluxed for 60 hours under nitrogen atmosphere.
After the solution was spontaneously cooled to room
temperature, the hydrochloric acid solution was evaporated
under reduced pressure. THF (50 mL), a 1 N hydrochloric
acid solution (5 mL), and triphenylphosphine (2.73 g) were
added, and the solution was reacted under nitrogen
atmosphere at 50°C for 2 hours. The solution was
spontanecusly coocled to room temperature, and then
concentrated to approximately one fifth the veolume of the
original solution. The residue was then washed with ethyl

acetate (50 mL X 3) to remove triphenylphosphine,
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anal yses showed that the white crystals were a
hydrochl oride of the target conpound (a yield of
58.70). 10 (Exanple 20) Method for preparing
L- a- met hyl cyst ei ne hydrochl ori de
L- 5- Mer capt onet hyl - 5- net hyl hydantoin (1.0 g, a purity
of 89.2 wt% an optical purity of 98.6%ee, 5. 57 mmol)
was di ssol ved in concentr%kpq hydrochl oric acid (20
g), and the 15 solution was refluxed for 60 hours
under nitrogen atnosphere. After the solution was
spont aneously cooled to room erature, the
trl@@@ﬁd@@h@ﬁpblaélQxédﬁutP@ﬁeﬁﬁ§eécgﬁéﬁaﬁ@énruﬁﬁ@rcther
reduced pressure. THE (50 nL), a 1 N hydrochloric acid
impygHiGiiedn (@hﬁLPquﬁﬁHStPPBﬁ@nVﬁﬁhﬁgﬁﬁﬁﬁéréﬁeﬁsuﬁ Sher e
20 added, and the solution was reacted un er nltrggggher

d&Fﬁﬁsﬁﬁéﬁéuﬁ? SééffgPezrﬁ§HF§ln?h¥h§BPuFP nd SHQZ
i BBAeFat e EG aBEPORPRE: BFG BNENFr 1 AOhE ezs%eu%@lw
h he h h
LIS TS e
thetrﬁ%Q% ygBEog di fo%an%HEhfﬁyﬁgﬁﬁﬁgg'nelaﬁbgﬁble

unreac o n, “and i npuri

mat%%%e%ﬂé Egﬁége&aEyCQQQ%EBEQBEd u@HSrToEﬁQHCQQquor was

essure the“resulting white so was further

con@%h%qa%@geko gqggadapwa§§er909ysrsfghhe EEEl@ﬂ'ESmpound
solid urried with TH (15.6 nL) and et hyl

87@|ﬁ@hol @Baﬁyg&b b?ndH e sharmyL.oastisd i RL£0yE DEal
about 10 m nutes. Insoluble nmatter was renoved by
conbiittibaki qereTHe Bt RREMPIGUOB) WaSnfirmed that the white
solid was the target cdmpound (a2 yield of 92.3%).

(Example 21) Method for preparing L-t-methylcysteine

hydrochloride

L-5-Mercaptomethyl-5-methylhydantoin (500 mg, a purity
of 89.2 wt%, an optical purity of 98.6% ee, 2.78 mmol) was
dissolved in a 30 wt% sodium hydroxide solution (5 g), and
the solution was refluxed for 36 hours under nitrogen
atmosphere. The solution was spontaneously coeoled to room
temperature and then adjusted to pH 1 with concentrated
hydrochloric acid. Then, the water was evaporated under
reduced pressure. THF (30 mL), a 1N hydrochloric acid
solution (3 mL), and triphenylphosphine (1.57 g) were added
and the sclution was reacted under nitrogen atmosphere at
50°C for 2 hours. The solution was spontaneously coocled to

room temperature. Next, the solution was concentrated to
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concentrated to yield a white solid of the titled
conpound (879 ng). Analysis by 1H NMR and HPLC (the
anal ytical 10 conditions were as in Exanple 18)
confirmed that the white .solid was the target
compound (a yield of 92.3% . (Exanple 21) Method for
preparing L-(X-nethylcysteine hydrochloride :
L-5-N@rcaptonEthyI-5-nethyﬁhydantoin (500 ng, a purity
15 of 89.2 wt% an optical purity of 98.6%ee, 2.78
mol ) was dissolved in a 30 w % sodi um hydr oxi de

- solution (5 g), and the solution was refluxed for_ 36

appyexdsateder operfédeh ahsoyphame. ofhshsophtgdRahagolution
spont aneously cooled to room tenperature_and then

andy djhesy ¥gsbedpMithwiethvdoacehttst 4a020LhFdPbchPoFfROVE
.acid. _Then, the water was_evapor ated unggr reduced

triphenydposphEnes0 AL Phel VIRPRYRFOBRI BFiESachgreacted

ol ut.i on and tri,phenylp hi_ne

R B2 et SRR O

h 50' C f 2 h . Th ' L
 corBie R R v dr g oEh BEPRebRer ohnar APty EEREETno pptte

sofya %%%??HW?ﬁe%oﬁﬁgghrﬁhggﬁtQeauééﬁaﬁggg?é%gag§g¥naght.

one- € volune o e origl Ion an

Thel A1 (Waghe dW%%E ehhyl-iage,ath CRe Th.% B) ! QnfeEPNGL
tri phenyl phosphine, triphenyl phosphi ne oxi de,

alddhgaqied yhydanhei Rneald @thel a5k ktEas soFNgbout 10
aqueous phase was 5 concentrated under reduced

minRi@ESUr ensdndpliBembesult ivag WehbeedsBll didagatiphher The
dried under reduced pressure overnight. The white
motdelr diWasrshkekr icedcenthaTHE €9. 3ialy anghetbykolid of the
titled compound (348 mg). Analysis by 1H NMR and HPLC (the
analytical conditions were as in Example 18) confirmed that
the white solid was the target compound (a chemical purity

of 74.1%, a yield of 48.0%).

{(Example 22) Method for preparing L-o-methylcysteine

hydrochloride

IL-1-N-Acetyl-5-acetylthiomethyl-5-methylhydantoin (3.4
g, 13.9 mmol) was dissolved in concentrated hydrochloric
acid (34 g), and the solution was refluxed for 20 hours
under nitrogen atmosphere. Concentrated hydrochloric acid
(34 g) was added and the sclution was further reacted for 30
hours. After the solution was spontaneously cooled to room
temperature, the hydrochloric acid solution was evaporated

under reduced pressure, and then THF (50 mL), 1 N

hydrochloric acid solution (5 mL), and triphenylphosphine
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al cohol (4.7 nmL), and the slurry was stirred for about
10 mnutes. Insoluble matter was renoved by
filtration. The 10 nother |iquor was concentrated to
yield a white solid of the titled conpound (348 ng).
Anal ysis by 1H NVR and HPLC (the analytica

conditions were as in Exanple 18) confirnmed that the
white solid was the target gonpound (a chemical purity
of 74.1% a yield of 48.00). 15 (Exanple 22) Method
for preparing L- a- met hyl cystei ne hydrochl ori de

L- 1 N- Acet yl - 5-acet yl t hi onet hyl - 5- nethylhydant0|n (3.4

(2-91 . @%Ia)d %ol%é&tﬂﬁ%dﬁéeﬁﬁﬁafléé under
h d hi o) h I t
regﬁe&%é%hf%%kaﬁﬁzg) i hpflr%geﬁ nSCpRELEn was
ncentr ted h dro hloric acid M@ﬁ add and
SPANETSS t FEP™Y %g@pga 8 SBrs ﬁfter

LS P BT o
Rl L e
acetla t%h%%yE%%%%%hEQ%g@e%ﬁ&gﬁ%s%ﬁlge Wet-& ﬁgﬂg hggﬁhlne

sol ution was react I 'trogen a re at 50C

oxil®, %n&%%%%edT%%d§9E%Eh°naﬂ@sotﬁEQnEﬁB§9H§h¥sC°°h§€ to
roonrtenperature Then, the solution was concentrated

aqub@u%p@h@ébwﬁb%|bo@&%nﬁk&%@dtBﬁdarVQbuﬁEe@fﬁkﬂgsure, and
original solution, and then washed with et acetate

thel eesanBV et Mhphenkbphds narsneurthe@haeybﬂhuageh:needuced

oxi de, unreacted hydantoin, and other inpurities. The
pressure overnight. The white solid was slurried with THF
(18 mL) and ethyl alcohel (6 mL}, and the slurry was stirred
for about 10 minutes. Inscluble matter was removed by
filtration. The mother liguor was concentrated, and the
resulting white solid was further dried under reduced
pressure for several hours. After crystallization using
ethyl alcochol and toluene, the resulting white crystals
(1.02 g) were analyzed by 1H NMR and HPLC (the analytical
conditions were as in Example 18). The results of the
analyses showed that the white crystals were the target
compound (a yield of 43.0%).

(Example 23) Method for preparing L-o-methylcysteine

hydrochloride

L-5-tert-Butylthiomethyl-5-methylhydantcin (202.3 mg,
0.935 mmol) was dissolved in concentrated hydrochloric acid

(4 mL), and the solution was stirred under nitrogen
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aqueous phase was concentrated under reduced pressure,
and the resulting white solid was further dried under
.reduced 10 pressure overnight. The white solid was
slurried with THE (18 nL) and ethyl alcohol (6 ni),
and the slurry was stirred for about 10 minutes.

I nsol uble matter was renoved by filtration. The

not her |iquor was concentr d, and the resulting
white solid was further dried under reduced 15
pressure for several hours. After crystallization
using ethyl alcohol and toluene, the resulting white

atmespdieales at( 1197 Cyfoweré ﬁﬁ&lr)‘izedAW@IH’CNWRSQhEtFPECNaS

(the analytical conditions were as in Exanple 18).

-Spoﬁﬁﬁqqgﬂ§ﬁﬂsC@Plﬁﬁetoaﬁﬁpﬁs§§m§ﬁéﬂéﬁrﬁhthPh§aﬁﬁFt@as

crystals were the target 20 conpound_(a_ yield, of
evapgrEFed PB‘%’%FpIr@ ?@?dl\/é’ﬂfﬁéé‘UFSr pfBparShg Py "H NMR and

h hi
HPILC?( i ¥1§3¥/ e ﬂgﬁ@flﬁgfﬁﬁénﬁg%hyﬁhﬁaaﬁpoﬁﬁawéﬁ 18} 0°
di t ed h
the) rtat1JE0g), rER B8t el Bs%eﬁérsaﬁn 1y gECRDL 0N ©
meﬂﬁ#ﬂé?%%%lne4%asaﬁgg%9h 58 %Eeléggigor ggurs. After

["ution Was on aneousl cool e 0 room
Lty t % ra sunder reduced
mer%%gﬁgu%g ISanaS H%Fs %ﬁ&fgﬁﬁwﬁsaﬁ ¢ ng (the anal ytica
CO'@ﬂkauBEé &Y enasnbd Eé@@f@pmn@fL%lﬂ@twﬁ&ysﬁ@&e
resrdue confirmed that the yreld of L-a-
hyd®Ridh by sieei ne was 42.5% and the yield of L-5-
mer capt omet hyl - 5- met hyl hydant oi n was 53. 7%
L-5=-tert- Butylthlomethyl 5-methylhydantecin (202.5 mg,

0.936 mmol) was dissolved in concentrated hydrochloric acid
(4 mL) and the solution was stirred in an autcclave at 150°C
for 26 hours. After the solution was spontaneocusly cooled

fo room temperature, the water was evaporated under reduced
pressure. Analysis by HPLC (the analytical conditions were

as in Example 18) of the resulting residue confirmed that

“the yield of L-t-methylcysteine was 46.3% and the yield of

the disulfide of L-o-methylcysteine was 53.7%.

(Reference Example 2) Method for determining the

cptical purity of L-d-methylcysteine hydrochloride

L-o-~Methylcysteine hydrochloride (74.9 mg, 0.44 mmol)
prepared as in Example 18 was dissolved in water (3 mL), and
sodium hydrogencarbonate (197.7 g) and then ethyl alcohol (3
mL) were added. After nitrogen purge, benzyl chloroformate

(0.17 mL, 1.10 mmol) was added and stirred at a roonm
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(Exanmpl e 24) Method for preparing L-a-nethylcysteine

hydr ochl ori de 10

L-5-tert-Butylthiomethyl-5-methyl hydant oi n (202 5 ny,

0.936 mmol ) was dissolved in concentrated hydrochlorlc

acid (4 nmL) and the solution was stirred in an

aut ocl ave at- 150C for 26 hours. After the solution

was spont aneously cooled _to roomtenperature, the

wat er was evapor ated under teduced 15 pressure. _

Anal ysis by HPLC (the analytical conditions were as

in Exanple 18) of the resulting residue confirmed that
templee afiveled fofr - dayst. hy FTopstreant iwas s4du8¥andashadjusted

yield of the disulfide of L-a-nethylcysteine was
to BBl 299 (Réheconcentxavptehgyirnehhoditoncddt er AERPHQ

the 20 optical purity of L-a-nethylcysteine
eXtﬁﬁéﬁé@WI@ﬂﬁéeetbyé ﬁ@?ﬁ?F@ysFéﬁnéO y@#@@hWéﬁléélF¢4099r

prepared as in Exanple 18 was dissol ved

anqﬂ¢5W#§eﬁ°€§uﬁLFUl§ﬁ&e §8§|Eﬁ?h?ﬁ#&ﬁ@ﬁcHﬁﬁoﬁﬁﬁﬁofi99d7

t hen et hyl al coh wer e added e
andBe, FBaucaEee SRy BRI SP8EBrRale® Egre Se9 hy Sbrrc
rred a

heﬁ&?&émi?wﬁe Rer3985S, 3Ry Bogrdin ebBhft ortagetic

ociB.S5h 00 b -, Wk EBREEPLLS L TUSRstl oL
ta %k“%bﬁ@oW%ﬁ dhiogdn VeE g%@@&ﬂ%gu%o§?d'“H§§E¥E§Eebgnﬁch

he sol vent was evapbr at reduc essur

{col%%nre%hg }W@% BuLihi € aQEeETéﬁém$B§§aﬂﬁéﬁé@¥£es, Ltd.),
acetate =1 a sma anount of acetic acid)

mobANRl ¥iaselY pbidabWRuindanhi firedehBRoBEAGHEL RS shRBric acid

solution (pH 2.0)/acetonitrile = 6/4, flow rate: 1.0 mL/min,

detection wavelength: 210 nm, column temperature: 30°C,

retention time: 19.15 miﬁutes (D} and 22.92 minutes (L}]

showed an optical purity of 98.6% ee.

lH NMR (300 MEz, D,0}, 6: 7.30-7.40 (m, 10H), 5.22 (s, 2H},

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

Industrial Applicability

According to the present invention, an L-0O-
methylcysteine derivative and its salt useful as a drug
intermediate can be easily prepared from a cheap and readily

availlable material.




target conpound (106 ng, a yield of 60% . Analysis by
HPLC [colum: CH RALCEL OD RH (Daicel Chem cal.
I ndustries, Ltd.), 10 nobile phase: potassium
di hydr ogenphosphat e- phosphoric acid solution (pH
2.0)/acetonitrile = 6/4, flowrate: 1.0 nL/mn,
detecti on wavel ength: 210 nm colum tenperature: 30C,
retention tinme:- 19.15 m n__utda:-is (D) and 22.92 mi nutes
(L)] showed an optical purity of 98.6%ee. 15 1H NWR
(300 MHz, D20), 5: 7.30-7.40 (m 10H), 5.22 (s, 2H),
5.10 (s, 2H), 3.60 (s, 2H), 1.63 (s, 3H). Industrial
Applicability Accordi ng t@AINS present invention, an
- L-a 20 nethyl cysteine derivative and its_salt useful
las & @Arged dcer FegPardngaR b -SasrlensiaFaréd from a
cheap and readily available material. - 4 5 - CLAIM
methy LAYASHGd ¥ deRgessatery Pan FErsulal dkethyl - 5
met hyl hydantoin represented by Fornmula (2): HN
(wherei.n X de es a hal ogen aton), conpri sing:
D st ereosel ect y hydrolyzing a racem c 5-hal onet hyl
5- met hyl hydant oi n ted by Fornmula (1): (wherein
X is the sanme as fbove)\ 10 with hydantoi nase. (1) 2.

The net hod aC(]gang to aim1, wherej is a
R )

‘5 (wherein X denotes a halogen atom), comprising:

D-stereoselectively hydrelyzing a racemic 5-halomethyl-

5-methylhydanteoin represented by Formula (1):

o>_H

HN 0 (1)
X

(wherein X is the same as above),

10 with hydantoinase.

2. The method according to claim 1, wherein X is a

chlorine atom.

15 3. The method according to claim 1 or 2, wherein the
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chlorine atom 15 3. The nethod according to claim1l
or 2, wherein the - 46 hydantoinase is derived froma
m cr oor gani sm bel ongi ng to Agrobacterium Bacill us,
Pseudononas, or Rhizobium 4. The method according to
claiml or 2, wherein the 5 hydantoi nase is derived
from Agrobacterium sp. strain KNK712 (FERM BP-1900),
Baci |l l us sp. strain KNK245 ERM BP-4863),
Pseudononas putida | FO 12996, Pseudononas sp. strain
KNKOO3A (FERM BP-3181), or Rhizobium sp. strain
KNK1415 (FERM BP- 4419). 10 5. The nethod according to
hydgrdionnkser 12, dpizaveidn frioa ahydantoiraasésinsbgépngadyg to
froma transformed m croorganism selected fromthe
AJTLGGS SFdHS rs@@ﬁgléﬂSEsEﬁéﬁg@mpﬁaéwlPrHBQGEObb¢H104
(FERM BP-4864), Escherichia coli HB101 pAH1043 ( FERM
15 BP-4865), and Escherichia coli HB101 pPHD301 ( FERM

hod f
51 l@q«fa?%&?ngf%yd%ﬁ%%%n “eanr shgein the
t. L 5- .
Rl Peaiteed oy CROPRN 4°03) \AFPHAAE TSt SBneoSoRyBnf K712
(PR B9 TLG 1 9L0UR0OR ST gl (8L ke oBbaL Be)

I"'coho a
Pseiﬁ%@:c])%]%%l Pglktggg FFP ﬁ‘?(@:g%: P@EESB@EnagegppuE¥£ain KNK0O3A

(FE%@F%@Q%Q%qur%Q RﬁEQoBEEﬁOBbterEaEH kRRL2YS (PBRMZBP-

optical purit
4419).

5. The'method according to claim 1 or 2, wherein the
hydantoinase 1s derived from a transformed microorganism
selected from the group cdnsisting of Escherichia coli HB101
pTH104 (FERM BP-4864), Escherichia coli HB101 pAH1043 (FERM

BP-4865), and Escherichia coli HB10Q1 pPHD301 (FERM BP-4866).

6. A method for preparing an L-5-halomethyl-5-

methylhydantoin, comprising:

crystallizing an L-5-halocmethyl-5-methylhydantoin
represented by Formula (2) with at least one solvent
selected from the group consisting of ethyl acetate, methyl -
alcohol, ethyl alcchol, propyl alcochol, isopropyl alcohel,
n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol,
acetone, tetrahydrofuran, and acetonitrile to improve the

optical purity.
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- 47 7. The method according to claim6, wherein at

| east one poor solvent selected fromthe group -

consi sting of benzene, toluene, hexane,  heptane, and

cycl ohexane is simultaneously 5 used. 8. The nethod

according to claim6 or 7, wherein the L-5-.

hal onet hyl - 5- net hyl hydant oi n prepared by the nethod of

claim 1 is used for the crystallization. 10 9. A

met hod for preparing an L-5-nmethyl--5

t hi omet hyl hydantoi n represented by Fornula (3) - R2° ~
0 ~3) R3N~ ~'~-SRS (wherein Rl denotes a hydrogen

atom an al kyl group having 1 15 to 20 carbon at ons

whi ch may be |inear, branched, or cyclic,
Tsubdtie MEddosr 2GREGHINEL (PG LBERZ Gr gheaslnoﬁt ﬁeast one

al kano up havin o0 20 carbon atons; d
pocgy SR vVERs ReloRig péﬁ%@n#ﬁﬁ GeRR e R BTl AP EREene,

at ons

_ | k b
to1 B BERRERS| DEBaRCr0 ARGy e 180eE0h8 Rar baMt1r Shedlsty

use%pd may be the sane or - 48 d|fferent) conpri si ng:
reacting an L-5-hal onet hyl - 5- net hyl hydant oi n

8. The method according to claim 6 or 7, wherein the L-5-.

* halomethyl-5-methylhydantoin prepared by the method of claim

1 is used for the crystallization.

9. A method for'preparing an L-5-methyl-5-

thiomethylhydantoin represented by Formula (3):

(wherein Rl denotes a hydrogen atom, an alkyl group having 1
to 20 carbon atoms which may be linear, branched, or cyclic,
a substituted or unsubstituted benzyl group, or an alkanoyl
group having 1 to 20 carbon atoms; and each of R? and R3
independently denotes a hydrogen atom, an alkanoyl group
having 1 to 20 carbon atoms, or an alkoxycarbonyl group

having 1 to 20 carbon atoms, and may be the same or
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represented by Formula (2) wth a sulfurizing agent. 5
10. The nethod according to claim9, wherein the L-5-
nmet hyl - 5-t hi onet hyl hydantoin is prepared by reacting
an L-5- hal onet hyl - 5- et hyl hydant oi n prepared by the
met hod according to any one of clains 1 to 5 with a
sul furizing agent. 10 11. The method according to
claim9 or 10, wherein the 4Ssu__lfurizing agent is
"selected fromthe group consisting of an alkali netal
hydrosul fi de, an al kali ne-earth netal hydrosulfide,
annonlun1hydrosulf|de an al kyl nercaptan, an 15
dlﬁﬁ%ﬂﬁ@ﬂ FMEPERFLEANIEANd t hi oacetic acid or its alkali
metal salt. 12. The_nethod_according to claim9 or
0reﬁﬁéﬂ@ﬁnaﬁh%‘5§GP%9$?Ehﬁé‘§g@%¥hY ¥&3REeE™ from

the oup.of _consi sti 2Q of sodlun1hydrosulf|de
%ﬁi&%ﬁnPwyaPayaﬁﬁ.dgg Wotls&i G THRi-64BEt aPENT -

tert-butyl nercaptan, benzyl nmercaptan, and p-
met hoxybenzyl mercaptan. 13. A nethod for preparing an

- t hyl t 5d

Wapr SNt by POLRITATEare lagh S Wh%r%il?vﬁlél?an R
e Sy LA O R0 1 o
halo¥%lth$l -5-methylhydantoin prepared by the method

according to any one of claims 1 to 5 with a sulfurizing

agent.

11. The method according to claim 9 or 10, wherein the
sulfurizing agent is selected from the group consisting of
an alkali metal hydrosulfide, an alkaline-earth metal
hydrosulfide, ammonium hydrosulfide, an alkyl mercaptan, an
aralkyl mercaptan, and thioacetic acid or its alkali metal

salt.

12. The method according tc claim 9 or 10, wherein the
sulfurizing agent is selected from the group of consisting
of sodium hydrosulfide, potassium hydrosulfide, potassium
thioacetate, tert-butyl mercaptan, benzyl mercaptan, and p-

methoxybenzyl mercaptan.

13. A method for preparing an L-@-methylcysteine

derivative or its salt represented by Formula (4):
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a substituted or unsubstituted benzyl group, an
al kanoyl 5 group having 1 to 20 carbon atons, or an
al koxycarbonyl group having 1 to 20 carbon atons),
conprising: hydrolyzing an
L- 5- net hyl - 5-t hi onet hyl hydant oi n represent ed by
Formula (3) with an acid or alkali; and optionally
deprotecting a nitrogen atq qgand/or a sulfur atom 10
wherein the L-5-nethyl -5- T onet hyl hydantoin is '
prepared by the nethod according to any one of clains
9 to 12. 14. The nethod according to claim13, wherein
the hydrolysis is performed with at | east one acid
sel ected from 15 the grou iagling of hydrochloric
acid, sulfuric am4¢ n id, hydrobrom c acid,
acetic acid, and tr'Lf uoroa@H aC| d. 15. The net hod
e

according to c a 3%# IyS|s i's
performed wt Ieast e al kal i se

fromthe group 20n3|st|n of Iithiun1hydrOX|de sodium
hydr oxi de, potassiun1hyd€§tide, cal ci um hydr oxi de,
barium hydroxi de, sodiu arbonate, and potassi um
carbonate. 16. A nethod for preparing an

L- a- met hyl cystei ne derivative or its salt represented

cenbeIR ST Beblten o MTESI T S Ehrare Db R g 1
to B9 LHOERL (DLABCHEDnOhaGYEL I £1nodd cusubSLLIt S OFc1sc,

nsubstrtufed benzyl ‘group ahoy group’ havi
a stBs29tGREROBraLARBL sk t APl KOXYSRI DOBY), an alkanoyl

group having 1 to 20 carbon atoms, or an alkoxycarbonyl

group having 1 to 20 carb&n atoms), comprising:
hydrolyzing an L-5-methyl~5-thiomethylhydantoin

represented by Formula (3} with an acid or alkali; and

optionally deprotecting a nitrogen atom and/or a sulfur atom,

~wherein the L-5-methyl-5-thiomethylhydantoin is prepared by

the method according to any one of claims 9 to 12.

14. The method according to claim 13, wherein the
hydrolysis 1s performed with at least one acid selected from
the group consisting of hydrochloric acid, sulfuric acid,
nitric acid, hydrcbromic acid, acetic acid, and

trifluorcacetic acid.

15. The method according to claim 13, wherein the

hydrolysis is performed with at least one alkali selected
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~group having 1 to 20 carbon atons), conpri sing:
reacti ng an L-5-hal onet hyl - - 5- net hyl hydant oi n
represented by Forrmula (2) and a sulfurizing agent in
an 15 al kaline solution, the sulfurization and
hydrol ysi s bei ng perforned in a one-pot; and
optionally deprotecting a sulfur atom 17. The nethod
according to claim 16, wherein the L-5 20
hal orret hyl - 5- met hyl hydant oih” prepared by the methods -
51 according to any one of claims 1 to 5 is used. 18.
The met hod according to any one of clainms 13 to 16,
froghdei mrpu@-cwgﬁhwﬁ@vst@ﬁnél@hlumshydkpxhdeun90d1um
' hydrogen atomas Rl in Fornula (4) is prepared by
hydniasddgge Potagissur hyeripsideot caldiivm hivdeosydpr obasiun
with a reducing agent. 19. The nethod accordln% to
hydrogifers SO icRIOREate r 68dc PRG2EGEHR FarRonate
trial kyl phosphine or triaryl phosphine. 20. The net hod
according to claim 18, wherein the reducing agent is

16 pﬁ;%ﬁ@?ﬁ;&ggﬁéﬁ%ﬁﬁg&ﬁopn r@SFEé’%ﬁ@’éBeWe
2) . X
de5 YT L) 1oGRSIE, RekraerbeR BynRuRREiASkaTh s a

- 52 chlorine atom 23. An
L-5-nethy|-5-thionethy|hydansgr21%xwesented by

C)+1 (‘1)

{wherein R! denotes a hydrcgen atom, an alkyl group having 1
to 20 carbon atoms which may be linear, branched, or cyclic,
a substituted or unsubstituted benzyl group; an alkanoyl
group having 1 to 20 carbon atoms, or an alkoxycarbonyl
group having 1 to 20 carbon atoms), comprising:

reacting an L-5-halomethyl-5-methylhydantoin
represented by.Formula {2) and a sulfurizing agent in an
alkaline solution, the sulfurization and hydrolysis being
performed in a one-pot; and optionally deproteciing a sulfur

atom.

17. The method according to claim 16, wherein the L-5-

halomethyl-5-methylhydantoin prepared by the methods
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Formula (5) : RS RGNNII'0 (5) 5 ~S R4 (wherein R4
denotes an al kyl group having 1 to 20 carbon atons
whi ch nay be |inear, secondary, or cyclic, a
substituted or unsubstituted benzyl group, an al kanoyl
group having I to 20 carbon atons, or an _

-al koxycar bonyl group 10 having 1 to 20 carbon atons;
and each of R5 and R6 ingggfngently denotes a
hydrogen atom or an al kanoyi™ group having 1 to 20
carbon atonms and may be the same or different). 15
24. The conpound according to claim 23, wherein R5 and

‘acREdigee tey dngyemeatodng ladme R4 tios baibensgd.group or a

p- net hoxybenzyl group. 25. The conpound according to

claim 22, wherein R4 and R6 - 53 are acetyl groups

and RS is a_hydrogen atom 26. The conpound accordin%

1% clBiemmethoghecsiordding Re, anyn@nre o4r eladapyi3 to 16,

roups. 27. An L-a-nethylcysteine _derivative or its

wheZgin G0 mgt hydicy StE3res &t dd Sy afér RaVangey: hagrryeng
atom as R! in Formula (4) is prepared by cleavage a
disulfide bond of a disulfide by-product with a reducing

agent.

18. The method according to claim 18, wherein the

reducing agent is a trialkylphosphine or triarylphosphine.

20. The method according to claim 18, wherein the

reducing agent is triphenylphosphine.

21. An L-5~halomethyl-5-methylhydantoin represented by

Formula (2):

(2)

(wherein X denoctes a halogen atom).

22. The compound according to claim 21, wherein X is a




OH (wherein R7 is a substituted or unsubstituted
benzyl group, 10 an.al kanoyl group having 1 to 20
carbon atons, or an al koxycarbonyl group having 1 to
20 carbon atons). 28. The conpound according to claim
27, wherein R7 is a benzyl group, a p-nethoxybenzyl
group, or an acetyl group. 15 29. The conpound
according to claim27, wherejn the acid is

hydrochl oric acid, hydrobrorfic acid, sulfuric acid, p-
t ol uenesul foni c acid, or conphorsul fonic acid. ‘

chlorine atom.

23. An L-5-methyl-5-thiomethylhydantoin represented by

" Formula (5):

(wherein R? denotes an alkyl group having 1 to 20 carbon

. atoms which may be linear, secondary, or cyclic, a
substituted or unsubstituted benzyl group, an alkanoyl group
having 1 to 20 carbon atoms, or an alkoxycarbonyl group

having 1 to 20 carbon atoms; and each of R5 and RS

independently denotes a hydrogen atom or an alkanoyl group
having 1 to 20 carbon atoms and may be the same or

different).
24. The compound according to claim 23, wherein R> and RS
are hydrogen atoms, and R* is a benzyl group or a p-

methoxybenzyl group.

25. The compound according to claim 22, wherein R4 and RS



- 53 -

are acetyl groups and R> is a hydrogen atom.

- 26. The compound according to claim 23, wherein all R%, RS9,

and R® are acetyl groups.

27. An L-o-methylcysteine derivative or its salt with an

acid represented by Formula (6):

SR’

(wherein R7 is a substituted or unsubstituted benzyl group,
10 an alkanoyl group having 1 to 20 carbon atoms, or an

alkoxycarbonyl group having 1 to 20 carbon atoms).

28. The compound according to claim 27, wherein R’ is a
benzyl group, a p-methoxykenzyl group, or an acetyl group. .
15
29. The compﬁund according to claim 27, wherein the acid
is hydrochloric acid, hydrobromic acid, sulfuric acid, p-

toluenesulfonic acid, or comphorsulfonic acid.




