WD 2011/ 152540PCT/ JP2011/ 062856 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
METHI ONI NE 5TECHNI CAL FI ELD [ 0001] The present application is filed,
cl ai m ng wbeoprisesst i es based on the Japanese Patent Appliroatiionebess.

2010- 125561 (filed on June 1, 2010) and 2011-031704 (filed 100on February
17, 2011) , and a whole of the contents of the applications is incorporated
herein by reference. The present invention relates to a process for
produci ng et hi oni ne. The present invention also relates to a process for
produci ng 2-am no-4-nethylthio-I-butanol. 15 BACKGROUND ART [ 0002]

Met hi oni ne (anot her nane: 2-anino-45é%§§P¥+$8$o) butyric acid) is an
usefu

essential amno acid, which is very or a feed additive. [0003]
As a process for producing nmethionine, a process in which
3- et hyl t hi opr opi onal dehyde obt ai ned by addition of nethanethiol to

acrolein is reacted with hgﬂrogen cyani de 25and ammoni_ um bi carbonate to
obtain a substituted hyddRP6ERS FOR PRODUCING METHIONINE

5 TECHNICAL FIELD
[0001]

The present application is filed, claiming the
priorities based on the Japanese Patent Application Nos.
2010-125561 (filed on June 1, 2010) and 2011-031704 (filed

10 on February 17, 2011) , and a whole of the contents of the
| applications 'is incorporated herein by reference.

The present invention relates to a process for
producing methionine. The present invention also relétes

to a process for producing 2-amino-4-methylthio-l-butanol.

15
BACKGROUND ART
[0002]
Methionine (another name: 2-amino-4- {methylthio)
butyric acid) is an essential amino acid, which is very
20 useful for a feed additive.

[0003]

As a process for producing methionine, a process in
which 3-methylthiopropionaldehyde obtained by additioﬁ of
methanethiol to acrolein is reacted with hydrogen cyanide

25 and ammonium bicarbonate to obtain a substituted hydantoin;



WO 2011/ 152540PCT/ JP2011/ 062856 2 and then, the substituted hydantoin is

hydrol yzed with an alkali, is known from for exanple, "lIndustrial Organic
Chem st rwyo 20pl¢es4agaku- Doj i n, 1978, pp. 273-275. 5D SeeeGrAE165ssdNVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0004] In the above-descri bed

process, sodiumcyanide is used as a rawpmaterial. Sodi um cyanide is
however needed to be 10handl ed under sufficient control in equipnment
adapted to such control. Under such a circunstance, there has been
dermand for a new process by which nethionine can be produced w thout using

Fgogg?'U”‘Q%ﬁPHﬂﬁgﬂz1?3%3{%6%%fﬁ*ﬁ§%”%é2§ﬁ¥$ﬁggﬁ?g?g&?%%§%%§F¥£f§f% ?Ls for
ccompli Shet X T00061S TH Gt cBBRt: | RVertt B b ov) ML ThETH b PEUTRES: (1]
brocess forc,producing LN onk e, Coupr i si gy, fi st 515p, 0L reacting
5 DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]
In the above-described process, sodium cyanide is used
as a raw material. Sodium cyanide is however needed to be
10 handled under sufficient control in equipment adapted to
such control.
Under such a circumstance, there has been demand for a

new process by which methionine can be produced without

using of sodium cyanide as a raw material.

15
MEANS FOR SOLVING THE PROBLEM
[0005]
As a result of the present inventors' intensive
studies for solving the above-described problem, the
20 present invention is accomplished.

[0006]

The present invention provides the followings:
[1] A process for producing methionine, comprising a
first step of reacting 2-amino-3-buten-1-ol with

25 methanethiol, and a second step of oxidizing 2-amino-4-



25met hanet hiol, and a second step of oxidizing 2-am no-4- WO
2011/ 152540PCT/ JP2011/ 062856 3 net hyl t hi o-1-butanol obtained in the first
step. [2vobhey/peracess according to the above item[1], pomgrmitnodlss first
step is a step of reacting 2-am no-3-buten-1-ol with nmethanethiol in the
presence of a radical initiator. [3] Theg process according to the above
item[2], wherein the radical initiator is an azo conpound. [4] The
process according to any one of the above itens [1] to [3], wherein the
first step is a step of reacting 2- am no-3-buten-l-ol with nmethanethiol in
the presencge Oy Bt 1050l VRt anol SbpThenpyocesenaceprdinge 9. the above item
[4], wherein the solvent is an ester solvent. [6] The process according to
any one of e a i 1 ereLn S d ep, i .step of
oxi di zi ng 1E@§-a2?%§-%%ﬁg§%£l%%%§¥%?%%tg§ofﬁ%na% gepgggﬁnégﬁbfwggr égst one
metal sel ec t roup.c LSLEN psr t he ment
bel ongi ng t%ﬁ%&%ﬁ%g%,Qge%rg%oa0$9§%e5%eg?%%F§8$agl%ﬁpgf7? ?ﬁégﬁrgcégs
according to. any one of the above itens 20[1] to [5],.wherein _the second
arep s 2 TEf e g S B RefRG T RE o2 1B BRI PACEAEORr econce
of copper apd water. 8] The process according to any one of the above
Ctems BI] ChoL 5] THRePErEthet CoRbH Gr Ep TRC ne B8R oFSBe Al oi et
252- am no-4- et hyl t hi o- 1-butanol in the presence of oxygen WO

d
2011/ 152540885/ P29+ 0628562 40r 1s an azo compound.

[4] The process according to any one of the above items

[1] to [3], wherein the first step is a step of reacting 2-

amino-3-buten-1-ol with methanethiol in the presence of a
10 solvent. |

[5] The process according to the above item [4], wherein

the solvent is an ester solvent.

[6] The process according to any one of the above items

[1] to [5], wherein the second step is a step of oxidizing
15 2-amino-4-methylthio-1l-butancl in the presénce of at least

one metal selected from the group consisting of copper and

the elements belonging to Group 8, 9 or 10 of the periodic

table.
(7] The process according to any one of the above items
20 [1] to [5], wherein the second step is a step of oxidizing

2-amino-4-methylthio-1-butanol in the presence of copper
and water.

8] The process according to any one of the above items
[1] to [5], wherein the second step is a step of oxidizing

25 2—amiﬁo—4—methylthio—1—butanol in the presence of oxygen



and either rutheniumor platinum [9] The process according to any one of
the above itens [6] to [8], wherein the second step is a step of oxidizing
2- am no- 4worbhyisesano- 1- but anol further in the presence etCThetoil/e@sse one
typi cal netal compound selected fromthe group consisting of alkali netal
conpounds and al kaline earth netal conpoynds. [ 10] The process
according to the above item[9], wherein the typical netal conpound is an
al kali metal hydroxide or 10an al kaline earth nmetal hydroxide. [11] The
process according to any one of the above itens [1] to [5], wherein the

second stepyi$ & shep Phrwxh digi Hg gramnens- met hyl thio-1-butanol by an
action of a mcrobial cell of a m croorgani smcapable of converting

2-am no- 4- 1gpet Pﬂiﬁ %ﬁé&é?&'t%ﬁ?ﬁ&m lﬁ‘@t{&iignéﬂﬁ OF 8Re25hb00 9fofs

processed produc e mcr ce ] The process according to the
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di to th b it 12 wh i he, | i phat i | cohol i
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Th di t , f th b it 1 t 3], wh
The P eoraorerst ong % Bed Dot oo i S5T St 80t GHOPL DRkt AECEPoup
consisting of the WD 2011/ 152540PCT/ JP2011/ 062856 5 m croorgani sns

bel ongi ng tePRHeS yElsO W HF 3 herBstat HeOR e ooF gk sakk Bkt BRgFAFtRo t he

genus Bacillus, the m croorgani sns belonging to the genus Pseudononas, the
m cr oor ganiBHs2 bet IRPW It 0 t he genus Rhodobacter and the 5nicroorgani sms

bel ongi ng to the genus Rhodococcus.
: [10] The process according to the above item [9], wherein

the typical metal compound is an alkali metal hydroxide or

10 an alkaline earth metal hydroxide.

[11] The process according to any one of the above items
[1] to [5], wherein the second step is a step of oxidizing
2-—amino-4-methylthio-1l-butanol by an action of a microbial
cell of a microorganism capable of converting 2-amino-4-

15 methylthio-1l-butanol into methionine or an action of a
processed product Qf the microbial cell.

[12] The process according to the above item [11], wherein
the microorganism is a microorganism cultured in a culture
medium containing a lower aliphatic alcohol.

20 [13] The process according to the above item [12], wherein
the lower aliphatic alcohol is a liner or branched
aliphatic alcohol having 1 to 5 carbon atoms.

[14] The process according to any one of the above items
[11] to [13], wherein the microorganism is at least one

25 microorganism selected from the group consisting of the



[ 15] A process for producing 2-am no-4-nethylthio-I-butanol, conprising a
step of reacting 2-am no-3-buten-1-ol with nethanethiol. [16] The process
accor di ngvoaotie2above item [15], wherein 10 the above- desgprrdieds2ssep is a
step of reacting 2-amno-3- buten-l-ol with nmethanethiol in the presence of
a radical initiator. [17] The process agcording to the above item][16],
wherein the radical initiator is an azo conpound. 15[ 18] The process
according to any one of the above itens [15] to [17], wherein the
above-descri bed step is a step of reacting 2-am no-3-buten-1-ol with

met hanet hi %i&ﬂoé?ﬁaﬂi@ﬁ@%@l@ﬁ angotyephe genus ab 8} 1 FBReBY O¢RES
according to the above item[18], wherein 20t he solvent “is an ester

sol vent. [qgﬁg}oorganfgﬁgrgéggn%?%éhgopEﬁéeggnLQV§QEE9TusPEEH%EPine can be

produced wi t hout uSing of sodiu anide as“a raw materia

2011/ 15254 8 i ft th t

i nvention g§$¥£%£?%%éé$$%2§g%gnégggi%9 FBSO%%§§$LEQBF§é%82f$oP%gggguciPg
hi i di to t t ] ti i i t (o}
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oxi di zing 2-am no-4-nethylthio-I|-butanol obtained_jn the first step.
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‘[15]A process for producing 2-amino-4-methylthio-l-butanol,
comprising a step of reacting 2-amino-3-buten-1-ol with
methanethiol.

[16] The process according to the above item [15], wherein

10 the above-described sﬁep is a step of reacting 2-amino-3-
buten-1-o0l with methanethiol in the presence of a radical
initiator.

[17] The process according to the above item [16], wherein
the radical initiator.is an azo compound.

15 [18] The process according to any one of the above items
[15] to [17], wherein the above-described step is a step of
reacting 2-amino-3-buten-1-ol with methanethiol in the
presence of a solvent.

[19] The process according to the above item [18], wherein

20 the solvent 1s an ester solvent. |
[0007]

‘According to the present invention, methiQnine can be

produced without using of sodium cyanide as a raw material.

25 MODES FOR CARRYING OUT THE INVENTION



met hyl t hi o-1 - butanol according to the present invention conprises a step of
reacting 2-am no-3-buten-1-ol with nmethanethiol (hereinafter sonetines

referred we 29f1/15h446St step”). 15[ 0010] Firstly, 2paflpansdofddien-| -ol
for use in the first step is described. [0011] <2-am no-3-buten-1-ol>

202- am no- 3-buten-1-ol can be obtained, f,or exanple, by reacting

1, 2-epoxy-3-butene with amoni a. Hereinafter, the reaction of

1, 2-epoxy-3-butene with amonia is sonetinmes referred to as "the present
am nation reaction”. [0012] 251, 2-epoxy-3-butene for use in the present

am nation ygbggﬂll152540PCT/JP2011/062856 7 reaction can be produced by a
known net hod 1 n which an oxi dant such as oxygen, an organi c peroxide, or

hydr ogen per oxi I S. d w pe r vl 2- XY=
3-butene can bed%?%%h%§§€%§'a¥%%P%g§5§$£r£§%?$%§£§x§§%¥ géﬁ%ﬁggﬁ%aagene in
t he presence oé g sLIver-containing catal yst. Such nethod can be found in
JP 3-502330"'A “Fb?texanpl e. [0013] The present amination reaction
may be carrleg 8Ut by 10any of the follow ng nmethods (A-1), (A-2) and
(A-3). 00021

5 The process for producing methionine according to the
present invention comprises a first step of reacting 2-
amino-3-buten-1-0l with methanethiol, and a second step of
oxidizing 2-amino-4-methylthio-1-butanol obtained in the
first step.

10 Furthermore, the process for producing 2-amino-4-
methylthio-1l-butanol according to the present invention
comprises a step of reacting 2-aminof3—buten—l—ol with
methanethiol (hereinafter sometimes referred to as "first
step") .

15 [0010]

Firstly, 2-amino-3-buten-1-o0l for use in the first
step is described.
[0011]
<2-amino-3-buten-1-o0l>

20 2-amino-3-buten-1-0l can be obtained, for example, by
reacting 1,2—époxy—3—butene with ammonia. Hereinafter, the
reaction of 1,2-epoxy-3-butene with ammonia is sometimes
referred to as "the present amination reaction".

[0012]

25 1,2-epoxy-3-butene for use in the present amination



[0014] (A-1) A nethod of reacting 1, 2-epoxy-3-butene with amoni a
water in the absence of a netal catalyst (e.g., Journal of 15the Anerican
Cheni cal vBocbetnss4vol . 79 pp4d792-4796, 1950); (A-2) PCTAPIR1/hE50f
reacting 1, 2-epoxy-3-butene with ammonia in the presence of a Pd

(zero-val ence) conplex and Lewis acid (e7g., U S. Patent No. 5463079).

20( A-3) A net hod of reacting 1, 2-epoxy-3-butene with ammonia in the
presence of a conpound which contains at |east one el enment selected from
the group consisting of |anthanoids and the el ements belonging to Goup 3

of the periogieti@bl €an 25¢ 09 uc P BP1d/ Ll ORETAJE204 14062856n 8

The present am nation reaction is preferably carried out by the

above: descri,beg et 1o (A M ygen, ks EhHALL Sher LhgaB esent ax gat on

reaction w e descri bed based on an enbodi nent i n which the method (A-3)

o Lol PYRLEL LB LESPIL b RAL 0N SSELLEDAS: 0o Lo g Lo
bel ongi ng o ,oup. 3. A §8€ PSELQYL G 30! £ LASHUIE SER0ELND oxygen
5 with butadiene in the presence of a silver-containing
catalyst. Such method can be found in JP 3-502330 A, for
example.
[0013]
The present amination reaction may be carried out by
10 any of the following methods (A-1), (A-2) and (A-3).
[0014]
(A-1)
A method of reacting 1,2-epoxy-3-butene with ammonia
water in the absence of a metal catalyst (e.g., Journal of
15 the American Chemical - Society, Vol. 79 ppd792-4796, 1950);
(A=-2)
A method of reacting 1,2-epoxy-3-butene with ammonia
in the presence of a Pd (zero-valence) complex and Lewis
acid (e.g., U.S. Patent No. 5463079).
20 (A-3)
A method of reacting 1,2—epoxy—3—butene with ammonia
in the presence of a compound which contains at least one
element selected from the group consisting of lanthanoids

and the elements belonging to Group 3 of the periodic table.

25 [0015]



10ytterium and | anthanum and exanples of the |anthanoids include cerium
samari um europi um gadoliniumand ytterbium The above-descri bed

el ement iwopoefeeabl y at | east one el ement sel ected fromwctrheznl/esrmssd s

bel onging to Group 3 of 15the periodic table, nore preferably, at |east one
el enent selected fromthe group consistigg of scandium ytterium and

| ant hanum still nore preferably at | east one el enent selected fromthe
group consisting of scandium and ytterium [0017] 20Exanpl es of the
conmpound whi ch contains at | east one el ement selected fromthe group

consi sting of | apgfaposdsnangdnife: ebeMBBLEL DEHONGI ek &HOYPAreh chhe
periodic table include scandi um conpounds such as scandi um oxi de, scandi um

25trifl ate, i a e j i dg, ~scandium WO
2011/152540%%%?@%2%@%/%%%2%6d5§§€F?%?ghgﬁ%8§cgﬁd?ﬁh]nitrate; ytterium

corpounds such st ifgHorL e YLLSHL URLELLLobe XL AL Seclal o

ytterium chl ori e an errumni anum

conmpounds such as, | ant hanym oxi de, |anthanumtriflate, |anthanym acetate,

e hanum ciForT e A e Ran 6 raeRLARRE kb hh bR r ep abe AR AR

conpougds such as. ceriumoxide, ceriumtriflate, ceriumacetate, cerium
e1

chl ori cET i SRSV At e BAUSEST{ uhiS ORFEFGRE; alination reaction is

not limited to this embodiment.
[0016]

In the method (A-3), examples of the elements
belonging to Group 3 of the periodic table include scandium,

10 ytterium and lanthanum; and examples of the lanthanoids
include cerium, samarium, europium, gadolinium and
ytterbium.

The above-described element is preferably at least one
element selected from the elements belonging to Group 3 of

15 the periodic table, more preferably, at least one element
selected from the group consisting of scandium, ytterium
and lanthanum, still more preferably at least one element
selected from the group consisting of scandium and ytterium.
[0017]

20 Examples of the compound which contains at least one
element selected from the group consisting of lanthanoids
and the elements belonging tc Group 3 of the periodic table
include
scandium compounds such as scandium oxide, scandium

25 triflate, scandium acetate, scandium chloride, scandium



samari um conmpounds such as samarium oxide, samariumtriflate, samarium
acetate, samariumchloride, samarium sulfate and samariumnitrate; europi um
conpoundsweushy/@ss4eur opi um oxi de, europium 15trifl ate, egrgprumesst at e,

eur opi um chl ori de, europium sulfate and europiumnitrate; gadolinium
conpounds such as gadol i ni um oxi de, gadolgniumtriflate, gadolinium
acetate, gadoliniumchloride, gadoliniumsulfate and gadoliniumnitrate;

and 20ytterbi um conpounds such as ytterbium oxide, ytterbiumtriflate,
ytterbium acetate, ytterbiumchloride, ytterbiumsulfate and ytterbium

nitrate. Fbg@lﬁgggegndtanﬁgggﬁquty@tgh contains at |east one el enent
sel ected fromthe group consi sting of |'ant hanoi ds and the el ements

V0 2011/ 150846RCH P01 8B3TsE D ¥ rre oFscall odEiek ?'E‘E%SPQ{LE? e
pr esent am@ﬂ;f&;g gugm s{s{agb' Y 2 REAROLHTLEoTROUNLY (0t ter | um

conpound or ound rabl y a scandi fpound or an

Sytterium co u nore pre bly a scandi um conpound, far stil
nor e prefer%ﬁ?@ g%aﬂﬂ £F?Ff?3t81£f6gf8] The present ami nation

catal ysts gnbe used alone gr as m xture of two or. nore kinds thereof.

10The pr esehf"BRFRER GATRAER §s?uﬁﬁyaﬁe QDEQBPﬁFeOBFdSn ARRYARTYB.

triflate, lanthanum acetate, lanthanum chloride, lanthanum
sulfate and lanthanum nitrate;
cerium compounds such as cerium oxide, cerium triflate,
cerium acetate, cerium chloride, cerium sulfate and cerium

10 nitrate;
samarium compounds such as samarium oxide, samarium
triflate, samarium acetate, samarium chloride, samarium
sulfate and samarium nitrate;
europium compounds such as europium oxide, europium

15 triflate, europium acetate, europium chloride, europium
sulfate and europium nitrate;
gadolinium compounds such as gadolinium oxide, gadolinium
triflate, gadolinium acetate, gadolinium chloride,
gadolinium sulfate and gadolinium nitrate; and

20 ytterbium compounds such as ytterbium oxide, ytterbium
triflate, ytterbium acetate, ytterbium chloride, ytterbium
sulfate and ytterbium nitrate. Hereinafter, the compound
which contains at least one element selected from the group
consisting of lanthanoids and the elements belonging to

25 Group 3 of the periodic table is sometimes referred to as



The present am nation catal yst may be supported on a support (hereinafter
sonetines referred to as a supported am nation catal yst) or may not be
suppor t edwoheriedes40 The 15support includes at | east one gelrgetmdod2sssm t he
group consisting of activated carbon, alumna, silica, zeolite, diatomte
and zirconiumoxide. It is advantageous fijgr such a support to have a | arger
surface area because the reactivity of the present am nation reaction can
be 20 enhanced. The supported am nation catal yst nay be a conmercially
avai |l abl e product, or may be a catal yst obtained as foll ows: for exanple, a

nitrate, sutfpbtep-acehatsniRatids andioysexide of at |east one el ement
sel ected fromthe group consisting of |anthanoids and the 25el enents

bel onging to G oup,.3 iodi ¢t ' .

2011/ 152540PCT/Jg}g%ﬁ%%%gesgﬁhgg%ggr?gggékgtt hi\%ﬁé%? 282¢Yi Bed support by
coprecipitat] h Lypregnation. net en thj orted salt
i's calcined%&%%8g§+ §$ﬁ§5%%§8n?90?£F%glgﬁeggﬂPogﬁgnQPi8n5%%?2?§§ to be
used is preferabl% 0. 001 npl or nﬁge ﬁer nol..of 1 2-eE0éy3-butene because a
hi gher yi el GORBR"BE” aLRF BVRECTAF tRotigh tha dppar CPIRPEEFsChot™ i mi ted, it
is usually 0,5 nmpl or less per pol_of 1,2-epoxy-3-butene. 10[ 0020]

The andon) a7t b¢t QB FHTERE"r cSBht LAt PERCFEabI Fofl SR lsed i n ei t her
formof |iquid ammopnia, an apmonia gas qQr an_amoni a sol ution. Exanpl es of
the ammoni aCSBPREROn FREI bl AnfBhfaPhateFaahd afaBAuBRI AF rELRAROI

15sol ution. The ammoni a solution nmay be a commercially avail abl e product or
may be a sol%Pi®h prepared by dissolving amonia in a polar solvent such as
wat er, or nethanol. As the anmoni a, an ammonia solution is
preferably used, TReapdeagnbniminateeni cahdpt#speehayabbyuasddalone orThe
anount of the ammonia to be used is preferably one nol or nore per nol of

1, 2- epoxy- 3aputenextand ¢f twonoremopeekéndbl $héreaolf.or nore, still nore

preferably 10 nol or nore, per nol of 1,2-epoxy-3-butene, because a

reaction of The present amination catalyst may be a hydrate or an
anhydride.

The present amination catalyst may be supported'on a
support (hereinafter sometimes referred to as a supported
amination catalyst) or may not be supported thereon. The

15 support includes at least one selected from the group
consisting of activated carbon, alumina, silica, zeolite,
diatomite and zirconium oxide. It is advantageous for such
a support to have a larger surface area because the
reactivity of the present amination reaction can be

20 enhanced. The supported amination catalyst may be a
commercially available product, or may be a catalyst
obtained as follows: for example, a nitrate, sulfate,
acetate, halide and/or oxide of at least one element
selected from the group consisting of lanthahoids and the

25 elements belonging to Group 3 of the periodic table is



25t he resultant 2-am no-3-buten-1-ol wth 1,2-epoxy-3-butene WO

2011/ 152540PCT/ JP2011/ 062856 12 can be suppressed. Al though an upper limt
of this awounfi/isss4not limted, it is usually 100 nol or pcegs2penc2s®d of

1, 2- epoxy-3-butene. [0021] The present am nation reaction rmay be carried
out in the absence or presence of a solvant. Preferably, the present

am nation reaction is carried out in the presence of a solvent. Exanples of
t he sol vent include ether solvents such as diethyl ether, nmethyl-tert-butyl
et her and 10t et rahydr of uran; hal ogen sol vents such as chl orof orm and

chlorobenzeeeppe£eeaobnsehéeabévéuaeseelﬁeahea?boretB9nebprbeeeaee%ﬂeh and
tert-butanol; nitrile solvents such as acetonitrile and propionitrile; and

vater. The g mﬁ’;l\{(@&toksuﬁﬁ%%%wnv‘ﬁé ﬁodThena Heh Qﬁlghg mgpbg%e g, ke

used is, e not Timtéd to, preferably 1 parts ess per
part by mel g i%% né3€epoxy- 3-but ene, because a vol urme eff|C|ency can be

i nproved. % e present am nation reaction nay be carried out 20 under
nor mal pres?86e9? i ncreased pressure. Preferably, the present am nation
reaction is-carfried out under the pressure of fron1about 0.3 to about 2
MPa. ?e reaction erature ref erabl gn1 20 to 150C,
more pPeferably fronfBOERL19 C 9h8ﬁeFﬁ8 8 cERoR°Bs @ﬁﬁ Y&tur8 P& not

hi gher than 15 C, the generatlon of
is preferably 0.001 mol or more per mol of 1,2-epoxy-

3-butene because a higher yield can be achieved. Although
the upper limit is not limited, it is usually 0.5 mol or
less per mol of 1,2—epoxy—3;butene.

10 [0020]

The ammonia for use in the present amination reaction
can be used in either form of liquid ammonia, an ammonia
gas or an ammonia solution. Examples of the ammonia
solution include ammonia water and an ammonia/methanol

15 solution. The ammonia solution may be a commercially
available product or may be a solution prepared by
dissolving ammonia in a polar solvent such as water, or
methanol.

As the ammonia, an ammonia solution is preferably used,

20 and ammonia water is more preferably used.

The amount of the ammonia to be used is preferably one
mol or more per mol of 1,2-epoxy-3-butene, and it is more
‘preferably 5 mol or more, still more preferably 10 mol or
more, per mol of 1,2-epoxy-3-butene, because a reaction of

25 the resultant 2-amino-3-buten-1-0l with 1,2-epoxy-3-butene



WO 2011/ 152540PCT/ JP2011/ 062856 13 byproducts can be suppressed. \Wen the
reaction tenperature is not lower than -20C, the reactivity of the present
am nat i onypesfitiseapcan be enhanced. [0023] 5The present paiypaiiiMosieact i on
is carried out, for exanple, by mxing 1, 2-epoxy- 3-butene, anmonia and the
present am nation catalyst in the presenge or absence of a solvent. Wiile
the order of mxing the reaction reagents in the present am nation reaction
is not limted, such 10m xing is preferably carried out by the foll ow ng
met hod (A-3-1) or (A-3-2). [0024] (A-3-1) A nethod conprising the steps of
m Xi ng anmou i t ese 1 hat i q%g&gg I cin.th e or
absence of éz;éllrgo vegr}%éé%%%seg%di nzgiti@@goé(@- - uj?e%g&%% <t3 eaﬁgéuﬁlﬁ?ﬁgt

m xture. (A 3- thod conpri si p f _mxij - ePOXy=z3-
20but ene wi- % %%%ﬁlnllr%l?%gi hlegglréesdé%gaeigf g@@eﬁ%g %?] i;éggléée%tvggnﬁfaddi ng
t he presentlafrjnati on, ¢ a&géryest to the resulting m xture. [0025]

epoxy-
[0021]

5 The present amination reaction may be carried out in
the absence or presence of a solvent. Preferably, the

present amination reaction is carried out in the presence
of a solvent. Examples of the solvent include ether
solvents such as diethyl ether, methyl-tert-butyl ether and
10 tetrahydrofuran; halogen solvents such as chloroform and
chlorobenzene; alcohol solvents such as methanol, ethanol,
isopropanol and tert-butanol; nitrile solvents such as
acetonitrile and propionitrile; and water. The solvent is
preferably water. The amount of the solvent to be used is,
15 while not limited to, preferably 100 parts by weight or
less per part by weight of 1,2-epoxy-3-butene, because a
volume efficiency can be improved.
[0022]
The present amination reaction may be carried out
20 under normal pressure or increased pressure. Preferably,
the present amination reaction is carried out under the
pressure of from about 0.3 to about 2 MPa.
The reaction temperature is preferably from -20 to
150°C, more preferably from O to 100°C. When the reaction

25 temperature is not higher than 150°C, the generation of



When the present am nation reaction is carried out by 25the nethod (A-3-1)
under normal pressure, 1,2-epoxy-3- WO 2011/ 152540PCT/JP2011/ 062856 14

but ene i swpnefiersaaby added dropwi se to the resulting m pcure201Ybhessd he
present amination reaction is carried out by the nethod (A-3-1) under

i ncreased pressure, 1,2- epoxy-3-butene i3 added preferably by injection.
5[ 0026] The degree of the reaction progress can be confirnmed by anal yzi ng
means such as gas chronat ography, high-performance |iquid chromatography,
t hin-1ayer chromat ography, nuclear magnetic resonance spectrum l0anal ysi s,

or Infrare%@@ﬁ@&@@t@%@@%@f%ﬂp@ﬁ@w@as BROR7EnAf terceopR! etion of the
reaction, 2-am no-3-buten-Il-ol may be brought out by a procedure in which

ammoni a i s g@ﬁ@pﬂ& | BSOS ool LomAhe L8RRL] QNI XMt Al dPe. 15 the

present ami on catal yst' 7§ removed by filtiation,

filtrate 'Splgé’é‘&‘r‘{‘té@{ﬁgtfléﬁpﬁé 1‘?901‘?‘”9:;1 r%étﬁhéﬁﬁggy . proc' n anot her

enbodi nent am no- en-| - roug edure in which
anmonia i s P@&éggally 20 recovered fron1the ,reaction m xture, and then,
the present anmhation catal yst is separated by fiItration after that, the
filtrate is nlxeﬂhmnth an acid, such as _oxaJic acid to forn1a salt, and the
resul tant salt SIYAE T ZHB RELERD nBERD l%%nlﬁec?ﬁﬁhad AUt of OExanpl e,
Journal of the 25Ameri can Chenlcal SOC|ety, Vol . 79, pp4d792- 4796 1950. WO
2011/ 1525409652013y 0B2858J 15/ 2-epoxy=-3-butene, ammonia and

present amination catalyst in the presence or absence of a
solvent. While the order of mixing the reaction reagents
in the present amination reaction is not limited, such
10 mixing is preferably carried out by the following method
(A-3-1) or (A—3—2).
[0024]
(A-3-1)
A method comprising the steps of mixing ammonia with
15 the present amination catalyst in the presence or absence
of a solvent, and adding i,2—epoxy—3—butene to the
resulting mixture.
(A-3-2)
A method comprising the steps of mixing 1,2-epoxy-3-
20 butene with ammonia in the presence or absence of a solvent,
and adding the present amination catalyst to the resulting
mixture.
[0025]
When the present amination reaction is carried out by

25 the method (A-3-1) under normal pressure, 1,2-epoxy-3-



In a different enbodi ment, 2-am no-3-buten-1-ol nmay be brought out by a
procedure in which ammonia is optionally recovered fromthe reaction

m xt ure, woadotiepssot he present am nation catal yst is separapsdi/bgesse
filtration, and the filtrate optionally concentrated is rectified. [0028]
The present am nation catal yst separatedily filtration fromthe reaction
m xture can be recycled for the present amnation reaction as it is.

Al ternatively, the present 10am nation catal yst separated by filtration
fromthe reaction m xture can be recycled for the present am nation

reaction ?fE@feﬁé_i§dﬁﬂéféf@glﬁsaﬂgégséﬁéﬂwi¥@eﬂotBEePE@§@MEiﬁ§1naFion
catalyst is contained in a solution obtained by the |iquid-separation

treatnment, fheegatal Yﬁﬂexjrf’ﬁﬁ—‘&o%ﬁé§Qn’9yaﬁ91@§€£'éﬁ?‘EEQQ and PEVEB}‘E'SdF he
solution may be recycled for the present am nati on. f0029] The obt ai ned

2- Ami no- 3-Db -1- di x et Lec e fi te r may be
subj ect ed t%ﬁfﬁ%§2§$?rs%tgfgpk%fge%ydﬁgg%fl%ﬁggégﬁégi?¥%5§%§géoﬁﬁgn
chromat ography_or.,ot her purifying neans._ The reactjion mxture may be
direct|y subi el el T THE 17 r219e opt W ERBGLY bF Y ngTAGebUt ™
2-anin§-3-bP@§£-%-ol therefrom [0030] 25Next, the first step will be
descri bed. %b11/ 152540PCT/ JP2011/ 062856 16

The degree of the reaction progress can be confirmed
by analyzing means such as gas chromatography, high-
performance liquid chromatography, thin—layer
chromatography, nuclear magnetic resonance spectrum

10 ~analysis, or infrared-absorption spectrum analysis.
[0027]

After completion of the reaction, 2-amino-3-buten-1-ol
may be brought out by a procedure in which ammonia is
optionally recovered from the reaction mixture, and then,

15 the present amination cataiyst is removed by filtration,
after that, the filtrate is concentrated, separated and
crystallized.

In another embodiment, 2-amino-3-buten-1-o0l may be
brought out by a procedure in which ammonia is optionally

20 recovered from the reaction mixture, and then, the present
amination catalyst is separated by filtration, after that,
the filtrate is mixed with an acid such as oxalic acid to
form a salt, and the resultant salt is crystallized. Such
method can be found in, for example, Journal of the

25 American Chemical Society, Vol. 79, ppd792-4796, 1950.



[0031] <First Step> 2-Am no-3-buten-1-o0l is reacted with nethanethiol.
Hereinafter, this reaction is sonetines referred to as "the 5 present

addi ti on weaotl/Brs4 By the present addition reaction, PCT/JP2011/062856

2- am no-4- et hyl t hi o- 1-butanol is obtained. [0032] Met hanet hi ol for
use in the present addition reaction mayilbe a commercially avail able.
product or may be prepared 10by a known nethod, for exanple, a reaction of
nmet hanol wi th hydrogen sul fide. The amount of methanethiol to be used
is preferably one nol or nore per nol of 2-am no-3-buten-1-ol. An upper

limt of this anpuni gssrabihe aRbohimited toamusyablyu2Onlboph Qryl 8&S per
nmol of 2-am no-3-buten-1-ol. The anmbunt of nethanethiol to be used at the

start of .t No, pesent, adg) th OB $€8GHE 0Nk Sl & X ARbY1 4 D! oQE s Lags per Mol

of 2- am no-3-buten-I- ecause the start of the present rtron

reaction can, &8 lda be-GAnKol ot ZOL ARy re andNEnBhESERL BAOLLLON

reaction is pr era!y carriea ou .I eprese.nceo.afajca Iat or
22, 20,52, AR, LT 00 LB Lt gt Bl ol L i B g Vishtene
enbodi pent %Iﬁn%l\hl cg t he. reaﬁ}\i{ onoi s WO tZO%-ll 1525495%%\%%011/ 062856 17
carri ed out® ThEEHe® prRSENSR P TEF LERi 15 af BF " ver, the present
addi tion ref';\&gé'é)fﬁ is not limted to this enbodi nent.

The present amination catalyst separated by filtration
from the reaction mixture can be recycled for the present
amination reaction as it is. Alternatively, the present

10 amination catalyst separated by filtration from the
reaction mixture can be recycled for the presenf amination
reaction after it is purified as necessary. When the
present amination catalyst is contained in a solution
obtained by the liquid-separation treatment, the catalyst

15 recovered by concentrating and purifying the soclution may
be recycled for the present amination.

[0029]

The obtained 2-Amino-3-buten-1-o0l may be directly
subjected to the first step or may be subjected to the

20 first step after distilled or purified by column
chromatography or other purifying means. The reaction
mixture may be directly subjected to the first step without
bringing out 2-amino-3-buten-1-ol therefrom.

[0030]

25 _ Next, the first step will be described.



[ 0034] S5Exanples of the radical initiator include hal ogen nol ecul es,
organi ¢ peroxi des, azo conpounds, triethylborane and diethyl zinc. [0035]

Exanpl es Wb 20hskabogen nol ecul e i nclude chl orine. 10EXawiPs19b62k5e
organi c peroxide include di-tert-butyl peroxide, tert-butyl hydro peroxide

and benzoyl peroxide. Eexanples of the azg conpound include azo nitrile
conpounds such as 2, 2'-azobisisobutylonitrile, 2,2'-azobis(2,4-

di mret hyl val eronitrile), 2,2'-azobis(2-nethylbutylonitrile),

151, 1' - azobi s(cycl ohexane- 1-carbonitrile), 2,2'-azobis(4-

et hoxy- 2, 4r &l hyl val eronitrile), 4,4'-azobis-4- cyanopentanoic acid,
2- phenyl azo- 2, 4-di met hy1- 4- net hoxyval eronitrile and

2- cyano- 2-p m de; azo ester conpounds such as azobi si sobut ano
di acet at e, {@ %¢%%%§§ggisisobutyrate and ethyl azobisisobutyrate;

azoam di ne conpqyggi such as, 2 ZE obi s i nopr o agﬁg- hiol

di hydrochl ori de; Q%HF%% %%oﬂ% e%%%% ast 2£e nethiol.

azobi s[ 2-( %rrm daz tIeellpe Ig cg%r:?e az%)%gl?tgrjﬁ}l%g}lpﬂggggﬁ uggl as .
1,1' -azobi e n, 4 2%%9 ‘

1,1 -azobi s(N, N—dlnethylfornanlde) WO 2011/152540PCT/JP2011/062856 18 and
azoal k¥ céﬁﬁﬁﬁﬁ&éf§ﬁéh N HRAGekenhut Fhe. Chporeysent addhelieRdi cal
initiator is preferably an azo conmpound, nore preferably an azonitrile
conmpound, affaFlol @st et~ @&%&ﬁ@etww%ﬁm%@%@m@n@b%@l%

azoi m dazol i ne
[0032]

Methanethicl for use in the present addition reaction

may be a commercially available product or may be prepared
10 by a known method, for example, a reaction of methanol with
hydrogen sulfide.

The amount of methanethiol to be used is preferably
one mol or more per mol of Z2-amino-3-buten-1-o0l. An upper
limit of this amount is, while not limited to, usually 20

15 mol or less per mol of 2-amino-3-buten-1-o0l. The amount of
methanethicl to be used at the start of the present
addition reaction is preferably 4 mol or less per mol of 2-
amino-3-buten-1-0l, because the start of the present
addition reaction can eésily be controlled.

20 [0033]

The present addition reaction is preferably carried
out in the presence of a radical initiator so as to obtain
2—-amino-4-methylthio-1-butanol in a high yield.

Hereinafter, the present addition reacﬁion will be

25 described based on an embodiment in which the reaction is



conpound, still nore preferably an azonitrile conpound, because of ease of
availability. [0037] The anobunt of the radical initiator to be used is

10pr ef er aRbyoPy@skonol or nore per nole of 2-am no- 3- bupekrk019bs2831€ upper
limt of this amount i8, while not Iimted to, usually 0.2 nol or |ess per

mol e of 2-am no-3-buten-1ol. [0038] 15The¢-present addition reaction may be
carried out in the absence or presence of a solvent. Preferably, the
present addition reaction is carried out in the presence of a solvent. The
solvent to be used is such one that does not inhibit the present addition

tion. J t i t h
reaction. Exanples Qfc tfie 919?ﬁgﬁ’eeé@né@c#ﬂ%d%‘%%%?%ﬂ?@%fé”céﬁe-” S such as

hexane, heptane and tol uene; ogenat e vents such as
chl or obenz chl.or of or est er. sol ve uc y] . acetate;
tertiary aﬁ%%ﬁ%ﬂggbp&?ﬁﬁ?“?%%%&ﬁﬁ%%ﬁ%%ﬁn%%%ﬁ%% % fgnﬁégiiﬁgég%@eﬁ?s such
as acetonitrile and 25propionitrile; and water. The solvent is preferably
an WO 201fﬁf§?§%g5§§W§§§811/062856 19 ester solvent. These solvents nay be
used alone or as a mxture of two or nore kinds thereof. The anount
of the sol vEft31hb be used is, while not limted to, preferably 100 parts by
wei ght or | ess per part of 2-am no-3-buten-1-ol, because the vol une
effici®ency can Hetdiproverf flopaogdical imhelaieretivnlidopktbedee may vary

depending on the kind or anmount of the radical initiator to be used, and is
molecules, organic peroxides, azo compounds, triethylborane

and diethylzinc.
[0035]
Examples of the halogen molecule include chlorine.

10 Examples of the organic peroxide include di-tert-butyl
peroxide, tert-butylhydro peroxide and benzoyl peroxide.
FEexamples of the azo compound include azo nitrile compounds
such as 2,2'—azobisisobutylonitrile, 2,2"-azobis(2,4-
dimethylvaleronitrile), 2,2'-azobis(2-methylbutylonitrile),

15 1,1'-azobis(cyclohexane-1-carbonitrile), 2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile), 4,4'-azobis-4-
cyanopentanoic acid, 2-phenylazo-2,4-dimethyl-4-
methoxyvaleronitrile and 2-cyano-2-propylazoformamide; azo
ester compounds such as azobisisobutanol diacetate, methyl

20 azobisisobutyrate and ethyl azobisisobutyrate; azoamidine
compounds such as 2,2'-azobis(2-amidinopropane) -
dihydrochloride; azoimidazoline compounds such as 2,2'-
azobis[2-(2-imidazoline-2-yl)propane]; azoamide compounds
such as 1,1'-azobisformamide, 1,1'-azobis (N-

25 methylformamide) and 1,1'-azobis (N,N-dimethylformamide) ;



10preferably from-10 to 100C, nore preferably fromO to 50C. Wen the
reaction tenperature is not lower than - 10C, the present addition reaction

can be cagpigfl/@pdgat a higher rate. When the reaction pewpps@EiWERsd S not
hi gher than 100C, the generation of byproducts can be suppressed. 15[ 0040]

The present addition reaction may be carjged out under reduced pressure,
nornal pressure or increased pressure. Preferably, the present addition
reaction is carried out under nornmal pressure or increased pressure, since
20net hanet hi ol , the boiling point of which is 6C, tends to be volatile

under a redéﬁdazga%%ecoﬁggﬂ%l%gpdpraeé%oﬁﬁg t net ctio_n may be

carried out m X1 n am no- ut en |oI in the
25pr esence [3; radical initiator. The mxing method is not WO
2011/ 152540 (9IE EJ]P2011/ 062856 20 limted. [0042] When the pr esent

addition reacti IS C rried o nder. nor for exa

fol | owi ng net hogﬂ‘f( aff Ltel% ekf F(]:Ta%Lpagfy al}k Pt h%?fn]%% f SI ng
the steps of miXxing 2- no- 3- butenl-ol with a radical initiator,

control | i ngftHfe R¥msor %ﬁ:\f éaIbfaZt%trre]éLﬁ t‘f%%%'uraent%z% e3tet he reaction

5 compound, an azoamidine compound or an azoimidazoline
compound, still more preferably an azonitrile compound,
because of ease of availability.

[0037]
The amount of thé radical initiator to be used is

10 preferably 0.001 mol or more per mole of 2-amino-3-buten-1-
0l. The upper limit of this amount is, while not limited
to, usually 0.2 mol or less per mole of 2-amino-3-buten-1-
ol.

[0038]

15 The present addition reaction may be carried out in
the absence or presence of a solvent. Preferably, the
present addition reaction is carried out in the presence of
a solvent. The solvent to be used is such one that does
not inhibit the present addition reaction. Examples of the

20 solvent include hydrocarbon solvents such as hexane,
heptane and toluene; halogenated hydrocarbon solvents such
as chlorobenzene and chloroform; ester solvents such as
ethyl acetate; tertiary alcohol solvents such as tert-
butylalcohol; nitrile solvents such as acetonitrile and

25 propionitrile; and water. The solvent is preferably an



10t enperature, and bl owi ng a gaseous nethanethiol into the m xture. [0043]
When the present addition reaction is carried out under increased pressure,
for exanpwe,otie2§40!l | owi ng net hod 15(1-2) or (1-3) nay lpeTgrplioyesss (1- 2)
A nmet hod conprising the steps of charging a seal abl e vessel such as an
autoclave with a radical initiator and 24o9am no-3-buten-1-o0ol, controlling
the tenperature of the 20m xture to be at the reaction tenperature after
closing the vessel, and injecting a gaseous nethanethiol into the m xture.
(1-3) A nmet hod conprising the steps of mxing a radica

25i ni ti at org 52 ANEADe S OUL e d 5Ol @G 1BL NBRet BEoLiskl 810M0 or as a
2011/ 152540PCT/ JP2011/ 062856 21 seal abl e vessel such as an autocl ave at not

hi gher than,{ tﬁgiéfngwgoéptmﬁgengig ethipl,sand controlling the

tenperature o e mxture to be at the reaction tenperature after closing
Egﬁf;’ffr;g'b SL008d amount TOF L8881 9Lnt hﬁorﬁé‘%é&& bLP9utE e D be

( . y anhal yzi ng n”egins such as gas chronat ogr aphy, 19 per or mance
QU1 v o DACRPA, LPLECLAXEL Al oRLO BN, el S8 EaneL oy
[0045]5 of 2-amino-3-buten-1-0l, because the volume efficiency can
be improved.

[0039]

The reaction temperature may vary depending on the
kind or amount of ‘the radical initiator to be used, and is
10 preferably from -10 to 100°C, more preferably from 0 to

50°C. When the reaction temperature is not lower than -

10°C, the present addition reaction can be carried out at a

higher rate. When the reaction temperature is not higher

than 100°C, the generation of byproducts can be suppressed.
15 [0040]

The present addition reaction may be carried out under
reduced pressure, normal pressure or increased pressure.
Preferably, the present addition reaction is carried out
under normal pressure or increased pressure, since

20 methanethiol, the boiling point of which is 6°C, tends to
be volatile under a reduced pressure.
[0041]
The present addition reaction may be carried out by

mixing 2-amino-3-buten-1-ol with methanethiol in the

25 presence of a radical initiator. The mixing method is not



After conpletion of the reaction, 2-am no-4- nethylthio-I-butanol may be
brought out by a procedure in which nethanethiol and/or the radical

i nitiatorwendiasifdeconposition product thereof are optipomabPioiinessved from
the resultant reaction mxture, and the residue is concentrated, and then
2-am no-3-buten-1-ol is optionally renmoved. 2- Am no-4-net hyl t hi o-1- but anol
may be brought out by precipitating as an acid addition salt with an acid
such 20as hydrochloric acid, or sulfuric acid, and treating the resultant
acid addition salt with a base such as sodi um hydroxi de, or amoni a. [0046]
As the net hpd,pfcgenoving 2-am no-3-buten-1-ol, for 25exanple, a
distillation treatnent can be enployed. After WO
2011/152540ﬁ§54§f2011/062856 22 the 2- Am no- 3-buten-1-ol renoved by
distillation i1s recovered and optionally purified, the recovered 2-Am no- 3-

buten-1-ol may recycled for the,present ption.reaction, 047] As
Che et hod of STV ny et heretht SRl F SR s &0t o801 foPRbbeRe ghPch
nmet hanet hiol _is distilied of f fron*the reacfion ni&%ugﬁ under rgﬂu&ed
pressure, ofPSCHEtREH T PIRFEATGh TRErEXgaRITs bRowhoT B ERe™FEER on
nixturg to lOevaporate nethanethiol, can be enployed. After the renoved
met hanet hi of 175 rBeBVe? etPRHAYSPt i onal Iy purified, the recovered

met hanet hi ol nai be recycled for the present addition reaction. [0048] 15As
the nethod 6f temoving the radical initiator and

A method comprising the steps of mixing 2-amino-3-
buten-1-0l with a radical initiator, controlling the
temperature of the resulting mixture to be at the reaction

10 . temperature, and blowing a gaseous methanethiol into the
mixture.
[0043]

When the present addition reaction is carried out

under increased pressure, for example, the following method
15 (1-2) or (1-3) may be employed.
(1-2)

A method comprising the steps of charging a sealable
vessel such as an autoclave with a radical initiator and 2-
amino-3-buten-1-0l, controlling the temperature of the

20 mixture to be at the reaction temperature after closing the
vessel, and injecting a gaseous methanethiol into the
mixture.

(1-3)
A method comprising the steps of mixing a radical

25 initiator, 2-amino-3-buten-1-o0l and methanethiol in a



t he deconposed product thereof, depending on the kind of the radical
initiator used in the present addition reaction, for exanple, any of the

f ol | owi ngwgBbhhe@ssqgan be enpl oyed: A nmethod in which thechgasiihoissg Xt ure
is mxed with a 20 polar solvent to precipitate the radical initiator and

its deconposition product, and the preciphtate is filtered; A nmethod in
which the reaction mxture is mxed with a polar solvent and a non- pol ar
solvent, and the radical initiator and its deconposition product
distributed in a non-pol ar 25sol vent phase are renoved; A nethod in which a

polar WO 2011/ 15po40FCIL ) F20L1/ 062856, 28, 50h yent « | AGOMRALLOL e wb L hypat er,

water and the reaction mxture are mxed, and the radical "initiator and its

deconposi tion. product. di stribut.ed i t p . d theirfrom
5Exanpl es ok?ojt)glen%gf%lr&so?éenﬁ él?%?é%%golf\ﬁ %%%hgﬁfﬂ%%gléﬁﬂge wat er and a
sol vent nixéure of wat er ggg an.a{cohol (g.g. met hanol , . or ethanol).
Exanpl es of “$HETRNITOIAT oF VRHE L THe | WP hydl obat bbRSbi9Rnt s such” as
hexane, heptane, tol uene_and xyl ene. anpl es of the polar solvent
10i nconpat | BF&PW ¢ H i@t 2 t§hct 5t es%@%%%fs such as ethyl acetate, and
et her solvents such as nmethyl tert-butyl ether and diisopropyl ether.
Amount® of t#ed%bl ar sol vent, the non-polar solvent and the pol ar sol vent
inconpatible with water to be used are not |imted. Wen the present
15addi ti on reactTlm de9%ee robdtivtit reachen ppea@hees ofaf Hegecqbf VERES, any
of these solvents may be additionally added during the reaction. After the
renoved raddtaind hyzimg oredns recover ediasdclopehabad fyppurihied; the
recovered radical initiator may be recycled for the present addition
reaction. 2400zance 1idined obiteometo @ aphno- dhimet hylyehi o- 1- but anol may be
directly subjected to the second step, or may be purified by distillation,
col um chr osiet qrop Epdya ity Ot hes 1 ganr | hydgmet e anss anantdespaayrme subj ected to
t he second step. The

10 analysis, or infrared-absorption spectrum analysis.

[0045]

After completion of the reaction, 2-amino-4-
methylthio~l-butanol may be brought out by a procedure in
which methanethiol and/or the radical initiator and a

15 decomposition product thereof are optionally removed from
the resultant reaction mixture, and the residue is
concentrated, and then 2-amino-3-buten-1-o0l is optionally
removed. 2-Amino-4-methylthio-l-butanol may be brought out
by precipitating as an acid addition salt with an acid such

20 as hydrochloric acid, or sulfuric acid, and treating the
resultant acid addition salt with a base such as sodium
hydroxide, or ammonia.

[0046]
As the method of removing 2-amino-3-buten-1-o0l, for

25 example, a distillation treatment can be employed. After



25reaction m xture may be directly subjected to the second WO
2011/ 152540PCT/ JP2011/ 062856 24 step w thout bringing out

2- am no- 4yvaebivyiskdipo- 1- but anol . [ 0050] Next, the secondpgirgp2044/hd2she
descri bed. [0051] 5<Second Step> The 2-am no-4- et hyl t hi o- 1- but anol

obtained in the first step is oxidized. Hereinafter, the oxidation of the
2-am no-4-nmet hyl thi o-1-butanol is sonetines referred to as "the present

oxi dation reaction". By the present oxidation 10reaction, nethionine is
obt ai ned. The present oxidation reaction may be carried out in the presence

of a netal @@%aéyﬁminéiﬁﬁgg@éﬁyﬁial £ o@%ﬁf@%}d?é%?f&é?ﬁoﬁeﬁgti0” may be

carried out an action of a mcrobia a m croorgani sm capabl e of
converting 2-and no-4- h hi o-1- [ hi oni ne,ox_by ag_
action of éaﬁgg%gg%gdgﬁéd%%%%o%?%%%ég€$%$g§égaﬁ$§n?g%%Y%fﬁgf%eé?lﬁﬂeg
present oxidation reaction in the fornmpr case is songetines referred to as
Pt he pr eeri o ahts it Gt | EFET0 L ChnEDT hi o BEBRE xP AL F b eact i on | n
the latter case js sonetinmes referred 20to as "the present oxidation
reaction 2"t€39652}- Preferably, the present oxidation reaction 1 is
carried out by oxidizing 2-am no-4-nethylthio-Il-butanol in the presence of

at | eadt oneP%Ethl selected fromthe group 25consisting of copper and the

el enents belonging to Goup 8, WD 2011/ 152540PCT/ JP2011/ 062856
As the method of removing methanethiol, for example, a

method in which methanethiol is distilled off from the
reaction mixture under reduced pressure, or a method in
which an inert gas is blown into the reaction mixture to

10 evaporate methanethiol, can be employed. After the removed
methanethiol is recovered and optionally purified, the
recovered methanethiol may be recycled for the present
addition reaction.

[0048]

15 As the method of removing the radical initiator and
the decomposed product thereof, depending on the kind of
the radical initiator used in the present addition reaction,
for example, any of the following methods can be employed:
A method in which the reaction mixture is mixed with a

20 polar solvent to precipitate the radical initiator and its
decomposition product, and the precipitate is filtered; A
method in which the reaction mixture -is mixed with a polar
solvent and a non-polar solvent, and the radical initiator
and its decomposition product distributed in a non-polar

25 solvent phase are removed; A method in which a polar



25 9 or 10 of the periodic table. Mre preferably, the present oxidation
reaction 1 is carried out by the follow ng nmethod (2-1) or (2-2). [0053]
5(2-1) wo20A/rsei4bod for oxidizing 2-am no-4-nethyl t hi ectabiianesse wher ei n
the oxidation is carried out in the presence of oxygen and at |east one
nmetal selected fromthe group consistingzgf the el enents bel onging to G oup

8, 9 or 10 of 10the periodic table. (2-2) A nmet hod for oxidizing
2- am no- 4- et hyl t hi o- 1- but anol, wherein the oxidation is carried out in the
presence of copper and water. 15[ 0054] Herei nafter, the present

oxi dation reacydep idnMdbhbaPeodese!thedabasedyebet hengbrdi pEALEiBY t he
nmet hods (2-1) and (2-2). However, the present oxidation reaction 1 is not

limted to i . 0] § ] e.pethod (2-1
will be decirs ed?“?%%gg%ﬂéihd§$£39% ]¥%§§%$gﬁgﬁ%g?§$og¥%%§ 5051 the( )

06100 c LB e Pl eI BB 4 ErepRLes 91251 he
removed theirfrom.

5 Examples of the polar solvent for use in such methods
include water and a solvent mixture of water and an alcohol
{(e.g., methanol, or ethanol). Examples of the non-polar
solvent include hydrocarbon solvents such as hexane,
heptane, toluene and xylene. Examples of the polar solvent

10 incompatible with water include ester solvents such as
ethyl acetate, and ether solvents such as methyl tert-butyl
ether and diisopropyl ether. Amounts of the polaf solvent,
the non-polar solvent and the polar solvent incompatible
with water to be used are not limited. When the present

15 addition reaction is carried out in the presence of these
solvents, any of these solvents may be additionally added
during the reaction. After the removed radical initiator
is recovered and optidnally purified, the recovered radical
initiator may be recycled forrthe present addition reaction.

20 [0049]

The obtained 2-amino-4-methylthio-l1-butancl may be
directly subjected to the second step, or may be purified
by distillation, column chromatography or other purifying
means and then may be subjected to the second step. The

25 reaction mixture may be directly subjected to the second



WO 2011/ 152540PCT/ JP2011/ 062856 26 cobalt, rhodium and the |ike. Exanples
of the elenents of G oup 10 of the periodic table include nickel,

pal | adi umyvopbatsisesan and the |ike. At |east one netal selpectyezhiinessd he
group consisting of the elenents belonging to Goup 8 59 or 10 of the
periodic table is preferably rutheniumopgplati num nore preferably

pl atinum Hereinafter, at |east one netal selected fromthe group
consisting of the elenents belonging to Goup 8 9 or 10 of the periodic
table is sometines referred to as the oxygen-oxidation 10catal yst. [0057]

The oxygen-%;d@;i%&@t@miﬁgyo@@ SUDPOLS o4l b @y SUPPOL I _Khesgbpaf ter,
such a catalyst is sonetines referred to as a supported oxygen-oxi dation

catal yst), 0 not be 15supported thereon. Alternatively, the
oxygen-oxi dati1on catal yst may be a catalyst in which an alloy containing at

| east one net al ect.ed from the group. sistin f the elenments

bel onging to Golfje‘él@, @q%rs%bo%c? ?ﬁeep p"glrlff(;gkl)ec (ﬁ% elo?esét reated with an acid
or an alkalt reinafter, 20such a catal yst sonetinmes referred to as a
devel opi ng X n- oxi dati on catal yst). The support includes at |east one

selected fraomthe qgou consi sting of activated carbon, alumna, silica,

zeolit®, digtTmid %

zirconiumoxide. It is advantageous 25for such a

support to have a larger surface area because WO , _
2011/ 152540PCT/ JF¥ 17avsggset —methylthio-1-butanol obtained in the

first step is oxidized. Hereinafter, the oxidation of the
2-amino~-4-methylthio-1-butanol is sometimes referred to as
"the present oxidation reaction". By the present oxidation
10 reaction, methionine is obtained. The present oxidation
reaction may be carried out in the presence of a metal
catalyst. Alternatively, the present oxidation reaction
may be carried out by an action of a microbial cell of a
microorganism capable of converting 2-amino-4-methylthio-1-
15 butanol into methionine or by an action of a processed
product of the microorganism. Hereinafter, the present
oxidation reaction in the former case is sometimes referred
to as "the present oxidation reactién 1", and the present
oxidation reaction in the latter case is sometimes referred
20 to as "the present oxidation reaction 2".
[0052]
Preferably, the present oxidation reaction 1 is
carried out by oxidizing 2-amino-4-methylthio-1-butancl in
the presence of at least one metal selected from the group

25 consisting of copper and the elements belonging to Group 8,



27 the reactivity of the reaction can be enhanced. The supported
oxygen-oxi dation catalyst may be a commercially avail abl e product, or may
be a cat avpvioiBtabned as follows: for exanple, at |eastconemongssind
selected fromthe group consisting of nitrates, sulfates, formates,

acet ates, carbonates, halides, hydroxi desszand oxi des of at |east one

el ement selected fromthe group consisting of the elenents belonging to
Goup 8, 9 or 10 of the periodic table is supported on the above-descri bed
support by 10coprecipitation method or inpregnation nethod, and then this

supported conppund 65 €RéChaLd-QLcredyced wibhohydeegenniy, theThe
oxygen-oxi dation catalyst 1s preferably a devel opi ng oxygen-oxi dation

catal yst orga. SUpPOLL £4, 0XygePaa é%ﬁdFtienfg%%a%ut@gftpﬁgferab' y a

supported oxygen- oxidation catalyst. [0058 e anount

oxygen- oxi daf § 0, be, us y-vary depending on the formof the
oxggen-oxidgﬁ%gﬁwg%ég%%F@%é f% hgesgang %X'preferably 0.001 nol or nore,

nor e preferfggg Lron10.001 to 0.5 nol per nole of 2-am no-4-

met hyl t hi o- |- u% nol from an econom cal viewpoint. [0059] The oxygen may be
an oxygen g?fl or an oxygen gas 25diluted with an inert gas such as
nitrogen, o o&bgen in an WO 2011/ 152540PCT/ JP2011/ 062856

A method for oxidizing 2-amino-4-methylthio-l1-butanol,
wherein the oxidation is carried out in the presence of
oxygen and at least one metal selected from the group
consisting of the elements belonging to Group 8, 9 or 10 of

10 the periodic table.
(2-2)

A method for oxidizing 2-amino-4-methylthio-1l-butanol,
wherein the oxidation is carried out in the presence of
copper and water.

15 [0054]

Hereinafter, the present oxidation reaction 1 will be
described based on the embodiments by the methods (2-1) and
(2-2). However, the present oxidation reaction 1 is not
limited to these embodiments.

20 [0055]

The embodiment by the method (2-1) will be described.
[0056]

Examples of the elements of Group 8 of the periodic
table include iron, ruthenium and the like. Examples of

25 the elements of Group 9 of the periodic table include



28 air. Besides, oxygen in an air may be diluted with an inert gas such as
nitrogen for use as the above-descri bed oxygen. The anount of

t he oxygeRohoie34ed is preferably one 5nole or nore perT/iPbR10§2856
2-am no-4-net hyl thio-1-butanol, and the upper limt of this anmount is not

limted. [0060] Preferably, the pregent oxidation reaction 1 is
carried out further in the presence of at |east one typical 10netal
conmpound sel ected fromthe group consisting of alkali netal conpounds and
al kal i ne earth netal conpounds. [0061] Exanpl es of the al kali netal

compounds | nglude alkali el al casbenales such. as. sodi um car fpnat e, o sodi um

15bi car bonat'e, pot assi um car bonat e, pof assium bi car bonat e, i am

car bonat e d lithium bi.carbonate; an | kal i tal . hydroxid uch as
o um hydraa b, T s ey SkT Al T Py Skt oo Eadhifee o

t he al kaline earth netal conpounds | nc]ude 20al kal j ne earth tal

car bonat es BIRHTHE" 4% %ﬁ?boﬂg ei%ﬁﬂtc%T%i%%#%ir%% %f%ggaﬁﬁoﬁlkaline
earth nmetal hydroxides such as magnesi um hydr oxi de  and, cal ci um hydr oxi de.
The typi cal tHet BTOWR M F 2 Href erad| 1 HRcat R aPF L PR HPY hiRlr 6%PeR &nd an
al kaline earth netal hydroxide, nore 25preferably an al kali netal
hydrox?de, L9711 e fe Eﬁ%ﬁﬁﬁ%&ﬁ@ﬂc table 1is preferably ruthenium or

platinum, more preferably platinum. Hereinafter, at least
one metal selected from the group consisting of the
elements belonging to Group 8, 9 or 10 of the periodic
table is sometimes referred to as the oxygen—oxidafion

10 catalyst.
[0057]

The oxygen-oxidation catalyst may be supported on a
support (hereinafter, such a catalyst is sometimes referred
to as a supported oxygen-oxidation catalyst), or may not be

15 supported thereon. Alternatively, the oxygen-oxidation
catalyst may be a catalyst in which an alloy containing at
least one metal selected from the group consisting of the
elements belonging to Group 8, 9 or 10 of the periodic
table is treated with an acid or an alkali (hereinafter,

20 such a catalyst sometimes referred to as a developing
oxygen-oxidation catalyst).

The support includes at least one selected from the
group cdnsisting of activated carbon, alumina, silica,
zeolite, diatomite and zirconium oxidé. It is advantageous

25 for such a support to have a larger surface area because



WO 2011/ 152540PCT/ JP2011/ 062856 29 sodi um hydroxi de. [0062] The
anmount of the typical netal conpound to be used is preferably one nol or

nore per Wwol2offisZs4gm no- 4- net hyl t hi o- 51-but anol, whi |l e paf/jeRAEH6IEdT t
thereof is not limted. The anount of the typical netal conmpound to bhe used

is usually 2 mol or less per nol of 2-ambRo-4-nethylthio-Ibutanol. {[0063]
10Preferably, the present oxidation reaction 1 is carried out further in
t he presence of a solvent. There is no limt in selection of the
solvent insofar as it does not inhibit the present oxidation reaction 1.

Exanpl es ofusuich, & sal Meplo f nalaide. estetn solyant soouehoas, 15gthyl acetate,

nitrile solvents su as acetonitrile and propionitrile, water, and

m xtures th of .. The vent_ i refe ter, a2 mxture of. er and
an ester soﬁed\}D nqrto%é1ao>r§ﬁ94< rhroeXlo(?a% r{eré‘%ﬁ%y g\?ilﬁérYI]oee sol Ven ?r%ér/\giy
preferably a m xture of ter and a nitrile solvent, stjll 20nore

D of or abl 3 v A0S Rrodier Indiedion (51telVSt SRS dmnt of the
solvent to be used is usually 100 rts by weight or | ess per part by

wei ght of -%%‘4-fs%ﬁf§ﬁf%%]i%-|@tga%¢,O%i‘?@lff%il%d tt¢d hepm
limted. [0064] 25In the present oxidation reaction 1, the order of WO
2011/ 152540PCT/ MR 9UYIgsing of nitrates, sulfates, formates,

acetates, carbonates, halides, hydroxides and oxides of at
least one element selected from the group consisting of the
elements belonging to Group 8, 9 or 10 of the periodic
table is supported on the above-described support by
10 coprecipitation method or impregnation method, and then
this supported compound is calcined or reduced with
hydrogen.
The oxygen-oxidation catalyst is preferably a
developing oxygen-oxidation catalyst or a supported oxygen-
15 oxidation'catalyst, more preferably a supported oxygen-—
oxidation catalyst.
[0058]
The amount of the oxygen-oxidation catalyst to be used
may vary depending on the form of the oxygen-oxidation
20 catalyst in use, and is preferably 0.001 mol or more, more
preferably from 0.001 to 0.5 mol per mole of 2-amino-4-
methylthio-1~butanol from an economical viewpoint.
[0059]
| The oxygen may be an oxygen gas, Or an oxygen dgas

25 diluted with an inert gas such as nitrogen, or oxygen in an



30 mxing the reaction reagents is not limted. In the preferable

enbodi nent, for exanple, 2-am no-4-nethylthio-I- butanol, an

oxygen- oxwoavioi2aat al yst, a typical netal conpound andpaTtgeimens2ssy e

m xed, and then the resulting Sm xture is m xed with oxygen. [0065] The
present oxidation reaction 1 nmay be carrpgd out under reduced pressure,
normal pressure or increased pressure. Preferably, this reaction is carried
out under 10normal pressure or increased pressure. [0066] A
tenperature for the present oxidation reaction 1 nmay vary dependi ng on an

anount of tfe- oxygen-qxd daliph.catal ¥staio Bey usedii ARt &ML O4nt he oxygen
to be used or 15the like, and is preferably fromO to 150C, nore preferably

from20 to 100G a/é!gerg&%ae 42301 QoL SIReF Al &5 d S oty Vﬁ@ﬂﬂﬁ@@&@&.the

oxi dation reaction can be carried out at higher rate. e reaction

tenperature %§§éﬁ“ hi gher than 150C, the oxidation reaction can be

20carried ou n hi gher selectivity. [0067] Proceedi ng of the present

oxi dation reactign 1 can be caonfirnmed by analyzi ng nmeans_such .as gas
chr omat ogr aphy, higy h"i-nboe%tor ne © I‘?}E]W%fyc%? %t%@%%ph@,p?%f%@%i%rone
S O Y ST g L | Se " £o0NANS S, SREEL L 1R 1 8B -butanon,

and the upper limit of éhis amount 1is not limited.
[0060]
Preferably, the present oxidation reaction 1 is
carried out further in the presence of at least one typical
10 metal compound selected from the group consisting of alkali
metal compounds and alkaline earth metal compounds.
[0061]
Examples of the alkali metal compounds include alkali
metal carbonates such as sodium carbonate, sodium
15 bicarbonate, potassium carbonate, potassium bicarbonate,
lithium carbonate and lithium bicarbonate; and alkali metal
hydroxides such as sodium hydroxide, potassium hydroxide
and lithium hydroxide.
Examples of the alkéline earth metal compounds include
20 alkaline earth metal carbonates such as magnesium carbonate
and calcium carbonate; and alkaline earth metal hydroxides
such as magnesium hydroxide and calcium hydroxide.
The typical metal compound is preferably an alkali
metal hydroxide and an alkaline earth metal hydroxide, more

25 preferably an alkali metal hydroxide, still more preferably



31 analysis, or infrared absorption spectrum analysis. [0068] After
conpletion of the present oxidation reaction 1, for exanple, the nethionine
may be brwogbii/sessoby a procedure in which the result antecrgastii/oesss Xt ur e
is filtered to renove the oxygen-oxidation catalyst, and then, the filtrate
is optionally neutralized with a m neral pacid such as sulfuric acid or
hydrochl oric acid and is then concentrated and cool ed. 10The net hi oni ne

t hus brought out nmay be purified by distillation, colunmm chromatography,
crystallization or other purifying neans. [0069] The

enbodi ment Hyathe wRIAOLi §2:2) will be described. 15[0070] Copper
(hereinafter sonetines referred to as a copper catalyst) may be supported
on a carriefpd einafter this catalyst is sonetines referred to as a
supported copper” catal yst) or may not be supported thereon. Alternatively,
20t he copper obtgi he reat. _ r- al.nj .l oy with an acid or
an al kal i (hereiﬁ%.t%&$¥#ﬁsgga%@?y€¥5?£§§d%%€$%eég¢é$%r?eggt%eags d %8
devel opi n

g .copper_.cat al yst be used. _.The, support jncludes
ot Teast ot rErat Ty e el e fant her grokis® §oRstRi ! ohSheY 1 bht da
carbon, al umn 2011/ 152540PCT/ JP2011/ 062856_32 silica, zeolite,
Graton to ancbosantn Uil oW o TRETS Lbhnt SebtST foF BeEnHREERPort to
have a | arger surface area because the reactivity of the reaction can be
enhanced. %WEE§ﬂﬁﬁ%ﬁ§éﬂfGgﬁ%e?yQ%ﬁ%&y%?t%%yc%%p%u%%nﬁ%r%?aPF?dSb%aiIable
product, or nmay be a catalyst in which copper or an alloy of copper and
al um num i sYSppbY ted dh Q%el%%vléeﬁé%h%gdzsﬁbb@@tfl‘%? aythécalcat al yst
obtained as follows: for exanple, at |east one copper conpound sel ected
fromthe grivipprdhsi sting of copper nitrates, copper 10sul fates, copper

f or mat es, copper acetates, copper
[0063]

10 Preferably, the present oxidation reaction 1 1is
carried out further in the presence of a solvent.

There is no limit in selection of the solvent insofar
as it does not inhibit the present oxidation reaction 1.
Examples of such a solvent include ester solvents such as

15 ethyl acetate, nitrile solvents such as acetonitrile and
propionitrile, water, and mixtures thereocf. The solvent is
preferably water, a mixture of water and an ester solvent
or a mixture of water and a nitrile solvent, more
preferably a mixture of water and a nitrile solvent, still

20 more preferably a mixture of water and acetonitrile.

The amount of the solvent to be used is usually 100
parts by weight or less per part by weight of 2-amino-4-
methylthio-l-butanol, while this amount is not limited.
[0064]

25 In the present oxidation reaction 1, the order of



car bonat es, copper halides, copper hydroxi des and copper oxides is
supported on the above-described support by coprecipitation nethod or

i npr egnatworronetskd, and then this supported conpound i #crabmilnestssy
reduced wi th 15hydrogen. The devel opi ng copper catalyst, in other words
"sponge catal yst" may be a commercially awail abl e product, or may be a
cat al yst obtai ned by techni ques known to those skilled in the art from
various alloys. The devel opi hg copper catalyst includes a catal yst prepared
from al |l oys 20cont ai ni ng copper and al um num such as Raney copper catal yst

descri bed igikthpatedt rRect PEY2888gents isTHELCOPREEQat alyStrks preferably
a devel opi ng copper catalyst or a Supported copper catalyst, nore

preferably a develQpin at al ¥st..2a1 Q0731 . —4- io-1-~
2011/ 15254 ?:T%P‘j’é}gl%/%%}g‘gg%ﬁé%& b &%ﬁegagrbu%targ%hé ReEpdt “BiPalyst to
be used may, ependj _ o] pper . ¢ lyst Ln,use, and
i's preferab?¥@%¥3g1 %@|5%§g§§ré9§%%g%§# %?Egﬁgﬁghog4Fy§%?§¥tﬁ?%§ﬁ-butanol.
Economi cal | referred amount_ is, 0.5 5mol or |ess, per | of .

2 ami no- - MeTDFERS. Lo8ut angt Vo Rbovap Mool rp83arBaR: TBr Rare?tiBoe used
IS pre%erabli one npl or re,ger nol of 2-am no-4-netylthio-I|-butanol.
Whi l e an upPeFtPE i 1S tREFRIF VISP nS¥YPfRi ted, preferably it is 100 10nol or
| ess per nol of 2-am no-4-netylthio-1-butanol. [0073] Pref erably,

t he present[%Qﬁﬁbtion reaction 1 is carried out further in the presence of
at | east one typical nmetal conpound selected fromthe group consisting of
al kali 15nmetal cbrpoRRdzeahdoal Rarige vaprehiapt &l meynpousdsried out

under reduced pressure, normal pressure or increased

pressure. Preferably, this reaction is carried out under
10 normal pressure or increased pressure.
[0066]

A temperature for the pfesent oxidation reaction 1 may
vary depending on an amount of the oxygen-oxidation
catalyst to be used, an amount of the oxygen to be used or

15 the like,vand is preferably from 0 to 150°C, more
preferably from 20 to 100°C. When the reaction temperature
is not lower than 0°C, the oxidation reaction can be
carried out at higher rate. When the reaction temperature
is not higher than 150°C, the oxidation reaction can be

20 carried out in higher selectivity.

[0067]

Proceeding of the present oxidation reaction 1 can be
confirmed by analyzing means such as gas chromatography,
high-performance liquid chromatography, thin-layer

25 chromatography, nucleic magnetic resonance spectrum



[ 0074] Exanpl es of the alkali netal conpounds include alkali netal
carbonat es such as sodi um carbonate, sodi um bi carbonate, potassi um

car bonat eyopotassssum bi car bonat e, 20l it hi um car bonat e amrdTliptdi/versse

bi carbonat e; and al kali metal hydroxi des such as sodi um hydr oxi de,

pot assi um hydr oxi de and |ithi um hydroxi dez Exanpl es of the

al kaline earth netal conpounds include al kaline earth netal carbonates such
as nmagnesi um car bonat e 25and cal ci um carbonate; and al kal i ne earth netal
hydr oxi des WO 2011/ 152540PCT/ JP2011/ 062856 34 such as nmagnesi um hydr oxi de

and cal ci umhytyoxs deor infradbg LyPbestivBt 3becPPPRUALal $spseferably an
al kali netal hydrOX|de or an al kaline earth netal hydroxide, nore

preferably agp@tkali netal hydroxide, still nore preferably sodium
hydr oxi de. [0075 The amount of the typical netal conpound to be used

|5 preferably ongciipl OLuIPLE: §EroFoLy ol 2aa) posds deLbylt PLoL: by agol

whil e an upper Ilnl ereof 1S not usua ess’ per

nol of 2-a | t butanol 00,76] The esent oxi dati on
reaction 1n%£§ ama?%i ghod? WFORETC IR it 0% SPPERRARE QFtaRYof gani ¢
solven% 15There.i s np se ection of the_organic,_sol vent insofar as
it doe notp¥?ﬁﬁ?H{eth% %@b%%n %x?%%TiB%DFeEE??BhO I BApbEedSof such a
sol vent |nc%ude es er sol vents such as 2®%ﬁ%a0etate and nitrile solvents

such as acetbhf?T$F e*AntPPr 6pi OhF t PFY @SR aarounta bt YRk 0fBanFEeRol vent

to be used is _ _ , , _ _
the filtrate is optionally neutralized with a mineral acid

such as sulfuric acid or hydrochloric acid and is then
concentrated and cooled.

10 The methionine thus brought out may be purified by
distillation, column chromatography, crystallization or
other purifying means.

[0069]

The embodiment by the method (2-2) will be described.

15 [0070]

Copper (hereinafter sometimes referred to as a copper
catalyst) may be supported on a carrier (hereinafter this
catalyst is sometimes referred to as a supported copper
catalyst) or may not bé supported thereon. Alternatively,

20 the copper obtained by treatiﬁg a copper-containing alloy
with an acid or an alkali (hereinafter this catalyst is
sometimes referred to as a developing copper catalyst) may
be used.

The support includes at least one support selected

25 from the group consisting of activated carbon, alumina,



usual ly 100 parts by weight or |ess per part by weight of

2-am no-4-net hyl t hi o- 1-butanol, while this amunt is not limted. [0077]
251 n t he woesants2zmi dati on reaction 1, the order of \OPCT/JP2011/062856
2011/ 152540PCT/ JP2011/ 062856 35 mi xing the reaction reagents i s not
limted. In the preferable enbodi nent, fgp exanple,

2-am no- 4- net hyl t hi o- 1butanol, a typical netal conpound and water are

m xed, and then the resulting mxture is adm xed with a copper 5catal yst.
This mxing is preferably carried out under an atnosphere of an inert gas

such as nitgonedh, (A48l dheapiesete oxidlat i Ofor fartéLMad, Myt bescarri ed
out under reduced pressure, normal pressure and increased 10pressure.

Pref er ably J Ak JRAGH Ofld So 68 14 Byl UNAST, DOL TR 1 PEFP UL G PL L NCT eased

pressure. [0079] A tenperature e present oxlidation reaction may

vary dependj ' 5 S used,

and is pre%ggg%ﬁga ﬁgﬁ?gﬂﬁgqf%%a?ﬂﬁﬁgé‘%ﬁéﬁ%?a %%gfr%%1§%6?%¥1%6%?n€§%h t he

reaction t erature is.not |ower than OC tq§%oxidation rgff§ion rate can
no

be hi gher. eens‘%FfPeOIftee:m%t?%"rP%erae’%aa {it'e &Y ot @ commercl

5 available product, or may be a catalyst in which copper or
an alloy of copper and aluminum is supported on the above-
described support, or may be a catalyst obtained as
follows: for example, at least one copper compound selected
from the group consisting of copper nitrates, copper

10 sulfates, copper formates, copper acetates, copper
carbonates, copper halides, copper hydroxides and copper
oxides 1s supported on the above-described support by
coprecipitation method or impregnation method, and then
this supported.compound is calcined or reduced with

15 hydrogen. The developing copper catalyst, in other words
"sponge catalyst" may be a commercially available product,
or may be a catalyst obtained by techniques known to those
skilled in the art from various alloys. The developing
copper catalyst includes a catalyst prepared from alloys

20 containing copper and aluminum, such as Raney copper
catalyst described in US patent No. 5292936.

The copper catalyst ié preferably a developing copper
catalyst or a supported copper catalyst, more preferably a
developing copper catalyst.

25 [0071]



hi gher than 200C, the oxidation reaction can be carried 20out in higher
selectivity. [0080] Proceedi ng of the present oxidation reaction 1
can be cowbioned2day anal yzi ng means such as gas chromat egrapini/062856

hi gh- performance |iquid chromat ography, thin-layer 25chronat ography,
nucl ei ¢ magneti c resonance spectrum WO 2811/ 152540PCT/ JP2011/ 062856 36
anal ysis, or infrared absorption spectrum anal ysis. [0081] Af ter

conpl etion of the present oxidation reaction 1, for exanple, the nethionine
may be brought out by a 5procedure in which the resultant reaction mxture

is filtered to reqpVansePPess Cei@l YSdpe RN BNt LHE $é|&£@&em£% @Rt onal ly
neutralized with a mneral acid such ‘as sulfuric acid or hydrochloric acid

and i's then, soncenty atecandesapl . 10The, ob al fedh PEL hi oD, MBYabe

purified by tion, ¢ romat ography, crystallization or other

purifying §§§$§ ]Qp? @P sent i Lgp eggt'pg Is,carried out by
an l15actiom o %f%n é%ﬂg gﬁ{f‘ﬁglg9ﬁ$ r%%rd%%isn1%apa%?% %f converting
et b . C . ¢

2 o - bt anel QB DL Do 0L B8R BRLLAD 9L 8.5

5 mol or less per mol of 2-amino-4-metylthio-l-butanol.
[0072]

The amount of water to be used is preferably one mol
or more per mol of 2-amino-4-metylthio-l-butanocl. While an
upper limit thereof is not limited, preferably it is 100

10 mol or less per mol of 2-amino-4~-metylthio-l-butanol.

[0073]

Preferably, the present oxidation reaction 1 is
carried out further in the presence of at least one typical
metal compound selected from the group consisting of alkali

15 metal compounds and alkaline earth metal compounds.

[0074]

Examples of the alkali metal compounds include alkali
metal carbonates such as sodium carbonate, sodium
bicarbonate, potassium carbonate, potassium bicarbonate,

20 lithium carbonate and lithium bicarbonate; and alkali metal
hydroxides such as sodium hydroxide, potassium hydroxide
and lithium hydroxide.

Examples of the alkaline earth metal compounds include
alkaline earth metal carbonates such as magnesium carbonate

25 and calcium carbonate; and alkaline earth metal hydroxides



cell. The mcroorganismis preferably a mcroorganismcultured in a culture
medi um contai ning a | ower aliphatic 20al cohol. [0083] Exanpl es of the
"l ower alwphati/g2abcohol " to be used for the culture nedcwarnchersss a | i ner
or branched aliphatic alcohols having 1 to 5 carbon atons. Specific
25exanpl es thereof include nethanol, ethggol, 1-propanol, 2- WO

2011/ 152540PCT/ JP2011/ 062856 37 propanol, 1-butanol, tert-butanol,

2-met hyl - | - propanol , 2, 2-di net hyl - 1-propanol, 1, 2-butanedi ol and

1, 3-but anedi ol . Anong them 1-propanol, 1-butanol, 2,2-dinethyl-1-propanol,
1, 2- but anedy @b &l ra st @nesh @to a1 @ Pied e abd YuSiefar SAe 0f these | ower

aliphatic alcohols nmay be m xed in the culture nedium at an appropriate

ratio. [0084]  rne AURINOGLOn Culibising theorlesposganismifaps cul ture

medi um contai ning a l'ower aliphatic alcohol will be 1l0descri ter.

0085] The m ' t ' [ bl
i of o0r ganlSH EaRB e DI B oR e LT o117 o of i by T aegt SaFouboee

2- ami no- 4- et hyl LI 0; 1o, 15D AP Ghee PG SSESRRE STSL 0L ALY 9XLELeL ROy
5 sodium hydroxide. |
\[0075]

The amount of the typical metal compound to be used is
preferably one mol or more per mol of 2-amino-4-methylthio-
l-butanol, while an upper limit thereof is not limited,

10 usually 2 mol or less per mol of 2-amino-4-methylthio-1-
butanol.

[0076]

The present oxidation reaction 1 may be carried out
further in the presence of an organic solvent.

15 There is no limit in selection of the organic solvent
insofar as it doeé not inhibit the present oxidation
reaction 1. Examples of such a solvent include ester
solvents such as ethyl acetate, and nitrile solvents such
as acetonitrile and propionitrile.

20 The amount of the organic solvent to be used is
usually 100 parts by weight or less per part by weight of
2-amino-4-methylthio-1-butanol, while this amount is not
limited.

[0077]

25 In the preséent oxidation reaction 1, the order of



means that oxidation of a hydroxyl group of a sulfur-containing am no
al cohol conpound proceed preferentially to oxidation of a sulfide of the

same conmpRunghyEXagp! es of the m croorgani sm having suchcgdpalibézkys
(hereinafter 20sonetinmes referred to as "the present m croorganisn)

include at |east one mcroorgani smsel eckgd fromthe group consisting of
the m croorgani sns bel onging to Alcaligenes, the m croorgani sns bel ongi ng
to the genus Bacillus, the mcroorgani sns bel onging to the genus
Pseudononas, the 25m croorgani sns bel onging to the genus Rhodobacter and

the WO ZO%HHS?@ gﬁg@é P14 0, &@gm%eﬁ’rgﬂﬂwgﬁ.bemﬂ%gg to the
genus Rhodococcus. 0 ecific exanples of the m croorgani smfor
t he present ox'q%ti n reaction 2 i cIudg @é east_one mj, croor I sm.
Soel bt ed oM Tt BF HEREURE: oS e T R L eSS AR 12 oup
of Mcroorgani snms> Al caligenes denjtrificans, Al caljgenes eutrophus,
Al cal | gened A1 & ARETT balesE Sp TRy AT | Hede 185y T b8 GRYRRS, SBci |1 us
al vey, Bacillus badius, Bacillus brevis, Bacjllus cereus, Bacillus
coagul ans, BHF IR FETHUSINBAEHF Firs® | 1M 6F % 4L tisazi FPRR hori t ai |
Baci |l us pum | us, Bacillus sphaericus, Bacillus subtilis, Bacillus validus,
Pseudotmonascafent X3t f i cBhsS TsetRDroha’r a5t T dekser e2¥ hecd paetdendhasatr agi ,
Pseudononas nendoci na, Pseudononas ol eovorans, Pseudonobnas ovalis,
Pseudononas? geesrivl € ot § giihesheFs edrionddeads puitidaroPerudononas
putrefaci ens, Pseudononas ri bofl avina, Pseudonobnas stram nea, Pseudononas
syringae, Ps&utbhonas tabaci,
The present oxidation reaction 1 may be carried out
under reduced pressure, ncrmal pressure and increased
10 pressure. Preferably, this reaction is carried out under
normal pressure oOr increased pressure.
[0079]
A temperature for the present oxidation reaction 1 may
vary depending on a kind and an amount of the copper
15 catalyst to be used, and is preferably from 0 to 200°C,
more preferably from 50 to 180°C. When the reaction
temperature is not lower than 0°C, the oxidation reaction
rate can be higher. When the reaction temperature'is not
higher than 200°C,'the oxidation reaction can be carried
20 out in higher selectivity.
[0080]
Proceeding of the present oxidation reaction 1 can be
confirmed by analyzing means such as gas chromatography,

high-performance liquid chromatography, thin-layer

25 chromatography, nucleic magnetic resonance spectrum



20Pseudononas taetrol ens, Pseudononas vesicul ari s, Rhodobacter sphaeroi des,
Rhodococcus erythropolis, Rhodococcus groberul us, Rhodococcus rhodochrous

and Rhodogeogisissfae [ 0087] 25Further, preferabl e as theppigpaniioe2sse
m croorganismis, WD 2011/152540PCT/ JP2011/062856 39 for exanple, at |east

one m croorgani smsel ected fromthe grouggconsisting of the follow ng
m croorgani sms. <G oup of Preferable M croorgani sns> Al caligenes
denitrificans JCVb490, Al caligenes eutrophus ATCC43123, Al caligenes
faecalis 1 F012669, Alcaligenes sp. |F014130, Al caligenes xyl osoxydans

| FO15125t , | i penes.. x 5126 i1l | FO3343t,
Baci | | us ba |%€y%\Cti%%?%é?§%§%??$%§$€$%€%§ %%iﬁ@%%%,g%%§§¥F§é cer eus
JCve152t , Ef&éé##zzcoagulans JCwve257t, Bacillus 10firnmus JCWMR512t, Bacill us
i chenifor A 7811, Bacillus licheniforms |IF012197, Bacill us

licheniform s | F012200t cillus ritai AT 1282 aci | | us pum | us
| FO19062t Baci I TLEb pHimr [ ShAoT FoBaHie BEaT T Lot At bt T ERsg6.
Baci |l lus suptilis ATCC14593, Bacjllus subtilis ATCC15841, 15 Bacill us
subtilis | FO%A0B A1 | LRE SUDtr 98I PEgRAB L BakeHolis QubtPYi’ | F03026,

Bacillus subtilis 1F03037, Bacillus subtilis I1F03108, Bacillus subtilis
| F03132, Bai9FeRUiAal+7ueh} Fo15635r e Piktrronadc Be t ik Fehnsl s AML426,

Pseudononas denitrificans | AML923, Pseudononas 20fi cuserectae JCWV2400t,

Pseudononast ¥ agjieq AL 22990 VPseriordnast 4 k agh . | F03458en, Peadbibhaste

mendoci na | F014162, Pseudononas ol eovorans | F0O13583t, Pseudononas ovalis

| F012688, Ps®urlooriasl s ewriobl bl ¢ niestd CVbeb8era Psegddnsnas et i da

| F0129961 Pseudononas putida | FO14164t, 25Pseudonobnas putida | F03738,

Pseudononassyplufudiac | #01Q@ 653, hy 3D 20UAY 16254 0PCINRd PRO 1AM &6 2856Hcentrated
and cooled.

10 The obtained methionine may be purified by
distillation, column chromatography, crystallization or
other purifying means.

[0082]
The present oxidation reaction 2 is carried out by an

15 action of a microbial cell of a microorganism capable of
converting 2-amino-4-methylthio-1l-butanol into methionine
or by an action of a processed product of the microbial
cell. The microorganism is preferably a microorganism
cultured in a culture medium containing a lower aliphatic

20 alcohol.

[0083]
Examples of the "lower aliphatic alcohol™ to be used
for the culture medium include a liner or branched

aliphatic alcohols having 1 to 5 carbon atoms. Specific

25 examples thereof include methanol, ethanol, l-propanol, 2-



40 Pseudononas putrefaciens | F03910, Pseudononas ri bofl avina | F013584t,
Pseudonbnas stram nea JCM2783t, Pseudononas syringae | F014055, Pseudonbnas
t abaci | R98208/15Bsieudononas taetrol ens | F03460, Pseudonwoagruasvesiari s
JCML477t, S5Rhodobacter sphaeroi des ATCC17023, Rhodococcus erythropolis

| F012320, Rhodococcus groberul us ATCC15036, Rhodococcus rhodochrous
ATCC15076, Rhodococcus rhodochrous ATCC15610, Rhodococcus rhodochrous
ATCC19067, Rhodococcus rhodochrous ATCC19149, Rhodococcus rhodochrous
ATCC19150, Rhodococcus 10r hodochrous ATCC21197, Rhodococcus rhodochrous

ATCC21199, Rhasacoccus ihogashy ous: JGMBRE 1, RIOHOCGELS- S $PopdOCI 9070,

Rhodococcus sp ATCClQO?l and Rhodococcus sp ATCC19148. 88]
The strains of-diieas, i of \SITE 11BY- 1% 50081 &1 efnd S I 90 n@%éio?nesy
or are eas y aval ron1 e culture collections. suc ture

?8::33:%8”3?@92 %ﬁ%|e§&&%8%§§f ng§J$ns ??3 g o%gée nta rég%ﬁa&& (or
(or NBRO) of NGRS THEE 1 GLE of T OLBhol GOy BRET B0 Latron: an -
(URLL 25ht U4 [ AT 3 %‘rgg%l?%v BRE2T KD & pobbr RSB gT Lt S ahie VO
2011/152540PCT/JP2011/062856 41 = P) -
lture medium at an appfopriate ratio.
[0084]

A method for culturing the microorganism in a culture
medium containing a lower aliphatic alcohol will be

10 described later.

[0085]

The microorganism for the present oxidation reaction 2
preferably a microorganism capable of preferentially
oxidizing a hydroxyl group of 2-aminc-4-methylthio-1-

15 butancl. The term "preferentially oxidizing" herein used
means that oxidation of a hydroxyl group of a sulfur-
containing amino alcohol compound proceed preferentially to
oxidation of a sulfide of the same éompound. Examples of
the microorganism having such an ability (hereinafter

20 sometimes referred to as ﬁthe present microorganism")
include at least one microorganism selected from the group
consisting of thé microorganisms belonging to Alcaligenes,
the microorganisms belonging to the genus Bacillus, the

microorganisms belonging to the genus Pseudomonas, the

25 microorganisms belonging to the genus Rhodobacter and the



2. Anerican Type Culture Collection (or ATCC) The stains are handl ed
by the ATCC business group of Summt Pharmaceuticals |International

Cor por at iwo,20amd244ney are avail abl e at ATCC website (URBCT/JP2011/062856
http://ww. sunmi t phar ma. co. j p/ j apanese/ servi ce/s_ATCC. htm ). 3. Japan

Col l ection of M.croorganisns (or JCM Preggently, control of the strains is
transferred to the mcrobial nmaterial devel opnent section of the Bio
10Resource Center of RIKEN (or RIKEN BRC), an independent adm nistrative
agent, and the strains are available at JCM website (URL:

NEE P/ WLy 0 6 Ktk B9t DI M RO IM 1 - $85 7 ) R Belo AN GYL t Ur

Col l ection 15Presently, strains of bacteria, yeasts and fil anmentous
bacteria ouf & ]the strains of the AN culture collection are transferred
to the ITiCI‘O%I a? mat eri al devel opnment section of the Bio Resource Center of

RI KEN, an independent -administyativ ent; .an rains-.of mcro_alga are
20transferred tgﬂf C(alfn%%r%}f)arrgajr’ﬁssn?go %cﬁ%ﬁo%fﬁ&{nﬁgs%a{?%ng#el%g?‘? rﬁFe for

Envi ronnental. Studi es (or, NI ES), . an, i ndependent, adm ni strati ve agent. The
strains ar eo%@"i‘tfja%rll eréﬁ‘cﬁh%n ‘%\;}%lﬁ%é}\}\eﬂ%ﬁE ?%meroorganlgm
http://ww. jcmriken, go.jp/JCM about JCM J. sht i _

25Nt 1 p2 | | Mot TR e ot TR st e et HeFS b)Y Wb the following

2011/ 152540PCT/ JP2011/ 062856 42 [ 0090]
microorganisms.

<Group of Microorganisms>
Alcaligenes denitrificans, Alcaligenes eutrophus,
Alcaligenes faecalis, Alcaligenes sp., Alcaligenes

10 xylosoxydans, Bacillus alvey, Bacillus badius, Bacillus
brevis, Bacillus cereus, Bécillus coagulans, Bacillus
firmus, Bacillus licheniformis, Bacillus moritai, Bacillus
pumilus, Bacillus sphaericus, Bacillus subtilis, Bacillus
validus, Pseudomonas denitrificans, Pseudomonas

15 ficuserectae, Pseudomonas fragi, Pseudomonas mendocina,
Pseudomonas oleovorans, Pseudomonas ovalis, Pseudomonas
pseudoalcaligenes, Péeudomonas putida, Pseudomonas
putrefaciens, Pseudomonas riboflavina, Pseudomonas
straminea, Pseudomonas syringae, Pseudomonas tabaci,

20 Pseudomonas taetrolens, Pseudomonas vesicularis,
Rhodobacter sphaeroides, Rhodococcus erythropolis,

- Rhodococcus groberulus, Rhodococcus rhodochrous and

Rhodococcus sp.
[0087]

25 Further, preferable as the present microorganism is,



The m crobial cells of the m croorgani smcapable of preferentially oxidize
a hydroxyl group of the 2-am no-4- nethylthio-I|-butanol and the processed
product twenrenfisasse 5Savail abl e or can be prepared by screenrrng1/a62856

m croor gani sm capabl e of converting 2-am no-4-nethylthio-I|-butanol into

met hi oni ne. Specifically, for exanple, aspest tube is charged wth a
sterilized culture nmedium (5 m ), and the cells available fromthe culture
collection or cells purely 10separated fromsoil are inocul ated thereon.
The cells in the test tube are subjected to shaking culture at 30C under an

aer obi ¢ congl L i Qg d er4 €OIPL &L 1 Ol %1&9@0&5‘!&&%1@ séi‘@cE@Jﬂ' srghethecovered

by centri fugal separatlon to obtain viable cel After a scremftop t est

L SHE A T e R o) e v

i s added to e sus en he res ultin xture i s shaken at 30C for
3 to 7 days. é?&% ggﬂ%?e %%% %f& roo eaction: 91 m of the reaction

20liquid i led The cells_are re s sanplin id, and
fhen. an arbiifL Joqerb%aﬁ%%t%mw n@fi?%{%m& ol BgSRrR e herobfits

chr omat ogr aphy. way, a m croor anlsn1mh|ch has an ability
to pre'\%b ererf&%qﬁ/l%% dn‘]z%a]al%@%‘?%xg/‘?gﬁ?%hi B]I?O%%gES%L aft pdlygenes sp.
25nethy|th|o | - but anol _can be screened. WD 2011/ 152540PCT/JP2011/ 062856 43
[ 0091] TFE AT Her bk @ LI FRNSS CFobPSPX¥eRns YOt hb2 Af crdbFghhPenteapabl e
of preferentially oxidize a hydroxyl group of the

2- am no- 4- MEY kYA QKT ERNS bl @hol 2 @lnd Bavel preeeabeey pf baaet 36t herest lake

avai l abl e or can be prepared by screening a
badius ATCC14574t, Bacillus brevis JCM2503t, Bacillus

cereus JCM2152t, Bacillus coagulans JCM2257t, Bacillus

10 firmus JCM2512t, Bacillus licheniformis ATCC27811, Bacillus
licheniformis IF012197, Bacillus licheniformis IF012200t,
Bacillus moritai ATCC21282, Bacillus pumilus IF012092t,
Bacillus sphaericus IF03341, Bacillus sphaericus IF03526,
Bacillus subtilié ATCC14593, Bacillus subtilis ATCC15841,

15 Bacillus subtilis IF03108, Bacillus subtilis IF03132,
Bacillus subtilis IF03026, Bacillus subtilis IF03037,
Bacillus subtilis IF03108, Bacillus subtilis IF03134,
Bacillus validus IF013635, Pseudomonas denitrificans
IAMi426, Pseudomonas denitrificans IAM1923, Pseudomonas

20 ficuserectae JCM2400t, Pseudomonas fragi IAM12402,
Pseudomonas fragi IF03458t, Pseudomonas mendocina IF014162,
Pseudomonas oleovorans IF013583t, Pseudomonas ovalis
IFO12688, Pseudomonas pseudoalcaligenes JCM5968t,
Pseudomonas putida IF012996, Pseudomonas putida IF014164t,

25 Pseudomonas putida IF03738, Pseudomonas putida IF012653,



m croorganismcultured in a culture nmediumcontaining a | ower aliphatic

al cohol and capabl e of converting 2-am no4-nethylthio-I-butanol into

met hi oni nwo 2Bugiz2siI0r eeni ng nmay be conducted as fol | ows: pATIeSI11/D628Ss | S
charged with a 10sterilized culture medium (5 m) which contains a | ower

al i phatic al cohol and which has been prepared by adding, to water (1 L), a
| ower aliphatic al cohol (5 g), polypeptone (5 g), yeast extract (3 g), neat
extract (3 g), ammonium sul fate (0.2 g), potassium di hydrogenphosphate (1
g) and 15magnesi um sul fate heptahydrate (0.5 g), and adjusting the pH of

the mxturepdQidofonddePut £8F1Si &A1 1 pbb €10 op bh@orUhLET B169FL £6LHgNs or
cells purely separated fromsoil are inoculated on this culture nedium The

S S b o NErG £Sba ) UDG AL EaSHO £OT &L, 1,0 20AK O, PR L LI 8581 §@§§g9der an

20aer obi ¢ conditi on. ter conpletion o ture are

d |
Resithudie Uiz e‘?%%e s %5?52?%?% ‘%9&%?%@&% ﬁﬂ’ﬁégﬁ*&f Preéhlfhofias
m th bl e | th
TENbt hi ot nare e TS B GAR e A oA Ra AP R BER St AT E, ot her
2011/ 1 2540PCT/JP2011/06 856 44 [ ti t hak t 30C f{ 3t
S i e o raaas it S R D ghgd%$0§$3fﬁ%r?5%E9Pah9%.qu.g

is sanpled._ The cells are renoved fromthis samgllng quid, and then, an
amount  of p?%Qﬂ%%%meﬁWWQQﬁ?@P@ﬁsg%%%ﬁy%%ﬂsb%T Hop 6ch?%%%?%@?§bﬁy
On the other hand, nethionine is produced in the sane manner as nentioned

above, exceProdoERronTrdhral 2¢Ef1 sRedecopeens cinedeelrPns sAEGFt P €0mredi um

not containing | ower aliphatic alcohol. Then the anmount of the produced
10net hi oni Nthodoaretys echodechtdies raBelt a0 7 andhydedogvalisierhgdochrous

ATCC19149, Rhodococcus rhodochrous ATCC19150, Rhodococcus
10 rhodochrous ATCC21197, Rhodococcus rhodochrous ATCC21199,

Rhodococcus rhodochrous JCM3202t, Rhodococcus sp. ATCC1S9070,

Rhodococcus sp. ATCC19071, and Rhodococcus sp. ATCC19148.

[0088]

The strains of these microorganisms may be separated

15 from natural ones, or are easily available from the culture

cgllections.

As such culture collections which these strains can be
purchased, for‘example, the following are exemplified.
[0089]

20 1. Institute of Fermentation Osaka (or IFO)

Presently, the strains are handled by the Biological
Resource Center (or NBRC) of the National Institute of
Technology and Evaluation, an independent administrative
agency, and they are available at NBRC website (URL:

25 http://www.nbrc.nite.go.jp/NBRC2/NBRCDispSearchServlet?lang



conpared with the forner anount of the produced nethi oni ne produced by the
m crobial cells cultured in a culture nmediumcontaining |ower aliphatic

al cohol , Wwe bhersehy sel ect a m croorgani smshow ng an agkirMpiif1/b62s8s6
15preferentially oxidize a hydroxyl group. [0092] Next, a method for

growi ng the present microorganismwll bg,described. The present s
m croorgani smmay be cultured in a culture 20nedi umfor use in growth of
vari ety of m croorganisns, which contains a carbon source, a nitrogen
source, an organic salt, an inorganic salt and the like. [0093]

Exanpl es of_ihe carbon source include saccharides such 25as gl ucose,
dextrin and crose; sugar al cohols such as WO

2011/ 152540PCT/ JP2011/ 062856, 4 | ycerol : organic i such as fumaric
acid, citri%iaéT%Fﬁﬁﬁnp ¥%%i%u§%gﬁ¥(§ﬁfL%?€%$ 55052ét€§ble oils; and

nol asses. The ampunt of these carb ources to be added to the culture
medi umis usual | ?r%B?h%%u%r%.H?%§P%§5%¥ 8090 LT ) PBBtneRe SEPTRr et
solution. [0094] Exanples of the nitrogen source include natural organic
nitrogen sotHERSt ST BRCHEEtCRLE rHeteTprptone! GerRPrakieact an@afhey

extract, soybean flour, corn steep
5 are available at ATCC website (URL:

http://www.summitpharma.co.jp/Jjapanese/service/s_.ATCC.html) .
3. Japan Collection of Microorganisms (or JCM)
Presently, control of the strains is transferred to

the microbial material development section of the Bio

10 Resource Center of RIKEN (or RIKEN BRC), an independent
administrative agent, and the strains are available at JCM
website (URL: http://www.jcm.riken.go.jp/JCM/aboutJCM-
J.shtml) .
4. IAM Culture Collection

15 Presently, strains of bacteria, yeasts and filamentocus
bacteria out of the strains of the IAM culture collection
are transferred to the microbial material development
section of the Bio Resource Center of RIKEN, an independent
administrative agent; and strains of micro alga are

20 transferred to the microorganism collection of the National
Institute for Environmental Studies (or NIES), an
independent administrative agent. The strains are
available at the JCM or NIES website (URL:
http://www.jcm.riken.go.jp/JCM/aboutJCM.J.shtml,

25 http://mcc.nies.go.jp/aboutOnlineOrder.do)



10l'i quor, cottonseed flour, dry yeast and casam no aci ds; am no aci ds;
sodiumsalts with inorganic acids such as sodiumnitrate; amoniumsalts

wi t h i nonganhf/@ed4@s such as ammoni um chl ori de, amoni upcsyPiAL B8N
ammoni um phosphat e; amoni um salts with organi c acids such as ammoni um

fumarate 15and ammoniumcitrate; and urea, Anong these nitrogen sources,
the anmmonium.salts with organic acids, the natural organic nitrogen sources
and am no acids nay be used al so as carbon sources in many cases. The
anount of these nitrogen sources to be added to the culture nediumis
20usual |y ff@ @pout 0.1 to about 30% (w v) of the culture solution. [0095]
Exanpl es of the organic salt and the inorganic salt include chlorides,

sul fates, acetatgs, ca nat £s_ a 25ph ot assiu odi um
magnesi um iron;ﬁﬁ%ﬁﬁﬁégg%%afv&?ggﬁl?ﬁSgéggﬁ%ﬁfagé%gﬁi6%2§%§£Q2608galt,
zinc or the |ike. Specjfic ex | es thereof are sodi chl gride, potassium
Chil'or e, | TRIGHES) S S bt 9T FERS ofish SO $2 kS PR anboblSurt afehoEdbal
chloride, zinc sulfate CQ€ er_sul fate, sodiun1a$etate, cal ci um car bonat e,
5pot assi um%?/ﬁ?%b%}hlp%bjs_r}h% 1hPpot HRSi BRPAFRTET 0gEAPRES phREESOThaT Snount
of these organic salts and/or inorganic salts to be added to the culture
nmedi un?i s w130 F? ot abutP®. BOBR2¥ oA PBUECHOE T WhY) 2 0Pl ERRCEARRUFR

sol ution. 10[ 0096] As the culture nethod, solid culture and liquid
culture (e.¢ppabbstof upencerting, 2famsrochtnakleylbpdorhroreaneht énteul ture)

are exenplified.
methionine. Specifically, for example, a test tube is

charged with a sterilized culture medium (5 ml), and the
cells available from the culture collection or cells purely
10 separated from soil are inoculated thereon. The cells in
the test tube are subjected to shaking culture at 30°C
under an aerobic condition. After completion of the
culture, the cells are recovered by centrifugal separation
to obtain viable cells. After a screw-top test tube is
15 charged with 0.1M Tris-glycine buffer (pH 10) (2 ml), the
viable cells are added, and they are suspended in each
other. Methioninol (2 mg) is added to the suspension, and
the resulting mixture is shaken at 30°C for 3 to 7 days.
After completion of the reaction, 1 ml of the reaction
20 liquid is sampled. The cells are removed from this
sampling liquid, and then, an amount of produced methionine
is analyzed by ligquid chromatography.
In this way, a microorganism which hés an ability to
preferentially oxidize a hydroxyl group of the 2-amino-4-

25 methylthio-1l-butanol can be screened.



There is no particular Iimt in selection of a culture 15tenperature and pH
of a culture solution, insofar as these conditions enable growth of the
present mvoroowgasapsm For exanple, a cul ture tenperatureTiss2di/oszssdout 15C
to about 45C and a pH of a culture solution is fromabout 4 to about 8.
VWhile a culture tinme may be optionally salzected 20dependi ng on culture
conditions, it is usually fromabout 1 day to about 7 days. [0097]

Next, a method for culturing the mcrobial cells of the present

m croorganismin a culture nmediumcontaining a 25l ower aliphatic al cohol

w Il be desggoded. WO 2011/ 152540PCT/ JP2011/ 062856 47 The present

m croorgani smmay be cultured in a culture nmediumfor culturing a variety

of mi croorgani sng,, Wi G £4] tUre 1\, ?f&'k@lé‘PpJéQPIéaéF' yhg%£ﬁ£8§r§aﬁ§5mn

source, nitrogen source, or ganl C Ssa I norgani ¢ sal he

car bon Sourc?aﬁpéﬂ eid éf‘efé"r[e Sl v ert O%iir'% %‘%%@%gi QP&E co @l £phol

al one may be use ur e sys car ydr carbon

organi c aci al ¢ 0 e, used. [0098 he | ower
o Pohati o o S o el gl | e, T e et 000, 106g, e

al cohol havin %6 o 5 carbpo ai can be used. Sg30£f C exanPIes t her eof

i ncl ude net HX et handy® 2y a% %p%ﬁo?anzb%rgbﬁﬂ%F 1°Bufahof+ £8r #but anol ,

2- et hyl - 1- propanol 2, 2- dlneth propanol, 1,2- 15butanedi ol and

1, 3- butanedPHTrOQ%ﬁﬁEﬂ?%e%H ﬁuﬁg%pﬁ%o? %lt%ﬁ?a%%ﬁlum containing a

2, 2-di net hy| -1 - propanol, 1, 2-butanediol and 1, 3- butanediol are preferable.

Any of t heskoWower L HPhdhke i 21 3Plohor’d negP el & XEICPAVERBLRYI £ UABL AR um at

an appropriate ratio. 20[0099]
4-methylthio-1-butanol into methionine. Such screening may

be conducted as follows: A test tube is charged with a

10 sterilized culture medium (5 ml) which contains a lower
aliphatic alcohol and which has been prepared by adding, to
water (1 L), a lower aliphatic alcohol (5 g), polypeptone
(5 g), yeast extract (3 g), meat extract (3 g), ammonium
sulfate (0.2 g), potassium dihydrogenphosphate (1 g) and

15 magnesium sulfate heptahydrate (0.5 g), and adjusting the
pH of the mixture to 7.0. Then, cells available from the
culture collections or cells purely separated from soil are
inoculated on this culture medium. The cells in the test
tube are subjected to shaking culture at 30°C under an

20 aerobic condition. After completion of the culture, the
cells are recovered by centrifugal separation to obtain
viable cells. After a screw-top test tube is charged with
0.1M Tris-glycine buffer (pH 10) (2 ml), the viable cells
are added, and they are suspended in each other.

25 Methioninol (2 mg) is added to the suspension, and the



As the carbon source, the |lower aliphatic alcohols as nentioned above can
be used. The anount of such a carbon source to be added to the culture

medi um i swoyalidsysshr om about 0.1 to about 30% (wW v) of plagiprtiibé®8se
solution. 25[0100] WO 2011/152540PCT/JP2011/ 062856 48 Exanpl es of the

nitrogen source include natural organic pjtrogen sources such as neat
extract, peptone, yeast extract, malt extract, soybean flour, corn steep

| i quor, cottonseed flour, dry yeast and casam no acids; 5am no aci ds;
sodiumsalts with inor gani c acids such as sodiumnitrate; amoniumsalts
with inorganic acids such as a nlumchlo um syl fate and
amoni um phosPhat 829 dhon U 53l §182 5% h2 br %g%ecf aci dsnC s{?c %> -anmoni um
fumarate and a Eum citr . and urea. Am)n thefe fogﬁn 10s0 rces,

t he ammoni um sal’ts Wi t4° %‘?g%ﬁ%na%?d € the?ha ?ﬁl’al oIPg FtFo9ehSBur ces
and am no be used al sg as carbon sources in_many cases. -The
armount  of ?]rfe (ﬂa% O%P'P]s%%r ces% of %ﬁ%d@é‘ﬂ Femeved cEF Phr B hedi umi s
usually fromabout 0.1 to about 30% (w v) of the culture 15solution, [0101]
Exanpl es ofsﬁwm%éﬁ%u%‘éd taRfhat e | Moraniet saf tPFadreRe IB%F]&%PBé‘ée

sul fates, acetates, carbonates and phosphates of potassium sodium
magnes? um ¥ o2 he#RA s el 1 2okd ha FommEcFT by Speci f i ¢ exanpl es t her eof

are sodi um
On the other hand, methionine is produced in the same

manner as mentioned above, except that microbial cells have
been cultured in a culture medium not containing lower
aliphatic alcohol. Then the amount of the produced
10 methionine is analyzed, and the resultant analyzed value is
compared with the former amount of the produced methionine
produced by the microbial cells cultured in a culture
medium containing lower aliphatic alcohol, to thereby
select a microorganism showing an activity to
15 preferentially oxidize a hydroxyl group.
[0092]
Next, a method for growing the present microorganism
will be described.
The present microorganism may be cultured in a culture
20 medium for use in growth of a variety of microorganisms,
which contains a carbon source, a nitrogen source, an
organic salt, an inorganic salt and the like.
[0093]
Examples of the carbon source include sacéharides such

25 as glucose, dextrin and sucrose; sugar alcohols such as



chloride, -potassiumchloride, magnesium sul fate, ferrous sulfate,
manganese sul fate, cobalt chloride, zinc sulfate, copper sulfate, sodium

acet at e, wolgiwtraar bonate, potassi um hydrogenphosphatep@mgpmi/@@ggfpm
25di hydr ogenphosphate. The amount of these organic salts

2011/ 152540PCT/ JP2011/ 062856 49 and/ or ggrganlc salts to be added to the
culture nediumis usually fromabout 0.0001 to about 5% (w v) of the

culture solution. [0102] 5As the culture nethod, solid culture and |iquid
culture (e. g , test-tube culture, flask culture, or jar fernenter culture)

are exempl i1 trot; ordllEre 18180 ALKI SUI Aln Lo LR seL 0L} 0N 0f 42

culture te Ure’ an I'on, i nso

10condi ti ons_enabl e cultur of the present _mc ani sm For. a
Ul tur e t oS GRS 1510 AL B Lo abUe L ASE anur s pFRBr T ORFEar o
solution is fromabout 4 to about 8 Wile a culture ti may be optionally
sel ect ed depEhddTRP¥h %@I?Qﬁ%@cﬁ@ﬁﬁ??oﬁ%ur??slEougﬁa?@Qe 5??05?%bout 1 day
to about 7 days. [0103] It is p055|ble to directly use the nlcroblal cells
of the presehtt¥ie e kani st aaual bat BrgBtapert u@el | hot HeoBF ed@ht (B4VHat i on
reaction 2. As the nethods for directly 20using the mcrobial cells of the
present m c?borparishiure)salwetdvd in which the culture solution is used
directly, and (2) a nmethod in which the mcrobial cells recovered by
centrifugal [&&paration of the culture solution or the wet

Examples of the nitrogen source include natural
organic nitrogen sources such as meat extract, peptone,
yeast extract, malt extract, soybean flour, corn steep

10 liquor, cottonseed flour, dry yeast and casamino acids;
amino acids; sodium salts with inorganic acids such as
sodium nitrate; ammonium salts with inorganic acids such as
ammonium chloride, ammonium sulfate and ammonium phosphate;
ammonium salts with organic acids such as ammonium fumarate

15 and ammonium citrate; and urea. Among these nitrogen
sources, the ammonium salts with organic -acids, the natural
organic nitrogen sources and amino acids may be used also
as carbon sources in many cases. The amount of these

nitrogen sources to be added to the culture medium is

20 usually from about 0.1 to about 30% (w/v) of the culture
solution.
[(0095]

Examples of the organic salt and the inorganic salt
include chlorides, sulfates, acetates, carbonates and

25 phosphates of potassium, sodium, magnesium, iron, manganese,



m crobial cells obtained after optionally washing the 25recovered cells
with a buffer solution or water is used, WD 2011/152540PCT/JP2011/ 062856

50 are exgopRbiifiseslo [ 0104] As the catal yst for usepih/sphg1péRSENt
oxi dation reaction 2, a processed product of the present 5m croorgani sm may

be used. Exanples of such a processed prqguct include a product obtained by
treating the mcrobial cells obtained by culture, with an organic sol vent
(e.g., acetone, ethanol); a product obtained by freeze-drying such cells; a
product obtained by treating 10such cells with an al kali; a product

obtai ned by physi cal| yoor, epgyaticall y,gri plng,sychocelh s god grude

enzyne separated and éextrac rom t hése products. € processed products

further inc| ducts.whi ch_are. obtajned. by treating the cel
(escr | bed| SBOVES et T h3bi | BT AGt RS G8CaHE Y BSRRRA ot hoG® SFo105

Specifically, the cells of the present roorganj s an rocessed
product s tké#%ﬁﬁu?e$ﬁ%faE%1Im??gﬁn%i?r%ﬁigaE?ud%oB?g¥e?Hngﬁ?Ffiéanﬁrotein

and i nmobilized products 20t hereof) can be used as the catal ysts of the
present oxi Hatfarer caeRPoh SUEkARDI e300t R haCpEdERssed! ptoHUEREP BN ERe
m crobial cells include a freeze-dried m croorganism a m croorgani sm
treated w tPelms vk gant vdsedepiosphafe candi e bafgariism a ground

m croorgani sm an autol ysate of 25m croorganism an ultrasonically treated
m cr oor gani $hpy@rogenphosphate. The amount of these organic salts

and/or inorganic salts to be added to the culture medium is
usually from about 0.0001 to about 5% (w/v) of the culture
solution.

10 [0096]

As the culture method, solid culture and liquid
culture (e.g., test-tube culture, flask culture, and jar
fermenter culture) are exemplified.

There is no particular limit in selection of a culture

15 temperature and pH.of a culture solution, insofar as these
conditions enable growth of the present microorganism. For
example, a culture temperature is from about 15°C to about
45°C and a pH of a culture solution is from about 4 to
about 8. While a culture time may be optionally selected

20 depending on culture conditions, it is usually from about 1
day to about 7 days.

[0097]

Next, a method for culturing the microbial cells of

the present microorganism in a culture medium containing a

25 lower aliphatic alcohol will be described.



WO 2011/ 152540PCT/ JP2011/ 062856 51 m cr oorgani smextract and an
al kali-treated m croorganism As a nethod for obtaining i mobilized

m cr oor gaRo2i/@25@r ri er-binding nethod (i.e., a nethodpef/pstspoddssy t he
present enzynme or the like onto an inorganic carrier such 5as silica gel or

ceramc, cellulose, or an ion-exchange rgsin), and an entrapment method
(i.e., a method of entrapping the enzyne 'in a polyneric net structure of
pol yacryl am de, sul fur-containing polysaccharide gel (e.g., carageenan

gel), alginic acid gel, agar gel or the like), 1lOare exenplified. [0106]

In view of i ndustyd al . product]on Wik, 1he wee of Lhepresent m crporgani sm
the use of the erif |ze nlcroorga ismmy e nore a vantageous an-t he
use of 15untr ated nlc ani s in the popnt.,of the restriction in the

or oduct | on et e BSR tetvor oh b Coererd ey Halh
nlcroorganlsn1|nclude a ph S|cal sterilization nmethod (e.g., heating,
drying, freashgre Ineghtun CORF 13 ERbhi oM ERS ?l???%??oﬁOBFC%urrent-
20carrying), sterilization met hod with chemi cal s (e.g al kali, acid,

hal ogen, oxIPJd‘él’rﬁge%uf’rCflﬂﬁce'bd?Wma@ st &, W%ganh‘l:c%%%F Obh‘éﬁ%lllhﬁ} ne,

sul fide, ether, aldehyde, ketone, cyan and antibiotic). In general, it is
desi rabl e tAs sdiectaseh %plnlr@%ltf@ﬂg #et hod Wi chu Hoese noed emct # vhPeeR5” t he

ability of the present enzynme to preferentially
aliphatic alcohol alone may be used, or a mixture system of

carbohydrate, hydrocarbon, organic acid, sugar alcohol of
the like may be used.
[0098]

10 As "the lower aliphatic alcohol", the above-described
a liner or branched aliphatic alcohol having 1 to 5 carbon
atoms can be used. Specific examples thereof include
methanol, ethanol, l-propancl, 2-propanol, 1l-butanol, tert-
butanol, 2-methyl-l-propanol, 2,2-dimethyl-l1-propanol, 1,2-

15 butanediol and 1,3-butanediol. Among them, l-propanol, 1-
butanol, 2,2-dimethyl-l-propancl, 1,2-butanediol and 1,3-
butanediol are preferable. Any of these lower aliphatic
alcohols may be mixed in the culture medium at an
appropriate ratio.

20 [0099]

As the carbon source, the lower aliphatic alcohols as
mentioned above can be used. Thé amount of such a carbon
source to be added to the culture medium is usually from
about 0.1 to about 30% (w/v) of the culture solution.

25 [0100]



WO 2011/ 152540PCT/ JP2011/ 062856 52 oxi di ze a hydroxyl group of a

sul fur-contai ni ng am noal cohol conpound” and whi ch causes | ow resi due and

| ess pol IwDi20ny/BBssbhe reacti on system fromthe above- destrhrdos2ss6
sterilization nethods. 5[0107] The present oxidation reaction 2 is
usual ly carried out in the presence of waiger. In this case, water may be in
the formof a buffer solution. Exanples of a buffering agent for use in the
buffer solution include salts of 10alkali netals with phosphoric acid such
as sodiun1phosphate and pot assi um phosphate; and salts of al kali metals

W th acetic aci g SO}@é éPdtHQ‘ﬁf€£$$8na§9uPQ a§§&9 Séﬁﬁa Exanpl es of

an al kal i ne buffer ution 1nclude I shydroc Iorlc sol uti on,

Trisortricobulion solutian dsendotnelikes Fur I;hswpgst the ggent

oxi dati on r@a e carried ou e pr e€sence bf PWRt8r -and a

hydr ophobi c_or gani ¢, sol vent case s of the h hobi ¢
organi c solx%%gt|%%Tﬁ%%t@5T%}ts%¥€5%?g s%%%b% %ﬁ?PrQO?BFﬂaggee thyI

acet at e, o§¥ acet at e, but ﬁcetat ethg propi onate. and buty

propi onat e; %%EOIC%BT@%%?% shichuss r%uY? 5 29 oFaSﬁméﬂ9la§F€6hol and
n-octyl al cohol; aromatic hydrocarbon solvents such as benzene, toluene and
xyl ene® et MIPLRO| ¥eHiS/ sTRPAIWB o7 bERyW1 BR hEROT 931 T spi@pyFuebhaf and

met hyl -t-butyl ether; hal ogenated WO 2011/ 152540PCT/JP2011/ 062856
sodium nitrate; ammonium salts with inorganic acids such as

ammonium chloride, ammonium sulfate and ammonium phosphate;
ammonium salts with organic acids such as ammonium fumarate
and.ammonium citrate; and urea. Among these nitrogen

10 sources, the ammonium salts with organic acids, the natural
organic nitrogen sources and amino acids may be used also
as carbon sources in many cases. - The amount of these
nitrogen sources to be added to the culture medium is
usually from about 0.1 to about 30% (w/v) of the culture

15 solution.
[0101]

Examples of the organic salt and the inorganic salt
include chlorides, sulfates, acetates, carbonates and
phosphates of potassium, sodium, magnesium, iron, manganese,

20 cobalt and zinc. Specific examples thereof are sodium
chloride, -potassium chloride, magnesium sulfate, ferrous
sulfate, manganese sulfate, cobalt chloride, zinc sulfate,
copper sulfate, sodium acetate, calcium carbonate,
potassium hydrogenphosphate and potassium

25 dihydrogenphosphate. The amount of these organic salts



53 hydrocarbon sol vents such as chloroformand 1, 2- dichl oroethane; and

m xtures thereof. Alternatively, the present oxidation reaction 2 nay be
carried owd220nytskaopr esence of water and a hydrophilic Porgamicoesseent. |n
this case, exanples of the hydrophilic organic solvent include al cohol

sol vents such as nethanol and ethanol; kgone sol vents such as acetone,

et her sol vents such as di net hoxyet hane, tetrahydrofuran and di oxane;

di met hyl sul foxi de; and m xtures thereof. 10[0108] The present
oxidation reaction 2 is usually carried out at a pHof 3 to 11 in the water

phase, but 1fe &#%r#%nf@péé’ﬂéa&?'ﬂevé‘&&& E@SE’xﬁgrcfi‘ thPE hEAGHRORS! S

permtted to proceed e reaction is carried out pre erably on the

ay kal i st dewpr ey PEELErablY % GopH of Bodor 10,1 p.5be vRt ero! aer, L0100]

The present OXI ation fredction 2°1s usua y carrl ure of
f rom about 0 9 about 60C, but the 20tenperature may be optionally varied

i nsof ar as HrEdetion is permtted to proceed. [0110] The

pr esent OXIeﬁ%d ﬂ reaction 2 is usually carried out for about 0.5 hour to
about 10 da Zhe termination 250f the reaction can be confirmed, for

exanpl e, WO 2011/152540PCT/JP2011/062856
5 he culture method, solid culture and liquid

culture (e.g., test-tube culture, flask culture, or jar
fermenter culture) are exemplified.
There is no particular limit in selection of a culture
temperature and pH of a culture solution, insofar as these
10 conditions enable culture of the present microorganism.
For example, a culture temperature is from about 15°C to

about 45°C and a pH of a culture solution is from about 4

to about 8. While a culture time may be optionally

selected depending on culture conditions, it is usually
15 from about 1 day to about 7 days.

[0103]

It is possible to directly use the microbial cells of
the present microorganism as a catalyst for use in the
present oxidation reaction 2. As the methods for directly

20 using the microbial cells of the present microorganism, (1)
a method in which the culture solution is used directly,
and (2) a method in which the microbial cells recovered by
centrifugal separation of the culture solution or the wet
microbial cells obtained after optionally washing the

25 recovered cells with a buffer solution or water 1is used,



54 determ ning the anount of 2-am no-4-nethylthio-1-butanol in the reaction
solution by liquid chromat ography, gas chromatography or the |like, after
conpl et i omoebivifsessaddi ti on of 2-am no-4-nethylthi o-1- butremab2@soe@ssaw

mat eri al conpound. [0111] A concentration of

2- am no- 4-net hyl t hi o- 1-but anol as the raygmaterial conpound in the present
oxi dation product 2 is usually 50% (wv) or |less. To keep the concentration
10o0f 2-am no-4-nethylthio-1-butanol in the reaction system substantially
constant, 2-am no-4-methylthio-1-butanol may be continuously or

sequentieﬂIé&éuggghéfaﬁf@afeaction system [0112] 15In the present
oxi dation reaction 2 or exanpl e, saccharides such as glucose, sucrose and

fructose or & ygfactant such as TritonX-100, Tween 60 optionally my be
added to th% reaction system [0113] 20Recovery of nethionine fromthe

reaction soluti be done by_a known, nmet.hod. For . ex le, a
boSt-treatnent SUENIR CH-DRLTatioh B1° ekbr it | WECTRRL P GhPF b 8B vent from
the reaction solution, an operation of concentrating the solution,

| on- exchandea S5y el 1 DEL GO RIRATT ke oy HeP BBt Fdhal | y combi ned wit h
WO 2011/ 152540PCT/ JP2011/ 062856 55 col unmm chromat ography, distillation or
the like td“%?ﬁﬁ%ﬁﬁﬁ%&ﬁmf%aYmR$n%ﬁﬁ%e. Examples of "such”a processed

product include a product obtained by treating the
microbial cells obtained by culture, with an organic
solvent (e.g., acetone, ethanol); a product obtained by
freeze-drying such cells; a product obtained by treating
10 such cells with an alkali; a product obtained by physically
or enzymatically grinding such cells; and crude enzyme
separated and extracted from these products. The processed
products further include products which are obtained by
treating the cells as described above, and immobilizing the
15 same by a known method.
[0105]

Specifically, the cells of the present microorganism,
and processed products thereof (e.g., cell-free extract,
crude protein, purified protein and immobilized products

20 thereof) can be used as the catalysts of the present
oxidation reaction 2. Examples of the processed products
of the microbial cells include a freeze-dried microorganism,
a microorganism treated with an organic solvent, a dried
microorganism, a ground ﬁicroorganism, an autolysate of

25 microorganism, an ultrasonically treated microorganism, a



[ 0114] Met hi oni ne obt ai ned by the production process of the
S5present invention nmay be in the formof a salt. EXAMPLES [0115]

Her ei naf two.20iih@29apesent invention will be described 10iparpiR106k& | by
way of Exanples. [0116] <Production of 2-am no-3-buten-1-o0l> A 100 niL

stainl ess steel -made reaction tube with g,nmagnetic rotor was charged with
1, 2- epoxy-3-butene (200 ng), 15a 28% by wei ght of ammonia water (10 g) and
scandiumtriflate (14 ng) to prepare a m xture thereof. The m xture was
stirred at an internal tenperature of 30C for 6 hours to react

1, 2- epox but ene W|th amroni An.inter ressur e. of er C|ontube
was mgl n%lal%heéc;rt acfr%a%'l% %thlraﬁ) am%zluaf"ri‘l n%i?%eprtg];ec ?%% m%‘%%%?r(g%rlr%f etion of
t he reactl the rea xture was to a. roomtenperature, and
 hen. st ok "f%m%el iy fﬂoae%wﬁ%or%afb B0t the

m xture obt ai ne,d after ,the evaporatjon of amoni a was col |l ected and was

t hen anal yz‘&f@f%%%@%@ t Dgraphy? iTH EFofhl O S raterir Mt e to

determine the WO 2011/152540PCT/JP2011/062856 56
present enzyme or the like onto an inorganic carrier such

5 as silica gel or ceramic, cellulose, or an ion-exchange
resin), and an entrapment method (i.e., a method of
entrapping the enzyme in a polymeric net structure of
polyacrylamide, sulfur-containing polysaccharide gel (e.qg.,
carageenan gel), alginic acid gel, agar gel or the like),

10 are exemplified.

[0106]

In view of industrial production with the use of the
present microorganiém, the use of the sterilized
microorganism may be more advantageous than the use of

15 untreated microorganism, in the point of the restriction in
the production equipment. Examples of the method of
sterilizing the microorganism include a physical
sterilization method (e.g., heating, drying, freezing,
light beams, ultrasonic waves, filtration or current—

20 carrying), sterilization method with chemicals (e.g.,
alkali, acid, halogen, oxidant, sulfur, boron, arsenic,
metal, alcohol, phenol, amine, sulfidé, ether, aldehyde,
ketone, cyan and antibiotic). 1In general, it is desirable
to select such a treating ﬁethod which does not deactivate

25 "the ability of the present enzyme to preferentially



content of 2-am no-3-buten-1-o0l, 1-am no-3-butene-2-0l and
1, 2-epoxy-3-butene, and the yields thereof were calculated. In this regard,

t he cont eRbofifl1s2s4@m no- 3-buten-1-ol and 1- am no- 3- but epenB2@L/0IBEE
determned in ternms of diacyl 5forns thereof by way of conversion thereof

into diacyl forms by the use of acetyl chhoride and pyridine: Yield of

2-am no- 3-buten-1-ol: 55% Yield of 1-am no-3-butene-2-ol: 43% Recovery rate
of 1,2-epoxy-3-butene (as a raw 10material): 0%[0117] <First Step> Exanple
1-1 A 50 nlL pressure reaction tube with a nagnetic rotor 15was charged with

2- am no- 3- hug.en-| - ol , ethyl acet 2 nd_.

2,2' -azobi so(%lzll-dr]rleét%o?ykg)%c?rgqxr@ r%lf%lﬁlv%fear o%h[elﬁlS e(%)’?%)l% Ito prepare a

m xture thereof. The}b i Xture was, coo(%cefg%tqqan interQaI te raturg of -20C,
and then, mAPHREFG (ST ATe” o o TR T KEUr S 20AF t 2Pt he
reaction tube was tightly seal ed, the tenperature was el evated to 40C, and
then, the nMiS&URS WAL rPedif RS F D S WO, BT ntle? nPoYeessur e
(i.e., a gauge pressure) of the reaction tube determ ned just after the

t enper at ur ST Dre T YO elO2 IQYFRIBS ( equi val ent to 250.20 MPa); and

the sane pressure determ ned after the
5 [0107]

The present oxidation reaction 2 is usually carried
out in the presence of water. In this case, water may be
in the form of a buffer solution. Examples of a buffering
agent for use in the buffer sclution include salts of

10 alkali metals with phosphoric acid such as sodium phosphate
and potassium phosphate; and salts of alkali metals with
acetic acid such as sodium acetate and potassium acetate.
Examples of an alkaline buffer solution include Tris-
hydrochloric buffer solution, Tris-citric buffer solution

15 and the like.

Furthermore, the present oxidation reaction 2 may be
carried out in the presence of water and a hydrophobic
organic solvent. In this case, examples of the hydrophobic
organic solvent include ester solvents such as ethyl

20 formate, ethyl acetate, propyl acetate, butyl acetate,
ethyl propionate and butyl propionate; alcohol solvents
such as n-butyl alcohol, n-amyl alcohol and n-octyl
alcohol; aromatic hydrocarbon solvents such as benzene,
toluene and xylene; ether solvents such as diethyl ether,

25 diisopropyl ether and methyl-t-butyl ether; halogenated



WO 2011/ 152540PCT/ JP2011/ 062856 57 stirring of the m xture at 40C for 4
hours was 1 kg/cn2 (equivalent to 0.10 MPa). After conpletion of the
reacti on,woentweahed met hanet hi ol was renoved by bl ow egTarmilt/negsn gas
into the resultant reaction mxture. A part of the 5m xture obtained after
t he renoval of methanethiol was collectedzand was then anal yzed by the gas
chromat ography internal standard nethod to determ ne the content of 2-

am no-4-net hyl thio-Il-butanol, and the yield thereof was cal cul ated. The

yi el d of 2-am no-4-nethylthio-I-butanol 10was 90% 5% of

2- i n0- 3- b s s AloSeth At e S8t e i alovasnr egover ed. [0118] Exampl e

t

1-2 A 50 nL pressure reaction tube with a nagnetic rotor 15was charged with
2-am no- 3-b - ) e g) and

2,2 -azobis 4&2%%%(%&}(%9%’ n%%?rerﬁ:%/?/v% er%}ﬁ%%ﬂgfé) (10 ng) to prepare a

m xture thereof., The m xtur cooled to an.internal tenperature of -20C,
and then, et harbk RIS L 10 ) VRS BHSEt oof HAS hi b UF 82 26F ¢ 81 "¢ KePe
reaction tube V\/asdtilghtl¥ s}gal ed, the tegrperature S elgvat ed.to 40C, and
then, the nfatuted WAt sti rFied RECINET T 4"RbTF s2PAN2 | RYSFABP L bt Essur e
(i.e.,_a gauge pressure) of the reaction tube determ ned just after_the

t enperat ur €EIFVER | T Y U0C WAsEBL R FepD (rmRaEen?tt Bhoshydpompa}icand

the sanme pressure determned after the
organic solvent include alcohol solvents such as methanol

and ethanol; ketone solvents such as acetone; ether
solvents such as dimethoxyethane, tetrahydrofuran and
dioxane; dimethyl sulfoxide; and mixtures thereof.

10 [0108]

The present oxidation reaction 2 is usually carried
out at a pH of 3 to 11 in the water phase, but the pH may
be appropriétely varied insofar as the reaction is
permitted to broceed. The reaction is carried out

15 preferably on the alkali side, more preferably at a pH of 8
to 10 in the water layer.
[0109]

The present oxidation reaction 2 is usually carried

out at a temperature of from about 0 to about 60°C, but the
20 temperature may be optionally varied insofar as the

reaction is permitted to proceed.

[0110]

The present oxidation reaction 2 is usually carried
out for about 0.5 hour to about 10 days. The termination

25 of the reaction can be confirmed, for example, by



WO 2011/ 152540PCT/ JP2011/ 062856 58 stirring of the m xture at 40C for 4
hours was 1 kg/cn2 (equivalent to 0.10 MPa). After conpletion of the
reacti on,woentweahed met hanet hi ol was renoved by bl ow egTarmilt/negsn gas
into the resultant reaction mxture. A part of the 5m xture obtained after
the renoval of nethanethiol was collected, and was then anal yzed by the gas
chromat ography internal standard nethod to determ ne the content of 2-

am no-4-net hyl thio-1-butanol, and the yield thereof was cal cul ated. The

yi el d of 2-am no-4-nethylthio-1-butanol 10was 91% 5% of

2-am no- 3- b&%f%ﬁrﬁi%&%ﬁ?‘%%é F o Mrﬁfﬁé‘l%ﬂ‘fﬁ‘étf&?f?}‘{%-‘ag;butago%s?}g g

of colorl ess m no- 4- net hyl t hi o- 1but anof  was obt ai ne

[ ' ' .t h f h hiol. Th
Color ese |1 o Aguet <o T ar FEEEY 4TSS SR 3oy pbTop S second ot op

Exanple 2-1 A 50 ni ion t i th ti tor 20
char Ged w tH LIS LA B TR oL butBnER T (200 gy ToR0lI uht Ryt oxi de (90

ng) and water (2 t repare m xture thereof. A sponge copper (Raney
(regi ster eda‘ﬁqjaﬁje%r‘?(%) %D“ LNy UF%@PYJQ&I“BS/{SE‘FEW%%?C%I Y#Hc.) (40 ng)
was added to the m xture. The interior of the reaction 25tube was purged by
a nitrogen PRSI SHEOURGe i xture WO 2011/ 152540PCT/ JP2011/ 062856 59

fo111]

A concentration of 2-amino-4-methylthio-l-butanol as
the raw material compound in the present oxidation product
2 is usually 50% (w/v) or less. To keep the concentration

10 of 2-amino-4-methylthio-1-butanol in the reaction system
substantially constant, 2-amino-4-methylthio-l-butanol may
be continuously or sequentially added to the reaction
system.

[0112]

15 In the present oxidation reaction 2, for example,
saccharides such as glucose, sucrose and fructose or a
surfactant such as TritonX-100, Tween 60 optiocnally may be
added to the reaction system.

[0113]

20 Recovery of methionine from the reaction solution may
be done by_a known method.

For example, a post-treatment such as an operation of
extracting the organic solvent from the reaction solution,
an operation of concentrating the solution, ion-exchange,

25 crystallization or the like may be optionally combined with



was heated to 140C and was then stirred at 140C for 8 hours. After the
reaction mxture was cooled to a roomtenperature, the sponge copper was
renoved fwormiite2s4eacti on mi xture by filtering the reacconpmixbersss The
S5resulting filtrate was neutralized by adding 0.1N sulfuric acid thereto,
and then, water was distilled off. Thus, 52- am no-4-(methyl thio) butyric
acid, i.e., nethionine was obtained. [0120] 10Determ nation of Yield:

Met hanol (5 g) was added to the obtained 2-am no-4- (nethylthio)butyric
acid, and a 10% by wei ght of hexane solution of trinmethylsilyldiazonethane
was further.a t n hyl t yrate.
15A part of the relhfélng<%eﬁﬁga qﬂfb u%?%%l%%ﬁ$%|ﬁ?ﬁgig§é ¥+ PBQ}QH§

2- am no- 4- gﬂﬁg f rate was coIIected and was then analyzed by a gas
chr omat ogr erna andard met hod to determ ne the yield of nethyl

2- am no- 4- E Ithlo)butyrate from 2-am no- 4- net hyl t hi o- 1- but anol . 20As a
result, the @f% was 37% In other wor ds, 2-am no-4- (nethylthio)butyric
acid was obtain

t. a yiel 37% . or
S i mo 4o et it TR oA Lo & %n%%ﬁu%%ww%easwfam used

as the raw material was recover ed. 25[0121 WO
2011/ 15254 0PCH IB2 04y T628%55 BoY IQ(earﬁp‘Pe e oform of £0S#itpressure reaction
tube with a nmagnetic rotor was charged w th 2-am no-4-nethylthio-1-butanol
(200 ng), sodium hydroxide (120 ng) and water (2 g), and the m xture was
stirred. A sponge copper (Raney (registered trademark) type, manufactured
by Strem CHeMMRIEI nc.) (50 ng) was added to the nixture as a devel opi ng
catalyst. The interior of the reaction tube was purged by a nitrogen gas,
and then, th&lXture was heated to 140C and was then 10stirred at 140C for
8 hours. After the reaction m xture
Hereinafter, the present invention will be described
10 in more detail by way of Examples.
[0116]
<Production of 2-amino-3-buten-1-ol>
A 100 mL stainless steel-made reaction tube with a
magnetic rotor was charged with 1, 2-epoxy-3-butene (200 mg),
15 a 28% by weight of ammonia water (10 g) and scandium
triflate (14 mg) to prepare a mixture thereof. The mixture
was stirred at an internal temperature of 30°C for 6 hours
to react 1,2-epoxy-3-butene with ammonia. An internal
pressure of the reaction tube was maintained at 0.3 to 0.4
20 MPa during the reaction. After completion of the reaction,
the reaction mixture was cooled to a room temperature, and
then, ammonia was evaporated from the reaction mixture. A
part of the mixture obtained after the evaporation of

ammonia was collected and was then anhalyzed by the gas

25 chromatography internal standard method to determine the



was cooled to a roomtenperature, the sponge copper was renoved fromthe
reaction mxture by filtering the reaction mxture. Ethyl acetate (5 g) was
added to wheofessi ng filtrate to separate oil and wat epryand1/béres t he

| i pophilic 15substances were renoved therefrom Carbonic acid was fornmed by
adding dry ice (CX®) (5 g) to the water phase, and a solid was precipitated
upon stirring. The precipitated solid was filtered and dried to obtain a
white powder (130 ng). Then, the obtained powder was anal yzed by 20 a

| i quid chromat ography (nodified area percentage nethod). As a result, the

content of 2-am no-4-(smethylthic yricyacid 64% The viel d of

s e (GORIAMO: e (AR T D EHYLLE) B G0 O h TOR YL PLT 2Dt | e
38% [0122] _EX&@¥|§ _-3 WO 201 /%?2540P [ JP2011/ 062856 61l lat é 50 nL
pressure rexct 1O TUbE R EH Y nighetie Ybe oS whde ERQF guar i tAtculated.

2- am no- 4- net hyl t hi o- 1- but anol /5135 n;rg% sodi um %gdr oxi de (40 ny), water (1
g), acetonit?itels 1refatt BNSos R RF GNP L of ~PRIECTEOREEFRT hgP 509 By 1 wei ght
of water) (100 ng), and the reaction tube was pressurized to 1 MPa with
air. The nid@iRe JERUbRRR 2 @b WO Rt ol Rednint FeFed af 9b&c¥br 8 hours.
After the reaction mxture was cooled to a roomtenperature, the Pt/C was
renoved fromihe theredbroywivavre! byorvereiongthdeepatetondhigvlre. 10The
resulting filtrate was neutralized by adding 0.1N sulfuric acid thereto,
and then, therssllventhaasseistidtetybft¢hldThide 2ndnpynoidifeet hylt hi o)
butyric acid, i.e., nethionine was obtained. [0123] 15Determ nation of
Yi el d: Met hainel d (&f @) - avesn@dtidout ent heobbt abved 2- am no- 4-
(methyl thio)butyric acid, and a 10% by wei ght of hexane sol ution of
trimet hyl silyl diszenetdhane-amsnd-udtinetcaddedot hea®to, to obtain nethyl
2-am no-4- (net hyl t hi o) butyrate. 20The resulting nethanol sol ution
contai ni ng met hyke@o@dtWOorate of 1,2-epoxy-3-butene (as a raw
10 material): 0%

(0117]

<First Step>

Example 1-1

A 50 mL pressure reaction tube with a magnetic rotor
15 was charged with 2—amino—3—buten—1—dl (100 mg), ethyl
acetate (2 g) and 2,2'-azobis(4-methoxy-2,4-
dimethylvaleronitrile) (10 mg) to prepare a mixture thereof.

The mixture was cooled to an internal temperature of -20°C,
and then, methanethiol (500 mg) was added to the mixture.

20 After the reaction tube was tightly sealed, the temperature
was elevated to 40°C, and then, the mixture was stirred at
40°C for 4 hours. An internal pressure (i.e., a gauge

pressure) of the reaction tube determined just after the

temperature elevation to 40°C was 2 kg/cm® (equivalent to

25 0.20 MPa); and the same pressure determined after the



4- (met hyl t hi o) butyrate was anal yzed by a gas chromat ography i nter nal
standard nethod to determ ne the yield of nethyl

2- am no- 4y oeiiigbidpi 0) but yrate from 2-am no- 4- net hyl t hi eciRpiAN9d85AS @
result, the yield was 14% In other words, 252-am no-4-(nethylthio)butyric

acid was obtained at a yield WO 2011/152540PCT/JP2011/062856 62 of 14% or
nore from 2-am no-4-net hyl t hi o-1-butanol. 80% of

2- am no- 4- et hyl t hi o- 1- but anol used as the raw naterial was recovered.
[0124] S5Exanple 2-4 A 50 nmL pressure reaction tube with a nagnetic

rotor was charged w tg 1éitam' no- 4- met hy J{;jno- 1- butanol (100 ,, sodi um
bi car bonat es?ﬁ‘%fjrfb‘%,o cetorttiiies (a\%tg(B dF §%Lkwrv§ei 1232%‘71‘&3
(cont ai ni ng, 50% by. wei ght of r (;‘Dg ), 10and, the resultin i Xxture
e st 1 od SRR A B KO LWL, P mer el i apF EHherFaSELPOn
m xture was cooled to roomtent‘;é?e,rature and was then filtered. The resulting
filtrate waCHERIGTT S AR 1YL VAN SRMPVRTE PR Y HeY e o L BRI Ren,
the solvent was distilled off. 15Thus, 2-am no-4-(nethylthio) butyric acid
was obt ai neZPS P15ttt @ T Hatt ot PICH @ drixture ppthapr t (B gfh@as added
to the obtained 2-amno-4- (nethylthio)butyric acid, and a 10% by wei ght of
hexaned 20sdtiit i wre ofotainad AT vk averetahne wasthare Heto hdded t her et o,
to obtain nethyl 2-am no-4-(nethylthio)butyrate. The resulting nethanol
sol uti on combiedtrd mathwa-Ammend hetey | bhi hdurys ateromastapaiyzed by a
gas chromat ography internal standard nethod to determ ne the yield of
met hyl 252-amtemnadt (terind tdingg thut g riat edd tamPrantne- demedhy | ¢ Hi 2~ 1-
amino-4-methylthio-1-butanol, and the yield thereof was
calculated. The yield of 2-amino-4-methylthio-1-butanol
10 was 90%. 5% of 2-amino-3-buten-1-ol used as the raw
material was recovered.
[0118]
Example 1-2
A 50 mL pressure reaction tube with a magnetic rotor
15 was charged with 2-amino-3-buten-1-ol (300 mg), ethyl
acetate (3 g) and 2,2'-azobis(4-methoxy-2,4-
dimethylvaleronitrile) (10 mg) to prepare a mixture thereof.
The mixture was cooled to an internal temperature of -20°C,
and then, methanethiol (1.0 g) was added to the mixture.
20 After the reaction tube was tightly sealed, the temperature
was elevated to 40°C, and then, the mixture was stirred at
40°C for 4 hours. An internal pressure (i.e., a gauge
pressure) of the reaction tube determined just after the

temperature elevation to 40°C was 3 kg/cm® (equivalent tb

25 0.30 MPa); and the same pressure determined after the



WO 2011/ 152540PCT/ JP2011/ 062856 63 butanol. As a result, the yield was 9%
In other words, 2-am no-4-(nethylthio)butyric acid was obtained at a yield
of 9% or wonre1frsesyw2- am no- 4- et hyl t hi o- 1- but anol . 90% @TT/JP2011/062856

2- am no- 4- et hyl t hi o-| - butanol used as the raw material was 5recovered.
[0126] Example 2-5 A 50 nL pressuresggeaction tube with a magnetic
rotor was charged with 2-am no-4-nethylthio-I-butanol (100 ng), 10sodi um

bi carbonate (30 ng), water (1 g), acetonitrile (1 g) and a 5% by wei ght of
Ru/ C (containing 50% by weight of water) (50 ng), and the resulting m xture

vas SiLehaL SO0 (0F B opLounder, S RLmAPE, gl g ThR SRl o0

m xture was co to I’OOI'TI enperature ere

filtrat b 0.1 f t and then

the. ol vent TS o DE1T re 10 IRk ﬁ%ﬁéﬁéﬁ%‘lﬁkyﬁ ?%utysd "l ves
bt ai ned. [012 Det t fYi el d: _20Met hano 5 was_agdded to the

gbt::zgd 2[%9Hr%9%;t% €?%$§%§%ﬁ{yV?% 5%$%Ve%a%y bgg@§%9hﬁePbﬁfog?nhgxane

| ut ft t hyl I met further added thereto, to obtain

ot Pyl 2 arffo. T ey V9 6 i yr AP ESt The PLSENEFng AreeRBhaP L sOMt | on

cont ai hi ng neth 2- am no- 254- (et hyl t hi o) butyrate was anaIYzed by a gas
chr oma? ogr dph§t Wﬁ)%RHQ?Q@%S%@?%?V9?%0&%?@%?%5%f methanethiol was

collected and was then analyzed by the gas chromatography
internal standard method to determine the content of 2-
amino-4-methylthio-l-butanol, and the vyield thereof was
calculated. The yield of 2-amino-4-methylthio-1-butanol

10 was 91%. % of 2-amino-3-buten-1-o0l used as the raw
material was recovered.

450 mg of colorless liquid of 2—amino—4—methylthio—1—
butanol was obtained by concentrating the mixture obtained
after the removal of methanethiol. The colorless liquid

15 was solidified in a freezer (=10°C).
[0119]
<Second Step>
Example 2-1
A 50 mL pressure reaction tube with a magnetic rotor
20 was charged with 2-amino-4-methylthio-1-butanol (200 mg),
sodium hydroxide (90 mg) and water (2 g) to prepare a
mixture thereof. A sponge copper (Raney (registered
trademark) type, manufactured by Strem Chemical Inc.) (40
mg) was added to the mixture. The interior of the reaétidn

25 tube was purged by a nitrogen gas, and then, the mixture



64 internal standard nethod to determne the yield of nethyl

2-am no-4- (et hyl thi o) butyrate from 2-am no-4-nethylthio-Ibutanol. As a
result, tweyiwisesaeas 5% I n other words, 2-am no-4-(neroyliphiio)éesseyric
acid was obtained at a yield of 5% or nore from

2- am no- 4-net hyl t hi o- 1- but anol . 90% of 2gam no- 4-net hyl t hi o- 1- but anol used
as the raw material was recovered. [0128] Exanple 2-6 10A 50 nlL pressure
reaction tube with a magnetic rotor was charged with

2- am no- 4- et hyl t hi o- 1- but anol (135 ng) obtained by the Exanple 1-2, sodium

hydr oxi de (80, i) YRLET {dod) ., @eelanityl] & (i1 Q) and 1 5% by wei ght of
%5%5 S?icwa er (nlg5 ng), and]ta%e 1

Pt/ C (contal ning by~ wei ght reaction tube

was pressury to i P Lo: T i ] s_h d to 50C
and was theﬂn&isartjsl'rre‘%f4(:1%31615‘[\(/)}%,é %“%‘é%t %ﬂﬁgifiﬁéer‘p%%g&é%g%?i%\% ?ﬁ]g?%lﬁe was
cooled to roomt.e era,éure the Pt/ C was renoved fromthe_reaction
mixture by FTTREIT I G het 1R SR TRRe iR D, "o Ior LAl tF G FRftrate was
neutralized by adding. 0. 1N sulfurjc acid thereto, and then, the solvent was
distilled offactil Mot Ui e R%. { et TR OJC bTRgs T LORCTHI T hTR:  FREhi oni ne
was obtai ned. [0129] 25Determ nation of Yield: WO ,
2011/f%2540¢?ﬂy%¢$ﬁﬂjﬁ¥kﬁﬁﬁﬁﬁEﬁ?s neutralized by adding 0.1N sulfuric

acid thereto, and then, water was distilled off. Thus, 2-
amino-4- (methylthio) butyric acid, i.e., methionine was
obtained.
[0120]

10 Determination of Yield:

Methanol (5 g) was added to the obtained 2-amino-4-
(methylthio)butyric acid, and a 10% by weight of hexane
solution of trimethylsilyldiazomethane was further added
thereto, to obtain methyl 2-amino-4-{methylthio)butyrate.

15 A part of the resulting methanol solution containing methyl
2-amino-4- (methylthio)butyrate was collected and was then
analyzed by a gas chromatography internal standard method
to determiné the yield of methyl 2-amino-4-
(methylthio)butyrate from 2-amino-4-methylthio-l-butanocl.

20 As a result, the yield was 37%. In other words, 2-amino-4-
(methylthio)butyric acid was obtained at a yield of 37% or
more from 2-amino-4-methylthio-1-butanol. 49% of 2-amino-
4d-methylthio-1l-butancl used as the raw material was
recovered.

25 [0121]



Met hanol (5 g) was added to the obtained 2-am no-4- (nethylthio)butyric
acid, and .a 10% by wei ght of hexane solution of trinethylsilyldiazonethane

was furthgpefdgessphereto, to obtain nmethyl 2-am no-4- ( pethyidibb&skut yrat e.
The resulting nethanol sol ution containing nethyl

2-am no4- (et hyl t hi o) butyrate was anal yz%% by a gas chromat ography i nternal
standard nethod to determ ne the yield of nethyl

2- am no- 4- (met hyl t hi o) butyrate from 2-am no-4-nethyl t hi o-1butanol. As a
result, the yield was 6% In other words, 10 2-am no-4-(nethylthio)butyric
aci d was obéglnrllef yi eld of 6% or nore from

2-am no-4 rretghyxl) but anol . 78% of - 2- am no- 4- net hyl t hi o- 1- but anol used

th t d. [0130 5<S h of M th
Ability to &S&é%”@% s&%e"é’%fﬁéta@m%r‘l (PR Hbr T AUBRRRE LGP AESE
Ref er ence Exanp tube is charged with a sterilized culture
medi um ( whi & h%}%alb%%ﬁiu %%@ba@ e%f“b@o aﬁdF%Bhy%Bh%\%f%rbuﬁéﬁ%iyb%B@oIﬁ@ ryeast

extract, meat extract, amoni um sul fat e, potassium di hydrogenphosphate and
magnesi um sHPEEIR MEbFRyeR af 820 drd) aedsYR ROt he PH oBNEhEhE eBLKENRG

m xture to 7.0). Then, the mcrobial cells obtained fromthe culture

col | ecti onswa? 3herPe@ér obh asDeRYE scoppepar €Rahyy 25pag &b yesepat nedenatkom
soil are inoculated on this culture WD 2011/152540PCT/JP2011/ 062856 66
medi um Thetyedl snaref aubjeed oy t Ot sk ngmeodt uircal 3DC madewaan aer obic
condition. After conpletion of the culture, the cells are recovered as

vi abl e cel |sddyd cent thé¢ ugakt sepanata olevAlspirvy- toapatest.tubkei s charged 5
with 0.1M Tris-glycine buffer (pH 10), and the viable cells are added, and
then they aretsuspensedthée easbt Déhetubdheas esutédgbgusprNsiogehsgadpi xed
w th 2-am no-4-net hyl thiol-butanol, and the resulting m xture is shaken at

30C for 3 tond davs, é@@fﬁfit@ﬁmgél@@a@édtbs 188 Iy die 1Raction
solution is sanpl ed. The microbial cells are renoved fromthis sanmpl i ng

| ut , f d I d
sol uten, Z«é‘tﬂ i theq a@”l@(ﬁﬁ?ﬂ@oro g RiRpuced Amtdh OdHé‘eréasc@lp’ZﬁL %ﬂye I qui

chr omat ogr hi's way, a m croorgani smca
converting @és cooled to a room temperature, the sponge copper was

removed from the reaction mixture by filtering the reaction
mixture. Ethyl acetate (5 g) was added to the resulting
filtrate to separate o0il and water, and thus the lipophilic
15 substances were removed therefrom. Carbonic acid was
formed by édding dry ice (COz) (5 g) to the water phase,
and a solid was precipitated upon stirring. The
precipitated solid was filtered and dried to obtain a white
powder (130 mg). Then, the obtained powder was analyzed by
20 a liquid chromatography (modified area percentage method).
As a result, the content of 2-amino-4-{(methylthio) butyric
acid was 64%. The yield of 2-amino-4-(methylthio) butyric
acid from 2-amino-4-methylthio-1-butanol was 38%.
[0122]

25 Example 2-3



15am no- 4- et hyl t hi o- 1- butanol into nethionine is screened. Condition for
Content - Anal yzi ng: Colum: Cadenza CD-C18 (4.6 mm) X 15 cm 3 lam

(manuf actwpedPig2449t akt Cor porati on) Mbil e phase: 20Solpgijpini1foe288 aqueous
solution of 0.1%trifluoroacetic acid Solution B: nethanol Tinme (mn.)

Solution A (% : Solution B (% 0100:0 2%%0100 0 WO
2011/ 152540PCT/ JP2011/ 062856 67 2050 : 50°25SO : 50 25.1100 : 20 Flow rate:
0.5 mM/mn. 5Colum tenperature: 40C Detection: 220 nm

A‘5O mlL pressure reaction tube with a magnetic rotor
was charged with 2-amino-4-methylthio-1-butanol (135 mg),
sodium hydroxide (40 mg), water (1 g), acetonitrile (1 qg)
and a 5% by weight of Pt/C (containing 50% by weight of

) water) (100 mg), and the reaction tube was pressurized to 1
MPa with air. The mixture was heated to 50°C and was then
stirred at 50°C for 8 hours. After the reaction mixture
was cooled to a room temperature, the Pt/C was removed from
the reaction mixture by filtering the reaction mixture.

10 The resulting filtrate was neutralized by adding 0.1N
sulfuric acid thereto, and then, the solvent was distilled
off. Thus, 2-amino-4-(methylthio) butyric acid, i.e.,
methionine was obtained.
[0123]

15 Determination of Yield:

Methanol (5 g) was added to the obtained 2-amino-4-
(methylthio)butyric acid, and a 10% by weight of hexane
solution of trimethylsilyldiazomethane was further added
thereto, to obtain methyl 2-amino-4- (methylthio)butyrate.

20 The resulting methanol solution containing methyl 2-amino-
4- (methylthio)butyrate was.analyzed by a gas chromatography
internal standard method to determine the yield of methyl
2-amino-4- (methylthio)butyrate from 2-amino-4-methylthio-1-
butanol. As a result, the yield was 14%. In other words,

25 2-amino-4- (methylthio)butyric acid was obtained at a yield



[0131] Exanples 2-7 to 2-26 A culture nediumwas prepared by adding, to
water (1 10L), a lower aliphatic alcohol (5 g) listed in the follow ng

Tabl e 1 two4pi1pdbspeptone (5 g), yeast extract (3 g), meatr/Jext/esssa g),
ammoni um sul fate (0.2 g), potassium di hydrogenphosphate (1 g) and nmagnesi um
sul fate heptahydrate (0.5 g), adjusting the pH of the resulting 15m xture
to 7.0, and sterilizing the resulting m xture. A test tube was charged with
the sterilized culture nmedium (5 g), and then, the cells of Rhodococcus
rhodochrous ATCC19149 (Exanples 2-7 to 2-11 of Table 1), Rhodococcus

rhodochr ous, AT 99500 § EXAPPLRS) 2ark 2n b 04 20d Bn 91 t { POL -8B r agQRNOAREOCCYS SP.
ATCC19070 (Exanples 2-17 to 2-21 of Table 3) or Rhodococcus sp. ATEC19148

(Exanpl es 2, 22, [0, 25 26 0 Tabl & Aloyere | noculated-po Lhj,syculiyre jedium

The cells were subjec 0 shaking cu C under 'an aero

condi tion. fgte&egonpletion of the culture, the cells were 25recovered as
vi abl e cel 15D céﬁ%rifugal separation. A WO 2011/ 152540PCT/ JP2011/ 062856
68 screm#tog %fét tube was charged with 0.1M Tris-glycine buffer (pH 10),
and the viab! |l's were added, and then, they were suspended in the
buffer. The resu]ting suspension was adm xed with

2- ani no- 4- netdR 1 %ie-4 - but anol 5(2 ng) obtained by the Exanple 1-2, and the
resulting m xture was shaken at 30C for 7 days. . After conpletion of
the reaction, 0.5 ¥ ®F RReSTEERtTRC5HPUt Fohe vidstBapphednetthe hPEPBDI al

cells were renoved fromthis sanpling solution, and then, an anount of
was charged with 2-amino-4-methylthio-1l-butanol (100 mg),

sodium bicarbonate (70 mg), acetonitrile (3 g) and a 5% by
weight of Pt/C (containing 50% by weight of water) (100 mg),

10 and the resulting mixture was stirred at 60°C for 8 hours
under an atmosphere of air. The reaction mixture was
cooled to room temperature and was then filtered. The
resulting filtrate was neutralized by adding 0.1N sulfuric
acid thereto, and then, the solvent was distilled off.

15 Thus, 2-amino-4- (methylthio) butyric acid was obtained.
[0125]
Determination of Yield:

Methanol (5 g) was added to the obtained 2-amino-4-

(methylthio)butyric acid, and a 10% by weight of hexane

20 solution of trimethylsilyldiazomethane was further added
thereto, to obtain methyl 2-amino-4-(methylthio)butyrate.
The resulting methanol solution containing methyl 2-amino-
4- (methylthio)butyrate was analyzed by a gas chromatography
internal standard ﬁethod to determine the yield of methyl

25 2-amino-4- (methylthio)butyrate from 2-amino-4-methylthio-1-



10pr oduced net hi oni ne was anal yzed by |iquid chromatography. The results
are shown in Tables 1 to 4. [0132] Condition for Content-Analyzing: Colum:
Cadenza GRoGB/154546 M) X 15 cm 3 p.n) 15(nmanuf act ur edThy201mhekse

Cor poration) Mobile phase: Solution A: an aqueous solution of 0.1%
trifluoroacetic acid Solution B: nethanok320 Tine(mn.) Solution A(%
Solution B(%9 O 100 :

butanol. As a result, thevyield was 9%. In other words,
2-amino-4- (methylthio)butyric acid was obtained at a yield
of 9% or more from 2-amino—4—methylthio—1—butanol. 90% of
2—amino—4—methylthio—l;butanol used as the raw material was
5 recovered.

[0126]
Example 2-5

A 50 mL pressure reaction tube with a magnetic rotor
was charged with 2-amino-4-methylthio-l-butanocl (100 mg),

10 sodium bicarbonate (30 mg), water (1 g), acetonitrile (1 qg)
and a 5% by weight of Ru/C (containing 50% by weight of
water) (50 mg), and the resulting mixture was stirred at
50°C for 8 hours under an atmosphere of air. The reaction
mixture was cooled to room temperature and then filtered.

15 The resulting filtrate was neutralized by adding 0.1N
sulfuric acid thereto, and then, the solvent was distilled
off. Thus, 2-amino-4-{(methylthioc)butyric acid was obtained.
[0127]

Determination of Yield:

20 Methanol (5 g) was added to the obtéined 2—-amino-4-
(methylthio)butyric acid, and a 10% by weight of hexane
solution of trimethylsilyldiazomethane was further added
thereto, to obtain methyl 2-amino-4- (methylthio)butyrate.
The resulting methanol solution‘containing methyl 2-amino-

25 4- (methylthio)butyrate was analyzed by a gas chromatography
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internal standard method to determine the yield of methyl
2-amino-4- (methylthio)butyrate from 2-amino-4-methylthio-1-
butanol. As a result, the yield was 5%. 1In other words,
2-amino-4- (methylthio)butyric acid was obtained at a yield

5 of 5% or more from 2-amino-4-methylthio-1-butancl. 90% of
2-amino-4-methylthio-1-butanol used as the raw material was
recovered.
[0128]
Example 2-6

10 A 50 mL pressure reaction tube with a magnetic rotor
was charged with 2-amino-4-methylthio-1l-butancl (135 mg)
obtained by the Example 1-2, sodium hydroxide (80 mg)},
water (1 g), acetonitrile (1 g) and a 5% by weight of Pt/C
(containing 50% by weight of water) (100 mg), and the

15 reaction tube was pressurized to 1 MPa with air. The
resulting mixture was heated to 50°C and was then stirred
at 50°C for 8 hours. After the reaction mixture was cooled

to a room temperature, the Pt/C was removed from the
reaction mixture by filtering the reaction mixture. The

20 resulting filtrate was neutralized by adding O.1N sulfuric
acid thereto, and then, the solvent was distilled off.
Thus, 2-amino-4- (methylthio) butyric acid, i.e., methionine
was obtained.
[0129]

25 Determination of Yield:



WO 2011/ 152540PCT/ JP2011/ 062856 69 Flow rate: 0.5 ml/mn. Col um
tenperature: 40C Detection: 220 nm [0133] 5Table 1: Rhodococcus rhodochrous
ATCCl19149wbBxanpisestoLower al i phatic al cohol added in thepculyp2ineosrsss um
Yield of Methionine (%9 2-7 1- propanol 24.2 2-8 1- butanol
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Methanol (5 g) was added to the obtained 2-amino-4-
(methylthio)butyric acid, and a 10% by weight of hexane
solution of trimethylsilyldiazomethane was further added
thereto, to obtain methyl 2-amino-4- (methylthio)butyrate.

5 The resulting methanol solution containing methyl 2-amino-
4- (methylthio)butyrate was analyzed by a gas chromatography
internal standard method to determine the yield of methyl

2-amino-4- (methylthio)butyrate from 2-amino-4-methylthio-1-

butanol. As a result, the yield was 6%. In other words,
10 2-amino-4- (methylthio)butyric acid was obtained at a yield
of 6% or more from 2-amino-4-methylthio-l-butanol. 78% of

2-amino-4-methylthio-l-butanol used as the raw material was
recovered.
[0130]

15 <Sear¢h of Microorganism with Ability to Convert 2-Amino-
4-Methylthio-1-Butancol into Methionine>
Reference Example 1

A test tube is charged with a sterilized culture
medium (which has been prepared by adding, to water,

20 polypeptone, yeast extract, meat extract, ammonium sulfate,
potassium dihydrogenphosphate and magnesium sulfate
heptahydrate, and adjusting the pH of the resulting mixture
to 7.0). Then, the microbial cells obtained from the
culture collections or the microbial cells prepared by

25 purely separation from soil are inoculated on this culture



56.6 2-9 1, 2-butanediol 63.8 2-10 2, 2-di nethyl -1-propanol 17.5 2-11
1, 3-butanediol 81.6 [0134] Table 2: Rhodococcus rhodochrous ATCC19150
Exanpl es woweri/abssphati c al cohol added i n the cul ture wedijemiYoekss of
Met hionine (%) 2-12 1- propanol
: 66

medium. The cells are subjected to shaking culture at 30°C
under an aerobic condition. After completion of the
culture, the cells are recovered as viable cells by
centrifugal separation. A screw-top test tube is charged

5 with d.lM Tris-glycine buffer (pH 10), and the viable cells
are added, and then they are suspended in each other. The
resulting suspension is admixed with 2-amino-4-methylthio-
l1-butanol, and the resulting mixture is shaken at 30°C for
3 to 7 days.

10 After completion of the reaction, the reaction
solution is sampled. The microbial cells are removed from
this sampling solution, and then, an amount of produéed
methionine is analyzed by liquid chromatography.

In this way, a microorganism capable of converting 2-

15 amino-4-methylthio-1l-butanol into methionine is screened.
Condition.for Content-Analyzing:

Column: Cadenza CD-C18 (4.6 mmp X 15 cm, 3 um)
(manufactured by Imtakt Corporation)
Mobile phase:

20 Solution A: an aqueous solution of 0.1%

trifluoroacetic acid

Solution B: methanol

Time (min.) Solution A (%) : Solution B (%)
0 100 : O

25 10 100 : O



33.6 2-13 1- butanol 54.8 2-14 1, 2-butanediol 67.5 2-15

2,2-di met hyl - 1- propanol 39.9 2-16 1, 3-butanediol 69.8 10[0135] Table 3:
Rhodococame2&nn5ﬁm€C19070 Exanpl es Lower aliphatic al colroir/yazideds2sss t he
cul ture nedi um

10

15

20

25

67
20 50 : 50
25 50 : 50
25.1 100 ¢ 20

Flow rate: 0.5 ml/min.

Column temperature: 40°C

Detection: 220 nm
[0131]
Examples 2-7 to 2-26

A culture medium was prepared by adding, to water (1

L), a lower aliphatic alcohol (5 g) listed in the following
Table 1 to 4, polypeptone (5 g), yeast extract (3 g), meat
extract 3 g), ammonium sulfate (0.2 g), potassium
dihydrogenphosphate (1 g) and magnesium sulfate
heptahydrate (0.5 g), adjusting the pH of the resulting
mixture to 7.0, and sterilizing the resulting mixture. A
test tube was charged with the sterilized culture medium (5
g), and then, the cells of Rhodococcus rhodochrous
ATCC19149 (Examples 2-7 to 2-11 of Table 1), Rhodococcus
rhodochrous ATCC19150 (Examples 2-12 to 2-16 of Table 2),
Rhodococcus sp. ATCC19070 (Examples 2-17 to 2-21 of Table
3) or Rhodococcus sp. ATCC19148 (Examples 2-22 to 2-26 of
Table 4) were inoculated on this culture medium. The cells
were subjected to shaking culture at 30°C under an aerobic
condition. After completion of the culture, the cells were

recovered as viable cells by centrifugal separation. A



Yield of Methionine (% 2-17 1- propanol 60.7 2-18 1- butanol 96.4 2-19
1, 2-but anedi ol 60.0 2-20 2, 2-dinethyl-I-propanol 27.1 2-21 1, 3-but anedi ol
60. 6 [ 0186]2011/152540 PCT/JP2011/062856
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screw-top test tube was charged with 0.1M Tris-glycine
buffer (pH 10), and the viable cells were added, and then,
they were suspended in the buffer. The resulting
susbension was admixed with 2-amino-4-methylthio-l-butanol

5 (2 mg) obtained by the Example 1-2, and the resulting
mixture was shaken at 30°C for 7 days.

After completion of the reaction, 0.5 ml of the
reaction solution was sampled. The microbial cells were
removed from this sampling solution, and then, an amount of

10 produced methionine was analyzed by liquid chromatography.
The results are shown in Tables 1 to 4.
[0132]
Condition for Content-Analyzing:
Column: Cadenza CD-C18 (4.6 mm$¢ X 15 cm, 3 um)
15 (manufactured by Imtakt Corporation)
Mobile phase:

Solution A: an aqueous solution of 0.1%

trifluoroacetic acid

Solution B: methanol

20 Time (min.) Solution A (%) : Solution B (%)

0 100 : O
10 1060 : O
20 50 : 50
25 50 : 50

25 25.1 100 : O



WO 2011/ 152540PCT/ JP2011/ 062856 70 Tabl e 4: Rhodococcus sp. ATCC19148

Exanpl es Lower aliphatic al cohol
Met hi oni neo(2#91/132528 1- propanol

1, 2- but anedi ol 27.9 2-25 2, 2-di net hyl - 1- pr opanol

10

69

Flow rate: 0.5 ml/min.

Column temperature: 40°C

Detection: 220 nm

[0133]

Table 1:

Rhodococcus rhodochrous ATCC19149

added in the culture nediumYield of
28.7 2-23 1- butanol 37PpP¢TAPRAA1/062856

30.6

Lower aliphatic alcohol added

Examples in the culture medium Yield of Methionine (%)
2= 1-propanol 24 .2

2-8 1-butanol 56.6

2-9 1,2-butanediol 63.8

2-10 2,2-dimethyl-1-propanocl 17.5

2-11 1, 3-butanediol 81.6

[0134]

Table 2:

Rhodococcus rhodochrous ATCC19150

Lower aliphatic alcohol added

Examples in the culture medium Yield of Methionine (%)
2-12 1- propanol 33.6

2-13 1-butanol 54.8

2-14 1,2-butanediol 67.5

2-15 2,2-dimethyl-1-propanol 39.9

2-16 1,3-butanediol 69.8

[0135]

Table 3:

Rhodococcus sp. ATCC19070

Lower aliphatic alcohol added

Yield of Methionine (%)

Examples in the culture medium

2-17 1-propanol 60.7

2-18 1-butanol 96.4

2-19 1,2-butanediol 60.0

2-20 12,2-dimethyl-1-propanocl 27.1
12-21 1, 3-butanediol 60.6

[0136]




2-26 1, 3-butanedi ol 59.3 | NDUSTRI AL APPLI CABI LI TY 5[ 0137] The
present invention can be utilized as a process for produci ng nethionine
whi ch i s wp@a$8M4pal amino acid and is a very useful feprapiRedssiditive.
WO 2011/ 152540PCT/ JP2011/ 062856 71 CLAIMS 1. A process for producing

met hi oni ne, conprising a first step of reacting 2-am no-3-buten-1-ol wth
nmet hanet hi ol , and a second step of oxidizing 2-am no-4-nethylthio-1lbutanol

obtained in the first st ep. 2. The process according to claim1,
wherein the first step is a step of reacting 2-am no-3-buten-1-ol with
10net hanet hy n,the presence of a radical initiator. 3. The process

according to C a|n12 wherein the radical initiator is an azo conpound.
154. The pr ) accordln t wherein the first step is a step of
reacting ZOQQ?%% 3=but erEt %?géf%ﬂl%ethanethiol in the presence of a

sol vent. 5. The pro¢esfeACEOIEHAM t @1ebrbn 4dadedEr ern the solvent 201§ an
est er SO|Ve%¥amp%esThgnpﬁg§Q§ﬁt@Q@0&&iﬂﬂltO claln'i%eﬁh@?éWﬁjﬁﬁ@“§édéhc

st ep 1s a Sé ei)z of OX: Eéfl(%?énﬁln no-4-met Hyl thio={=but=anof 28[I7L me—presgnce

-armm—t-hba

of at Ieas U2I§ fret-ai _L-:b ﬁ.,LUulIIUIIILIU 37.7
2-24 1,2-butanediol 27.9
2-25 2,2-dimethyl-1-propanol 30.6
2-26 1,3-butanediol 59.3

INDUSTRIAL APPLICABILITY
5 [0137]
The present invention can be utilized as a process for
producing methionine which is an essential amino acid and

is a very useful for a feed additive.



25group consi sting of copper and the el enents belonging to WO

2011/ 152540PCT/ JP2011/ 062856 72 G- oup 8, 9 or 10 of the periodic table. 7.
The procegs 0£¢@55kpng to claim 1, wherein the second st eprijpr81/6688 Of
oxi di zing 2-am no-4-methylthio-1-butanol in the presence of copper and
water. 8. The process according to claipyl, wherein the second step is a
step of oxidizing 2-am no-4-nethylthio-1-butanol in the presence of oxygen
and either rutheniumor platinum 10 9. The process according to claim§6,
wherein the second step is a step of oxidizing

2-am no- 4-met hyl t hi o- 1- but anol further;inpihe presence of at |east one
typi cal netal conmpound selected fromthe group consisting of al kali netal
15conpounds and al kal i ne earth netal conpounds. 10. The process accordi ng
to the claim9, wherein the typical metal conpound is an alkali neta

hydr oxi de oy an al kaline earth ng&al.h droxide. 20 11. The, roce?s
accordi ng tbr cl &t ACCSHRr EPh RRRISetBAd St _pOT 5N S sERPPhESbRPdPzf AGST
2-am no-4-net hyl thio-1-butanol by an_action of a mcrobial cell of a

ni cr oor gani 3rekadabf @2 6F 1RO ed TG~ 2- Rt #o- 4-Aet Wy FRnratiebatahst /i nto
25met hi oni ne or by an action of a processed product of the WO

2011/ 152540PCT/ 3 P2Ad1 62888 T3 Pk tdbbiad ¢eppino-4-mothyhehpeotess
according to claim 11, wherein the mcroorganismis a m croorgani sum

cul tured i roatzudl et Zhweld uim come af hrdlg ateéwer al i phatic al cohol

2. The process according to claim 1, wherein the first
step is a step of reacting 2-amino-3-buten-1-o0l with

10 methanethiol in the presence of a radical initiator.

3. The process‘according to claim 2, wherein the radical

initiator is an azo compound.
15 4. The process according to claim 1, wherein the first
step is a step of reacting 2-amino-3-buten-1-ol with

methanethiol in the presence of a solvent.

5. The process according to .claim 4, wherein the solvent

20 is an ester solvent.
6. The process according to claim 1, wherein the second

step is a step of oxidizing 2-amino-4-methylthio-1l-butanol
in the presence of at least one metal selected from the

25 ~group consisting of copper and the elements belonging to



13. The process according to claim 12, wherein the |ower aliphatic al cohol
is a liner or branched aliphatic alcohol having 1 to 5 carbon atons. 10

14. The pxeossFisaugording to claim 11, wherein the m cr pergpmnisiidsss at
| east one m croorgani smselected fromthe group consisting of the

m croorgani sns bel onging to the genus Al egligenes, the mcroorgani sns

bel onging to the 15genus Bacillus, the m croorgani sns belonging to the
genus Pseudononas, the microorgani sms bel onging to the genus Rhodobact er
and the m croorgani sns bel onging to the genus Rhodococcus. 2015. A process

for produci - afm ng-4-net hykthi 0- 1- I rising a step of reacting
2-anino-3-nggﬁgig%rgwfgR?%E%£a£%§hé%$£6&98 taB%%P The process according to
claim 15, wherein the above-25described step is a step of reacting

2-am no- 3-buten-1-ol WD 2011/ 152540PCT/ JP2011/ 062856 74 wi th met hanethio

in the presence f% a radical initiator, 1%..Th process according to claim

16, wherein’ the TAUiREPCFHT t FArQFH2Y ahC a2 02 L8 Ouﬂg?rglnléheTﬁﬁcgpgcess

according to clajm 15, wherein sajd step is a step of reacting

2- ani no- 3- BAtEN-12 A WrEh Pt Prahdt Ai P ?ﬁalf‘h%oﬁflé%ﬁlaﬁl@f‘l%‘%(‘)P%ﬁ{l?llow.

The process according to claim 18, wherein the solvent is an ester solvent.
5 in the presence of copper and water. _

8. The process according to claim 1, wherein the second
step 1s a step of oxidizing 2—amino—4—mefhylthio—l—butanol
in the presence of oxygen and either ruthenium or platinum.
10

9. The process according to claim 6, wherein the second
step is a step of oxidizing 2-amino-4-methylthio-1l-butanol
further in the presence of at least one typical metal
compound selected from the group consisting of alkali metal

15 compounds and alkaline earth metal compounds.

10. The process according to the claim 9, wherein the
typical metal compound is an alkali metal hydroxide or an
alkaline earth metal hydroxide.

20
11. The process according to claim 1, wherein the second
step is a step of oxidizing 2-amino-4-methylthio-1l-butanol
by an action of a microbial cell of a microorganism capable
of converting 2—amino—4—methylthio—l—butanol into

25 " methionine or by an action of a processed product of the
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microbial cell.

12, The process according to claim 11, wherein the
microorganism is a microorganisum cultured in a culture

medium containing a lower aliphatic alcohol.

13. The process according to claim 12, wherein the lower
aliphatic alcohol is a liner or branched aliphatic alcohol

having 1 to 5 carbon atoms.

14. The process according to claim 11, wherein the
microorganism is at least one microorganism selected from
the group consisting of the microorganisms belonging to the
genus Alcaligenes, the microorganisms belonging to the
genus Bacillus, the microorganisms belonging to the genus
Pseudomonas, the microorganisms belonging to the genus
Rhodobacter and the microorganisms belonging to the genus

Rhodococcus.

15. A process for producing 2-amino-4-methylthio-1-butanol,
comprising a step of reacting 2-amino-3-buten-1-ol with

methanethiol.

16. The process according to claim 15, wherein the above-

described step is a step of reacting 2-amino-3-buten-1-ol



10

WO 2011/152540 PCT/JP2011/062856

14

with methanethiol in the presence of a radical initiator.

17. The process according to claim 16, wherein the radical

initiator is an azo compound.

18. The process according to claim 15, wherein said step
is a step of reacting 2-amino-3-buten-1-ol with

methanethiol in the presence of a solvent.

19. The process according to claim 18, wherein the solvent

is an ester solvent.



