1 DESCRI PTI ON METHOD FOR PRODUCI NG 2- HYDROXY- 4- ( METHYLTHI O) BUTANO C ACI D
5 Technical Field The present invention relates to a nethod for producing
2- hydroxy-4-(methyl thio)butyric acid. Background Art 10

2- Hydroxy-4-(nmethylthio)butyric acid is an analog of the essential am no
acid 1-methionine, and it is an inportang conpound for using for feed
additive. As nethods for production thereof, a nmethod conprising adding
nmet hanethiol to acrolein to obtain ﬁ-gﬁ&?¥h5ﬁiopropionaldehyde, reacting
15 3-net hyl t hi opr opi onal dehyde obt aPRg ydrogen cyanide to obtain
2- hydr oxy-4-net hyl t hi obutyronitrile, and then hydrolyzing

2- hydroxy-4-nmet hyl t hi obutyronitrile, and then hydrolyzing

2- hydr oxy- 4yiatiy] HR0BHoHiRYNG id ereliained WidhviSHfaNaerae £ hasrbeen
known (e.g. US 4524077). 20 Disclosure of the Invention The present

i nvention provides a nethod for producing 2- hydroxy-4-(nmethylthio)butyric
acid which conprises the following steps (A, (B) and (C: 25 Step (A:

st ep of 5r @&ethmigrall, Z2iefdaky- 3- butene with water to obtain
3-butene-1,2-diol, 2 Step (B): step of reacting 3-butene-1,2-diol with
met hanet hi ol t amebtgddsdnd "BLb¥ht hba) Retanesl,t& di Ohethod for producing

2-hydroxy-4- (methylthio)butyric acid.

Background Art

10 2-Hydroxy-4- (methylthic)butyric acid is an analocg of the
esgential amino acid 1l-methionine, and it 18 an important
compound for wusing for feed additive. As methods for
production therecf, a method comprising adding methanethiol
tc acrolein to obtain 3-methylthiopropionaldehyde, reacting

15 3-methylthiopropicnaldehyde obtained with hydrogen cyanide to
obtain 2-hydroxy-4-methylthiobutyronitrile, and then
hydrolyzing 2-hydroxy-4-methylthiobutyronitrile, and then
hydrolyzing 2-hydroxy-4-methylthiobutyronitrile obtained with
sulfuric acid has been known (e.g. US 4524077)}.

20

Disclosure of the Invention
The present invention provides a method for producing 2-
hydroxy-4- (methylthio)butyric acid which comprises the
following steps (A), (B) and (C):
25 Step (A): step of reacting 1,2-epoxy-3-butene with water

to obtain 3-butene-1,2-diol,



Step (C): step of oxidizing 4-(nethylthio)butane-1,2-diol to obtain 5

2- hydroxy-4-(methyl thio)butyric acid. Best Mdde for Carrying Qut the
Present Invention First, the step (A): step of reacting 1, 2-epoxy-3-butene
with water to obtain 3-butene-1,2-diol wll be illustrated. 10

1, 2- Epoxy- 3-but ene can be produced, for exanple, according to known nethods
such as a nethod conprising reacting ansoxidizing agent such as oxygen, an
organi ¢ peroxi de and hydrogen peroxide with butadiene. As a preferable

met hod, a nethod conprising reacting butadiene with oxygen in the 15
presence of silver-containing catalyst, for exanple, described in US
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conducted in the pr n aci es o acid include

sul furic acid;, a osphogic .acid c . _achdie.hon- exchange
resin; a siT?E%?%QE%ﬁ$gi%?ﬁ%ba lnlgé @gon 1@?%§%§%E§£?egf%dh??%h1a group 5
el ement and a gr $ E f[engnt 0 th igf periodic table as a constituent
(hereinafter, si%ﬁ ¥ el erf P 19" a2 %%e ne?al-containing silicate); and
the like. Anp the h osphorjic.acid_ 25 ¢ und and the
netal-contafhﬂﬁﬁtg¥£%%%?§b§€%ng?gf%?%b? ) Ovﬁgggsulfuric acid i s used as
the acid, the reaction be. conduct ed according.to the nmethod descri bed
in US %2507%3@Yd9%§ﬁ'fhg£%¥?%$ﬁh%% ?Ey?bﬁ-QQiﬁange resin is used as the

acid, the reaction may be conducted according to the nethod descri bed

Best Mode for Carrying Out the Present Invention
First, the step (A): step of reacting 1,2-epoxy-3-butene
with water to obtain 3-butene-1,2-diol will be illustfated.
10 1,2-Epoxy-3-butene can be produced, for example,
according to known methods such as a method comprising reacting
an oxidizing agent such as oxygen, an organic peroxide and
hydrogen peroxide with butadiene. As a preferable method, a
method comprising reacting butadiene with oxygen in the
15 presence of silver-containing catalyst, for example, described
in US 4897498.
The reaction of 1,2-epoxy-3-butene and water 1is
preferably conducted in the presence of an acid. Examples of
the acid include sulfuric acid; a phosphoric acid compound; a
20 strong acidic ion-exchange resin; a silicate containing at
least one element selected from a group 5 element and a group
6 element of the long periodic table as a constituent
(hereinafter, simply referred to as the metal-containing
silicate); and the like. BAmong them, the phosphoric acid

25 compound and the metal-containing silicate are preferable.




5 in W 91/ 15469. The cases of using the phosphoric acid conpound and the
netal -containing silicate wll be illustrated below. First, the case of
usi ng the phosphoric acid conpound as the acid will be illustrated. 10
Exanpl es of the phosphoric acid conpound include phosphoric acid,
phosphor ous aci d, hypophosphorous acid, netaphosphoric acid and

pol yphosphoric acid. Comercially availgble one is usually used. The
phosphoric acid conpound may be used as an aqueous sol ution. 15 The anount
of the phosphoric acid conpound to be used is wusually 0.001 nole or nore
relative to 1 nole of 1, 2- epoxy 3-butene. There is no specific upper limt

and it is practggallqy, d'{egrljice a¥id %%Suéghaéé Vihd dchdPh@eOkeaction may

1, 2- epoxy- 3- butene consi ng econom cal viewpoint. 20 The anount of water

to be used ﬁ%u o%‘iﬁlééﬁ]dl ABF Al gm%et?é%é’éﬂd(& de il e 191f US 5250743.

1, 2- epoxy-3 ene ere 1S no - specl upper Timt and |arge excess
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2- epoxy- 3- bu %ﬂ use to ser as the so vent 25 The
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of a solvent or ng wat er as the solvent. The m xing order is not
partlcﬁlarlﬁnIW%¥$tﬁl5#€ *reaction nmay be conducted in the 5 presence of an

organi ¢ sol vent. he ar égg Og JJ¥%§“‘ amgOsp vent. .cia compound and the

metal-containing silicate will be illustrated below.
First, the case of using the phosphoric acid compound as
the acid will be illustrated.

10 Examples of the phosphoric acid compound include
phosphoric acid, phosphorous acid, hypqphosphorous acid,
metaphosphoric acid and polyphosphoric acid. Commercially
available one is usually used. The phosphoric acid compound
may be used as an agueous solution.

15 The amount of the phosphoric acid compound to be used is
usually 0.001 mole or more relative to 1 mole of
1,2-epoxy-3-butene. There is no specific upper limit and it
is practically 1 mole or less relative to 1 mole of
1,2-epoxy-3-butene considering economical viewpoint.

20 The amount of water to be used is usually 1 mole or more
relative to 1 mole of 1,2-epoxy-3-butene. There is no specific
upper limit and large excess amount thereof, for example, 500
moles relative to 1 mole of 1, 2-epoxy-3-butene, may be used also
to serve as the solvent.

25 The reaction of 1,2-epoxy-3-butene and water is usually



I nclude an ether solvent such as diethyl ether, nethyl tert-butyl ether
and tetrahydrofuran; an ester solvent such as ethyl acetate; a tertiary
al cohol solvent such as tert-butanol; and a nitrile solvent such as
acetonitrile and propionitrile, 10 and these solvents nay be used al one or
in a formof a mxture. The anmount of the organic solvent to be used is
not particularly limted, and it is pragtically 100 parts by wei ght or

| ess per 1 part by weight of 1,2-epoxy-3-butene considering vol une
efficacy. 15 The reaction is usually conducted under ordinary pressure
conditions and may be conducted under reduced pressure conditions or
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preferably e progress o e reaction can be confirmed by a 20
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tert-butyl ether and tetrahydrofuran; an ester solvent such as
ethyl acetate; a tertiary alcohol solvent such as tert-butanol;
and a nitrile solvent such as acetonitrile and propionitrile,

10 and these solvents may be used alone or in a form of a mixture.
The amount of the organic sélvent to be used is not particularly
limited, and it is practically 100 parts by weight or less per
1 part by weight of 1,2-epoxy-3-butene considering volume
efficacy.

15 The reaction is usually conducted under ordinary pressure
conditions and may be conducted under reduced pressure
conditions or pressurized conditions. The reaction
temperature is usually -20 to 100°C, preferably 0 to 100°C.

The progress of the reaction can be confirmed by a

20 conventional analytical means such as gas chromatography, high
performance liguid chromatography, thin layer chromatography,
nuclear magnetic resonance spectrum analysis and infrared
adsorption spectrum analysis.

After completion of the reaction, for example,

25 3-butene-1,2-diol can be also isolated by adding water and/or



di chl oronet hane, chl orof orm and chl orobenzene; an ether solvent such as
di ethyl ether and nethyl tert-butyl ether; and an ester solvent such as
et hyl acetate, and the anmount thereof 10 to be used is not particularly
limted. Exanples of the alkaline water include an amonia water; an
aqueous al kali nmetal hydrogen carbonate solution such an aqueous sodi um
hydrogen carbonate sol ution and an aqueoys potassium hydrogen carbonate
solution; an al kali metal carbonate such an aqueous 15 sodi um carbonate
sol ution and an aqueous potassium carbonate solution; and an aqueous

al kali metal hydroxide solution such as an aqueous sodi um hydroxi de
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concentration an anount ereof are not particu l[imted. 20
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dichloromethane, chloroform and chlorobenzene; an ether
solvent such as diethyl ether and methyl tert-butyl ether; and
an ester solvent such as ethyl acetate, and the amount thereof

10 to be used is not particularly limited. Examples of the
alkaline water include an ammonia water; an aqueous alkali
metal hydrogen carbonate solution such an agueous sodium
hydrogen carbonate solution and an agueous potassium hydrogen
carbonate solution; an alkali metal carbonate such an agqueous

15 sodium carbonate solution and an aquedus potassium carbonate
solution; and an aqueous alkali metal hydroxide solution such
as an aqueous sodium hydroxide solution and an aqueous
potassium hydroxide solution, and the concentration and the
amount thereof are not particularly limited.

20 Next, the case of using the metal-containing silicate as
the acid will be illustrated.

In the present invention, the metal-containing silicate

is not particularly limited as far as it is a silicate
containing the group 5 element of the long periodic table, the

25 group 6 element of the long periodic table or the both elements



The netal -containing silicate can be produced, for exanple, by a nethod
conprising reacting a netal oxide 10 containing at |east one el enent
selected fromthe group 5 elenent and the group 6 el enent of the |ong
periodic table as a constituent with a silicon conpound in the presence of
an organic tenplate, followed by washing or calcining the reaction

product obtained as described in EP 147375 A, Applied 15 Catal ysis A
General 179, 11 (1999), J. Chem Soc., Chem Comun., 2231 (1995), and the
| i ke. Anbng them a netal-containing silicate produced by using a netal

oxi de which is obtained by reacting at |east one conpound selected froma

group 5 net@ls Qo Nes | P Rer{Qedlif table, a group 6 nmetal of 20 the |ong
periodic table, a conpound contalnlng the group 5 elenment of the |ong
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The metal-containing silicate can be produced, for

example, by a methcd comprising reacting a metal oxide

10 containing at least one element selected from the group 5
element and the group 6 element of the long periodic table as
a constituent with a silicon compound in the presence of an
organic template, followed by walshing or calcining the reaction
product obtained as described in EP 1473275 A, Applied

15 Catalysis A: General 179, 11 (1999), J. Chem. Scc., Chem.
Commun,, 2231 (1995}, and the like. Among them, a
metal-containing silicate produced by using a metal oxide which
is obtained by reacting at least one compound selected from a
group 5 metal of the long periodic table, a group 6 metal of

20 the long periodic table, a compound containing the group 5
element of the long periodic table and a compound containing
the group 6 element of the long periodic table (hereinafter,
simply referred to as the metal or compound) with hydrogen
peroxide is preferable as the above-mentioned metal oxide. The

25 method for producing the metal-containing silicate produced by



such as vanadi um oxi de, ammoni um vanadat e, vanadi um carbonyl 10 conpl ex,
vanadi um sul fate and vanadi um sul fate ethyl ene diam ne conpl ex; a ni obi um
conmpound such as ni obi um oxi de, niobium chloride and ni obi um car bonyl
conpl ex; and a tantalum conpound such as tantal um oxi de and tantal um

chl oride. Exanples of the conpound containing the group 6 elenent of the
15 long periodic table as a constituent wnclude a tungsten conpound such
as tungsten boride, tungsten carbide, tungsten oxide, anmonium tungstate
and tungsten carbonyl conplex; a nolybdenum conpound such as nol ybdenum
bori de, nol ybdenum oxide, nolybdenum chloride, nolybdenum carbonyl

conpl ex; angidy Fnehhewrhl b4 a8 il Ut ot LifedTibyrexstdengnthe hmeralim
chl oride. Anong the metals or conpounds, tungsten netal, the tungsten

conpound, gl &ela%%wdnﬁ&eh n{éfo §Bh e AL (anaupd, 11vagedhyaaes Bbw and
t he vanadi um conpound are preferable, and 25 nol ybdenum netal, the
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preferable. The netals or conpounds nay be used al one, or two or nore Kkind
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of the compound containing the group 5 element of the long
periodic table as a constituent include a vanadium compound
such as vanadium oxide, ammonium vanadate, vanadium carbonyl
10 complex, vanadium sulfate and vanadium sulfate ethylene
diamine complex; a niobium compound such as niobium oxide,
niobium chloride and niobium carbonyl complex; and a tantalum
compound such as tantalum oxide and tantalum chloride.
Examples of the compound containing the group 6 element of the
15 long periodic table as a constituent include a tungsten
compound such as tungsten boride, tungsten carbide, tungsten
oxide, ammonium tungstate and tungsten carbonyl complex; a
molybdenum compound such as molybdenum boride, molybdenum
oxide, molybdenum‘chloride, molybdenum carbonyl complex; and
20 a chromium compound such as chromium oxide and chromium
chloride.
Among the metals or compounds, tungsten metal, the
tungsten compound, molybdenum metal, the molybdenum compound,
vanadium metal and the vanadium compound are preferable, and

25 molybdenum metal, the molybdenum compound, vanadium metal and



10 to use the aqueous hydrogen peroxide solution fromthe viewpoint of
easi er handling. The concentration of hydrogen peroxide in the aqueous
hydr ogen peroxi de solution or in the solution of hydrogen peroxide in the
organic solvent is not particularly limted, but in view of vol une
efficacy and safety, 15 the practical concentration is 1 to 60% by wei ght.
As the aqueous hydrogen peroxide solutign, a comrercially avail able one
is usually used as it is, or if necessary, it my be used after adjusting
the concentration by dilution or concentration. The solution of hydrogen
peroxide in the organic solvent can 20 be prepared, for exanple, by

extracting {ile Aguepiisn Yshea Ped axbee spdsdigmaeith the organic
solvent, or distilling the solution in the presence of the organic
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nore, preferabl es or nore relative to 1 nole 25 of the netal or
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with hydro%mmpound with hydrogen peroxide. As hydrogen peroxide, an
agqueous solution is usually used. A solution of hydrogen
peroxide in an organic solvent may be used and it is preferred
10 to use the aqueous hydrogen peroxide solution from the
viewpoint of easier handling. The concentration of hydrogen
peroxide in the agueous hydrogen peroxide solution or in the
solution of hydrogen peroxide in the organic solvent is not
particularly limited, but in view of volume efficacy and safety,
15 the practical concentration is 1 to 60% by weight. As the
aqueous hydrogen peroxide solution, a commercially available
one is usually used as it is, or if necessary, it may be used
after adjusting the concentration by dilution or concentration.
The solution of hydrogen peroxide in the organic solvent can
20 be prepared, for example, by extracting the agueocus hydrogen
peroxide solution with the organic solvent, or distilling the
solution in the presence of the organic solvent.
The amount of hydrogen peroxide to be used is usually 3
moles or more, preferably 5 moles or more relative to 1 mole

25 of the metal or compound, and the upper limit thereof is not



peroxide is usually conducted by contacting both of them In order to

I nprove efficacy of contact between the netal or conpound, and hydrogen
peroxide, the reaction is preferably carried out with stirring so as to
sufficiently disperse the 15 netal or conpound in a solution for preparing
the netal oxide. The reaction tenperature is usually -10 to 100C. By
reacting the netal or conpound with hydregen peroxide in water, in the
organi c solvent, or in the m xed solvent of water and the organic sol vent,
all or a part of the netal or 20 conpound is dissolved, whereby, a
honogeneous solution or slurry containing the netal oxide can be obtained.
The net al éﬂﬁ% #g&dé¥gﬁg&¥1fron1the honogeneous sol ution or slurry,
for exanpl y concentration or filtration followed to preparing a
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an alcohol solvent such as methanol, ethanol and tert-butanol,

a nitrile solvent such as acetonitrile and propionitrile, or

in a mixture of the organic solvent and water.

10 The reaction of the metal or compound with hydrogen
peroxide is usually conducted by contacting both of them. In
order to improve efficacy of contact between the metal or
compound, and hydrogen peroxide, the reaction is preferably
carried out with stirring so as to sufficiently disperse the

15 metal or compound in a solution for preparing the metal oxide.
The reaction temperature is usually -10 to 100°C.

By reacting the metal or compound with hydrogen peroxide
in water, in the organic solvent, or in the mixed solvent of
water and the organic solvent, all or a part of the metal or

20 compound is dissolved, whereby, a homogeneous solution or
slurry containing the metal oxide can be obtained. The metal
oxide may be isolated from the homogeneous solution or slurry,
for example, by concentration or filtration followed to

preparing a metal-containing silicate, and the homogeneous

25 solution or slurry may be used as it is for preparing the



Exanpl es of the al kylam ne include a primary am ne wherein a hydrogen atom "
of ammonia is substituted with an al kyl group having 8 to 20 carbon atons
such as octyl am ne, nonyl am ne, 15 decyl am ne, undecyl am ne, dodecyl am ne,
tridecyl am ne, tetradecylam ne and ei cosyl anmi ne; a secondary am ne wherein
one of hydrogen atons of the am no group of the above-nentioned primary
amne is substituted with a | ower al kyl gpoup having 1 to 6 carbon atons
such as a nethyl group; and a tertiary amne 20 wherein a hydrogen atons
of the am no group of the above-nentioned secondary amine is substituted
with a lower alkyl group having 1 to 6 carbon atons, and the primary am ne

i's preferablg aAscddigadialeral cAmmoni um sal t, those consisting of a 25
guat ernary anmoni um i on wherein four hydrogen atons of the 11 ammoni umion
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to 18 carbon atonms and an anion such as a hydroxide ion, a chloride ion

and a brom i ﬁ[ml i fy Ld O Sxam{gs thereof include a
guat er nary %etallrﬁ%ﬁ;enﬁjoﬁ)]{%s?roxfdeﬁ%% suc als t et raet hyl amoni um hydr oxi de,
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above-mentioned metal oxide, and the upper limit thereof is not
particularly defined.
Examples of the organic template include an alkylamine,
10 a quaternary ammonium salt and a nonionic surfactant, and the
alkylamine and the quaternary ammonium salt are preferable.
Examples of the alkylamine include a primary amine wherein
a hydrogen atom of ammonia is substituted with an alkylrgroup
having 8 to 20 carbon atoms such as octylamine, nonylamine,
15 decylamine, undecylamine, dodecylamine, tridecylamine,
tetradecylamine and eicosylamine; a secondary amine wherein
one of hydrogen atoms of the amino group of the above-mentioned
primary amine is substituted with a lower alkyl group having
1 to 6 carbon atoms such as a methyl group; and a tertiary amine
20 wherein a hydrogen atoms of the amino group of the
above-mentioned secondary amine is substituted with a lower
alkyl group having 1 to 6 carbon atoms, and the primary amine
is preferable.
As the quaternary ammonium salt, those consisting of a

25 gquaternary ammonium ion wherein four hydrogen atoms of the



trimet hyl octyl ammoni um brom de, and the quaternary ammoni um hydroxide is
preferable. 15 Exanples of the nonionic surf actant include polyethyl ene
glycol. The organic tenplate nmay be used as it is and by mxing wth water
or a hydrophilic solvent described bel ow. The anobunt of the organic
tenplate to be used is usually 0.03 to 1 nole 20 relative to 1 nole of the
silicon conpound. The reaction of the abpve-nentioned netal oxide wth the
silicon conpound in the presence of the organic tenplate is wusually
conducted by m xing three conponents in the presence of a solvent.
Exanpl es of the solvent include water, the 25 hydrophilic solvent and a

m xture thepanl,; andonang,” fikdicued tiZuteal weth simevaicediffgirédre four
hydrophilic solvent are preferable. Exanples of the hydrophilic sol vent
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y ‘wel ganic tenplate. 10 The reaction

Lomer! U bty 006 o 36 COFPLELLPIloh hon oo Tor
reaction p%%%#ﬁbﬁ@&;?é&ﬂ&ﬁf&%‘ﬂ?&ygéﬂaéJ“%E%Eéﬂhéfﬁﬁﬂﬂ$nium hydroxide
and trimethyloctylammonium hydroxide; a quaternary ammonium
chloride salt such as tetraethylammonium chloride,
tetrapropylammonium chloride, tetrabutylammonium chloride and
10 trimethyloctylammeonium chloride; and a quaternary ammonium
bromide salt such as tetraethylammonium bromide,
tetrapropylammonium pbromide, tetrabutylammonium bromide and
trimethyloctylammonium bromide, and the quaternary ammonium
hydroxide is preferable.
15 Examples of the nonionic surfactant include polyethylene
glycol.

The organic template may be used as it is and by mixing
with water or a hydrophilic solvent described below. The amount
of the organic template to be used is usually 0.03 to 1 mole

20 relative to 1 mole of the silicon compound.

The reaction of the above-mentioned metal oxide with the
silicon compound in the presence of the organic template is
usually conducted by mixing three components in the presence
of a solvent. Examples of the solvent include water, the

25 hydrophilic solvent and a mixture thereof, and water and mixed




foll omed by washing or calcining the separated reaction product. 15 In case
of washing the separated reaction product, exanples of the washing sol vent
i nclude an al cohol solvent such as nethanol and ethanol, and water. The
anount thereof to be used is not particularly [imted. In the case of
calcining the separated reaction product, the calcination tenperature is
usually 300 20 to 700C, preferably 500 t@2600C, and the calcination time is
usually 0.5 to 20 hours. The separated reaction product may be cal cinated
after washing. The netal -containing silicate thus obtained usually has
pores of which the average mcropore dianeter is 4 to 100 A 25 (cal cul ated

by BHJ met hoshhasedondta esuthemBgaubpliby ct Be1#dntnate ogeaf adsolet i on
nmet hod) and the specific surface area thereof is usually 100 n2/g or nore

(cal cul at edg oy Bl JR! PP rSBENOLE (96 Pt | IndRs@sl Dhidveoplesid ¢
measured by the nitrogen adsorption nethod). 5 Next, the reaction of

L, 2- epoxy- S iuhidie S, R QudiP R0 nekAlndal, abt6anbal 8hag16opEophRon 14 be
illustrated. e anount of the netal-containing silicate to be used is

usual l'y 0. é%o‘%ﬂ{eitli?% VB S e 0o IP4Sr FShAM | X8 40cdnDEFL1dYy aRight  of

1, 2- epoxy- ere 1s no specific upper limt and 10 it is

pract i§al ! %}%du ogfﬁisl:p(ya ieg:hgog{relngséuﬁ?:ésldféﬁangy M 2Rk hﬁérophilic

1, 2- epoxy- ne consi deri ng econom cal viewpoint. The amount of water to

be_used |'s 4sUally JofpLe: Of MBEEeet @Al VEnd ndtiBA6L Odna ethanol are

1, 2- epoxy- ut ene. ere i’s specitic upper I'rmt and | arge excess

amount hern?oogé p];:grfe%)é 'I%l.e’rhgogmount of the solvent to be used is usually

1 to 1000 parts by weight relative to 1 part by weight of the
organic template.
10 The reaction temperature is usually 0 to 200°C.

After completion of the reaction, for example, the
metal-containing silicate can be produced by separating the
reaction product by filtration from the reaction liquid
followed by washing or calcining the separated reaction product.

15 In case of washing the separated reaction product, examples of
the washing solvent include an alcohol solvent such as methanol
and ethanol, and water. The amount thereof to be used is not
particularly limited. In the case of calcining the separated
reaction product, the calcination temperature is usually 300

20 to 700°C, preferably 500 to 600°C, and the calcination time is
usually 0.5 to 20 hours. The separated reaction product may
be calcinated after washing.

The metal-containing silicate thus obtained usually has
pores of which the average micropore diameter is 4 to 100 A

25 (calculated by BHJ method based on the result measured by the



15 noles relative to 1 nole of 1, 2-epoxy-3-butene, may be used also to
serve as the solvent. The reaction of 1,2-epoxy-3-butene and water is
usually conducted by m xing 1, 2-epoxy-3-butene, water and the

metal -containing silicate in the absence of a solvent or with 20 using
water as the solvent, and the mxing order is not particularly limted.
The reaction may be carried out in the pgesence of an organic sol vent.
Exanpl es of the organic solvent include an ether solvent such as diethyl
ether, methyl tert-butyl ether and tetrahydrofuran; an ester solvent such
as 25 ethyl acetate; a tertiary al cohol solvent such as tert-butanol; 14
and a ni trid G .3platPnia £5h HAUMH ) Tdd® Bl SEpi O teidEace Tese
solvents may be used alone or in a formof a mxture. The anount of the
organic sol ; IES%%' Y Pt beUkRdkdeY ( da1dullededand HBET S
practicallyt\f%%cfof;r% y V\Ie]:'%ht or ?gss per 5 1 part by weight of

1, 2- epoxy- 3. but.ene L G8Id NS MRLET®) shEbaasY. tHBers8ast indatsraausy |y
conduct ed lﬁ"r}lgllegrleé(}fldﬁﬁgfeytq}(g{rdeg&{&é’ cor)ldlstions and may be conducted under
reduced pregsure . conditions ar, pressuriged conditions. The reaction 10
t'errperatur(;% % nuisjijracheyn- grcqufocg'&, pre‘#dé’re}abl y 0 to 100C. The progress of
the regaction can, be confirnmed by a -conventianal analyd .6 waeapsusied as
gas chtomat ogragﬁﬁ;thi 3’?‘? rﬁg?ft%}réﬁa%f(:g'ﬁ %dﬁﬁ% onmat ogrgphy‘,” thin Iaygr

chr omat 001 aphy. o UC] S IRONG! 153 FSRNEER PSS! MR SEALYSY S and 1 nfrar ed

The amount of the metal;containing silicate to be used is
usually 0.001 part by weight or more relative to 1 part by weight
of 1,2-epoxy-3-butene. There is no specific upper limit and

10 it is practically 5 parts by weight or less perx 1 part by weight
of 1,2-epoxy-3-butene considering economical viewpoint.

The amount of water to be used is usually 1 mole or more
relative to 1 mole of 1,2-epoxy-3-butene. There is no specific
upper limit and large excess amount thereof, for example, 500

15 moles relative to 1 mole of 1,2-epoxy-3-butene, may be used also
to serve as the solvent.

The reaction of 1,2-epoxy-3-butene and water is usually
conducted by mixing 1,2-epoxy-3-butene, water and the
metal-containing silicate in the absence of a solvent or with

20 using water as the solvent, and the mixing order is not
particularly limited. The reaction may be carried out in the
presence of an organic solvent. Examples of the ocrganic solvent
include an ether solvent such as diethyl ether, methyl
tert-butyl ether and tetrahydrofuran; an ester solvent such as

25 ethyl acetate; a tertiary alcohol solvent such as text-butanol;



After conpletion of the reaction, 3-butene-1,2-diol can be isolated by
concentrating a filtrate obtained by filtering off the netal-containing
silicate. 3-Butene-1,2-diol can be also isolated by, if necessary, adding
wat er and/or a 20 water-insol uble organic solvent to the above-nenti oned
filtrate, followed by extracting to obtain an organic |ayer containing
3-butene-I, 2-diol and concentrating the gegganic layer as it is or after
washing with water or an al kaline water, if necessary. 25

3-Butene-1, 2-diol thus obtained can be used in the step 15 (B) described
below as it is or after further purifying by conventional purification
means such A% A 8ikELAL! 001 P08k SOUHIEL GRERBRALPIE BN Tl Rierdo el O]
may be used 4s “a - solUti on SUCFI as the above-nentioned filtrate or organic
| ayer 5 wi thout isqlating 3-hut -1, 2= di : g S e St of
reacting 3- uetseeng-%?',vgp 5{%0?1%7\?#[ ﬁgﬁgt%g%%%%roﬁh‘te%tf&ﬂlsﬁ 4 BiLdcRire St
4-(nEthy|thlQ%@g{%gﬁﬁik%-dlOEiCW%Eth§tI%buggr&gg&.iﬁgﬁgpt éﬁfﬁrly

comer ci al IEX?' é:gr?ay bé~lse and one Pproduc rom net Hanol
and hydrogen sul fjde.. SEeous t hanet Qi al ; | & QUi

net hanet hi gll"h‘;%fadcre afded’ 1iipdiﬁcg&]§eat e ngtoﬁi B&ggﬁﬁg a;r&gggd?gggégper
exanpl e, by a nethod conprising .pringing gasequs neth 1Pl d Al @
cont aither tdHE %quqﬁ'e #oﬁﬁ'geﬁf%f%% %%Feéb‘? “C* ‘%‘Iit(.:H dveénseeft. 15
The amount of mnethanethiol to be used is usually 1 nole or nore relative
to 1 mol e GFHEGAfR%ne-1,2-diol. There is no

The reaction is usually conducted under ordinary pressure

conditions and may be conducted under reduced pressure
conditions or pressurized conditions. The reaction
10 temperature is usually -20 to 100°C, preferably 0 to 100°C.

The progress of the reaction can be confirmed by a
conventional analytical means such as gas chromatography, high
performance ligquid chromatography, thin layer chromatography,
nuclear magnetic resonance spectrum analysis and infrared

i5 adsorption spectrum analysis.

After completion of the reaction, 3-butene-1,2-diocl can
be isolated by concentrating a filtrate obtained by filtering
off the metal-containing silicate. 3-Butene-1,2-diol can be
also isolated by, if necessary, adding water and/or a

20 water-insoluble organic solvent to the above-mentioned
filtrate, followed by extracting to obtain an organic layer
containing 3-butene-1,2-diol and concentrating the/organic
layer as it is or after washing with water or an alkaline water,
if necessary.

25 3-Butene-1,2-diol thus obtained can be used in the step



upper limt particularly and considering econom cal viewpoint, the anount
thereof is practically 10 noles or less relative to 1 nole of
3-butene-1,2-diol. 20 The reaction of 3-butene-1,2-diol and nethanethiol is
usually carried out in the absence of a solvent, and the reaction may be
carried out in the presence of a solvent. The solvent is not particularly
limted in so far as it does not prevengsthe reaction. Exanpl es thereof

i ncl ude water; a 25 hydrocarbon sol vent such as hexane, heptane and
toluene; a 16 hal ogenated hydrocarbon sol vent such as chl orobenzene and
chloroform an ether solvent such as diethyl ether, nethyl tert-butyl

ether and { gk Ahyge ol W@ Al 05k oL SEb VERlasteh Az vibiybuace; sag: by

tertiary al ol vent such as tert-butanol; 5 and a nitrile solvent such

as_acet oni t L Ge ANMLRL PRGN £ Ed €10n HEI FWB 45 08 # ONLaPLoh Nadaf orm of
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a mxture. € anoun ereo e used is not particularly limted, and
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3- but ene- 1, 224001 " €onsI der lune efficacy. 10 The reaction is usually

conduct ed U“dﬁg g@gg&%{lﬂnaeﬁéglfb%vg%%%it&io%%'9{5?{_»3%@%4@ anaedibieps,

and may be (Q4) educed pressure con I ons. € reaction of

3-bute e-l’2:9£§§53£$%£§%§§5§$h$ﬁ eﬁg_lpﬁgéfgfply conducted in the presence

of ac talj@%. _ Catalyst™i'ncl ude known catal ysts such as
oA B N A SRS BT o el S Sy et beako
with methanethiol to obtain 4-(methylthio)butane-1,2-diol
will be illustrated.
As methanethiol, commercially available one may be used

10 and one produced from methanol and hydrogen sulfide. Gaseous
methanethiol may be used and liquid methanethiol may be used.
Liquid methanethiol can be prepared, for example, by a method
comprising bringing gaseous methanethiol into a container
cooled below the boiling point thereof (6°C) to condense it.

15 The amount of methanethiol to be used is usually 1 mole
or more relative to 1 mole of 3-butene-1,2-diol. There is no
upperlimitparticularkyandconsideringeconomicalviewpoint,
the amount thereof is practically 10 moles or less relative to
1 mole of 3-butene-1,2-diol.

20 The reaction of 3-butene-1,2-diol and methanethiol is
usually carried 6ut in the absence of a solvent, and the
reaction may be carried out in the presence of a solvent. The
solvent is not particularly limited in so far as it does not

prevent the reaction. Examples thereof include water; a

25 hydrocarbon solvent such as hexane, heptane and toluene; a



the reaction can be conducted according to nethods described in J. of
Agricul tural and Food Chem stry, 23, 1137 (1975) and 20 EP 1260500 A As
the catal yst of the present step (B), an azo conmpound can be also used. In
the present step (B), the azo conpound is preferably used as the catal yst.
Herein, the azo conpound neans a conpound which has an azo bond (-N=N-)
within the 25 nol ecul e and of which decopposition tenperature is bel ow
250C. 17 Exanpl es thereof include an azonitrile conpound such as
2,2' -azobi si sobutyronitrile, 2,2'-azobis(2,4-dinethylvaleronitrile),
2,2' -azobis(2- nethylbutyronitrile) 5
1,1 - azobl cIo ne- .- It t I C

: %%hy engié%nﬁggx%% yoters g&f@:n:%u% d%dﬂéﬂygﬁa'éﬁm

acid, 9826 h I- ox va eronltrlle and

2-cyano 2 P ofornan1 a 0o thvl
azobi si sobﬁ%‘gﬁ%f’ S Fée At 8(% 8t 5 azg:b%;ulcglo%%t ﬁl%te nd 10 et hyl ~

azobi si sobut ra n oan1d ne.co suc

2, 2" -azobi $€2F %P&?ﬁoﬁ?%%ﬁﬁg) &Fﬁf P%rl e e%ﬁﬁﬁl%o gfgflﬁgc%éﬁ%ound
such as 2 azobi s[ 2- (2-] m dazol | an n ound
Such as 1 PERIGESSTEEanA HorE 1ety aicorp P PRE Eﬁ%ﬁ%f R

1,1 azobls(N N-dj net h Ifornan1g“%: and an,azo comaound Bs,

azo-t & t - bE&N8. nﬁ’%*%%r%ﬂl‘%ﬁ%t ha?(?n???F?'élﬁﬁﬁ%Bqugp e aZ(L)éﬁtskt er

conpound, %%%yaﬁg%nkglQgegongoggqm?qglgp%orm of a mixture. The amount
thereof to be used is not particularly limited, and it is
practically 100 parts by weight or less per 1 part by weight
of 3-butene-1,2-diol considering volume efficacy.

10 The reaction is usually conducted under ordinary pressure
conditions or pressurized conditions, and may be conducted
under reduced pressure conditions.

The reaction of 3-butene-1,2-dicl and methanethiol is
preferably conducted in the presence of a catalyst. Examples

15 of the catalyst include known catalysts such as an organic
peroxide and a boron compound. In the case of using the known
catalyst such as the organic peroxide and the boron compougd,
the reaction can be conducted according to methods described
in J. of Agricultu:al and Food Chemistry, 23, 1137 (1975) and

20 EP 1260500 A.

As the catalyst bf the present step (B), an azo compound
can be also used. In the present step (B), the azo compound
is preferably used as the catalyst. Herein, the azo compound

means a compound which has an azo bond {-N=N-) within the

25 molecule and of which decomposition temperature is below 250°C.



azoi mi dazol i ne conpound. The commercially available azo 20 compound is
usual |y used. The anount of the azo conpound to be used is usually 0.001
nole or nore relative to 1 nole of 3-butene-1,2-diol. There 1is no specific
upper limt and it is practically 0.2 nole or less relative to 1 nole of
3- butene-1, 2-di ol considering 25 econom cal viewpoint. 18 The reaction
tenperature in the case of using the azojgonpound as the catalyst differs
dependi ng on kinds of the azo conpound to be used and the anount thereof,
and when the reaction tenperature is too |low, the reaction hardly proceeds
5 and, when the reaction tenperature is too high, side reaction such as

pol ymer | Zatyd o0l - (il £0Sr Ji@c-f[{}ay)é A0 1 0es LOAUCE ofiBYun @' 8568 das

Ther ef or e, e reaction 1s usua conducted In the Tange of -10 to 100C,

preferably f”z‘lééhé%é&séﬁh§§¥b&¥¥fi%?t of the present step (B), a 10
[

ni t rogen- cont’ai ni'ng arona conpound and an aliphatic carboxylic acid

conmpound ¢ e al so. used n the present ste B), the
ni trogen-co 't%i nallzno}Jan@%&%T%l%%tnm%ﬁ%a?%%%%m%ﬁ%fi phati c carboxylic acid

conmpound ar gj_so r,ef@r;T%%)I%h ed as .the._.g al yst. 15 The

ni t r ogen- coht4ai i3 = g iikﬂﬁﬁﬁﬁp%ﬁﬁ} §5a nonocyclic or condensed

ring C3-C20 he;ero%%ﬁ% tic %ﬁ ound in which ai east one of atons

const it utiny t he*%d F¥cte é?%@? TRV At DI One or two or nore of

hydrogen atons, constituting the above-nenléoned aromatic ring may be

reol ,4'-~azobis-4-cyanopentanoic acid,

pl aced :

2-phenylazo-2,4-dimethyl-4-methoxyvaleronitrile and
2-cyano-2-propylazoformamide; an azoester compound such as
azobisisobutanol diacetate, methyl azobisisobutyrate and

10 ethyl azobisisobutyrate; an azoamidine compound such as
2,2'-azobis(2-amidinopropane) dihydrochloride; an
azoimidazoline compound such as
2,2'-azobisg[2-(2-imidazolin-2-yl)propane]; an azoamide
compound such as 1,1'-azobisformamide,

15 1,1'~-azobis(N-methylformamide) and
1,1'-azobis(N,N~dimethylformamide); and an azoalkyl compound
such as azo-tert-butane. Preferred are the azonitrile compound,
the azoester compound, the azoamidine compound and the
azoimidazoline compound. The commercially available azo

20 compound is usually used.

The amount of the azo compound to be used is usually 0.001
mole or more relative to 1 mole of 3-butene-1,2-diol. There
is no specific upper limit and it is practically 0.2 mole or

less relative to 1 mole of 3-butene-1,2-diol considering

25 economical viewpoint.



20 with a substituent or substituents. Exanples of the substituent include
a hal ogen atom such as a fluorine, chlorine and bromne atom a Cl-C4

al kyl group such as a nmethyl, ethyl, n-propyl, isopropyl, n-butyl,

| sobutyl, sec-butyl and tert-butyl group; a Cl-C4 al koxy group such as a
met hoxy, ethoxy, 25 n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy
and 19 tert-butoxy group; a C2-C5 al koxygarbonyl group such as a

met hoxycar bonyl , et hoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl,

n- but oxycar bonyl, and tert-butoxycarbonyl group; an am no group; and a
carbanoyl 5 group. Exanples of the nitrogen-containing aromatic conpound

| ncl ude pyri di n@l’hemﬁ%digﬂd}?’té?hﬁ@@&ﬂﬁ?e 1Y dazd| @ase EMzigipANe azo
phenat hrol i ne, oxazole, thiazole, quinoline, isoquinoline,

2- met hyl pyrdgi 3 | pyrd 4 9e a1 ; higdbR & i< birotnpyazdli ne,
3-chl or opyrqogr}ﬂr%)gfndgiggﬁﬁ%r%gpﬁé%ﬁgl]f%eg{ég-a%%}élh%i ?e, 2,14, 6-col | i di ne,

ni coti nam q:%mprgq}r{'&/!tdﬂbceotd;@é ?ﬁ%ﬁé %ydd}}fa@l%fe@f‘.d arfd Gil&X ogna nopl i ne.

Anong them a“pyri di ne conpoun ave a substituent or

substi tuentg %H%Qn@ eBﬁ%&%E%@E\ég @583%@%{g%%%@%ﬁgti%h”EEP&iPY§f6@éEﬁS
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pr ef er-abl e. rogen-con g aronatic conpound, comercially
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proceed. Therefore, the reaction is usually conducted in the
range of -10 to 100°C, preferably of 0 to 50°C.
As the catalyst of the present step (B), a

10 nitrogen-containing aromatic compound and an aliphatic
carboxylic acid compound can be also used. In the prgsent step
(B), the nitrogen-containing aromatic compound and the
aliphatic carboxylic acid compound are also preferably used as
the catalyst.

15 The nitrogen-containing aromatic compound may be a
monocyclic or condensed ring C3-C20 heteroaromatic compound in
which at least one of atoms constituting the aromatic ring is
a nitrogen atom. One or two or more of hydrogen atoms
constituting the above-mentioned aromatic ring may be replaced

20 with a substituent or substituents. Examples of the
substituent include a halogen atom such as a fluorine, chlorine
and bromine atom; a C1-C4 alkyl group such as a methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and
tert-butyl group; a C1-C4 alkoxy group such as a methoxy, ethoxy,

25 n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and



to be used is usually 0.001 nole or nore relative to 1 nole of
3-butene-1,2-diol. There is no specific upper Iimt and it is practically
1 nole or less relative to 1 nole of 3-butene-1,2-diol considering

econom cal viewpoint. 25 The aliphatic carboxylic acid may be a Cl-C20

al i phatic 20 conpound having at | east one carboxyl group. Exanpl es thereof
include formc acid, acetic acid, propiompc acid, butanoic acid, pentanoic
acid, hexanoic acid, oxalic acid, lactic acid, succinic acid and adipic
acid. As the aliphatic carboxylic acid, 5 commercially available one is
usual |y used. The anmount of the aliphatic carboxylic acid conpound to be

used IS USURLLY. Yok JPoup) 65 ¢£lEs | ¥BcdBydarBbyDigidep such as a

ni trogen-contai ning aromati c conpound. The nitrogen-containing aronatic

conpound amkﬁﬂﬁkfé%f%'ﬂgfliétﬁ §§3y$5§¥ppig_§ 1HYnPE, previ ously
on of “3-

m xed. The react but ene-1, 2-di ol and nethanethiol is wusually

conduct ed hy, -f%é§?$é§%?é§f&y éﬁﬁtﬁ&?égﬁbgﬂ 1 dighqg and nethanethiol, and

t he m xi ng “or der Icu imted. When the reaction is

conduct ed " undey 01 (080 Yo 05l EHHEE. CONUALRDSgr ik, 1236 OBatBaticyml | y

conducted by a” ne conpr g adjusting a mxture of the catal yst and
3-butepe-1,2-diol at a given tenperature and bl ow ng gaseous nethanet hi ol
into them ¥EWthe reaction is conducted under pressuri zed conditions,

the reaction is conducted, -for e | Son 20000¥a £n B4 NQFLHLFPE | ShiSo@sldi ng

the catal yst and 3™ ?%n%-l?%-d%%ﬂplﬁéo a contal ner capable of sealing

such as include pyridine, piperidine, pyrazine, imidazole,
benzimidazole, phenathroline, oxazole, thiazole, gquinoline,
isoquinoline, 2-methylpyridine, 3-methylpyridine,

10 4-methylpyridine, 2-chloropyridine, 3-chloropyridine,
4-chloropyridine, 2,3,5-collidine, 2,4,6-collidine,
nicotinamide, methyl nicotinate, N-methylimidazole and
2-chloroquinopline. Among them, a pyridine compound which may
have a substituent or substituents such as pyridine,

15 2-methylpyridine, 3-methylpyridine, 4-methylpyridine,
2-chloropyridine, 3-chloropyridine, 4-chloropyridine,
2,3,5—collidine, 2,4,6-collidine, nicotinamide and methyl
nicotinate is preferable. As the nitrogen-containing aromatic
compound, commercially available one is usually used.

20 The amount of the nitrogen-containing aromatic compound
to be used is usually 0.001 mole or more relative to 1 mole of
3-butene-1,2-diol. There is no specific upper limit and it is
practically 1 mole or less relative to 1 mole of

3-butene-1,2-diol considering econcomical viewpoint.

25 The aliphatic carboxylic acid may be a C1-C20 aliphatic



aut ocl ave, sealing the container and pressing gaseous nethanethiol into it
at a given tenperature, and a nethod conprising adding the catalyst,
3-butene-1,2-diol and liquid 25 nethanethiol into the above-nentioned
sealing container, 21 sealing the container and adjusting at a given
tenperature. In the case of mxing 3-butene-I,2-diol, nethanethiol and the
catal yst followed by adjusting at a givemtenperature to effect reaction
or in the case of mxing 3-butene-1,2-diol with 5 nethanethiol followed by
addi ng the catalyst thereto to effect reaction, the anount of nethanethi ol
in the mxture containing 3-butene-1,2-diol and nethanethiol is preferably

4 ol es or coh@%%nrdeha{riﬁg 49 1bam enefcar-tutenerbud-.dibtanples dérereofst art
the reaction Snoothly. 10 The progress of the reaction can be confirmed by

a convent i;anak, qaNAb %hi & HcitEanse 646 AR gpBoshoRIaRyGAPhy tahb b acld,
performance |iquid chromat ography, thin |ayer chromatography, nuclear
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anal ysi s. en an lipophilic catalyst is used as the catal yst, after

conpl eti on ol e I 6824 1900 24851 EXR € a5 fné TRlHAthicosaubonglcaadial can

be isol ated by rénoving nethanhethiol remained fromthe reaction m xture,

and {hen, i1, eCesSaLY o 00100 RIS 1@ AhANY Hsenl vent thereto

follo y extracting and concentrating thée obtai ned agqueous | ayer

contai ning 4 (mekhyl LALOKYEARR: b1 Zpihehc YERoRy IVRORRLA Somsaird W 5
used as the catalysrt, T or exaone,
be used is usually 0.3 to 10 moles relative to 1 mole of the
nitrogen-containing aromatic compound.
The nitrogen-containing aromatic compound and the
10 aliphatic carboxylic acid compound may be previously mixed.
The reaction of 3-butene-1,2-diol and methanethiol is

usually conducted by mixing the catalyst, 3-butene-1,2-diol
and methanethiol, and the mixing order is not pgrticularly
limited. When the reaction is conducted under ordinary

15 pressure conditions, the reaction 1is usually conducted by a
method comprising adjusting a mixture of the catalyst and
3-butene-1,2-diol at a given temperature and blowing gaseous
methanethiol into them. When the reaction is conducted under
pressurized conditions, the reaction is conducted, for example,

20 by a method comprising adding the catalyst and
3-butene-1,2~diol into a container capable of sealing such as
autoclave, sealing the container and pressing gaseous
methanethiol into it at a given temperature, and a method
comprising adding the catalyst, 3-butene-1,2-diocl and liquid

25 methanethiol into the above-mentioned sealing container,



4- (met hyl t hi 0) but ane- 1, 2-di ol can be isolated by renoving nethanethi ol
remai ned fromthe reaction mxture, and then, if 25 necessary, addi ng water
or a water-insoluble organic solvent 22 thereto, followed by extracting
and concentrating the obtained organic |ayer containing

4- (met hyl t hi 0) but ane-1, 2-diol. Exanples of the nethod for renoving

nmet hanet hi ol remained from the reactiongm xture include a nethod
conprising concentrating 5 the reaction m xture and a net hod conpri sing

bl owi ng an inert gas such as nitrogen gas into the reaction m xture.
Exanmpl es of the apolar solvent include a hydrocarbon sol vent such as

hexane, he%eaﬂ]%nq OhHEWh Biithew |a%’i‘lead§1151§ltiﬂ% AMaUG véheleapletaturee Used i s
ularly

not partic imted. Exanples of the 10 water-insol uble organic

solvent i ngljide an, ﬁof/flt ‘?rfiﬁ‘?lgéeﬁtb@éécrfb-laﬁz—@if&cd, Al @ Ankmt ere

sol vent such as net tert-butyl ether besides the above-nentioned

P?/(rjnr ?ggr b\?wr%:ascoalt]ﬁgs f?fﬂgwéﬁ%%?ggﬂgttihgeé@%f giPeRadiiRtdturOtonsftectl arly

en hitrogen-c ning aromatic conpound and the 15

al i phatic carbaxylic acid t%cl%%”éd & Gridsist a5 e datal Y diol afi &l
n,

conpletionﬁﬁa? € reactio or exanple, 4-(nethylthio)butane-I,2-diol can

be isql ated el Viopg;oggta%ﬁ% ia%irn?sfg}ueegaéé%s he iRt LeNefEadir e,

and then, iM° I'ng ter-i ubl'e organic solvent thereto, 20

fol l oned b acti hi h ; Jgan here
01 orec bt St et 0 MRSILOG 4 e BRhShASE: oLl vt cOfalolas

_ _ an acidic water and/or an
al kal'ine ngfgufggaf¥¥E¥H¥JfH5HHJmégﬁgﬁgghiol is preferably 4 moles or

less relative to 1 mole of 3-butene-1,2-diocl in order to start

the reaction smoothly.

10 The progress of the reaction can be confirmed by a
conventioconal analytical means such as gas chromatography, high
performance liguid chromatography, thin layer chromatography.
nuclear magnetic resonance spectrum analysis and infrared
adsorption spectrum analysis.

15 When an lipophilic catalyst is used as the catalyst, after
completion of the reaction, for example,
4-(methylthio)butane-1,2-diol can be isolated by removing
methanethiol remained from the reaction mixture, and then, if
necessary, adding water or an apolar solvent thereto, followed

29 by extracting and concentrating the obtained agueous layer
containing 4-(methylthio)butane-1,2-diol. When a hypophilic
catalyst is used as the catalyst, for example,
4-(methylthio)butane-1,2-diol can be isolated by removing
methanethiol remained from the reaction mixture, and then, if

25 necessary, adding water or a water-insoluble organic solvent



4- (Met hyl t hi o) but ane- 1, 2-di ol obtained can be used in the 25 step (O
described below as it is or after further purifying 23 by conventi onal
purification means such as distillation and columm chromatography.

4- (Met hyl t hi o) butane- 1,2-diol may be wused as a solution such as the
above-nentioned organic layer wthout isolating

4- (met hyl t hi o) butane-1,2-diol. 5 Finallyz2athe step (C): step of oxidizing
4- (met hyl t hi o) but ane-1, 2-diol to obtain 2-hydroxy-4-(nethylthio)butyric
acid will be illustrated. In the present invention, the oxidation of the
primary al cohol noiety wthin nol ecule of 10 4-(nethylthio)butane-1, 2-diol

general | y F-‘trh%&%?cgﬁ, kBlEB@zQaiﬁg oxlt@ 2@ ngXa fdidopr eaft rhd reeehadsaraialexbhol
noi ety and sulfide noiety. anpl es of the nethod for oxidizing

4- (et hyl t g;g@aq)litcaqeagjeg-cq;rpdaﬁﬁ@t@i (TethyA-thAd Wit ard MEtAnd #d1i .0) but yri ¢

acid inclu a et ho conpri sing conducting Swern oxidation of

4- (met hyl t .i@"?ﬁ’t 112 Heth SO EL PWEI Y4 R kit Biah@ tHil) rehbygedridont e
and a metht(y C rrpe%PglfrJ;tg Eule%éllong 4-(methlyl hi 0) but ane-1, 2-diol into

contact with a_mi |.al. l; in i L i 91 a8NVELd ti
4- (et hyl t rﬁq’c?) E%‘%ﬁggka’é’éﬁﬁc eeﬁk’tcg%ﬁﬂffgé} 5%? !il-”t("ﬁrrg%ﬁ?l oh 0) beuT:ﬁail ¢ acid or

a tregted muterial.,;thereot, Br &l &raMA 1P BRhpriSiheniBliag oMt ng
bri ng?sthg }%(erré'teﬁfl tiﬁPngu}ane-?(g- diol Tnto cgnt act 'wth a m crobial
gas such as nitrogen gas into the reaction mixture. Examples
of the apolar solvent include a hydrocarbon solvent such as
hexane, heptane, toluene and xylene, and the amount thereof to
be used is not particularly limited. Examples of the
10 water-insoluble organic solvent include an ester solvent such
as ethyl acetate and an ether solvent such as methyl tert-butyl
ether besides the above-mentioned hydrocarbon solvent, and the
amount thereof to be used is not particularly limited.
When the nitrogen-containing aromatic compound and the
15 aliphatic carboxylic acid compound are used as the catalyst,
after completion of the reaction, for example,
4-(methylthio)butane-1,2-diol can be isolated by removing
methanethiol remained from the reaction mixture, and then, if
necessary, adding water-insoluble organic solvent thereto,
290 followed by extracting, washing the obtained organic layer
containing 4-(methylthio)}butane-1,2-diol with water, an
acidic water and/or an alkaline water and concentrating
thereof.

4—(Methylthio)butane-l,z—diolobtainedcanlmausedinthe

25 step (C) described below as it is cr after further purifying



25 cell having an ability to convert 24 4-(nethylthio)butane-1,2-diol into
2- hydroxy-4-(nmethylthio)butyric acid or a treated material thereof. The
met hod conprising conducting Swern oxidation of 5

4- (et hyl t hi o) but ane-1, 2-diol followed by oxidizing with silver nitrate
can be conducted, for exanple, according to the nethod described in
Tetrahedron, 48, 6043 (1992). The nethodz2zonprising bringing

4- (met hyl t hi o) butane-1, 2-diol into contact with a mcrobial 10 cell having
an ability to convert 4-(nethylthio)butane-1,2-diol into

2- hydroxy-4-(methylthio)butyric acid or a treated material thereof wll be

iITustrat eqd EXamRLeS o@fall PRrTFeCARidN GRlanshavchg agn dakitinlattion knd
convert 4-(frethylthio)butane-1,2-diol into 2-hydroxy-4-(methylthio)butyric

acid or a LLeak dcﬂﬁbﬁﬁkébrabﬂ§ﬁeoi-&ﬂg%hﬁF%ﬁﬂ&fﬁﬁ%ﬁﬂeﬁﬁji-aioﬁrﬁﬁﬁ&kﬁd

material thereof such as™m Croorgani sns bel onging to genus Al caligenes

such as Ah%g'ai gnssséfse%hssu%lg%i&%%&%ﬂﬁéﬂﬁﬂm,orﬂéﬁid ggRRy 20

eut r ophus cal i genes sp. and i genes xyl osoxydans; m croorgani sns

bel ongi ng. 1,988 1BAGIS SUGheAs ARGl bht loval 2 -Bagl | us badi us,

Bacillus brévis, Bacillu ere l'us circul ans, Bacillus coagul ans,

oo e o R e RS B 0 SRR
4-(methylthio)butane-1,2-diol to obtain
2-hydroxy-4-(methylthio)butyric acid will be illustrated.

In the present invention, the oxidation of the primary
alcohol moiety within molecule of
10 4-(methylthio)butane-1,2-diol generally proceeds in priority
to the oxidation of the secondary alcohol moiety and sulfide
moiety.
Examples of the method for oxidizing
4-(methylthio)butane-1,2-diol to obtain
15 2-hydroxy-4-{(methylthio)butyric acid include a method
comprising conducting Swern oxidation of
4-(methylthio)butane-1,2-diol followed by oxidizing with
silver nitrate and a method comprising bringing
4-(methylthio)butane-1,2-diol into contact with a microbial
20 cell having an ability to convert
4-{methylthio)butane-1,2-4diol into
2-hydroxy-4-(methylthio)butyric acid or a treated material
thereof. Preferable example is the method comprising bringing

4- {methylthio)butane-1,2-diol into contact with a microbial

25 cell having an ability to convert



25 Bacillus polynmyxa, Bacillus pum lus, Bacillus sphaericus, Bacillus
subtilis, Bacillus thuringenesis and Bacillus validus; m croorganisns

bel ongi ng to genus Pseudonobnas such as 5 Pseudononas auricul ari s,
Pseudononas azot of ormans, Pseudononas caryophylli, Pseudononas

chl ororaphis, Pseudononas denitrificans, Pseudononas dimnta, Pseudononas
fluorescens, Pseudononas fragi, Pseudonopas fulva, Pseudononas nendoci na,
Pseudononas nutabilis, Pseudonobnas 10 nitroreducens, Pseudononas

ol eovorans, Pseudononas ovalis, Pseudononas oxal ati cus, Pseudononas

pl antarii, Pseudononas pseudoal caligenes, Pseudononas putida, Pseudonobnas
putrefaci eng, J@ﬁﬁﬂgﬁgﬂ§ Jihefl avi ngs o Psaudpnonas sp.,  Pseudononas
st ram nea, n‘%s(eudo nas sf/bnxant ha, Pseudononas 15 syringae, Pseudonobnas

tabaci, Psepqc 1 264t OLAPS RIh 1 BSEUAO TINAS s Ctitddied raEsenayani sns
bel ongi ng %%%h‘gd%%%ct er suclh as Rhodobacter sphaeroi des; and
m croor gani S boe% ongi ng to genus Rhodococcus such as Rhodococcus

eryt hr opol |ts, Rhodococcus 20 gr oberul us, Rhodococcus rhodochrous and

Rhodococcus sp. .., Typigally es t j nel AMSEoPiocebs or a
treated materi aIT}feﬁé'F)eé%fOAsu% ! és %ﬁi%l%%%‘ﬁgésﬂfﬂa%ca Is |FOL3111t,

Al cal i genes_denitrificans JCVb490,, Alc igng OPPUS: Al 123,

Al cal igenes‘l"sg?evff’bflmjs‘bfb%%%?i]g'ezn'g&sl@s Xy o‘i‘%?%:}ga%s | FO15125t, Bacill us
alvei | F033s4:§£\’re1!”3%%ltlrla % czzgn be conducted, for example, according to the

method described in Tetrahedron, 48, 6043 (1992).
The method comprising bringing
4-(methylthio)butane-1,2-diol into contact with a microbial
10 cell having an ability to convert
4-(methylthio)butane-1,2-diol into
2-hydroxy-4-(methylthio)butyric acid or a treated material
thereof will be illustrated.
Examples of the microbial cell having an ability to
15 convert 4-(methylthio)butane-1,2-diol into
2-hydroxy-4-(methylthio)butyric acid or a treated material
thereof include microbial cell or a treated material thereof
such as microorganisms belonging to genus Alcaligenes such as
Alcaligenes faecalis, Alcaligenes denitrificans, Alcaligenes
20 eutrophus, Alcaligenes sp. and Alcaligenes xylosoxydans;
microorganisms belonging to genus Bacillus such as Bacillus
alvei, Bacillus badius, Bacillus brevis, Bacillus cereus,
Bacillus circulans, Bacillus coagulans, Bacillus firmus,
Bacillus lentus, Bacillus licheniformis, Bacillus macerans,

25 Bacillus megaterium, Bacillus moritai, Bacillus mycoides,



badi us ATCC14574t, Bacillus brevis 1F012334, Bacillus cereus JCW503t,
Baci | l us circul ans ATCC13403, Bacillus coagulans JCW257t, Bacillus firnus
JCwve512t, Bacillus |entus JCM2511t, Bacillus licheniform s |1F012195,
Baci | | us nmacerans JCMR2500t, 5 Bacillus negaterium|F012108, Bacill us
noritai ATCC21282, Bacillus nycoides | F03039, Bacillus polynyxa | FO3020,
Bacillus pumlus | FO12092t, Bacillus sphagericus | F03341, Bacillus

subtilis JCML465t, Bacillus thuringenesis ATCC13366, Bacillus validus

| FO13635, Pseudononas auricularis |1 FOL3334t, 10 Pseudononas azot of or mans

JCM2777t, Pseudononas caryophylli 1F013591, Pseudononas chl ororaphis
| FOB121t, ?Sﬁ%i‘ Zl;o drigdcenpud 2Bas PSBAEOIDRS Ssshh lé AL @ud CM2 788t
Pseudonona oresc ns 4160t Pseu ononas fragi | FO3458t, Pseudononas

ful va JCWR %Oéll (Wefelytolyl-ToN rm%ug@f %e gsgﬁ@og@@gﬁ@yt abilis
ATCC31014, Pseudononas nitroreducens JCMZ782 Pseudononas ol eovor ans

| FO135835, PSJI L{fl’? ronas ovalis | FO12688, Pseudonpnas oxal ati cus | FO13593t,
Pseudomonas’ arii JCVb492t, Pseudonobnas pseudoal cal i genes JCVb968t,

Pseudononas_put |c%§%| S]g%ﬁgs pu?H%B@I A pu%% 20p L AMIORGna £SeydOnONAS

puti da IA seudononas putida ATCC39213,
Pseudo ref aci ens | FO3 Pseudo avin 1 3P844
Pseudo ? %&%%53617 %Je%'#)%nas st g%&?%éﬂ“?%mmgz&ggeu%ﬁmﬁés
synxant ha | FOB913t, Pseudononas .s ngae 1£014 Pse apaci

| FO3508, PsPeFLde%‘H?‘uda% 2% aet r%?@ﬁ%p]? 60, nge‘b‘g%ﬁoorréonas (\E/&gg?%u?g?%‘s '

JCML47 7t , Rhodo acter s&) ae{
Pseudomonas en

1cans, Pseudomonas diminta, Pseudomonas
fluorescens, Pseudomonas fragi, Pseudomenas fulva,
Pseudomonas mendocina, Pseudomonas mutabilis, Pseudomonas
10 nitroreducens, Pseudomonas oleovorans, Pseudomonas ovalis,
Pseudomonas oxalaticus, Pseudomonas plantarii, Pseudomonas
pseudcoalcaligenes, Pseudomonas putida, Pseudomonas
putrefaciens, Pseudomonas riboflavina, Pseudomonas sp.,
Pseudomonas straminea, Pseudomonas synxantha, Pseudomonas
15 syringae, Pseudomonas tabaci, Pseudomonas taetrolens and
Pseudomonas vesicularis;
microorganisms belonging to genus Rhodobacter such as
Rhodobacter sphaeroides; and microorganisms belonging to genus
Rhodococcus such as Rhodococcus erythropolis, Rhodococcus
20 groberulus, Rhodococcus rhodochrous and Rhodococcus sp..
Typically examples thereof include microbial cell or a
treated material thereof such as Alcaligenes faecalis
IF013111t, Alcaligenes denitrificans JCM5490, Alcaligenes

eutrophus ATCC43123, Alcaligenes sp. IF014130, Alcaligenes

25 xylosoxydans IFO15125t, Bacillus alveil IF03343t, Bacillus



ATCC17023, Rhodococcus erythropolis 1F012320, Rhodococcus groberul us
ATCC15610, Rhodococcus rhodochrous JCVMB202t, Rhodococcus rhodochrous
ATCC15610 and Rhodococcus sp. 5 ATCC19148. As the m croorgani sns, at | east
one kind of mcroorgani sns selected fromgenus Al caligenes, genus
Baci | | us, genus Pseudononas, genus Rhodobacter and genus Rhodococcus is
preferable, at |east one kind of mcroorggni sns selected from 10 genus
Baci | | us, genus Pseudonobnas and genus Rhodococcus is nore preferable, at

| east one kind of mcroorgani snms sel ected from genus Pseudononas and genus
Rhodococcus is furthernore preferable, and m croorgani smbelonging to

genus FIOGEARRHS alch1SSPR) Sl AELoRAll g 1B0TRat) cBgeLgaab oG sausbe

cul tured usi ng CU| urin cul turlng vari ous nlcroorganlsns

accor di ngl yJ 1 tE'xa J@?‘g SQUIE ﬁéé% s%&fﬁu@r%‘g&%ts or

|norgan|c e car on source contalnlng

cul turi ng Wg,n%ug@g UEODns SHAEPSE) e IBKeandlus SEALGY. 584201 gRNI C

aci ds and €s Y § o%r?He nirtfrogen source 1nc e yeast extract,

poner - casneR BBl SRR Sl I R

and sodi umnitrate. Ies :éggﬂﬁHﬁglt ofhgi aﬂh:rf%airﬁﬁé@?ifagc'ds

i ncl udke 253ﬁﬁﬁ%ﬁﬁ§ﬂﬂ?ﬂq 148 hIBFS um Tarbona

o B0 P o 014551 UGS P S8 S BOFA oo
pumilus IF012092t, Bacillus sphaericus IF03341, Bacillus
subtilis JCM1465t, Bacillus thuringenesis ATCC13366, Bacillus
validus IFO13635, Pseudomonas auricularis IF013334t,

10 | Pseudomonas azotoformans JCM2777t, Pseudomonas caryophylli
IFO13591, Pseudomonas chlororaphis IF03121t, Pseudomonas
denitrificans IAM1923, Pseudomonas diminta JCM2788t,
Pseudomonas fluorescens IFO14160t, Pseudomonas fragi IF03458t,
Pseudomonas fulva JCM2780t, Pseudomonas mendocina IF014162,

15 Pseudomonas mutabilis ATCC31014, Pseudomonas nitroreducens
JCM2782t, Pseudomonas oleovorans IF0135835, Pseudomonas
ovalis IF012688, Pseudomonas oxalaticus IF013593t,
Pseudomonas plantarii JCM5492t, Pseudomonas pseudoalcaligenes
JCM5968t, Pseudomonas putida IFO3738, Pseudomonas putida

29 IAM1002, Pseudomonas putida IAM1090, Pseudomonas putida
IAM1236, Pseudomonas putida ATCC39213, Pseudomonas
putrefaciens IF03910, Pseudomonas riboflavina IF013584t,
Pseudomonas sp. ATCC53617, Pseudomonas straminea JCM2783t,
Pseudomonas synxantha IF03913t, Pseudomonas syringae IF014055,

25 Pseudomonas tabaci IF03508, Pseudomonas taetrolens IFO03460,



zinc sulfate, ferrous sulfate and cobalt chloride. Exanples of the nethod
for culturing include a solid 5 culturing and liquid culturing (test tube
culturing, flask culturing, Jar Fernenter culturing). The culturing
tenperature and pH of the culturing liquid are not particularly limted as
far as in the range wherein a mcroorganismgrows, and the culturing
tenperature is usually 10 about 15 to 40&; and the pH of the culturing
liquid is usually about 4 to 8. The culturing tinme can be accordingly

sel ected depending on the culturing conditions and it is usually about 1
to 10 days. The nicrobial cell can be used as it is. Exanples of the 15

met hod of ysidfigy TLQ%% & 38 098¢ ocbirdansldtéds dphddroidud ude (1)
g the cu

met hod conpr|5|ng usin turing Tiquidas it is and (2) nethod

conpri sing ,Gou L ch[gneg ;{ﬂgedo&%é dpg/ e&g\fﬁrﬂﬁﬁl%?{t ePe #id Oradde el turing

liquid and u5| fungus ecte he wet cell after washing

th buff i t I
1 Dot LU BT L o BRSS9t s ampa o/

t her eof car b material s i nclude those

Col vent (adutisfaoos Qrﬁm harfﬁ?t L AR B e RIS T an

al kali, 25 those opt ai ned by di srupting physically or enzymatically, and 29
crude’%nzy 'ed and extracted fromthese materials. Further, the

treated materials 8f ﬁ?@% cell E%L’}Ss? | ncI Lideagthggg yelo %Ifr}g:gc]_bgofé%%é ng

t he above- nenti dHe

selected from genus Alcaligenes, genus Bacillus, genus
Pseudomonas, genus Rhodobacter and genus Rhodococcus is
preferable, at least one kind of microorganisms selected from

10 genus Bacillus, genus Pseudomonas and genus Rhodococcus is more
preferable, at least one kind of microorganisms selected from
genus Pseudomonas and genus Rhodococcus is furthermore
preferable, and microorganism belonging to genus Rhodococcus
is especially preferable.

15 The microorganism can be cultured using culturing mediums
for culturing various microorganisms accordingly containing
carbon sources, nitrogen sources, organic salts or inorganic
salts. Examples of the carbon source containing in the
culturing mediums include glucose, sucrose, glycerol, starch,

20 organic acids and molasses. Examples of the nitrogen source
include yeast extract, meat extract, peptone, casamino acids,
wheat germ extract, soy bean powder, corn steep liguor, cotton
seed powder, dry yeast, ammonium sulfate and sodium nitrate,
Examples of the salt of organic or inorganic acids include

25 sodium chloride, potassium chloride, sodium carbonate,



by conducting i mobilizing treatnment according to the knowmn 5 nethod.

4- (Met hyl t hi o) butane-1,2-diol is oxidized to obtain

2- hydroxy-4-(methyl thio)butyric acid by bringing the mcrobial cell or
treated materials thereof into contact with 4-(nethylthio)butane-1,2-diol.
10 The amount of the mcrobial cell or treated materials thereof to be
used is an anount that the concentrationagf the mcrobial cell or treated
materials thereof in the reaction liquid is usually 0.001 to 50% by

wei ght, and preferably 0.01 to 20% by wei ght. 15 The reaction of the

m crobial cell or treated materials thereof and

4- (et hyl t i 9) byt angs . gq déghﬁ#,?aeayaldjy?ﬁﬁaﬁ%m OghokPhhBe, Presiam of

water. As water,” an agueou ering solution nmay be used and exanpl es of

the but o1 g A0EsY, Uil Bk JAIR AQISRUENOUL LR S UbbBPeE NItk

al kal i osphoric acid Such as sodi um phosphate and

pot assi um znr}losphat Cr %gd anfea_tlég%q:{% e_ng‘tfﬁjfaﬁél t ﬁda?CEBFﬁled S &S,

. u .
sodi um acet élt ec ana pOlaaS$I um aceta e mcro ce or treated

materials ther egxag'nf%]_%ﬁ éga%ﬁsdm@th%é'éd?tm#%ﬂﬂ% Ut Alnde2adid1id the

presence of wat 570rgani € ‘sol vent. e organi c solvent may be a

hyd hobi 0 ] ' | hyd LI ' . t. |
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formate, e

thyl acetate r | acetate, hutyl. acetate, ethyl propionate
and but yl ﬁ*)c/?p’i‘ﬂﬁ'aﬁ%; %Igrfpo%ma%eralcc R Ing) .

The culturing temperature and pH of the culturing ligquid
are not particularly limited as far as in the range wherein a
microorganism grows, and the culturing temperature is usually

10 about 15 to 40°C, and the pH of the culturing liquid is usually
about 4 to 8. The culturing time can be accordingly selected
depending on the culturing conditions and it is usually about
1 to 10 days.

The microbial cell can be used as it is. Examples of the

15 method of using the fungus body of the microbial cell as it is
include (1) method comprising using the culturing ligquid as it
is and (2) method comprising correcting the cell by centrifugal
separation of the culturing liguid and using the fungus body
corrected {the wet cell after washing with buffer liquid or

20 water, if necessary).

The treated materials thereof can be used. Examples of
the treated materials include those obtained by treating the
cell obtained by culturing with an organic solvent (acetone,
ethanol and the like), with freeze-drying or with an alkali,

25 those obtained by disrupting physically or enzymatically, and



5 solvents such as n-butyl al cohol, n-anyl alcohol and n-octyl al cohol;
aromati ¢ hydrocarbon sol vents such as benzene, toluene and xyl ene;

hydr ophobi ¢ et her sol vents such as diethyl ether, diisopropyl ether and
met hyl tert-butyl ether; hal ogenated hydrocarbon sol vents such as

chl orof orm and 10 1, 2-di chl oroet hane; and a m xed sol vent thereof. Exanples
of the hydrophilic organic sol vent inclgge hydr ophi li ¢ al cohol solvents
such as net hanol and ethanol; hydrophilic ketone solvents such as acetone;
hydrophilic ether solvents such as di net hoxyet hane, tetrahydrofuran and

di oxane; and a m xed 15 solvent thereof. The pH of reaction of the

' bi al || d i;al f .
meroh o Cellaer elkal UepTBhFER R SO A excn sncae marertalsy
ti t { ' [ t 0C. _T ti ti ' [ 1 0.5
e o8 SIRELALYY S €05 K0k 02000, T B Lan LWL iaLLY O,

the reaction liquid is usyal 50% (w.v) or less. T reaction.of.the
M orobial coriadied pispiiiRetpaoris Anesheripned treathent 811506
4- (met hyl t hi o) butane-1, 2-diol js usually 25 conducted_b 1 XI t he both.
The reacti di¥ reQPHRETHHHTReP YL 24R8 4 ?EFQEYrﬁﬁ?@*?%ﬁ%?%%tgﬁ%-ﬁ?ﬁwﬁioI
continuously or _successively to the reaction system |f necessary, sugars
such a& gl &P sucrose and fructose, or a surfactant such as TritonX- 100

and Tween60 nay be added 5 to the reaction system _. )
4-(Methylthio)butane-~1,2-diol "is oxidized to obtain

2-hydroxy-4- (methylthio)butyric acid by bringing the
microbial cell or treated materials thereof into contact with
4- (methylthio)butane-1,2-diol.

10 The amount of the microbial cell or treated materials
thereof to be used is an amount that the concentration of the
microbial cell or treated materials thereof in the reaction
liquid is usually 0.001 to 50% by weight, and preferably 0.01
to 20% by weight.

15 The reaction of the microbial cell or treated materials
thereof and 4-(methylthio)butane-1,2-diol is usually carried
out in the presence of water. As water, an aqueous buffering
sclution may be used and examples of the buffering agent used
for the agqueous buffering solution include an alkali metal salt

20 of phosphoric acid such as sodium phosphate and potassium
phosphate; and an alkali metal salt of acetic acid such as
sodium acetate and potassium acetate. The microbial cell or
treated materials thereof may be reacted with
4-{methylthio)butane-1,2-diol in the presence of water and an

25 organic solvent. The organic solvent may be a hydrophobic



The endi ng point of the reaction can be confirmed by nonitoring the anount
of 4-(nethylthio)butane-1,2-diol in the reaction liquid by liquid

chromat ography or gas chronat ography. 10 After the conpletion of the
reaction, 2-hydroxy-4-(methylthio)butyric acid can be isol ated by
conducti ng conventional aftertreatnent of the reaction liquid such as
extract treatnent and concentration treag nt.

2- Hydr oxy-4-(methyl thi o) butyric acid obtarned can be further 15 purified by
conventional purification nmeans such as colum chromat ogr aphy and
distillation. Exanples The present invention will be further illustrated
by 20 Exanples .in detail belo but . the present invention S no limted
by these BERFEPAS SRREADIO 1AYSEEPPLILel T T Aeb o SR 1 rExaTeLageet

m cropore diangter o he netal -containing silicate obtained were neasured
ot 1000 undbe By BEgRaebAC AT o 0P b BENSL ge s SR OITER CEogarR RNt | o
0. 013kPa) by_the nitrogen adsorption 32 nethod using Autosorb-6
nanufactur@&hHQ'éﬂ&ﬁ?&ghrﬁﬁEYllﬁgﬁFﬁﬁﬁntEFoﬁﬁH Fetapeci Pty S AFeH %r ea
and the average mcropore dianeter thereof were cal cul ated using BET

nul ti poi nt SABFHo®TERAPSAEe AnghPuly] PRcldenadspe diMdraRRobIL Rhce

Exanple 1 To a 500 nmlL fl ask equipged with a stirrer, 5g of a tungsten
5 solvents such as n-butyl alcohol, n-amyl alcohol and n-octyl

alcohol; aromatic hydrocarbon sclvents such as benzene,
toluene and xylene; hydrophobic ether solvents such as diethyl
ether, diisopropyl ether and methyl tert-butyl ether;
halogenated hydrocarboen solvents such as chloroform and

10 1.2-dichloroethane; and a mixed solvent thereof. Examples of
the hydrophilic organic solvent include hydrophilic alcohol
solvents such as methanol and ethanol; hydrophilic ketone
solvents such as acetone; hydrophilic ether solvents such as
dimethoxyethane, tetrahydreofuran and dioxane; and a mixed

15 solvent thereof.

The pH of reaction of the microbial cell or treated
materials thereof and 4-(methylthio)butane-1,2-diol is
usually in the range of 3 to 10, and the reaction temperature
is usually 0 to 60°C. The reaction time is usually 0.5 hour

20 to 10 days.

The concentration of 4-(methylthio)butane-1,2-diol in
the reaction liguid is usually 50% (w/v) or less.

The reaction of the microbial cell or tfeated materials
thereof and 4-(methylthio)butane-1,2-diol is usually

25 conducted by mixing the both. The reaction may be conducted



nmetal powder and 25 g of ion-exchanged water were added, and an inner
tenperature was adjusted to 40C. 15 g of a 60% by 10 wei ght aqueous

hydr ogen peroxi de sol uti on was added dropwi se thereto over 30 m nutes, and
then the m xture was naintained at the sanme tenperature for 1 hour to
obtain a solution containing tungsten oxide. To the solution containing
tungsten oxide, 75 g of ion-exchanged wgther and 80 g of ethanol were

added, 15 and then 41.6 g of tetraethoxysilane was added dropw se thereto
over 10 mnutes. Further, 20 g of 40% by wei ght aqueous tetrabutylamoni um
hydr oxi de sol ution was added dropwi se thereto at the same tenperature over

10 m nut es.pylhetHiddes - (hethy BLBS) 6P0dRe- 1 02 a1 b1NE6n t EPRE AL §r e of 25C
and stirring 20 was continued at the same tenperature, and solid was

preci pi t at edddb PO 130 &1 1M BSed Ot {4 zﬁé’é’érﬁ)’ After stirring and
mai ntai ning at the sane tenperature for 24 hours, solid was collected by

filtration. Sol gﬁﬁh h i nged
wat er, and thenj!%lrlltalejégga&% %%9%955%\48‘&?5\%5% o%%%?%g%é%fng gﬁ%ft(?% white

so i d: The giid GuiBlict ol ARloace1RBnaahooned adina3AFo fhy Or00MESe40

obtain 16 |te tungsten-containing silicate. spectrum A

broad gpeak value of 3.77 Ais observed. A peak
assi gnabl e 1{1:3‘411 ungs en oXl| ?eYléts'gTr'lot 5 observed. IR spectrum (KBr) v,.:

3478, 1638, 1078y, 010 805 p 3 48 Tnd LSRN A 2081 Y51 ol e X 8%

monitoring the amount of 4-(methylthio)butane-1,2-diol in the
reaction liguid by liquid chromatography or gas
chromatography.

10 After the completion of the reaction,
2-hydroxy-4-{methylthio)butyric acid can be isolated by
conducting conventional aftertreatment of the reaction liquid
such as extract treatment and concentration treatment.
2-Hydroxy-4-(methylthio)butyric acid obtained can be further

15 purified by conventional purification means such as column

chromatography and distillation.

Examples
The present invention will be further illustrated by
20 Examples in detail below, but the present invention is not
limited by these Examples.
Each of the specific surface area and the average
micropore diameter of the metal-containing silicate obtained
were measured at 150°C under a degassed condition of 1.35 X 1077

25 Kg/cm™> (equivalent of 0.013kPa) by the nitrogen adsorption



Specific surface area: 543 n2/g, Average micropore 10 dianeter: 16 A

Ref erence Exanple 2 To a 500 nL flask equi pped with a stirrer, 5 g of a
tungsten netal powder and 25 g of ion-exchanged water were added, and 15
an inner tenperature was adjusted to 40C. 15 g of a 60% by wei ght aqueous
hydr ogen peroxi de sol ution was added dropw se thereto over 30 m nutes, and
then the m xture was maintained at the nme tenperature for 2 hours to
obtain a solution containing tungsten oXide. To the solution containing
tungsten 20 oxide, 75 g of ion-exchanged water and 80 g of ethanol were
added, and then 41.6 ¢ of tetraet hoxysil ane was added thereto at an inner

tenperature C over te Further. 4 meight

t et rapropyl acrgmné)um%%r X 0em"l';lnol tnilaonnu%%%tdr dge‘%! ﬁ%ﬁ%c feto at the
sane tenper e over tes. 25 Then m xt ure s_.cooled to an
Thner |t empd Rt e ¥ f%%ﬁlr%%gﬁw%%%rﬂﬁ%@d@tﬂt%ea‘g%e
tenperature,, Solld reC|p|tated in about. 30 mnutes to formslurry.
After stiriff \%ﬁ;Qﬁ) ng efe qqu?%ﬁﬁn??%ﬁﬂﬁﬁ%ﬁqMQ§¥Qﬂ BEL hours, solid
was coll ect d_b flltratlon SoI| filtrated was washed twice with 5 100 g
of ion-excﬁgﬁdﬁd%ﬁHVéﬂﬁiﬂPQHﬁﬁﬁpwp 13oendo PRI mRShPe TEFPEGLAVRIZS. 0 g of
white solid. The white solid obtained was calcined at 550C for 6 hours to
obtair 17. 3 g of a white tungsten-containing silicate. XRD spectrum A

broad peak having an apex at a d value of 10 3.76 A is observed. A sharp
peak assi gf&fieFanye JigeRd® dxi de

To a 500 mL flask equipped with a stirrer, 5g of a tungsten
metal powder and 25 g of ion-exchanged water were added, and
an inner temperature was adjusted to 40°C. 15 g of a 60% by

10 weight aqueous hydrogen peroxide solution was added dropwise
thereto over 30 minutes, and {:hen the mixture was maintained
at the same temperature for 1 hour to obtain a solution
containing tungsten oxide. To the sclution containing tungsten
oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,

15 and then 41.6 g of tetraethoxysilane was added dropwise thereto
over 10 minutes. Further, 20 g of 40% by weight aqueous
tetrabutylammonium hydroxide solution was added dropwise
thereto at the same temperature over 10 minutes. Then, the
mixture was cooled to an inner temperature of 25°C and stirring

20 was continued at the same temperature, and solid was
precipitated in about 30 minutes to form slurry. After stirring
and maintaining at the same temperature for 24 hours, solid was
collected by filtration. Solid filtrated was washed twice with
100 g of ion-exchanged water, and then dried at 130°C for 24

25 hours to obtain 38.0 g of the white s0lid. The white solid



is slightly observed. IR spectrum (KBr) Vmax: 3480, 1638, 1078, 956, 800
cml Elenental analysis value; W 11.0% Si: 31.4% 15 Specific surface
area: 573 n2/g, Average micropore dianeter: 22 A Reference Exanple 3 To a
500 nL flask equipped with a stirrer, 2 g of a 20 nol ybdenum netal powder
and 25 g of ion-exchanged water were added, and an inner tenperature was
adjusted to 40C. 15 g of a 60% by wei ghj3aqueous hydrogen peroxide

sol ution was added dropw se thereto over 1 hour, and then the m xture was
mai nt ai ned at the sane tenperature for 1 hour to obtain a 25 solution
cont ai ni ng nol ybdenum oxi de. To the solution 35 containing nolybdenum

ide, 75 g qf ion-exchanged wat d. 8O _g of re add d
Chen 416 §rirglh SEBHGRYCH TSR vi2d Sdbih & RerEes A Caheth TP ATs e

of 40C over ,10_.m.nutes. Further .q of_. | am ne was added dropw se 5
thereto attPﬁeW?&$€ F@ﬁﬁgnguF8n§3égl%@ ﬁﬁ%ﬁ%gg%'Solid was inmmediately

ipitated t | . The mixt . cool ed t i

Cemperat ur o of 38¢ ARACEFRN: Jb Shnd wari BRkensrr e el'e d3R1es.8f ol i
Ilected by  filtratiaon. Solid filtrat hed tw ] 00

of 10°1 on- decahgHRESr ed ogeak 195LIRBPLE G LA LE LA LR TS S50

for 6 hburs_to obtain 15.5 g of a white nolybdenum containing silicate.
5 observed.

IR spectrum (KBr)

Vmax: 3478, 1638, 1078, 960, 806, 557 cm™*
Elemental analysis value; W: 9.8%, Si: 39.5%
Specific surface area: 543 m?/g, Average micropore

10 diameter: 16 A

Reference Example 2
To a 500 mL flask equipped with a stirrer, 5 g of a tungsten
metal powder and 25 g of ion-exchanged water were added, and
15 an inner temperature was adjusted to 40°C. 15 g of a 60% by
weight agqueous hydrogen peroxide solution was added dropwise
thereto over 30 minutes, and then the mixture was maintained
at the same temperature for 2 hours to obtain a solution
containing tungsten oxide. To the solution containing tungsten
20 oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxysilane was added thereto at-an
inner temperature of 40°C over 10 minutes. Further, 40 g of
a 10% by weight tetrapropylammonium hydroxide solution was

added dropwise thereto at the same temperature over 10 minutes.

25 Then, the mixture was cooled to an inner temperature of 25°C



XRD spectrum A m xed spectrum of a broad peak having an apex at a d val ue
of 3.8 A and a sharp peak assignable to 15 nolybdenum oxide is observed.

| R spectrum (KBr) vnmax: 3470, 1640, 1090, 956, 915, 802 cm 1l El enental

anal ysis value; M: 13.9% Si: 32.4% Specific surface area: 171 n2/g,
Average mcropore 20 diameter: 73 Alt was confirned that the white

mol ybdenum contai ning silicate obtainedzhad nol ybdenum oxi de fromthese
results. Reference Exanple 4 25 To a 508 mL flask equi pped with a stirrer,
2.5 g of a 36 nolybdenum netal powder and 25 g of ion-exchanged water were
added, and an inner tenperature was adjusted to 40C. 15 g of a 60% by

L hour , “andith et ERaREL yRE S ER H, Pl B Mo AR STl s P

1 hour, an urée was 5 nai ntal e sane tenperature for 1

hour to obtain a .tsaqzlrﬁué iigneb?ool%ggq%jf%@g ¥gw§gﬁ%g?érzgﬁgges£%f%¢§m

.. c
contalnlnglhn fﬁ)enu OXIl 1 On- exchange

2t an | nnorHERBSPERAPEngre Gotenn et KPR TG £ Lt RuE 2000 a1 e 40%

at an i nner®t f ur t her of a 40%

by wei ght tetrabut j.um droxi de L.yt iQn was added opw. se; f,hereto
over 10 mi m&ct%EWQFFQF Waéog%‘ﬁ%iol&ﬁgﬁﬁﬁd Y2 vgaasﬁrleefévr'%%gfe gfﬁér}g and
solid_was precipitated in_about 15 mnutes to formslugry, 200 ghggrs

i on- ex@handélP s inls exsiedaed wakery anthdripd: dte 1ddsC chor ettt

to obtain 38.0 g of white s0lid. The white solid obtained was
calcined at 550°C for 6 hours to obtain 17.3 g of a white
tungsten-containing silicate.
XRD spectrum: A broad peak having an apex at a d value of
10 3.76 A is observed. A sharp peak assignable to tungsten oxide
is slightly observed.
IR spectrum (KBr)
Vmax: 3480, 1638, 1078, 956, 800 cm™
Elemental analysis value; W: 11.0%, Si: 31.4%
15 Specific surface area: 573 m?/g, Average micropore

diameter: 22 A

Reference Example 3
To a 500 ml. flask equipped with a stirrer, 2 g of a
20 molybdenum metal powder and 25 g of ion-exchanged water were
added, and an inner temperature was adjusted to 40°C. 15 g of
a 60% by weight aqueous hydrogen peroxide solution was added
dropwise thereto over 1 hour, and then the mixture was
maintained at the same temperature for 1 hour to obtain a

25 solution containing molybdenum oxide. To the solution



15 to an inner tenperature of 25C and stirred and nmaintained at the sane
tenperature for 24 hours. Then, solid was collected by filtration. Solid
filtrated was washed twice with 100 g of ion-exchanged water, dried at
110C for 6 hours and calcined at 550C for 6 hours to obtain 15.9 g of a
white 20 nol ybdenum containing silicate. XRD spectrum A broad peak having
an apex at a d value of 3.79 Ais obserggd. A sharp peak assignable to
tungsten oxide is not observed. IR spectrum (KBr) 25 vmax: 3470, 1640,
1080, 956, 913, 796 cm1 37 Elenental analysis value; M: 5.22% Si: 37.0%
Specific surface area: 649 n2/g, Average micropore dianmeter: 22 A5

vanadi om N ARG Tedyberiin bRt CI8 BREE hATeRoRab it Emare” S 0
hyar ogen paol oo LBRIPLOIE An e oaRdect SRR B 1B ¢ e st AR PR 2
obiai n 5 SOAR FHSE RN e Ao PSSP 1116 ol A1 Fof "abnei ning.
addod,  and iR R ot AR St ARG SR RE 15

i nner tenperature of 4Q0C over 10 m nutes. Further, 40 of a%o(¥@taggmight

tetra-h- pr SPAFEHN &t AHR SOTENGSTRFFES Hheo Riiede 10 minutes.

immediately precipitated to form slurry. VThe mixture was .
cooled to an inner temperature of 25°C and stirred and
maintained for 24 hours, and then solid was collected by
filtration. Solid filtrated was washed twice with 100 g of
10 ion-exchanged water, dried at 110°C for 6 hours and calcined
at 550°C for 6 hours to obtain 15.5 g of a white
molybdenum-containing silicate.
XRD spectrum: A mixed spectrum of a broad peak having an
apex at a 4 value of 3.8 A and a sharp peak assignable to
15 molybdenum oxide is observed.
IR spectrum (KBr)
Vmax: 3470, 1640, 1090, 956, 915, 802 cm’™’
Elemental analysis value; Mo: 13.9%, S5i: 32.4%
Specific surface area: 171 mz/g, Average micropore
20 diameter: 73 A
It was confirmed that the white molybdenum-~ccntaining

silicate obtained had molybdenum oxide from these results.

Reference Example 4

25 To a 500 mL flask equipped with a stirrer, 2.5 g of a



thereto over 10 mnutes. Then, the m xture was cooled to an inner
tenperature of 25C and stirring was continued and solid was precipitated
in about 30 minutes to formslurry. The slurry 20 was stirred and
mai nt ai ned at the sane tenperature for 24 hours. Then, solid was collected
by filtration. Solid filtrated was washed twice with 100 g of

I on-exchanged water, dried at 130C for 4 hours and cal cined at 550C for 6
hours to obtain 16.0 g of a brown vanadiumcontaining silicate. 25 XRD
spectrum A broad peak having an apex at a d value of 38 3.85 Ais
observed. A sharp peak assignable to vanadiumoxide 1is not observed. IR

spect rum () uaRin 581 géﬁ?ez%dazg GBS BB AIPRATIST akue) V

5.56% Si: 36:1% Specific surface area: 708 n2/g, Average m cropore

g e A, o st el gl i S8LLE0EE W6 DR e o
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reaction. afran was 0 the reaction [
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yreld of solution containing molybdenum oxide. To the solution

containing molybdenum oxide, 75 g of ion-exchanged water and

80 g of ethanol were added, and then 41.6 g of tetraethoxysilane

was added thereto at an inner temperature of 40°C over 10

10 minutes. Further, 20 g of a 40% by weight tetrabutylammonium
hydroxide solution was added dropwise thereto over 10 minutes.
Then, stirring was continued at the same temperature and solid
was precipitated in about 15 minutes to form slurry. 200 g of
ion-exchanged water was added to slurry. The mixture was cooled

15 to an inner temperature of 25°C and stirred and maintained at
the same temperature for 24 hours. Then, solid was collected
by filtration. Solid filtrated was washed twice with 100 g of
ion-exchanged water, dried at 110°C for 6 hours and calcined
at 550°C for 6 hours to obtain 15.9 g of a white

20 molybdenum-containing silicate.

XRD spectrum: A broad peak having an apex at a d@ value of

3.79 A is observed. A sharp peak assignable to tungsten oxide
is not observed.

IR spectrum (KBr)

25 Vmex: 3470, 1640, 1080, 956, 913, 796 cm™



3-butene-1,2-diol was 93% 20 Exanple 2 According to a simlar manner as
that of Exanple 1, the reaction was conducted except that the

vanadi umcontaining silicate obtained in the above-nentioned Reference
Exanple 5 25 was used in place of the nol ybdenum containing silicate 39
obt ai ned in the above-nenti oned Reference Exanple 4 and 300 ng of

1, 2- epoxy- 3-butene was used. The yield of,3-butene-1,2-diol was 94% 5
Exanpl e 3 According to a simlar nmanner as that of Exanple 1, the reaction
was conduct ed except that the nol ybdenumcontaining silicate obtained in

t he above-nenti oned Reference Exanple 3 was used in place of the

nol ybdenum cont g%mr&qlts%ll i J§(§:ps Q%I_@Je{‘e%” d %%abqy%r?ptd ned Reference
ng of 1,2- -but” was’ y e Vyi

Exanple 4 and 3 pOXYy- ene was ‘used. el d of

3-butene-1, 2-di 95% gggl 4 ceqr di tQ a si.m lar _manner as
t hat of Exanpl e%fg@ifelérgeufc‘%on V\r/gesa'cg)sg‘tdqjc Zg’e;%%gﬁtagteh&l@trﬁ ore

tungsten-cotaining sjlicate obtained in the above-nentioned Reference
Exanple 1 "Was used i pl ace of the nol ybdenum containing silicate

obtai ned in the above-nentioned Reference Exanple 4. 20 The yield of
3-butene-1,2-diol was 81% Exanple 5

5 Reference Example 5
To a 500 mL flask equipped with a stirrer, 1.3 g of a

vanadiummetal powder and 25 g of ion-exchanged water were added,
and an inner temperature was adjusted to 40°C. 15 g of a 30%
by weight agueous hydrogen peroxide solution was added dropwise

10 thereto over 30 minutes, and then the mixture was maintained
at the same temperature for 1 hour to obtain a solution
containing vanadium oxide. To the solution containing vanadium
oxide, 75 g of ion-exchanged water and 80 g of ethanol were added,
and then 41.6 g of tetraethoxysilane was added thereto at an

15 inner temperature of 40°C over 10 minutes. Furfher, 40 g of
& 40% by weight tetra-n-propylamine solution was added dropwise
thereto over 10 minutes. Then, the mixture was cooled to an
inner temperature of 25°C and stirr_ing was continued and solid
was precipitated in about 30 minﬁtes to form slurry. The slurry

20 was stirred and maintained at the same temperature for 24 hours.
Then, solid was collected by filtration. Solid filtrated was
washed twice with 100 g of ion-exchanged water, dried at 130°C
for 8 hours and calcined at 550°C for 6 hours to obtain 16.0
g of a brown wvanadium-containing silicate.

25 XRD spectrum: A broad peak having an apex at a @ value of



According to a simlar manner as that of Exanple 1, the reaction was
conducted except that the tungsten-containing 25 silicate obtained in the
above-nenti oned Reference Exanple 2 40 was used in place of the

nol ybdenum containing silicate obtained in the above-nenti oned Reference
Example 4. The yield of 3-butene-1,2-diol was 82% 5 Exanple 6 Into a 50
mL flask equi pped with a magnetic stirr and a ref |ux condenser, 30 ny
of the vanadi umcontaining silicate obtained in the above-nentioned

Ref erence Exanple 5, 300 ng of 1, 2-epoxy-3-butene and 3 g of distilled
wat er were charged. The 10 resultant m xture was stirred at an inner

t enper at ur 5C for 5 hours to effect reactio 1 of _tetrahydrofuran
was’ added S hes SRRTITET obi U dny RS RTaRARAR Fher had flh BRI
vanadi um cont ai ni ng silicate was separated by decantation to obtain a

sol ution cofit 8°hi R§55¥BG ene- 1, 2-diol . The sol ution 15 was anal yzed by gas
chromat ography internal standard nethod to find the yield of

3- but ene- 1, 2- di 6F FRECEFHD E%§ﬁ§|e 7 Into a 50 mL flask equi pped with a
magnetic stirrer and 20 a ref |ux condenser, all amount of the
vanadi um cont ai ni ng Veisli ¢8P8.s8pAra8d.bf28e€RBntation in the |

above- nmentioned__Exanple 6, 300 ng of 1, 2-epoxy-3-butene and 3 g of

di stiPled wateFlﬂ@PBtéﬂaﬁﬁé&Ys?ﬁeVPé§&FtHﬁt5n¥§@ur§iWa§Gsﬂﬁrred at an
inner tenperature of 25C for 5 hours to effect reaction. 10 25 g of

t et r ahydr of ur anSRES1&dGegurdackeareact 768 M {9i dA¥dragheflcropore

diameter: 27 A

Example 1

10 To a 50 mL flask equipped with a magnetic stirrer and a
reflux condenser, 30 mg of the molybdenum-containing silicate
obtained in the above-mentioned Reference Example 4, 310 mg of
1l,2-epoxy-3-butene and 3 g of distilled water were added. The
resultant mixture was stirred at an inner temperature of 25°C

15 for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction liquid obtained to obtain a solution
containing 3-butene-1,2-diocl. The solution was analyzed by gas
chromatography internal standard method to £find the yield of
3-butene-1,2-diol was 933.

20
Example 2

According to a similar manner as that of Example 1, the

reaction was conducted except that the vanadium-containing
silicate obtained in the above-mentioned Reference Example 5

25 was used in place of the molybdenum-containing silicate



41 to obtain a solution containing 3-butene-1,2-diol. The solution was
anal yzed by gas chromat ography internal standard nethod to find the yield
of 3-butene-1,2-diol was 87% 5 Exanple 8 Into a 50 nlL flask equi pped with
a magnetic stirrer and a ref |ux condenser, 30 ng of 85% phosphoric acid,
300 ng of 1, 2-epoxy-3-butene and 3 g of distilled water were charged. The
resultant m xture was stirred at an inneggtenperature of 5C 10 for 5 hours
to effect reaction. 10 g of tetrahydrofuran was added to the reaction
liquid obtained to obtain a solution containing 3-butene-1,2-diol. The
solution was anal yzed by gas chromatography internal standard nethod to

find the y.(ﬁ;tdalq;ed gnbeﬁergeoév&n%@éle/@éa %%@elﬂé#cﬁxggalgglg Aty %ggom”gtof

flask equipped with a nagnetlc stlrrer are ndenser,

met aphosphqyd q_%pég,iﬁg 20 resd?ta qﬂgéy-B butene and 3 g of distilled

wat er were c arge m Xt ure was stirred at an inner

t enper at ur nQf %1&06 esnégle{)fcfféldfff% . . 10 g of tetrahydrofuran

was added to the rea ion 11 qui tarne ain a solution containing
3-butene-1,2-diol. The solution was anal yzed by gas chromatography
internal standard nethod to find the yield of 25 3-butene-1,2-diol was

5% £ Egmadd

According to a similar manner as that of Example 1, the
reaction was conducted except that the molybdenum-containing
silicate obtained in the above-mentioned Reference Example 3
was used in place of the molybdenum-containing silicate

10 ocbtained in the above-mentioned Reference Example 4 and 330 mg
of 1,2-epoxy-3-butene was used.

The yield of 3-butene-1,2-diol was 95%.

Example 4

15 According to a similar manner as that of Example 1, the
reaction was conducted except that the tungsten-containing
silicate obtained in the above-mentioned Reference Example 1
was used in place of the molybdenum-containing silicate
obtained in the above-mentioned Reference Example 4.

20 The yield of 3-butene-1,2-diol was 81%.

Example 5
According to a similar manner as that of Example 1, the
reaction was conducted except that the tungsten-containing

25 silicate obtained in the above-mentioned Reference Example 2



To a 100 m flask equi pped with a magnetic stirrer, 880 nyg of
3-butene-1,2-diol and 10 ng of 5 2,2'-azobisisobutyronitrile were added.
Into the m xture obtained, gaseous nethanethi ol was bl owed at an inner
tenperature of. 25C with stirring at a speed of about 10 to 20 ni/mn.

over 1 hour. The m xture was further stirred at the sanme tenperature for 1
hour to effect reaction. After 10 conpl eyigon of the reaction, nethanethiol
remai ned was renoved by blowing nitrogen into the reaction m xture, and
1245 ng of the oily matter containing 4-(nethylthio)butane- 1,2-diol was
obtained. This oily matter was anal yzed by gas chronmat ography area

per cent age et Naged ou{ | koo ¥ | Ehd 6195 dndABLANL AL BAGUS BEede2- di Ol vas

73% Exanple 11 To a 1 aut ocl ave ‘equi pped a magnetic stirrer,

1300 1y of Gbu 08~ {n 264l Odn SRl 0 o8 a219e§%26n@éoﬂéh§9@uwom trile

wer e added. A Cer cool |ng t m xture obtained at an 1 nner tenperature of

0C, 1400 than i pl reto. The autocl ave was
seal ed, aﬁ%éﬁié{%&ej m Q?ure %\ﬁ/aés.| gt%\r@:‘z ggo%ﬁl 2 hours to effect
reaction. The pressure (gauge pressure) of |nternal 25 autoclave at the
point of starting the reaction was 2 kg/cn2 43 (equivalent of 0.2 MPa) and

the pr ssuqf (ﬁqﬂge pressure) of internal autoclave at the point of
conpl e |on 6t e reactlon was 1 kg/cnR (equivalent of 0.1 MPa). After

conpl eti on of the,. £eacty o JRLRAEL Ol GTRLNS nYgRe L SOOYEL- Y- LAY N0

a reflux condenser, 30 mg of the vanadium-containing silicate

0

obtained in the above-mentioned Reference Example 5, 300 mg of
1,2-epoxy-3-butene and 3 g of distilled water were charged. The
10 resultant mixture was stirred at an inner temperature of 25°C
for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction ligquid obtained, and then the
vanadium-containing silicate was separated by decantation to
obtain a sclution containing 3-butene-1,2-diol. The solution
15 was analyzed by gas chromatography internal standard method to

find the yield of 3-butene-1,2-diocl was 94%.

Example 7
Into a 50 mL flask equipped with a magnetic stirrer and
20 a reflux condenser, all amount of the wvanadium-containing
silicate separated by decantation in the above-mentioned
Example 6, 300 mg of 1,2-epoxy-3-butene and 3 g of distilled
water were charged. The resultant mixture was stirred at an
inner temperature of 25°C for 5 hours to effect reaction. 10

25 g of tetrahydrofuran was added to the reaction liquid obtained



5 nitrogen into the reaction m xture, and 1790 ng of the oily matter
containing 4- (nethylthio) butane- 1, 2-diol was obtained. This oily
matter was anal yzed by gas chronmat ography area percentage nethod to find
the yield of 4-(nethylthio)butane-1,2-diol was 67% 10 Exanple 12 To a 100
m autocl ave equi pped with a magnetic stirrer, 1300 ng of

3-butene-1,2-diol and 20 ng of azobisisabutyronitrile were added. After
cooling the m xture 15 obtained at an inner tenperature of 0C, 1400 ng of
liquid nmethanethiol was added thereto. The autocl ave was seal ed, and then
the m xture was stirred at 40C for 4 hours to effect reaction. The
pressure (g8 ashid 5 S €910f i drit el 1 P aetersd - 1 Ne-pdNt ofhst arting
the reaction was 2.5 kg/cn? (equival ent 20 of 0.25 MPa) and the pressure

(gauge pr essscmr@al&{ wa@,t ahaﬁyzea%p@a'g/%h%mtat& Eﬁbﬁx ohteennl et onaptat he
reaction was 0.5 kg/cn? (equivalent of 0.05 fter conpletion of the

reaction, neihanetil of;feMBidIes Jap Jie@yt%jtéﬁ/ebi oM b1 Wdd @R, i nto the
reaction mixture, and 1990 ng of the oily 25 matter contai ning

4- (met hyl t hi 0) but ane- 1, 2-di ol was obtained. 44 This oily matter was

anal yzed by gas chronatography area percentage nethod to find the yield of
4- (methyl t B ane-1,2-diol was 94% 5 Exanple 13 To a 50 nl autocl ave
equi pped wit magnetic stirrer, 2000

Into a 50 mL flask equipped with a magnetic stirrer and

a reflux condenser, 30 mg of 85% phosphoric acid, 300 mg of
1,2-epoxy~-3-butene and 3 g of distilled water were charged. The
resultant mixture was stirred at an inner temperature of 5°C

10 for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction liquid obtained to obtain a solution
containing 3-butene-1,2-diol. The solution was analyzed by gas
chromatography internal standard method to find the yield of

3-butene-1,2-diol was 92%.

i5
Example 9
Into a 50 mL flask equipped with a magnetic stirrer and
a reflux condenser, 30 mg of metaphosphoric acid, 300 mg of
1,2-epoxy-3-butene and 3 g of distilled water were charged. The
20 resultant mixture was stirred at an inner temperature of 5°C

for 5 hours to effect reaction. 10 g of tetrahydrofuran was
added to the reaction liquid obtained to obtain a solution
containing 3-butene-1,2-diol. The scolution was analyzed by gas
chromatography internal standard method to find the yield of

25 3-butene-1,2-diol was 86%.



ng of 3-butene-1,2-diol and 20 ng of
2,2'-azobi s[2-(2-imdazolin-2-yl)propane] were added. After

cooling the

m xture obtained at an inner tenperature of 0C, 10 1500 ng of l|iquid
met hanet hi ol was added thereto. The autoclave was seal ed, and then the

m xture was stirred at 40C for 4 hours to effect reaction.

The pressure

(gauge pressure) of internal autoclave @ the point of starting the

reaction was 2.5 kg/cne

pressure) of 15 internal autoclave at the point of conpletion of the

reacti on

reaction,
reaction mxture, and 10 g of ethyl acetate was added thereto to obtain

was 0.5 kg/cnR (equivalent of 0.05 MPa). After conpletion of

(equi val ent of 0.25 MPa) and the pressure (gauge

t he

net hanet hi ol renai ned was renoved by blowing nitrogen into the

the sol uti @aateaizy ng 20 4- (et hyl thio)butane-1,2-diol. The solution

obtai ned was anal yzed by gas chromatography internal standard nethod to

find the yiel dof A165ekhykihLe) byhapged 1chok MEmmaHe Svarmie, IbEs

According to a sinmilar manner as t%at of Exanple 13, the 45 solution

cont ai ni ng yd- (JEtNyl L@ gu 013_ %n‘@ Gﬂo WRS ofobt ai ned except that methyl

azob|5|sobutyrate was use

ace

2,2 - azobi sf 2n(g; cFBlCL"i?s‘?;'b' a?:o\ﬁl)t&rﬁ%a Stag(;a%egp' Ut @, (1l 3iRAdiMAs

analyzed by 'gas c romat ogr aph

I nt er nal

5 method to flnd the yield

of 4-(met h%l ttry:&)e%'lt aa%ejo'u[?sl q{e%lha\éggzﬁ%%.%wa@(%v‘%dlgg%@ ihdfl autoclave

equi pped with a magn

10

15

20

25

rrer
temperature of 25°C with stirring at a speed of about 10 to 20

mL/min. over 1 hour. The mixture was further stirred at the
same temperature for 1 hour to effect reaction. After
completion of the reaction, methanethiol remained was removed
by blowing nitrogen into the reaction mixture, and 1245 mg of
the oily matter containing 4-(methylthio)butane-1,2-diol was
obtained'. This oily matter was analyzed by gas chromatography
area percentage method to find the yield of

4-(methylthio)butane-1,2-4diol was 73%.

Example 11

To a 100 ml autoclave equipped with a magnetic stirrer,
1300 mg of 3-butene-1,2-dicl and 20 mg of
2,2'-azobisisobutyronitrile were added. After cooling the
mixture obtained at an inner temperature of 0°C, 1400 mg of
liguid methanethiol was added thereto. The autoclave was
sealed, and then the mixture was stirred at 30°C for 2 hours
to effect reaction. The pressure (gauge pressure) of internal

autoclave at the point of starting the reaction was 2 kg/cm2



10 ng of 3-butene-1,2-diol, 9 ng of pyridine and 14 ng of acetic acid were
added. After cooling the m xture obtained at an inner tenperature of 0OC
1500 nmg of |iquid nethanethiol was added thereto. The autocl ave was

seal ed, and then the m xture was stirred at 40C for 4 hours to effect
reaction. The pressure 15 (gauge pressure) of internal autoclave at the
point of starting the reaction was 2.5 kg/cn2 (equivalent of 0.25 MPa) and
the pressure (gauge pressure) of internal autoclave at the point of
conpletion of the reaction was 0. 5 kg/cn2 (equivalent of 0.05 MPa). After
conpletion of the reaction, the pressure was 20 released to the ordinary

pressure angakareihice orqnnpae;dawaswéegﬂv@@luiay bj QG @ p1ré 4 $@GEN dMnt 0
the reaction mxture, and 10 g of ethyl acetate was added thereto. This

sol uti on was, ¢332y a8 oe:(agasaehfmdagf@wcbﬂ geRabnSbangias drewdthiash t 0
find the yield of 4-(methylthio)butane-l,2-diol was 94% 25 46 Exanple 16

The pr edet g ey ABRANL il 4Bl %SOaﬂm;o 2@ e CEbAPLEEEoAI bt A ned

i n Exanpl e |nsolu e matters was ltered off to prepare a 10%

(W V) aquequs, 3 4 mﬁgﬂﬂéﬁy‘ﬁygf talneégL SV by BMowingul turing

medi um after steri i Zati on (those y adding 20 g of glucose, 5 ¢

o ook f%ftoo%%%zt&ae?sf%%% ot B 190 36 00 cha Sy
magnesi um 10 Ul f ale, DRt AP%Arnils i) DAL UL ING PHa S EInd P, 7- 0)
This oily matter was analyzed by gas chromatography area
percentage method to £ind the yield of
4-(methylthio)butane-1,2-41l0l was 67%.
10
Example 12
To a 100 ml autoclave equipped with a magnetic stirrer,
1300 mg of 3-butene-1,2-diol and 20 mg of
azobisisobutyronitrile were added. After cooling the mixture
15 obtained at an inner temperature of 0°C, 1400 mg of liquid
methanethiol was added thereto. The autoclave was sealed, and
then the mixture was stirred at 40°C for 4 hours to effect
reaction. The pressure (gauge pressure) of internal autoclave
at the point of starting the reactionwas 2.5 kg/cm2 (equivalent
20 of 0.25 MPa) and the pressure (gauge pressure) of internal
autoclave at the point of completion of the reaction was 0.5
kg/cm® (equivalent of 0.05 MPa). After completion of the
reaction, methanethiol remained was removed by blowing

nitrogen into the reaction mixture, and 1990 mg of the oily

25 matter containing 4-(methylthioc)butane-1,2-diol was obtained.



was added to the test tube, and various cells showed in Tables 1 to 4 were
i nocul ated thereto. The shaking culture was conducted under an aerobic
condition at 30C. After conpletion of the culturing, the cells were
separated by centrifugal 15 separation to obtain a viable fungus. To the
screw cap test tube, 2 nL of 0.1 M potassi um phosphate buffer (pH 7) was
added and the above-nentioned viable fupgus was added thereto. 0.2 nL of
t he above-nentioned 10% (w v) aqueous 4-(nethylthio)butane-1, 2-diol
solution was added thereto and 20 then, the m xture obtai ned was shaken at
30C for 2 to 3 days. After conpletion of the reaction, 1 nL of the

react i on | ingpidl o W8S SATHLE Gad b B8} W L TEMMRShATSyRdrey sarmd ed

liquid and the am)unt of 2-hydroxy-4-net hylthl obutyric acid generated was

anal yzed b Eilbqﬁ_ﬁ G eSS BEP @%Hi‘Yt:hT d1esYds 25 obtained are shown in
Tables 1 t?ﬁb orrraq'iti{on ratel( y h‘ﬁiof 2- hydr oxy-4- (nmethylthio)

butyric acid \Q%sct L%o%tﬁﬂ:q@@%.d(f CEE_L 41 Wt ydg hi o) butane-1, 2-diol. The
on o I qul r

anal yti cal omat ography is followed. 5 Col um:
Cadenza CDCl8 (4.6m4 x 15 cm 3 j Am (manufactured by I ntakt

Cor por ati on) Mobil e phase: Liquid A 0.1% aqueous trifluoroacetic acid

sol uti B .net hanol Gradient conditions: 10 O to 10 mnutes Liquid
AlLiqud Blﬁ’%wpgl(? n‘igonstant)

To a 50 ml autoclave equipped with a magnetic stirrer, 2000
mg of 3-butene-1,2-diol and 20 mg of
2,2'-azobis[2-(2-imidazolin-2-yl)propane] were added. After
cooling the mixture obtained at an inner temperature of 0°c,

10 1500 mg of liquid methanethiol was added thereto. The autoclave
was sealed, and then the mixture was stirred at 40°C for 4 hours
to effect reaction. The pressure (gauge pressure) of internal
autoclave at the point of starting the reaction was 2.5 kg/cm2
(equivalent of 0.25 MPa) and the pressure (gauge pressure) of

15 internal autoclave at the point of completion of the reaction
was 0.5 kg/cm® (equivalent of 0.05 MPa). After completion of
the reaction, methanethiocl remained was removed by blowing
nitrogen into the reaction mixture, and 10 g of ethyl acetate
was added thereto to obtain the solution containing

20 4- (methylthio)butane-1,2-diol. The solution obtained was
analyzed by gas chromatography internal standard method to £find

the vield of 4-(methylthio)butane-1,2-diol was 94%.

Example 14

25 According to a similar manner as that of Example 13, the



10 to 20 mnutes to Liquid ALiquid B= 50:50 over 10 m nutes 20 to 30

m nutes Liquid A/Liquid B= 50:50 15 (constant) 30 to 30.1 mnutes to
Liquid A/Liquid B= 80:20 over 0.1 mnutes 30.1 to 50 m nutes Liquid

A/ Liquid B= 80:20 (constant) 20 Flow rate: 0.5 nL/mn., colum
tenperature: 40C, Detection wavelength: 220 nm48 Table 1 Formation rate
of 2-hydroxy- Nanme of Strain 4-(nethylth#s)butyric acid ($) Al caligenes
faecalis | FO 33111t 0.1 Alcaligenes denitrificans JCM 5490 0.4 Al caligenes
eut rophus ATCC 43223 0.1 Alcaligenes faecalis IFO 12649 0.2 Al caligenes
faecalis I FO 14479 0.1 Alcaligenes fascalis JCM 554E5t 2.5 Al caligenes

sp. 170 14k tibn Alaldigenes 4yimsmydanso JthOdhle2ot, D-dioendd i ficana

Al cal i genes xyl:soxydana | P015126t 0.5 vylosox dazes Bacillus alvel IPO

3343t 17. 0 oRaGirdddiexBagt ush AThEth¢d @Hobisdi sobutyrate was used in place
of 2,2'-azobis[2-(2-imidazolin-2-yl)propane]. The solution
obtained was analyzed by gas chromatography internal standard

5 method to £ind the yield of 4-(methylthio)butane-1,2-diol was

98%.

Example 15
To a 50 ml autoclave equipped with a magnetic stirrer, 2000
10 mg of 3-butene-1,2-diol, 9 mg of pyridine and 14 mg of acetic
acid were added. After cooling the mixture obtained at an inner
temperature of 0°C, 1500 mg of liquid methanethiol was added
thereto. The autoclave was sealed, and then the mixture was
stirred at 40°C for 4 hours to effect reaction. The pressure
15 {gauge pressure) of internal autoclave at the point of starting
the reaction was 2.5 kg/cm®’ (equivalent of 0.25 MPa) and the
pressure (gauge pressure) of internal autoclave at the point
of completion of the reaction was 0.5 kg/cm2 (egquivalent of 0.05
MPa). After completion of the reaction, the pressure was
20 released to the ordinary pressure and methanethiol remained was
removed by blowing nitrogen into the reaction mixture, and 10
g of ethyl acetate was added thereto. This solution was
analyzed by gas chromatography internal standard method to £find
the yield of 4-(methylthio)butane-1,2-diol was 94%.

25



Bacillus brevis |FO 12334 4.7 Bacillus brevis JCX 2503t 4.2 Bacillus
cereus JCM 2152t 11.2 Bacillus tarsus var.juroi ATCC 21201 10.3 Bacillus
cexeus var. mycoides I FO 3039 2.6 Bacillus cixculans ATCC 13403 1.Z
Bacillus circulars I1FO 3329 2.8 Bacillus circulans JC14 2504t 1.4
Baci | | us coagul aus JCM 2257t 5.0 Bacillus firnus JCM 3512t 0.6 Bacillus
| entus JCM 2511t 3.6 Bacillus lichenifogeis ATCC 27611 2.0 Bacillus
licheniforms IFO 12195 1.8 Bacillus lichaniforms IFO 12195 1.3 Bacillus
licbeniforms IFO 12197 12.9 Bacillus lioboniforms |IFO 12200 113
Baci |l | us macerans JCM 2500t 1.5 Bacillus negaterium|FO 12108 016
Baci | | us nmegaingiidine]CM 2506t 1.2 49 Table 2 Formation rate of 2-hydroxy-
Nane of Strain 4-(nmeth Ithio)but rlo sci4 14) Bacillus noritai ATCC 21282

11.5 Bacillus mgQl 48%ddiQ@ 336 dhouBACide Watky Wh aadde@ 3R 0rk 5
Baci | |l us pol ynyxa 3 2507t 2.8

colorless oil obtained in Example 10 and insoluble matters was
filtered off to prepare a 10% (w/v) aqueous
5 4-(methylthio)butane-1,2-diol solution.

5 ML of culturing medium after sterilization (those
obtained by adding 20 g of glucose, 5 g of polypeptone, 3 g of
yveast extract, 3 g of meat extract, 0.2 g of ammonium sulfate,
1 g of potassium dihydrogensulfate and 0.5 g of magnesium

10 sulfate heptahydride thereto and adjusting pH thereof to 7.0)
was added to the test tube, and various cells showed in Tables
1 to 4 were incoculated thereto. The shaking culture was
conducted under an aerobic condition at 30°C. After completion
of the culturing, the cells were separated by centrifugal

15 separation to obtain a viable fungus. To the screw cap test
tube, 2 mL of 0.1 M potassium phosphate buffer (pH 7) was added
and the above-mentioned viable fungus was added thereto. 0.2
mL of the above-mentioned 10% {(w/v) agqueous
4- (methylthio)butane-1,2-diol solution was added thereto and

20 then, the mixture obtained was shaken at 30°C for 2 to 3 days.
After completion of the reaction, 1 mL of the reaction liquid
was sampled. The cells were removed from the sampled liquid
and the amount of 2-hydroxy-4-methylthiobutyric acid generated
was analyzed by the liquid chromatography. The results

25 obtained are shown in Tables 1 to 4. The formation rate (%)



Baci |l lus purailus I FO 12092t 1.5 Bacillus sphaerivus |IFO 3341 13.2
Baci | | us sphaericus I FO 3525 0.6 Bacillus sphaericus | PO 3526 6.2
Baci | | us sphaericus | PO 3527 4.0 Bacillus sphaericus |FO 3528 1.6
Bacillus subtilis .7CM 146St 10.8 Bacillus subtilis ATCC 14593 1,7
Bacillus subtilis ATCC15541 5.6 Bacillus subtilis IFO 03026 2.8 Bacillus
subtilis I FO 03108 2.5 Bacillus subtiligyl FO 03134 2.8 Bacillus subtilis
| FO 3026 3.3 Bacillus subtilis IFO 3037 2.7 Bacillus subtilis |IFO 3108
1.7 Bacillus subtilis IFO 3134 1,5 Bacillus tburingensis ATCC 13366 10.4
Baci |l us val i dus IFO 13635 3.8 Pseudomanas auricularis |IFO 13334t 1,9

Pseudomonag,gazptol gb\é %7ﬁn§o)90u15’ i@q&raaaagaéap@@wtedlu%@ew%l

0.4 Pseudononas chlororap O 3521t 1.1 ?seudonon.es chlororznphis |IP4

Soos. 95 o000 fi.cans ol_AM.5923 2.7 Psondononas di mi nuta JCM
2788t 38, 980 Lale Ay LAY btaneals 2L Ao

The analytical condition of the liquid chromatography is
followed.
5 Column: Cadenza CD-C18 (4.6mm$ x 15 cm, 3 um) (manufactured by

Imtakt Corporation)
Mobile phase: Liguid A 0.1% aqueous trifluoroacetic acid
solution, Ligquid B ‘methanol
Gradient conditions:
10 0 to 10 minutes Liguid A/Liguid B =80/20
(constant)
10 to 20 minutes to Liguid A/Ligquid B= 50:50
over 10 minutes
20 to 30 minutes Ligquid A/Liquid B= 50:50
15 (constant) |
30 to 30.1 minutes to Liquid A/Liquid B= 80:20

over 0.1 minutes

30.1 to 50 minutes Liquid A/Liquid B= 80:20

(constant)

20 Flow rate: 0.5 mL/min., column temperature: 40°C, Detection

wavelength: 220 nm



Formation rate of 2-hydroxy- Nane of strain 4-(rnethflthio)bctyric acid (3)
Pseudononas fl uorescens Biptype F 7.6 TCC 11513 Pseudononas fl uorsaeans | FO
14160t 0.3 Pseudononas fragi 1AML2402 0.1 Pseudononas fragi |FO 3458t 0.4
Pseudononas fulva JCM 2780t 1.1 Pseudononas mendooi na | F4 14162 34.1
Pseudononas nutabilia ATCC31014 13.5 Pseudononas nitroreducens JCM 27821
8.4 Pseudononas ol eovorans | FO 13583t 048 Psaudoruonas ovalis | PO 12688
1.4 Pseudononas oxal aticus IFi 7 13593t 0.2 Psoudonona.s plantaril JCM
5492t 1.3 Pseudononas pseudoal caligenes 36.2 1CM S968t Pseudononas putida
ATCC 17428 1,5 Pseudcnon.as putids ATCC 37484 9.9 Pseudononas putida
ATCC39213 %%5ieF§eudonDnas putida | AM 1002 20.5 Pseudononas putida 1AM
1090 28.1 Pseudononas putida | AN 1094 1.0 Pseudononas putlda 1AM 1236

19.6 Pseud . ‘ 9. 3
Pseudononas| puhl g §EQs44164t 41.2 l4-(methy1tm.o;hutync acid {3)
Alcaligenes faecalis IFQ 13111t 0.1
Alcaligenes denitrificang JCM 5450 0.4
Alcaligenss atutrophus ATCC 43123 0.1
Alcaligenes fapecplis IF0 12669 0,2
Alcaligenes faecalis IFD 14479 c.2
Algaligensas faacalis JCH 5485t 2.5
Alcaligenos sp. IFD 14130 0.1
Alcaligenes xylosoxydans IFOL51256L 0.2
deanitrificang
Alcaligenas mylosoxydana IP0O1I5126¢ 0.5
pylogoxydans
Bacillus asilvel IFQ 3343%¢ 17.¢
Bacillug badios ATCC 14574t 7.3
Bacillus bxevis IT0O 12334 4.7
Bacillug brevis JCM 2503¢ 4.2
Eaolilus cereus JiM 2152€ 11.2
Bacillue cereus var, juiroi ATCC 213&1 10.3
Baclillus careus var.wycoides IFO 3039 2.6
Bagiliug clrculans ATCC 13403 1.%
Baciliug eirculans IFO 3329 2.8
Bacilius circulans JCM 2504t 1.4
Bacllins coagulans JCM 2287F 5.0
Bacdlivs fizmus ICH 2513t 0.5
{ Bacillus lentus JCM 2511t 3.6
.'Bacllins Jicheniformles ATCC 27811 2.0
Bacilius lichenifernis IP0 1215835 1.8
Bacilius licheniformis 1FO 12185 1.3
Bacillus lichenifermis IFO 12197 12.9
Bacillus licheniformis IFQ 12200t 1.3
Bacillus macerans JCM 2500t 1,8
Bagillus megaterium IFO 12108 9.6
Bacillus megaterinsm JCM 2506t 1.2




Pseudononas putida | PO 14671 019 Pseudononas putida | EO 14796 1.0

Pseudononas putida | FO 3738 3812 |ysaudoanonas putida | F012653 5.7
Pseudononas putida JCM 6156 1.5 -, ~ Pseudononas putida JCM 6157 0.5
Pseudononas putida JCM 6158 1.2 51 Table 4 Formation rate of 2-hydroxy-

Nane of Strain 4-(netdsylthio)butyric acid (t) Pseudcnonas putrefaciens
lro 3910 0.2 Pseudarorias riboflavine noggd3584t 0.1 Pseudononas sp. ATCC
53617 4.4 Pseudononas stram nea JCH 2783t 1.0 Pseudonbnas synxatttha no
3913t 0.4 Pseuaonopnas syriagae subsp.syringes 3.8 [|F014055 Pseudonbnas
tabaci |1 PO 3508 1.7 Pseudononas tastrol ens | EO 3460 0.3 Pasudanonaz
vesi cul ari spa3GM 14771 8.4 Rbodobact er sphaeroi des ATCC 17023 3.0
Rhodocdt cus erythropolls | FO 12320 21. 7 Rhodoeoccus gl ober ul us ACC 15076

22.7 Rhodogm b e Ea OexaaC o 2F ptioslir pus ATCC
19067 16.0 Iﬂamdmomaanrhodochrous ATCC 1&%tw1@&'0}butyrw acid (1)
Bacillus morital ATCC 21283 i1.5
Bacillus wmycoldes TFPO 3039 6.O
Bacillun polymyzxa IFO 3020 3.5
Bagiliaos polymyxa JCH 2507t 2.8
Bacillius pundiloe IFO 12092t 1.5
Bac¢illug sphaerigus IFD 3341 13.2
Basillus sphasricus IFPQ 3525 0.6
Baeillusz sphasricus IFO 3526 b.2
Bacilius sphaericus IFQ 3527 4.0
Bacilius sphaerlowus IFO 3528 1.5
Bacilius subtilis JCM 1465t 0.8
Bacillus subtliis ATCT 14593 1.7
Bacilliuve subtilis ATOCISB4L 5.6
Bacillus subtilils IFO 03026 2.8
Bagillue subtilis IPD 03108 2.5
Bacillus subrilis YI¥D 03134 2.8
Bavilliue eubtilis IFO 3026 3.2
Bagillus subtilis IFO 3037 F P
Bacillus gubtilis XFO 3108 1.7
Bapilius subitllis IFO 3134. 1.5
Basilliueg thuringansgis ATOC 13366 194
Barcillus validux IR0 13835 .8
Prendomonas avricularis IFD 13334t 1.8
Pseudomonas azotoformans JCH Z777L 8.5
Psaudomonas caryophylli IFO 13501 0.4
Pseudbmanas=chlnmoraphis IFO 3521t 1.1
Peandomonas chlovoraphis IPO 3904t 0.7
Paaudombnas denitrificans IAM 1923 2.7
Pseudomgnﬁa diminuta JCM 2788t 38.9




Rhodococcus rhodaohrous ATCC 19150 12.3 Rhodococcus rhodochrous ATCC 21197
2.7 Rbodococtus rhodochrous ATCC 21199 7.9 Rhodococcus rhodochrous JCM
3202t 30.9 Rhodococcus sp ATCC 19070 13.1 Rhodococcus sp ATCC 19071 7.7
Rhodococcus sp ATCC 19140 34.5 52 CLAIMS 1. A nethod for producing

2- hydr oxy-4-(nmethyl thio)butyric acid which conprises the 5 follow ng steps
(A, (B) and (C): Step (A): step of reactg’ong 1, 2-epoxy-3-butene with water
to obtain 3-butene-1,2-diol, Step (B): step of reacting 3-butene-1, 2-diol
with nmethanethiol to obtain 4-(nethylthio)butane-1,2-diol, 10 Step (O):
step of oxidizing 4-(nethylthio)butane-1,2-diol to obtain
2-hydroxy-4T£gféhglthio)butyric acid. 2. The nmethod according to claim1,
wherein the réaction is conducted in the presence of an acid in the step

(A). 15 3. re—fet-RO8—aeeof-eh-Rg—t-o—-6ha-2—Wher-84-R-—{t-he-—a6i-tit-Smwwd.—Si i cate
aroup 6 ggeil't '!- o AR o] R o
accordi ng t @rebaimBu3, wherein the SiTicate 20-8ont ai ni ng at | east ong
el ement sel ¢CiLlabhHRele AloQb R ehsC1F0 ¥ 50t 0.3
Psevdomonns fragi TAM12402 g9.1
Psendomonas fragl IFPD 1458t e.4
Fsandomonas fulva JCM 27850t 1.1
Psendomonas mandooina 1¥0 14182 2.1
Poeudomonas mutabilis Achalﬂliﬂr { 13.5
?seudomaﬁé& nitxoreducens JCHM 2782¢ 8.4
Frevdomonas oledvorans IFOQ 313583t 0.3
Peaudomonas ovalis IFQ 12688 1.4
Pgeouvdomonar oxalaticus IFD 13593t 0.2
Psondomonas plantaril JCH 5482t 1.3
Fsendomonas pseudoalcaligenas .
cM sssat 38.3
Pesaudomonas purida ATCC 17428 1,5
Psavdomonas putlds ATCC 17484 { 9.%
Peeudomonas putida ATLC39213 231.3
Prondomonas putida IAM¥ 1002 26;5
Pgondowonas putida IAM 1090 28,1
Fseudomonas putida IAM 1094 1.0
. Peeudoménas putida IAM 1236 | 0.6
Pseudomonas putids TFO 12996 5.6
Psoudomonas putida IFGC 13696 ] 9.3
Puaudomonsas putlds i?ﬁ 14164% ) 41;2
Pgeudompnas putida IFO 14671 0.9
PFseudomonas patida PO 14794 | 1.0
Psaudomanas putida IFPD 3?38 | 38.2
Pgeodomonas putida IFD12653 ‘ 5.7
Pgendomonas puiiaa JCM 6154 1.5
Psendomonas putida JCM 3157 7 6.5
Pseudomonas putida JCM 6158 I 1.2




and a group 6 elenent of the long periodic table is vanadi um
nol ybdenum 5. The nethod according to claim2, wherein the acid is

tungsten or
a

phosphoric acid conpound. 25 6. The nethod according to claim1l1l, wherein 53

1, 2- epoxy-3-butene is 1, 2-epoxy- 3-butene obtai ned by
in the step (A). 7. The nmethod according to claim 1, wherein the reaction
I's conducted in the presence of a catalysgt in the step (B)

nmet hod according to claim7, wherein the catalyst

The net hod according to claim@8, wherein the azo
conpound, an azoester conpound, an
azoi m dazol psme1 £oyrpound. 10 10. The nethod according to claim7, wherein
is a nitrogen-containing aromati c conpound and an ali phatic

t he catal yst
carboxylic aC|d conpound

5 8. The

oxi di zi ng but adi ene

is an azo conpound. 9.
conmpound is an azonitrile

azoam di ne conpound or an

11 The nethod accordlng to claim1, wherein

4- (met hyl t hfT Pe of 2-hydroxy-
4- (met hyl t h| cyslat & ) -t(heahﬂmwbsuahrmabm hay
g?h;hﬁgx;?4“qﬁ%ﬁiéﬁ?é?c uut"r'; ac+ & L.egig; nggf:ai +-hereef—n
step (O. 2p W“dwaﬁﬁiﬁéﬁ“é’éb@rﬂpnﬁﬁ%tcl 3i i1, wherein the
M croor gani rpdesaddonhs ot affte sk d of m crogrgapi sns sel ected

Pgaudemonas straminea JCH 2783% 1.0

Psaudomonsas synxantha IF0 32131 0.4

Pgouvdomonas syringae subsp.syriangae 3.8

IP01l4055

Psaudomonas tabacel IFD 3508 1.7

Pseuvdomonas tastrolens IF0 3480 0.3

Pesudomonas vesicularis JCM 1477t 8.4

Rhodobactexr sphaeroides ATCC 17023 3.0

Rhodocotous srythropolis IFQ 12320 21,7

Rhodococcus globerulos ATLC 15076 22.7

Rhodococous rhoedechrous ATCC 15610 58,9

Rhodococcus rhodochrous ATCC 15067 6.0

Rhodocococus rhodochrous APCC 19149 14,5

Rhodococousn rhodochrous ATCC 15150 12.3

Rhodococuus chodochrous ATCC 21197 2.7

Rhodococous rhodochrous M’.CC 21155 7.%

Rhodoecocuug rhodochrous JCM 3202t 30.9

Ehoedococous Ep ATCC 15070 13.1

Rhodococous sp ATCC 19071 7.7

Bhodocotgus sp ATCC 191448 34.58

ng an

t he



from genus Al caligenes, genus Bacillus, genus Pseudonbnas, genus
Rhodobact er and genus Rhodococcus.
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CLAIMS

1. A method for producing
2-hydroxy-4- (methylthio)butyric acid which comprises the
following steps (A), (B) and (C):

Step (A): step of reacting 1, 2-epoxy-3-butene with water
to obtain 3-butene-1,2-diol,

Step (B): step of reacting 3-butene-1,2-dicl with
methanethiol to obtain 4-(methylthio)butaﬁe—l,2-diol,

Step (C): step of oxidizing
4-({methylthio)butane-1,2-di0ol to obtain
2-hydroxy-4-(methylthio)butyric acid.

2. The method according to claim 1, wherein the reaction
is conducted in the presence of an acid in the step (A).

3. The method according to claim 2, wherein the acid is
a silicate containing at least one element selected £from a group
5 element and a group 6 element of the long periodic table as
a constituent.

4. The method according to claim 3, wherein the silicate
containing at least one element selected from a group 5 element
and a group 6 element of the long periodic table is vanadium,
tungsten or molybdenum.

5. The method according to claim 2, wherein the acid is
a phosphoric acid compound.

6. The method according to claim 1, wherein
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1,2-epoxy-3-butene is 1,2-epoxy-3-butene obtained by
oxidizing butadiene in the step (A).

7. The method according to claim 1, wherein the reaction
is conducted in the presence of a catalyst in the step (B).

8. The method according to claim 7, wherein the catalyst
is an -azo compound.

9. The method according to claim 8, wherein the azo
compound is an azonitrile compound, an azoester compound, an
azoamidine compound or an azoimidazoline compound.

10. The method according to claim 7, wherein the catalyst
is a nitrogen-containing aromatic compound and an aliphatic
carboxylic acid compound.

11. The method according to claim 1, wherein
4-{methylthio)butane-1,2-diol is oxidized by bringing
4-(methylthio)butane-1,2-diol into contact with a microbial
cell having an ability to convert
4-(methylthio)butane-1,2-diol into
2-hydroxy-4- (methylthio)butyric acid or a treated material
thereof in the step (C).

12. The method according to claim 11, wherein the
microorganism is at least one kind of microorganisms selected
from genus Alcaligenes, genus Bacillus, genus Pseudomonas,

genus Rhodobacter and genus Rhodococcus.



