10

15

20

25

1 DESCRI PTI ON PROCESS FOR PRCODUCI NG

4- (METHYLTHI O BUTANE-1,2-DIOL 5 Technical Field The
present invention relates to a nethod for producing
4- (met hyl t hi 0) but ane- 1, 2-di ol . Background Art 10

4- (Met hyl t hi 0) but ane-1, 2-di ol 1i s an i nportant
conpound as an internedi ate of pharmaceuticals and a
nmet hi oni ne anal og (e.g. BRS@B8P3IZON and J). Agric.
Food Chem, 23, 1137 (1975)). As the nethod for
produci ng 4- (nethylthio)butane-1,2-diol, a nethod
conprising reacting 15 3-butene-1,2-diol with

net hapnethkel FbR bheppresenge (METHYETtIBYRYITANE-1, 2-DIOL
per pht hal ate and a nmethod conpri sing reacting

3-butene-1,2-diol with nethanethiol in the presence of

0N, C nd described in J. Agric. Food
Srenni 9y BRI" To%5) “and EP 1260500 A

respe |ve 20 Disclosure of th nventi on The

prese&% éﬁﬁ?ﬂ¥;NiRW%REl%nnEFﬁgaLFEr Podifti ngethod  for
4- (nethylthlo ) but ane- 1, 2-di ol which caonprises

PEREHFA§I34 -HiEER¥LENL oy Pot aRier - ReCH&tet hiol in the

presence of at 25 | east one nitrogen-containing
conmpound sel ected froma 2

Background Art

4- {Methylthio)butane-1,2-diol is an important
compound as an intermediate of pharmaceuticals and a
methionine analog (e.g. EP 338735 B and J). Agric. Food
Chem,, 23, 1137 (1975)}. As the method for producing 4-
(methylthio)butane-1,2-diol, a method comprising reacting
3-butene-1,2-diol with methanethiol in the presence of
tert-butyl perphthalate and a method comprising reacting
3-butene-1,2-diol with methanethiocl in the presence of a
boron compound are described in J. Agric. Food Chem., 23,

1137 (1975) and EP 1260500 A, respectively..

Disclosure of the Invention

The present invention provides a method for producing
4- {methylthio)butane-1,2-diocl which comprises reacting 3-
butene-1,2-diol with wmethanethiol in the presence of at

leagt one nitrogen-containing compound selected from a
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nitrogen-contai ning aromati c conpound and a tertiary

am ne conpound and a carboxylic acid conpound. Best

Mode for Carrying Qut the Present Invention 5 As
3-butene-1,2-diol, comrercially avail able one may be

used and for exanple, one produced according to known

met hods such as a nethod conpr®sing reacting

1, 2-epoxy-3- butene with water in the presence of

sulfuric acid catalyst (e.g. US 5250743) and a net hod
conprising isonerizing 2 10 butene-1,4-diol in the
pidseogen -sondiaindmia muemaicd onnouypd aml 583885 anyyanine
be used. As nethanethiol, commercially avail able one
wePpieand sodl @ easrelddu@ai ¢ raampauithnol  and

hydrogen sul fide. Gaseous nethanethi ol may be used

and |iquid nethanethiol 15 may be used. Liquid

nmet hanet hi ol can be prepared, for exanple, by a

Betsto lodenfars idegdydng iOut gdee Rreseargt Hanesrdtiodn i nt o

a contai ner cool ed bel ow the boiling point thereof

(60 tre Colorreswe-lt,.2 -Hiolgnmormenfc vl atdilible dmee may
used is usually 1 20 nole or nore relative to 1 nole

b Isked end Foi ¢éixamplelhemne iprcimagpercdariing to known
particularly and considering econom cal viewpoint,

me¢ hadzu udhhersc @f miexthorda cidmyatilgdnk) redctsimy 1 g5sepoxy-3-~
relative to 1 nole of 3-butene-1,2-diol. 1In the

plueeme withemMat@y, ial theagiredendd tgogarkfudhic acid catalyst
cont ai ni ng conmpound sel ected from a

Miel. QQOVT GRHOHAB)INGnd a method comprising isomerizing 2-

butene-1,4~diol in the presence of dirhenium heptoxide (e.g.
US 5336815) may be used.

As methanethiol, commercially available one may be
used and one produced from methanol and hydrogen sulfide.
Gaseous methanethiol may be used and liguid methanethiol
may be used. Liquid methanethicl 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.

The amount of methanethicl to be used is usually 1
mole or more relative to 1 mole of 3-butene-1,2-diol.
There is no upper limit particularly and considering
economical viewpoint, the amount thereof is practically 10
moles or less relative to 1 mole of 3-butene-1,2-4iol.

In the present invention, at least one nitrogen-

containing compound selected from a nitrogen-containing
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3 aromatic conpound and a tertiary am ne conpound
(hereinafter, sinply referred to as the
nitrogen-containing conpound) is used, and the
nitrogen-containing aromati ¢ conpound is preferably
used. 5 Exanples of the nitrogen-containing aromatic
compound i nclude a nonocyclic3or condensed-ring type
nitrogen- containing aronmati c conmpound wherein at

| east one anbng atons conposed of the aromatic ring

is a nitrogen atom The nitrogen-containing aromatic
eqppatic eerpeand) anths itanterLy tamine | eeEpowR@
substituent. Exanples of the substituent include a
Haleswdmaditemn s wimply adfarnadcto amh|he el tredenr vpenbaining
atom a Cl-C4 al kyl group such as a nethyl, ethyl, '
coppopyid) idsoprassll and dutey Initmedenyéontvainingt §romatic
tert-butyl group; a Cl-C4 al koxy group such as a 15
metipoxand dtsh preferairlgpaegd . sopr opoxy, n- but oxy,

i sobut oxy, sec-butoxy and tert-butoxy group; a C2-C5

al koxybanipded ofridiep rsivoto gen scoret nindrogrdmoongatic compound
et hoxycar bonyl, n- propoxycarbonyl,

iiSe{lrudz0 ey earrayd 1o -dt tapndandaintirandtype nitrogen-
tert-butoxycarbonyl group; a C2-C8 dial kyl am no group

it adthiary axtbmeetily |compournshdeltkissdyy | @t Teagi oompe amang

a carbanoyl group. Exanples of the

3 o0 onpHedi WA IR GRdmat Lo NRvNdi s i hakitheogen atom.
pyri di ne, piperidine, pyrazine, imdazole,

The nitrogen-containing aromatic compound may be
substituted with at least one substituent. Examples of the
substituent include a halogen atom such as a fluorine,
chlorine and bromine atom; a Cl1-C4 alkyl group such as a
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-
butyl and tert-butyl group: a Cl1-C4 alkoxy group such as a
methoxy, ethoxy, n-propoxy,., isopropoxy, n-butoxy, isobutoxy,
sec-butoxy and tert-butoxy group; a C2-C5 alkoxycarbonyl
group such as a methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyl and

tert-butoxycarbonyl group; a €C2-C8 dialkylaminoc group such

as a dimethylamino and diethylamino group; and a carbamoyl

- group.

Examples of the nitrogen-containing aromatic compound
include pyridine, piperidine, pyrazine, imidazole,
benzimdazole, phenanethroline, oxazole, thiazole, quinoline,

isoquinoline, 2-methylpyridine, 3-methylpyridine, 4-
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benzi ndazol e, phenanet hroli ne, oxazol e, thiazole,

gui nol i ne, 25 isoquinoline, 2-nethylpyridine,
3-met hyl pyridine, 4 4 nethylpyridine,

2-chl oropyridine, 3-chloropyridine, 4- chlorpyridine,
2,3,5-collidine, 2,4,6-collidine, nicotinamde,

met hyl nicotinate, N-nethylimdazole and 2-

chl oroqui noline. Anong them a pyridi ne conpound which

may 5 be substituted with at | east one substituent

sel ected from the hal ogen atom the Cl1-C4 al kyl

ey lpyeidine] 2t wokgropyoipine hed phBsropyridine, 4-

al koxycar bonyl group, the C2-C8 -dial kyl am no group

@l areycikdingny? . Jr vupolivhine, pyr4 dérepllidine,
2-met hyl pyri di ne, 3-nethyl pyridi ne, 4-nethyl pyridine,

Iijgp toimamiogy - inkthyl 3atdbd binplye j di+wethylimidazole and 2-
4-chl orpyridine, 2,3,5- collidine, 2,4,6-collidine,

retclon o el tel. nEAryng  them) | mapyridipe efempbird Wsich may
the nitrogen-containing aromatic conmpound, a
denmeartes ol tyt e awd tib| ®t oheasts aseladdlystiseent 1Selected from
Exanpl es of the tertiary am ne conpound include a C3-

Q2@ tterlogary @ome oapOLCY salky Bsgisuppt tyé a0l Ae4 alkoxy
triethylamne, tri(n-propyl)amne, tri(n-butyl)am ne

tgrup pethey | )2t hea Lok calisonyy) afioep , diet byl €s-
octyl)am ne, dimethyl (n-decyl)am ne, dinmethyl(n 20

dbicEygt ) anine, grbuetdnd (thé etdA5kan0Y ) afitdep such as pyridine,
di met hyl (n- hexadecyl ) am ne,
d4ﬁﬁﬁn&1ﬁyﬁiﬂiﬁhﬂﬂdQmﬁﬂﬁyﬂpfﬁid&ne, 4-methylpyridine, 2-
chloropyridine, 3-chloropyridine, 4-chileorpyridine, 2,3,5-
collidine, 2,4,6-collidine, nicotinamide and methyl
nicotinate is preferable. As the nitrogen-containing
aromatic compound, a commercially available one is usually
used.

Examples of the tertiary amine compound include a C3-
C20 tertiary amine compound such as trimethylamine,
triethylamine, tri(n-propyl)amine, tri(n-butyl)amine,
tri(n-pentfl)amine. tri(n-hexyl)amine, dimethyl(n-
octyl)amine, dimethyl(n-decyl)amine, dimethyl(n-
dodecyl)amine, dimethyl(n-tetradecyl)amine, dimethyl(n-
hexadecyl)amine, dimethyl(n-octadecyl)amine, di(n-
hexyl)methylamine, di(n-octyl)methylamine,
dimethylbenzylamine, di{n-butyl)benzylamine, N,N-
dimethylaniline, N,N-di(n-butyl)aniline, N,N-di(n-

hexyl)aniline,
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hexyl ) met hyl am ne, di (n-octyl)nethyl am ne,

di met hyl benzyl am ne, di (n-butyl)benzyl am ne, N, N

dimethylaniline, N, Ndi(n-butyl)aniline, N, Ndi(n 25

hexyl)aniline, 5 N nethyl norpholine,

N- (n- butyl ) nor pholi ne, N-(n- octyl)norpholine,

N- (n- decyl ) nor phol i ne, N-(n- dé&decyl ) norphol i ne,

N-net hyl pyrrolidine, N(n- butyl)pyrrolidine,

N-(n- hexyl)pyrrolidine N-(n 5 octyl)pyrrolidine,

N—(n decyl ) pyrrolidine, N (n- dodecyl)pyrrolidine,
%Mp@h@lm;e NI { (R-ratyl )popphotiine, N-(n-

N—(n hexyl ) pi peridi ne, N-(n- octyl)piperidine,

I@Qﬁ?kkﬂgﬂQhﬂ*kn&dlMe(mﬂ@e¢¥¥}modpdebyn¢plEe(ndlne 10

As the tertiary am ne conpound, a commercially

Aaddaihl anayrpho king udf inge tiselpyifhel hdboat B (hhe

nitrogen-contai ning conpound to be wused is usually

MO o erakidiones, riet Giilvexy D) dymodkidind; N-(n-

butene-1,2-diol, and there is no specific upper limt

akylh) pytrrcl jpiiacd | A (1y-deogl pporréEbdine] awiye-to 1

nol e of 3- butene-1, 2-diol considering econonica

\dealgayi INtpy it se OfN-tretiogl ipetidime ] dvconpound
include a Cl- C20 aliphatic carboxylic acid conpound

anct IO e midired | N - ooyl ) pipet Jd edpawngn - and t he
Cl- C20 aliphatic
octyl}piperidine, N-{(n-decyl)piperidine and N-(n-
deodecyl)piperidine.

As the tertiary amine compound, a commercially
available one is usually used.

The amount of the nitrogen-containing compound to be
used is usually 0.001 mole or more relative to 1 mole of 3-
butene-1,2-diol, and 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 economical viewpoint.

Examples of the carboxylic acid compound include a Cl-
C20 aliphatic carboxylic acid compound and C7-C20 aromatic
carboxylic acid compound, and the C1-C20 aliphatic
carboxylic acid compound is preferable.

Examples of the Cl-C20 aliphatic carboxylic acid
compound include formic acid, acetic acid, propionic acid,
butancoic acid, pentanoic acid, hexanoic acid, oxalic acid,

lactic acid, succinic acid, adipic acid, maleic acid and

fumaric agid. Examples of the C7-C20 aromatic carboxylic
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20 carboxylic acid conpound is preferable. Exanples of
the C1-C20 aliphatic carboxylic acid conpound incl ude
formc acid, acetic acid, propionic acid, butanoic
acid, pentanoic acid, hexanoic acid, oxalic acid,

| actic acid, succinic acid, adipic acid, nmaleic acid
and 25 fumaric acid. Exanples Bf the C7-C20 aromatic
carboxylic 6 acid conpound include benzoic acid,
salicylic acid, acetylsalicylic acid and terephthalic
acid. As the carboxylic acid conpound, a commercially

2¢49 sempodd jinqjdide Benzasd arithe sbiAHlis agkd.

car boxylic acid conmpound to be used is usually 0.3 to
fgefylenldqy ldrefagishland terephigiatic ragidi ve to 1
nol e of the nitrogen-containing conpound. The reaction
t enpelst (Hhe icannxrlic agiq comatitd a prases ezl 3l Ly

to 50C. The reaction time is usually 0.5 to 10 24
Byarid abliee ongacits arsuasl lys msldd. conduct ed under an
ordinary pressure or pressurized condition. The

react Tiwe @mpurd oforithec teed-hoagelria edhick dcqupessud eco be used
condition. The reaction of 3-butene-1,2-diol and

Aet bswatlliyol0 .i3s tol 3 ousnedlelsy agad rpmmecfextebliyn 1t o b swoilcess
of a solvent, and it may be conducted in the presence
ok lattd veoltwerlt molllee csfolbhentn i tirso geot- quartd ioulrey |gompound.
limted in so far as it does not

The reaction temperature is usually -10 to 100°C and
preferably 0 to 50°C. The reaction time is usually 0.5 to
24 hours.

The reaction is usually conducted under an ordinary
pressure or pressurized condition. The reaction may be
conducted under reduced pressure condition.

The reaction of 3-butene-1,2-diol and methanethicl is
usually carried out in the absence of a solvent, and it may
be conducted in the presence of the solvent. The solvent
is not particularly limited in so far as it does not
prevent the reaction. Exémples thereof include water; a
hydrocarbon sclvent such as hexane, heptane and toluene; a
halogenated hydrocarbon solvent such as chlorobenzene and
chloroform; an ether solvent such as diethyl ether, methyl
tert-butyl ether and tetrahydrofuran; an ester solvent such
as ethyl acetate; a tertiary alcohol solvent such as tert-

butanol; and a nitrile sclvent such as acetonitrile and

propionitrile. They may be used alone or in a form of a
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prevent the reaction. Exanples thereof include water;
a hydrocarbon sol vent such as hexane, heptane and
tol uene; a 20 hal ogenat ed hydrocarbon sol vent such as
chl orobenzene and chloroform an ether solvent such
as diethyl ether, nethyl tert-butyl ether and
tetrahydrofuran; an ester solvént such as ethyl
acetate; a tertiary al cohol solvent such as tert-
butanol; and a nitrile solvent such as acetonitrile
and 25 propionitrile. They nay be used alone or in a -
fahuge -2 Aheramae theraafbuit Rhaieed 19 net gagtigularly
not particularly limted, and it is practically 100

idedl, gt ds Ipzactigally piQ parteikntwetght or less
3-butene-1,2-diol in the viewoint of volune
def da@pris bphavedaht jafh Jfbwana eha21d0din thel viewpoint
nmet hanethiol is wusually conducted by m xing the
ikt vodamne: @fifdigiawy conpound, the carboxylic acid
conmpound, 3-butene-1,2-diol and nethanethiol, if
neces ey reactilpn wfesernd egfe the? -&Gid v earid meethdarsthiol is
m xing order is not particularly Iimted. 10 The

istyad dam -comdtuad treidn doye ondpoiungd thred rtiHer egerbacosl i aimgl
conmpound may be previously m xed. Wen the reaction is
conpoundd (e rcaapoxydiitamci drasmowmd,orglituienethe2-diol
reaction is usually conducted by a nethod conpri sing

agdu geithgna thibolyr d folnesiesat iy, nikitle rddence of the

ni trogen- cont ai ni ng conpound, the carboxylic acid

solvent, and the mixing order is not particularly limited.
The nitrogen-containing compound and the carboxylic acid
compound may be previously mixed.

When the reaction is conducted under an ordinary
pressure condition, the reaction is usually conducted by a
method comprising adjusting a mixture obtained by mixing
the nitrogen-containing compound, the carboxylic acid
compound, 3-butene-1,2-diol, methanethiol, and if necessary,
the solvent, at a given temperature and blowing gaseous
methanethiol into them.

When the reaction is conducted under a pressurized
condition, the reaction is conducted, for example, by a
method comprising adding the nitrogen-containing compound,
the carboxylic acid compound, 3-butene-1,2-diol, and if
necessary, the solvent into a container capable of sealing

such as autoclave, sealing the container and pressing

gaseous methanethiol into it at a given temperature, and a
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conmpound, 3-butene-1,2-diol, nmethanethiol, and if

necessary, the solvent, at a given tenperature and

bl owi ng gaseous nethanethiol into them Wen the

reaction is conducted under a pressurized 20

condition, the reaction is conducted, for exanple, by

a method conprising addi ng th& nitrogen-containing
compound, the carboxylic acid compound,

3-butene-1,2-diol, and if necessary, the solvent into

a contalner capable of sealing such as autocl ave,

Sehhady adrpting mddingl e sl e e yeerbatning compound,
nmet hanethiol into it at a given tenperature, and a 8
ridteh st oyl ig rapidt dionpaured ni 31geeneoht 2d diel, ligquid
conmpound, the carboxylic acid conmpound,

Iehinagvet il gl diagld 1f quecessmthandidi sdlventd ifto the above-
necessary, the solvent' into the above- nentioned
geatiimpedbraednigrg cgdiairgert heseairgy nehie aawh®ainer and
adjusting at a given tenperature. In the case of

adijesttiing et A divwen diEmperstdye m ximgthe case of adjusting
3-butene-1,2-diol, nethanethiol, the

mamum@mraxnutaﬂnaaghynnﬂxﬂnb 3¢hntenﬁ{x»quinrm|d
conmpound, and if necessary, the solvent at a given

merdhanaitirie It 0 tfd etilt rrpaiidsh tdinind honpeamdf the
m xi ng 3-butene-1, 2-diol with nmethanethiol followed by

aadibok Yl i gDmpeatd il 00 Heusskans, thiee solvent at

carboxylic acid conmpound thereto to effect reaction,
ahgiseE fenfferaRirans hiffdedtn ddotiofd Wie (Pniwd Ntdge of

3- but ene- 1, 2-di ol

mixing 3-butene-1,2-diol with methanethiol followed by
adding the nitrogen-containing compound and the carboxylic
acid compound thereto to effect reaction, the amount of
methanethiol in the mixture containing 3-butene-1,2-diol
and methanethiol is preferably 4 moles or less relative 1
mole of 3-butene-1,2-diol in order to start the reaction
smoothly.

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

After combletion of the reaction, an organiclayer
containing 4-(methylthio)butane-1,2-diol can be obtained by

removing methanethiol remained from the reaction mixture,

and then, if necessary, adding water or a water-insoluble
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and nethanethiol is preferably 4 noles or |ess
relative 1 15 nole of 3-butene-1,2-diol in order to
start the reaction snoothly. The progress of the
reaction can be confirmed by a conventiona

anal yti cal neans such as gas chromat ography, high
performance |iquid chromatography, thin |ayer 20
chr omat ogr aphy, nucl ear magneti c resonance spectrum
anal ysis and infrared adsorption spectrum anal ysi s.
After conpletion of the reaction, an organicl ayer

QDG e WetetiiARet Q) firhrwed DY fteantivg.  4-
obt ai ned by _renovi ng net hanet hi ol remained_fromthe
rl@encrrhhodantane 75 Znfieh«ran ive nkekat®d P¥ddi ng

water or a water-insoluble 9 organic solvent thereto
fcancsadF ahing tthec targanie kagahehrded: antie  grgapic

can be isolated by concentrating the organic |ayer
devamabtaimedmaghite ¢epeentgmiehaf ey weshing with water,
concentrated after washing with water, 5 an aqueous

&0 @awans @eist saluwgotowrr akaquestsitabrall mekptban.

of the nmethod for renoving nethanethiol remained from

t he r &xanpdresniof rhe imethate fomurdmaving mgthargthiol
concentrating the reaction m xture and a net hod
cem@iinsich d donmp itreg meedtiam giast wie hislude radeethed

into 10 the reaction m xture. Exanples of the

wampriisisy wineertyatiing dhenteaction mixture and a method
comprising blowing an inert gas such as nitrogen gas into
the reaction mixture.

Examples of the water-insoluble organic solvent
include an ester solvent such as ethyl acetate; an ether
solvent such as methyl tert-butyl ether; and a halogenated
hydrocarbon sclvent such as chloroform, dichloromethane and
dichloroethane. The amount thereof to be used is not
particularly limited.

As the aqueous acid solution, an aqueous mineral acid
solution is usually used and the concentration thereof and
the amount thereof to be used are not particularly limited.
As the agqueous alkali solution, an agueous solution of a
metal hydroxide such as sodium hydroxide and potassium
hydroxide; a metal carbonate such as sodium carbonate and
potassium carbonate; and an alkali metal hydrogen carbonate

such as sodium hydrogen carbonate and potassium hydrogen

carbonate is usually used and the concentration thereof and
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i nclude an ester solvent such as ethyl acetate; an

et her solvent such as nethyl tert-butyl ether; and a

hal ogenat ed hydrocarbon sol vent such as chl orof orm

di chl oronet hane and 15 di chl or oet hane. The anount

thereof to be used is not particularly limted. As

t he aqueous acid solution, an &8ueous nineral acid

solution is usually used and the concentration thereof

and the anmount thereof to be used are not

particularly Iimted. 20 As the aqueous al kal
$hautamantathefrfuste daitvend cire nektparbienbar g limited.
such as sodi um hydroxi de and potassium hydroxide; a

met al  cdrbiorethy sulvko Heu tand vl 2adehektalned may be

pot assi um car bonate; and an al kali netal hydrogen

dantidrent eunifiedhow cliconvgnl e ubbftcat bonl means such
pot assi um hydrogen 25 carbonate is usually used and

tave dEttiditatatoro rand eralofmma nchridnatdgraphont t her eof

to be used are not particularly limted.

4- (et hyl t hi o) but ane-1, 2-di ol obtained may be further
purified by a conventional purification neans such as
dixsimpllest i on and col um chr omat ogr aphy. 5 Exanpl es

The present invention will be further illustrated by
Exanp|Mse ipredatrat |irbesdroiorbwilheeprnetier m/Ehistratsd by
not limted by these' Exanples.

Examples in detail bhelow, but the present invention is not
limited by these Examples.
Example 1

To a 50 ml autoclave equipped with a magnetic stirrer,
2000 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 préssure {gauge pressure) of internal
autoclave at the point of starting the reaction was 2.5
kg/cm? (corresponding to 0.25 MPa) and the pressure (gauge
pressure) of intérnal autoclave at the point of completion
of the reaction was 0.5 kg/cm® (corresponding to 0.05 MPa).
Aftef completion of the reaction, the pressure was released
to the ordinary pressure and methanethlol remained was
removed by blowing nitrogen into the reaction mixture, and-

10 g of ethyl acetate was added thereto. The solution
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10 Exanple 1 To a 50 m autocl ave equi pped with a
magnetic stirrer, 2000 ng of 3-butene-1,2-diol, 9 ny
of pyridine and 14 ng of acetic acid were added.
After cooling the m xture obtained at an inner
tenperature of 0C, 1500 ng of Liquid 15 methanethio
was added thereto. The autocl atd was sealed, and then
the m xture was stirred at 40C for 4 hours to effect
reaction. The pressure (gauge pressure) of interna
aut ocl ave at the point of starting the reaction was
Pofaingdt Mag e dhPas choopatagraply t heternal
pressure (gauge 20 pressure) of internal autoclave at

tHansng mthedpietfod Uie thte i@ ef i dn(pathplthio)butane-
kg/ cn2 (corresponding to 0.05 MPa). After conpletion

df. 3 ale as (ﬁﬁ“,%t&fﬂgp?r'e@ﬂﬁ@vk r@lehseas remahped in 5%.
ordi nary pressure and mnet hanet hi ol remai ned was

renmoved by blowing nitrogen into the reaction m xture,

and 25 10 g of ethyl acetate was added thereto. The
Folamplen 211 obt ai ned was anal yzed by gas

chromat ography internal standard nethod to find the

yi el d Agfcordireg Hyad taéi siniiamnenarinegr dais| thats @f%5eample 1, 4-
3-butene-1,2-diol was remained in 5% 5 Exanple 2
Aoedihgilith o) kntsane 4 b2 nhioile rwas sbibainéd Fecergabt thad-28 mg
(et hyl t hi o) but ane- 1, 2-di ol was obtai ned except that

2 179 4,6 - DA o (wak nesedsingebace @f a2 emgfod pyrbdine
pyri di ne

and 26 mg of 80% formic acid was used in place of 14 mg of
acetlic acid. The yleld was 95% and 3-butene-1,2-diol was

remained in 4%.

Example 3

According to a similar manner as that of Example 1, 4-
(methylthio)butane—l,2—diol was obtained except that 29 mg
of quinoline was hsed in place of 9 mg of pyridine and 34
mg of propionic acid was used in place of 14 mg of acetic
acid. The yield was 58% and 3-butene-1,2-di0l was remained

in 40%.

Example 4

According to a similar manner as that of Example 1, 4-
{methylthio)butane-1,2-diol was obtained except that the
amount of pyridine to be used was 18 mg and 55 mg of

benzolc acid was used in place of 14 mg of acetic acid.



and 26 ng of 80%formc acid was used in place of 14
nmg of 10 acetic acid. The yield was 95% and
3-butene-1,2-diol was renmained in 4% Exanple 3
According to a simlar manner as that of Exanple 1, 4-
15 (et hyl t hi 0) but ane-1, 2-di ol was obtai ned except
that 29 ng of quinoline was udéd in place of 9 ng of
pyridine and 34 ng of propionic acid was used in

pl ace of 14 ng of acetic acid. The yield was 58% and
3-butene-1,2-diol was remained in 40% 20 Exanple 4
Eheoidiadd s Xhiangd Irdeenersl thadiel wsinpeeailned-in 58%.
(et hyl t hi o) but ane- 1, 2-di ol was obtai ned except that

the anount of pyridine to be used was 18 ng and 55 ngy

of 25 benzoic acid was used in place of 14 ng of

Fxeripdeadi d. 12 The yield was 39% and

3-butene-1,2-diol was remained in 58% Exanple 5

Accor diarpnding dionid srimidiene masamhads ofthdixaop| Exdmplle 1, 4-
5 (nmethylthio)butane-1, 2-di ol was obtai ned except that
Imernipy 1dfh itor)ibattrarearti /- ddasl et obt gl efcéptiotlodt 22 mg
pyridine and the anmount of acetic acid was 30 ng. The

pife [tar IveethyAGibiared wed hmseeheinl prabiel ofves Mgl Nefcidine and
58%

the amount of acetic acid was 30 mg. The yileld was 40% and

3-butene-1,2-dlol was remained in 58%.

Industrial Applicability

According to the present invention, 4-
(methylthio)butane-1,2-diol, which is an important as an
intermediate of pharmaceuticals and a methionine analog,
can be produced under a mild condition and 1t is

industrially advantageous.
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10 Industrial Applicability According to the present
invention, 4- (methylthio) butane- 1,2-diol, which is
an inmportant as an internedi ate of pharnaceuticals
and a net hi oni ne anal og, can be produced under a mld
condition and it is 15 industrially advantageous. 13
CLAIMS 1. A nethod for producihy

4- (et hyl t hi 0) but ane-1, 2 di ol which conprises reacting
3-butene-1,2-diol with 5 nmethanethiol in the presence
of at |east one nitrogen- containing conpound sel ected
froma nitrogen-containing CLXIM$ic conpound and a
tertiary am ne conpound and a carboxylic acid
conpound. 2. The nethod according to claim1, wherein
the 10 nitrogen-containing aromatic conpound is a

monocytli c 3rmethadefisedprodgcingl 29¢ettRiahiio)Butane-1, 2-
aromati ¢ conpound wherein the nunber of carbon atons

cdbpbsedich tbmpaisentreactiflg Bsbidtkae2d, 22ad0at with
| east one is a nitrogen atom anong the atons conposed

ofethenathi@li tnrtng, predenbecBENBY headd sSHBShikHogen-
with at | east one substituent selected froma hal ogen

atemtainiflg (ombbihd 958V8ct8aCiremt al ke¥¥ogEAUBon®aining
C2- C5 al koxycar bonyl group, a C2-Cl10 di al kyl am no

cieipa B¢l compeuR@n®yd &' f¥Ptiary amine compound and a
carboxylic acid compound.

2. The method according to claim 1, wherein the
nitrogen—containing aromatic compound 1s a monocyclic or
condensed-ring nitrogen-containing aromatic compound
wherein the number of carbon atoms composed of the aromatic
ring is 3 to 20, and at least one is a nitrogen atom among
the atoms composed of the aromatic ring, and which may be
substituted with at least one substituent selected ffom a
halogen atom, a C1-C4 alkyl group, a Cl-C4 alkoxy group, a
C2-C5 alkoxycarbonyl group, a C2-Cl0 dialkylamino group and
a carbamoyl group.

3. The method according to claim 1, wherein the
nitrogen-containing aromatic compound is a pyridine
compound which may be‘substituted with at least one
substituent selected from a halogen atom, a Cl-C4 alkyl
group, a Cl-C4 alkoxy group, a C2-C5 alkoxycarbony; group,

a C2-C8 dialkylamino group and a carbamoyl group.

4, The method according to claim 3, wherein the
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3. The nethod according to claim1l, wherein the 20

ni trogen-contai ning aromati ¢ conpound is a pyridine
compound whi ch may be substituted with at | east one
substituent selected froma halogen atom a d-C4

al kyl group, a Cl1-C4 al koxy group, a C2-C5

al koxycar bonyl group, a C2-C81dial kyl ami no group and

a carbanoyl group. 25 4. The nethod according to claim

3, wherein the 14 pyridine conpound which may be
substituted wth at |east one substituent sel ected

R Bl QRfEpPeRG iwhicktimay be kgwbstituped awtthCat least
al koxy group, a C2-C5 al koxycarbonyl group, a C2-C8

AN ks Hoepo e lected chroandyihavgem atoB, a C1-C4 alkyl
pyridi ne, 2-nmethylpyridine, 3-nethylpyridine, 4-

R pVa i G (e PlkoRyrapyup di @aeC2 365 ha bkowycadboryl4group,
chl oropyridine, 2,3,5-collidine, 2,4,6-collidine,

ré dR-1Ghrdelkylaminy | gnouptamdt®. carbdheyreghodp is
according to claim1, wherein the 10 tertiary am ne

@ympiclime | 2 -anadh ¥ tiedines 3 -ane tiey tpypbddwe, §- The
nmet hod according to claim1l, wherein the carboxylic

aw thy@poidiche s & cRiltdiopyatidiiee | 3 ccibaxypycidbsed 4-
compound or a C7-C20 aromatic carboxylic acid .
cdnipmonyridinehe 28 T doakinditheg 2 04 o4 acan bidihef ei n

the - 15 C20 aliphatic carboxylic acid conmpound is
frdrautd reciidie  car ee tthiyelc i . ooy patoR) ¢ -aci d, but anoi c
acid, pentanoic acid,

5. The method according to claim 1, wherein the
tertiary amine compound is a C3-C20 tertiary amine compound.
6. The method according to claim 1, wherein the
carboxylic acid compound is a C1-C20 aliphatic carboxylic
acid compound or a C7-C20 aromatic carboxylic acid compound.

7. The method according to claim 6, wherein the Cl-
C20 aliphatic carboxylic acid compound is formic acid,
acetic acid, prdpionic acid, butanoic acid, pentanoic acid,
hexanoic acid, oxalic acid, lactic acid, succinic acid,
adipic acid, maleic acid or fumaric acid.

8. The method according to claim 6, wherein thé C7-
C20 aromatic carboxylic acid compound is benzoic acid,
salicylic acid, acetylsalicylic acid or terephthalic acid.

9. The method according to claim 1, wherein the

amount of the carboxylic acid to be used is 0.3 to 10 moles

relative to 1 mole of at least one nitrogen-containing

compound selected from a nitrogen-containing aromatic




hexanoi c acid, oxalic acid, lactic acid, succinic
acid, adipic acid, maleic acid or fumaric acid. 8.
The nmet hod according to claim®6, wherein the C7- 20
C20 aromatic carboxylic acid conmpound is béenzoic acid,
salicylic acid, acetylsalicylic acid or terephthalic
acid. 9. The nethod according t1® claim 1, wherein the
anmount of the carboxylic acid to be used is 0.3 to 10
noles relative to 1 nole of at | east one

ni t rogen- cont ai ni ng 25 conpound sel ected from a

i 1 Apf of ntegt heBYetming scompapBdnandng garboxylic
tertiary am ne conpound and a carboxylic acid
(ﬂﬁ%mpound .




