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1 DESCRI PTI ON PROCESS FOR PRODUCI 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-diol &s an inportant

conpound as an |nterned|ate har maceuti cal s and a
met hi oni ne anal og (e.g. %@%?ggI@Nand J). Agric.
Food Chem, 23, 1137 (1975)). As the nmethod for
produci ng 4- (nethylthio) butane- 1,2-diol, a nethod
conprising reacting 15 3-butene-1,2-diol with

met haprdtE®d FOR t PROPUESROCE - OMETHELTHDOY BUTANE-1, 2-DIOL
per pht hal ate and a nmet hod conpri sing reacting
3-butene-1,2-diol with nethanethiol in the presence of

aTe@QﬁpgaQOﬁprgd are described in J. Agric. Food
Chem, 23, 1137 (1975) and EP 1260500 A,

respe lveI scl osur.e. of the,lnvention The
presen |nvénF provﬂ§g§lo¥mﬂﬁ%ﬁa£%F pFSUu0|n pethod  for

4- th Ithlo)butan di ol which conpri ses
%]g%n%ﬁ% ng. 45@%5@&518?8}1‘:%?5 lmgt AaRéthiol in the
presence of at 25 | east one nitrogen-containing
conpound selected froma 2 nitrogen-containing

aromati c conpound and a tertiary am ne
Background Art

4- (Methylthio)butane-1,2-diol is an important
compound as an intermediate o©f 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 comprisgsing reacting
3-butene-1,2-diecl with methanethiol in the presence of
tert-butyl perphthalate and a method comprising reacting
3-butene-1,2-dicl with methanethiol in the presence of a
boron compound are described in J. Agric. Foed 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-diol which comprises reacting 3-
butene-1,2-diol with methanethiol in the presence of at

least one nitrogen-containing compound selected from a
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conmpound 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 net hod conpri?ing reacting

1, 2-epoxy-3- butene with water i*'n the presence of

sul furic acid catalyst (e.g. US 5250743) and a net hod

conprising isonerizing 2 10 butene-1,4-diol in the
resence of dirheni um heptoxide (e.g. _US 5336815) may _
D R e R R e LTS YR R | A @ BHEEY amine
may be sed and one praoduced from net hanol and

hYAFBGHIE G do CRXRANIIS AT Ndmy be used

and |iquid nethanethiol 15 may be used. Liquid

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

ngthod conpri sing bringing gaseous nethanethiol into

a

ekt Yodsr £os0ICedydrevte ihst IRnRFepoi Fivenek eof
(6C) to condense it. The anpunt of methanethiol to be
used i &sSusudMtene - 12@-g5i0d .orcomreraid Bty \avalabbol ene may
of 3-butene-1,2-diol. There is no upper limt
paFt PEGHary &8 c&asibderi m@e aumriimarhlacdenpioigitto known
the amount thereof is practically 10 noles or |ess
r BRAPPde sych @l @ o thodycomprising ateactimg he, 2-epoxy-3-
present invention, at |east one nitrogen- 25
cBRE&RRI W thompdend iseltbet @d efsearmen of sulfuric acid catalyst
nitrogen-containing 3 aromatic conpound and a
téptgarysaﬁ2ﬁ§7é@ﬁpgudda 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 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 beiling
point thereof (6°C} to condense it.

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 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-diol.

In the present invention, at least one nitrogen-

containing compound selected from a nitrogen-containing
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(hereinafter, sinply referred to as the

ni trogen-contai ning conpound) is used, and the
nitrogen-containing aromati ¢ conpound is preferably

used. 5 Exanples of the nitrogen-containing aromatic
conmpound include a nonocyclic or condensed-ring type

ni trogen- containing aromatic c%npound wher ei n at

| east one anbng atons conposed of the aromatic ring

is a nitrogen atom The nitrogen-containing aronmatic
conmpound may be 10 substituted with at |east one

sEhePRt EnEOMERYRA| 8890 {REtiSTHs EMEFENCIRIUE a

hal ogen atom such as a fluorine, chlorine and bromne
afBRfedneiter. apRpPlyr sefesued &9 &5 mbehpitraggn-containing
n- propyl, isopropyl, n-butyl, isobutyl, sec- butyl and

t eprppungd) groupeda erdcrhg pREtrogemnFonf@ingng appmatic
nmet hoxy, ethoxy, n-propoxy, isopropoxy, nh-butoxy,

i sobpDevRy, issprefferekyvandgedart - but oxy group; a C2-C5

al koxycarbonyl group such as a nethoxycarbonyl ,

et hoxyBaabphgk, ofi- theopdtyogepompintaining aromatic compound
i sopr opoxycar bonyl, n-but oxycarbonyl and

t énclbdeorywanbogylligr oup coadesEsl -diialdk \Wyms mol igraggn -

such 20 as a di net hyl am no and di et hyl am no group; and
acontbanmiyp agpoapicbBcamploandofwhierein at least one among
nitrogen-containing aromati ¢ conpound fncl ude
pstomEsnepmpbpedi dfn¢hepyramand.c imingazd @ nitrogen atom.
benzi ndazol e, phenanet hroli ne, oxazol e, thiazole,
gUhaohinepgeh - ceadaindnignarofatstdhydgmprdudidnegay be
3-met hyl pyridine, 4 4

substituted with at least one substituent. 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 Cl-C4 alkoxy group such as a
methoxy, ethoxy, n-propoxy. isopropoxy, n-butoxy., iscbutoxy.
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 dialkylamino 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, guinoline,

isogquinoline, 2-methylpyridine, 3-methylpyridine, 4-
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met hyl pyri di ne, 2-chl oropyridi ne, 3-chloropyridine, 4-

chl orpyridine, 2,3,5-collidine, 2,4,6-collidine,

ni coti nam de, nethyl nicotinate, N-nethylim dazole and

2- chl oroqui noli ne. Anong them a pyridi ne conpound

which may 5 be substituted with at | east one

substituent selected from the hal ogen atom the ClL-C4

al kyl group, the Cl-C4 al koxy group, the C2-C5

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

and %h canbanoylzproup such as pyridine .

2Mad E@Pﬁ%%‘%, 3 GRekIRARKF i Fi e, A-GRIRODYFid PR, 4-

2 10 chl oropyridine, 3-chloropyridine, .
ACBRPEPFFHICdRe, 2233 Bcalhidigigie, 2 2 £ sceblidHnee,

ni cotinam de and nmethyl nicotinate is preferable. As

t ReCRtdPsgéfeoomeditiingicatdmate dbmpimglinmidazole and 2-
commercially available one is usually wused. 15
EfhApresudpodi@e.er Amang diiate comourdine ctempoundswhich may
C20 tertiary am ne conpound such as trinethyl am ne,

t Peeshpisdditided Mmilth mopyddstnmiane substitueyt ) seleeted from
tri(n-pentyl)amne, tri(n-hexyl)am ne, dinethyl (n-

otbyl hafogen ditwot,hyihen-UedA )alkiyie, gxbhuget hithé N"CROC4 alkoxy
dodecyl ) am ne, dinethyl (n-tetradecyl)am ne,

dametipy| the KexddeallKewrgm;bonyl group, the C2-C8

di met hyl (n- oct adecyl ) am ne, di (n- hexyl)net hyl am ne,
ddfpléytlamimet lgyicar end tdieretanddrenzly | growe, such as pyridine,
di (n-butyl)benzyl am ne, N, N- dinethylaniline,

N2 Nengtitbur-Lipertoyi idfiauei .| i3nene thipei(ind i3t hetomd ey lpyeidine, 2-

chloropyridine, 3-chloropyridine, 4-chlorpyridine, 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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5 N-net hyl norpholine, N (n-butyl)norpholine, N (n-
octyl ) norpholi ne, N-(n-decyl)norpholine, N (n-
dodecyl ) nor phol i ne, N-met hyl pyrrolidine, N(n-
butyl ) pyrrolidine, N-(n-hexyl)pyrrolidine, N(n 5
octyl)pyrrolidine, N (n-decyl)pyrrolidine, N(n-
dodecyl ) pyrrolidi ne, N-nethyl piperidine, N(n-

but yl ) pi peri di ne, N-(n-hexyl)piperidine, N (n-
oetyl ) pi peridine, N (n-decyl)piperidine and N-(n-
dodecyl ) pi peridine. 10 As the tertiary am ne conmpound,
aNch dmerho Ly | Al @ dne ¥y k) nerphte Jing e dV - (the
anmount of the nitrogen-containing conpound to be wused
i 9Chydameyriroddneyo e (Gr- dastl st eplickine, INnbhe of 3-
butene-1,2-diol, and there is no specific upper limt
aAgdesYilt) mogphoddmiccaN yett hslpy oo Ligbne e Mt {ve to 1
nol e of 3- butene-1, 2-diol considering econonica
vheiiéi pyrrelddines &f- (ithdecaribaptral atink cdpound
include a - C20 aliphatic carboxylic acid conpound
afetel)ey0raddddmiec Nodmbaledyilc) marmb iohoundy - God t he
Cl- C20 aliphatic 20 carboxylic acid conpound is
pfeflecabl) py rEcdriglies 0N -ires WFI-pG e mwid phat iN- (n-
carboxylic acid conmpound include formc acid, acetic
abhllylppdpeoriiddnaci i - ( n-ieaydi )p iaeddh, d prant anofe- aci d,
hexanoi c acid, oxalic acid, lactic acid, succinic
aoctiylagipecriddng, Nel(ei-Qeasild @tbridine and N-(n-

dodecyl)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 C1-C20 aliphatic carboxylic acid
compound include formic acid, acetic acid, propionic acid,
butanoic acid, pentanoic acid, hexanoic acid, oxalic acid,
lactic acid, succinic acid, adipic acid, maleic acid and

fumaric acid. Examples of the C7-C20 aromatic carboxylic
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25 fumaric acid. Exanples of the C7-C20 aromatic
carboxylic 6 acid conpound include benzoic acid,

salicylic acid, acetylsalicylic acid and terephthalic
acid. As the carboxylic acid conmpound, a comrercially
avai |l abl e one is usually used. The anmount of the
carboxylic acid conpound to be Used is usually 0.3 to

10 noles and preferably 1 to 5 noles relative to 1

nol e of the nitrogen-containing conpound. The reaction

te rature is usually -10 to 100C and preferably O

{2 BB CCOTREUPEIPPINCE: REPPOLGs AR, Gog kay Liry asia.

hours. _The reaction is usually conducted under an
ofaPhatjalprEddar @cdf grdsdGriePddhedid Gdn- The

reaction may be conducted under reduced pressure

condi t A8nthehearbgeErids Cid FerPeant.2 & emmaRfially

met hanethiol is 15 usually carried out in the absence
ofvaiiabdenenead§ usugdyy M&edonducted in the presence

of the solvent. The solvent is not particularly

| i m t e@henangungr ofs the dgeaborytligpegighcanmpound to be used
reacti on. Exanpl es thereof include water; a

hidraeurbds 9oBvént 1Sutieles kedapsefieamdne larg 5 moles
tol uene; a 20 hal ogenat ed hydrocarbon sol vent such as
chebabbeaz&ne lamd 1ec ifotbio nitt rogestrmm tsgindgrg. camgiound.
as diethyl ether, nethyl tert-butyl ether and

t et r ahYHroftereat;ioan tegiperagalreerits sisstallys dithydo 100°C and
acetate; a tertiary al cohol solvent such as tert-
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 methanethiol 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. Examples thereof include water; a
hydrocarbon soclvent 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 solvent such as acetonitrile and

propionitrile. They may be used alone or in a form of a
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butanol; and a nitrile solvent such as acetonitrile
and 25 propionitrile. They may be used alone or in a
formof a 7 mxture. The amount thereof to be used is
not particularly Jlimted, and it is practically 100
parts by weight or less per 1 part by weight of
3-butene-1,2-diol in the viewoint of volune
efficacy. 5 The reaction of 3-butene-1,2-diol and

met hanethiol is wusually conducted by m xing the

ni trogen-co b%inin c ound, .the carboxylic acid ,
CBIHEHRE 3 Bt AHETD L RHEHEOm iP the AFRA HH|noY particularly
2ices ar.y, iglthe_presence of. the solvent, and the

%G S8r d8PY dthdtt pEAGTEREAY 19iRE S Y fright or less
nitrogen-containing conpound and the carboxylic acid )
cBRbodnBakdy bie WishiGto @dl P -Hudede \ineh 43! ridackhenviewpoint
conducted under an ordinary pressure condition, the

r 8hcVPoHMes e Ld&aSY -conduct ed by a nethod conpri si ng
adj usting a m xture obtained by m xing 15 the ' )
ni t r og&hec sREgtAORg ofoFpditena He Lalkokand nwgihpnethiol is
conpound, 3-butene-1,2-diol, nmethanethiol, and if

nBEB34 4Ny congietedl bynmixding tdiey avi trogrirsgeneabming

bl owi ng gaseous nethanethiol into them Wen the .

r €QEPPBAd. s then gasbegyvlddeacd hraommpunxkd 3 Amtene-1,2-diol
condition, the reaction is conducted, for exanple, by
aangempsbapeipriiodi.ng faddioes sary .nidn dden-nxasened f the
conmpound, the carboxylic acid conmpound,
3spdvens- 1 andditble mdxdnigf 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



necessary, the solvent into a container capabl e of
sealing such as autoclave, sealing the container and
pressi ng 25 gaseous nethanethiol into it at a given
tenperature, and a 8 nethod conprising adding the
ni trogen- cont ai ni ng conpound, the carboxylic acid
compound, 3-butene-1,2-diol, li%uid nmethanethiol, and
i f necessary, the solvent into the above- nentioned
seal ing container, sealing the container and 5
adj usting at a given tenperature. In the case of
aBftheAngomprisingr adding fd¢ mityogenycontaining compound,
3- butene-1,2-diol, nethanethiol, the
ntRe ogarbesilacniaed dc eopwewdd .t e bud@misoxyld-diwh d 1iguid
conmpound, and if necessary, the solvent at a given
teppepaethdofle ehfledif nexesisaryor tihe tsvdweasle ftd (the above-
m Xi ng 3-butene-1, 2-diol with nmethanethiol followed by
agdeinhgonkd sealdpggncoortiadnemg seaigagndhendditeainer and
carboxylic acid conmpound thereto to effect reaction,

5 t aéjuabing et angtikancttempleriaturee nmibtt whee corHaiof rgijusting
3-butene-1,2-diol and nethanethiol is preferably 4
nal mixbnreesbtrdhatli by ikl nmplle baft Brebdt enatilg - di 0
in order to start the reaction snoothly. The progress
ahetheneeadbilonthannhe reaehn-cmwed dynimg camenindnathe
anal ytical means such as gas chromat ography, high
peafborgndce bhcaqd ¢omboumd, o@ndPHY, riddasdaaner e solvent at
chr omat ogr aphy, nucl ear magneti c resonance spectrum
asayysen asfiperbrared tade@rRidtoredaGidnlManal Nie. . case of

10 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

15 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 analytical means such ‘as gas chromatography,
high performance liquid chromatography, thin layer

20 chromatography, nuclear magnetic resonance spectrum
analysis and infrared adsorption spectrum analysis.

After completion of the reaction, an organiclayer
containing 4-{methylthio)butane-1,2-diol can be obtained by
removing methanethiol remained from the reaction mixture,

25 and then, if necessary, adding water or a water-insoluble
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After conpletion of the reaction, an organiclayer
contai ni ng 4-(nethylthio)butane-1, 2-di ol can be

obtai ned by renoving nmethanethiol remained fromthe
reaction m xture, 25 and then, if necessary, adding
water or a water-insoluble 9 Q%ganic sol vent thereto,
foll owed by extracting. 4- (nethylthio)butane-1, 2-diol
can be isolated by concentrating the organic |ayer
obt ai ned. The organic |ayer obtai ned nmay be

concentrated after hi_ ng it I :ggggpus _

acrt grs%f:uﬂ)gﬁegfrt gﬁ\é%%ﬁgdug\gal%ﬁ 2’&1 l?tgkl%tr%i. a'rrpl4es

of t hod.for re [ t hanet hi.o emnni.ned from

bt B TEhoR ReSrars T el SRt d o Y
concentrating the reactiqgn mxture.and a t had .
CORBEPLFRE aRwing SR dndn Tt St dT) M organic

inpto 10 the reaction m Xxture. anpl es of the . .

WL EPT| AELPIBED. BPYamey ORI 3 oE e by Pt e with vater,
sol vent such as eth¥] acetate; an ether q%%Fnt such.
a§nn§HH9P“§e?F?9uF?Iuéﬂﬁ@rPIaﬁ@'QQHQQRﬁe 1 soiution.
hydr ocar bon_sol vent such as chl orof orm. .

di chl oE3ABPAERe C&ndPEs MithNd fodt ROV RdipRethiol
thereof to be used is not particularly Iimted. As

t REMa&nedu§ram dheoredcdiomMisduddusiaiiigs 2 igtpod
solution is usually used and the concentration thereof
afEMPEAE 1ago GRECERETEGA D e ReaF R xture and a method

particularly limted. 20 As the aquequs al kal i .
sEPUPKaA1nEN PAgUdeEs afolilEdh 4¥s puch 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 solvent such as chloroform, dichloromethane and
dichloroethane. The amount thereof to be used is not
particularly limited.

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

carbonate is usually used and the concentration thereof and
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nmet al hydroxi de such as sodi um hydroxi de and pot assi um
hydr oxi de; a netal carbonate such as sodi um carbonate
and potassium carbonate; and an al kali netal hydrogen
carbonate such as sodi um hydrogen carbonate and

pot assi um hydr ogen 25 car bonat ds usual |y used and
the concentration thereof and 1 t he anmount t hereof
to be used are not particularly limted.

4- (et hyl t hi 0) but ane- 1, 2-di ol obtai ned may be further

|S?|?ﬁ§?$gn%§§%g§§I% %%LP%%QL%gfg%h ) I%ﬁﬁﬁgﬁfgyjﬁﬁmited.

The presen further Ius ed b

Eranl coir kg BYgTE &&)gwtaﬂ -%%edrm}sém 3 ﬁ%‘%es

not %inited_g t.hese Exa 10 Exa Ie 1 To a

n?“ﬁE &t ByEL é&ﬁp EdawFP 10%&%??“5 such
of 3-butene-1,2-d 9 of pyrldlne and 14 ng of

g%%tﬁésﬁéﬁaaﬁéPB 98&e&°1RWPeFhEG&qqﬂ9Qﬂﬂ?thxture

obtained at an inner tenperature of 0C, 1500 ng of
liquid 15 net hanet hi ol was added thereto. The

aut ocl ave was sealed, and then the m xture was
sEX#MBYeHt 40C for 4 hours to effect reaction. The
pressure (gauge pressure) of internal autoclave at

t he pofRe BFesealtt inyertdopeddiiloPendirtier dg/lggtrated by

(corresponding to 0.25 MPa) and the pressure (gauge
Examples in detail below, 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-1l,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 (gauge pressure) cof internal
autoclave at the point of starting the reaction was 2.5
kg/cm2 (corresponding to 0.25 MPa) and the pressure (gauge
pressure) of internal autoclave at the point of completion
of the reaction was 0.5 kg/cm2 (corresponding to 0.05 MPa).
After completion of the reaction, the pressure was 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. The solution
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20 pressure) of internal autoclave at the point of
conpletion of the reaction was 0.5 kg/cnR
(corresponding to 0.05 MPa). After conpletion of the
reaction, the pressure was released to the ordinary
pressure and nethanethiol remiped was renoved by

bl owi ng nitrogen into the reaction m xture, and 25 10
g of ethyl acetate was added thereto. The solution 11
obt ai ned was anal yzed by gas chromat ography interna

stapdard.nmethod tq find.the vield of X

o BRREhSa RrS) Brdnees vy g% SRrsTeinopaphy internal

3-put ene- 1, 2-di qQl .was .r ined.in 5%_ 5 Ex le 2
SELEPERRY TRLROB KD B ARG TAS YT o AT o Jputane-
(et hyl t hi o) but ane-1, 2-di ol was .obt aj.ned except that_ .
2%*%@318% '2?‘1&, 848oPPdyPrdukgdeuded 19T Pt HAE JeMPIRPDAn S%.
pyridine and 26 ng of 80%formc acid was used in

pl ace of 14 ng of 10 acetic acid. The yield was 95%

and 3-butene-1,2-diol was remained in 4% Exanple 3
AE¥BPBLfg2t 0 a sinilar manner as that of Exanple 1, 4-

15 (et hyl t hi o) but ane- 1, 2-di ol was obt ai ned except

t hat 23cRpTAdRIqEPndl SABIAES TSedeh g5 ddetofoD le 1, 4-
p¥ridine and 34 ng of propionic acid was used in
plaeehyithiojusangcdt.izc digdi wasTid taigiaf wescadodmt 28 mg
3-butene-1,2-diol was remained in 40% 20

of 2,4,6-collidine was used in place of 9 mg of pyridine
and 26 mg of 80% formic acid was used in place of 14 mg of
acetic acid. The yield was 95% and 3-butene-1,2-dicl was

remained in 4%.

Example 3

According to a similar manner as that of Example 1, 4-
{methylthio)butane-1,2-dicl was obtained except that 29 mg
of guinoline was used 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-diol 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

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



Exanpl e 4 According to a simlar manner as that of
Exanple 1. 4- (nethylthio)butane-1, 2-diol was obtained
except that the anount of pyridine to be used was 18
ng and 55 ng of 25 benzoic acid was used in place of
14 ng of acetic acid. 12 The yjeld was 39% and
3-butene- 1, 2-di ol was remai ned tH 58% Exanple 5
According to a simlar manner as that of Exanple 1, 4-
5 (et hylthio)butane-1, 2-di ol was obtai ned except that

ny _03 triethélanine was used _in place of 9 mg of
éﬁ?’?dﬂ% dnHast He *aRBEnt -B1tER6 il adiP e ssFeRpingk in 58%.
yield was 40% and 3-butene-1,2-diol was renained in
58% 10 Industrial Applicability According to the
present invention, 4- (nethylthio)butane-1, 2-diol,
WAE@RP18 An inmportant as an internediate of
pharmaceutical s and a nethi oni ne anal og, can be
pr oducREcordéngatai RdsévAdari manaed ias ithatl®f Example 1, 4-
industrially advantageous. 13 CLAIM5S 1. A nethod for
ptesitley hghdo ) bubeherihkofliblt wae obtaigied] exwspth that 22 mg
conpri ses reacting 3-butene-1,2-diol wth nethanethio
5§ ntrhethydavhne whsausetlr dgeplecet afnidngoardycidine and
conmpound and a carboxylic acid conpound.
the amount of acetic acid was 30 mg. The yield was 40% and

3-butene-1,2-diol 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 it is

industrially advantageous.
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2. The method according to claim1, wherein the

ni trogen-contai ning aromati ¢ conpound is a nonocyclic

or condensed-ring nitrogen-containing aronatic

conmpound wherein 10 the nunber of carbon atons

conposed of the aromatic ring is 3 to 20, and at

| east one is a nitrogen atom anong the atons conposed

of the aromatic ring, and whi chsmay be substituted

with at [east one substituent selected froma hal ogen

atom a Cl-C4 alkyl group, a O-C4 al koxy group, a

C2- G5 al koxycar bonyl group, analmsC2- Cl0 di al kyl am no

group and a carbanoyl group. 3. The net hod according

to claim1l1, wherein the nitrogen-containing aromatic
conmpound is a pyridine conpound which may be

substi tut ed pdbhad £he e S tqﬁr]

from a hal ogen atom a%%%)cn §%ﬁ§|&h§o p%hﬁ%%%&%%ﬂe 1.2-diol
alkoddh GorkRi 528 252t R @{}é}?g b.l.orbyldl%r oﬁlgtlilhrggghanethlol

dlalkylan1no group and anoyl™ ‘gr oup.

methed -ac£ok @8:&@ eﬁ wher.ei.n .t he

conpoungﬁmﬁ % Be @% %OW§%hnﬁﬁga r&%%%%céﬁﬁqﬁﬁﬁuiand

S anavL selected froma halogen atom a d-C4

a#ﬁﬁ% TR f ol are =8 62 BPRB&y group, a C2-C5

al koxyca ar bon ou dlalk{Ian1no group and

a carb qéFbgﬁ P?dp?FPQFﬁéng bong ﬁ?mpyflﬁhﬁEEIH the

3 nethylpyrldlne 4- et hyl pyri di ne,

6E6ﬁyﬁQﬁ§@énl$Et@F@ﬁ@ﬁyﬁl@pm@oumdchboaompnpdyné;c or

2,3 5-collidine, 2,4,6-collidine, nicotinamde or

nﬁqmensrqdcgtlmga@gtrogen—containing aromatic compound wherein
the number of carbon atoms composed of the aromatic ring isg 3
toZO,andatleastoneisarﬂtrogenatomamongtheatomscomposed
of the aromatic ring, and 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 alkoxycarbonyl group, a
C2-C10 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 Cl1-C4 alkyl group, a C1-C4 alkoxy group,
a C2-C5 alkoxycarbonyl group, a C2-C8 dialkylamino group and
a carbamoyl group,

4, The method according to claim 3, wherein the

pyridine compound which may be substituted with at least one
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5. The nmethod according to claim1, wherein the

carboxylic acid conmpound is a O -C20 aliphatic

carboxylic 10 acid conmpound or a C7-C20 aromatic
carboxylic acid conpound. 6. The method according to
claim5, wherein the d-C20 aliphatic carboxylic acid
conpound is formc acid, acetic acid, propionic acid,

but anoi ¢ aci d, pentanoic acid,1sexanoic acid, oxalic

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

15 acid or fumaric acid. 7. The nethod according to

c| SHhA Bt Ui sEAerhedC7r@2@ hatouen iat Tar BoXYyt ¢4 addivd group,
conmpound i s benzole acid, salicylic acid,

acetGA <A iadydxy amictipor at E2efht hakogyagildonBl dheup, a.C2-C8
nmet hod according to claim1l, wherein the anount 20 of

t el eclaryblenyilic e tade tsethaimndyl. 3rbaplsmplesdine,

relative to 1 nole of a nitrogen-containing aronatic

COW@tIlpyridine, 3-methylpyridine, 4-methylpyridine,
2-chloropyridine, 3-chloropyridine, 4-chloropyridine,
2,3,5~collidine, 2,4,6-collidine, nicotinamide or methyl
nicotinate.

5. 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.

6. The method according to claim 5, wherein the C1-C20
aliphatic carboxylic acid compound is formic acid, acetic acid,
propionic acid, butancic acid, pentancic acid, hexanoic acid,
oxalic acid, lactic acid, succinic acid, adipic acid, maleic
acid or fumaric acid.

7. The method according to claim 5, wherein the C7-C20
aromatic carboxylic acid compound is benzole acid, salicylic
acid, acetylsalicylic acid or terephthalic acid.

8. 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 a nitrogen-containing aromatic compound.




