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1 DESCRI PTI ON METHOD 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-diol. Background Art 10

4- (Met hyl t hi 0) but ane-1, 2-diol s an inportant

conpound as an internedi ate of "pharmaceuticals and a
nmet hi oni ne anal og (e.g. EP 338735 B and J. Agric. Food
Chem, 23, 1137 (1975)) As the nmethod for producing

4- (et hyl t hi o) but ane-1 thod conpri sing
reacting 15 3-butene-1, 2 &%qﬂ%aﬁ#wfethanethiol in the
presence of tert-butyl perphthalate and a nethod

conpri si ng reacting 3- butene-1,2-diol with
nethan thiol int resence of a _boron conEound are
described oy nf G’ K@?Pﬁ‘mﬁ%oﬁ'&EW?L%FO)EY% E1475yDIOL
and EP 1260500 A, respectively. 20 Disclosure of the
I nvention The present invention provides a nethod for
roduci n 4- (et hyl t hi 0) but ane- 1, 2-di ol whi ch
&P £ ng 3- butene-1,2-diol with
met hanethiol in the presence of an azo 25 conpound. 2

Best fb@e PE&SeRdr Ayivieg taen fied afiess it q mediiqdbfor

producing 4-(methylthio)butane-1,2-diol.

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 methanethiol 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-{methylthic)butane-1,2-dicl which comprises reacting 3-
butene-1,2-diol with methanethiol in the presence of an azo

compound.
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As 3-butene-1,2-diol, comrercially avail able one may
be used and for exanple, one produced according to
known 5 nethods such as a nethod conprising reacting
1, 2- epoxy-3 butene with water in the presence of

sul furic acid catalyst (e.g. YS 5250743) and a method
conprising isonerizing 2- butene-1,4-diol in the
presence of dirheni um heptoxide (e.g. US 5336815) nay
be used. 10 As nethanethiol, commercially avail able
one may be used and one produced from nmet hanol and
hydr ogen sul fide. Gaseous nethanethiol may be used

hay d ' d_Lliguid_ .
MR ST R Y e il Sygen
th ,Si brj ngi 1 th | 0l
e o%scmrdtselnrég 1 r —2(%!(%9 %%Sr%rﬁegrs%%a?]r I%ga\?%e#eﬂ%fe one may

into & contal ner cdo €l ow
her eof. (6 0 condense it. The anount of )
aoLERl W 0 BRI Srin e DT aflorg g e mown
utene-1,2-diol. There is no

relative to.1 nol e of 3- .

TR E Aot AR b Y S it 4 B corfor IRy - 3
i%mpoint, the amount thereof is practically 10 noles

g’P FESs dPatidren ¢ the P15 eél%toeﬁneg-‘il,le%li(bla!"ll% catalyst

the present invention, the azo conpound neans a . .
dEmFoud ﬁﬁﬁ@ﬁ4ﬁdsa§ﬂ-éigmﬁﬁﬁﬁi(¥¥ﬁ$$5s%ﬂ&lﬁﬁPWQE921“9 2-

lecule and of which deconposition tenperature is

gglt%ezéoéﬁ B le i dndihes nossease i9fciHidd et W@ difirtqyide (e.g.
compound such as_3 2, 2'-azobisisobutyronitrile,

§§2533f36§§(ﬂﬁﬂ-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. Liguid 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.

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 ig practically 10
moles or less relative tc 1 mole of 3-butene-1,2-diol.

In the present invention, the azo compound means a
compound which has an azo bond {-N=N-) within the molecule
and of which decomposition temperature is below 250°C.

Examples thereof include an azonitrile compound such as
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di met hyl val eronitrile),
2,2'-azobi s(2-net hyl butyronitrile),

1, 1' -azobi s(cycl ohexane-I -carbonitrile),

4,4' -azobi s-4- cyanopent anoi ¢ aci d,

2- phenyl azo- 2, 4-di met hyl -4 5 met hoxyval eronitrile and
2-cyano- 2- propyl azof ormam de; an azoester conpound
such as azobi si sobut anol di acetate, nethyl
azobi si sobutyrate and et hyl azobi si sobutyrate; an

m_di ne conpound such .as . .
%,Z' T R E\Drﬁucc}’i hnopt ?torplzlnee‘) 2 i hy't UEH Gritie; an

oi m.dazol.i ne cq und su as 2,2'. 10 o
2 e G o2 Y17 orofadie] 7 v Umed ggroni tride)
onpound . such as 1, 1' -azobi sformam de, 1, 1' - azobi s(N
ﬁﬁgﬁyf¥Q%qﬁﬁﬁQﬁﬁ %hﬁfane—l—carbonltrl e), é{4 -azobis-4-
1,1' -azohi s(N, N-di et h Ifornanide%i and an azoal kyl
ETRPEEET L A S - e BRETE 2 PP @Tdy are the
azonitrile conmpound, the azoester 15 conpound, the .

SRV SCOMITId Card % He A3 a2 2 etisstinile : an
The commercially avail abl e azo conpound is wusually
GSEE 5 e CAMRMIN S UNe a8 G 2 rppniP ticsnd siaraidte.
usual |y 0.001 nole or nore relative to 1 nole of
JeflivenespPAadisgibut vz ten e ieshyd ediirsisapperrate; an
limt and it is practically 0.2 nole or less relative
B3 CRTHSE Co fCONRARNEN SUE A - %m@s’ﬁq}?érﬁ(r?g‘ adtisHaARRAPane )
vi ewpoi nt. The reaction of 3-butene-1,2-diol and .
RetraFechiloride ; guagoirdgazodd ieucampaiel fhsdnds of-2' -
a solvent, and the 25 reaction may be carried out in
ﬁﬁ@béﬁégeﬁ@eLmi@yagyi@eﬂryldpropane]; an azoamide compound
such as 1,1'-azobisformamide, 1,1'-azobis(N-
methylformamide) and 1,1'-azobis(N,N-dimethyvlformamide);
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 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 economical viewpoint.

The reaction of 3-butene-1,2-diol and methanethiol is

usually carried out in the absence of a sclvent, and the

reaction may be carried out in the presence of a sclvent.
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The solvent is not particularly Iimted in so far as
it does not prevent the reaction. Exanpl es thereof
include water; a hydrocarbon solvent such as hexane,
hept ane and toluene; a hal ogenated hydrocarbon

sol vent such as 5 chl orobenzeng and chloroform an

et her solvent such as diethyl ether, nethyl
tert-butyl ether and tetrahydrofuran; an ester

sol vent such as ethyl acetate; a tertiary al coho

) - _apd.a piLgil | .
:ﬁ’ﬂé%egéléé‘% i‘s?_BS{t%ngrc]gQgﬁari‘ %?IPIQF%&' }ﬁe§8n§§%as it

acetonitril ropi on e

ﬁ%ﬁgsa%gfgpgévégtiphg ngnkggna .XturEéFrgﬁ?%gggg%aclude

. aln
er eo e used s ROt particuiarty

it_is_practicall 00 parts . b ight. or less per 1
atéel Sauifostaon fahetnr ¥ arh) 45 nfknng, oo tade and
vol ume_efficacy. The re ction tenperature differs
debBRE Ty Bridl eenaFed 187 FRACATBOR oAPOLART  BUER BSed

a t he ambunt thereof, and when the reaction

t ' PLPhe P eatti ohi*¢har ot Yo pk oteedsas

AR AeTS 215 Fobdoh hieFa? Al YoBF oReeh

and, when the reaction tenperature is too _high, side
BT SUME ad SRy et $551 7 ORY bf © S36H( Bhe. 1S Brakygrofuran;
and the product may proceed. Therefore, the reaction
2 i RUF T Tohdte R P F e b el rargRa b -aotebtidnc, alcohol
preferably of 0 to 50C. The reaction is usually

e PUHYERS ob & hibyLanpbsstie 2ombi¥ibmssdfvent such as
pressurjized conditions, and may be conducted under
FEHREH ek e qoFRR ¥ ohist 105 ThERg R 4B2Y ofe gised alone or

3-butene-1, 2-di ol and nethanethiol is
in a form 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.

The reaction temperature differs depending on kinds of
the azo compound to be used and the amount thereof, and
when the reaction temperature is too low, the reaction
hardly proceeds and, when the reaction temperature is too
high, side reaction such as polymerization of 3-butene-1,2-
diol and the product may proceed. Therefore, the reaction
is usually conducted in the range of -10 to 100°C,
preferably of 0 to 50°C.

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-diol and methanethiol is
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5 wusually conducted by m xing 3-butene-1,2-diol with
nmet hanethiol in the presence of the azo conpound, and
the mxing order is not particularly limted. Wen
the reaction is conducted under ordinary pressure
conditions, 5 the reaction is ysually conducted by a
nmet hod conprising adjusting a m xture of the azo
conmpound and 3-butene-1,2- diol at a given tenperature
and blomﬁng gaseous nethanethiol into them Wen the

duct under pressurized, condj ti
S S S A TR S R R

e con a net hod

risi ddi ng .t he azo conp
IR S G D s b &%aap EHOLd i e
such as au oclave seal i n e co ai ner _an res
SUBLIE TRt Hariet A1 HH 0TS A GV enp %.?u
and net hod coppr.i s ddi ng. t he azo co
B 1% ORI it fg o AR A 7 BV re ipgpptons.
above nentloned seal i cont ai ner, sealing the .
Ot iSsTt 1Ty Jafdjlifé{ﬁi]rﬁfga‘ionaﬁu‘{ﬁ% P¥ gt HQUt eSO Sing
the case of mxing 3-butene-1,2-diol, nethanethio
|9 gy & SHRFSRSd qfolqllfﬁ/ve?d“bfoé‘tﬁ‘ugtq RPat3- taub?%nl 2-
tenperature to effect reaction or in the case of 20
fieiinG B Rieifdr LRRATRIUAR IRt dTa3e¥Dwed by
addi ng the azo conpound thereto to effect reaction
fedh Tofinyey H&1R8t-hi dhath thfe TR3G IR coht e tRted
3-butene- 1,2-diol and nethanethiol is preferably 4
EIaes @Fﬂﬁ&ﬁ?lﬁﬁﬂEQQQR§?EQRﬂ43QHG:FQﬂRRﬁRQJ}%Z%ﬁ%ﬁu¢?ﬁd

order to start the
for example, by a method comprising adding the azo compound

and 3-butene-1,2-dicl 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 azo compound, 3-butene-1,2-
diol and liquid methanethiol into the above-mentioned
sealing container, sealing the container and adjusting at a
given temperature. In the case of mixing 3-butene-1,2-diol,
methanethiol and the azo compound followed by adjusting at
a given temperature to effect reaction cr in the case of
mixing 3-butene-1,2-diol with methanethiol followed by
adding the azo compound thereto to effect reaction, the
amount of methanethiol in the mixture containing 3-butene-
1,2-dicl and methanethiol is preferably 4 moles or less
relative 1 mole of 3-butene-1,2-diol in order to start the

reaction smoothly.
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25 reaction snmoothly. 6 The progress of the reaction
can be confirned by a conventional analytical neans

such as gas chromat ography, high performance |iquid

chr omat ogr aphy, thin layer chromatography, nucl ear
magnetic resonance spectrumb5 gnalysis and infrared
adsor ption spectrum anal ysis. After conpletion of the
reaction, in the case of using an lipophilic azo
conmpound, for exanple, 4- (nethylthio)butane-1, 2-diol
can baus §RIGE DY ded N dRldanctilel SR AR by

fromthe reaction mxture, and sary,

%%‘ilf\;églt%%'l anag%rtal%%llar eSaCH V% 1{ I'he %I ne(ﬁlo&mat%%raphy,

by extracting an concentratlng th

I diol. In

LR, S QA 5 ol ln
an butan 1, 2-di ol can be

ol Y MR &%a%%%ﬁﬁm%wwM

|sola
ti t i.f ,
EREVSEP D datne SREaidan coanrthe e,
gty SRR o R . 2
53 | es of the nethod for renoving
t%aﬁgpﬁﬁ -2 8 ZPe FRIMREYTCr 0 OFh € XA8RME orf 'mi xt ur e

cQnpri sing concentrating the

I ,
k@%&#ﬁgﬁgﬁ]nsﬁjb‘ﬂﬂé‘“ea&d 23 9Eh 4™ bmprsiodiatd b IbFwLTF oA g
%E. ch as nitrogen as into the reaction
MEbar e Rap T Ra 10t ALoRy Sher TeGRIAaR. Mixtare, and then,

if necessary, adding water or an apolar solvent thereto,

a%é) gb

followed by extracting and concentrating the obtained
agueous layer containing 4-(methylthio)butane-1,2-diol. 1In
the case of using a hypophilic azo compound, 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 a water-insoluble organic
solvent thereto, followed by extracting and concentrating
the obtained organic layer containing 4-(methylthio)butane-
1,2-diol. Examples of the method for removing methanethiol
remained from the reaction mixture include a method
comprising concentrating the reaction mixture, and a method
comprising blowing an inert 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
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i nclude a hydrocarbon sol vent such as hexane, heptane,
25 toluene and xyl ene, and the anount thereof to be
used is 7 not particularly limted. Exanples of the
wat er -i nsol ubl e organic solvent include an ester

sol vent such as ethyl acetatejand an ether solvent
such as nethyl tert-butyl ether besides the
above-nmenti oned hydrocarbon solvent, and 5 the anount
thereof to be used is not particularly limted.

T N ti i 1. be-f .
e e e T T et e 3 e [f pgp-snsotupie
t, ti [ t 10 limt by th
SR MO8 00 ad LD LS P MRS, o g
TSt 51 Lo 00 Bl AL e Gl e
ng o , 2 - obi 0 ronitrite d- t
th i xtur.e 15 obtai ned, th t hi ol
BB S 00 S PR S TRE oln Fhvgpe anc
bout 10t 20 nL/ m n. .1 h . The,
R R e R E A R s R SO

for 1 hour to effect reaction. After conpletion of
the reaction, methanethiol remained was 20 renoved by
bl ow ng nitrogen into the reaction m xture, and 1245
ﬁﬁaﬂpl%ﬁe oily matter containing 4-(nethylthio)butane-
1,2-diol was obtained. This oily matter was anal yzed

by gasecREEFERGg AN tdio@a Widdc &%t {y& thetthdd w5 tmafed by

the yield
Exam%les in detail below, but the present invention is not

limited by these Examples.
Example 1

To a 100 ml flask equipped with a magnetic stirrer,
880 mg of 3-butene-1,2-diol and 10 mg of 2,2'-
azobisisobutyronitrile were added. Into the mixture
obtained, gaseous methanethiol was blowed at an inner
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-{methylthic)butane-
l,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-diol was 73% and 3-butene-1,2-

diol was remained in 27%.
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of 4-(nethyl thio)butane-1,2-diol was 73% and

3-butene-1,2- 25 diol was renmained in 270. 8 Exanple

2 To a 100 m autoclave equi pped with a nagnetic

stirrer, 1300 ng of 3-butene-1,2-diol and 20 ng of

2,2" 5 azobisisobutyronitrile re added. After

cooling the mxture obtained at an i nner tenperature

of 0C, 1400 ng of [liquid nethanethiol was added

thereto. The autoclave was sealed, and then the

m xture was stirred at 30C for 2 hours to effect

reaction. The pressure (gauge pressure) of 10 interna

aut ocl.ave at the point of starting the reaction was 2
rfd t he pressure (gauge pressure) of interna

autocl ave at the point of conpletion of the reaction

was T g/l miartero Topt ORI tRE eactadietic stirrer,

met hanet hi ol remai ned was renoved by bl owi ng nitrogen

08 e Aeatti e s hniddirel al 2979 Rf ot 4 he oily

matter containing 4- (nethylthio)butane-1,2-diol was

GBCRLFEE P Br ol 5 et tware vietdethal yWiddehycqasing the

chr omat ogr aphy area percentage nethod to find the

JiEtgref obiastaty|athiag) bidtnate- temp el ungpa B 70 .add 00 mg of

3-butene-1,2-diol was remained in 33% 20 Exanple 3 To

& 1900 drimedunag thvieo le i spgatiied ttheratagnetThe stutrgekave was

1300 ng of 3-butene-1,2-diol and 20 ng of
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 and the pressure (gauge pressure) of internal
autoclave at the point of completion of the reaction was 1
kg/cmz. After completion of the reaction, methanethiol
remained was removed by blowing nitrogen into the reaction
mixture, and 1790 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-dicl was 67%

and 3-butene-1,2-diol was remained in 33%.

Example 3

To a 100 ml autoclave equipped with a magnetic stirrer,
1300 mg of 3-butene-1,2-diel and 20 mg of
azobisisobutyronitrile were added. After cooling the

mixture obtained at an inner temperature of 0°C, 1400 mg of
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azobi si sobutyronitrile were added. After cooling the
25 m xture obtained at an inner tenperature of 0C
1400 ng of 9 liquid nethanethiol was added thereto.
The autocl ave was sealed, and then the m xture was
stirred at 40C for 4 hours to,effect reaction. The
pressure (gauge pressure) of internal autoclave at
the point of starting the reaction 5 was 2.5 kg/cnR
and the pressure (gauge pressure) of interna

utoclave at t pai nt_ of letion of the reactjon
506 R ans oAt st BT O b bpe (Mo HoC1ave was
net hanet hi o] renmi ned was renoved by, blowing nitro en,

PREG S hEV e dOG oI TG Gt L o0 P o2t He &i (T
matter 10 contai ni ng 4-(nmethylthio)butane-1,2-diol was
BBPaSn&®. eHRRE diaartidtter ]y\bé‘s DRSPS (AR pressure) of
chr omat ogr aphy area percentage nethod to find the )
HERFNEL AMTOREEMA & HSuteaddity, 2 di AT g ddvg arpction
3-butene-1,2-diol was remained in 5% 15 Exanple 4 To
¥a502n> ¥G/6E a?Ble§iPpPEGSHITR 4 IREGRePTEsSSUFrlert
2000 ng of 3-butene-1,2-diol and 20 ng of
2nrergadhiesteclave @tdddsl inRizvty |9t rasmane t sy faddi.
After cooling the 20 m xture obtained at an inner _
reRpéiany e sofd -6Ckaysul - ngAbter| campd efdrnandt ibgl rRastion,
added thereto. The autoclave was seal ed, and then the
mrextane thde Istriemeddegt We@C rfegioved by blowing nitrogen into
the reaction mixture, and 1990 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 £ind the yvield of 4-
(methylthio)butane-1,2-diocl was 94% and 3-butene-1,2-diol

was remained in 5%.

Example 4

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, 1500 mg of
ligquid 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/cm® and the pressure (gauge pressure) of
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15

hours to effect reaction. The pressure (gauge
pressure) of internal autoclave at the point of
starting the reaction 25 was 2.5 kg/cn2 and the
pressure (gauge pressure) of 10 internal autoclave at
t he point of conpletion of the 0reactlon was 0.5
kg/ cn2. After conpletion of t hé reacti on,
nmet hanet hi ol renai ned was renoved by b|OMAng nitrogen
into the reaction mxture, and 10 g of ethyl acetate
added 5 thereto to qbtain, the sol ution contajnjn
Zr“t 15 Hi Ctﬁltﬂ)ftear?et 82 AT e SBIRATGHPBLY G Wé%
anal yzed s chromat ography internal standard
E@Fﬁ&‘&%no WS l{)d.St%%g )ﬁ“él d ftér completion of the reaction,
nethylthlo)butane 1, 2-di ol was 94% and
3‘ . dieglaings rErRiTRRP Ve 595 t?LJEPVEBéh?rﬁPetIBOge“ into
Accordln to a simlar manner as that of Exanple 4
the Feaqbion admtaits ngmal (Methyrd i) butatrtate- W¥ip| added
was obtained except that nethyl azobisisobutyrate was
tkbedety 1% mhig;qﬁthe solution containing 4-
2,2' -azobi s(2-(2-imdazolin-2-yl)propane]. The vyield
éme¢h®m§ﬂ%ﬂkﬂﬂ@@%vﬂa@edEQl<ﬂ(ﬂhﬂmﬁpknméomjpbtiyﬂ$ﬁsWaS
1. A nethod for producing 4-(nethylthio)butane-1,2
anall vwisidc frye arqsy ichesmedastrianh y3-inuteamea 1l tafidgirdyineithod to
5 methanethiol in the presence of an azo conpound.
find the yield of 4-(methylthio)butane-1,2-diol was 94% and

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

Example 5

According to a similar manner as that of Example 4,
the solution containing 4-{methylthio)butane-1,2-diol was
obtained except that methyl azobisisobutyrate was used in
place of 2,2'-azobis{2-(2-imidazeclin-2-vl)propane]. The

yield of 4-(methylthio)butane-1,2-dicl was 98%.
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2. The method according to claim1, wherein the azo
conpound is an azonitrile conpound, an azoester
conmpound, an azoani di ne conpound or an azoi nm dazoline
conpound. 3. The nethod according to claim1, wherein
the azo 10 conpound is 2,2'-agobi si sobutyronitrile,
2,2'-azobis(2,4- dinethylvaleronitrile),

2,2' -azobi s(2-nmet hyl butyronitrile),

1,1' -azobi s(cycl ohexane-| -carbonitrile),

4,4' -azobi s- 4- cyanopentano&EA?ﬁéd, o
2- phenyl azo- 2, 4- di net hyl - 4- "ne xyval eronitril e,

2- cyano- 2- propyl azof ormam de, 15 azobi si sobut ano
di acetate, nethyl azobi si sobutyrate, ethyl

azobi si sobytyrate, 2,2'-azaobi s(2-am di nopr.opan

di hydﬁ‘ochl g‘r%&%,ﬁ“o £o 1, Drodng -%é-‘ﬂ%?%&igﬁﬁ%ta“e'l'z‘
yl.)propane]. 4. The nmethod according to claim1l, claim
S5 SPACR CoEPEISRRerERR HRE PR toriah e iy

in the range of -10 to 100C.
methanethiol in the presence of an azo compound.

2. The method according to claim 1, wherein the azo
compound is an azonitrile compound, an azoester compound,
an azoamidine compound or an azoimidazoline compound.

3. The method according to claim 1, wherein the azo
compound is 2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4-
dimethylvaleronitrile), 2,2'-azobis(2-methylbutyronitrile},
1,1"-azobis{cyclohexane-l-carbonitrile}, 4,4'-azobis-4-
cyanopentancic acid, 2-phenylazo-2,4-dimethyl-4-
methoxyvaleronitrile, 2-cyano-2-propylazoformamide,
azobisisobutanol diacetate, methyl azobisisobutyrate, ethyl
azobisisobutyrate, 2,2'-azobis{2-amidinopropane)
dihydrochloride, or 2,2'-azobis{[2-{(2-imidazolin-2-
vl)propane].

4. The method according to claim 1, claim 2 or claim
3, wherein the reaction temperature is in the range of -10

to 100°C.



