; dee3eQ N 6T(:1 Description PROCESS FOR PRODUCI NG 2- (4- PYRI DYL) ETHANETHI CL
<Techn The present invention relates to an inprovenent of a
procesmﬂmuuﬁﬂmummmhng 2-(4-pyridyl)ethanethiol from 4-vi r|d|ne and

hi our ea. OO(X# )ethanethiol is a useful conpound ,W%
|nterned|ate or nedlcanents and pesticides and also is a ound
as a nodi fying agent for catalysts at the production of b|$phﬁg
condensi ng phenol and acetone. <Background Art> Al though a Iarge nunber of
reports have been hitherto published on the synthesis of
pyridyl al kylthiols, with regard B®PFHPER hesi s of

2-(4-pyridy|)ethaneth|ol a nethod of reacting 4-vinylpyridine with
thiourea in the presence of p-toluenesulfonic acid in an ethanol solvent to

2?E21ggrkggkggngﬁkg%ﬁ§ﬂqq?ﬂ§iéﬁﬁg |§%a#&§#é§é% to be practical,

whi ch is described in Journal of Crganlc Chem stry (J. Org. Chem), 26, 82
(1961), and an inprovenent of this method has been advanced (cf. Japanese
Pat ent L%?Qbﬁﬁﬁ%aﬂ°%&eﬁ%§540|1999 and 255748/1999). 1  (One problemin the
process of reacting 9

The present invention relates to an improvement
of a process for producing 2-(4-pyridyl)ethanethiol from
4-vinylpyridine and thiourea. 2- (4-Pyridyl) ethanethiol
is a useful compound as an synthetic intermediate for
medicaments and pesticides and also is a useful compound
as a modifying agent for catalysts at the production of

bisphenol A by condensing phenol and acetone.

<Background Art>

Although a large number of reports have been
hitherto published on the synthesis of pyridylalkylthiols,
with regard to the synthesis of 2-(4-pyridyl)ethanethiol,
a method of reacting 4-vinylpyridine with thiourea in the
presence of p-toluenesulfonic acid in an ethanol solvent
to form an isothiuronium salt and then converting it into
2~ (4~pyridyl) ethanethiol in ammonia water is considered
to be practical, which is described in Journal of OQOrganic
Chemistry (J. Org. Chem.), 26, 82 (1961), and an
improvement of this method has been advanced (cf.
Japanese Patent Laid-Open Nos. 228540/1999 and
255748/1999) .



vinyl pyridine wth thiourea in ethanol is the necessity of providing a
feaction apparatus with a strong stirring nmeans because the reaction

sol ution becones slurry owing to precipitation of the isothiuroniumsalt
formed during the reaction. The other problemis that the isothiuronium
salt should be recovered by solid-liquid separation fromthe reaction

sol ution, washed, dried, and then converted into 2-(4-pyridyl)ethanethi ol

wi th anmoni a water as the next step, and the operations are tedious and
conpl ex and t ake cmd omrqgislernd dh tithe mRprddessioref sieaetdmgal obholic
organi ¢ solvent such as ethanol is used as a reaction solvent, a |arge
guant i t yvahydpyaiidineaswith s thdomrsieedin wetbanedsuis sthe adcmsgaitypad on
the environment. Accordingly, it is an object of the invention to provide a
process P&r pRootiding) 2- reaghipty BpPEratatshiwi tivhac B trongr étimmimasuch

probl ems. <Di sclosure of the Invention> Paying attention to the fact that

t he i sot RP@Rgnikaraude Bheareprtirmedditiam thecerast sdNIrY @RI sol ubl e,
the present inventors have found that 2,(4-cﬁ%/_ri dylget hanet hi ol . can be

pr oduced tBy RRECIRIFA WSy PHy £A8 ASTHIPRM IR B2 4h ARTAGGAREI K umin a

yield equal to that.in the regction in ethanol, w thout isolati or
purifyi n&g‘Phe FeBEHIPoni um 2@?? o 1% 9.’:°%1°“'Nané?y, gl& rdimfto the

gthe FEOPH fPani um J Iy, aetordimh
Present Lyl Aaf Ui IVASIIANHI boson-ba Rpdusad dn Shyml e

operati ons "and I'n good yrelds by reac dirnég™w iourea in

an aqueo ' " i gt 3 S i { Ni an
i sot ﬂi ur %%Pl%%@%fgtncgr}tﬂ ﬁeﬁgnﬁ?ﬁgigﬂegggﬁﬁ%gh g{aﬁgleﬁ]fe%te?dnv%ﬁ t he

i sot hi ur uiedMclved ¥ Lntd-DY(1dpLrebpanetiaabthYYICWiYh abintifi AN
aqueous nediumis used as a reaction nmedium organic waste can be reduced.

<Best MdRated A8 thieNnthdxit Bkliep|, Nvardi 6ha Apuriithd Oakkbe HaESAIE
invention, 4 vinylpyridine is reacted with thiourea in an aqueous nediumin
t he presamck cuimpdiesacant ttak@ran hongspehiodopnfutiisel.t . Fiha-heaaxireon
proceeds as follows. N "J-CH=CH2 + HZNNC-NH2 + 2HX S * |, 'rCH2- CHZ- S- C NH2
2X NHZ Asimiee ashd,alecehokic bengatd of solyantc suthis asucathanol is

p-tol uenesul fonic acid, benzenesulfonic acid, and trifl uoronethanesul fonic
aci d and"g@dera® AnFegaticmcsekvent, a large quantity of organic

waste is generated, which results in a large load on the
environment.

Accordingly, it is an object of the invention to
provide a process for producing 2-(4-pyridyl)ethanethiol

which is free from such problems.

<Disclosure of the Invention>

Paying attention to the fact that the
isothiuronium salt as an intermediate of the reaction is
water-soluble, the present inventors have found that 2-
(4-pyridyl)ethanethiol can be produced by reacting 4-
vinylpyridine with thiourea in an aqueous medium in a
vield equal to that in the reaction in ethanol, without

isolating or purifying the isothiuronium salt on the way.



such as sulfuric acid, hydrochloric acid, and nitric acid. Preferably,
aromatic sulfonic acids such as p 3 t ol uenesul fonic acid and

benzenesul fonic acid and sulfuric acid which are easy to handl e are used.

O these, p-toluenesulfonic acid or sulfuric acid is preferably used. The
acid is used in such an anount that nay be a stoichionetric amunt shown in
t he above schene or nore based on 4-vinyl pyridine, but since the use of an
excess anount of the acid may induce a side reaction, the acid is
preferably used iNamslymactoodingetoi theepiresent dysremaidn cu2-a(dy 3
equi val ents or |ess based on 4vinyl pyridine. In this connection, a higher
concent r @yirdedydf) etleansthioh che dpuauedeeed uimi sippdfeereidratidrss t he
easi ness of the reaction operations is inpaired, and in the case of

p-t ol uen@ngl f M c geedl, nilddondeht mEaVHNS Fotiavipyridine apolths to 50%
by weight, particularly about 20 to_ 40% by weight. Moreover, thiourea is
used i n FhitaNred okt ARc agMeewS SediimePnEainigat PR ASHE t¥anfeH8 anpunt,
and it is preferable to use it in an anoupt of 1.5 equivalents or |ess,
particul & | PoLUSigR i FP&ANINT | 8%, 1FRERILIONATH nfglhe aRflectReMpy

di | vi i.d and. thi i Qt um h ddi
i opwi S RRRAS |38 | R HECLRB BEb=dRte; o CPAVRES TS AR ARy o

carried qub 1 efeRably Al A ) AVELEM LEARET At UrgoSLodrt 0 400G on

particularl’y 5 ours-under ‘an T nert’'gas at nosphere
such as nj F_qggﬂ : en gt action o LAd : 1,50t hi fym sal t
is conpl (raatcié‘I t em%ggﬂo%ssgﬁﬁélao?%s%cogleé?f%gg%oﬁ(‘:gg%hﬁév&%ﬁi?he
sol uti on st deast! kel Fe@ub¥agaddi ng an alkali to convert the isothiuronium
salt into 2-(4 pyridyl)ethanethiol. As the al kali, sodium hydroxi de and the
i ke may be used but ammonia is preferably used. When anmmonia is used, the
reaction proceeds as follows. "f--CHZ-CH2-S-C=NH2 2X- + 2NH3 NH2

<Bast Mode for Carrying Out the Invention>

According to the present invention, 4-
vinylpyridine is reacted with thiourea in an aqueous
medium in the presence of an acid ¢to form an

isothiuronium salt. The reaction proceeds as follows.

/
N\ CHE=CH, + H,N-C-NH, + 2HX

S

/ +
* - N CHp~CH,-S-C=NH, | . 2x°
— NH,

As the acid, use may be mada of organi¢c acids
such as p-toluenesulfonic acid, benzenesulfonic acid, and
trifluoromethanesulfonic acid and general inorganic acids
such as sulfuric acid, hydrochloric acid, and nitric acid.

Preferably, aromatic sulfonic acids such as P-



i 2 ~~ + +* -~~ N, "r--CH2CH2-SH + ~ NH2 ~ X + NH4XNHZ Al t hough a
"stoichionetric anount of required ammonia is two nolar equivalents relative
to the isothiuroniumsalt, but it is preferable to use an excess anmount of
.amoni a, usually three nolar equivalents or nore relative to the

i sothiuroniumsalt for conplete proceeding of the reaction. In this
connection, since the acid used excessively in the previous step is also
present in the isothiuroniumsalt solution, in addition to the anount
required for neutralizing the acid, it is preferable to use anmonia in an
anount okoluepesslfprarc eqaridl end phenzanesyifaniy sagddar andi val ents
relative to_4-vinylpyridine used as a starting material. 5 When t he
amount oPUAFHBAFa 3Eid oWhighyea TR h@ARY%| fogdiRIte y aFecrB3ds. TRES i s

probabl y, pecause 2-(4pyridyl)ethanethi gl fornmed causes a side, reaction.
Amoni o FBSE8ua) B tORPRAS A EEG APSR WRth PEIERE)Cr o aRAH eooand t he
concentrati?n ggg be determ ned in consideration of operability at
followjnﬁr? PEPREYoli®8Md extraction steps. The conversion of the

oA L34 ) o, SO S8

r
stirring at 30 tO ours. wever, ‘simnce tﬁe yield

tends to a t.h r of; .a side ti e tion
t enper at ﬁggg?gﬁﬁﬁstﬁ‘*&%’ t He addi tgﬁgﬁno#nan%efjkg%lg,egi tsg?lse“%r rel?lgrggpeé to

Mai nt ai NphBRdS 8hUtd-AA 1t £INeS Atbi€ 8ine@Cthe AP IoMlad NExELEE When an
al kali is added. However, when the solution tenperature is |low, the

reacti onamahfitoloft Nth& ORELESMAY darhvASES. shideOr@cti®niVotlie t §eidecr ease
of the yield and accel erate the conversion, it is preferable that the

sol ut i onisspraferablgd usiedn irerperatauret G f | £sequireanl &0€s adx| ass,until the
solution reaches a neutral point and then warned to a tenperature of 50C or
hi gher. parsicudepilati od ofequievalents onex n laescadmsedht am ardmatic

sul fonic acid is used as the acid, the reaction product solution is cooled
t o about ViPElPyrpAddiepi t at e alBuanFBiRi umeeAneTtdafed as® a bhighesguct and

an extraction solvent such a? chloroformis_ further added thereto, foll owed
by filtr8PPERPES™ Ry e fnssPGpl 84 in the aqueous medium is

preferable unlass the easiness of the reaction operations
is impaired, and in the case of p-toluenesulfonic acid,
the concentration is preferably from about 5 to 50% by
weight, particularly about 20 to 40% by weight.

Moreover, thiourea is used in a stoichiometric
amount or an amount slightly more than the amount, and it
is preferable to use it in an amount of 1.5 equivalents
or less, particularly 1.3 equivalents or less.

The reaction may be effected by dissolving an
acid and thiourea into an aqueous medium and then adding
dropwise 4-vinylpyridine thereto under stirring. The
reaction may be carried out preferably at an elevated
temperature of 30 to 100°C, particularly 50 to 100°C for
1 to 10 hours under an inert gas atmosphere such as

nitrogen.



matter. The residue is further washed with the extraction solvent and the
‘washing liquid is conbined with the filtrate. Then, the filtrate is
subjected to liquid separation and an extraction solvent phase is
recovered. In the case that an inorganic acid such as sulfuric acid is used
as the acid, no guanidinivmsalt precipitates by cooling and hence, in this
ease, a direct extraction operation with an organic solvent may be carried
out without filtration. In both cases, the agueous phase is further
extracted with an extraction solvent and the resulting extraction sol vent
phase is conbi ndfhert Fheherpprelions|§f oBeaMiad ekbeadisdhispramiim phase.
After renpval o the extraction solvent therefrom objective

2- (4pyr i/ edifancPRPLrtedn HhoprerrEdoBy ﬂ?%‘t‘”?i‘n(j"c hEoPdefdu® | quid

d d I The follo h t
i mor e SREGITE Cfﬁé’#imfﬁ%‘%pfﬁféyaﬁ& 58 pitle A Karsan ‘izsra'” e imted
to the foll nmpl I t ds th t T 100
- vol urth | BUFSRACIET | SERVERS: it PP %ﬂﬁ%ﬁs e B Londenser
dad h 5
ot of uerRLr 484 g‘?f?ﬂ*eac. L oty ara; kel sl Hyadiuide ang,

Ltd.), 300 a4 Oﬁgg @é)u%fed NbQUT GdnnldH £h *?% QfEH&SiveeJQ&&l'

| ndustries, wat er, and they were di sso d each ot her.
The \Aholﬁhéﬁasaﬂﬁaﬁfﬂ is EQQdundﬁa eeabtt&aaeprabmha@e fd.owgnder

mai ntai ning the tenperature, 4.13 g (0.0392 nol) of 4-vinylpyridine (nfd.
by Tokyo Kasei K. K. ) was added dropw se thereto over a period of about 30
m nut es. Subspquently, the m xture was; warned to 80C and reacted for 3

hours at the
l@—cnz-cnz-s-cf=ﬁn2 2X" + 2NH,

*

NH,
(i
/4 + - +
* — N@—cnzcnz-sn + T=NH2 * X"+ NHX
NH,

Although a stoichiometric amount of required
ammonia is two molar equivalents relative +to the
isothiuronium salt, but it is preferable to use an excess
amount of ammonia, usually three molar equivalents or
more relative to the isothiuronium salt for complete
proceeding of the reaction. In this connection, since
the acid used excessively in the previous step is also
present in the isothiuronium salt solution, in addition
to the amount required for neutralizing the acid, it is
preferable to use ammonia in an amount of 3 to 15 molar
equivalents, particularly 3 to 5 molar equivalents

relative to 4-vinylpyridine used as a starting material.



tenperature. After conpletion of the reaction, the reaction product

"sol ution was cooled to 20C. No solid precipitated. To the reaction product
sol uti on was added dropwi se 12.41 g (0.229 nol as ammoni a) of 28% anmoni a
water over a period of about 30 mnutes with attention paid to heat
generation. Then, the whole was warnmed to 60C and reacted at the
tenperature for 1 hour. The m xture was cooled to 5C and 10 m of

chl orof orm was added thereto, foll owed by renoval of solids by filtration
Qper ati ons of subjectingithe filtrate to liquid separation and extracting

the aqueBB€npntRe ANt ¢f MR oAt m 38498 t nkhet ovietd

performed four _tinmes. Wen all t chl aor of orm phases,_ were conpi ned and part
Pher cof - ABUSHALY; CReBFORERRS of TS conBEOBARIN  PRBS)A8I d25He-

2- (4- pyridyl)ethanethi was found to be 4.42 g (0.Q317 npl).,The percent
il d beReEi SR BRRSRST R e SRERe8 o SRt %1 mE R | cFORREBPSr orm &

was reno evaparati qﬂﬁﬁﬂ J t roform
sqution?ﬁﬂﬁgx?eégdggﬁ lﬁ u#%ggggﬁﬁis I %ﬁfﬁﬁ%ﬁﬁaé%fucegspggégu?é to
obtain 3 0. Q34%° lo Vot d¥dd i POi ofb%ﬂ fo 17x mptig. The
per cent ??éﬁ%egaseé onqgiviny!p;$ﬁilpe was /0. 3. Eign%gggé 940 a 200

M - vol uUngohQubeRrath onl &K SERYDPLD: ¥t Ara FNARIRS 6F 11 € LLIER Bngondenser
and a dropping funnel were charged 6.00 g (0.0789 nol) of thiourea and |9.2
m of wapgtrabitdoh ateiplsr.ogen atnosphere, 17.1 g of 95% sulfuric acid was
added dropwi se thereto over a period of about 30 m nutes under maintaining
t he i nner tenper Ther ecatversiog esfethbéuiao tAfincondimmlstlitonintot e dropw se
addition, the whole was heated to 60C and, under nmintaining the

t enper at URepy8idyl]) ethadedhivd )infcdwphetedr udides \sisi xxidegl att 0BG se
thereto over a period of about 30 mnutes with attention paid to heat
gener at i &8. *QiBsdpenaPoutt Qe Snite utl heRkseact HQWaVesHC e khars. After

conpl etion of the reaction, the reaction product solution was coqgled to 20C
and hol d¥f@ld; kends T80 Hesxeass oRY¥pr EBBctOSTHEXPRTR WRE adde8ids. 0 g

0. 395 I . ' f 14% [ t ith attenti id heat
Gener at | SRECKAPE, UBABI cPi HPDFCTTE YOMEERtUR (ontioe PlactPBn
| uti to. 6 h : | uti
was T cacP Rt FSBYE & PUNATE 3, [0 bl b aknte B me iR lCeRE 5 oo
to room LeiRRLARUrLy hNa dufffafald ke ObET ISQRCSRAT Bhddle | B0 ¢l Laygrs (upper
| ayer: 2-(4-pyridyl)ethanethiol, |ower |ayer: water) but no crystal

appear edwhBhe dhulkatis s6bj2dded. t 0 HbiEvdrsendien | @heangdolieigpper | ayer
was collected. Furthernore, the aqueous |ayer was extracted three tines

W th eackefbez@tmirel i®l lewe. tHeenrddretioombraed of Hencohvehsioasul ting
extracted solution and the upper |ayer solution was anal yzed by neans of
gas chr odeicogames . t hEnypytderofta2-gvpiryrthie| Hechensehiafi ve $i&ldg (0. 0628
mol ). The percent yield based on 4vinyl pyridine was 79. 6% [Exanple 3] In

t he sane anghfgcelenate gl eonveraionr ed bhd# mrafiaxpkhe nthayi ggﬁpyri di ne
i n an aquequs .sol ution containig%¥p-toluenesulfonic acid. After the

react i on SHiYFIOR d& MRt AF A temreratyse 9f legs) ¥han, 5056 amoni a)

f 28% i t dded .d i t t d i_nt ai ni th

o, 29% AP ! 515 U U SEQLREE 8 ML SLALR R

th th | t f 1h )
o eaf t A, ratid WIS cobgllu bl R O B e o manner

Ther eaf t er he "mXx ) rmi'n the sane manner as
in Exanple 1. Werddie peaphbi?9nChber Ay Meahateonas apalygfdeakle yiel d
of 2(4-pyridyl)ethanethiol "was 4.32 g (0.0310 nol) and the percent yield
based on ¢rat "af PArbHABECVVBE1EINLY allld is used as the acid, the
reaction product solution is cooled to about 10°C to
precipitate a guanidinium salt formed as a by-product and

an extraction solvent such as chloroform is further added

thereto, followed by filtration to remove insoluble



[ Exanple 4] In the sane manner as in Exanple 1, thiourea was reacted with
4-vinyl pyridine in an aqueous sol ution containing p-toluenesul fonic acid.
After the reaction product solution was cooled to 60C, 12.41 g (0.229 nol
as ammoni a) of 28% ammoni a wat er WAs added dropwi se thereto under

mai ntai ning the solution tenperature at 60 to 63C over a period of about 30
m nutes and further reacted at the tenperature for 1 hour. Thereafter, the
m xture was extracted with chloroformin the same manner as in Exanple 1.
When the resulting chl orof orm phase was_anal yzed, the yield of

2- (4- pyrPAYEPEL hanetTh®l HR814UE ¢ d.F1VEReHI ) Vathedhe Wit enthsi el d
based on 4vinyl pyridi was 49. 3. [Conparative Exanple . 1] |In accordance
with t heOBEERPER PO PTEVERE QRfid Chbf WoRhiag  Liarid is combixed

2- (4-pyridy])ethangthjol. was oduceg fromdA-vinyl pyridine and, thiourea. To
a 200 m '-’I:ﬁ"u%é‘ef o‘ﬁ’fﬂ‘l’é%ﬁef | ag‘ih%'bm BSdoévE"t"rfaat%/hg¥wﬁrIﬁ3e°r°?"°ad DF?IT oth
condenser . a ] ' f I r gg@r 0, I 1)

p-t ol uen%% 8ni%£§%‘%9%%ﬁo$rate, % gé(l:g_%é r?t%ll)g’eé%jt ng_reea,ggand 50 m
of et ha”QLcoUQgSH.a Nth " eEEN c?aIJE_)S{?ﬁEEe’anP':frPAi-’?“%I?fé" LagiaC Afdy! 20d

thi ourea were dissolved under stirring by elevaling the tenperature.
SubsequeBhh ¥urkBe dames st Wsdd'\egs ehkfwalasid 0 KOC Rhidii8im MRAEAI Ni Ng
the 11 tenperature, 5.25 g (0.05 nol) of 4-vinylpyridi.ne was added

dr opwi sepe¥Blipa tatbis0Byolcodlduly AhdriHud®RS, Af (¥Hid heas&sUAL @DgedtXt Ure was
reacted under reflux for 3 hours, the reaction product solution was cool ed
to 5C. Tegtkhutibar regerattibnur etithm aal t owganiecoselednlty mait reéi on and
washed with 30 nl of ether at roomtenperature and 60 m of a m xed

sol uti oncekraetdeplst watbout]l £ijltratdewssi vel y, fol | owed by dryi ng under
reduced pressure. The yield of the isothiuroniumsalt was 23.5 g (0.045
mol ) and the per &@nt PpitB| deag9s39. theheagreors| sehapar okfunfyatheras added
to a mxed solution of 12.2 g (0.179 nol as ammoni a) of 25% apmpni a wat er
and 18. 3e¥trartRd: ofithgan SEFRRCEIPRr Sotvend | 30dd HP rE28ELBARE: 60C for
30 ninutest Af ter coog ng, 1%?1 m ., of chl| orof,or m was_.added and solids were
removed BYCFAFEASE SRV AHAIR BF SOBPERACFt 1Y (PRPEAPRSIYqui d
separat i ] Xt i e S e a r chlo or m was
added thgrgg%gﬂﬁgr gxg:g or r?eqc] ) gﬂ% #iﬁggggAl I heeri%%lroo‘?%li nﬁ%hé@és Wr e
conbi ned g3 aGltli 0T O PMRBHE MOV &g, e EMAPOT at | S8 dEEEye r edugedgpressure,

fol |l oned by distillation of the residual 11 qui d under reduced pressure. 4.5
g (0.032p Ehg&ﬁ&h@ﬁa%@ﬂ' rehhapst hidavesd Olplai Aed+al 1angoi Lhay poi nt
of 87 to 88C/ 2.2 mrHg. The percent yield based on 4-vinyl pyridi ne was 64%

whi ch al restidaalndidaddwhnderhaediicder] airdebkutredescribed in the literature.
12 [ Conparative Exanple 2] To a 500 ml -volune four-neck flask equi pped
with a thernoneter, a Dinroth condenser and a dropping funnel were charged
119.8 g (0.63 nol) of p-toluenesul fonic acid nonohydrate, 22,8 g (0.30 nol)
of thi ourB#ampd@s336 nl of 2-propanol. Under a nitrogen atnosphere, the

whol e was warnmed to 70C .and 31.5, g (0.30 nol). of 4-vinylpyridine was added
dr opwi se theretoqmﬂﬂféiﬁﬁﬂﬁ gﬁbﬁﬁPlgénnﬁhﬁté§KHQQ+%ﬂt%mt?Bﬁ°paid to

heat generati.qn. ringcthe dropw sg_addition, crystals forned in the
react i ongggﬂiﬁ‘i o'ﬁ".[%ihf Fgfefﬁsf’&r o gﬁ‘ﬂ&?jffi E:Iﬂt tﬁéem’)&vﬂt% t8act ed
under reftl f.Qr. opL S d he r j p sal ut] s cool ed
to 5C. T g%rlelﬁlp%cpatg itg‘(%t I#Jl}?lo%rﬁllt}% sa?%%vggsr%gg\%%ﬁsecﬂbyé*gg?ﬁgti on and
washed t yhge Mighih each of 65 m of 2-propanol to renove excess

p-tol uenesul fonic acid. The thus obtained salt was dried under reduced
pressure to obtain 148.6 g (0.283 nol) of the isothiuroniumsalt. The
percent yield was 94.2% Into a m xed solution of 22.31 g (0.367 nol as
ammoni a) [Ekam@learmoni a water and 33.7 ml of water was dissolved 34.7 g
(0.066 nol) of the isothiuroniumsalt, followed by reaction at 60C for 1
hour. After cool iteg,a ZD00 mbfvobumen€onasnadite £ lavk tdpuippeddwstht WAS
separated and renoved by filtration. The filtrate formng two | ayers was
subj ect ea tthdrmpreatescpaa abimnothdcohdeagesoandplrasirapingpfannel y

extracted five tinmes 13
were charged 15.76 g (0.0828 mol) of p-toluenesulfonic



wi th each of 20 ml of toluene. Wen all the tol uene phases were conbi ned
-and the solution was anal yzed on gas chronat ograph, the yield of
2-(4-pyridyl)ethanethiol was 7.51 g (0.054 nol). The percent yield based on
“4vinyl pyridine was 76.9. [Evaluation of Results] The follow ng points are
found fromthe conparison between the above Exanpl es and Conparative
Exanples. (1) Since the isothiuroniumsalt precipitates in Conparative
Exanpl es, operations for separation and washi ng thereof are required, but
in Exanples, the salt exists in a dissolved state and thus can be used as
it is atapiskt mosebysirsate ofmdep PY 2Kigshida Ghemitabr Cosoprbdnbl is used
as a reaction nmediumin Conparative Exanples, these solvents becones

or gani ¢ $el9e &if t&- Q3RS r Akl oHuthireregdactmEd i sP¥arVaka Rwren an
aqueous system | n_Exanpl es and Q‘ince t he %ystem af fords no organi c waste.
Wi | e t HeRemyeati SRAMaE ISy dekdr) baBdi A%dhi PEaMa t@Frh 3Md cFRB¥e t o
speci fic enbodi.ments thereqf, it wll_be appgrent taq one skilled,,n the art
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<Industrial Applicability> According to the invention, a process for

produci nge2ibd- BF i diybnet BNchihetess ProvbsEquenble) itheSimDkeutd
operation and results in a little organic waste. Particul arly,
2- (4- pyrwdyl ) wahmedt htol 86IC banidr redcted goxyi 8l dRoukkh atpptkesi ng a
side reaction by adding an alkali at a |ow tenperature at the tinme when an
| sot hi ur bampera&hirei.s converted into 2-(4pyridyl)ethanethiol by adding an
alkali to a solution containing the isothiuroniumsalt. 15 dains
After completion of the reaction, the reaction
product solution was cooled to 20°C. No solid
precipitated. To the reaction product solution was added
dropwise 12.41 g (0.229 mol as ammonia) of 28% ammonia
water over a period of about 30 minutes with attention
paid to heat generation. Then, the whole was warmed to
60°C and reacted at the temperature for 1 hour. The
mixture was cooled to 5°C and 10 ml of chloroform was
added thereto, followed by removal of solids by
filtration. Operations of subjecting the filtrate to
liquid separation and extracting the aqueous phase after
10 ml of chloroform was added thereto were performed four
times. When all the chloroform phases were combined and
part thereof was analyzed by means of gas chromatograph,
the yield of 2~ (4-pyridyl)ethanethiol was found to be
4.42 g (0.0317 mol). The percent yield based on 4-

vinylpyridine was 80.9% at that time. After chloroform



1. A process fox producing 2-(4pyridyl)ethanethiol conprising a step of
"reacting 4vinylpyridine with thiourea in an aqueous nedi um contai ni ng an
acid to forma solution containing an isothiuroniumsalt and a successive
step of making the solution alkaline to convert the isothiuroniumsalt into
2-(4-pyridyl)ethanethiol. 2. The process for producing

2- (4pyridyl)ethanethiol according to claiml, wherein the acid is

p-tol uenesul fonic acid. 3. The process for producing

2- (4pyridyl) et hanethiol according to claim1, wherein the acid is sulfuric
aci d. 4. Warherphg¥eds B eyppFatien - 1adeFi FrduaethnerapsrracdH M ng to any
one of cl.ainms to 3, wherei he sol ution contaj ning an i sqQthiuronium salt
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for producing 2-(4 I dyl ) et hanet hi ol accordi t.0 ne ims 1 to
o wher i EhTad des S AR RE= 8P B SPER T R4 T st hed a0 a
t enper a of .50C or .l .1he td 1 e hg sol.ution j.,s nade
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any one L Ngs 4 e} fa ks t giyNiadg an i sot hi uroni um
salt is érgaﬁ%rg% ﬁgldel]é%Obaa?ee&rrggéa}t;ﬂ‘r’géng%ﬁ?ggékgﬁaﬁggozbéggl'east until the

sol ution reaches a neutral point and then warned to a tenperature of 50C or
hi gher at the time when the solution is made al kaline. 7. A catalyst for
produci ngeskdmgpler®] A, which is obtainable by nodifying an ion exchange
resin using 2(4-pyridyl)ethanethiol produced by the process according to
any one of cl ai MBo lat @00. mil~voAumeA fouls~rEcAEALsRO ebiifped . WALt A N
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<>7?1 INOW# Ot vpenié X&), c aUPdaldficddl| aaridearsd §x adhd abl] dadppeildige dfiroed] cal] cal] ¢
aU cal cal calj ca salf cav] R sa caj calj call cad cal cal crasTLSS:
of water. Under a nitrogen atmosphere, 17.1 g of 95%
sulfuric acid was added dropwise thereto over a period of
about 30 minutes under maintaining the inner temperature
at room temperature. After completion of the dropwise
addition, the whole was heated to 60°C and, under
maintaining the temperature, 8.38 g (0.0789 mol) of 4-
vinylpyridine was added dropwise thereto over a period of
about 30 minutes with attention paid to heat generation.
Subsequently, the mixture was reacted at 60°C for 3 hours.
After completion of the reaction, the reaction
product solution was cooled to 20°C and hold for 1 hour.
To the reaction product solution was added 48.0 g (0.395
mol as ammonia) of 14% ammonia water with attention paid
to heat generation. After completion of the dropwise
addition, the reaction solution was warmed to 60°C and

was reacted for 1 hour. When the solution was reacted

for a predetermined period of time and then allowed to
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[Example 3]

In the same manner as in Example 1, thiourea was
reacted with 4-vinylpyridine in an aqueous solution
containing p-toluenesulfonic acid. After the reaction
product solution was cooled to 40°C, 12.41 g (0.229 mol
as ammonia) of 28% ammonia water was added dropwise
thereto under maintaining the solution temperature at 40
to 42°C over a period of about 30 minutes and then the
whole was warmed to 60°C and reacted at the temparature
for 1 hour. Thereafter, the mixture was extracted with
chloroform in the same manner as in Example 1. When the
resulting chloroform phase was analyzed, the yield of 2-
(4-pyridyl) ethanethiol was 4.32 g (0.0310 mol) and the

percent yield based on 4-vinylpyridine was 79.1%.
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reacted with 4-vinylpyridine in an aqueous solution
containing p-toluenesulfonic acid. After the reaction
product solution was cooled to 60°C, 12.41 g (0.229 mol
as ammonia) of 28% ammonia water was added dropwise
thereto under maintaining the solution temperature at 60
to 63°C over a period of about 30 minutes and further
reacted at the temperature for 1 hour. Thereafter, the
mixture was extracted with chloroform in the same manner
as in Example 1. When the resulting chloroform phase was
analyzed, the yield of 2~ (4-pyridyl)ethanethiol was 2.69
g (0.0193 mol) and the percent vyield based on 4-

vinylpyridine was 49.3%.

[Comparative Example 1]

In accordance with the description in J. Org.
Chem., 26, 82 (1961), 2- (4-pyridyl) ethanethiol was
produced from 4-vinylpyridine and thiourea.

To a 200 ml-volume four-neck flask equipped with
a thermometer, a Dimroth condenser and a dropping funnel
were charged 20.9 g (0.11 mol) of p-toluenesulfonic acid
monohydrate, 3.8 g (0.05 mol) of thiourea, and 50 ml of
ethanol. Under a nitrogen atmosphere, p-toluenesulfonic
acid and thiourea were dissolved under stirring by
elevating the temperature. Subsequently, the temperature

was elevated to 70°C and, under maintaining the
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temperature, 5.25 g (0.05 mol) of 4-vinylpyridine was
added dropwise over a period of about 30 minutes. After
the resulting mixture was reacted under reflux for 3
hours, the reaction product solution was cooled to 5°C.
The thus formed isothiuronium salt was recovered by
filtration and washed with 30 ml of ether at room
temperature and 60 ml of a mixed solution of
ether/ethanol (1:1), successively, followed by drying
under reduced pressure. The yield of the isothiuronium
salt was 23.5 g (0.045 mol) and the percent yield was
89.6%

The above isothiuronium salt was added to a mixed
solution of 12.2 g (0.179 mol as ammonia) of 25% ammonia
water and 18.3 ml of water and dissolved therein,
followed by reaction at 60°C for 30 minutes. After
cooling, 12.1 ml of chloroform was added and solids were
removed by filtration. Operations of subjecting the
filtrate to liquid separation and extracting the adqueous
phase after 10 ml of chloroform was added thereto were
performed eight times. All the chloroform phases were
combined and chloroform was removed by evaporation under
reduced pressure, followed by distillation of the
residual liquid under reduced pressure. 4.5 g (0.032
mol) of 2-(4-pyridyl)ethanethiol was obtained at a
boiling point of 87 to 88°C/2.2 mmHg. The percent yield
based on 4-vinylpyridine was 64%, which almost coincided

with the value of 64.8% described in the literature.
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[Comparative Example 2]

To a 500 ml-volume four-neck flask equipped with
a thermometer, a Dimroth condenser and a dropping funnel
were charged 119.8 g (0.63 mol) of p-toluenesulfonic acid
monohydrate, 22.8 g (0.30 mol) of thiourea, and 336 ml of
2-propanol. Under a nitrogen atmosphere, the whole was
warmed to 70°C and 31.5 g (0.30 mol) of 4-vinylpyridine
was added dropwise thereto over a Period of about 30
minutes with attention paid to heat generation. During
the dropwise addition, crystals formed in the reaction
solution. After the dropwise addition, the mixture was
reacted under reflux for 3 hours and then the reaction
Product solution was cooled to 5°C. The precipitated
isothiuronium salt was recovered by filtration and washed
twice with each of 65 ml of 2-propanol to remove excess
p-toluenesulfonic acid. The thus obtained salt was dried
under reduced pressure to obtain 148.6 g (0.283 mol) of
the isothiuronium salt. The pPercent yield was 94.2%.

Into a mixed solution of 22.31 g (0.367 mol as
ammonia) of 28% ammonia water and 33.7 ml of water was
dissolved 34.7 g (0.066 mol) of the isothiuronium salt,
followed by reaction at 60°C for 1 hour. After cooling,
20 ml of toluene was added and the formed salt was
separated and removed by filtration. The filtrate
forming two layers was subjected to liquid separation and

the aqueous phase was repeatedly extracted five times
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with each of 20 ml of toluene. When all the toluene
phases were combined and the solution was analyzed on gas
chromatograph, the yield of 2-(4-pyridyl)ethanethiol was
7.51 g (0.054 mol). The percent yield based on 4-

vinylpyridine was 76.9%.

[Evaluation of Results]

The following points are found from the
comparison between the above Examples and Comparative
Examples.

(1) Since the isothiuronium salt precipitates in
Comparative Examples, operations for separation and
washing thereof are required, but in Examples, the salt
exists in a dissolved state and thus can be used as it is
at next decomposition step.

(2) Since ethanol or isopropanol is used as a reaction
medium in Comparative Examples, these solvents becomes
organic waste after the reaction but the reaction is
carried out in an aqueous system in Examples and hence

the system affords no organic waste.

While the invention has been described in detail
and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various
changes and modifications can be made therein without

departing from the spirit and scope thereof.
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The present application is based on Japanese
Patent Application filed on November 21, 2000 (Japanese
Patent Application No. 2000-353766) and Japanese Patent
Application filed on March 27, 2001 (Japanese Patent
Application No. 2001-089306), the contents being hereby

incorporated by reference.

<Industrial Applicability>

According to the invention, a process for
producing 2-(4-pyridyl)ethanethiol is provided, which is
simple in operation and results in a little organic waste.
Particularly, 2-(4-pyridyl)ethanethiol can be formed in
high yields with suppressing a side reaction by adding an
alkali at a low temperature at the time when an
isothiuronium salt is converted into 2-(4-
pyridyl)ethanethiol by adding an alkali to a solution

containing the isothiuronium salt.
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Claims
1. A process for producing 2-(4-

pyridyl)ethanethiol comprising a step of reacting 4-
vinylpyridine with thiourea in an aqueous medium
containing an acid to form a solution containing an
isothiuronium salt and a successive step of making the
solution alkaline to convert the isothiuronium salt into

2- (4~pyridyl)ethanethiol.

2. The process for producing 2-(4-
pyridyl)ethanethiol according to claim 1, wherein the

acid is p-toluenesulfonic acid.

3. The process for producing 2—-(4-
pyridyl)ethanethiol according to claim 1, wherein the

acid is sulfuric acid.

4. The process for producing 2-(4-
pyridyl) ethanethiol according to any one of claims 1 to 3,
wherein the solution containing an isothiuronium salt is

made alkaline by adding'ammonia water to the solution.

5. The process for producing 2~ (4~
pyridyl) ethanethiol according to any one of claims 1 to 4,
wherein the solution containing an isothiuronium salt is

maintained at a temperature of 50°C or lower at the time
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when the solution is made alkaline.

6. The process for producing 2-(4-
pyridyl) ethanethiol according to any one of claims 1 to 4,
wherein the solution containing an isothiuronium salt is
maintained at a temperature of less than 50°C at least
until the solution reaches a neutral point and then
warmed to a temperature of 50°C or higher at the time

when the solution is made alkaline.

7. A catalyst for producing bisphenol A, which
is obtainable by modifying an ion exchange resin using 2-
(4-pyridyl)ethanethiol produced by the process according

to any one of claims 1 to 6.
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