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SF-13951 DESCRIPTION MODIFIED ION EXCHANGE RESIN AND
PROCESS FOR PRODUCING BISPHENOLS 5 TECHNICAL FIELD The
sr-peedent invention relates to a modified ion exchange resin catalyst and a
process for producing bisphenols using the catalyst thereof. More
specifically, the invention relates to 10 a modified ion exchange resin
catalyst which exhibits a high reaction selectivity, and to a process for
producing bisphenols by reacting a phenolic compound with ketones in
the presence of the catalystp¥§%%\§’;5@ﬁ5UND ART Bisphenol A [2,
2-bis (4-hydroxyphenyl) propane] is usually produced by reacting phenol
with acetone in the presence of a homogeneous acid or a solid acid
catalyst. The reaction 20 mixture includes unreacted acetone, unreacted

MOD bhéhdn Hvbiter thid prodticed! &Hd StherBy-prodiicts: 1 deditier o P HENOLS

bisphenol A. The main component of the by-products is 2-
(2-hydroxyphenyl) -2- (4-hydroxyphenyl) propane (hereinafter, referred to
as o,p'-BPA), and in addition, it includes SF-1395 2 trisphenol, a

polyphenol compound, a %G%E%pﬁﬁiﬁ?minute impurities which
can cause coloring, and the like.

The present invention relates to a modified ion exchange
resiﬁ catalyst and a process for producing bisphenols using the
catalyst therecf. More specifically, the inventicn relates to
a.modified ion exchange resin catalyst which exhibits a high
reaction selectivity, and to a process for producing bisphencls
by reacting a phenclic compound with ketones in the presence

of the catalyst.
BACKGROUND ART

Bisphenol A [2,2-bis {(4-hydroxyphenyl)propane] 1is
usually produced by reacting phenol with acetone in the presence
of a homogeneous acid or a sclid acid cétalyst. The reaction
mixture includes unreacted acetone, unreacted phencol, water
thus produced, and other by-products, in addition o bisphenol
A. The main component of the by-products is
2- (2-hydroxyphenyl)-2-(4-hydroxyphenvl)propane {(hereinafter,

referred to as o,p'-BPA), and in addition, it includes
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Examples of a homogeneous acid to be used as a catalyst, include
hydrochloric acid, sulfuric acid, and the like. In the 5 case where the
SF- heffogeneous acid is used, since it is possible to proceed the reaction
while precipitating crystals of an adduct of phenol with bisphenol A by
reacting them at lower temperatures, bisphenol A can be produced with a
high conversion of acetone and a high selectivity by decreasing the
. amount of 10 the by-produced 0,p’-BPA as_an isomer thereof. Howev
trlﬁ?@%?&lys?o?%%ﬁrﬁgggnggﬁg aci %silﬁcﬁ a%%ryﬁpg&lgﬁ%%%}gl%éqﬁgg te
. aprocess far removing the catalyst from.a reaction mixtur. Qr for
lmpﬁgﬁlﬁéﬁfin&] ecglat%ﬁ/%t,%%%siﬁug %%Ogﬁe%gﬁona%gec%%sf&n%licated.
Homogeneous dissolution of the acid in 15 the reaction solution further
t,
causé I&Birggocﬁgo? alfﬁ%%%gﬁa?&so%? the Jﬁfiie .tPhegFeeflgrSee, %x%%r?siég gnéys
, nti-corrosive ,materials should b ed. for thecr{ea H Apparatus, thys ..y,
lncggﬁ% %%b%ﬁ%r?n?gall.cA%caléﬁdlids g%i ‘Catalyst, a s’ul%or%r(]: acﬁ%-type 20 ©
cas%?“'mgéc ﬁgggéggné%g§%%wégf?'ggedggggo%YHCB“%%“&%gpossible

s"fx enol essentlgﬁy proceeds only with an acid catalyst, but if such a

ace of the catalyst particles to an activesite on the cat

aqafpied. 8R0S 1A9R DS hesd IONeL [PAUoRIIRfNENdR R, Lower

mogeneous system.

o paacd catalvslis used, Ihe pracess, oytish aegioge g»y%;@%fgorafhgn

temperatures, bisphenol A can be producedwith a high conversion
of acetone and a high selectivity by decreasing the amount of
the by-produced o,p'~BPA as an isomer thereof. However, the
catalyst of the homogeneous acid such as hydrochloric acid
reguires a process for removing the catalyst from a reaction
mixtureorfOrn@utralizingthecwialyst,andthuStheoperation
becomes complicated. Homogeneous dissclution of the acid in
the reaction solution further causes corrosion of an apparatus
or the like. Therefore, expensive and anti-corrosive
materials should be used for the reaction apparatus, thus being
uneconomical.

s a solid acid catalyst, a sulfonic acid-type
catioh~exchange resin is usually used. The reaction for
producing bisphencl A essentially proceeds only with an acid
catalyst, but ifsuchtasolidauxnicatalystjjsused,1ju§process
in which acetone diffuses from the surface of the catalyst

particles to an active site on the catalyst is involwved, and
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Thus, there is a general method used for improving the catalytic activity

and the selectivity by allowing a compound containing a mercapto group
SF-fid3€gexist in the reaction system. 5 Specifically, there is a method

comprising charging a free-type mekcapto group-containing compound

such as alkylmercaptan in addition to phenol and acetone which are raw

materials to a fixed-bed reactor filled with a sulfonic acid-type

cation-exchange resin (for example, Patent Document 1: JP-B No. 10
EhUugst iy EE 2P AR DoRAMENT R IS PABATND? 6.1 24009 8RE @2 fnthogem -

comprising covalently bonding a part of sulfonic acid group in a sulfonic
Thugeid:Rpeccafion-8xBrge TeSRYAth 8o fhéreapiggrsupLeshidifing tal vt ic

compound or ionically bonding a part of sulfonic acid group in a sulfonic
actidbaypathtiditeRBraige- T3 resmivith adtdredftoGiBER- eoftaiftHer 1 P 1ng

compound (for example, Patent Document 3: JP-B No. 46-19953). The
3 Mieted 6f SHatding "3 ffedttyh mértapto’yrbip-cbhtiiniig Toffbound

such as _alkylmercaptan in addition to phenol and acetone which are raw
SPefrhtertatd toa Xtk BedTéatior fifléd withPa SGitdtHc 2o adidntgpe Tree-type

cation-exchange resin allows specific amount of mercapto _
MeT GitpScAiaiting esmpotid fo B%@%Wiﬁ&?@a&%rﬁi%rbﬁ%?&ﬁmn n

times, and thLlii gives the advanta%e of less catalyst degradation,

249 tialer IhERSE AeoHed i it tRE mérdito group BonBaming 12 Ls to a
£1x20RAUNG May, cause 3 goloring of bisphenol /& SF-13994: e |
cation-exchange resin (for example, Patent Document 1: JP-B No.
45-10337, Patent Document 2: US Patent No. 6,414,200), an& a
method comprising covélently bonding a part of sulfonic acid
group in a sulfonic acld-type cation-exchange resin with a
mercapto group-containing compound or ionically bonding a part
of sulfonic acid group in a sulfonic acid-type cation-exchange
resin with a mercapto group-containing compound (for e#ample,
Patent Document 3: JP~B No. 46-19953). The method of charging
a free-type mercapto group-containing compound such as
alkylmercaptan.in addition to phenol and acetone which are raw
materials to a fixed-bed reactor filled with a sulfonic
acid-type cation-exchange resin allows specific amount of
mercapto group—containing compound to be existed in a reaction
systematalltimes,andthusgivestheadvantageoflesScatalyst
degradation. However, there 1s a concern that the mercapto

group-containing compound may cause a coloring of bisphenol A,
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and thus requires a process for removing and recovering the mercapto
group-containing compound. On the other hand, the method of bonding a
SF-Ppattof sulfonic acid group in a sulfonic acid-type cation-exchange resin
with 5 a mercapto group-containingt compound gives a smaller loss of
mercapto group-containing compound as compared to the method
allowing the free-type mercapto group-containing compound to be existed
in a reaction system, and thus is advanta eous since there is no need 01‘Ch
and rédgiering e hietcapiy grotp tonhtamifg 10 thhthotind. it particarre “°¢
there is disclosed in JP-A No. 57-35533 (use of pyridylethanethiol as a
ner Gk Eapts - GRRIpFEOHATING SorRBBETd Batent Document 4), JP-A No.

08-187436 f N,N,di-substituted toalkylami apto .
oro oA AP PAEN SOCL ML 5) 6. T8 NoC OELORGRLS <

f N,N,N-trimethyl t I i to. . .
= GO i) O RDRCE Paoht BEGLRORE B S 0A Ko o 2P 2

f 1,4-di toalkylpiperidi t -containi
= R BER BRI DORUMENCTY S Bafoh N 8 AL1 200 e 75 °*

silicon-containing alkylmercapto 20 comp und as a mercapto
U= t thod
e T HER e GaiNing Compou fgl)Dgf)emnE %ccgn?esntcﬁn%%ﬁ?e Iﬁé:act%% fate

w21 HEEO08 > Deteseed e U SN 08 A n <o
be %){;'IL %%g?ri%ee{e%%c':t%%@le%ys';ecrgni?, ala Odatrg_e(%rtirg I%@a@@aﬁ%mcsince
there is no need of recovering the mercapto group-containing
compound. In particular, there is disclosed in JP-A No.
57—35533 (use of pyridylethanethiol as a mercapto
group-containing compound, Patent Document 4y, JP-A No.
08-187436 {(use of N,N,di-substituted mercaptoalkylamine_ as a
mercapto group-containing compound, Patent Document 5} / Jp-A
No. 08-089819 (use of N,N,N-trimethyl mercaptopropyl ammonium
as a mercapto group-containing compound, Patent Document 6),
JE—A No. 10-211433 (use of 1,4~dimercaptoalkylpiperidine as a
mercapto group-containing compound, Patent Document 7}, andU.5
Patent No. 6,414,200 (useof asilicon-containingalkylmercapto
compound és a mercapto gro-up—containing compound, Patent
Document 2}, that the reaction rate of acetone is increésed by
improving the structure of amercapto group-containing compound

which to be bonded to a strong-acid ion-exchange resin.

Further, there is also a report related fo a sulfonic
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5 acid-type cation-exchange resin which is an acid catalyst for improving
its activity which is lower than that of the above-described homogeneous
g F-acsidsWhen the particle diameter of used sulfonic acid-type
cation-exchange resin is large, the Sreaction materials do not sufficiently
diffuse into the particles, thus a sufficient acetone conversion cannot be
obtained. Accordingly, it is suggested in JP-A No. 62-178532 (Patent
Document 8) to use a sulfonic acid-type cation-exchange resin in a fine
acigartiflesora fihepowderHalih g & effetive 10 dratfeteréfo S ge t for
less. In JP-A No. 6-340563 (Patent Document 9), the particle diameter of
inps@icHidaditiaype téatiohvexéhaRle #6sid &'BE usBadanBthé distribiitfon
degree of the particle diameter is likewise provided, and more preferred
abojspyeds diseissed TR SR IP-ANG 4- 768316715 (Patent Ddtumeémeter
10) and JP-A No. 2002-253971 (Patent Document 11) , methods of
of feratingH Safsricadidnpdcatioh-exchaft e rssiEnaS g adedifege e, the
particle diameter, are disclosed. As_stated, the particle diameter of the '
reagiiifopic Ha8aypé ‘atdn-echanyd fdsin fan importatI5ctor P the
obtaining a 20 sufficient reaction conversion. Various improvements on
parfheShtitturbBtd st protat EVbhieh i fiiehdsePhatetiat bf & SUit6hic™S

acid-type cation-exchange resin, have been made. The sulfonic acid-t¥ge
i 62~178532

obteibrtexchagd fedid isa rédin obtSined by Sifohamg 2+ ¥o

{Patent Document 8) touse a sulfonic acid-type cation-exchange
fesin in a fine particle or a fine powder having an effective
diameter of 0.3 mm or less.. In JP-A No. 6-340563 {(Patent
Document 9), the particle diameter of sulfonic acid-type
cation-exchange resin to be used and the distribution degree
of the particle diameter is likewise provided, and more
preferred range i1s disclosed. Further, in JpP-A No. 4-26831¢6
{Patent Document 10) and JP-24 No. 2002-2539871 (Patent Document

11), methods of forming a sulfonic acid-type cation—exchange

resin having a desired particle diameter, are disclosed. As

stated, the particle diameter of the sulfonic acid-type
cation—exchange resin 1s an ilmportant factor in obtaining a
sufficient reaction conversion.
Variousimprovementscnlthestructureofe&resh:product,
which is the base méterial of a sulfonic acid-type
cation-exchange resin, have been made. The sulfonic acid-type

cation-exchange resin ig a resin cbtained by sulfonating a
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SF-1395 6 styrene-divinylbenzene copolymer which is obtained by
radically copolymerizing styrene and divinylbenzene. The divinylbenzene
SF-Irg pblymerization does not only prevent a polystyrene chain from
dissolving in an organic solvent, but®% the content thereof is also an
important factor in controlling the size of a pore (size of a gel micropore)
within the sulfonic acid-type cation- exchange resin formed by capturing a
polar solvent, or the mechanical tren C}fthe Sulfonl gmd tgge
sLYZEhG: ‘ékgﬂﬁr'?@]éal%%ﬁle?neoﬁ%?wd@s fonic acid ?ype S
cation-exchange resin,with a Iow content of di V|n IbenzgL has a hlgI:L
radigehié dotmity dUE T A 1A e Jel Miciopare: bt HaS A %w hechanica
strength. In addition, if t g}@%:ontentigahereoii IS glggbt@e Chan'%%lrent 4
AV pEAGRIRGREsES B G Aicropore Size decreases, \//vﬁach causes
decreased activity. 15 In order to improve the diffusion within the particle
PO LR d B8 forfe %ﬁérée res% SRV XE\P L 3oD I 208 DI

|éhnﬁ'|elélegr ee OI{: Cross |nsi<|ng IS

th tent of .di Ib thy
cnelferessed aghe coptent of duinylbangene s, norpased, gl are fermed ing

&ried fo as’a” "ma orous” having a patrticle

theg%ameterfof Rdun o mote Yiun g e padtiglesdy phvsical Hﬁ%t@ﬁmtfomc

OWG er, in %e cas W ere an ion-exc ange resin havmgt is

,macroporous adsorbs olec p!g_lg YeS %gﬁ lar
2CLEros ﬁp ﬁu&ure tzrrlwn}sf %llr%wlbl?éegbu ge of pgftlgles cause byt O .

solvent, or the mechanical strength of the sulfonic acid~type
cation-exchange resin. In other words, a sulfcnic acid-type

cation—exchange resin with a low content of divinylbenzene has

‘a high catalytic activity'due'to a large gel micropore, but has

a]xwvmechanical.strength. 311addition4 if the content thereof
is high, the mechanical strength increases, but the gel
micropore size decreases, which causes decreased activity.
Tn order to improve the diffusion within the particles,
there are ionPexchange resins in which the degree of
crosslinking is increased as the content of divinylbenzene is
increased, that are formed with a large hole referred to as a
‘macroporous’ having a particle diameter of 20 nmor more within
theparticles by physical treatment. Howewver, in the case where
an ion-exchange resin having this macroporous adsorbs a
molecule having high polarity, such és water, a crosslinked
structure tends to inhibit the bulge of particles caused by the

swelling, which eventually collapses when it can no longer
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swelling, which eventually collapses when it can no longer SF-1395 7
endure the swelling. JP-A No. 5-97741 (Patent Document 12) and JP-A
27.NG, £:320009 (Patent Document 13) describe a method which
complements the respective defects by simultaneous filling a sulfonic
acid-type cation-exchange resin having a low content 5 of divinylbenzene
and a sulfonic acid-type cation-exchange resin having a high content of
divinylbenzene into a reactor. Further, an improvement on a reaction
endonwersiensiseepanted inftiphaioStéel ThefmicabEogtdbdOment 12) and
2000/00454 (Patent Document 14) , which suggests a sulfonic acid-type
Jp-10 vatiod-exgharige résin dvavifg targe gel inicroperes by asing.darget which
molecules such as divinylbiphenyl instead of divinylbenzene. As such,
com@atiens tachniquesretated td catalysis have bgenimvéstigateds fiiling a
particularly for the mercapto group-containing 15 compound, and realized
sullfatrapars from-theroneswhich-arecdasiy avaitable suehasy a low content
aminoethanethiol and pyridineethanethiol, its production process requires
of nidmyireattiem and separatons pidtesses, anddndnpef thetdperatononge
obtain a product with high purity are complicated. in all cases, there is
regdonhfor 12Gimprovementib selectiitg L THegevetopment dhahighreactor.
selectivity catalyst is demanded. If the improvement in selectivity is
Funtiempted/it tap hovenlyiredate 2ahe adiofon conversion is reported

in Nippon Steel Chemical Co., Ltd. WO 2000/00454 (Patent
Document 14), which suggests a sulfonic acid-type
cation—-exchange resin having large gel micropores by using

large molecules such as divinvlibiphenyl instead of

~divinylbenzene.

Assuch,varioustechniquesrelatedtocatalystshavebeen
investigated,lparticularly for the mercapto group-containing
compoﬁnd, and realized that apart from the ones which are easily
avallable such as amincethanethiol and pyridineethaneﬁhiol,
its p;oduction process requires many reaction and separation
processes, and many of the operatioﬁs to obtaih a product with
high purity are complicated. In all cases, there is room for
improvement in selectivity. The development of a high
selectivity catalyst is demanded. If the improvement in
selectivity 1s attempted, it can not only reduce the load of
performing a by-product recovery process in the production

process, but it also reduces the material ratio of
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performing a by-product recovery process in the production process, but
it also reduces the material ratio of SF-1395 8 phenol/acetone without

s F-deteriorating the selectivity by increasing the reaction temperature and
thus leads to a reduction in cost related to the process for recovering
excess phenol. If the activity is reduced in some extent, it can be 5
covered by increasing the size of the reactor, and thus-caused cost-up for
producing bisphenol is very small. Therefore, the development of calg%lyst

pheRjhiciRsEaa) 0 Proditeland ERTBItT g SeIEdRity &t ah eqiivale
conversion is demanded. 10 DISCLOSURE OF THE INVENTION An

 incobiett BRthE fesERGHVERorEERS provitieta Abifidd fort EXEHANGR Bsin

catalyst which exhibits a higher bisphenols selectivity than the .
redgghventional FASdifed-iéh %Qcﬁﬁn@g%gﬁ\%ﬁ%%ﬁ proteb&a8 orprBduting® =

bisphenols by reacting aghenolic compound with ketones, and a, rocess

SheRgr produEirig BispRérdls T HepreSatAvenBre Rve Eondited = Cor be
extensive studies to solve the apove proplems, and as a res "15 they have 4

COVEGIRHY Riat By GEMT thE hBaiftt“atidic ion eXChanGs resiin which 26 &t

least one compound selected from tge, roug of comqgundﬁhrepé%sented
) .

coshy e Folfowihg Formitide” (ESMAIS 1) ‘SF130% 1 erefore, the

development of catalyst which is easy to produce and exhibits

high selectivity at an equivalent conversion is demanded.
DISCLOSURE CF THE INVENTION

An object of the present invention is toprovide amodified
ion.eichange resin catalyst which exhibits a higher bisphenols
selectivity than the conventional modified ion exchange resins
in processes for producing bisphenols by reacting a phenclic
compound with ketones, and a process for producing bisphenols.

Tﬁe present inventors have conductedlextensive studies
tO.SOlVe the above problems, and as a result, they have found
that by using the meodified acidic ion exchange resin in which
at least one compound selected from the group of compounds
represented by the following formulae:

{Formula 1)
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9 R2 R3LPN VvSH R4 1 (wherein, P is a phosphorous atom; S is a sulfur
atom; H is a 5 hydrogen atom; Rl is an alkylene or an alkenylene group
sF-hayirtg 1 to 6 carbon atom(s) which may have an alkyl group having 1 to
6 carbon atom(s), a cycloalkyl groupshaving 5 to 10 carbon atoms, an aryl
group having 5 to 10 carbon atoms, or a hydroxyl group as a substituent,
and in which the one carbon may be 10 replaced to a silicon atom and
one mpiety thereof may have.a phenylene group; and each of R2, R3,
and R4 indepengently is (1) an alkyl or an alkenyl group having 1 to 6
carbgn a&m(s / which_.may have a hydroxyl group or an aryl group having
5to 40 carboffato Skla substituent, (2) a cycloalkyl group having 15 5
to 10icarb /aton'lg?ir (3) an aryl group having 5 to 10 carbon atoms,
and a\}jy one*®f R2, R3, and R4 may be hydrogen); and (Formula 2) R3
R2-SH' 20 R4/\Rj-SH (wherein, P is a phosphorous atom; S is a sulfur

(Whiggimi By isfa 16y droRBR SROAL RIENE Fléach isan aldidigropaan: H is a
alkenylene group having 1 to 6 carbon atom(s) which may have an alkyl

hy%ﬁ@@ﬁ@ﬁiﬁ%@S 1 is an alkylene or an alkenylene group having
1 to 6 carbon atom(s} which may have an alkvl group having 1
to 6 carbon atom(s), a cycloalkyl group having 5 to 10 carbon
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group as a substituent, and in which the one carbon may be

replaced to a silicon atom and one moiety thereof may have a
rhenylene group; and each of R2, R3, and R4 iﬁdependently is
(1) an 2lkyl or an alkenyl group having 1 to 6 carbon atom{s)
which may have a hydroxyl group or an aryl group having 5 to
10 carbon atoms as a substituent, (2) a cycloalkyl groﬁ§>havin@
5 to 10 carbon atoms, or (3) an aryl group ha&ing'S to 10 carbon

atoms, and any one of RZ, R3, and R4 may be hydrogen); and

{Formula 2)

/ R3 Ry—SH +
X

R, R—SH

(wherein, P is a phosphorous atom; S is a sulfur atom; H is a
hydrogen atom; Rl and R2 each is an alkylene or an alkenylene

group having 1 to 6 carbon atom(s) which may have an alkyl group
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10 having 1 to 6 carbon atom(s), a cycloalkyl group having 5to 10
carbon atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
SF- JEQUp as a substituent, and in which the one carbon may be replaced to a
silicon atom and one moiety may hage a 5 phenylene group; and each of
R3 and R4 independently is an alkyl group having 1 to 6 carbon atom(s),
a cycloalkyl group having 5 to 10 carbon atoms, or an aryl group having 5
to 10 carbon atoms, and any one of them may be hydrogen) is ionically
havipfdeds dh &adE RN GieNEl §roupPofEfaGdit “¥e i exéhdyeesim to
the selectivity of bisphenols is increased, and as a result, bisphenols are
10 ehenBdadHEEighaproattiviBE OTRuS aRéY ave Conpleted tndtifvertion. ©F
That is, the invention is an acidic ion exchange resin which is partly

a hyREeralized By R I8dstorie BembbuRa selddted 115 oht thd GroGpofcarbon
compounds represented by the above (Formula 1) and (Formula 2) , a

nay chealysteriedudifg BisphehsRTofhed FRIFIHE BHIMEKRaNgBFdsinave 2
and a process for producing bisphenols by using the catalyst. 20 BEST.

PheRIOBEFOREARRYINEEOUT TRE ANVENTIONTREIG T ekeNahgeredin <Y

used for the invention is preferably an acidic ion exchange resin, and

grCERafpledhclude c%n%%ﬁﬁ??p@§8r?:éﬁéd EStrSy- 86l Sr-ekeRERga? V119

resin which SF-1395 11 ,
5 to 10 carbon atoms, or an aryl group having 5 to 10 carbon

atoms, and any one of them may be hydrogen)

is ionically bended to an acidic functional group of an acidic
ionexchanger@sin,'theselectivitycxﬁbisphenolsjﬁ;incréased,
and as a result, bisphenols are obtainedwithhigh productivity.
Thus, they have completed the.invention.

That is, the invention is an acidic ion exchange resin
which is partly neutralized by at least one compound selected
from the group of compounds represented.by'thg above (Formula
1) and {Formula 2), a catalyst for producing‘bisphenols formed
with this ion exchange resin, and a proﬁess for producing

bisphenols by using the catalyst.
BEST MCODE FOR CARRYING OUT THE INVENTION
The ion exchange resin used for the invention 1is

preferably an acidic ion exchange resin, and examples include

common type so called a strong-acid ilon-exchange resin which
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is obtained by introducing a sulfone group into a styrene-divinylbenzene
copolymer, and perfluoroalkylsulfonic acid resins such as Nafion. The
s - mogified ion exchange resin of the invention is 5 obtained by ionically
bonding an acidic ion exchange resin.with at least one compound
selected from compounds.represented by (Formula 1.) and (Formula 2):
(Formula 1) 10 (RZPmSH R4 (wherein, P is a phosphorous atom; S is a
sulfur atom; H is a hydrogen atom; R1 is an alkylene or an alkenylene
is groupifisihd s 111618°6arbdR atom @) WhickEmay diave dhtalky group
having 1 to 6 carbon atom(s), a cycloalkyl group having 5 to 10 carbon
s Ly atonss; Ahddpligroap Fiving 526 Learbor BOME rrlahyaroxyl feup a8+ ¢
a substituent, and in which the one carbon may be replaced to a silicon
acigtohtahd Bné MsiefAthdfcof Piay have a 20 phenylene group; and each
of R2, R3, and R4 independently is (1) an alkyl or an alkenyl group
haviRg4 #%iédrbef dt@ﬁq(@xwﬁ%ﬁ%ﬁafﬁéa@a Py ROl Graitar®
group having 5to 10 carbon atoms as a substituent, (2) a cycloalkyl
obtgrbuphaingC 562 blcariohbtem<SBAGY dr %r&P&r&f&ﬁﬁ@iﬁ@ 5§51p with

carbon SF-1395 12 atoms, and any one of R2, R3, and R4 may be
at dedrdfeRpe compound selected from compounds represented by

{(Formula 1) and {Formula 2):

{Formula 1}

+

Ry

3\/P\ - SH
R4 1

(wheréin,'? is a phosphorous atom; S is a sulfur atom; H.is a
hydrogen atom; Rl is an alkylene or an alkenylene group having
1 to 6 carbon atomi{s} which may have an alkyl group having 1
to 6 carbon atom(s), a cyclealkyl group having 5 to 10-carbon_
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group a§ a sﬁbstituent, and in which the one carbon may be
replaced to a silicon atom and one molety thereof may have a
phenvylene group; and each of RZ, R3, and R4 independ@ntly.is
{1) an alkyl or anlalkenyl group having 1 to 6 carbon atom(s)
which may have a hydroxyl group or an aryl group having 5 to
10 carbon atoms as a substituent, (2) a cyclcalkyl group having

5 to 10 carbon atoms, or (3) an arvl group having 5 to 10 carbon
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(Formula 2) R3 R2 SH P, 5 R4 R}-SH (wherein, P is a phosphorous atom;
S is a sulfur atom; H is a hydrogen atom; Ri and R2 each is an alkylene
5¥-0Rad alkenylene group having 1 to 6 carbon atom (s) which may have an
alkyl group 10 having 1 to 6 carbonigtom(s), a cycloalkyl group having 5 to
10 carbon atoms, an aryl group having 5 to 1,0 carbon atoms, or a
hydroxyl group as a substituent, and in which the one carbon may be
replaced to a silicon atom and one moiety may have a phenylene group;
atoBfid eaBH oRRS é’ﬁtﬁRﬂﬁn&@per%%ntl@%%r?‘ﬁlkﬂaﬂS gfoup PTG 6
carbon atom(s), a cycloalkyl group having 5 to 10 carbon atoms, or an
(Foami§roud! having 5 to 10 carbon atoms, and any one of them may be
hydrogen). The modified ion exchange resin of the invention either uses
the compound selected from-compounds represented by 20 (Formula 1)
and (Formula 2)alone o inycombination of plural kinds. The resin also
may be paxtly raliZed by a cation other than the compound
represented gy (Formula 1),/ (Formula 2). Examples of the cation other

than the cpﬁ1p nds represented by (Formula 1), (Formula 2), include
cations (Rramine%ﬁmsgk- 39513

(wherein, P is a phosphorous atom; S 1s a sulfur atom; H is a
hydrogen atom; Rl and R2 each is an alkylene or an alkenylene
group having 1 to 6 carbon atom(s) which may have an alkyl group

having 1 to & carbon atom(s), a cycloalkyl group having 5 to

"~ 10 carbon atoms, an aryl group having % to 10 carbon atoms, or

a hydroxyl group as a substituent, and in which the one carbon
may be replaced to a silicon atom and one moiety may have a
phenylehe group; and each of R3 and R4 independently is an alkyl
group having 1 to 6 carbon atom(s), a cycloalkyl group having
5 to 10 carbon atoms, or an aryl group having 5 to 10 carbon
atoms, and any one of them may be hydrogen).

The modified ion exchange resin of the invention either
uses the compound selected from compounds represented by
f?ormula 1) and (Eofmulé 2) alone or in combination of plural
kinds. The resin alsoc may be partly neutralized by a cation
other than the compound répresented.by {(Formula 1}, (Formula
2). Examplesof the cation other than the compounds represented

by (Formula 1), (Formula 2}, include caticns of amines and
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ammoniums, phosphoniums, phosphines, metal cations, and the like. A
preparation of the modified acidic ion exchange resin of the invention is
srpreferably that eventually just before the 5 use in a reaction or during the
reaction, at least one cationic compoutd selected from compounds
represented by (Formula 1) and (Formula 2) is ionically bonded to an
acidic functional group of an acidic ion exchange resin, and the resin may
- be prepared by using the cationic compound and/or a precursor forming
amsuch 10 statehBepexamples a neutrathcharged wempbund répresenteds the
by (Formula 3), (Formula 4) may be contacted as the precursor with an
1igeidic ion exchange resin for cationization. (Formula 3) R2 15 ,P~ SH
Rg K1 (wherein, P is a phosphorous atom; S is a sulfur atom; H is a
hydroyencatoar, R 1 isnan alkylenaor an atkbrytengigrouprhaving ab t@bresin
carbon atom(s) which may have an alkyl group having 1 20 to 6 carbon
o f gt (8, aesyeloatkylsgoupivaving 5 toHdtcabon tateimsy anaryllgedop e the
having 5 to 10 carbon atoms, or a hydroxyl group as a substituent, and in
uswhithahe e darborrniayr e I dpidcathrocd-diticon atoeasd oreenioidtyonic
thereof may have a phenylene group; and each of R2 and R3
comg@pg@ﬁﬁquigg§ﬁqugy@pundsrepresentedkur(Formulaiﬁ and

{Formula 2) is.ionically bonded to an acidic functional group
of an acidic ion exchange resin, and the resin may be prepared
by using the cationic compound and/or a precursor forming such
state. For example, a neutrally charged compound represented
by (Formula 3), (Formula 4) may be contacted as the precursor
with an acidic ion exchange resin for cationization.

(Formula 3)

Ro

P
R Ry

(wherein, P is a phosphorous atom; 35 1s a sulfur atom; H is a

SH

hydrogen atom; Rl is an alkylene or an alkenylene group having
1 to 6 carbon atom(s) which may have an alkyl group having 1
to 6 carbon atom({s), a cyclcoalkyl group having 5 to 10 carbon
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group as a substituent, and in which the one carbon may be

replaced to a silicon atom and one moiety thereof may have a

rhenylene group; and each of R2 and R3 independently is (1) an
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14 alkyl or an alkenyl group having 1 to 6 carbon atom(s) which may
have a hydroxyl group or an aryl group having 5 to 10 carbon atoms as a
5 - 1Substituent, (2) a cycloalkyl group having 5to 10 carbon atoms, or (3) an
aryl group having 5 to 10 carbon atoms) 5 (Formula 4) R2/an | /P- SH
R3 3 (wherein, P is a phosphorous atom; S is a sulfur atom; H is a
hydrogen atom; R1 and R2 each is an alkylene or an alkenylene 10 group
having 1 to 6 carbon atom(s) which may have an alkyl group having 1 to
alkBlcamorrataimier aloyaloaiy| iFougaving s t6 méa%namg?%n‘fﬁrw:h
group having 5 to 10 carbon atoms, or a hydroxyl group as a substituent,
may dad i whighl e oie TaRBeN oM &Fha Feplatea & d'SiliddtatofPahl 67 PoR
moiety thereof may 15 have a phenylene group; and R3 is (1) an alkyl or
atomem alkenybgroup BRAENG 1 t626 carlsofratemL)Xahidh H&y have achyuroryf©
group or an aryl group having 5 to 10 carbon atoms as a substituent, (2) a
carloyolcsliphgroap havings for 1o carsdiPatoris. B (3) B HryFgroeprhaving:s!
5 to 10 carbon atoms) 20 Examples of the precursor for a mercapto group
{Foimeldde 4hioethers, disulfides, and thioacetates, and these also may

sz/a

P SH
R{” "Ry

{wherein, P is a phosphorous atom; $ is a sulfur atom; EH is a
hydrogen.atom; R1 and R2 each is an alkylene or an alkenylene
group having_l fo 6 carbon étom&s} which may have an alkyl group
having 1 to 6 carbon atom(s), a cycloalkyl group having 5 to
10 carbon atoms, an aryl group having 5 to 10 carbon atoms, or
a hydroxyl group as a substituent, and in which the one carbon
may'bé replaced to a silicon atom and one moiety therecf may
have a phenylene group; and R3 1s (1) an alkyl or an alkenyl
group having 1 to 6 carbon atom(s) which may have a hydroxyl
groupoxfnzarylgrouphavingSix;lOcarbonatomsaseasubstituent,
(2) a cycloalkyl group having 5 to 10 carbon atoms, or {3) an
aryl group having 5 to 10 carbon atoms})

Examples of the precursor for a mercapto group include
thidethers, disulfides, and thioacetates, and these alsoc may

be used.
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be used. SF-1395 15 For the compound which is represented by
(Formula 1) used for the invention, each of P, S, and H in Formula 1
SF_&fggctively is a phosphorous atom, a sulfur atom, and a hydrogen atom.
i is’an alkylene or an alkenylene group having 1 to 6 carbon atom (s) 5
which may have an alkyl group having 1 to 6 carbon atom(s), a cycloalkyl
group having 5 to 10 carbon atoms, an aryl group having 5 to 10 carbon
atoms, or a hydroxyl group as a substituent, and in which the one carbon

mayherreplaceshie & silican atomi one: meietythereefmayhave@ 1) used
phenylene group, and the phenylene 10 group may be at the terminal of

roRiRACh BERZ; B3, and-R4, independentlyHs anyoneof £1) arcalikdor are 1y
alkenyl group having 1 to 6 carbon atom(s) which may have a hydroxyl

is Grou opReaykgrouphavingbLouto eaken atoms as posubstifuertiof?) Rl
a cycloalkyl group having 5 to 10 carbon atoms, and (3) an 15 aryl group

is having 51e:18 carbanatoms; andeagy one BER21R3, and B4 rbay.heon (s)
hydrogen. A compound relatively easy to be synthesized among the
wh icgmpeunds:kepresentedily (rormula dyissarcampouhdtianhichdmnon (s}, a
Formula 1, Rl is an alkylene group having 1 to 6 carbon atom(s) 20 which
cydhay have amnr alkyltgrotp having 10to Hrtarhontatory Hnae cytloalkylngheuping
having 5 to 10 carbon atoms, an aryl group having 5 to 10 carbon atoms,
5 ter athydrexylhgrotpnas, acsubstitydntoand group as a substituent, and
in which the one carbon may be replaced to a silicon atom, one
moiety therecof may have a phenylene group, and the phenylene
group may be at the terminal of Rl. Each of RZ, R3, and R4
independently is any one of (1} an alkyl or an alkenyl group
having 1 to 6 carbon atom(s) which may have & hydroxyl group
or an aryl group having 5 to 10 carbon atoms as a substituent,
{2y a cycloalkyl group having 5 to 10 carbon atoms, and (3} an
arvl group having 5 to 10 carbon atoms, and any one of R2, R3,
and R4 may be hydrogen.
A compound relatively easy to be synthesized amcong the
compounds represented by (Formula 1) is a compound in which in
Formula 1, R1 iz an alkylene group having 1 to 6 carbon atom{s)

which may have an alkyl group having 1 to 6 carbon atom(s), a

cycloalkyl group having Sto 10 carbon atoms, an aryl group having

5 to 10 carbon atoms, or a hydroxyl group as a substituent, and

one moiety thereof may have a phenylene group; and each of RZ,

R3, and R4 independently is any one of (1) an alkyl group having
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one moiety thereof may have a phenylene group; and each of R2, R3,
and R4 independently is any one of (1) an alkyl group having SF-1395 16
sw-1i4e$ carbon atom (s) which may have a hydroxyl group or an aryl group
having 5 to 10 carbon atoms as a supstituent and (2) an aryl group
having 5 to 10 carbon atoms, and any one of R2, R3, and R4 may be
hydrogen. 5 A more preferable compound among the compounds
represented by (Formula 1) is a compound in which in Formula 1, Rl is an
1 talkyfemebgroudhaving 3ioi6 edrson atomsawWhichady thavear alkypn aryl
group having 1 to 6 carbon atom(s), a cycloalkyl group having 5 to 10
grogarbonvatens; drcad/l gFeuphaviag B BC 18 citben afoimstorand (2) an
hydroxyl group as a substituent, and one moiety thereof may have a
aryphenglenelgrobpdahd €achoFRZLRS, &rR4 indepenteritifisanyiene 23/
of (1) an alkyl group having 1 to 6 carbon atom(s) which may have a
andhfidroRgligrotip oy @R §F group having 5 to 10 carbon atoms as a
substituent and (2) an 15 aryl group having 5 to 10 carbon atoms, and any
of R2, RBran8IRA tAAFHE hGHIHenn Examples ofFel RATIRG & stenylene
group on its one moiety among those compounds represented by
repestRtute ) elude terbicbHAICHR - CeBRReH (@HaPich ih Formula
-C6H4-CH2-CH2-, and the like, 20 but others may also be included. For
1. Rre t8nipoardhithesTERRESEBA DY (Forfla il atons which may

have an alkyl group having 1 to 6 carbon atom(s), a cycloalkyl

group having 5 to 10 carbon atoms, an aryl group having 5 to

10 carbon ratoms, or a hydroxyl group as a substituent, and one

molety thereof may have a phenylene group; and each of R2, R3, '

‘and R4 independently is any one of (1) an alkyl group having

1 to 6 carbon atém(s) which may have a hydroxyl group or an aryl
group having 5.1‘:0 10 carbon atoms as a substituent and (2) an
aryl group having 5 to 10 carbon atoms, and any of RZ, R3, and
R4 may be hydrogen.

Examples of Rl having a phenylene group on its one moiety
among those compounds represented by (Formula 1) include
~CH2-C6&H4-CHZ2-, ~C6H4-CH(CH3)-, ~C6H4-CH2-CH2-, and the like,
but others may also be included.

For the compound which is represented by (Formula 2) used
for the invention, sach ¢f P, $, and H in Formula 2 respectively
is a phosphorous atom, a sulfur atom, and a hydrogen atom. RI

and RZ each 1s an alkylene or an alkenylene group having 1 to
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for the invention, each of P, S, and H in Formula 2 respectively is a
phosphorous atom, a sulfur atom, and a hydrogen atom. Ri and R2 each
Sp- _is-an-alkylene or an alkenylene group having 1 to SF-1395 17 6 carbon
atom(s) which may have an alkyl greyp having 1 to 6 carbon atom (a) , a
cycloalkyl group having 5 to 10 carbon atoms, an aryl group having 5 to
10 carbon atoms, or a hydroxyl group as a substituent, and in which the
one carbon may be replaced 5 to a silicon atom and one moiety thereof
¢ cnaydavemophenylend groupyEacthvef R3 and R4 ingependentiyiisany to 6
one of an alkyl group having 1 to 6 carbon atom(s), a cycloalkyl group
careing thio 40 carboncdtorisk aidzarvany| igroumbabirigp51td £@ carbioa tons,
atoms, and any one of them may be hydrogen. 10 A compound relatively
an easyltojhe spnthesized amond the: zompountsmepresented b (Patmutar oup
2) is a compound in which in (Formula 2), R1 and R2 each is an alkylene
as grospthaving: a6 garbamatem) which nmay levekamalkglgiotip eplaced
having 1 to 6 carbon atom(s) , a cycloalkyl group having 5 to 10 carbon
to atoms) 15a@n atylgrems: havingr® ic: LY chisoncatdnis: vrzaawriroxphgroupene
as a substituent, and one moiety thereof may have a phenylene group;
grand;eath of R¥aRd Rathdeépenderitpisiamidne of (BRarralkyldraup alkyl
having 1 to 6 carbon atom(s) which may have a hydroxyl group or an aryl
grareupdraling 5 t6d Cccarboncatoris-ds(20 a @b%ﬁﬂ:b@u@éﬁd?(z):réﬁ wpylhaving
group having 5 to 10 carbon atoms,

5 to 10 carbon atoms, and an aryl group having 5 to 10 carbon

atoms, and any one of them may be hydrogen.

A compound relatively easy to be synthesizéd among the
compounds répresented by (Formula 2) is a compound in which in
(Formula 2), R1 and R2 each is an alkylene group having 1 to
6 carbon atom{s) which may have an alkyl group having 1 tec 6
carbon.atom(s), a cyclozlkyl group having 5 to 10 carbon atoms,
an aryl group having & to 10 carbon atoms, or a hydroxyl group
as a éubstituent, and one moiety thereof may have a phenylene

group; and each of R3 and R4 independently is any one of (1)

an alkyl group having 1 to 6 carbon atom{s) which may have a

hydrbxyl group or an aryl group having 5 to 10 carbon atoms as
a substituent and (2) an aryl group having'Stxnlo carbon atoms,
and any one of R3 and R4 may be hydrogen.

Examples of R1 and RZ2 each having a phenylene group on
its one moiety among those compounds represented by (Formula

2} inciude -CHZ2-CGEH4-CH2-~, ~CO6HA-CH(CH3}-, ~C6H4-CHZ-CHZ-,
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and any one of R3 and R4 may be hydrogen. Examples of R1 and R2
each having a phenylene group on its one moiety among those
5 - 1epmpounds represented by (Formula 2) include -CH2-C6H4-CH2-,
-C6H4-CH(CH3)-, -C6H4-CH2-CH2g, SF-1395 18 and the like, but others
may also be included. A modification method is not particularly limited.
Examples of easy method include contacting in the liquid phase by
dissolving in a solution such as water or an organic solvent, 5 and
and comactinkewitipah iork BrcHange YediniR the gad phISERhen using a
volatile substance. Examples of the conventionally known method include
a rhethodidisciededin JPBIGS! 46319953 RAd the ke Tri AddiBh & te
compound represented by (Formula 1) can be obtained by 10 reacting a
Exampwanatdtigbcapabié bpdetiving e COmmiauntl repre’ entéd by {Ebrhitig 5
1) in the ion exchange resin. Further, a method which eventually forms a
by dredifiediavidicion ExeR&RGE: rEafFnty b iRePSuRR &S dthethatP 7 on
neutralizing an ion exchange resin by using an equivalent or excess
and amDEAGTcaliond 5o mpBURY T PreGurser tHereldf -aRd dRntpartaly =™

_returning to an acid-type by contacting the ion exchange resin with an
us ingidic %kﬂf%h??hé%éo“dﬁ'ﬁ@d:ﬁmount of modified acidic ion exchange

resin catalyst in the invention is preferably 0.1 to 50 % of total, .
Examples of the conventionally known method include a

methoddiscloéedinJP—BNo.46@19953andthelike. Inadditiog,
the compound represented by (Formula 1} can be obtalined by
reacting a raw material capable of deriving the compound
representedk&r(Eormula.l)jj1thejxxrexchange resin. Further,
5 method which eventually forms a modified acidic ion exchange
resin may be used such as a method neutralizing an ion exchange
resin by using an equivalent or excess amount of cationib
compound.of‘precursox'thereof, and then partially returning to
an.acid—typekurcontacting'the:unlexchange.resiniﬁithen1acidic
solution.

| The modified amount of meodified acidic ion exchange resin
catalyst in the invention is preferably 0.1 to 50 % of total
sulfonic acid group. Thereby, it is possible to exhibit the
modification effect to a maximum extent without causing the
dectrease in the activity due to the decrease in an.amount of
acid,

The method of measuring the amount of acid of the lon
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20 sulfonic acid group. Thereby, it is possible to exhibit the modification
effect to a maximum extent without causing the decrease in the activity
SF- pygSto the decrease in an amount of acid. The method of measuring the
amount of acid of the ion SF-1395 19 exchange resin is not particularly
limited, but can be determined by a general method of measuring the
exchange content of an acidic ion exchange resin. In the invention, the
amount is determined from a titration curve obtained by stirring 0.2 5 g of
excleetiy #esindn 200 miafta $@ & aquécusiNaClisoliutoh faruéne houtkand
titrating the whole amount of the filtrate with a 0.05 N aqueous NaOH

de - solutinadlb the dwveatien, fargpheholforke ased ag & havematerial fgrontent

producing bisphenol A, a generally available industrial 10 phenol can be

of arsed: Thedndustréat phengkinciues onel prégasedriea cimenetmethiod & t

- toluene oxidation method, or the like, and any of which may be used.

is dGenrerally;phefnobhavingia patityoof 98 9% ®r phdrelis ednvierdialyr ing 0.2
available. Such the industrial phenol may be used as it is in the synthesis

g ofeactiaryof bisphehol 18 A routqfeferablytpliehot siich i pratipdinarilgn for
treated with a strong acid-type cation-exchange resin in a continuous or

onebatohrmede Betéresdairhing bat tHeorbacigPard trehtrheat féhpemigre'sith

50 to 120 C during a contact time of 5 minutes
& 0.05 N aqueous NaCH sclution.

In the invention, for phencl to be used as a raw material

for producing bisphenol A, a geneﬁally available industrial

phenol canbe used. The industrial phenocl includes one prepared
by a cumene methcod, a toluene oxidation method, or the like,
and any of which may be used. Generally, phenol having a purity
of 98 % or more is commercially available. Such the industrial
phencl may be used as 1t is in the synthesis reaction of bisphenol
A, but preferably phenol which is preliminarily treated with
a strong acid-type caticn-exchange resin in a continuous or
batch mode before carrying out the reactidn at a treatment
temperature of 50 to 120 °C during a contact time of 5 minutes
to 10 hours and polymerized with a carbonyl compound derived
from.acétone, is used. Even more preferably, one cobtalned by
the process wherein the industrial phencol is brought into
contact with a strong acid-type cation-exchange resin as
described above and is then subjected to a distillation

treatment under the condition of a normal pressure to a reduced
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to 10 hours and polymerized with a carbonyl compound derived 20 from

acetone, is used. Even more preferably, one obtained by the process
o~ Whegein the industrial phenol is brought into contact with a strong

acid-type cation-exchange resin aszdescribed above and is then

subjected to a distillation treatment under the condition of a normal

pressure to a reduced SF-1395 20 pressure of 10 mmHg, at a

temperature of 70 to 200 C, is used. Acetone used in the invention is not
prepatticalary Mt But # nay IR BSRRIETGialy aVailabBle tHaustrial 3 25ed-

acetone. Generally, acetone having a purity of 99 % or more is available.

5 P Am0ants (UARERE FAIBE) ¢ PheroPatdRitbtore bidsd ks raiv “&<

materials, to be used, are not particularly limited, but the molar ratio of
butphénalfaretoneds FeEsHRehded Yo B Prefdrably it e rahys of 3 e -

100, and more preferably in the range of 0.5 to 50. If the amount of .
Genghieddl ¥ tee sl I0AT sREffe R o actShphisha Migh Tofversifror &0

acetone as a raw material, if the amount of phenol is too large, the

reactére bEeaHEsUNEa3Bhab G fargsr baEds phérd %Ii?sgcf‘g Rgetones

higher amount than required, and moreover, massive c,ircu?tio

f. .
5 GBRG R HRSE Rt bl ST GURTCR HRTE Bachab o 16 Sentofd i 20

acetoné can
be accomplished. Thus, efficient pro?uction cannot be accoméaliéh%d.t%s be
butyi5BIBsEY FREP NG 58371 2 IRk (LFE B tHige thns SCommenass Lo

preferably in the range of 0.1 to 100, and more preferably in
the range of 0.5 to 50. If the amount of phenol is too small,

it is difficult to accomplish a high conversion of acetone as

a raw mate.rial, if the amount of phenol is too large, the reactor

becomesunreasonablylargerbecausephenelisusaﬁasthehigher
amount than required, and moreover, massive circulation of
phenol is also reﬁuired, even though a high conversion of
aéetone can be accomplished. Thus, efficient production
cannot be accomplished.

'2s disclosed in EP No. 583712, the mixture of those raw
materials .may preliminarily contain.l or less & of water.

Tn the invention, the reaction temperature is not

particularly limited, but it is preferably in the range of ©

to 300 °C, and more preferably in the range of 30 to 200 °C.

Tf the reaction temperature is extremely low, the reaction rate
decreases and thus the productivity of & reaction product also

decreases. On the other hand, 1if the reaction temperature is
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materialsmay preliminarily contain 1 or less % of water. In the invention,
the reaction temperature is not 20 particularly limited, but it is preferably in
s p-thegange of 0 to 300 C, and more preferably in the range of 30 to 200 C.
If the reaction temperature is extremely low, the reaction rate decreases
and thus the productivity of a reaction product also decreases. On the
other hand, if the reaction temperature is SF-1395 21 extremely high, an
undesirable side reaction, or the like proceeds, thus leading to the
extinersalse ihiké amountofldyipreddcts Sihkeexcessivefrhighredétiont 1 ke
temperature is unfavorable for stability of phenol and acetone as raw
promatetials Shanel fletheribigpliendlipeasi a prodiuce, detrddisessthedeaction
selectivity, and S not economical. Therefore, it is not economical. The
by-reaetos tan b tarriedos shderahyofdreducett prassieeprar appiied s
pressure, and a normal pressure. From the 10 viewpoint of the reaction
unfefficienky ¢réaction @fficldricy pérvnftvolufe) #5s hotgréfeiiiens fcamyals
out the reaction under too low of pressure. Usually, the pressure for
andcdraihg cutheRE&EHDR 1B préfetably tiHerange Bf 0 e 2bMmPgaction
and more preferably in the range of 0.05 to 10 MPa. Of course, 15 the
se lipgéatiortig mctirhited th3tckh presdic fahgest 1 a8difisR, whén Sarfing

out the invention, the amount
economical.

The reaction can be carried out under any of a reduced
preséure, an applied pressure, and a nermal pressure: From the
viewpoint of the reaction efficiency (reaction efficiency per
unit velume}, it is not preferable to carry out the reaction
undér too low of pressure. Usually, the pressure for carrying
out the reaction is preferably in the range of ¢.01 to 20 MPa,
and more preferably in the range of 0.05. teo 10 MPa. Of course,
the invention is not limited to such pressure ranges.

In addition, when carrying out the invention, the amount
cf the 'catalyst to be used is not particularly limited, but for
exanmple, when carrying out the reaction in a batch mode, it is
recommended to carry out. the invention preferably in the range
of 0.001 to 200 % by weight, and more preferably in the range
of ¢.1 to 50 % by weight with respect to phenol as a rawmaterial.

When carrying out the invention, it is pos.sible To carry
out the reaction in the diluted state by adding a solvent or

gas which is inert to the catalyst and the reaction reagent in
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of the catalyst to be used is not particularly limited, but for example, when
carrying out the reaction in a batch mode, it is recommended to carry out
5F- 1@ mvention preferably in the range 20 of 0.001 to 200 % by weight, and
more preferably in the range of 0. 220 50 % by weight with respect to
phenol as a raw material. When carrying out the invention, it is possible to
carry out the reaction in the diluted state by adding a solvent or gas which
is inert to the catalyst and the reaction reagent in SF-1395 22 the reaction
the sysemt iSpecitalifaliphate Hybtccatbons 3hch B MEthaserehaneComns
propane, butane, hexane, and cyclohexane, and an inert gas such as
sucChitdyere BRGEHE anBi-Réftim, &P Hetestin: Hlirodén 625 be H&8d as

diluents. 5 When carrying out the invention, the method can be carried

- cychubpramPol @ Batch semibatch Br Sorinudas HoW SaEm. H&iPpe 274

carried out in any of a liquid phase, a gas phase, and a gas-liquid mixed
hel jRRse 2PrefdrAbRe FBATHE VieWsoiht $F the /achibn léﬁ%f]er?c%, #Jrg]uents .

recommended that the reaction 10 is carried oyt in the liqyid phase. For a
metHBaTdF Thargtg? 8%5t5@§t}9é’ﬁ6i}§lﬁﬁdstotf%ﬂ%b%gu§%%% carried

r
example, a fixed bed, a fluidized bed, a suspended.bed, and late fixed
CUTpEY £3H Bbfeﬁwﬁ?éféf}? anteSry GRwhich c%#n) ﬁeoﬁgé&%%srefa%cﬁgnstﬁﬁeg =

(retention time or catalytic_contact 1% tgnci in the Iovylg%ste is not

It ﬁ%ﬂkﬁﬁmﬁﬁmﬁﬁﬁfkﬁﬁﬁ in any o lqulid p e, gas phase,

and a gas-liquid mixed phase. Preferably, from the viewpoint
of the reaction efficiency, it is recommended that the reaction
is carried out in the ligquid phase. For a method for charging
a catalyst, various kindscﬁfmethodsxisingy-forexémple,a.fixed
bed, a fluidized bad, a suspended bed, and a plate fixed bed
can be employed, and any of which can be used.

The reaction time {(retention time or catalytic contact
Lime in thé flow system) is not particularly limited, but it
is usually 0.1 second to 30 hours, and preferably 0.5 second
to 15 hours. ‘After the reactiocn, the reaction product can be
separated and recovered from the catalysts, or the like, by a
separation method such as filtrétion, extraction; and
distilling-off. Bisphenocl A as a desired prbduct can be
separated, purified,from.the recovered compound by performing
a sequential treatment of solvent extraction,'distillation,
alkall treatment, acid treatment and the like or an ordinary

separation and purificationmethod suitably combining them, and
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is usually 0.1 second to 30 hours, and preferably 0.5 second to 15 hours.
After the reaction, the reaction product can be separated and recovered
57— frogm the catalysts, or the like, by a separation method such as filtration,
extraction, and 20 distilling-off. Bisghgnol A as a desired product can be
separated, purified from the recovered compound by performing a
sequential treatment of solvent extraction, distillation, alkali treatment,
acid treatment and the like or an ordinary separation and purification
obtamethdd sultablydzhimbining thems and SF-1385b 23 tabtdined. eaddition,
unreacted raw materials can be recovered and recycled into the reaction
recsystemiforiuserbrthe lcase of adbattlereactian, ithe catalystrwliiich is:se .
separated and recovered from the reaction product after the 5 reaction,
canlbe uded as fds,cor parbalty-tr whellytreproduced toddeaiepeatedly ch is
used for the re-action .. In the case of carrying out the reaction in a fixed
sepbedivrd fluidized bed4londretiction Systens, dicthe catalystds providéed to the
the reaction and thereby a part or all of the catalysts is inactivated or is
reafoviered irelOitheiactiving the teactionis interedpted; antthergaftep theluced
catalyst can be reproduced and then provided to the reaction.

to Rltenrativelysapars ofithie catalyst ean bewithdrawrn:leomtimuslycerrryin

intermittently and reproduced, and then recycled to the reactor for re-use.
out Ftljrmgﬁgqtetmé@@sﬁixed bed cr a fluidized bed flow reaction

syste.m, if the catalyst is previded to the reaction and thereby
a part or all of the catalysts is inactivated or is lowered in
the activity, the reaction is interrupted, and thereafter the
catalyst can be reproduced and then provided to the reaction.
Alternatiyely, a2 part of the catalyst can be withdrawn
cohtinuously or intermittently and reproduced, and then
recycle_d_tb the reactor for re-use. Further, a fresh catalyst
can be intermittently supplied to the reactor. When carrying
out the reaction in a movin.g—bed flow reaction, the catalyst
can be separated, recovere_d.and, if necessary, reproduced, as
in the batch reaction.

A catalyst can be reproduced by using any metth as long
as 1ts catal?tic ability is recovered, and for. example the
catalyst may be washed with water or an organic solvent, or may
be subijected to a re-modification after being washed with an
acidic solvent. Inaddition, the catalystmaybenmodifiedafter

being washed alternately'with an acidic solvent and a basic
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15 can be intermittently supplied to the reactor. When carrying out the
reaction in a moving-bed flow reaction, the catalyst can be separated,

s p- feepyered and, if necessary, reproduced, as in the batch reaction. A
catalyst can be reproduced by using any method as long 20 as its
catalytic ability is recovered, and for example the catalyst may be washed
with water or an organic solvent, or may be subjected to a re-modification
after being washed with an acidic solvent. In addition, the catalyst maybe

s0 1 mrodifietkaftera beingveasoealteimae y xvithidh agidicasolvert ateld Basic
SF-1395 24 solvent several times and finally with an acidic solvent.
[EXARRLES]Hereinafter, the present invention will be described in more
detail with reference to Examples. However, the invention 5is not .
inte Hdet:toibé timitedfocERaTAFIeE tHERSIR Meithoagh idnlidtPek@idigered 1n
resin of same brand is used, since there may be a case where its . '

mo reatalic Ability rdiffefs it a BP AR IHESS FeactidicaEitSiot diffgrsnvention
Amberlyst 31 of same brand and same lot is used in all Examples 10 and

is gomphrdticELarhplesbeldw ! fEénisle B¥ eFFSyithesis of

(3-mercaptopropyl) triphenylphosphoniumbromide ‘
Herein, although an ion exchange resin of same brand is

used, since there may be a case whare_its catalytic ability
differs in a BPA synthesis reaction as its lot differs,
Amberlyst:Bl of same brand and same lot is used in all Examples
and Comparative Examples below.

[Example 1]

(1) Synthesis of
{3~mercaptopropyl) triphenylphosphoniumbromide

14.0 g of

 (3-mercaptopropyl) triphenylphosphoniumbromide and 2.35 g of

thiourea were dissolved in 335 ml of ethanol, and the mixture
was refluxed for about 16 hours. The resultant solution was
ice—cooled,filtered,andthus—obtainedsoiidwassufficiently
dried to obtain White Crystal 1. 5.3 g of White Crystal 1 was
dissolvediniﬁézﬂuoﬁthoroughlydeaeratedion—exchangewater,
and thereto an aqueous solution prepared by dissolving 0.5 g
of sodium hvdroxide to 25 ml of ion-exchange water was added
dropwise for 30 minutes under a nitrogen atmosphere.

Thereafter, the mixture was stirred at 60 °C for 2 hours and
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14.0 g of 15 (3-mercaptopropyl)triphenylphosphoniumbromide and 2.35 g

of thiourea were dissolved in 335 ml of ethanol, and the mixture was
s - 1efuxed for about 16 hours. The resultant solution was ice-cooled,

filtered, and thus-obtained solid wasssufficiently dried to obtain White

Crystal 1. 5.3 g of White Crystal 1 was 20 dissolved in 100 ml of

thoroughly deaerated ion-exchange water, and thereto an agueous

solution prepared by dissolving 0.5 g of sodium hydroxide to 25 ml of
coojgrtexchatye Wwatel Wastadd e aropwise for 30 Rfinutes LAdera pithogenby

atmosphere. Thereafter, the mixture was stirred at 60 C for 2 hours and
£118rat3gn2Bacoaiednatter aihitrdgen stvdsphere. Whessolid obtaihed by

filtration was washed with ion-exchange water, further dissolved in
disgRloFsera ahdtspéatetly, %jé@@ﬁm Wit isi-éschaRge water - th

and a separation. The chloroform phase was 5 desolvated, and thus
1onpBtaRed 6l e redtfstalfF8RF6rh 16flerofohf %aﬁé’éﬁ'}”ﬁbﬁlﬁs“ was

White Crystal 2. When White Crystal 2 was analyzed with "H-NMR and
desphUfSemeadifbments, Phvas eGttirfied 16 hioe aitrciiie bf Foffdlaison

(Formula 5) 10 P~~SH Br (ZLPreparatlon of
chloroform and dried to obtaln White Crystal 2. When White

Crystal 2 was analyzed‘with4lH—NMR and FD-MS measurements, it

was confirmed to have a structure of Formula 5.

QL ) o
.

{2} Preparation of

{Formula 5)

(3-mercaptopropyl) triphenylphosphonium modified ion exchange
resin catalyst

3 gof thoroughly washed and driedAmberlyst 31 was stirred
vigorously in &0 ml_of 50 % agueous acetonitrile solution.
Thereto, 30 ml of 0.077 mol/L
{3-mercaptopropyl) triphenylphosphoniumbromide-50 % aqueous
acetonitrile solution which is prepared by using White Crystal
2 obtained from {l) was slowly added dropwise. After the
dropwise additicn, the mixture was subseqgquently stirred for &

hours, and then repeatedly subjected toa filtration and washing
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15 (3-mercaptopropyl) triphenylphosphonium modified ion exchange resin
catalyst 3 g of thoroughly washed and driedAmberlyst 31 was stirred
SF-Migdrously in 60 ml of 50 % aqueous acetonitrile solution. Thereto, 30 ml
of 0.077 mol/L 20 (3-mercaptopro@#) triphenylphosphoniumbromide-50 %
aqueous acetonitrile solution which is prepared by using White Crystal 2
obtained from (1) was slowly added dropwise. After the dropwise
. _addition, the mixture was subsequently stirred for 5 houys, and then
WL RIS SABIAELE R B fte A G0 DM S 308 B i vacuum
. lon-exchange water. Thereafter, the resultant was vacuum dried.at80C
o fobh 1 O Potiro-Eottan CRIAVSLE, THEAMBUR. 6P 36d of the ERATS5C
in a dry-state was 3.47 milliequivalents/g. 5 (3) Bisphe
of %@é&id?FT&%e?d:ﬁ?%}éé%‘ﬁr&??esﬁistgﬁtyrﬁé%&%ﬁ 559 03
~__ prepared in (2), 6.63 g of phenol, and 0.37 g of acetone were charged,
mil EhaHe FRACHOr W/aS pressurized with nitrogen gas under 0.5 MPa of a
gauge pressure, and then the reaction was conducted 10 with heating and
stirrﬁ‘?d at 15 P2 cr‘)}ijrss.y'ijlfi:e}}%g &, thé Cr:e%sfbci)t%nt was cooled to room

temperature. After the pressure discharge, the reactio ution.was
> %QJ, Was, . 1
tak Oo"thL,} gen%% fn%?ﬁﬁc%ﬁ)? qﬁgﬁthfé%abnygaﬁi%S%tc(:ﬁbm@atog rgp%f/ mae%haod¥ st

1 pl%%nared in (2), 6.63 g of phenol, and 0.37 g of acetone were

ol A) synthesis
Cd‘atalyst 1

charged, and the reactor was pressurizedwithnitrogen gas under
0.5 MPa of a gauge pressure, and then the reaction was conducted
with heating and stirring at 75 °C for 2 hours. Thereafter,
the resultant was cooled to room temperature. After the
pressure discharge, the reaction solution was taken Qut, and
analytically quantified by a liquid chromatography method. As
aresult, thé conversionof acetonewas 88.1 % and the selectivity
of pp’-bisphenol A was 94.1 %.

[Example 2]

(1} Synthesis of
(4-mercaptobutyl)triphenylphosphoniumbromide

11.0 g of (4-bromobutyl) triphenylphosphoniumbromide and
1.75 g of thiourea were dissclved in 250 ml of ethanol, and the
mixture was refluxed for about 16 hours. About 170 ml of ethanol
was distilled~off therefrom, further the react.ion golution was
cooled to not more than 0 °C, and then left over fora filtration.

Thns-obtained solidwas sufficiently washedwithchleroform and



a result, the conversion of acetone was 88.1 % and the selectivity 15 of
pp'-bisphenol A was 94.1 %. [Example 2] (1) Synthesis of
SEF-1&mercaptobutyl) triphenylphosphoniumbromide 11.0 g of (4-bromobutyl)
triphenylphosphoniumbromide and220 1.75 g of thiourea were dissolved
in 250 ml of ethanol, and the mixture was refluxed for about 16 hours.
About 170 ml of ethanol was distilled-off therefrom, further the reaction
_ solution was cooled to not mare than 0 C, and then left over for a
dr i g dtforr P oBtitéd Sbid Wik sufficiently vashed with CHigiofstn ande s
- SF-1395 27 dried to obtain White Crystal 3. 6.0 g of White Crystal 3 was
disgisBRddh 146 Mt GHHdroagmy YbEetaRE Gh-eXchangE Water Sy te =
thereto 30 ml of 1.6 % aqueous sodium hydroxide solution was added _
and gthisrigs andér Bhiffdgen atrnodBRER FhERaHEF 5 HHEATkTR Was 2t 1on
stirred under a nitrogen atmosphere at 60 C for 2 hours, and cgoled.
was THErE, § 195 0TS B Hyuedus HIsr SBIuliGR Wek dded. THeTei® 76°%

ml of chloroform was added, well mixed,, %nd then the wate{é%hase gnge oc
5 the Jfigrbfons phase Twdrk” S8paiktEd. Thé'chiorofsih phass Was © @
desolvatedto obtain White 10, Crystal 4. When White Crystal 4 was

fo-ra‘?h iélaswitﬁﬁ-l\(fﬁ?{lgf?d Lqé%%enégésﬁrgr%elﬁgolt W%/\'s%iéénﬁ‘r%leedo o HBT

solgg\:ﬁ%g‘ Snthrggtué% \fec!:.orr?g!aarg'to, 70 ml of chloroform was added,

weil.mixed, and then the water @hase and chloroform phase were
separated. The chloroformphase was desolvated to obtain White
10 Crystal 4. When White Crystal 4 was analyzed with *H-NMR and
LC—MS measureménts,‘it was confirmed tc have a structure of

Formula 6.

(Formula &)

15 | =

{2y Preparation of
(4¥mer¢aptobutyl)triphenylphosphonium modified ion exchange
20 resin catalyst
3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of ion-exchange water. Thereto, 126 ml of
0.0116 mol/L {(4-mercaptobutyl)triphenylphosphoniumbromide

~agqueous solution which is prepared by using White Crystal 4



(Formula 6) 15/\+ Pte'- ASH Br (2) Preparation of (4-mercaptobutyl)
triphenylphosphonium modified ion exchange 20 resin catalyst 3 g of
SF-1otéughly washed and dried Amberlyst 31 was stirred vigorously in 60 ml

of ion-exchange water. Thereto, 1965nl of 0.0116 mol/L
(4-mercaptobutyl)triphenylphosphoniumbromide -aqueous solution which
is prepared by using White Crystal 4 SF-1395 28 obtained from (1) was

slowl ded dropwise. After. ise.additian, t i '
oSBTy i S oF S Pota: o ooty Subecten tog 7 *°

equen u then repeatedly subjected to a

filtration and washing with, jon- r t ) nt
addi lonél%%rlnecﬁféﬁj%%‘ss aéof@%glé%ﬂ%q‘ﬁ’%? s heteafter, the fesultant -4

was va or at least 10 hours to obtain Catalyst 2. The

enef UL O 8 TN calalyol 118 iy piale e .49 Jlieshralan ol

synthesis reaction To a 70 ml pressure-resistant reactor ,

ionQ-é”%&%%C%t%'x t, 10 2. preparediin (2) , 663 9-of phenoh.andQ 37 80k r i ed

acetone were charged, and the reactor was pressurized with nitrogen gas

5 at ypder 9'0(? MPa of.a ga1ige Rressure, @'%dcg‘ﬁ@ thereagtionivasthe amount

conducte

of acid of the catalyst in a dry-state was 3.48 |
milliequivalents/g.
(3) Bisphenol A synthesis reaction
To a 70 ml pressure~resistant reactor , 0.35 g of Catalyst
10 2 prepared in (2}, 6.63 g of phencl, and 0.37 g of acetone were
charged, and ﬁhe reactor was pressurizedwith nitrogen gas under
0.5 MPa of a gauge préssure, and then the reaction was conducted
with heating and stirring at 75 °C for 2 hours. Thersafter,
the resultant was cooled to room temperature. After the
15 pressure discharge, the reaction solution was taken out, and
analytically quantified by a liguid chromatography method. As
aresult, the conversionof acetonewas 24.9 % and the selectivity

of pp’-bisphenol A was 93.9

@

[Example 3]
20 (1) Synthesis of
(5—mercaptopentyl} triphenylphosphoniumbromide
20.7 g of 1,5~dibromopentane and 23.6 ¢ of
triphenylphosphin were dissolved in 55 ml of toluene, and the

mixture was stirred at about 60 °C for 18 hours. Thereafter,
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with heating and stirring at 75 C for 2 hours. Thereafter, the resultant was
cooled to room temperature. After the 15 pressure discharge, the reaction
sF-1soddtion was taken out, and analytically quantified by a liquid
chromatography method. As a regdit, the conversion of acetone was 94.9
% and the selectivity of pp'-bisphenol A was 93.9 %. [Example 3] 20 (1)
Synthesis of (5-mercaptopentyl)triphenylphosphoniumbromide 20.7 g of
1,5-dibromopentane and 23.6 g of triphenylphosphin were dissolved in 55
SUPSHRGFBRierd G the' FixhFaWAS stired aSHbout 0 CForIgRGdrssd -
~ Thereafter, SF-1395 29 supernatant toluene was removed, the residual
Lon XS HREBNe I S0n-eXEharge wats ahd e ASELREHE aqdests SalutieR

was repeatedly extruded usirgl%éoluene. Next, the % ueous solution. was

rePRked by SHaHgEHiottiony, Sepaiatit, ahd bbtained 5 TRTbfor phase”
was repeatedly extruded by using ion-exchange water and the chlorgform
v iy AL A o oS A 5 50 B WRCE Coatal &
and 1.1 g of thiourea were diss%lved in. 150 m(qug ethanol, and the r{rjw;lxatl%re

i ¢

b1 GRREHIORA T HBGUF T FOLEitiahbl WAS HIgNISd-orCtrom the = 0
eS0T Jo g hen led oban e OS2 09 NI e

ouqch?y déaérated jon-exc ange
Crystal 5. 7.0 g of White Crystal 5 and 1.1 g of thiourea were

dissolved in 150 ml of ethanol, and the mixture was refluxed

for about 16 heurs. Ethanolwasdistilled~dfffromthesolution,
and then dried to cbtain White Crystal 6. 3.0 gof White Crystal
6 was dissolved in 75 ml of thoroughly deaerated ion-~exchange
water, and theretc 17 ml of 1.6 % agueous sodium hydroxide
solution was added dropwise under a nitrogen atmosphere.
Thereafter,‘the mixture was stirred under a nitrogen atmosphere
at 60 °C for 2 hours, and coo}_ed; Thereto, a8ml of 5.6 % agueous
HBrsoiutimnwasadded. Thereto, 30ml of chloroform was added,
well mixed, and then the water phase and chloroform phase were
separated. The chloroformphase was desolvated to obtain White
Crystal 7. When White Crystal.7 was analyzed with 'H~NMR and
LC-MS measurements, it was confirmed to have a structure of
Formula 7.

(Formula 7)
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water, and thereto 17 ml of 1.6 % aqueous sodium hydroxide solution
was added dropwise under a nitrogen atmosphere. Thereatfter, the
s - Mixture was stirred under a nitrogen atmosphere 15 at 60 C for 2 hours,
and cooled. Thereto, a 8 ml of 5. 63% aqueous HBr solution was added.
Thereto, 30 ml.of chloroform was added, well mixed, and then the water
dform phaseiwere separated. The chloroform phase was
Qlv d yodbtain White Cyystal 7. When White Crystal 7 was analyzed
"NMR arnd 20 +-C-®5 meaffrements, it was confirmed to have a
@ Formula 7. (Formula 7) SF-1395 30 PP~~~SH Br (2)
of (5-mercaptopgntyl) triphenylphosphonium modified ion
exchange 5 resin catalyst 3 g of thoroughly washed and dried Amberlyst
31 Wad sfiFe&akgdrbtslydh 60 ml of ion-exchange water. Thereto, 55 ml
of 0.042 mol/ L (5-mercaptopentyl)triphenylphosphoniumbromide
(5D Rs SO oPWTER RO pRapated By tRing WHIRFErystal 790 GBaIE
from (1) was slowly added dropwise. After the dropwise addition, the
resiixttre-&aEStbsequently stirred for 5 hours, and then repeatedly
subjected to a filtration anv%vr?vgb%rélg%évlgiilgrg%lggggsv\{:agelr. Ther%after,

the reSutbriipEL was stirréd

vigorously in 60 ml of ion-exchange water. Thereto, 55 ml of

0.042 mol/ L (5-mercaptopentyl)triphenylphosphoniumbromide
-agueous solution which is prepared by using White Crystal 7
obtained from {1) was slowly added dropwise. After the dropwise
addition, the mixtufe was subsequently stirred for 5 hours, and
then repeatedly subjected to a filtration and washing with

ien—-exchange water. Thereafter,theresultantwasvacuumdried

“at 80 °C at least 10 hours to obtain Catalyst 3. The amount

of acid of the catalyst in a dry-state was 3.43

milliequivalents/g.

(3} Bisphencl A synthesis reaction

To a 70 ml pressure-resistant reactor, 0.35 g of Catalyst
3 prepared in (2), 6.63 g of phenol, and 0.37 g of acetone were
charged, and the reactor was préssu‘rized with nitrogen gas under
0.5 MPa of a gauge pressure, and then the reaction was conducted’
with heating and stirring at 75 °C for 2 hours. Theresafter,
the resultant was coocled to room temperature. After the

pressure discharge, the reaction solution was taken out, and
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at 80 C at least 10 hours to obtain Catalyst 3. The amount 15 of acid of
the catalyst in a dry-state was 3.43 milliequivalents/g. (3) Bisphenol A
s r-syathesis reaction To a 70 ml pressure-resistant reactor, 0.35 g of
Catalyst 3 prepared in (2) , 6.63 g ®f phenol, and 0.37 g of acetone were
20 charged, and the reactor was pressurized with nitrogen gas under 0.5
MPa of a gauge pressure, and then the reaction was conducted with
heating and stirring at 75 C for 2 hours. Thereafter, the resultant was
ana kpbledfts rdofy iemperatiited Affer tHal pressure Hischiarge etreabiich  As
solution was taken out,-and SF-1395 31 analytically quantified by a -liquid
a reghrbatoifaphy Hethoe: AL é?é@f}%‘é%r%fer%iérﬁ&fja%@?oﬁ@ i@fstgmty
% andthe selectivity of pp'-bisphenol A was 94.0 %. [Example 4] 5 (1)
of wyhtHesirSE IR metcatdhéyl)triphenylphosphoniumbromide 23.4 g of
1,6-dibromohexane and 25.0 g of triphenylphosphin were dissolved in 35
ml of XiE8Re Sarfdl the mixture was stirred at about 60 C for 18 hours.
Thereafter, 1.0 supernatant toluene was removed, the residual was
dissohvedSHidABRFarife water, and the resultant aqueous solution was

repeatedly extruded using toluene. Next, the aqueous solution
(6-mercaptohexyl) triphenylphosphoniumbromide

23.4 g of 1,6—dibromohexané and 25.0 g of
friphenylphosphin were dissolved in 3.5 ml of toluene,. and the
mixture was stirzﬁed at aboult 60 °C for 18 hours. Thereafter,
supernatant toluene was removed, the residval was dissolved in

ion-exchange water, and the resultant aqueous sgclution was

- repeatedly extruded using toluene. Next, the agueous solution

was mixed by adding chlcoroform, separated, and cbtained
chloroform phase was repeatedly extruded by using ion-exchange
water and t_he chloroform phase was desolvated, to obtain White
Crystal 8. 7.2 got White Crystal 8 and 1.1 g of thicursa were
dissolved in 150 mi of ethanol, and the mixture was refiuxed
for about 16 hours. Ethanol wasdistilled-off from the solution,
and thén dried fo obtain White Crystal 9. 3.1lgofWhite Crystal
9 was dissolved in 75 ml of thoroughly deaerated ion-exchange
water, and thereto 17 ml of 1.6 % aqueous sodium hydroxide
solution was added dropwise under a nitrogen atmosphere.
Thereafter, the mixture wag stirred under a nit.rogen atmosphers

at 60 °C for 2 hours, and cocled. Thereto, a8miof5.6% agueous
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was mixed by adding chloroform, separated, and obtained chloroform
phase was repeatedly extruded by using ion-exchange 15 water and the
SF-Ichigroform phase was desolvated, to obtain White Crystal 8. 7.2 g of
White Crystal 8 and 1.1 g of thioure&were dissolved in 150 ml of ethanol,
and the mixture was refluxed for about 16 hours. Ethanol was distilled-off
from the solution, and then dried to obtain White Crystal 9. 3. 1 g of White

Crystal 20 9 was dissolved in 75 ml of thoroughly deaerated Lon-exchan e
HBT fgfer Fand tHeref e mf ofﬁh@%&?ﬂegl@sﬂ |gln%d)?1?/%lrr§><%lé>€ %&ﬁﬁoﬁdged’

was added dropwise under a nijtro eg}atmos%)h;re Ther%%f}:er, tkklleaSe were
we L infdire Yvad SHrddtindéis Hitlo rosphie 6 CAT0 GO D Fous S

cooled. Theq[eto, a8 mlof S. 6 % aqueous SF-1395 32 HBr sqlution was.
D SRR TholtD, SO BF RIS e B Mo AT Bines, SRy Tagh T o°

water phase and chloroform ph ted. The chlorof
CryBhade vias dOLSIvALEA 6 obtali it ‘ISt 16 When Whis Ciyarig™
as analyzed with H-NMR and 5 LC-MS measurements, i i d
TRV et it b atasit il Nada Cis e

reparation of
FC}II(HE?J-:an(_ﬁer%a_ptohexyl) triphenylphosphonium modified ion exchang.e

{Formula 8)

Q‘F@\/\/\SH I
O ‘

(2) Preparation of
{GMmercaptohexyl)triphenylphosphoniﬁm modified ion exchange
resin‘catélyst

3 gof thoroughly washed and dried }Smberlyst 31 was stirred
vigorously in 60 ml of ion-exchange water. Thereto, 55 ml of
0.042 mol/L (6-mercaptohexyl) triphenyliphosphoniumbromide
—~agueocus solution which is prepared by using White Crystal 10
obtainedfroﬁ(l)wasslowlyaddeddropwise. After the drcpwise
addition, the mixture was subsequently stirred for 5 hours, and
then repeatedly subjected to a filtration and washing with
ion-exchange water. Thereafter, the resultant was vacuum dried
at 80 °C for at least 10 hours To obtain Catalyst 4. The amount .

of acid of the catalyst in a dry-state was 3.41
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resin catalyst 15 3 g of thoroughly washed and dried Amberlyst 31 was
stirred vigorously in 60 ml of ion-exchange water. Thereto, 55 ml of 0.042

s malA. (6-mercaptohexyl) triphenylphosphoniumbromide -aqueous solution
which is prepared by using White Crystal 10 obtained from (1) was slowly
added dropwise. After the dropwise 20 addition, the mixture was
subsequently stirred for 5 hours, and then repeatedly subjected to a
filtration and washing with ion-exchange water. Thereafter, the resultant

il WasNectuhtoitied St 80 C for at least 10 hours to obtain Catalyst 4. The
amount of acid of the catalyst in a dry-state was 3.41 SF-1395 33
millieguivaierits/gn(3) BispherorAsyatHessTeaetion To a 70 ml
pressure-resistant reactor, 0.35 g of Catalyst 4 prepared in (2), 6.63 g of
phehol zand 0.37°g of tetons weré B efargeds afid the readop vag talyst
pressurized with nitrogen gas under 0. S MPa of a gauge pressure, and

4 prReR Hsréaction was-conductédPivA héatifg and- stirhgat 755 i were
hours. Thereatfter, the resultant was cooled to room temperature. After

cha e Presztre st Rage” the 6aelisT SHIhGE S takér ot Hrd 185 under
analytically quantified by a liquid chromatography method. As a result, the

0. 5 ghtiveérSicn b aBetone Was U5 1 3 Arid e sélediivity ofpp hisphenoiated

was 94.1 %. .
with heating and stirring at 75 °C for 2 hours. Thereafter,

the resultant was cocled Lo room temperature. After the
pressure discharge, the reaction solution was taken out, and
analytically gquantified by a liquid chromatography method. As

aresult, the conversionof acetonewas 95.1 &% and the selectivity

felel

of pp'-bisphencl A was 94.1

[Example 5]

{1} Synthesis of
(4-mercaptobutyl)diphenyl {p-tolyl)phosphoniunbromide

15.3 g of 1,4-dibromobutane and 19.2 g of
diphenyl (p~tolyliphosphin were dissolved in 40 ml of toluene,
and the mixture was stirred under a Initrogen atmosphere at about
70 °C for 16 hours. The resultant sclution was cooled, filtered,
and thus-cbtained solid was washed with toluene and dried to
obfain White Crystal 11. 10 g.of White érystal 11 and 1.55% é
of thiourea were dissclved in 250 ml of ethanol, and the mixture
was refluxed for about 16 heurs. Ethanolwasdistilled-off from

the solution, and thus-cbtained solid was washed with ethanol



[Example 5] (1) Synthesis of 15 (4-mercaptobutyl) diphenyl (p-tolyl)
phosphoniumbromide 15.3 g of 1,4-dibromobutane and 19.2 g of
sF~-1dipBenyl(p-tolyl)phosphin were dissolved in 40 ml of toluene, and the
mixture was stirred under a nitrogeh4atmosphere at about 70 C for 16
hours. The resultant solution was cooled, filtered, 20 and thus-obtained
solid was washed with toluene and dried to obtain White Crystal 11. 10 g

of White Crystal 11 and 1.55 g_ of thiourea were dissolved in, 250 m| of
andt gHhaBl, aATHE TG s TRIGXE o abott 16 Hodrs. Eirrt é%stal

anol w

distilled-off from the solutign, and thus-ob a:ipe% solid yvas%vashgd Wi&fgan o
12 vgfhaiol SF-Y595 34 and Brictf to-Bbtai White CRTAIAZ 6.0 of White ™

Crystal 12 was dissolved in 14Q ml of thoroughly deaerated ion-exchan
wat qfatef HhdthErcto 31l GH1.8 % qéeo%sasc%%&%ﬁiyﬁ?éxwéﬁ gjoiéroxgge

ol was added dropwise under a.nitrogg%g%mgs@ie{% 5 There[after, tgg:e ’

Shiktite WiHS ST uiter 2 Rit6g&h affhoshhidte &t 80 Cfor 2 ﬁgurs, and

s e 120 1 S R e
oc GLISE AGopiom, phass wels SRl Tk soployhase w2«
aqudalaed- WD, NN a0d LGNS measiements. #vas cQREned 9 corn
was added, well mixed, and then the water phase and chloroform
phase were separated. The chloroform phase was desolvated to

10 obtain White Crystal 13. When White Crystal 13 was analyzéd

| with ‘H-NMR and LC-MS measurements, it was confirmeﬂ to have

a structure of Formula 5.

(Formula 9)

i -+
15 s .1 @
e ” - Br 7

(2) Preparation of
(4-mercaptobutyl)diphenyl (p-tolyl)phosphonium modified ion
90 exchange resin catalyst
23gofthoroughlywashedanddriedﬂmberlyst31wasstirxed
vigorously in 60 m; of ion-exchange water. Thereto, 196 rl of
0.011¢ mol/L

{4-mercaptebutyl)diphenyl (p-tolyl)phosphoniumbromide
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a structure of Formula 9. (Formula 9) 15/ -Br (2) Preparation of
(4-mercaptobutyl)diphenyl(p-tolyl)phosphonium modified ion 20 exchange

5 p-1rgsi catalyst 3 g of thoroughly washed and dried Amberlyst 31 was
stirred vigorously in 60 ml of ion-exehange water. Thereto, 196 ml of
0.0116 mol/L (4-mercaptobutyl)diphenyl(p-tolyl)phosphoniumbromide
SF-1395 35 -aqueous solution which is prepared by using White Crystal
13 obtained from (1) was slowly added dropwise. After the dropwise

- aquaditiors the tixturenashs ulss eguepty stirred fos5 hours, dnd dhestal 13
repeatedly subjected to a filtration and washing with 5 ion-exchange

obtanater] Theredfter vthe rebuitant widaracuurpdiied -at BOC for htldasilvi s
hours to obtain Catalyst S. The amount of acid of the-catalyst in a

add dry-statetasr3L 43 umilliequivalernt s/gu(3) Bisphdénael Zegyhithesisreatton and
10 To a 70 ml pressure-resistant reactor, 0.35 g of Catalyst 5 prepared in

ther(2y =663 teofipherioh Brdi® 37 ofaackidnerwéreocharyédyant they with
reactor was pressurized with nitrogen gas under

ion-exchange water. Thereafter, the resultant was vacuundried

at 80 °C for at least 10 hours to cktain Catalyst 5. The amount
of acid of the catalyst in a dry-state was 3.43
milliequivalents/g.

{3} Bisphencl A synthesis reaction

Toa 70 ml préssurewresiétant reactor, O.35qgof$:atalyst
5 prepared in (2), 6.63 Q.oflphehoi;-and 0.37 g of acetone were
charged, and the xéactor was pressurizedwith niftrogen gas under
0.5 MPa of a gauge pressure, and then;the reacticnlwas conducted
with heating and'stirring at 75 °C for 2 hours. Thereafter,
the resultant was céoled te foom temperature. After the
pressure discharge, the reaction solution was taken out, and
analytically quantified by a liquid chromatography method. As

aresulf, the conversionof acetonewas 93.3 % and the selectivity

=8

of pp’-bisphenol A was 93.8
[Example &1
(1) Synthesis of
(4mmercaptomethylbenzyl)triphehylphoSphoniumbromide
6.3 g of 1,4-pis(bromomethyl)benzene and 6.5 g of

triphenvlphosphin were dissclved in 60 ml of toluene, and the
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0. 5 MPa of a gauge pressure, and then the reaction was conducted with
heating and stirring at 75 C for 2 hours. Thereafter, 15 the resultant was
sF-1comied to room temperature. After the pressure discharge, the reaction
solution was taken out, and analytically quantified by a liquid
chromatography method. As a result, the conversion of acetone was 93.
3 o0 and the selectivity of pp'-bisphenol A was 93.8 %. 20 [Example 6] (1)
Synthesis of (4-mercaptomethylbenzyl)triphenylphosphoniumbromide 6.3
mix i1 HRBIs{broriGRetiyiBEnzehé Bhd¥°5 oftnpRERyIshospRinvEre ” ¢
dissolved in 60 ml of toluene, and the SF-1395 36 mixture was stirre
for Gnlerd fitrogert aRBEpHEre atshout 66'C 63 olr§ “Thé Tésttmt 29
solution was cooled, filtered, and thus-obtained solid was washe wittg »
thusgoRiehe HHICdAEd tEobtan SPRIRACHSal 12 155 o Whitd ERstal 1204k
1.5 g of thiourea 5 were dissolved in 100 ml of ethanol, ng the mixture
W a8 OB Thr-abbHt® POUIS ATl 88 HISIBA frord b SOLGSRE>

g and thus-obtained solid was drie_d to obtain hig Crystal 15. 11.0 g&f_uxed
T CrySEl 15 i st 300 I TP hor By deaerta

A R L et S o
andjggggég%%gﬁ%g@dggi?giﬁygqgégggﬁék obtain White Crystal 15,
11.0 g of White Crystal 15 was dissolved in 300 ml of thoroughly
deaeratedion—exchangewatér,aﬂuithereto15rm_of5.4f%aqueous
sodium hydroxide solution was added dropwise under a nitrogen
atmosphere. Thereafter, the mixture waé"étirred'undef a
nitxogen.atﬁosphere at 60 °C for 3 hours, and cooled. Thereto,
a 7.8 ml of 5.3 % agueous HBr solution was added. After being
stirred for several minutes,.the mixture was left to settle,
the water phase was taken out and coocled, and left as it isrfOr
anocther 16 hours to'settle, The resultant was filtered, and
thus-cbtained solid was washed with cold water and dried to
obtain White Crystal 16. When White Crystal 16 was analyzed
with 'H-NMR and LC-MS measurements, it was confirmed to have

a structure of Formula 10.

(Formula 10)

DT )
O
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nitrogen atmosphere at 60 C for 3 hours, and cooled. Thereto, a 7.8 ml of
5.3 % aqueous HBr solution was added. After being stirred for several
ap- 1@%@5, the mixture was left to settle, 15 the water phase was taken out
and cooled, and left as it is for another 16 hours to settle. The resultant
was filtered, and thus-obtained solid was washed with cold water and
dried to obtain White Crystal 16. When White Crystal 16 was analyzed
with 1H-NMR and LC-MS measurements, it was confirmed to have 20 a
structure of Formula 10. (Formula 10) p \/ Sr SF-1395 37 (2) Preparation
of (4-mercaptomethylbenzyl)triphenylphosphonium modified ion
exchange regincatalyst 53 g of thoroughly washed and driedAmberlyst
31 was stirred vigorously in 60 ml of 25 % aqueous acetonitrile solution.
( 4-rheretot 420 rhlyof90188Imokliphenylphosphonium modified ion

(4-mercaptomethylbenzyl)triphenylphosphoniumbromide-25 % aqueous
ex clametonitrites solutier-whichis prepared by using White 1o Crystal 16
obtained from (1) was slowly added dropwise. After the dropwise addition,

- the Inixtufe-ivas subsdquenty sitreddotrs duisband teh Fépeatedlyl rred

subjected to a filtration and washing with ion-exchange water. Thereafter,
vigtheresuftaphwas mi of 25 % agueous acetronitrile solution.
Thereto, 120 ml of 0.0188 mol/L
(4-mercaptomethylbenzyl) triphenylphosphoniumbromnide~-25 %
agueous acetonitrile solution which is prepared by using White
Crystal 16 obtained from (1) was slowly added dropwise. After
the dropwise additioh, the mixture was subseguently stirred for
% hours, and then repeatedly subjected to a filtration and
washing with ion~exchange water. Thereafter, the resultant was
vacuumn driéd at 80 °C for at least 10 hours to cobtain Catalyst.
6. The amount of acid of the catalyst in a dry-state was 3.40
milliequivalents/g.

(3) Bisphenol A synthesis feaction
" Toa70ml pressure-resistant reactor, 0.35 gof Catalyst

6 prepared in (2),. 6.63 g of phenol, and 0.37 g of acetone were
charged, and the reactor was pressurized with nitrogen gas undser
0.5MPa of a gauge pressure, and then the reaction was conductedr
with heating and stirringl at 75 °C for 2 hours. Thereafter,

the resultant was cooled to room temperature. After the

pressure discharge, the reaction solution was taken out, and
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vacuum dried at 80 C for at least 10 hours to obtain Catalyst 15 6. The
amount of acid of the catalyst in a dry-state was 3.40 milliequivalents/g.
SF- %) |sphenol A synthesis reaction To a 70 ml pressure-resistant reactor,
.35 g of Catalyst 6 prepared in (2),46.63 g of phenol, and 0.37 g of
acetone were 20 charged, and the reactor was pressurized with nitrogen
gas under 0. 5 MPa of a gauge pressure, and then the reaction was
conductedr with heating and stirring at 75 C for 2 hours. Thereafter, the
analestitant asceeled fd rodmtemperatie . Aftesithe qpressure discharde, As
the reaction solution was taken out, and SF-1395 38 analytically
a reqguantifiech by-adiguickchramadtegraphy methwd. ;A & resliltthe edrversiont v
of acetone was 93.9 % and the selectivity of pp'-bisphenol A was 94.0 %.

of farpplept] n@) Synthesisodf.4nercaptomethl,l henZy s -r ) di

r'~-henylpropyyl phosphoni umbromide ( r.x 6.3 g of 1, 4-bis

(bromxmethyh benzene and 5.4 g of diphenylpropylphosphin were

dissolved in 60 ml of toluene, and the mixture was stirred under a

nitrogen atpospheresatdbout 10 60 C for 5 hours. The resultant solution

was cooled, filtered, and thus-obtained solid was washed with toluene
(4-apd dhetddocthylbenzyl) diphenyl hropylphosphoniumromide

6.3 g of 1,4-bis(bromomethyl}benzene and 5.4 g of

diphenylpropylphosphin were dissclved in 60 ml of toluene, and
the mixture was stirred under a nitrogen atmosphere at about
60 °C for Shours. The resultant solution was cooled, filtered,
and thus-obtained soclid was washed with toluene and dried to

obtain White Crystal 17. 10 g of White Crystal 17 and 1.33 g

of thicurea were dissolved in 100 ml of ethanol, and the mixture

. mfas refluxed .for about 3 hours. Ethanol was distilled-off from

the solution, and thus-obtained solid was dried to obtain White
Crystal 18. 11.0 g of White Crystal 18 was dissolved in 300
ml of thoroughly deaérated ion—-exchange water, and thereto 15
ml of 5.4 % aqueous sodium hydroxide solution was added dropwise
under. a nitrogen atmosphere. Thereafter, the mixture was

stirred under a nitrogen atmospheré at 60 °C lfor 3 hours, and
cooled. Thereto, a 7.8 ml of 5.3 % agueous HBr solution‘was
added. After being stirred for several minutes, .the nixture
was left to settle, the water phase was taken out and cooled,

and left as it is for another 16 hours to settle. The resultant
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obtain White Crystal 17. 10 g of White Crystal 17 and 1.53 g of thiourea
were dissolved in 100 ml of ethanol, and the mixture was refluxed for

s fPgHt 3 hours. Ethanol was distilled-off from 15 the solution, and
thus-obtained solid was dried to obtajn White Crystal 18. 11.0 g of White
Crystal 18 was dissolved in 300 ml of thoroughly deaerated ion-exchange
water, and thereto 15 ml of 5.4 % aqueous sodium hydroxide solution
was added dropwise under a nitrogen atmosphere. Thereatfter, the

was MiXturerwds 20 stirtedsunrder aimitrdgen atmospheresat60WCLfor 8dwodrsater
and cooled. Thereto, a 7.8 ml of 5.3 % aqueous HBr solution was added.

and Adtet beingpstireach for sévérat niimytes sthe Idixtuiéh wvasileft te séittes thel. 19
water phase was taken out and cooled, and left as it is for another 16

wa s hours 1o seétile f THé réBlitantSFo 1395189 was diltereds and thas-obtaiiednad
solid was washed with cold water and dried to obtain White Crystal 19.

to Méhven WhiterCryistet € 90 Wasaralyzed With1H-NMR and LC-MS
measurements, itwasconfirmed to have a structure of Formula 11. 5
(Forhiidartd) 2(%sHj LO_ J Br 10 (2) Preparation of
(4-mercaptomethylbenzyl) diphenylprop ylpho sphoni um modified ion
exchange resin catalyst

+

G\/@J

(Z) Preparation of
(4-mercaptomethylbenzyl)diphenylpropylphosphonium modified
ion.eﬁchange resin catalyst

3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of 25 % aguecus acetonitrile solufion.
Thereto, 120 ml of 0.0188 mol/ L
(meercaptomethylbenzyl)txiphenylphosphoniumbromide—z5 %
aguecus acetonitrile solution which is prepared by using White
Crystal 19 obtained from (1) was slowly added dropwiée. After
the dropwise addition, the mixture was subsequently stirred for
5 hours, and then repeatedly subjected to a filtration and “
washing with lon-exchange water. Thereafter, the resultant was
vacuum dried et 80 °C for at least 10 hours to obtain Catalyst
7. The amount of acid of the catalyst in a dry-state was 3.43

milliegquivalents/g.
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3 g of thoroughly washed and driedAmberlyst 31 was stirred vigorously in
60 ml of 25 % aqueous acetonitrile solution. 15 Thereto, 120 ml of 0.0188
sF-1BdIkL (4-mercaptomethylbenzyl) triphenylphosphoniumbromide-25 0
aqueous acetonitrile solution whichdis prepared by using White Crystal 19
obtained from (1) was slowly added dropwise. After the dropwise
addition, the mixture was subsequently stirred for 20 5 hours, and then
repeatedly subjected to a filtration and washing with ion-exchange water.
Thefeaftd? L e 1e3aHartt wag* Vaeduri dfigdat 88°C for at least 10 hours
to obtain Catalyst 7. The amount of acid of the catalyst in a dry-state was
3.4% Qnﬂnéamqﬂya@ﬁ%%gi@mﬁ% 49T 63y BEFRETAX synthedisreddibn S &
To a 70 ml pressure-resistant reactor, 0.35 g of Catalyst 7 prepared in (2)

7 PrEEI §dfighetol rafd B3 E P Q@&Bﬁéw@r@dcﬂarﬁ)écg &rl% e i AR
was pressurized with nitrogen gas under 5 0. 5 MPa of a gauge pressure,
chagdg thePtRe reAURMWAS CEHIGES With Fé&stilg Bhd StrngHt 7S E 1o ST
2 hours. Thereatfter, the resultant was cooled to room temperature. After
0 . StHE S SUFPHISENATGE THE Fealfith SBRfiom wasTakéer it “Arigconaucted

analytically quantified by a liquid chromatography method. As 10 a res

It,
Wit G diofiot atbtone wis 84803 and thesefedtivity S * &8 e,

the resultant was cocled to room temperature. After the
pressure discharge, the reaction solution was taken out, and
analytically‘quantifiedkn;a_liquid,chxomatography:nethod. As

aresult, the conversionof acetonewas 94.8 % and the selectivity

o

of pp’-bisphencl A was %4.1
[Comparative Example 1]
While stirring 3 g of thoroughly washed and dried
Bmberiyst 31 in 60 ml of ion-exchange water, 30ml of 0.077 mol/L
aminoethanethiol hydrochloride agueous solution was slowly

added dropwise thereto. After the dropwise addition, the

mixture was subsequently stirred for 5 hours, and then

repeatedly subjected to a filtration and washing with
ion-exchange water. Thereafter, the resultant was vacuum dried
at 80-°leor at least 10 hours to obtain Catalyst 2. The amount
of acid of the catalyst in a dry-state was 4.14
milliequivalents/qg.

To a 70 ml pressure-resistant reactor, 0.35 gcﬁfCatalyst

.2, £.63 g of phenol, and 0.37 g of acetone were charged, and
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of pp'-bisphenol A was 94.1 %. [Comparative Example 11 While stirring 3
g of thoroughly washed and dried Amberlyst 31 in 60 ml of ion-exchange
sr-wader, 30 ml of 0. 077 mol/L 15 aminoethanethiol hydrochloride aqueous
solution was slowly added dropwisé thereto. After the dropwise addition,
the mixture was subsequently stirred for 5 hours, and then repeatedly
subjected to a filtration and washing with ion-exchange water. Thereafter,
the resultant was vacuum dried 20 at 80 C for at least 10 hours to obtain
Che GRalsr?. ThE ahoant bt a6id st thé catalyst g a g ssistsitias’s 141Fa of
milliequivalents/g. To a 70 ml pressure-resistant reactor, 0.35 g of Catalyst
a 9aug B3I 6EFHETOI, 3RE 0 B7eG of cetdite WEFE B AR daRE SF-£395 Yith
the reactor was pressurized with nitrogen gas under 0.5 MPa of a gauge
heapddeg g Gnditheh the rédctibn was uetedt with- heldtingehidt &iring e
at 75 C for 2 hours, Thereafter, the resultant was cooled to room
e SYerhBerhtiiesS AT 1RE presSGe™s [ hSBRaFGE: IHE reabtidit SoltliBrRtss sure
taken out, and analytically quantified by a liquid chromatography method.

dlsalaz 98sult e EGAVETSIN GHacklole s 84 596%h P thesetéttivity of

E)p'-bisphenol A was 91.5 %. [Comparative Example 2]
analytically quantified by a liquid chromatodraphy method. As

aresult, theconversionof acetonewas 84.9 % and the selectivity

o>

of pp’~bisphencl A was 91.5

{Comparative Example 2]

While stirring 3 g of thoroughly washed and dried
Amberlyst 31 in 60 ml of ion-exchange water, 30ml ¢f 0.077 mol/L
4~pyridineethanethicl hydrochloride aguecus solution was
slowly added dropwise theretc. After the dropwise addition,
the mixture was subséquently stirred for 5 hours, and then
repeatedly subjected to a filtration and washing with
ion—exchangewater. Thereafter,thexesultantwasvacuumdried
at 80 °C for at ieast 10 hours to obtain Catalyst 3. The amount
of acid of the catalyst in a dry—state:ﬁas 3.94
milliequivalents/g,.

ToeaTOIﬂ,pressuréwresistantreactor?@.35g;of€atalyst
3, 6.63 g of phenol, and 0.37 g of acetqne were charged, and
the reactor was pressurized with nitrogen gas under 0.5 MPa of
a gauge pressure, and then the reaction was conducted with

heating and stirring at 75 °C for 2 hours. Thersafter, the



10 While stirring 3 g of thoroughly washed and dried Amberlyst 31 in 60
ml of ion-exchange water, 30 ml of 0. 077 mol/L 4-pyridineethanethiol
SF-1Ryfrochloride aqueous solution was slowly added dropwise thereto. After
the dropwise addition, the mixturefwas subsequently stirred for 5 hours,
and then 15 repeatedly subjected to a filtration and washing with
ion-exchange water. Thereafter, the resultant was vacuum dried at 80 C
for at least 10 hours to obtain Catal .-Lhe amouny .qf acid,of the r
resué&ﬁl{}gt Ty dcr:ﬁgta?éf) Was 3%%%%%%%%??&5%.' 20 To a 70 mIB esHe
. pressure-resistant reactor O.?,?i g{ dg t%yasé 3,..6,63 9.9f-phenol, and
d1550'3% G a‘%%?on%eﬁg?élgﬁiarag 9 an I?he reactor was pressurized with
nitrogen gas under 0.5 MPa, of .a,gauige pressire, apd e the seaglion »
analv%sl %&%‘étgﬁ Wit lﬁjégﬁn%%ﬁdls%g at /5C f%r 2 ou%rs.y']r hereatfter,

. rothe SF-1395 42 resultant was caoled tq,room temperatyire, Aftef the: ;s vity

pressuré discharge, the reaction solution was taken out, and analytically

: uantified liguid chromatography method. As a result, the conversion
of 1 aglg o%%gv%é%so&.o % and the selectivity 5 of pp'-bisphenol A was 91.6

%. INDUSTRIAL APPLICABILITY According to the present invention, it is
possible to 10 produce bisphenols with good yield and selectivity, and to

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to
produce bisphencls with good yield and selectivity, and to
produce bisphenols with remarkably excellent safety, process,

" and cost.



produce bisphenols with remarkably excellent safety, process, and cost.
SF-1395 43 CLAIMS 1. A modified ion exchange resin, wherein at least
SF~pAé tompound selected from (A) and (B) shown below is ionically bonded
to an acidic functional group of an 4gidic ion exchange resin, (A)
Compound represented by Formula 1: (Formula 1) RZ (RSH) R4 1
(wherein, P is a phosphorous atom; S is a sulfur atom; H is a hydrogen
atom; Rl is an alkylene or an alkenylene group having 1 to 6 carbon
atom(s) which may have an aIky(I:B %aving 1 to 6 carbon atom(s), a
cycloalkyl group having 5 to 10 carbon atoms, an aryl group having 5 to
10 carbon atoms, or a hydroxyl group as a substituent, and in which the
one carbon may be replaced to a silicon atom and one moiety thereof
L. Ay habb e prighyiére gheli arid Bach 0P R RF and Ratirdeperfenty»d
is (1) an alkyl or an alkenyl group having 1 to 6 carbon atom(zgsgb which
se 1y Faver & HydrxyPBroular SHaHT groU Raviig B35- 6 Chrb eI RS t°
__asa .ubs%'tuen , (Z%a ycloalkyl grou having .5 to 10 carbon atoms, or .
an Esﬁléﬁlgry &%ﬁ%lh%viin% g%c?‘i% Ca?bog acidic 1on exchange resin, |

(A) Ceompound represented by Foermulia 1:

(Formula 1}

+

R2

NG
P.___SH
Rﬁ 1
{(wherein, P is a .pho'sphorou_s atom; S is a sulfur atom; H is a
hydrogen atom; Rl is an alkylene or an alkenylene group having
1 to 6 carbon atom(s) which may have an alkyl group having 1
to 6 carbon atomi{s), a cyt:loaikyl group having 5 to 10 carbon
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group as a substituent, and in which the one carbon may be
replaced to a silicon atom and one moiety thereof may have a
phenylene group; and each of RZ, R3, and R4 independently is
(1) an alkyl or an alkenyl group having 1 to & carbon atom(s)
which may have a hydroxyl group or an aryl group having 5 to
1C carbon atoms as a substituent, (2) a cycloalkyl group having

5 to 10 carbon atoms, or (3} an aryl group having 5 to 10 carbon

atoms, and any one of RZ, R3, and R4 may be hydrogen); and



atoms, and any one of R2, R3, and R4 may be hydrogen); and SF-1395
44 (B) Compound represented by Formula 2: (Formula 2) R3 <R2 SH
SF-IR§FRI -SH (wherein, P is a phospgorous atom; S is a sulfur atom; H is a
hydrogen atom; R1 and R2 each i an alkylene or an alkenylene group
having 1 to 6 carbon atom(s) which may have an alkyl group having 1 to
6 carbon atom(s), a cycloalkyl group having 5 to 10 carbon atoms, an aryl

(B) %%&B&@#E‘%%%Q carhon atoms,, or,@1hydsoxyl group as a substituent,
and Iin wni

ch the one carbon may be replaced to a silicon atom and one
(Fo B ifgy %ereof may have a phenylene group; and each of R3 and R4

independently is an alkyl group having 1 to 6 carbon atom (s) , a
cycloalkyl group having 5 to 10 carbon atoms, or an aryl group having 5
to carbon atoms, ant aLny one of them may be hydrogen) 2. The
madifiRd ion eRghaile resin according to Claim 1, wherein in the
compound répresented by the above Formula 1, Rl is an alkylene group
having 1 16°6 carbon atom(s) which may have an alkyl group having 1 to

6 aqu%l atorgfs)..aggycloalkyl group having S to 10 carbon atoms, an aryl
group having 5 to 10 carbon atoms, or a hydroxyl group as a substituent,
and one moiety SF-1395

(wherein, P is a phosphorous atom; S 1is a sulfur atom; H is a
nydrogen atom; R1 and R2 each is an alkylene Or an alkenylene
group having 1 to 6 carbon atcm(s) which may have an alkyl group
having 1 to 6 carbon atom(s), a cycloalkyl group having 5 to

10 carbon atoms, an aryl group having 5 to 10 carbon atoms, or

a hydroxyl group as a substituent, and in which the one carbon

may be replaced to a silicon atom and one mcoiety thereof may

have a phenylene group; and each of R3 and R4 independently is
an alkyl group having 1 to 6 carbon atom(s), a cycloalkyl group '

having 5 to 10 carbon atoms, or an aryl group having 5 to 10

carbon atoms, and any one of them may be hydrogen).

2.iﬂuamodifiediﬁmzexchange:resinem:cordingixfCiaim]d wherein
in the compound represented by the above Formula 1, Rl ig an
zlkylene group having 1 to 6 carbon atom(s) which may have an
alkyl group haviﬁg 1 to 6 carbon atom{sg), a cycloalkyl group
having 5 te 10 carbon atoms, an aryl group having 5 to 10 carbon

atoms, or a hydroxyl group as a substituent, and one moiety



45 thereof may have a phenylene group; and each of R2, R3, and R4
independently is (1) an alkyl group having 1 to 6 carbon atom (s) which
51~ 1may have a hydroxyl group or an aryl group having 5 to 10 carbon atoms
as a substituent or (2) an aryl group-having 5 to 10 carbon atoms, and
any one of R2, R3, and R4 maybe hydrogen. 3. The modified acidic ion
exchange resin according to Claim 1, wherein the compound represented
by the above Formula 1 is at least one compound represented by the
t he feltowirgyFormele3rEomiulas) P Sk h IRhefsir P4 aphosphoretid R4
atom; S is a sulfur atom; H is a hydrogen atom; and n is an integer of 1 to
indePeadEne modifiedlacitic forkeXcHangerasin tegokdiiy toCIaRR™M 0T (5
wherein the compound is ionically bonded to 0.1 to 50 mol% of total
wh i cleidie fuhetiohah grolrexistinglifnthe aefdie lof BXéhaigeesii 5 The® 0
modified acidic ion exchange resin according to any of Claims 1to 3,
10 guareln teoasidizdon exeharige it btdired b By idtrédGiing Baving
sulfone group into a styrene polymer and/or a styrene-divinylbenzene
5 tocopslyriena: ieadalyst I proekRiRg BidpHefold stbd it thaier o gen -

acidic exchange resin of any of claims 1 to 4.

3. The modified acidic ion exchange resin according to Clain
1, wherein the compound represented by the above Formula 1 is
at least one compound represented by the following Formula 3:

{Formula 3)

QL

SH
a

{(wherein, P is & phosphorous atom; S is a sulfur atom; H is a

hydrogen atom; and n is an integer of 1 to 4).

4. The modified acidic ion exchange resin according to Claim
1 or 2, wherein the compound is ionically bonded to G.1 to 50
nol% of total acidic functional group existing in the acidic

ion exchange resin.

5. The modified acidic ion exchange resin according to any of

Claims 1 to 3, wherein the acidic ion exchange resin is obtained



7. A process for producing bisphenols comprising reacting a phenolic
compound with ketones and/or aldehydes by using the modified acidic ion
exchange resin of any of claims 1 to 4 as a catalyst. 8. The process for
producing bisphenols according to Claim 7, wherein the phenolic
compound is phenol and the ketoné®is acetone. 9. A process for
producing mercaptoalkyl phosphonium compounds comprising reacting a
by Nalagenqalkyl phosphanitm compound:and, thiourea Jo prepate aana/or a
isothiouronium salt, and then producing a mercapto alkylphosphonium
styeompednd: tiomthe isethitreniymesalt. 10. The process for producing
mercaptoalkyl phosphonium compounds according to Claim 9, wherein
the halogenoalkyl phosphonium compound is a bromobutyl
triphenylphosphonium compound, and the mercaptoalkyl phosphonium
5 combolRERb I mertaptBBLI 1BherIBRBEERORIUN EBRpoLRE: SFLE30E™
ac M ABSIRALT  There js proyided aimegified ion gxchange resin catalyst
which exhibits higher bisphenols selectivity than the conventional
modified ion exchange resins in processes wherein bisphenols are
produced by reacting a phenolic compound with ketones, and to provide
7- such apreeessfof produehiy pisphehbieh gomotlifietiiphlexeanife fésinds &

characterized in that at least ' .
phenolic compound with ketones and/or aldehydes by using the

modified acidic ion exchange resin of any of claims 1 to 4 as a

catalyst.

8. The process for producing bisphenols accecrding to Claim 7,
wherein the phenolic compound i1s phencl and the ketones is

acetone.

9. A process for producing mercaptoalkyl phosphonium compounds
comprising reacting a halogencalkyl phosphonium compound and
thiourea to prepare a isothiouronium salt, and then producing a

mercapto alkylphosphonium compound from the isothiurcnium salt.

10. The  process for producing mercaptoalkyl  phosphonium
compounds accerding to Claim 9, wherein the halogenocalkyl
phospheonium  compound  is a bromcbutyl triphenylphosphonium
compound, and the mercaptoalkyl phosphonium compound 1is a

mercaptobutyl triphenylphosphonium compound.



one compound selected from (A) and (B) shown below is ionically bonded

to an acidic functional group of an acidic ion exchange resin: (A)
SF-1G8éMmpound represented by Formula (1) P12 | R3,, p\ SH KR4~ and (B)

Compound represented by Formuta{2) R3~R2-SH R NR,--SH

ABSTRACT

There is provided.aznodified,ion,exchange resin catalyst
which exhibits higher bisphenols selectivity than the
conventional modified ion exchange resins in processes wherein
bisphénols are produced by reacting a phenolic compound with
ketones, and to provide such a process for producing bisphenols.
}&modified,ion;exchange resin is characterized in that at least

one com@ound selected from (A) and (B} shown below is ionically
bonded to an acidic functional group of an acidic ion exchange
resin:

(A} Compocund represented by Formula (1)

el
A R//

(B} Compound represented by Formula (2}

; and

A
T



