.- 1- DESCRI PTI ON USE OF A MODI FI ED ACI DI C | ON- EXCHANGE RESI N AS A CATALYST
AND METHOD:FOR PREPARI NG BI SPHENOL Techni cal Field The present invention °
relates to the use of a nodified acidic ion-exchange resin as a catal yst
and a mnmethod for preparing bisphenol-tsing the sane. In particular, the
present invention relates to a nodified ion-exchange resin catalyst having
a high reactive selectivity and a nethod for preparing bi sphenol which
conpri ses reacting phenol conpourdd&sS&REH K& one and/or al dehyde in the

f
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with acetone in the #NRSIMRTBODf FARhOREGRRENGS BAGPUENOIA Ssol id acid
catalyst. The reaction mxture includes unreacted acetone, unreacted
phenol, water and other by-products formed by the reaction, in addition to
bi sphenol Téchdbeanmarnect@nponent of the by- products is 2- (2- hydroxyphenyl)
-2- (4- hydroxy henyl) propane (hereinafter, referred to as o,p'-BPA), and
in addition, he | Pe SRRt %ﬂV@phéﬁ@IIEéap@bypbem@b corpafnd, a chronan

conpoundlagg fpé@r u npl.es.of _a honpbgeneous acjd to be used
as a catal yst, %ﬁ% g%eéb §§S%EP§r.Ce§&Pdagna SAFURSE 84992 I1n the case

method for preparing bisphenol using the same. 1In
particular, the present invention relates to a modified
ion-exchange resin catalyst having a high reactive
selectivity and a method for preparing bisphenol which
comprises reacting phenol compounds with ketone and/or

aldehyde in the presence of the catalyst.

. Background Art
Bisphenol A [2,2-bis (4~hydroxyphenyl)propane] is
usually prepared by reacting phenol with acetone in the
presence of a homogeneous acid or a solid acid catalyst.
The reaction mixture includes unreacted acetone, unreacted
phenol, water and other by-products formed by the reaction,
in addition to 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 trisphenol, a polyphenol compound, a chroman

compound and colored impurities.

Examples of a homogeneous acid to be used as a catalyst,



.wher:e the honogeneous acid is used, since it is possible to proceed the
reaction while precipitating crystals of an adduct of phenol wth

bi sphenol A by reacting themat |ower tenperatures, bisphenol A can be
prepared with 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 honbgeneous acid such as hydrochloric acid requires renoval

of the catalyst froma reaction mxture or neutralization of the reaction
m xture, and thus the process becones “conplicated. Honobgeneous di ssol ution
of the acid in the reaction solution further causes corrosion of apparatus

used in the.reaction., Therefore, the reacti apparatus vessels should be

made of SRS e,hﬁé%?g%%?%gie&lgm gL PuERts Asdichg umcahsm%aaq% As a

solid acu%_catqh%gt a sulfonic_acid-type cation- excgag e resi,n.is usually
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reaction rate is red. us, generally a I provi ng
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containing a nmercapto group to coexist In ystem
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a conmpound containing a nercapto group, such as al kylnercCaptan together
the amount of the by-produced o,p'-BPA as an isomer thereof.

- However, the homogeneous acid such as hydrochloric acid
requires removal of the catalyst from a reaction mixture or
neutralization of the reaction mixture, and thus the process
becomes complicated. Homogeneous dissolution of the acid in
the reaction solution further causes corrosion of apparatus

- used in. the reaction. Therefore, the reaction apparatus
vessels should be made of expensive, anti-corrosive
materials, thus being uneconomical.

As a solid acid catalyst, a sulfonic acid-type cation-
exchange.resin is usually used. The reaction for preparing
bisphenol A essentially proceeds only with an acid catalyst,
but if such a solid acid catalyst is used, the process in
which acetone diffuses from the surface 6f the catalyst
Iparticles to an active site on the catalyst is involved, and
thus the reaction rate is lowered. Thus, generally a method
for improving the catalytic activity and the selectivity
comprises allowing a compound containing a mercapto group to

coexist in the reaction system. Specifically, there may be



W th phenyl and acetone as raw materials, through a fixed bed reactor
filled wwth a sulfonic acid-type cation-exchange resin (Japanese Exam ned
Pat ent Application Publication No. 45-10337, US Patent No. 6414200), a

nmet hod for covalently binding a part of sulfonic acid groups of the

sul fonic acid- type cation-exchange resin with a conpound containing a
mercapto group, and a nethod for ionically binding a part of sulfonic acid
groups in a sulfonic acid-type cation-exchange resin with a conpound
containing a nercapto group (Japanese cam ned Patent Application
Publ i cation No. 46-19953). In the nethod for passing a free type of a
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mercapto group is small, and thus it is not necessary to recover the

conpoundbGadtidighian @A T €aPi Dfonic acid groups of the sulfonic acid-
type cation-exchange resin with a compound containing a
mercapto group, and a method for ionically binding a part of
sulfonic acid groups in a sulfonic acid-type cation-exchange
resin with a compound containiﬁg a mercapto group (Japanese
Examined Patent Application Publication No. 46-19953). In
the method for passing a frée type of a compound containing
a mercapto group, such as alkylmercaptan together with
phenol and acetone as raw materials, through the fixed bed
reactor filled with a éulfonic acid-type cation-exchange
resin, since a certain amount of a compound containing a
‘mercapto group is usually allowed to exist'in the reaction
system, the compound containing a mercapto group may cause
the coloration of bisphenocl A, although it is advantageous
in that deterioration of the catalyst is small. Thus, the
cdmpound‘containing a mercapto group should be removed and
recovered. On the other hand, in the method for binding a
part of the sulfonic acid groups in a sulfonic acid-type

cation-exchange resin with a compound containing a mercapto



.group, as conpared to the nethod wherein a free type of a conpound
containing a nercapto group exists in the reaction system |In particular,
Japanese Unexam ned Patent Application Publication Nos. 08-187436,

- 08-089819 and 10- 211433 describe that a sufficient reaction rate of
acetone is obtained by nodifying the structure of a conmpound containing a
mer capt o group which binds to a strongly acidic 1ion-exchange resin. On the
ot her hand, for exanple, it has also been reported that the activity of a
sul fonic acid-type cation exchange resi i as an acid catal yst is inproved,
whi ch has been |lower than that of the previously described honbgeneous
acid. First, in the case where a particle dianmeter of a sulfonic acid-type
cati on- ef¢itihge Yesii e6vBatagesyss 1ar fhat dhscelatie pEabbeorqurpeund
material s _dqQ not, sufficiently diffuse wthin_the particles, a sufficient
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Application Publication Nos. 08-187436, 08-089819 and 10-

211433 describe that a sufficient reaction rate of acetone
is obtained by modifying the structure of a compound
containing a mercapto group which binds to a strongly acidic
ion—-exchange resin.

On lthe other hand, for example, it has also been
reported that the activity of a sulfonic acid-type cation-—
exchange resin as an acid catalyst is improved, which has
‘been lower than that of the previously described homogeneous
acid. First, in the case where a particle diameter of a
suifonic acid-type cation-exchange resin to be used is large,
since the reaction raw materials do not sufficiently diffuse
within the particles, a‘sufficient conversion of écetone is
not obtained. Thus, Japanese Unexamined Patent Application
Publication No. 62—178532 proposes to use the fine particles
having an effective diameter of 0.3 mm of lesé, or the fine-
powdered sulfonic acid-type cation-exchange resin. Further,
Japanese 'Unexémined Patent Application Publication No. 6-

340563 likewise provides a particle diameter of a sulfonic



.describe a method for formng a sulfonic acid-type cation- exchange resin
product having a desired particle dianeter. As such, the particle dianeter
of a sulfonic acid-type cation-exchange resin is an inportant factor in
obtaining a sufficient reaction conversion. In addition, various kinds of

i nprovenents on the structure of a resin product which is a base materi al
of a sulfonic acid-type cation-exchange resin have been nmade. The

sul fonic acid-type cation-exchange resin is a resin obtained by

sul fonating a styrene-divinbeenzene'b&%d]yner which i s obtained by

radi cal ly copol ynerizing styrene and divinyl benzene. The divi nyl benzene in

pol ymeri zati.on does onl revent a polystyrene chain from di ssol ving
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As such, the particle diameter of a sulfonic acid-type

cation-exchange resin is an important factor in obtaining a
sufficient reaction conversion.

In addition, wvarious kinds of improvements on the

+ . structure of a resin product which is a base material of a

sulfonic acid—typé cation-exchange resin have been made.

The sulfonic acid-type cation-exchange resin is a resin

obtained by sulfonating a styrene-divinylbenzene copolymer

whichl:hs obtained by radically copolymerizingistyrene and

divinylbenzene. The divinylbenzene in polymerization. does

not only prevent a polystyrene chain from dissolving in an

organic solvent, but also it is an important factor in

controlling the size of a pore (a gel micropore) of the

sulfonic acid-type cation-exchange resin formed by capturing

a polar solvent by its content, or the mechanical strength

of the sulfonic acid-type cation—exchange resin. In other

words, a sulfonic acid-type cation-exchange resin with a low

content of divinylbenzene has a high catalytic activity due

to a large gel micropore, but the mechanical strength is low.



-di viinyl benzene, there may be nentioned one which forms a |arge hole having
a size of 20 nmor nore, referred to as a "macropore” wthin the particles
by a physical treatment in order to inprove the diffusion within the
particles. However, in the case where an ion-exchange resin having

macr opor es adsorbs nol ecul es having high polarity, such as water, a
crosslinked structure tends to inhibit the bulge of particles caused by
the swelling, which eventually collapses when it can no | onger endure the
pressure fromthe swelling. Japanesé’@hékanined Pat ent Application
Publication Nos. 5- 97741 and 6- 320009 descri bes a nethod whi ch conpl enents
the respective defects by sinultaneously filling a sulfonic acid-type
cation-eQEh m Havthg gapswdeitenihofcorsihy thergehe igndigh,

sul foni c,aci d-type cation-exchange , resin having a high content of
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y-product recovering process camn be reduced Tn the preparation process

and a large hole having a size of 20 nm or more, referred to as a
"macropore” within the particles by a physical treatment in
order to improve.the diffusion within the particles. -

However, in the case where an ilon-exchange resin having

macropores adsorbs molecules having high polarity, such as
water, a crosslinked structure tends to inhibit the bulge of
particles caused by the swelling, which eventually collapses
when it can no longer endure the pressure from the swelling.
Japanese Unexémined Patent Application Publication Nos. 5-
37741 and 6-320009 describes a method which complements the
respective defects by simultaneously filling a sulfonic.
acid-type cafion—exchange resin having a low content of
divinylbenzene and a sulfonic acid-type cation—éxéhange
resin having a high content of divinylbenzene.into a reactor.
Further, WO 2000/00454 (Nippon Steel Chemical Co., Ltd.)
reports an improvement on a reaétion conversion, suggesting
a sulfonic acid-type cation-exchange resin having large gel
micropores by using large molecules such as divinylbiphenyl

P
instead of divinylbenzene.



phenol /acetone ratio as raw materials can be reduced by elevating the
reaction tenperature without deteriorating the selectivity, and thus the
cost for-recovering the phenol can be largely reduced. Here, the reduced

| evel of the activity can be conpensated by increasing the reactor size,
wherein the increase in cost in the preparation of bisphenol is extrenely
small. Further, in view of the industrial applications, it is desirable to
inmprove the life of catalysts. Therefofie~ the devel opnent of a catal yst
having a high selectivity and a long life time is demanded. [Patent
Docunment 1] US Patent No. 6,414,200 [Patent Docunent 2] Japanese Unexam ned
Patent Appli dati sichublvaaiooa NoeciBoD89849 Juwrar peeh t BRahivedt ifsrin a
first, aspect, there is provided the use of a nodified acidic ion-exchange
resin as Bheatal§systor bptepamiendrabilsepdmnshtisfiecebnyawiltaste eactkitel of
cationic conpound selected fromthe followng (A, (B), (O and (D

i oni cal | y*P®i ABsSEBiNALYei dETenundtsrondhe grobpvdt yadeaciedises onlk extethiange
resin: %gz A cationic conpound represented by the formula (1): 7a R +
Ra-fr-- fFB”:wHérePﬁsﬁqE@Gre§@nt§eHeéﬁ@5phor©@talEﬁt ahdviReg R, WR3tand

R4 independent]ly represent a hydrogen atom or an al kyl group, an aryl
group or H %‘ka%‘ﬁjytij'r ouﬁ?e ed@PGINAieh ddif ains by-pFoduct recovering

process can be reduced. in the ;preparafion process and a
"phenol/acetone ratié‘ as raw materials can be reduced by
elevating the reaction temperature without deteriorating the
selectivity, and thus the c¢ost fdr;recovering the phenol can
be largely reduced. Here, the reduced level of the activity
can be compensated by increasing the reactor size, wherein
the increase in cost in the preparation of bisphenol is
_extremely small. Further, in view of the industrial
applications, it is desirable to improve the 1life of
catalysts. Therefore, the development of a catalyst having
a high selectivity and a long life time is demanded.

[Patent Document 1] US Patent No. 6,414,200

[Patent _.Document 2] Japanese Unexamined Patent

Application Publication No. 08-089819

Summary of the Invention

In a first. aspect, there is provided the use of a
medified acidic ion-exchange resin as a catalyst for preparing
bisphenol, wherein at least one kind of cationic compound
selected from the following (A), (B), (C) and (D) ionically
binds to an acidic functional group of an acidic ion-exchange

resin: (A) A cationic compound represented by the formula (1):



20 carbon atons and does not contain any of a nercapto group and a
precursor thereof, provided that atj;l east one of Rl, R2, R3 and R4 is a
group other than a hydrogen atom (B) A cationic conpound represented by

the formula (2): ~ (R NR2 Rs,(2)_whe{gin Nrepresents a nitrogen atom
R1, R2, R3 and R4 independentfy r@pre ent an al kyl group or an aryl group,
each of which contains 1 to bBa jat ons and does not contain any of a

mercapt o group, a precursor there ang an am de bond; (C) A cationic
conpound represented by the formula (3): R--14 (IR2 WRs (3) wherein P
represents a phosphorus atomp and Rl, R2, R3, R4, R5 and R6 independently.
represent a hydrogen atom or an al kyl jroup, an aryl group or an al koxy
group, each "SFRAMITEIF TOMRFMLL  oPDOsehpEBR atems ard &oesRaotRscéndain

any of 3 HBEGERLSN0NQURepd RESRULSH LhBIERT AN, a0, aghde: RO g oppovi ded

that at | east one o , R4, "R5 a IS a group o than a
hydr ogen atgd guwhg B)r Aacadl boky Nrosphstdaait edf niticlyenesbaiasningo
und. whi ch d8e not contain any o rcapto group, a
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ni tr ogandcanaicdduiGor thereof, provided that at least one of R;, R,
R; and Ry is a group other than a hydrogen -atom; (B) A cationic

compound represented by the formula (2):
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Re~

Bz

PR (2)

wherein N represents a nitrogen atom; R;, Rz, R3; and Ry
independently represent an alkyl group or an aryl group, each
of which contains 1 to 20 carbon atoms and does not contain
any of a mercapto group, a precursor thereof and an amide

bond; (C) A cationic compound represented by the formula (3):

+

Ry ’5?%5
R{TP=4¢=P
K Re

o | . 3

wherein P represents a phosphorus atom; and Ri, Rz, Rs, Ry,
Rs and Rg independently represent a hydrogen atom, or an alkyl
group, an aryl group or an alkoxy group, each of which
contains 1 to 20 carbon atoms and does not contain any of a
mercapto group, a precursor thereof and an amide bond,
provided that at least one of Rl,-Rz, Ri3, R4, Rs and Rg is a
group other than a hydrogen atom; and (D} A cationic N-

substituted nitrogen-containing arcomatic compound which does

not contain any of a mercapto group, a precursor thereof and



aromatic conmpound is an N-nethylpyridiniumsalt, a cetylpyridiniumsalt, a
dodecyl pyridiniumsalt, an N met hy?Bui noliniumsalt or an
N-et hyl quinoliniumsalt. In a second aspect, there is provided a nmethod for

preparing bi sphenol conprising reacting phenol conpounds with Kketone
Bnds or T d@mﬁ@, Rifistei W e he! fodPtfed! atids &1 F ehedexd harge resint s ded i ned

above israeedias aceapalwst. L a third @ﬂggﬁﬁéégﬁgiﬁuﬂr ovigdg a et hod

for preparing bisphenol conprising reacting p conmpounds W't ket one,
wher ei re&t YRy Fi@dnaeindi 54 bn- exehangedeeyilpyinidihiicim  ataleast ane Kid of

tioni I _ the . follow ng. . {(B), (C d (D
?gn: 82: PS/ nﬁgwgfgﬂ%gggsgﬁgiogﬁnéﬁi Slﬁ%tl‘g’rylﬂn]‘g”éﬁjéhl(‘ﬁ%i%q(#i 22- eic%ange
resin, is used @& ®seccatdal pspectd) Aheat onisc poopdded represenhtdd byrt he
f I ). . Ro-:~-R2 . 1) . wherein P t hosph . at
and RLPHE RS RIS Rle PR chreStht aoReBPbo SRR A al ky!
group, keforad YlargiQip 1h @ KOX Vo0 eged ofoahi chycot giins 1igQ- 20

carbon atons and does not contain a nercapto group and/or a precursor
t her eoffX PRI tf tHataatde elaxed geowd R, uped ®3 andat®AvES-a group ot her
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preparing bisphenol comprising reacting phenol compounds with
ketone, wherein a modified acidic ion-exchange resin in which
at least one kind of cationic compound selected from the
following'(A), (B}, (C}) and (D) ionically binds to an acidic

functional group of an acidic ion-exchange resin, is used as a

catalyst: (A) A cationic compound represented by the formula
(1):
+
B\
.m_
- (1)

wherein P represents a phosphorus atom; and R;, Ry, R; and
Rq independently.represent a hydrogen atom, or an alkyl group,
an aryl group or an alkoxy group, each of which contains 1 to
20 carbon atoms and does not contain a mercapto group and/or a
precursor thereof, provided that at least one of Ry, R, R; and
Ry is a group other than a hydrogen_ atom; (B) A cationic

compound represented by the formula (2):

4
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RNR,
Ry



(2) 7c wherein Nrepresents a nitrogen atom and Rl, R2, R3 and R4

i ndependent|ly represent: an al kyl agioup or an aryl group, each of which
contains .1 to 20 carbon atonms and does not contain a mercapto group
and/ or a precursor thereof; (C A cationic conpound represented by the
formula (3): (R? ~R3 R6 (3) wherein P represents a phosphorus atom and
R1, R2, R3,w§ée1r .R5 and R6 i ndependently represent a g¥drogen ato or an
al kyl  groufCaREr VI TGPEGESBFSaf EHETATY GhPMieddK! & - whechR3 alans 1
to 20 ¢cadbpAndLANE yaRepdeesnRal a¢Oonhal g
precur sar ?hereof,yg[ovided t hat at Iégéﬁﬁgﬁggaggqﬁigégg? ﬁggﬁéh,éﬁghand R6
is a gPbuphétheCoHtianireg hy drpgeh carban atemsDRnA chtdsomet Nesubstnt at ed
nitro z i ni ar ' o] ich_does pot ntain_a, nercapto
groupgﬁgﬁ% g?éa ?%% r§%?ﬁilgr%oP$9§Eg%§gﬁ s%?%r%EQUbs@ﬁtu?bdcatlonlc

ni t r ogepmpontdi nepgearanati bycahpodnadmud san A-:net hyl pyridinium salt, a
cetylpyridiniumsalt, a dodecylpyridiniumsalt, an N- nethyl qui nolinium
salt or any N-et hyl qui nald nium salt. Disclosure of the Invention An ai m of

t he enbodineﬂbs disﬁhos d herein i's to provide an ion-exchange resin

cat al yst cf-thsRaRsi gher selectivity to bisphenol, as conpared to
convent i ohal Rgon- exBgange resins, wused in a nethod for preparing bisphenol
by reactin «-- {3}

wherein P represents a phosphorus atom; and R;, Rz, Ri, R,
Rs and Rg “independently represent a hydrogen atom, or an alkyl
group, an aryl group or an alkoxy group, each of which
contains 1 to 20 carbon atoms and does not contain a mercapto
group and/or a precursor thereof, provided that at least one
of Ri, R2, Rz, Rgq, Rs and Rg is a group other than a hydrogen
atom; and (P) A cationic N-substituted nitrogen-containing
aromatic compound which does not contain a mercapto group
and/or a precursor thereof, wherein said N-substituted
nitrogen-containing aromatic compound is an N-methylpyridinium
salt, a cetylpyridinium salt, a dbdecylpyridinium salt,‘an N-

methylguinolinium salt or an N-ethylquinolinium salt.

Disclosure of the Invention

An aim of the embodiments disclosed herein is to provide
- an ion-exchange resin catalyst which has a higher selectivity
to bisphenol, as compared to conventional ion-exchange resins,

used in a method for preparing bisphenol by reacting

i+



8 phenol conpounds with ketone and a nethod for preparing the sane. The

i nventors have conduct ed extensive studies to solve the problens, and as a

result, they have found that by using as a catalyst, an acidic

i on-exchange resin in which at |east gne kind of cationic conmpound

sel ected from conpounds represented by the fornmulae (1), (2) and (3), and

an N-substituted nitrogen-containing aromatic conpound, ionically binds to

an aci di cpohdnsti eRaboudHeUR :@f, § cidic.ion-exchange resin, the
sel ectivity to bis%ﬁgnol cé%%bégﬁﬁ%F%é%g% %Hﬁef%%gag?Fva§98Flpﬁe
sel ecti vi Eyeofamecat al yst can al so-be mai ntained for a |onger period of

time, and accordi ngly bi:sphenol can be obtained with a high yield. Thus,
t hey have conp&gFegn¥ﬁ8toﬁ?e ent Fﬁvﬁ¥ﬁ3§ﬁ# P HE® wor ds, di scl osed

herein isstheiesetcobodeathdi prdaRmEXChanges s esi paa512, cahalyatJor
prepari ng_bi sphenol, wherein said acidic ion exchange resin is neutralized

with at t@38¢ bhRtkPHdusingasson cadennoind ael @ct@icf tom-ehehangrpounds
representggds by RHGWB%HUEE_G:L&QS% Pk %\%ﬂneé g%% &2%%{‘}&2‘%%@55%@3;“

ni t rogen-contai ni ng aromati ¢ conpound

ni t r ogen-2oheat adnjranomanpoundspewpd dss=rafed Nbyethy | fyFhdiatumsal t,
an N-net hyl qui nol i ni um

acttylpyr'égrgg$1%? t,_a, dodecyl pyridi niumsalt, hyl
salt or an N-“etrhy uiﬁB?iﬂPqu§H i uwachinitreanpreen kgl hbhegi on- exchange
resin, antdanaeldodompbuRd EPAHhIEaRNIPRENs U Nh 18 qic Functional
group of the acidic ion-exchange resin, the selectivity to
bisphenol can be increased and the activity or the
selectivity of a catalyst can alse -be maintained for a
longer period of time, and accordingly bisphencol can be
obtained with a high yield. Thus, they have completed the

present invention.

In other words, disclosed herein is the use. of an acidic
ion-exchange resin as a catalyst for preparing bisphenol,
wherein said acidic ion exchange resin is neutralized with at
least one kind of cationic compound selected from the
compounds represented by the formulae (1), (2) and (3), and an
‘N-substituted nitrogen~containing aromatic compound wherein
said N—substitgted nitrogen—contaiﬁing aromatic compound is an
N-methylpyridinium salt, acetylpyridinium salt, a
dodecylpyridinium salt, an N-methylquinolinium salt or an N-
ethylquinolinium salt, a catalyst comprising the ion-exchange
resin, and a method for preparing bisphenol using the

catalyst,.

Best Mode for Carrying Out the Invention
As an jon-exchange resin used in the present

invention, an acidic ion-exchange resin is preferable, and

it includes,



.catal yst. Best Mdde for Carrying Qut the Invention As an ion-exchange resin
used in the present invention, an acidic ion-exchange resin is preferable,
and it includes, 9 for exanple, one in which a sulfone group is
introduced into a styrene-divinyl benzene copolymer which is referred to
as a general strongly acidic ion-exchang® resin and a perfluoroal kyl

sul foni c aci d-based resin such as Nafion. A nodified acidic ion-exchange
resin used as a catalyst for preparing bisphenol according to the present

i nvention c&®r bexatpbé nednby inomhdald w Bidididige ag-b68Sts onerkiinde.af

cationic co gqg selectegdtronythe conpounds represented by the fornul ae
(1), (2) anghz )¥ ahd? BRNRE IS YR EYILbSNE@ NS (Guekvment Whhthgiar oefiekced

conmpound whes ed$ bisks P\s SUBE Eb Wt isty.:0g0en-co i nj aromat i ¢ ,conmpound
is an N_WE%Q%% r?Z?%iun1salt, agé?SFg§$?'|§?ﬂﬁ1€%€#$h§g 45388y PG fdi ni um
salt, an N é%h%ﬁﬁ?kﬁYhiﬁﬁi§ahﬂcoacammu&aﬂdnﬁesdmokh@huassahfioho an

phosphor US. at oM Sl Fy o I AR R L) RERRo8BNE & hydr ogen

atom or aatalydt Frauprapanih Biepheo1ak R InGr OYPynEaGh 0k nt
invention can be obtained by ionically binding at least
one kind of cationic compound selected from the compounds
represented by the formulae (1), (2) and (3) and an N-
substituted nitrogen-containing aromatic compound wherein
said N-substituted nitrogen-containing aromatic compound
is-an-N-methylpyridinium salt, acetylpyridinium salt, a
dodecylpyridinium salt, an N-methylguinolinium salt or an

N-ethylquinolinium salt, to an acidic ion—-exchange resin.

Y
- i24"1f“1§z’
Rs
| (1)

--wherein P represents a phosphorus atom; and Rj, Rz, Rs
apd=R4rindependently represent a hydrogen atom, or an
alkyl group, an aryl group or an alkoxy group, each of
which contains 1 to 20 carbon atoms and does not contain
.any of a-mercapto group and a precursor thereof, provided

~ that at least one of Ris Rey Ry and R4 is a group other
than a hydrogen atom, that is, a phosphonium ion, PH," is

excluded;

. .qh .
R@—{F—RQ

Ry



whi ch contains 1 to 20 carbon atons and does not contain any of a-nercapto
group and a precursor thereof, provided that at |east one of Rl, R2, R3
and R4 is a group other. than a hydrogen atom that is, a phosphoniumi on,
PHA+ is excluded; . (R4 -NRR2 I R3 (2) 10 wherein N represents a
nitrogen atom and Rl, R2, R3 and R4 independently represent an al kyl
group or an aryl group, each of which contains 1 to 20 carbon atons and
does not contain any of a mercapto grg a precursor thereof and an,

am de bond; and RWP~R (3) wherein Pr gresents a phosphorus atom and R1,
R2, R3, R4, R5 and R6 independently represent a hydrogen atom or an aIkyI
group, an aryl rou or an al koxy group, each of which <contains 1 to 20
carbon atons gﬂ TbRsNnFEREGRER YT £ ?ﬁ#%@&ﬁ% YES0p aRd/ Bns aRpr Rurdst

t her eof prov ded_t.ha | east one of Rl, R2, R3, R4, R5 and R6 is a
group ot Rér* Reﬁdeﬁ%&%dﬁ?%&?%‘?ﬁ T ViBn ALkl &F%&h‘éﬁgénr eVl i E MR fi ed
with the t| ic ound, repre ented y th ormula (1 a nethod  for

i on- exchanglndggn Q%F TRt Endl 5 %ﬁﬁlléﬁpms dra does not

Vcontaln any of a mercapto group, a precursor thereof and an.

amide bond; and

Ry R4
Rz~ \
Ry R¢

(3)

wherein P represents a phosphorus atom; and Ri;, R;, Ra,
.R4, Rs and R¢ independently represent a hydrogen atom or an
alkyl group, an aryl group or an aikoxy group, each of which
contains 1 to 20 carbon atoms and does not contain a
mercapto group and/or a precursor thereof, provided that at
- least one of R;, Rz, Rs, Ry, Rs and RG is a group other than a

hydrogen atom.
When the ion-exchange resin is modified with the
_cationic compoUnd represented by the formula (1), a method
for ion—exchanging an acidic functional group of the ion-
- exchange resin with the.cationic compound represented by the
formﬁla (L) can be used, but a neutrally charged compound
‘represented by the fbrmula {4) as a precursor, may be also

brought into contact with the acidiclion—exchange.resin for

cationization.



.exchange resin with the cationic conpound represented by the formula (1)
can be used, but a neutrally charged conpound represented by the formula
(4) as a precursor, nay be also brought into contact with the acidic

i on-exchange resin for cat ionization. - 11 - F1 RR2 R (4) wherein P
represents a phosphorus atom and Rl, R2 and R3 independently represent a
hydr ogen atom or an alkyl group, an aryl group or an al koxy group, each
of which contains 1 to 20 carbon atong. and does not contain any of a
mercapto group and a precursor thereof; provided that at |east one of Ri,
R2 and R3 is a group other than a hydrogen atom that is, phosphine, PH3
is excluded. The cationic conpound represented by the formula (1), which
is used int present invention, is the conpound wherein P represents a
phosphorus at'$h1 and R1, R2, R3 and R4 independently represent a hydrogen
atom or an kgszgroup, an aryl group or an al koxy group, each of which
contains 1 t carbon atons, preferably 1 to 16 carbon atons, and nore
preferably 1 12 carbon atons and does not contain any of a mercapto
group and a precursor ;hgr?gL, and at |east one of Rl, R2, R3 and R4
represents an al kyl group, aryl group or an al koxy group, each of which

contains 1 tOyherein P represents a phosphorus atom; and R;, R, and
R; independently represent a hydrogen atom, or an alkyl
group, an aryl group or an alkoxy group, each of which
contains 1 t.o 20 carbon atoms and does not contain anﬁr of a
mercapto group and a precursor thereof, provided that at
least one. of Ry, R; and Ry is a group other than a hydrogen
atom, that is, phosphine, PHs is excluded.
The cationic compound represented by the formula (1),
‘which is used in the_present invention, is the compound
wherein P represents a phosphorus atom; and R;, R;, R; and Ry,
i_ndépendently répresent a hydrogen atom, or an alkyl group,
an aryl group or an alkoxy group, each of which contains 1
to 20 carbon atoms, preferably 1 to 16 carbon atoms, and
more preferably 1 to 12 carbon atoms and does not contain
any of a mercapto group ahd a precursor .there-of, and at
1 least one Qf Ri, Rz, R; and Ry represents an alkyl group, an
aryl droup or an alkoxy group, each of.which contains 1 to
20 carbon atoms, preferably 1 to 16 carbon atoms, and more
‘ preferably 1 to 12 carbon atoms and does not contain any of
a mercapto group and. a precurscr thereof. The expression

"independently" indicates that R;, R,, Rs and R, may be the




.20 carbon atons, preferably 1 to 16 carbon atons, and nore preferably 1 to

12 carbon atons and does not contain any of a nmercapto group and a
precursor thereof. The expression "independently" indicates that Rl, R2,
R3 and R4 may be the 12 same or different in structure. The structures of
Rl, R2, R3 and R4 are not particularly Iimted to other structures, if
they do not contain any of a nercapto group and a precursor thereof. They
may contain a functional group such as g am no group, an anmoni um group,
a carbonyl group, a carboxyl group, ulfonyl group, a sulfone group, a
hydroxyl group, a nitrile group, a nltro group and an al koxy group, and a
hal ogen atom Fun%ﬂgE, Rl, R2, R3 and R4 nag bind with each other to form
a ring. B &ddti %?%?Ech?sﬁFrBFtHrenerg Bt 6 tgrehpresdicdates EzneReapt o
gr oup- prod g recursor, for _ ex such as thiazolidines, thloethers
and dlsulafnl ég“ ar‘ﬁe«a Rt BEFEElE&PrﬁS?}? %%%n?%dOEPGFhétfr&cﬂrﬁs( )t

whi ch |s gg tQ@ pre genk i_nvent is the congound wherein
represents INQrogen At ot “afdYRY, F%Zm%@c%BHORﬁr Pﬁdéﬁgn@eMH%Fqﬁﬁﬁ%sent

hyd Kk | k h
o, A oge AL, Of AR OLBMR, O AU o B ALoN, grot eac

d . f t
oIS T ) RSB A ST A

ggoug? e§§ﬁ@§ﬁ é%Pf@ﬁ?Pt%r@ﬂp,a%k¥hﬂgﬁﬁﬂ?’g?@uﬁfyg %&%&Bx@ﬁ YL@k oxy
a nitrile group, a nitro group and an alkoxy group, and a
| halogen atom. Fﬁrther, Ri, Ry, Rz and Ry may bind with each
other to form a ring. In addition, a precursor of. a
mercapto group indicates a mercapto group-producing
precursor, for exémple, such as thiazeolidines, thioethers
and disulfides.

The cationic compound represented by the fdrmula (2)?
which is wused in the present invention, is the compound -
wherein N represents a nitrogenratom; and R;, R,, Rz and R4
independently represent a hydrogen atom, or an élkyl group,
an aryl group or an alkoxy gréup, each of which contains 1

“to 20 carbon atoms, preferably 1 to 16 carbon atoms, and
more preferably 1 to 12 carbon atoms and does not contain
any of a mercapto group,’ a-p;ecursor thereof and an amide
bond, and at least_one of Ri, Ry, Rs and Rs; represents an
alkyl group, an.aryl group or an alkoxy group, each of which
contains 1 to 20 carbon atoms, preferably 1 to 16 carbon
atoms, and more preferably 1 to 12 carbon atoms énd does not

contain any of a mercapto group, a precursor thereof and an



contains 1 to 20 carbon atons, preferably 1 to 16 carbon atons, and nore
preferably 1 to 12 carbon atons and does not contain any of a nmercapto
group, a precursor thereof and an 13 am de bond. The expression
"independent|ly" indicates that Rl, R2, R3 and R4 may be the same or,
different in structure. The structures of Rl, R2, R3 and R4 are not
particularly limted to other structures, if they do not contain any of a
mercapt o group, a precursor thereof gngBan am de bond. They nmy contain a
functional group such as an anino group, an ammoni um group, a carbonyl
group, a carboxyl group, a sulfonyl group, a sulfone group, a hydroxyl
group, a_ni.t i%%ﬁfgro , a_nitro . groyp and an aIko&K group, and a hal ogen
atom FAPYRE PR RZPEREFDTESRA Fay BidrPshdenteach iderates f bhat alining.
I n additi,on, .a precyrsor._of a rcapto group. _indicates a nmercapto
group-proﬂﬁcﬁﬁggﬁaegﬁr%%¥?b?oF Bxd Fe9%7§ﬁ&#€£§qqﬂ%ﬁxﬁﬁ¥ﬁqﬁ%F t hi'h& her s
and di sul_f.i X t her, a cationic ubstituted nitrogen-gontainin
aronaticsggﬁgﬁﬁﬁggiégg $H't%% prles ‘{+€ﬁv%ﬁ?i88%d8@§ ﬁ&gia gﬁ? *P%Féh

mer capt 0:gro / qQx r sot, -of mergapto . group. ln additiop, a ring
Cont i i kg SRR SR BALERY Phe® Relh B8 Bppd: Polalf "ERV! ISP 4

3. mermber B LT ha ST iors BEFerEay Boboro e B My o

8-nmenbered ring, and "nore prefera o] eredring. 1na

this compunebieyiRead fRNOCKGdC geBRRUNd, & 8sPAYCYRIAS oERIRouUNd,
havi ng a condensed ring, and the nunber of nitrogen atons ngy be one, or 2
or. more. akl@nGain ORfrouy,SURSt idaHRfhyl group, a carboxyl group, a
sulfonyl group, a sulfone group, a hydroxyl group, a nitrile
group, a nitro group and an alkoxy group, and a halogen atom.
Further, R;, Rz, R3 and R; may bind with each other to form a
ring. In addition, a precursor of é mercaptc group
indicates a mercapto group-producing precursor, for example[
such as thiazolidines, thioéthers and disulfides.
Further, a cationic N-substituted nitrogen-containing
" caromatic compound. used in the present invention does not
contain a mercapto group and/or a precursor of -a mercapto
group. In addition, a ring containing a nitrogen atom in
the cationic. N-substituted nitrogen-containing aromatic
compound represents preferaﬁly a 3- to 8-membered ring, and -
more preferably a 5- to 7-membered ring. In addition, this
compound may be a monocyclic compound or a polycyclic
compound having a condensed ring, and the number of nitrogen
atoms may be one, or 2 or more. The cationic N-substituted
nitrogen-containing aromatic compound includes, for example,

a compound having a pyridine ring and a compound having a



-ni trogen-cont ai ning aromati ¢ conmpound i ncludes, for exanple, a conpound
having a pyridine ring and a conpound having a 14 Quinoline ring, and
preferably used are an N nmethyl pyridiniumsalt, a cetylpyridiniumsalt, a
dodecyl pyridiniumsalt, an N-nethyl quinoliniumsalt, an N ethyl qui nolinium
salt, etc. In addition, in the nmethod1##or preparing bisphenol by reacting
phenol conmpounds with ketone, at |east one kind of cationic conpound

sel ected from.conpounds represented by the forrmulae (1), (2) and (3) and
an N subStiiitede AitfogéRSc BREARARREYarsREt REScafplund wherein said N

subst i t utret HY1tPRg @A NG ARt @iamitr,lgaa%%@&}sgr‘iaﬁﬁ%ﬂdsﬁ an, N- met hyl pyridi ni um
salt, acetylpyridiniumsalt, a dodecCylpyridiniumsalt, an
N et hyl GAIFSYRYEROdalipmosadh, RnelhpegbivhahinpLimsaht sahay @onfai n an

am de bond.hfhe impdiifigd achdi c.i.gn-exchange resin used as a catalyst for
preparing bi'sphenol in the présent ’invention nmay use at |east one kind of
cationi ¢ conpd@nadsielcéoredinf tom mkeéhodnpoungdsepeptegeni eshdyol hey f or nul ae

(D, (2) : n n_N-substitut i trogen-containin romatic

conpoundf%gﬁgﬁe%éPﬁﬁﬁog 88@89H89F0W1gg Eﬁ%oﬁg'nﬁFe.ea%%r? %?¥l$$-%%y be

parti al | yatduiial coegowntihsaleateanrrenhesmpbandat régasieoned kind of

cationi ¢ _.conpound Selﬁi&ed fron1cogyounds represented by the formulae (1),
b :

(2) and (3F T&AGUAASNLdbst P ueBE AP1 r BBEnaR ot arRF REtEEFat i ¢ conpound,
such as aitawgen-vBheal h@AgaldoRaMBEakokBLHRR: wherein said N-

substituted nitrogen-containing aromatic compound is an N-
methylpyridinium salt, acetylpyridinium salt, a
dodecylpyridinium salt, an N-methylguinolinium salt or an
N-ethylquinolinium salt, may contain an amide bond.

The modified acidic ion-exchange resin used as a

_catalyst for preparing bisphencl in the present invention
may use at least one kind of cationic compound selected
from the compounds represented by the formulae (1), (2) and
(3) and an N-substituted nitrogen-containing aromatic
compound, alone or in a combination of two or more.
Further, it may be partially neutralized with a cation

other than at least one kind of cationic compound selected
from compounds represented by the formulae (1), (2) and (3)
and an N-substituted nitrogen-containing aromatic compound,
such as an ammonium cation and a metal cation.

In the preparation of the modified acidic ion-exchange
resin catalyst in the present invention, at least one kind
of cationic compound selected from compounds represented by
the formulae (1), (2) and (3) and an N-substituted
nitrogen-containing aromatic compound, may icnically bind
with a functional group, just before use in the reaction.
Thus,



I'n the preparation of the nodified acidic ion-exchange resin catalyst in
the present invention, at |east one kind of cationic conpound sel ected
from conmpounds represented by the formulae (1), (2) and (3) and an
N-substituted nitrogen-containing aromati c conmpound, may ionically bind
with a functional group, just before use in the reaction. Thus, 15 the
nodi fi ed acidic ion-exchange resin catal yst may be prepared by using the
cationic compound and/or the cationic N-substituted nitrogen-containing
aromatic conmpound in such a state, dinectdy or the precursors thereof. The
nodi fication nmethod is not particularly limted. For exanple, as a sinple
and easy nethod, it may use a nethod for dissolving themin a solvent such

as wat er thed awdidigahi acsialientido-dechanyaht rbBtA CEALAGL M t had | baui d
phase, and in the case of using a volatile material, it may be brought
into conPaePawedh an wshnexthange: it bshiici Botpgand RIRSE £ 0OtARAILY 1bhe ¢
resin. Further, there may be used a nethod for consequently yielding a
form of H-AHEStiddtes dittroganexohsingeminesi arombes €i ReoxpARHA Vaheruanei ght
or an -excessive anount of a cationic conpound or a precursor thereof is
used.-to' ®neutt®f¢ze &dresitlexchamge. thesi mrandrsdhen thedare.exchamge
resin-is brggghtthto contact. with an acidic solution to be returned to be
a partié??? Fait¢ofypdethsnd his| | ket Farariricwlaliky i ohimitkdnge r&sirn
used as a, | yst . ' '

N gxgﬂéfey as a simple and easy method, it may use a method
for dissolving them in a solvent such as water and an
organic solvent to be brought into cbntact with a 1liquid

- phase, and in the case 'of using a volatile material, it may
'~ be brought into ¢ontact with an ion—exchange fesin in a.gas
- phase to modify the resin. Further, there may be used a -
method for consequently yielding a form bf a modified acidic
ion-exchange _résin, - wherein an equivalent weight or an
excessive " amount of a cationic compound orx a precursor
. thereof is used to  neutralize an ion-exchange resin, and
then the iqnfexchange resin is‘broﬁght into contact .with an
.acidic‘splution to be returned to be a partially acidic type,
or thé like. | | | o | ‘
For an acidic ion-exchange resin used as a catalyst

for preparingmgisphenoljthe resin which contains a

sulfonic acid group can be preferably used. The

modifiedramount of the modified acidic ion-exchange resin
catalyst in the present invention ié 1 - to. 50% of the total
sulfonic-aéid groups. 'By this, it ishﬁbséible to express
the modification -effect to a 'maximﬁm degféé “without

remarkably decreasing the activity due to the decrease -in an



for 'preparing_bi sphenol,the resin which contains a sulfonic acid group can
be preferably used. The nodified anount- of the nodified acidic ion-exchange
resin catalyst in the present inventionis 1 to. 50%of the total

sul fonic acid groups. By this,. it is possible to express the nodification
effect to a maxi num degree without remarkably decreasing the-activity due
to the decrease in an 16 - acid anmount. The acidic anpbunt in an ‘

i on-exchange resin used as a catalyst for preparing bisphenol can be
cal cul ated by a general exchange capacéty measurenent of an acidic ion-
exchange resin. In the present invention, 0.2 g of a dry resin was stirred
in 200 M of an aqueous 10% Nad solutlon for 1 hour, and the total anount
of the f3¢%¢ AROURS tltrated mnth an aqueous 0. 05 N NaOH solution to

obtain a titrahi-0n [u; h_the acid amount was determned. A
reaction for preparing bi sp noI S seRYTEFT anBF’oE?é&? WSSe &% W an acid

catalystCabaﬂY§§uibkypmegﬂﬂmnbtmuspn@ﬁoyecgﬁebga&gh&hqgﬁ@a|59yy and the
select|v§g%eg% a nercapto group-containi ng conpound.” coexi st as a
cocat al yst A ?ﬁ&ggﬂﬁﬁﬂﬂaﬁ§ﬁ%ﬁﬁl%ﬁ@sﬂ¥em%nEr@feaabﬁ@lﬁGQﬂmqm1i mer capt o
gr oup- coakahahge @@@ﬁgundIQQQﬁh§t i ngl udes hod
ré’@r@talﬁétgﬁ)gon 8 % %k)ﬂfaﬁel’ é:é/pt anis

wherein a mercapto gﬁoup contai ni'ng -conpound such as“a
m xed i nFE1BnHAP. ahdgaed it R mktof canfagpieoot 208 maetione which are

raw. mat egb@#hifion for 1 hour, and the total amount of the filtrate
was titrated with an aqueous 0.05 N NaOH solution to

obtain a titration curve from which the acid amount was

determined.
A reaction‘ for preparing bisphendl A  essentially

procoedé with only an acid catalyst, but usually a ﬁethod'ﬁo
;@prove the catalytic activity and thé selectivity by making.
.a mercapto gfdﬁp—tontaining compound. coexist as a cocatalyst.
'In. the present'.invention, it is prefefobie to make a
_mercapto groupncontéining compound coexist. 'éuch a method
. inclﬁdes ‘a method wherein a mercapto 'group~ooﬁtaininq
-compound such as alkyl mercaptan is nixed in. a small. amount
___w1th a{mlxtuoe of pheno} and_acetone-which are raw.materials,.
.and the resultant mixture is used, amd-o.mothod‘ﬁherein a
‘imeicapto__grouoecontaining 'Compound binds to on ~acidic
functlonal group of an acxdlc 1onmexchange reSLn, and any of
-such methods may be used. Also,_both of the method for.
.m1x1ng the compound w1th raw materlals ‘and the nethod for
_blndlng the compound to the acidic functlonal group may be

used at a time.

A mercapto group-containing - compound which ' is~ mixed



-and -the resultant m xture is used, and a-nmethod wherein a .nercapto._

gr oup- cont ai ni ng conpound binds to an acidic - functional group of an.
acidic ion-exchange resin, and any of such nethods nay be used. Also,. both
of the method for .mxing the conpound with raw nmaterials and the nethod
for binding the conpound to the acidic functional group may be used at a
time.. A nercapto group-containing conmpound which is- mxed 17 with a

m xture of phenol and acetone, is not ?rgicularly limted to other
structures, if it contains a mercapto S oup in a nolecule. It includes,
for exanple, nercaptoal kyl groups such as a mercaptonethyl group, a

nydr ocar Bt oy suBE SRR G2 A PHERELCADibCFCrORBRY| o oUBtamF G cularly
eI A R SRR B PR S BTN
o omali eaafna ShaBMBLg, 0 2 CYRLYGGIN oparbon dhsues T e bor
et CoBRS BRY SO, AUt LB 5T SR
By vl ot By thi et e posar bl s e o Ehe  eelPh 1 ABRBAC o a
mexi mum degireeandolh ald 8BHNGs a 4-mercaptocyclohexyl group and

a 4-mercaptomethylcyclohexyl lgrou_p; and mercaptoaromatic

groups such as a p-mercaptophenyl group and a p-

mercaptomethylphenyl group. Further, these aromatic, or

aliphatic or alicyelic hydrocarbon groups‘ may be hydrocarbon

groups having a substituent such as a halogen atom, an

alkoxy group, a nitro group, and a hydroxyl group, in

addition to a mercapto group. The amount of the mercapto

~group-containing compound added to the mixture of phenol and

acetone is preferably in the range of 100 ppm by weight to

5% by weight. By this, it is possible to exhibit the

'cocatalytic effect to a maximum degree with a small amounf

of é cocatalyst. |

A mercapto dgroup-containing compound which binds to a

- portion of acidic functional groups of an acidic ion-

exchange résin, is not particularly limited, if it is a

compound which ionically binds with the acidic functional

group of the acidic ion-exchange resin. Such a compound

includes mercaptoalkylamines such as Z2-mercaptoethylamine

-(cyst_eamine) ' 3-mercaptopropylamine, and N,N-dimethyl-3-



'of ‘a cocatal yst. A nercapto group-containing conpound which binds to a
portion of acidic functional groups of an acidic ion- exchange resin, is
not particularly limted, if it is a conpound which ionically binds with
the acidic functional group of the acidic ion-exchange resin. Such a
conmpound i ncludes nercaptoal kyl am nes such as 2-ner capt oet hyl am ne
(cysteam ne), 3-nercaptopropylamne, and N, N-di nethyl-3 - 18

mer capt opr opyl ami ne; mer capt oal kyl pyci dignes such as 3-

mer capt onmet hyl pyri di ne, 3-nercaptoet hyl pyridi ne, and 4-

mer capt oet hyl pyri di ne; and thiazolidines such as thiazolidine,

2, 2-di et i Wl . 2= [Tet = | +.hiazolidine, and
3-nethylgﬁ¥g%§%iﬁlﬁggyg el%%iio orégfgﬁgigkéékfﬁ ST ontHH ng®Eonpdund t o
bi nd w t hyeadr a6t A i rqygn' 709 r ef er ahl to
30% of the1§§%ﬁﬂ§iﬁ¥%#?%ig%?%'groupségﬁg?ﬁgégﬁygg%Fggg%?d-ty%%g d E"

cati on- exehangedesiyipByidhg, |t haPOSSiRliG L0, BXUDIL g, cocalal ytic
e

effect to a nmaxi num degree wi thout causing the decrease in activity

due to tlhmidesylasnén an ac G- ARy 1 F191 2 2o PRGN, Wher eigl g prcapt o
group-contai ning conpound binds to an acidic ion-exchange resin,” there may

be used plergnviemitd mad d yndnonnd met-hed- 18] € S0 s dd), JapaRess + ilexagg ned
Pat ent Application Publication No. 46-19953, etc. In the present invention,

for phend nerdapusedraspaconteinmiher icimdomdreparing hisphenpl aAidae

usual | y avail able technical phenol can be used. Industrial Phenol includes-

functional group is 0.5 to 70%, and preferably 5 to 30% of

the total sulfonic acid groups of the sulfonic acid-type

cation-exchange resin. By this, it is possible to exhibit

the cocatalytic effect to a maximum degree without causing

the decrease in the activity due to the decrease in an acid

amount. For a method whe;ein a mercapto group-containing

compound binds to an acidic ion-exchange resin, there may be

ﬁsed a conventionally known method as disclosed in Japanese
Examined Patent Application Publication No. 46-19953, etc.

In. the present invention, for phenol to be used as a

raw material for preparing bisphenollA, a usually available

technical phenol can be used. Industfial Phenol. includes

-ones obtained by a cumene method, a toluene oxidation method,

‘etc., any of which can be used. Generally, phénol having a

purity of 98% or more is commerciélly available. Such an

industrial phenol as it is méy' be used in the synthesis

reaction of bisphenol A, but preferably phenol which 1is

preliminarily treated with a- strong acid-type cation-

eXchange resin in a continuous reaction or ‘in a batch



‘ones obt ai ned by acunene nethod, a toluene oxidation nethod, etc., any of
whi ch can be used. Cenerally, phenol having a purity of 98% or nore is
comercially available. Such an industrial phenol as it is nmay be used in
the synthesis reaction of bisphenol A, but preferably phenol which is
prelimnarily treated with a strong aci d-type cation- exchange resin in a
continuous reaction or in a batch - 19 reaction before carrying out the
reaction at a treatnent tenperature_of95Q to 120C during a contact tinme of
5 mnutes to 10 hours, and then the acCétone-derived carbonyl conpounds
are renoved, is used. Even nore preferably, phenol which is brought into

contact el Ay 3npd dcgl\-‘?? AT at % nbPREF L oPo ”?et?ﬁé‘%ﬁwt

subj ected to drstrllatron

reduced {ungssSty 3y erature of 70 t 0C, .is us
Acet one to be used |n%g%e present éﬁi@ntﬁ%ﬁ T bt €9 Cich&PFy P nl?ed

but it i SiGRAEY ctal hy |m5r,_s§ ri th aaq}eetrggg}lghra%eoneus al. I ch' ll;?%léel

General |y, acetone having a purity o nore 1's avar
anmount s Qﬁm@ﬁﬂuﬁdgl\g%é%ﬂﬂéﬁb#@a_phq%0|u%% acetppe.  used, 5 nngrrals
are not particularly limted but the ratro of p en acet
of 0.5 10 50 T"?eﬁ%”ﬂgmﬁi‘é’“%?ﬂp-‘rrﬁﬁé?gf’?%%%tfﬁfmh;”Eﬁm it éﬁ&ﬁ@é??ﬂﬁ
to acconmplaitslore dxdlaromyvenssisim of aaeet OR@eas algamrgggeéb@gd Wil e 1 he
anount of phenol is too |large, the reactor becones
distillation treatment at a normal pressure to under reduced
pressure of 10 mmHg at a temperature of 70 to 200°C, is used.

Acetone to be used in the present invention is not
particularly limited, but it is commercially industrial
acetone which is usually available. Generally, 'acetone
'having a purity of 99% or more is available.

The amounts (quantitative ratio) of phenol and acetone
used as raw materials, are not particulerly limited, but the
molar ratio of phenol/acetone is recommended 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 extremely small, it is difficult
to accomplish a high conversion of acetone as a raw material.
While the amount of phenol is too large, the reactor becomes

_Vunreasonably larger because phenol is used in the higher .
emount than required, and massive circulation of phenol is
also required, although a high conversion of acetone can be
accomplished. Thus, an  efficient preparation cannot be

accomplished.

In addition, as described in EP 583712, a mixture of



‘unr easonably | arger because phenol is used in the higher anpunt than
requi red, and massive circul ation of phenol is also required, although a
hi gh conversion of acetone can be acconplished. Thus, an efficient
preparation cannot be acconplished. In addition, as described in EP
583712, a mxture of 20 these raw materials may include 1% or | ess of

noi sture beforehand. In the present invention, the reaction tenperature is
not particularly limted, but it is pregferably in the range of 0 to 300C,
and nore preferably in the range of 30 to 200C. If the reaction
tenperature is extrenely low, the reaction rate decreases and the

product i W Of A, eact Lok roduct S %ecrqgses. t he other, hand, if
the reaction téﬁperg%%%ggﬁégekgggnéﬁécﬁg %, ah Ghde ?Fﬁbl%gsiqﬁﬁ§ i on,
etc. progReds.HdMp | eading to the increase in the amobunt of by-products,

and to the decrease in the stability of phenol as a raw nmaterial or

bi sphenol A asna fHodpebscARd ilfentfAc! | PReSEIEELIMLLY cRRorElOLe, I 1o
not econonical. The reaction can e carrile ou undler re&u e pressure,

under apploite A EISSUT£:1 Pr 11iat + 840 MRl tPI§S S epr%f‘e¥%zﬁ“ﬂ of;, the regetd on

efficiency (the reaction efficiency per unit Vvolune), 7t s ot p

to carryodutOthe r3EEiconandnd@ird OPrb@WrRheSULE. tsUaldyye t(gglgroes%(r)e
.1to

for carrying out the reaction is preferably in the range of
atm  andZ2®r€.pr el £r dbley reatbeonangen@frdbird 010G atmanddy 1ow, the
reaction rate decreases and the productivity of a reaction
product also decreases. On the other hand, 1f the reaction
temperature is extremely high, an undesirable side reaction,
etc. proceeds, thus leading to the increase in the amount of
by-products, and to the decrease in the stability of phenol
-4s a raw material or bisphenol A as a product, and the
reaction selectivity. Therefore, it is not economical. |
The.reaction can be carried out under reduced pressure,
under applied pressure, or. at normal pressure. In view of
the reaction efficiency (the reaction efficiency per unit
volume), it ‘is not upréferable tQ carry out ﬁhe reaction
under too low pressure. Usually, the pressure for carrying
out the reaction is preferably in the range of 0.1 to 200
atm, and more preferably in the range of 0.5 to 100 atm. Of
course, the present invention is not 1limited to such
~bPressure ranges.
In addition, when carrying out the present inventiog,

‘the amount of the catalyst used is not particularly limited,

‘but for example, when carrying out the reaction in batch, it

retferabl e



‘course, the present invention is not limted to such pressure ranges. In

addi tion, when carrying out the present invention, the anmount of the
catal yst used is not particularly limted, but for exanple, when carrying
out the reaction in batch, it 21 - is recommended to carry out the
invention such that the anmount of the catalyst is preferably in the range
of 0.001 to 200% by weight, and nore preferably in the range of 0.1 to
50% by weight with respect to phenol _ pgeg carrying out the present
invention, it is possible to add a solvent or gas which is inert to a
catalyst and a reaction reagent in the reaction system which can be used

in the dijwut pecifically, aliphatic, hydrocarbons _ such as
nethane,:g%hgﬁg?h%%gggﬁe,Egutéﬁgfyhé) e',tgﬁl?md”l TRt bRBxaHEDR ahBehn Fhert
gas such as i rogepyear, -helium if . necess , .a_hydrogen atom can
be used as a di?%eg?? 6%en]'arryf%gb%ﬁghfﬁ%lﬁfégénﬁﬁgn5gﬁﬁ%oﬁ?gt£éﬁ%%thod
can be aa r2ecs oy, i h, ] - bat r j nuous, 1 ow_ syst It can
be carried out in gny 3?&§£Ifﬁ%?ghgﬁgs@?egeréggxkﬁgée?hg §§§9Fiéﬁfg}ﬁ%xed

phase. Prief egmbly wdighew ofn thepseactd opngfbiciency, it is recomended
that the reaction is carried out in the ITquid phase. For a way for

charging. a cd¥hahysbroyafusuki s ple¥eNe YSLRGLiY, AN §odidixed
bed, a fluidized bed, a suspended bed and a plate
.to add a solvent or gas which is inert to a catalyst and a
reaction reagent in the reaction system, which can be used
in the diluted state. Specifically, aliphatic hydrocarbons
such as methane, ethane, propane, butane, hexane, and
cyclohexane, and an inert gas such as nitrogen, argon, and
- helium, if necessary, a hydrogen atom can be used as a
diluent.

When carrying out the_presentﬁinvention, the method can
be carried out in batch, semi-batch or continuous flow
system. It can be carried out in any of a liquid phase, a
gas phase, a‘gas~liQuid mixed phase. Preferably, in view of
the reaction efficiency, it is recommended that the reaction
is carried out in the liquid phase. For a way for charging
a catalyst, wvarious kinds of ways using, for example, a

fixed bed, a fluidized bed, a suspended bed and a plate
.fixed bed can be employed, any of which can be used.

The reaction time (retention time or catalytic contact
time in the flow system) is not particularly limited, but it
is usually 0.1 second to 30 hours, and preferably 0.5 second

to 15 hours. Afterlthe completion of reaction, the reaction



‘fixed bed can be enpl oyed, any of which can be used. The reaction tine
(retention tine or catalytic contact tine in the flow system is not
particularly limted, but it is usually 0.1 second to 30 hours, and
preferably 0.5 second to 15 hours. After the conpletion of reaction, the
reaction 22 product can be separated and recovered fromthe catalysts,
etc. by a separation nethod such as filtration, extraction,

distilling-off. Bisphenol A as a targe%ngpduct can be separated fromthe
reaction m xture and can be obtained by separation and purification by
perform ng a sequential treatnent of solvent extraction, distillation,

al kali t t d,aci nt, .or_an ordinary separation and
purificagﬁgﬁﬁﬁg?h% sgaeékéég%%%ﬁnﬁﬁgtﬁﬁﬁﬁvq§9§da¥PWo&%elﬁﬁ%%ﬁ¥% r aw
mat eri al si1¢an e red .and ed into_t reaction systemfor use.
In the case oflpig %a?%ﬁgfggé??lorﬁeetﬁ% c%tlgﬁy?fc’ \é]ﬁigﬁ:ai OTye gt Gt B Hoy
recover ediifgtamitihestrg@et i o affer,_ reaction,,. can b sed_as it is,
or parti aIlI y or Jg/hﬁgol |y re[r)%jgé ucedé%o earsepgat(:%eédﬁo%/etusggofjglrcl{t h&®Pedtti on.

Wien carsepanGieid themr eaet i hdién fin d .Qr ujdi d.4 flow
system the catalyst can be provided toitgﬁg?rgeggﬁ g%illl %%d%?%rat %éardikfya

part or alepaofattifm cadred yspsrigitaaebhvabgd pgﬁ:ﬂo‘%ﬂ%htgeriaorg%%g%é&v%%h can

activity, the reaction can be stopped to reproduce the cat
be provi dewatmertthe ofactsalvert t eRalriav@ibn,a PALEL9f1Lheopat al ystacan be

wi t hdrawn continuously or intermttently and reproduced, and
treatment and acid treatment, or an ordinary separation and
purification method suitably combining them. In addition,
unreacted raw materials can be recovered and recycled into
the reaction system for use.

In the case of a batch reaction, the catalyst which is
separated and recovered from the reaction product after
reaction, can be used as it is, or partially or wholly
reproduced to be repeatedly used for the reaction. ' When
qarrying out the reaction in a fixed bed or a fluidized bed
_flow system, the catalyst can be provided to the reaction,
and further if a part or all of the catalysts is inactivated
or is deteriorated in the activity, the reaction can be
stopped to reproduce the catalyst, which can be provided to
the reaction. Alternatively, a part of the catalyst can be
withdrawh continuously or intermittently and reproduced, and
then recycled to the reactor. for re-use. Further, a fresh
catalyst can be intermittently supplied to the reactor.
-When.carrying out the reaction in a moving-bed flow systeﬁ,

the catalyst can be separated, recovered aﬁd, if necessary,



then recycled to the reactor for re-use. Further, a fresh catalyst can be
intermttently supplied to the reactor. Wen carrying out the reaction in
a novi ng-bed flow system the catal yst can be separated, recovered and, if
necessary, 23 - reproduced, as in the batch reaction. The catal yst may be
reproduced by any nethod, for exanple, washing with water or an organic
solvent, or further nodifying after washing with an acidic solution,
provided that the catalyst perfornmance,hs_restored. Further, the catalyst
may be several tinmes washed with an acidic solution and an al kal i ne
solution alternately, and finally wth an acidic solution, and then be

nodi fi ed.rXAVRIES, 'ﬁ‘?ﬂrﬁ%é"&aﬁé}f Ipégégpt invention will be described in
anpl es:

nore detail with reference to Ver, the present invention is

not i ntended trgebecgi:gilg,g_g tﬂagfglﬁglsteﬁ‘ﬁﬁfgéa%égr%}a(%ﬂg ?xﬁ%lﬁ%ciion %‘ra

nodi fi ed-i on-exchange résin ¢ sly t he

vat er - sweldaeip IATberlasind 1 Widny weight 4,.9) éﬁtg}r%%rmc of s 4 QRs,exchange

water, thereto was slowy added dropw se 40 an ‘agqueous n-

t et r abut yharomsy unbahlFoihge SoEsEi Gk 1AM NI »ﬁﬁpntﬁﬁ”téé‘i&%‘ ﬁl&ﬂo‘iﬁh
] ur er

nol e/ L. After conpleting the dropw se addition, e m xture was _
stirred. poovidelrthatanthaesa thepstr ppegbedlanchl liternedrndyashad- widh
i on- exchange water. |
‘the catalyst may be several times washed with an acidic
solution and an alkaline solution alternately, and finally

with an acidic solution, and then be modified.

EXAMPLES
Hereinbelow, the présent invention will be described in
more detail with reference to Examples. However, the

“present invention is not intended to be limited to Examples.

Example 1
(1) Preparation of a modified ion-exchange resin
catalyst |
| While vigorously stirring the water-swollen Amberlyst

31 . (dry weight -4 g) with 80 ml of ion-exchange water}
" thereto was slbwly added dropwise 40 ml_of an agueous n-

tetrabutylammonium chloride solution having a.concentration

of 0.153 mole/L. After completing‘ the dropwise addition,

the mixture was further stirred for 5 hours, and was then

repeatedly filtered and washed with ion—exchange Water.

~Thereafter, it was dried under vacuum at 80°C for 10 hours



Thereafter, it was dried under vacuum at 80C for 10 hours - 24 or |onger
to obtain Catalyst 1. The results of the neasurenent of an acid anount and
of the elenmental analysis in the Catalyst are shown in Table 1. (2)

Synt hesi s reaction of Bisphenol A 6.63 g of phenol, 0.37 g of acetone and
0.35 g of Catalyst 1 prepared in (1), were put into a 70 m pressure-

resi stant reactor, and 3-nercaptopropionic acid was put thereto such that
t he concentration is 3000 ppm Then, _t _pressure-resistant reactor was
pressurized with nitrogen gas under 57Kg/cnR gauge pressure, and was
stirred with heating at 75C for 2 hours to performthe reaction. After

dischar oo Ho KRk Sh SIS TEn GasFeRbn Pout, W ek sl ectBa B ¢

chown 1 npebt e et L 8T8 s bl iy ChS PO eI,

except ta%ttH@1d§¥g¥¥§%t#?%égﬁ%&ngHﬂPQ%fﬁ]fhlOride sol ution having a
nol'e

concentration of 0.1 U 'was used instead of an aqueous

tetrabutylannngug&thg%&ger%%k%Jdﬁ}O§Pga ration was  performed to
t

obtain Catalyst 2. "The results o e neasurenent of an, acid anmount and

2ddi {1 on, under th Same ReRaH{1 ot as 1 n (2 5T CERamTA 1 eXeeft That 25
Catalyst 1 prepared in (1)( were put into a 70 ml pressure-
resistant reactbr, and 3-mercaptopropionic acid was put
thereto such that the concentration is 3000 ppm. Then, the
pressure-resistant reactor was pressurized with nitrogen gas
under 5 kg/cm? gauge pressure, and was stirred with heating
at 75°C for 2 hours to perform the feaction. After
completing the reaction, it was cooled to room temperature.
After pressure discharge, the reaction solution was taken

out, and was subjected to quantitative analysis by means of

liquid chromatography. The results were shown in Table 2.

Example 2

In the same manner as in (1) of Example 1, except that
an aqueous tetramethylammonium chloride solution having a
concentration of 0.153 mole/L was used instead of an aqueous
tetrabutylammonium_ chloride solution, .the operation was
performgd' to obtain Catalyst. 2. The results of the
measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under

the same conditions as in (2) of Examplé 1, except that



‘Catal yst 2 was used instead of Catalyst 1, the synthesis reaction of

bi sphenol A was perforned. The results were shown in Table 2. Exanple 3 In
the sane manner as in (1) of Exanple 1, except that an aqueous

n- dodecyl tri met hyl ammoni um chl ori de solution having a concentration of
0.153 nol e/L was used instead of an aqueous tetrabutyl anmoni um chl ori de
solution, the operation was perforned to obtain Catalyst 3. The results

of the measurement of an acid anount a? of the elenmental analysis in the
Cat al yst -are shown in Table 1. In addiftion under the sane conditions as
in (2) of Exanple 1 except t hat Catalyst 3 was used i nstead of Catal yst

. th £, bj d. Th 't
shown i n FaG . Bxdial elioh TRe Shhe HanneF S45En (1) COF meies s

except t o] hagn n1ch| de | ut havi ng. a
céncgntrg?%%ﬁﬁg¥@qeg Q§ﬁ%?é%g§%a%LL§e édﬁm% u H@HﬁeEééugts were

t et r abut Wranmoninum ghlord de sol ution, the operatlon was perforned to
obtain Catalyst 4. The results of the nmeasurenent of an acid anmount and of
the elemental analysis in the Catalyst are shown in Table 1. In addition,
under 26 the sane conditions as in (2) of Exanple 1, except that Catalyst
4 was usegampdieead of Catal yst 1, the synthesis reaction of bisphenol A
was performed. The results were

In the same manner as in (1) of Example l; except that
an aqueous n-dodecyltrimethylammonium chloride solution
having a concentration of 0.153 mole/L was used instead of
an  agueous tetrabutylammonium chloride solution, the
operation was performed to obtain Catalyst 3. The results
©f the measurement of an acid amount and of the elemental
~analysis in the Catalyst are shown in Table 1. 1In addition,
under the same conditions as in {(2) of Example 1, except

that _Catalyst 3 was used instead of Catalyst 1, the

synthesis reaction of bisphenol A was performed. The

results were shown in Table 2.

Example 4

In the same manner és in (1) of Example 1, except that
an  agqueous hexamethonium chloride solutionr having e
“concentration of 0.077 mole/L was used instead of an aqueous
tetrabutylammonium chloride solution, the operation was.
performed to obtain Catalyst 4. The results of the
measurement of an acid amount and of the elemental analysis

in the Catalyst are shown in Table 1. In addition, under



shownh in Table 2. Exanple 5 In the sane manner as in (1) of Exanple 1,

except that an aqueous cetyl pyridiniumchloride solution having a
concentration of 0.153 nole/L was used instead of an aqueous

t et rabut yl ammoni um chl ori de solution, the operation was perforned to
obtain Catalyst 5. The results of the neasurenent of an acid anmount and of
the elenental analysis in the Catalyst are shown in Table 1. In addition,
under the same conditions as in (2) of Exanple 1, except that Catalyst 5
was used instead of Catalyst 1, the §yﬁ¥%é5is reacti on of bisphenol A was
performed. The results were shown in Table 2. Exanple 6 In the sanme manner
as in (1) Exanple 1 xcept that an_aqueous tetrabutyl phosphoni um

of . EX

chl ori de & ufPBY Hﬁ@?ﬂbgéon orftentFat { oh &ff 0E£8BPAS| ekl wRESeBSedthabt ead
of an aqg§Q%ﬁ_ tetrabut%IannDniun1ch|oride sol ution, the operation was
performed 16 obtai i CAtal y§t%. IRRECRds A% sCaralhst nbasibeneynBieshs aci d
anount a the el ntal analysis 27 in_the talyst are shown in Table
1. In ad |ta|c8(c)tnl,g}lun ef(rang%ﬁ% %%ﬁ‘g ?‘\bngﬁfi cﬁ%rg%nf‘?lg?Z) € EXERHLE S1, Vek@ept
that Cat . i nstead of Catalyst 1, the synthesis reaction of
bisphenofﬁkxaggﬁber dﬁ%&%? The results were shown in Table 2. Exanple 7

Example b

In the same manner as in (1) of Example 1, except that
an 'aqueous cetylpyridinium chloride sclution having a
concentration of 0.153 mole/L was used instead of an aqueous'
tetrabutylammonium chloride solution, the operation was
performed to obtain Catalyst 5. The results of the
measurement of an acid amount and of'the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the same conditions as in  (2) of Example 1, except that
Catalyst 5. was used instead.rof Catalyst 1, the synthesis
reaction of bisphenol A was performed. The results were

shown in Table 2.

Example 6

In the same manner as in (1) of Example 1; except that
an agqueous tetrabutylphosphonium chloride solution having a
concentration of 0.153 mole/L was used instead of an agueous
tetrabutylammonium chloride solution, the operation was
performed to obtain Catalyst 6. ' The results of the

measurement of an acid amount and of the elemental analysis



'I'n tthe same manner as in (1) of Exanple 1, except that an aqueous

t et raphenyl phosphoni um chl ori de sol ution having a concentration of 0.153
nol e/ L was used instead of an aqueous tetrabutyl ammoni um chloride
solution, the operation was perfornmed to obtain Catalyst 7. The results of
the neasurenent of an acid anount and of the elenental analysis in the
Catal yst are shown in Table 1. In addition, under the sanme conditions as
in (2) of Exanple 1, except that Catal¥st 7 was used instead of Catalyst

1, the synthesis reaction of bispheﬁo? A"was perfornmed. The results were
shown in Table 2. Exanple 8 In the sane manner as in (1) of Exanple 1,
except that _acetonitrile is used instead of ion-exchange water, and a
0.153 noldy LR8I GRteAYSE kR ogieibhyin r Tphéay|iphosBhoriddmt iom, oririées n
acetonitﬁéle was used jnstead of an aqueous tetrabutyl anmonium chloride
sol uti on,"1he>8B8r HAIHH W28 asheiPor I £8 obkapl€atlal ySkCPLTHeR A RS Ul t 5
of the %%'%treqazg of an_acid anount and of the elenmental analysis in the
Cat al yst &ré shown®i Fefaplacsd. ¥rSterit Odn, Cakatystt He shhe conihesins as
in (2) of le 1. except that  Catal yst was_ used instead of catalyst

1, the synthesis ?gagﬁs&%‘%ﬂo i $phEaAdI pﬁ?/é%”‘t?é#forr?@cf FREULESUIWR Swer e
shown incfable 2, Exgnple 9 In the same manner as in (1) of Exanple 1,
except that- )

-Example 7
In the same manner as in (1) of Example 1, except that
an aqueous tetraphenylphosphonium chloride solution having a
concentration of 0.153 mole/I. was used instead df an agueous
tetrabutylammonium chloride solution, the operation was
performed to obtain Catalyst 7. The results of the
measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the1 same conditions as in (2) of Example 1, except that
‘Catalyst 7 was used instead of Catalyst 1, the synthesis
- reaction of bisphenol A was performed. The results were

shown in Table 2.

- Example 8
In the same manner as in (1) of Example 1, except that
écetonitrile is used instead of ion-exchange water, and a
- 0.153 mole/L solution of hydroxymethyltriphenylphosphonium
- chloride in acetonitrile was used instead of an aqueous

‘tetrabutylammonium chloride solution, - the operation was



‘a sol ution of bis(triphenyl phosphoranylidene)ammoni um chloride in ethanol
havi ng a concentration of 0.153 nole/L was used instead of an aqueous

t et rabut yl ammoni um chl oride solution, the operation was perforned to
obtain Catalyst 9. The results of the neasurenent of an acid anmount and of
the elenental analysis in the Catalyst are shown in Table 1. In addition,
under the sanme conditions as in (2) of Exanple 1, except that Catal yst 9
was used instead of Catalyst 1, the s¥nthesis reaction of bisphenol A was
performed. The results were shown in &ble 2. Exanple 10 In the sane
manner as in (1) of Exanple 1, except that an aqueous

t et raet hyl phosphoni um chlori de solution having a concentration of 0.153
nol e/ L seoﬁfgoergn?cﬂsﬁ%%\d Ftattaghabadyes tGet r ablhyl amesniliie chobr i dee

solutionmégghggerq}io was_perforned to obtain Catalyst 10. The results
of the nBasurentit- of af™a8fddafSifitt Grendf of hehel edeimeiitanaiyalgsisn t he
Cat al yst :are,sho i.p . Table 1. In addjtion _under the same conditions as
in (2) oflafEx%ﬁ% \éﬂf,aﬂé’iiepi‘ref hﬁbowéat%ﬁygtabi@ vas ubRd adestdam of LR al yst
1, the sypthesi r i.on of bisphenol A was perfornmed. The results were
shown in Taégl %E@? 'égarr&p]lltglci SRS hénsa{?e) n&%nelgx%fgp]r% ) SKCERAmPHRAY,
except tkalt13681 0pi Lidd e, ks usgd. | ead: of _j on-exchange. water, and a
0. 153 nole/f'solutionE%% F%?%héhy %%%épﬁﬁ%eé?haggﬁgoHVtr pg synthesis
reaction of bisphenol A was performed. The results were

shown in Table 2.

Example 9

In the same manner as in (1) of Example 1, except that

a = solution of bis (triphenylphosphoranylidene) ammonium

-chloride in ethanol having a concentration of 0.153 mole/L,
was used instead of an adqueous tetrabutylammonium chloride

-solution, the' operation was performed to obtain Catalyst 9.
The results of the measurement of an acid amount and of the

" elemental analysis in the Catalyst are shown in Table 1. 1In
:addition, under the same conditions as in (2) of Example 1,
except that Catalyst 9 was used instead of Catalyst 1, the

synthesis reaction of bisphenol A was perférmed.l The

results were shown in Table 2.

Example 10
In the same manner as in (1) of Example 1, except that

an aqueous tetraethylphosphonium chloride solution having a

concentration of 0.153 mole/I, was used instead of an aqueous



was used instead of an aqueous tetrabutyl ammoni um chloride solution, the
operation was perforned to obtain Catalyst 11. The results of the

measur enent of an acid anbunt and of the elenental analysis in the

Catal yst are shown in Table 1. In addition, under the same conditions as
in (2) of Exanple 1, except that Catal yst 11 was used instead of Catalyst
1, the synthesis reaction of bisphenol A was perfornmed. The results were
shown in Table 2. Exanple 12 In the sane manner as in (1) of Exanple 1
except that acetonitrile is used i nSt €&d ~of i on- exchange water, and a - 30
sol ution of di phenyl et hoxyphosphine in acetonitrile having a concentration
of 0.1531ﬁq%§/L s used. i nstead of an aqueous tetrabutyl ammoni um chloride
sol uti on, " T HEBTRFATHP AL PRfPBEARD £6lobtiann Cdthel ysiparmtite ressts

of the ngg§c§eqﬁgt of %g?acjd appunt and of the elenental analysis in the
cat al yst Fare SAbwh i%° TEMP AR |PERHYEFonlOunderThe herestktsonef ti e as

in (2) of | e except that Catalyst 12 was used instead of_ Catalyst
1, the s%ﬁ?ﬁe5|§MH%%d% igﬁ 8Fl§ 29l Lpdheoshsentfel raul YSiswer e

shown in; 2 f nce Example 1, In_t sane manner_as in (1) of
Exanpl e f?&lg%ppa?%ésfsetanaﬁ%uggg’gnt ﬁ%?ﬁgﬁﬁmﬁwe hyBr (?éfﬁilld:rlio@e( s%.ﬂl@ﬁlf on

havi ng atneonggnktr atdon; of 5,0 1 el l,was used instead of an_aqueous
tetrabutylannoniun1éﬂﬁ%}?d% %o?%irgh, t%% 85ér§¥?%ﬁfﬁa . Pexdepitiat
Catalyst 10 was used instead of Catalyst 1, the synthesis

reaction of bisphenol A was performed. The results were

shown in Table 2.

Example 11

In the same manner as in (1) of Example 1, except that
acetonitrile is used instead of ion-exchange water, and a
0.153 mole/L solution of triphenylphosphine in acetonitrile
was used instead df an adueous tebtrabutylammonium chloride
solution, the operation was performed to obtain Catalyst 11.
The results of thé measurement of an acid amount and of the
elemental analysis in the Catalyst are shown in Table 1. In
addition, under the same conditions as in (2) of Example 1,
except that Catalyst 11 was used instead of Catalyst 1, the

synthesis reaction of bisphenol A was performed. The

results were shown in Table 2.

Example 12

In the same manner as in (1) of Example 1, except that

acetonitrile is used instead of ion-exchange water, and a



performed to obtain Catal yst 13. The results of the neasurenent of an acid
anount and of the elenental analysis in the Catalyst are shown in Table 1.
In addition, under the sane conditions as in (2) of Exanple 1, except that
Catal yst 13 was used instead of Catalyst 1, the synthesis reaction of
bi sphenol A was perfornmed. The results were shown in Table 2. Reference
Exanple 2 - 31 In the same manner as in (1) of Exanple 1, except that an
aqueous pyridine solution having a concentration of 0.153 nole/L was used
instead of an aqueous t e t rabutyl amiBnium chloride solution, the
operation was perfornmed to obtain Catalyst 14. The results of the
measur enment %ﬁ anwﬁgig anmount and of the elenental analysis in the

[

;atalystﬁﬁ%y o iphgrEletherveaasphéne dideceting idand cdrmiiinoms as
1| the SyTRGEIE YOI O b LBISRRERGH AR Swdte SorFiinadt ofhen ceieainer o
o Bxampite 1 0 SR o urFTETENT) y Saniea oyt FERERT | Gras | )
por T or med Fee s ute P e R o TR abl L3 | i {9TLET heot st of
e oS e 20U SRR 08 o d e LR A R L P
in the catalyst are shown in Table 1. 1In addition, under
the same conditions as in (2) of Example 1, except that
Catalyst 12 was used instead .of Catalyst 1, the synthesis
reaction of bisphénol A was performed. The results were

shown in Table 2.

Reference Example 1
In the same manner as in (1) of Example 1, except that
‘an aqueous trimethylamine hydrochloride solution having a
concentration of 0.153 mole/L was used instead of an aqueous
tetrébutylammonium chloride solution, the operation was
-performed to obtain Catalyst 13. - The results of the
-measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the same conditions as in (2) of Example 1, except that
Catalyst 13 was used instead of Catalyst 1, the synthesis

reaction of bisphenol A was performed. The results were

shown in Table 2.

Reference Examplé 2



Conparative Exanple 2 In the same manner as in (1) of Exanple 1, except
that an agueous ammoni a sol ution having a concentration of 0.153 nole/L
was used instead of an aqueous tet rabutyl ammonium chloride solution, the
operation was performed to obtain 32 Catalyst 15. The results of the
measurenent of an acid anount and of the el enental analysis of the
catalyst are shown in Table 1. In addition, under the sanme conditions as
in (2) of Exanple 1, except that Catal%ft 15 was used instead of Catalyst
1, the synthesis reaction of bisphendl A “was perfornmed. The results were
shown in Table 2. Exanple 13 6.50 g of phenol, 0.50 g of acetone and 0.35 g
of (1) the prepared Catalyst 1, were put into a 70 nml pressure- resistant
reactor, and 3. ptUPT OPFBRFE &6 dwabl buef EHempile duchexdript tbleat
concentration is 3000 ppm Then, the pressure-resistant reactor was
pressuri 788 WYFPHT 1P OTER 8sSO LHbéPRs NRFASwD ag sioges iviamturan afd0 whs3
stirred\M&r%F§a%£ng atd85£:for % hours to performthe reaction. After
conpl et i ng]t e r d581 1 BRI (1RREC P01 £F r BERPPRADErAEIARU LY MpTReR BB s sur e
di scharg the reaction.solutipn was taken out, and was subjected to

quant i tat%lhvle&gln% y%%)%%g;} (r?rléan‘éBSf OII)?E%FHOEhr%t-é’&lrgﬁlgf%ec}rhéor eiFE ver e

~shown incIabhlg,4  1%ompargLi ve, Bxappl e 3 ggder the sanme conditions asqii n
y a

Exanpl e 12, except that “a conmercral | Pl dBF T ey st© 31 30hi @A ¢ s
suffici ediddint and of the elemental analysis in the Catalyst are

shown in Table 1. In addition, under the same conditions as
in (2) of Example 1, except that Catalyst 14 was used
instead of Catalyst 1, the synthesis reaction of bisphenol A

was performed. The results were shown in Table 2.

Comparative Example 1
| Under the same  conditions as in (2) of. Example 1,
except that sufficiently dried Amberlyst 31° which is
_gommercially available, was used instead of Catalyst 1, the
reaction was performed. The results were shown in Tabie 2.
In addition, the results of the measurement of an acid
~amount and of the elemental analysis of a commeréially

available Amberlyst 31, are shown in Table 1.

Comparative Example.Z

In the same manner as in (1) of ﬁxampie 1, except that
"an aqueous ammonia solution having a concentration of 0.153
mole/L was used instead of an aqueous tetrabutylammonium

chloride solution, the operation was performed to obtain



‘dried, was used instead of Catalyst 1, the synthesis reaction of bisphenol
A was perfornmed. The results were 33 - shown in Table 2. Exanple 14 (1)
Preparation of a nodified ion-exchange resin catalyst Wile vigorously
stirring the water-swollen Anberlyst 31 (dry weight 4 g) with 80 m of

i on-exchange water, thereto was slowy added dropwi se 40 m of a m xed
aqueous solution of 0.077 nole/L of tetranethyl ammoni um chl ori de and
0.077 nol e/ L of am noet hanet hi ol hydrochl oride. After conpleting the
dropwi se addition, the m xture was further stirred for 5 hours, and was
then repeatedly filtered and washed wth ion-exchange water. Thereafter,
it was drjed er vacuug%at 80C for 10 hours or longer to obtain

und
Cat al yst .aLﬁé} rédul t TR tHeSWehS urddhefheofnemsuesmentnmiht aandaoidt he
el ement al ana“ysis in:gh Cat st are shown in Table 1. (2) Synthesis
react i on B B s pABHoI° A gh@S %l%‘FerF%%olaEnael.ng of ddw oretaddss. 3w of
Cat al yst r epar fn (1) re.,put..into a 70 m pressure- resjstant
reactor.E%%gﬂbﬁgééﬁggb?eérst taggé%f8pfw€§deﬁré?@uﬁ%ﬂﬁj9@@¢FF&?W%g%% gas
under 5 kg/c gayge pr re,, and was, stirred with heating at 75C for 2
hour s tol&g{er g%r)m Htgheﬁ)%%ﬁaﬁ#‘leon%’ Af‘?%‘?‘e@bnpqhéﬁ n&aﬂ:ﬁgyrs?éacllison‘f‘aﬁt Wl
cooled  ugio0m IAREIAI S A LehoPLERRHEE ¢ $EIARYS,, the Jeagtion »

was performed. The results were shown in Table 2.

Example 13
6.50 g of phenol, 0.50 g of acetone and 0.35 g of (1)
the prepared Catalyst 1, were put into a 70 ml pressure-
resistant reactor, ~and 3-mercaptopropionic acid was put
thereto such that the concentration is 3000 ppm. Then, the
pressure*resistant reactor was pressurized with nitrogen gas
under 5 kg/cm? gauge pressure, and was stirred with heating
at 85°C for 2 hours to perform the reaction. After
completing the reaction, it was cooled to room temperature.
rpAftér'_pressure discharge, the reaction solution was taken
-out, and was subjeéted to quantitativé analysis by means of

liquid chromatography. The results were shown in Table 2.

Comparative Example 3

Under the same conditions as in Example 12, except that
~a commercially available Amberlyst 31 which is sufficiently
dried, was used instead of Catalyst 1, the synthesis

reaction of bisphenol A was performed. The results were



34 solution was taken out, and was subjected to quantitative analysis by
means of |iquid chromatography. The results were shown in Table 2. Exanple
15 In the same manner as in (1) of Exanple 14, except that

t et raphenyl phosphoni um chl ori de was used instead of tetranethyl anmoni um
chloride, the operation was perforned to obtain Catalyst 17. The results
of the neasurenent of an acid anount and of the elenental analysis in the
Catalyst are shown in Table 1. In addition, under the same conditions as
in (2) of Exanple 14, except that Cafa@fsf 17 was used instead of Catalyst
16, the synthesis reaction of bisphenol A was perforned. The results were
shown in _Table . 2. nple 16 (1) Preparation of a nodified ion-exchange
resin caxgpvgthNﬁéiéi%ﬁgorously stirring the water-swollen Anberlyst 31
(dry weight 4 g0 with 80 ml of ion-exchange water, thereto was slowy
added dropwi se 40 ml of a 0.077 nole/L solution of

hydr oxyngt 1d QQ@nylphosphoniun1ch|oride in acetonitrile. After

conpl eting the dropwi se addition, the mxture was further stirred for 5

hours, and wasithen,.: eatedly filtered.and washed w th ion-exchange
Her it e Binta ieRER & serrarcloiour s evin

water. Therea I und
catalyst

While vigorously stirring the water-swollen Amberlyst
31 (dry weight 4 ¢g) with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of a mixed aqueous
solution of 0.077 mqle/L of tetramethylammonium chloride and
0.077 mole/L of aminoethaﬁethiol hydrochloride. After
completing the dropwise addition, the mixture was further
stirred for 5 hours, and was - then repeatedly filtered and
‘washed with ion-exchange water. Thereafter, it Qas dried
under vacuum at 86°C for 10 hours or longer to obtain
Catalyst 16. The results of the measurement of an acid
amount and of the elemental analysis in the Catalyst are
shoWn in Table 1.
(2) Synthesis reaction of Bisphenol A
6.63 g of phenol, 10.37 g of 'acetone' and 0.35 g of
Catalyst 16 prepared in (1) weré put into a 70 ml pressure-
resistant reactor. The pressure-resistant reactor was
§ pressurized with nitrogén gas under 5 kg/cm? géuge pressure,
and was stirred with heating at 75°C for 2 hours to perform
the reacﬁion. After completing the reaction, it was cooled

to roqm temperature. After pressure discharge, the reaction



or l'onger to obtain Catalyst 16. The obtained solid was dispersed in 80 nL
of ion-exchange water, and thereto was slowy added dropwi se 40 ml of an
aqueous 0.077 nol e/L am noet hanet hi ol hydrochl oride solution wth
stirring. After conpleting the dropwi se addition, the m xture was
continuously stirred for 5 hours, and was then repeatedly filtered and
washed with ion-exchange water. Thereafter, it was dried under vacuum at
80C for 10 hours or longer to obtain talyst 18. The results of the
measurenent of an acid anmpbunt and of el enental analysis in the
Catalyst are shown in Table 1. (2) Synthesis reaction of Bi sphenol A Under
t he sane cq@lilions as Exanpl e 14, excegt that Catal yst 18 was

in (2) of . ]
used i nste4 Oltaf’géllsys*fa]i%? v syMthesss pehdereadoftchi ephehdtanivas
perforrredanél'lt}e Je ults were sho in Table 2. Exanple 17 In the sane
manner as 1H {1)° of YExAfpPE 197 d t RRroradgeriy-phodPRont 8RvERBor i de

was used Qﬂ&%gﬁﬂ:' o] t r anet hyl ammoni um chl ori de, the operation was
perforned&to 0 %ﬁrﬁ%h@%?%%?§19. The results of the neasurenent of an

acid anount and of the elenental analysis of the Catalyst - 36 are shown
in Table 1. In addition, under the same conditions as in (2) of Exanple
14, excegggﬁﬁﬁkeca;alyst 19 was used instead of Catalyst 16, the synthesis
reaction of “bisphenol A was perforned. The results were shown in Table

In the same manner as in (i) of Example 14, except that
tetraphenylphosphonium chloride was used instead of
tetramethylammonium chloride, the operation was performed to
obtain Catalyst 17. The results of the measurement of an
écid amount and of the elemental analysis in the Catalyst
are shown in Table 1. In addition, wunder the same
conditions as in (2) of_Exaﬁple 14, éxcept that Catalyst 17
was used instead of Catalyst 16, the synthesis reaction of

bisphenol A was performed. The results were shown in Table

2.

Example 16

k(lj Preparation of 'a modified ion-exchange resin
catalyst |

While vigorously stirring 1jma:water—swollen Amberlyst
31 {(dry weight 4 g) with 80 ml of ion—e#change water,
thereto was slowly added dropwise 40 ml of a 0.077 mole/L
~solution of hydroxymethyltriphenylphosphonium chioride in
acetonitrile. After completing.iﬁua dropwise addition, the

mixture was further stirred for 5 hours, and -was then



2. Exanple 18 In the sane manner as in (1) of Exanple 14, except that

cetyl pyridiniumchloride was used instead of tetranethylamoni um chlori de,
the operation was perfornmed to obtain Catalyst 20. In addition, under the
sane conditions as in (2) of Exanple 14, except that Catalyst 20 was used
i nstead of Catalyst 16, the synthesis reaction of bisphenol A was
performed. The results were shown in Table 2. Exanple 19 In the sanme manner
as in (1) of Exanple 16, except that triphenyl phosphi ne was used i nstead
of hydroxynethyltriphenylphosphoniuﬁléélﬁride, t he operation was
performed to obtain Catalyst 21. The results of the neasurenent of an acid
amount and of the elemental analysis in the Catalyst are shown in Table 1.
I'n addit oS Y tﬂglt&ﬁﬁd cHRfl t ivshed iwlile) bén-Bxavhiead 4, wekerpt

t hat C3H§!1§§:§é mas.gsed iQfLead of Catalyst 16, the synthesis reaction
of bi sphendi™ R Was pet ¥ ol fSd AR r eRAPEs VRt At 8RoGn for Tdbl kowrs
Exanpl e I sane nner in (1) of Exanple 16, except that
diphenylé%hogg% %Ephfﬁeg§5§lﬁs§§a%%%§§%dJé% The” obtained ' solid was

hydr oxyneg. i.phenyl phosphoni.um chl ori de, the operation was performed to
obt ai n ga?{lra%?ﬂﬁriée%. mf‘hgbr e@l P& ot REEHRag s & rof 23R &&EdeARoudS and

of the elsanpntAal 283BRYShSopwise 40 ml of an aqueous 0.077 mole/L
aminoethanethiol hydrochloride solution with stirring.
After completing the dropwise addition, the mixture was
continuously stirred for 5 hours, and was then repeatedly
filtered and washed with ion-exchange water. Thereafter, it
was dried under vacuum at 80°C for 10 hours or longer to
obtain Catalyst 18. The results of the measurement of an

acid amount and of the elemental analysis in the Catalyst

are shown in Table 1.

(2) Synthesis reaction of Bisphenol A
. Upder the same conditions as in (2) of Example 184,
except that Catalyst 18 was used iﬁstead of Catalyst 16, the

- synthesis reaction of bisphenol A was performed. The

results were shown in Table 2.

Example 17
In the same manner as in (1) of Example 14, except that
- tetraethylphosphonium chloride was used instead ' of
tetramethylammonium chlorideﬁ the operation was performed to
obtain Catalyst 19. The results.of the meaéurement of an

acid amount and of the elemental énalysis of the Catalyst



in the Catalyst are shown in Table 1. In addition, under the sane
conditions as in (2) of Exanple 14, except that Catalyst 22 was used
i nstead of Catal yst 16, the synthesis reaction of bisphenol A was
performed. The results were shown in Table 2. Reference Exanple 3 In the
same manner as in (1) of Exanple 14, except that pyridine was used instead
of te tranethyl ammonium chloride, the operation was perfornmed to obtain
Catal yst 23. The results of the neasurenent of an acid amobunt and of the
el enental analysis in the Catal yst are *hown in Table 1. In addition,
under the sanme conditions as in (2) of Exanple 14, except that Catalyst 23
was used instead of Catal yst 16, the synthesis reaction of bisphenol A was
per f or e FheSP P ul +8 werBi&hovn in 'I%bl @dditiagy - mder entkeExaapke 4
In the s nner as_in_( of anpl e 14, except that trinmethylam ne
hydr ochl gér?‘ﬁ&mb%“%s%ﬁ i‘-ﬂst]‘ééd %‘fgx Exetpifet Ayl shveRituritetl ofabel Yshel?
operatio S f d.t btain_ Catalyst 24. The results of the
neasuren§ﬁ¥@oPQ§§ qégﬁgagﬁéﬂﬁt 2ha 1P & nkf el ERBNBAPLARSILPsiBeaFt tore OF
tion, under the same conditions as

- Cat al yst 1,4 éﬁgyn i able 1l.. | n,add]
in (23/ ofb%xl[gqrrp & 12 Q%%c Et%ftcﬁférfecbat g#%%tr?ﬁul%ﬁswﬁ§§d ShR&treatl of 2k al yst

16, the synthesis reaction of bisphenol A was perfornmed. The results were
shown in Table 2.

Example 18

In the same manner as in (1) of Example 14, except that
cetylpyridinium chloride was used instead of
tet:amethylammonium chloride, the operation was performed to
-obtain Catalyst 20. 1In addition, under the same conditions
as in (2) of Example 14, except that Catalyst 20 was used
instead of Catalyst 16, the synthesis reaction of bisphenol

A was performed. The results were shown in Table 2.

Example 19

' In the same manner as.in fl) of Example 16, except that
triphenylphosphiné was : used instead of
hydroxymethyltriphenylphosphonium chloride, the operation
was performed to obtain Catalyst 21. The results of the
measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the sgme conditions as in. (2) of Example 14, except that
Catalyst 21 was used instead of Catalyst 16, the synthesis

_ reaction of bisphenol A was performed. The results‘ were



Conparative Exanple 4 Wiile vigorously stirring the water-swollen Anberl yst
31 (dry weight 4 g) with 80 m of ion-exchange water, thereto was slowy
added dropwi se 40 m of an aqueous 0.077 nole/L am noet hanet hi ol

hydr ochl ori de solution. After conpleting the dropw se addition, the

m xture was further stirred for 5 hours, and was then repeatedly filtered
and washed with ion-exchange water. Thereafter, it was dried wunder vacuum
at 80C for 10 hours or longer to obtgi% Cat al yst 25. The results of the
measurenent of an acid anount and of the elenmental analysis in the
Catalyst are shown in Table 1. In addition, under the same conditions as
in (2) ofsiowd? i £ 44, except that Catalyst 25 was used instead of
Cat al yst 16, the synthesis reaction of bisphenol A was perforned. The.
results were shown in Table 2. Exanple 21 (1) Preparation of a nodified

i on-exchange resin catalyst Wile vigorously stirring the water-swollen
Anmber | ystex 1drypweight 4 g with 80 ml of ion-exchange water, thereto
was slowy added dropwi se 40 m of an aqueous nmixed solution of 0.077

mol e/ L of tet mametky|aonriddpshl 9i e - @ gl e/iL of
4- pyri di neet hanet hi ol hydrochl or.i de. Af?g? Ogo%pae |ﬁb:¢QKe%ﬁ%ﬁR&sﬁpat

addi ti onditdrenmyg dd il waso dpHiher sth%%ed1XMU§E@ours,ingég§;thquE
repeatedly filtered and
hydroxymethyltriphenylphosphonium chloride, the operation
was performed to obtain Catalyst 22. The results of the
measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the same conditions as in {2) of Example 14, except that

Catalyst 22 was used instead of Catalyst 1o, the synthesis

.reaction of bisphenol A was -performed. The results were

shown in Table 2.

Reference Example 3
In the same manner as in (1) of Example 14, except that
- pyridine was used instead of'tetramethylammonium chloride,
:the operation was performed to obtain Catalyst 23. The
results of the measurement of an acid amount and of the
elemental analysis in the Catalyst aré shown in Table 1. 1In
addition, under the same conditions as in (2) of Example.14,
- except that Cétalet 23 was used insfead of Catalyst 16, the
synthesis reaction of bisphenol A was performed. The

results were shown in Table 2.




washed with ion-exchange water. Thereafter, it was dried under vacuum at
80C for 10 hours or longer to obtain Catalyst 26. The results of the
measurenent of an acid anmount and of the elenental analysis in the
Catalyst are shown in Table 1. (2) Synthesis reaction of Bi sphenol A 6.63
g of phenol, 0.37 g of acetone and 0.35 g of Catalyst 26 prepared in (1)
were put into a 70 m pressure- resistant reactor. The pressure-resistant
reactor was pressurized with nitrogen gas under 5 kg/cnR gauge pressure,
and was stirred with heating at 75C for®2 hours to perform- 40 the
reaction. After conpleting the reaction, it was cooled to room

t enper at ur After pressure discharge, the reaction solution was taken
out , and%\ﬁ%serseﬁlﬁee&gwﬁjoe duantitative analysis by nmeans of |iquid

chr omat ogr aph were shown in Table 2. Exanple 22 In the sane
a

manner as in ?T)Igg %%iﬁéﬁggfﬁreﬁ%eﬁT fﬁétOftéﬁ@&ﬁﬂ@n}ﬁph@ﬁﬂﬁﬂﬁlﬁﬁ t
LR LR R S
Tabl e 1. o el A L R R o ERE Y kel BrRetaon i P s 21,
eacti on ol b CRERETo R veg pertor ReRTIG PEoUTES NeF e EHbeRe Rorant o
acid amount and of the elemental analysis in the Catalyst
are shown in Table 1. In addition, under the same
conditions as in (2) of Example 14, except that Catalyst 24

was used instead of Catalyst 16, the synthesis reaction of

bisphenol A was performed. The results were shown in Table

2.

Comparative Example 4

While wvigorously .s‘tirring the ‘water-swollen Amberlyst
31 (dry weight 4 ¢g) with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of an aqueous 0.077
mole/L aminoethanethiol .hydrochloride solution. After
completing the dropWis'e addition, the mixture was further
stirred for ‘5 hours, and was then repeatedly filtered and
washed with ion-exchange water. Thereafter, i1t was dried
under vacuum at 80°C for 10 hours or longer to obtain
Catalyst 25. The results of the measurement of an acid
~amount and of the elemental analysis in the Catalyst are

shown in Table 1.

In_ addition, under the same conditions as in (2) bf



2. Exanple 23 (1) Preparation of a nodified ion-exchange resin catalyst
Wil e vigorously stirring the water-swollen Anberlyst 31 (dry weight 4 @)
with 80 m of acetonitrile, thereto was slowy added dropwise 40 m of a
0.077 nole/L solution of hydroxynethyltriphenyl phosphonium chloride in

acetonitrile. - 41 After conpleting the dropwi se addition, the m xture was
further stirred for 5 hours, and was then repeatedly filtered and washed
wi th ion-exchange water. Thereafter, i was dried under vacuum at 80C for

10 hours or longer. The obtained soli Pwas di spersed in 80 nL of

i on-exchange water, and thereto was slowy added dropwi se 40 m of an
aqueous 0 07@ /L 4-pyridineet hanet hi ol drochloride solution wth
stirringEXAfPeE ceﬁpl ¥ RGPt hd-Hlophise Laddi t 8n, Wéi!fheusrﬁdxt%ﬁa’étﬁﬁg of
continuo stlrr for hour and was then eat ed filtered and
washed %gﬁ%# i%angehﬁatEVn%h?ﬁéFeaF?@Pthp-mﬁg %%ﬂerz%adﬁﬁﬁ1at
80C for urs obt ai n t al yst e results of the
neasur e mgg'a0| %gﬁﬁh%ﬁndedﬁ £ é1eﬁbﬁ%§¥“% lysis in the

Cat al yst are shomn in Table 1. (2) Synthesis reaction of Bi sphenol A Under
the sane conditions as in (2) of Exanple 21, except that Catal yst 28 was

used insgeggﬁqg Gatal yst 26, the synthesis reaction of bisphenol A was
performed. The

(L) Preparation of a modified ion-exchange resin
catalyst |

While vigorously stirring the water-swollen Amberlyst
31 (dry weight 4 g) with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of an aqueous mixed
-solution of 0.077 mole/L of tetramethylammonium chloride and
0.077 mole/L of 4-pyridineethanethiol hydrochloride. After
completing the dropwise additioﬁr the mixture was further
-stirred for 5 hours, and was then repeetedly filtered and
washed with ion-exchange water. Thereafter, it was dried
under vacuum at 80°C for 10 hours or longer to obtain
‘Catalyst 26. The results of the measurement of an acid
amount and of the elemental analysis in the Catalyst are
shown in Table 1.

| {2) Synthesis reaction of Bisphenol A

.63 g of phenol, 0.37 g of acetone and 0.35 g of
Catalyst 26 prepared in (1) were put into a 70 ml pressure-
resistant reactor. The pressure-resistant reactor was
pressurized with nitrogen das under 5 kg/cm® gauge pressure,

and was stirred with heating at 75°C for 2 hours to perform



results were shown in Table 2. Exanple 24 In the sane manner as in (1) of
Exanpl e 21, except that tetraethyl phosphonium chloride was used instead of
t et ramet hyl ammoni um chl ori de, the operation was perfornmed to obtain

Catal yst 29. The results of the neasurenent of an - 42 acid anount and of
the el enental analysis in the Catalyst are shown in Table 1. In addition,
under the sanme conditions as in (2) of Exanple 21, except that Catal yst 29
was used instead of Catal yst 26, the synthesis reaction of bisphenol A was
performed. The results were shown in"Table 2. Exanple 25 In the sane
manner as in (1) of Exanple 21, except that cetylpyridiniumchloride was
used instead of tetrane E | anmoni um chl ori de, the operation was perforned

to obtaincatat§stoBo. SF e SOPPS S ih L e a8 BR e RERE/ oft Larasacter kefbunt

Saai 11 on St haeERRtEEL D | b FESRRlEs) etErrane B eEhion hat

b sphonol AU oRES | BHISRCARE ALY Bare e Tad T (i DTERAETTE 26

I the SRS 13S 4lakd) S PIARLS ZRrofXESRLapRY. ' HhRNSNYLppOSPhi ne
were shown in Table 2. '

Example 22

In the same manner as in (1) of Example 21, except that
tetraphenylphosphonium chloride was used instead of
tetramethylammonium chloride, the operation was performed to
obtain Catalyst 27. The results of the measurement of an
acid amount and of the elemental analysis in the Catalyst
are  shown in Table 1. In addition, under the same
conditions as in (2) of Example 21, except that Catalyst 27
was used instead of Catalyst 26, the synthesis reaction of

bisphencl A was performed. The results were shown in Table

2.

Example 23

(1) Preparation of a modified ion-exchange resin
catalyst

While vigorously stirring the water—swollen..Amberlyst
31 (dry weight 4 g) with 80 ml of acetonitrile, thereto was
slowly added dropwise 40 ml of a 0.077 mole/L solution of

hydroxymethyltriphenylphosphonium chloride in acetonitrile.



hydr oxynmet hyl t ri phenyl phosphoni um chl ori de, the operation was performed to
obtain Catalyst 31. The results of the neasurenent of an acid anmount and
of the elenental analysis - 43 in the Catalyst are shown in Table 1. In
addition, under the same conditions as in (2) of Exanple 21, except that
Cat al yst 31 was used instead of Catal yst 26, the synthesis reaction of

bi sphenol A was perforned. The results were shown in Table 2. Exanple 27
In the same manner as in (1) of Exanglg 23, except that

di phenyl et hoxyphosphi ne was used inste 4 of

hydr oxynet hyl t ri phenyl phosphoni um chl ori de, the operation was perforned to
obtain E%%%§t 32. .The éesghts f the neasurenment of an acid anmount and

of the e t aFCERAFYR et hETBRYAPEst 2dfetiPBwn FReTaptRtYre | (as
addition,f nder. the sa ;%pdit%gnﬁ as in 22) of Exanple 21, exce t hat
Cat al yst wae used it eaPof Cat BPYEE 2620 heWagnt G  TRBRATEH Yof
bi sphenol:. for he.results were_ shown in Tahle 2. Reference
gr&ﬂ@%@dxghé)&ggkeg-w%£lnl@ffe gﬁp”@?ﬁﬁ'e eeqﬁﬁr

Exanple 5 I'n the same nanner a : _ _ d i di ne
b s S AL
oL EobianllE sl il aflYEL 0 BOECRL ph YL U dele 1
and thereto was slowly added dropwise 40 ml of an aqueous
0.077 mole/L 4-pyridineethanethiol hydrochloride solution
with stirring. After completing the dropwise addition, the
mixture was continuously stirred for 5 hours, and was then
: repeatedly filtered and washed with ion-exchange water.
Thereafter, it was dried under vacuum at 80°C for 10 hours
or longer to obtain Catalyst 28. The results of the
measurement of an acid amount and of the elemental analysis
in the Catalyst are shown in Table 1. |
(Z2) Synthesis react%on of Bisphenol A
Under the same conditions as in (2) of Example 21,
except that Catalyst 28 was used instead of Catalyst 26, the
synthesis reaction of bisphenol A was performed.-A The

results were shown in Table 2.

Example 24

In the same manner as in (1) of Example 21, except that
tetraethylphosphonium chloride was used instead of
tetramethylammonium chloride, the operation was performed to

obtain Catalyst 29. The  results of the measurement of an -



- 44 except that Catal yst 33 was used instead of Catal yst 26, the

synt hesis reaction of bisphenol A was perforned. The results were shown in
Tabl e 2. Reference Exanple 6 In the same nanner as in (1) of Exanple 21,
except that trinethylam ne hydrochl oride was used instead of

t et ramet hyl ammoni um chl ori de, the operation was perfornmed to obtain

Catal yst 34. The results of the neasurenent of an acid anmount and of the
el enental analysis in the Catal yst arg shown in Table 1. In addition,

under the sane conditions as in (2) o 2E5<"arrp|e 21, except that Catal yst 34
was used instead of Catal yst 26, the synthesis reaction of bisphenol A was

erfornmed The results were sh in Table 2. Conparative Exanple 5 Wile
\F;i gor ous%/c-lis i?’IP?W@Et ﬁ@%ﬁf’gr %l ¢ EFARbRt | @é’taln.‘!fgils( oty \n@ﬁgﬁpam@)sw th
80 m of &_n-%ﬁggﬁpge.mat r th?reto was slow y added dropwi se 40 m of an
aqueous 82%?7 1D e/L;ﬁmpg?pﬁ?ne et hanéfhi 889hFdiP8enl 3HEE sdiig | otAlef t er
conpleti : i se;addi,tig he m xture was further stirred for 5
hogps, an %ﬁ%?% éﬁ?%%pé%tggbyqﬁI#ﬁﬁ%é?%n%{’mﬁ§ﬁ38%mfgﬁq(9ﬁ¥§5ﬁ§h6§3

wat er. Ther. y i i e d c at _80C for 10 hoyr,s or ] onger
to obtai E%Secg%% ys%h§§%$h§¢ eg"ﬁ‘f%gyg% ;é%éu SuP ERERESOF &iF 3 -13)11450% )
amount  apd sphe?? &l SRRt k2 S Ik d NG SR AL YSL 8T §noShowy, APl e 1.

2.
Example 25

In the same manner as in (1) of Example 21, except that
cetylpyridinium chloride was used instead of

tetramethylammonium chloride, the operation was performed to
obtain Catalyst 30. The results of the measurement of an
acid amount and of the elemental analysis in the Catalyst
are shown in Table 1. In addition, under the same
‘conditions as in (2) of Examp1e721, except that Catalyst 30
was. used instead of Catalyst 26, the synthesis reaction of

bisphenol A was performed. The results were shown in Table

2.
Example 26

In the same manner as in (1) of Example 23, except that
triphenylphosphine was used instead of

hydroxymethyltriphenylphosphonium chloride, the operation
was performed to obtain Catalyst 31. The results of the

measurement of an acid amount and of the elemental analysis



In addition, under the sanme conditions as in (2) of Exanple 21, except
that Catal yst 35 was used instead of Catalyst 26, the synthesis reaction
of bisphenol A was performed. The results were shown in Table 2. Exanple
28 3.5 g of Catalyst 2 was filled with a cylindrical reactor (inside
dianeter: 21.4 mm length: 470 mm). From the bottom of the reactor, the
raw material solution to which was added 3-nercaptopropionic acid was
supplied into the m xture of phenol/a sfone having a nolar ratio of 6 : 1
such that the concentration was 3000 p fo proceed the synthesis reaction
of bisphenol A at a reaction tenperature of 85C. Wen the anount of the

flowi ng acetaone reached 7 g, the anmount of the supplied raw materi al
soIutionlﬁbggyitCagﬁgﬁqﬁhdgr?héﬁg@gtdﬁé &8hv&r st on EBSE%%BGFI%B@bu%%@Tthen
was fixeg%l.e W@en t he %gqgnt of the,flo%dng acetone was_7 g and 200 g,
respectively, “The rEatti of'pt obfct Thad“anaPyz &8Py i i d c&RrEBFat Byt aphy
to determ redu levels.of th et one. conversiqn and the
selectiv?%@%?éﬂﬁip§fb%§%héﬁ%? A&nngggeéﬁfJ%?Qalﬁﬁ §g$ul VRYRERERA i n

Table 3. . iR, | eve] of conversion (9 _ nversion (%
when thergﬁoc’%%?nof B?hel{)%&ﬁgla?et%ﬁg iR® %ﬂe(g] - %{%n&g%ggfiﬁ (W Shen
the amurh.@h tike fdpwi ng, acetone is 200 g], [Reduced |evel of selectivity

(9] =[Selectivity (9% when the anmount of the flow ng acetone is 7 g]' -
[Selectivity (%9 when the amount of the flow ng acetone is

Example 27
In the same manner as in (1) of Example 23, except that
diphenylethoxyphosphine was used " instead of
“hydroxymethyltriphenylphosphonium chloride, the operation
was performed to obtain Catalyst 32. The results of the
- measurement of an acid amount.and of the elemental analysis
in the Catalyst are shown in Table 1. In addition, under
the same conditions as in (2) of Example 21, except that
Catalyst 32 was used instead of Catalyst 26, the synthesis

reaction of bisphenol A was performed. The results were

. shown in Table 2.

Reference Example 5

In the same mannef as in (1) of Example 21, except that
pyridine was used instead of tetramethylammonium chloride,
~ the operation was performed to obtain Catalyst 33.- The

results of the measurement of an acid amount and of the
elemental analysis in the Catalyst are shown in Table 1. In

addition, under the same conditions as in {(2) of Example 21, .



200 g], and the followi ngs were also calculated in this manner. Exanple 29
The synthesis reaction of bisphenol A was perfornmed under the sane
conditions as in Exanple 28, except that Catalyst 5 was used instead of
Catalyst 2 to determne the reduced |evels of the acetone conversion and
the selectivity to p,p' -bisphenol A respectively. The results were shown
in Table 3. Exanple 30 The synthesis reaction of bisphenol A was perfornmed
under the sane conditions as in Exangl§42§, except that Catalyst 7 was
used instead of Catalyst 2 to determ né‘the reduced |evels of the acetone
conversion and the selectivity to p,p' -bisphenol A respectively. The

results re _sh in Table 3._Exanple 31 The synthesis reaction of

bi sp'heno}l&&%ﬁgcsqr\[g@artf o(f’]%%&s'i?%uﬂaér USRE dafdedonditt iR s P Exaikf e 28,
except t Heatal ysgealcat.mas usged i nst ead ﬂf Catal yst 2 to determ ne the
reduced INelSor t HE X et Bhe Tonvet SPERIGhd £hed | RBFVPEPSdro The

p, p' - bi sglﬂé%:ﬂtﬁwerrees%q%dﬁ/eil%wg%hfer sults were shown in Table 3. Exanple
[

32 The synthesis reaction of sphenol " A was performed under the sane
conditions as in Exanple 28, except that

Reference Example. 5

In the same manner as in (1) of Example 21, except that
trimethylamine hydrochloride was used instead of
tetramethylammonium chloride, the operation was performed to
obtain Catalyst 34. The results of the measurement of an
~acid amount and of the elemental analysis in the Catalyst
are shown in Table 1. In addition, under the same
conditions as in (2) of Example 21, except that Catalyst 34
was used instead of Catalyst 26, the synthesis reaction of

bisphenol-A was performed The results were shown in Table 2.

Comparative Example 5

| While vigorously stirring the water-swollen Ambe'rlyst
.31 {dry weight 4 g} with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of an aqueous 0.077
mole/L 4-pyridineethanethiol hydrochloride solution. After
completing the dropwise addition, the mixture was further
stirred for 5 hours, and was then repeatedly filtered and
washed with ion-exchange water. Thereafter, it was dried
under vacuum at 80°C for 10 hours or longer to obtain

- Catalyst 35. The results of the measurement of an acid



Catal yst 11 was used instead of Catalyst 2 to determine the reduced |evels
of the acetone conversion and the selectivity to p,p' -bisphenol A,
respectively. The results were shown in Table 3. Exanple 33 The synthesis
reacti on of bisphenol A was perforned under the sane conditions as in
Exanmpl e 28, except that Catalyst 12 was used instead of Catalyst 2to
determ ne the reduced |evels of the acetone conversion and the selectivity
to p,p' -bisphenol A respectively. The results were shown in Table 3.
Conpar ati ve Exanple 6 The synthesis Fedct iron of bi sphenol A was perforned
under the sanme conditions as in Exanple 28, except that - 48 Catalyst 13

was used instead o& ﬁggalﬁst 2 to determne the reduced |levels of the
acet one BMIEsi Bh%amdf t fiBCsePERPPRERY A%l $ts bigpHeipl CALalashectivel y.

The resulgs re in Table 3. Conparative Exanple 7 The synthesis
reactionsi)O 3 Jﬁhéﬁgﬂn%:has performed under the sane conditions as in

Exanpl e 28, excep Catal yst 14 was_used instead of Catalyst 2 to
det er i ne theﬁgrégaégg{?%Veﬂgu%]:t%Eeac%?%%e(%’ T6h &fd Yhe ‘€l eetivity

Lo PP, Ryehhane! o, reapestivalde TATASAM 195"0E SNy L0.TANR &
Exanpl e 34 ,
Catalyst 26, the synthesis reaction of bisphenol A was

performed. The results were shown in Table 2.

Example 28
3.5 g of Catalyst 2 was filled with a cylindrical
- reactor (inside diameter: 21.4 mm, length: 470 mm). From
the bottom of the reactor, the raw material solution to
which was added 3-mercaptopropionic acid was supplied into
the mixture of phenol/acetone having a molar ratio of 6 : 1
such that the concentration was 3000 ppm to proceed the
. synthesis reaction of bisphenol A at a reaction temperature
of 85°C. When the amount of the flowing acetone reached 7 g,
the amount'of the supplied raw material solution was set
such that the acetone conversion was about 65%, and then was
fixed. When the amount of the flowing acetone was 7 g and
200 g, respectively, the reaction product was analyzed by
liquid chromatography to determine the reduced levels of the
acetone conversion and the selectivity to p,p'-bisphenol A,
respectively. The results were shown in Table 3.
In addition, [Reduced level of conversion (%)] =

[Conversion (%) when the amount of the flowing acetone is 7



3.5 g of Catalyst 16 was filled with a cylindrical reactor (inside
dianeter: 21.4 mm length: 470 nm). From the bottom of the reactor, the

m xture of phenol/acetone having a nolar ratio of 6 : 1 was supplied as a
raw material solution to proceed the synthesis reaction of bisphenol A at
a reaction tenperature of 85C. When the anobunt of the flow ng acetone
reached 7 g, the anount of the supplied raw nmaterial solution was set such
that the acetone conversion was about ,65% and then was fixed. \Wen the
amount of the flow ng acetone was 7 g ‘and 200 g, respectively, the
reacti on product was anal yzed by liquid chromatography to - 49 determ ne

the reducgd le f _the tone conversion and _the selectivity to
p,p'-bisgﬁenoltgéﬁyggﬁégpiaglyfﬂ¥ﬁ% thesamPinfieod dhst 19V b 2C8LOERanpl e
condi 1 ong 2 o LCafkpaRagh TeRETOR, A AR Al Bt "HERE PRIV ERS o
Cat al yst t t ermi_ne reduc evgl s .of the acetone conversion and
t he sel ec(é%iqvi 1%1%?% otg:ep' -a[;'iggf)lﬁengiﬁl i&% es]rejie%"fr:f‘r\}%l ya.lc E'F edl t vvgie shown

in Tabl e Fe1Ranp} & 36 (The it %ﬁ%f‘gaéﬂi' U o{h%)i ?ﬁggggé&éﬁm%g%rper formed

- 15
under the sane conditions as In EeXCEp %18 %as

used instxead gf , Catdlystnd 6 fo0186L8LE NGethe afeduced VRl of 4t he,aget one

conversion and the selectivity
manner.

Example 29

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 28, except that
Catalyst 5 was used instead of Catalyst 2 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphencl A, respectively. The results were shown

in Table 3.

Example 36

The synthesis reaction of bisphenol A was pefformed
under the same conditions as in Example 28, except that
Catalyst 7 was used instead of Catalyst 2 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 31

The synthesis reaction of bisphenol A was performed



to p,p' -bisphenol A respectively. The results were shown in Table 3.
Exanpl e 37 The synthesis reaction of bisphenol A was perfornmed under the
same conditions as in Exanple 34, except that Catalyst 19 was used i nstead
of Catalyst 16 to determine the reduced |evels of the acetone conversion
and the selectivity 50 to p,p' -bisphenol A, respectively. The results were
shown in Table 3. Exanple 38 The synthesis reaction of bisphenol A was
performed under the sane conditions_aggiq Exanpl e 34, except that

Cat al yst 20 was used instead of Cataly 16 to determ ne the reduced

| evel s of the acetone conversion and the selectivity to p,p' -bisphenol A
respectiqﬁ#yerQﬁ results were. shown in Table 3. Exanple 39 The synthesis
reaction ‘of Bi sphenof R waL e FHPRed 2und8r ¥¥aRLee ZbndrEceRE aShih

Exanpl Catal yst .21 ' d.of Catal 16
derorm ne TREVTE AL LT VBFE U AHedcat one RbaEr &1 G A THE el B8t vi ty

to p,p' -hi I specitively. . The results .were sho i n Tap| e, 3.
Exaﬁpre %b The sf%tf%%?§9fe%% i%%eangigﬁﬁﬁﬁﬂs%&RMﬂ? eﬁg%n§ﬁﬁﬁc€hﬁ&ﬁythe
sane condid i gns' as;i 5PhEXaPlE 3€e5558995e39?t The results were shown

in Table 3.

Example 32

The synthesis reaction of bisphenol A was perforﬁed
under the same conditions as in Example 28, except that
Catalyst 11 was used instead of Catalyst 2 to determine the
reduced levels of the acetohe conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 33
The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 28, except that
Catalyst 12 was used instead of Catalyét 2 to determine the
| reduced levels of the acetone conversion and the selectivity

to p,p'-bisphencl A, respectively. The results were shown

in Table 3._

Comparative Example 6
The synthesis reaction of bisphenol A was performed

under the same -conditions as in Example 28, except that



Catal yst 22 was used instead of Catalyst 16 to determ ne the reduced

| evel s of the acetone conversion and the selectivity to p,p'-bisphenol A,
respectively. The results were shown - 51 - in Table 3. Conparative Exanple
8 The synthesis reaction of bisphenol A was perfornmed under the sane
conditions as in Exanple 34, except that Catalyst 23 was used instead of
Catal yst 16 to determ ne the reduced |levels of the acetone conversion and
the selectivity to p,p'-bisphenol A, Egsgectively. The results were shown

in Table 3. Conparative Exanple 9 The synthesis reaction of bisphenol A was
performed under the sane conditions as in Exanple 34, except that

Cat al yst u i.nst ead .of. talyst_16 to determ ne the reduced

| evel s oé’iﬁ%&eﬁ%ew%%nvg?gi &ﬁ%}r‘?@%ﬁéf sePeRtYstty o Rmingrdol A,
respectively.~. ke . t e sho in Table.3. Co rative Exanple 10
The synt \ri{%s‘,j%{l s e;ﬁeg(?t‘ii%g;g ocff ﬂ%h%‘ﬁ%%}?\em&é’%’&rfﬁ&we&n%% St%e%%f?glty
Catal yst T6 T dersrmneo s rEaRe bt Rbears ontih e eetiEne Mesn e iroh and
the sel egh Wy« B30 p, p' - bi sphenol A, respectively. The results were shown
in Table 3. - 52 -

Conmparative Example 7

The synthesis reaction of bisphenol A was performed
under the. samé conditions as in E#ample 28, except that
Catalyst 14 was used instead of Catalyst 2 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphencl A, respectively. The results were shown

in Table 3.

Example 34

3.5 g of Catalyst. 16 was filled with a cylindrical
reactor (inside diameter: 21.4 mm, length: 470 mm). From
the bottom of the reactor, the mixture of phenol/acetone
having a molar ratio of 6 : 1 was supplied as a raw material
solution to proceed the synthesis reaction of bisphenol A at
‘a reaction temperature of 85°C. When the amount of the
flowing acetone reached 7 g, the amount of the supplied raw
material solution was set such that the acetone conversion
was about 65%, and then was fixed. When the amount of the
flowing acetone was 7 g and 200 g, reséectively, the

reaction product was analyzed by liquid chromatography to



Exanple 41 3.5 g of Catalyst 26 was filled with a cylindrical reactor
(inside dianeter: 21.4 mm length: 470 mm). From the bottom of the
reactor, the m xture of phenol/acetone having a nolar ratio of 6 : 1 was
supplied as a raw material solution to proceed the synthesis reaction of
bi sphenol A at a reaction tenperature of 85C. Wen the anount of the

fl owi ng acetone reached 14 g, the anpunt of the supplied raw nateri al
solution was set such that the acetone conversion was about 65% and then
was fixed. When the anmount of the floﬁdng acetone was 14 g and 400 g,
respectively, the reaction product was anal yzed by |iquid chromatography

to deterym t.he reduced | evel s. of the acetone conversion and the

sel ecti vi frét%(l)nlﬁl, 'Eg?sﬁﬁé‘l’tﬁed/ﬁ,l‘?‘é%%%cf’ifve’?l}@ TRETORBs FINYNSHOTS hd@ | n

Tabl e 3. aml : synt hesi s ,reaction of hisphenol A was perforned

under tthébggeggﬁéPEggz g§’iﬁ’§ka SPNPRO oy dupt HESRECTENEANyst 2Fheas

used instead1qfs Gatal yst ‘%@Jgrg @?egfrrgne the reduced |levels of the acetone
y

conversion and the selectlvi 0 %,p'abisphenol A, respectively. The
results were shown in Table 3. - 53 - Exanple 43 The synthesis reaction of
bi sphenol A was performed under the sane conditions as in Exanple 41,
except thatmpGat dyst 28 was used instead of Catalyst 26 to determine the

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 34, except that
Catalyst 17 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively.,. The results were shown

in Table 3.

Example 36

The synthesis reaction of bisphenol A was performed
‘under the same conditions as in Example 34, except that
Catalyst 18.was used instead of Catalyst 16 to determine the
reduced levels of the acetone.convetsion'and the selectiwvity

to p,p'-bisphenol A, respectively. " The results were shown

in Table 3.

Example 37

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 34, except that
Catalyst 19 was used instead of Catalyst 16 to determine the

reduced levels_of the acetone conversion and the selectivity



reduced |l evel s of the acetone conversion and the selectivity to

p, p' - bi sphenol A, respectively. The results were shown in Table 3. Exanple
44 The synthesis reaction of bisphenol A was performed under the sane
conditions as in Exanple 41, except that Catalyst 29 was used instead of
Catal yst 26 to determ ne the reduced |evels of the acetone conversion and
the selectivity to p,p' -bisphenol A respectively. The results were shown
in Table 3. Exanple. 45 The synthesis r%agtion of bi sphenol A was perforned
under the sane conditions as in Exanplé 41, except that Catalyst 30 was
used instead of Catalyst 26 to determ ne the reduced |levels of the acetone

conver si the. selectivity to p,p.-bisphenol A respectively. The
results \%re?)r ggg%o%lselﬁepfﬁ%l @’S.rﬁ}agﬁgévﬁ%%' S&PheThJée?f/ﬁEﬁeé‘iesrer eRYdn of
bisphenoLﬁAnggéngjorned under the same conditions as in Exanple 41

a

except tﬁat I'yst 31 was used instead of Catalyst 26 to determ ne the

reduced | evels of the acetone conversion and the selectivity to
p, p' - bi sphenol A, respectively. The results were showmn in Table 3. Exanple
47 The sypthgsis Fgeaction of bisphenol A was perforned

The synthesis reaction of bisphenol A was performed
 under the same conditions as in Example 34, except that
_Cata}yst 20 was used instead of Catalyst 16 to determine the

reduéed levels of the acetone conversion and the selectivity

- to p,p'-bisphenol A, respectively. The results were shown

- in Table 3.

Example 39

The synthesis reaction. of bisphenol A was performed
under the same conditions as in Example 34, except that
Catalyst 21 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity

-to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 40

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 34, except that
Catalyst 22 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity

tO:P(P';bisphenol A, respectively. The results were shown



under the sane conditions as in Exanple 41, except that Catalyst 32 was
used instead of Catalyst 26 to determ ne the reduced |evels of the acetone
conversion and the selectivity to p,p'-bisphenol A respectively. The
results were shown in Table 3. Conparative Exanple 11 The synthesis
reacti on of bisphenol A was perforned under the sane conditions as in
Exanpl e 41, except that Catalyst 33 was used instead of Catalyst 26 to
determne the reduced |evels of the_agﬁtgne conversion and the selectivity
to p,p' -bisphenol A respectively. Theresults were shown in Table 3.
Conpar ative Exanple 12 The synthesis reaction of bisphenol A was perforned
- 55 un S conditions as in Exanple 41, except that Catalyst 34
was usedqﬁﬁé%ggéaggecatalyst 26 to determ ne the reduced |evels of the
acetone conversion and the selectivity to p,p'-bisphenol A respectively.
The results were shown in Table 3. Conparative Exanple 13 The synthesis

reactiondyhﬂgfgyyygﬂEg%ﬂﬁéﬁ[ﬁwforned under the sanme conditions as in
a

Exanpl e 41, "except that yst 35 was used instead of Catalyst 26 to

determ ne therppedyced,Leyel s, 0 acet on nversigqn and the selectivity

to p, p' -bisphenol A respective %ﬁfﬁ%e(gésﬁﬁfﬁ)ﬁ%¥g's om%asirpﬁﬁéhQP .
under the same conditions as in Example 34, except that
Catalyst 23 was used instead of Catalyst 16 to determine the

reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Comparative Example 9

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 34, except that
Qatalyst 24 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Comparative Example 10

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 34, except that .
Catalyst 25 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenocl A, respectively. The results were shown

in Table 3,



[ Tabl e 1] Cata Content Content |yst Content of Content of of of Acid
Carbon (9% Nitrogen Phosphoru Sulfur Amou (%9 s (%9 (% Exam Cata nt The
Theo Theo Theo ple lyst (m | Foun Foun Fou Fou ore lieq d cal reti d cal

reti nd reti nd tic wuiva valu valu valu valu val valu cal val al lent e e
ue ue val s/g) e e e ue Ex. Cata lyst 2.73 62.0 62.3 1.5 1.5 - _ 11. 11.
146 1 Ex. Cata lyst 3.48 56.9 57.1 1.51.6 - _14. 14. 2 0 3 2 Ex.
Cata lyst 2.96 61.2 61.5 1.4 1.4 11._1%.2 33- - 8156 Ex. Cata lyst

3.19 57.7 58.0 1.3 1.4 _ 13. 14.

Example 41

3.5 g of Catalyst 26 was filled with a cylindrical
reactor (inside diameter: 21.4 mm, length: 470 mm). From
the bottom of the reactor, the mixture of phenol/acetone
having a molar ratio of 6 : 1 was supplied as a raw material
solution to proceed the synthesis reaction of bisphenol A at
a reaction temperature of 85°C. When the amount of the
flowing acetone reached 14 g, the amount of the supplied raw
material solution was set such that the acetone conversion
was about 65%, and then was fixed. When the amount of the
flowing acetone was 14 g and 400 g, respectively, the
reaction product was analyzed by liquid chromatography to
determine the reduced levels of the acetone conversion and
the selectivity to p,p'-bisphenol A, respectively. The

results were shown in Table 3.

Example 42

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that
Catalyst 27 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table. 3.



480 4 Ex. Cata 10 11. lyst 2.62 64.064.21.41.4- 5570 Ex. Cata
lyst 2.70 60.8 61.1 - - 3.0 3.2 11. 11. 6 14 6 Ex. Cata lyst 2.47 65.5
65.7 - - 2.7 3.0 10. 10. 7 7 45 Ex. Cata 8 lyst 2.68 62.2 62.5 - - 2.7
3.0011. 802 Ex. Cata 9 lyst 2.11 66.4 66.7 1.1 1.1 4.6 4.9 8.88.9 9
Ex. Cata lyst 3.06 57.6 57.9 - - 3.4 3.6 12. 12. 10 10 7 9 Ex. Cata lyst
- 63.463.6 - - 3.13.311. 11. 11 11 0 2 Ex. Cata lyst - 60.4 60.6 - -
3.1 3.4 11. 11. _ 53 -
Example 43

The synthesis reaction of bisphenocl A was performed
under the same conditions as in Example 41, except that
Catalyst 28 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphencl &, respectively. The results were shown

in Table 3.

Example 44

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that
Catalyst 29 was used instead of Catalyst 26 to détermine the
reduced leVeis of the acetone conversion and the selectivity

- to p,p'-bisphencl A, respectively. The results were shown

in Table 3.

Example 45

The synthesis reaction of bisphenol A was performed
under the same conditions as in Ekample 41, 'except that
Catalyst 30 was used instead of Catalyst 26 to determine the
reduced levels.of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 46



12 4 6 12 Ref. Cata Ex. lyst 3.59 56.4 56.6 1.5 1.6 - - 14. 14. 1 13 2 5
Ref. Cata Ex. lyst 3.39 57.9 58.2 1.6 1.7 14. 14. 2 14 0 1 Conp Anbe rlys

5.09 56.0 56.3 15. 15. E t 31 36 1 Conp Cata lyst 3.58 54.7 55.0 1.9
.15, Ex. 150 2 2 Ex. Cata lyst 3.40 55.3 55.6 1.6 1.7 16. 16.
01- 57 - Ex. Cata lyst 2.90 60.2 60.5 0.7 0.7 1.4 1.6 6 1 13.

1.9 _ 15
14 16 -

17 6 9 Ex. Cata lyst 3.03 58.4 58.7 0.7 0.7 1.4 1.6 14. 14. 16 18 0 2

Ex. Cata

..54_

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that
Catalyst 31 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity.

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 47

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that
Catalyst 32 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Comparative Example 11
The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that

Catalyst 33 was used instead of Catalyst 26 to determine the

- reduced levels of the acetone conversion and the selectivity

_to p,p'-bisphenol A, respectively. The results were shown

~ . in Table 3,

Comparative Example 12

The synthesis .reagtion of bisphenocl A was performed

15



lyst 3.22 55.8 56.0 0.7 0.8 1.6 1.9 15. 15. 17 19 1 4 Ex,-Cata lyst 2.91
59.6 59.7 1.4 1.5 14. 14. 18 20 01 Ex.-Cata lyst - 58.9 59.2 0.9 0.8 1.5
1.8 14. 14. 1921 1 4 Ex. Cata lyst - 57.3 57.50.9 0.8 1.7 1.9 14. 14.

20 22 3 6 Ref. Cata Ex. lyst 3.28 55.9 56.1 1.7 1.8 - - 18. 11. 3 23 81
Ref. Cata Ex. lyst 3.45 55.0 55.3 1.7 1.7 - - 10. 13. 4 24 0 3 Conp Cata
lyst 4.15 54.9 55.0 0.8 0.9 16. 17. Ex. 25 - - 8 0 4 Ex. Cata lyst 3.25

57.0 57.1 1.7 1.7 15. 15. 21 26 - 3_555E§: Cata lyst 2.78 61.4 61.7 0.7
0.7 1.41.6 13. 13. 22 27 2 4

under the same conditions as in Example 41, except that
Catalyst 34 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphencl A, respectively. The results were shown

in Table 3.

Comparative Example 13

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 41, except that
Catalyst 35 was used instead of Catalyst 26 to determine the
reduced levels of the acetone conversion and the selectivity

to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

[Table 1]
Cata Content Content
lyst | Content of Coptent of | of of
Acid | Carbon (%) Nltﬁigen Phosphoru Sulfur
. ot Amzu ' ° s (%) (%)
Xam ata n : : '
ple lyst {mil | Foun The? qun Theg Fou Theg Fou 2?:
lieq | da |¥eRL | g Eetl g lreti |4 tic
) cal cal cal
uiva | valu valu valu valu val 1 val | al
lent e e ue vaiu ue | val
s/qg) € © © ue
Ex, | cata 11. |11
1 lyst | 2.73 | 62.0 | 62.3 1.5 1.5 - - ) ’
1 4 6
gx. | “ata 14. | 14
5 lyst | 3.48 | 56.9 | 57.1 1.5 1.6 - - O‘ ’
5 _ 3
Ex. | Cotd 111, |12
3 l{ft 2.96 | 61.2 | 61.5 1.4 1.4 - - 8? l.




Ex. Cata lyst 2.90 59.6 59.9 0.7 0.7 1.4 1.6 6 1 13. 23 28 6 8 Ex. Cata
lyst 3.09 57.4 57.5 0.8 0.8 1.5 1.8 14. 14. 29 29 9 9 Ex. Cata |lyst 2.82

60.7 61.0 1.4 1.5 - - 13. 13. 25 30 56 Ex. Cata - 60.3 60.6 0.9 0.8 1.6
1.8 13. 13. 58 26 lyst 8 9 31 Ex. Cata 13. 1 |lyst - 58.6 58.9 0.9 0.8
1.6 1.8 91 27 32 1 Ref. Cata Ex. lyst 3.2557.3 57.6 1.7 1.7 - - 15. 15.

53345 Ref. Cata Ex. lyst 3.34 56.5 56.8 1.6 1.6 - 16. 17. 6 34 6 7
Conp Cata lyst 3.94 56.4 56.7 0.9 0.9 15 16. E. 35 - 33

Ex Cata
. | lyst|3.19]57.7 |58.0| 1.3 | 1.4 | - - 13|14
4 8 0
Fx Cata
< |lyst|2.62 |64.0|64.2) 1.4 | 1.4 | - _ | 10. 1.
p 7 { 0
Fx Cata
< {lyst|2.70 | 60.8 | 61.1 | - - |3.0] 3.2 [ 1|3
p ‘ 1 | 4
Ex Cata
5" | 1lyst | 2.47 | 65.5 | 65.7 | - - J2.7] 3.0 [ 1910
: 4 | s
Cata
Ex.
s | lyst | 2.68 | 62.2 | 62.5| - - t2.7] 3.0 |1t 1L
g O_ 2
Ex Cata .
o | lyst | 2.12 | 66.4 | 66.7 | 1.1 | 1.1 |4.6| 4.9 | 8.8 8.9
9 |
Ex Cata
10 | lyst |3.06|57.6|57.9| - | - |3.4| 3.6 |1%- |12
Ex Cata .
| lvst | - |e3.4]e3.6| - - (3.1 3.3 | Ee [t
11 : 0 ¢ 2
Cata '
Ex.
1o |lyst| - |e0.4|e60.6]| - - 3.1 3.4 L.
12 4 6
Ref. Cata
Ex. | lyst | 3.59 | 56.4 | 56.6 | 1.5 | .1.6 | - | - |14 |
1 13 ' . 2 | 5
Ref. Cata .
Ex. | lyst [ 3.39|57.9(58.2| 1.6 | 1.7 | - S s
2 14 o | 1
COMP | Ambe | ,
gv | rlys | 5.09 | 56.0 | 56.3 | - - - A
) t 31 3 6
1
Comp Cata
i 15. | 15.
pw. | lvst | 3.58 | 52.7 | 55.0| 1.9 | 1.9 | - - PO
15
2
Ex Cata .
14 | lyst | 3.40 | 55.3 | 55.6( 1.6 | 1.7 - _ 16. | 16.
16 0 1




5 [Table 2] Acetone Catalyst Conversion Selectivity (%9 (% to Bisphenol
A Ex. 1 Catalyst 1 46.1 92.6 Ex. 2 Catalyst 2 64.8 92.8 Ex. 3 Catalyst 3
60.1 92.7 Ex. 4 Catalyst 4 46.1 92.5 Ex. 5 Catalyst 5 53.6 93.0 Ex. 6
Catalyst 6 43.9 92.9 Ex. 7 Catalyst 7 48.0 93.2 Ex. 8 Catalyst 8 56.8
93.3 Ex. 9 Catalyst 9 35.9 92.3 Ex. 10 Catalyst 10 63.0 93.1 Ex. 11
Catal yst 11 35.0 93.8 Ex. 12 Catalyst 12 41.2 93.4 Ref. Ex. 1 Catalyst 13
70.5 92.8 Ref. Ex. 2 Catalyst 14 66.6 93.2 Conp. Ex. 1 Amber|lyst 31 81.9
91.5 Conp. Ex. 2 Catalyst 15 61.5 of 2 /Ex. 13 Catalyst 1 45.2 89.7 Conp.
Ex. 3 Anberlyst 31 77.9 87.3 Ex. 14 Catalyst 16 70.0 93.2 Ex. 15 Catal yst

17 53.[1 93. 3] daca 16 Catalysi IP 66. 1[93.2 [EX. I7[Caralyst 19689 953
1c | lyst |2.90 | 60.2 | 60.5| 0.7 | 0.7 |1.4] 1.6 | 13- |13
17 : 6 9
Fx . Cata
16 | lyst | 3.03 |58.4|58.7] 0.7 | 0.7 [1.a] 1.6 | ¥4 |14
18 0 2
ExX . Cata
17 | lyst | 3.22 1558 |56.0| 0.7 | 0.8 |1.6] 1.9 |12+ |15
19 1 4
Ex. Cata
18 lyst 2.91 59.6 59.7 1.4 1.5 . _ 14, | 14.
20 0 1
Fist Cata
1o |lvst| -~ |s8.9]59.2| 0.0 | 0.8 [1.5] 1.8 | 14|24
.21 1 4
Fx . Cata
»o | lvst | - | 57.3|s57.5| 0.9 | 0.8 |1.7| 1.9 | 14|14
22 3 6
Ref. Cata
Ex. |lyst | 3.28 |55.9056.1 [ 1.7 | 1.8 | - - | 15|16
3 23 8 1
Ref. Cata | -
Ex. { lyst | 3.45|55.0 | 55.3| 1.7 | 1.7 | - - | 1616
4 24 0 3
comp Cata
pw. | lyst | 4.15 54,9 550 | 0.8 | 0.9 | - - 13 13'
. 25
Ex Cata '
51 | lyst | 3.25 | 57.0 | s7.1 | 1.7 | 1.7 | - A EE
26 : 3 5
Ex . Cata
5o | lyst | 2.78 | 61.4 [ 61.7 | 0.7 | 0.7 |1.4] 1.6 |13 |13
27 , 2 4
Ex . Cata 7
55 | lyst [2.90 | 59.6 | 59.9| 0.7 | 0.7 [1.4] 1.6 | 13- |13
28 : 6 8
Ex. Cata | ‘
54 | lyst [ 3.09|57.4|57.5| 0.8 | 0.8 [1.5] 1.8 | 24~ |14
29 S 9
Ex. Cata _
os | lyst {2.82 | 60.7 | 61.0| 1.4 | 1.5 | - _ 1313
30 | 5 | 6
Ex. | Cata | - |60.3|60.6] 0.9 | 0.8 |1.6] 1.8 113, [13.




59 Ex. 18 Catalyst 20 59.0 93.3 Ex. 19 Catalyst 21 64.1 94.0 Ex. 20
Catal yst- 22 65.0 93.6 Ref. Ex. 3 Catalyst 23 73.4 93.3 Ref. Ex. 4 Catal yst
24 78.0 93.0 Conp. Ex. 4 Catalyst 25 87.0 92.3 Ex. 21 Catalyst 26 86.0
93.2 EXx. 22 Catalyst 27 63.9 93.0 Ex. 23 Catalyst 28 80.1 93.2 Ex. 24
Catal yst 29 84.3 93.1 Ex. 25 Catalyst 30 69.0 93.2 Ex. 26 Catal yst 31
74.0 93.5 Ex. 27 Catalyst 32 76.2 93.4 Ref. Ex. 5 Catalyst 33 88.1 93.4
Ref. Ex. 6 Catalyst 34 89.1 92.9 Comp.cEx. 5 Catalyst 35 92.3 91.5 [Table

3] Reduced | evel of Reduced |evel of nversion (a) Selectivity (%9 Ex.
28 2.1 2.6 Ex. 29 2.3 2.7 Ex. 30 2.2 2.5 Ex. 31 2.2 2.6 Ex. 32 2.3 2.5
Ex. 33 22% 2| 6yGnp. Ex. 6 2.2 3.4 g 9
31 :
Ex. Cata
57 lyst - 58.6 | 58.9 0.9 0.8 1.64{ 1.8 13. 1 14.
32 9 1
Ref. | Cata
Ex. lyst | 3.25 | 57.3 | 57.6 1.7 1.7 - - 15. 1 15.
5 33 4 >
Ref. | Cata
Ex. lyst | 3.34 | 56.5 | 56.8 1.6 1.6 - - 15 1.
6 34 6 7
comp Cata '
Fx . lg;t 3.94 | 56.4 | 56.7 0.9 0.9 - - lg' lg'
5
[Table 2]
Aceton
Catalyst Conve;;;Zn SEqutiVity (%)
‘ (2) to Bisphenol A
Ex. 1 Catalyst 1 46.1 92.6
Ex, 2 Catalyst 2 64.8 92.8"
Ex. 3 Catalyst 3 60.1 92.7
Ex. 4 Catalyst 4 46.1 92.5
Ex. 5 Catalyst 5 53.6 93.0
Ex. 6 Catalyst 6 43.9 92.9
Ex, 7 Catalyst 7 48 .0 83.2
Ex. 8 Catalyst 8 56.8 93.3
Ex. 9 _Catalyst 9 . 35.9 92.3
Ex. 10 Catalyst 10 63.0 93.1
Ex. 11 Catalyst 11 35.0 93.8
Ex. 12 Catalyst 12 41.2 93.4
Ref. Ex. 1 Catalyst 13 70.5 92.8
Ref. Ex. 2 Catalyst 14 66.6 93.2
Comp. Ex. 1 Amberlyst 31 81.9 81.5
Comp. Ex. 2 Catalyst 15 61.5 91.2
Ex. 13 Catalyst 1 - 45.2 89.7
Comp. Ex. 3 Amberlyst 31 77.9 87.3
Ex. 14 Catalyst 16 70.0 93.2
Ex. 15 Catalyst 17 53.1 93.3
Ex. 16 Catalyst 18 66.1 93.2
Ex. 17 Catalyst 19 68.0 93.3




Conp.

13.2 5.2 Conp. Ex. 9 12.9 5.1 Conp. Ex.
42 12.6 1.3 Ex. 43 12.8 1.3 -
12.7 1.3 Ex. 47 13.0 1.3 Conp. Ex.
Conp. Ex.
t he present
selectivity,
econony.

Ex.

72.13.5 Ex. 34 13.1 3.5 Ex. 35 13.2 2.6 Ex. 36 13.0
37 13.1 2.4 Ex. 38 13.3 3.3 Ex. 39 12.9 2.5 Ex. 40 13.1 2.4 Conp.
10 13.3 10.0 Ex. 41 12.9

60 Ex. 44 13.1 1.4 Ex. 45 13.2 1.9 Ex.
11 13.1 2.6 Conp. Ex.

2.4 Ex.
Ex. 8
1.8 Ex.
46

12 13.0 2.7

13 12.7 5.1 Industrial Applicability According to the nethod of
i nvention, bisphenol can prepared with a good yield and
and can be yielded with excel l ent safety, process and
Ex. 18 Catalyst 20 59.0 93.3
Ex. 19 Catalyst 21 64.1 94.0
Ex. 20 Catalyst 22 65.0 93.6
Ref. Ex. 3 Catalyst 23 73.4 93.3
Ref. Ex. 4 Catalyst 24 78.0 93.0
Comp. Ex. 4 Catalyst 25 87.0 92.3
Ex. 21 Catalyst 26 86.0 03.2
Ex. 22 Catalyst 27 63.9 93.0
Ex., 23 Catalyst 28 80.1 93.2
Ex. 24 Catalyst 29 84.3 93.1
Ex. 25 Catalyst 30 €9.0 93.2
Ex. 26 Catalyst 31 74.0 93.5
Ex. 27 Catalyst 32 76.2 93.4
Ref. Ex. 5 Catalyst 33 88.1 93.4
Ref. Ex. 6 Catalyst 34 89.1 92.9
Comp. Ex. 5 Catalyst 35 92.3 91.5
[Table 3]
Reduced level of Reduced level of
Conversion (%) Selectivity (%)
Ex. 28 2.1 2.6
Ex. 29 2.3 2.7
Ex. 30 . 2.2 2.5
Ex. 31 - 2.2 2.6
Ex. 32 2.3 2.5
Ex. 33 2.1 2.6
Comp. Ex. 6 2.2 3.4
Comp. Ex. 7 2.1 3.5
Ex. 34 13.1 3.5
Ex. 35 13.2 2.6
Ex. 36 13.0 2.4
Ex. 37 13.1 2.4
Ex. 38 13.3 3.3
Ex. 39 12.9 2.5
Ex. 40 13.1 2.4
Comp. Ex. 8 13.2 5.2
Comp. Ex., 9 12.9 5.1
Comp. Ex, 10 13.3 10.0
Ex. 41 12.9 1.8
Ex., 42 12.6 1.3
Ex. 43 12.8 1.3




61 CLAIMS 1. The use of a nodified acidic ion-exchange resin as a

catal yst for preparingbi sphenol, wherein at |east one kind of cationic
conmpound selected fromthe following (A, (B), INC and (D) ionically
binds to an acidic functional group of an acidic ion-exchange resin: (A A
cationic compound represented by the formula (1): R + K'-RRZ R3 (1).
wherein P represents a phosphorus atom and Rl1, R2, R3 and R4

i ndependently represent a hydrogen atop, or an al kyl  group, an aryl group
or an al koxy group, each of which contains 1 to 20 carbon atons and does
not contain any of a nercapto group and a precursor thereof, provided that
at | east omx.0f4R1l, R2/ R3 and RA1Bsia group of fiegr than a.znhydrogen |at om

. (B) [A catimni axonpound represeny gd,by the formura (2)1 g+ (RN, -R2
P. 3 i ol A ;

ereingy repfesents a nl[rugerzd%unl Rt—R2—R3—and-Ré_—+ndepengent | y
W 1 - PRI aachlAaf whi ~h I\gl’\f a1l nce | 20
r epr e.pen[ artf' W"’ group o dir—al yi3ubuup, catCh ot VARL \JII1U§III. at+HhAs——to
and dacc ad ht hd hl
CarbOWﬂﬁE%H%fuﬁkquf Aot 131 > ¢
Comp. Ex. 12 13.0 2.7
Comp. Ex. 13 12.7 5.1

Industrial Applicability
According to the method of the present invention,
bisphenol can be prepared with a good yield and selectivity,

and can be yielded with an excellent safety, process and

economy.



contain any of a nercaptogroup, a precursor thereof and an am de bond; 62
(C) A cationic conpound represented by the formula (3): 4 (R2 (3) wherein
P represents a phosphorus atom and R1, , R3, R4, R5 and R6

i ndependent|ly represent a hydrogen atom or an al kyl group, an aryl group
or an al ko%}AgHBup, each of which contains 1 to 20 carbon atons and does
not contain any of a nercapto group, a precursor thereof and an am de
bond, provided that at |east one of Rl, R2, R3, R4, R5 and R6 is a group

ot her thanlia hydregensatom sapda6R; ionic N-substituted .
ni t r ogen- cont aj ni ng aronat ¢ corjfgc}t?r%lid%%llcgc doés ‘rf’bq%%%? af R any2df2a

ner capt o %@%@bys{a F)@écmgl_@ar-tihgr &dfsparethodr) - afcde shpngy Whes ek ngsai fing

N-substit i n- ai ning.aromati c conpound is an

N- net hy! p;%ifg?%%‘?n&g‘;?‘?’Qg‘g%%aﬁ%)}ﬁc&%% Jrhcgnitthe & dddeeingythli ni®m sal t,

an N-meht y{@Quiared i (Dumealdadl yapinNsethy Lguingld;n ‘fﬂt‘?@%f?ngl. Jhe use
of'a e

accordi ng C’gto cl ai % wherein 0.1 to 50 nole% of the aci
functi onal” grotpfCiHich At ee$FearAe resimhe aci dic i on-exchange resin

ionically bind mih A he,catd pai nd.. 3. The u according to claim1l
or 2, wherein tcglé) aci di c@%ﬁgeégﬁggggar %sepﬁei%n%ﬁéfsiiw vﬁﬁechf%rg%‘ﬁ]r? one
group is : .
Re \
R R
Ry (1)

wherein P represents a phosphorus atom; and R;, Rs, Rs
and R4 independently represent a hydrogen atom, or an alkyl
group, an aryl group or an alkoxy group, each of which
contains 1 to 20 carbon atoms and does not contain any of a
mercapto group and a precursor thereof, provided that at

least one of R;, R,, R; and Ry is a group other than a

hydrogen atom;

(B) A cationic compound represented by the formula
(2): :
Y
ReNRp
Ry
(2}

wherein N represents a nitrogen atom; R@, Rz, Rz and R4
independently represent an alkyl group or an aryl group,
¢ach of which contains 1. to 20 carbon atoms and does not

contai -
: ain any of a mercapto group, a precursor thereof and an

amide bond;



introduced into a styrene polynmer and/or a styrene- divinyl benzene
copolynmer. 63 4. A nethod for preparinggbi sphenol conprising reacting
phenol conpounds with ketone and/ or al dehyde, wherein the nodified acidic
i on- exchange resin according to any of <clains 1 to 3 is used as a
catalyst. 5. The nethod for preparing bisphenol according to claim 4,
wherein one in which a nitrogen-containing conpound containing a nercapto
group, further ionically binds to the nodified acidic ion-exchange resin

accor ding @ dnycadfiortai dmudotnd3 represe s dLabal yﬁstgrm@laT , et hod for
preparing bisphenol according tQ claim 4, wheréin at |east one conpound
containing a nmerca t R, grou ] |l owed to coexist in reaction raw

S
materials and the _ {aﬁ%d c ion-exchange resin according to any of
claims 1 to 3 is ugeliyas a qQ% lyst. 7. A method for preparing bisphenol
conprising reactin enol ¢ OUndS.MdtQ3f3t0”e, wherein a nodified
acidic ion-exgﬁgﬂgﬁ_r%ﬁggain whi ch at | east one kind of cationic conpound
sel ected fromthe followng (A EB) 2 PEPSRRATYB) atiostii éaid Ribi Bds ko an
aci di ¢ f uRat iRynalndgRQUPnEEpaRRGIIIE rdPs SX¢NAN0E HESLA, L ksed. as a
. - - n

catal yst: §@§1A cationic conpound represented by the ?grnquO%(1%F §§+ | ~

a group, an aryl group or an alkoxy group, each of

which contains 1 to 20 carbon atoms and does not contain

any of a nercapto group, a precursor thereof and an amide

bond, provided that at least one of Ri, Rz, Ri, Rq, Rs and Re

is a group other than a hydrogen atom; and

(D) A cationic N-substituted nitrogen-containing

raromatic compound which does not contain any of a mercapto

group, a precursor thereof and an amide bond, wherein said

N-substituted nitrogen-containing aromatic compound is an

N-methylpyridinium salt, a cetylpyridinium salt, a

dodecylpyridinium salt, an N-mehtylquinolinium salt or an

N-ethylquinolinium salt.

2. . The use according to claim 1, wherein 0.1 to S0 mole3
of the total acidic functional groups which are present in
the acidic ion-exchange resin ionically bind with the

cationic compound.

3. The use according to claim 1 or 2, wherein the acidic
ion-exchange resin is one in which a sulfone group is
introduced into a4 styrene polymer and/or a styrene-

divinylbenzene copolymer.



"R2 R3 (1) - 64 wherein P represents a phosphorus atom and Rl1, R2, R3
and R4 independently represent a hydroggp atom or an al kyl group, an aryl
group or an al koxy group, each of which contains 1 to 20 carbon atonms and
does not contain a mercapto. group and/or a precursor thereof, provided

that at I|%ast 2 dithsd Rior RareR8rand B4 siphch gl aumnpatitend han, & ; fiydr ogen
atom (B) pheratl QUG 68 O#Eg rggresented by the formula (2): (Y (2)
wherein N represents a nitrog f AtbRfeanadker RA. deydgnd whR4 dimdependent | y
r epr esent Moak fdleky lacgiritp Don adxakxhg8r OBy n §2%H.0fi i ch contains 1 to 20
carbon at contain a nercapto group and/or aEbr cursor

.and .dges .not
t her eof ; ?ﬁ?i Scétﬁﬁhi TOnprAdes eprestaledtby the formula (3): t ~ 'R4
(3) wherein P represents a phosphorus atom and R1l, R2, R3, R4, R5 and R6
independegtly reglresent a hydrogen atom or an al kyl group, an aryl group
or an al kdxy grdig, Teddtedifwhimiepaont@i B sphtaod02626RR NGt QB cg% gdoes

"ot cont & AncFERAABL 04F: AT A PLSSUTSOT Lhereot provided that a
containing a mercapto group, further ionically binds to the
modified acidic ion-exchange resin according to any of

claims 1 to 3 is used as a catalyst.

6. The method for preparing bisphenol according to claim
4, wherein at least one compound containing a mercapto
group is allowed to Coexist in reaction raw materials and
the modified acidic ion-exchange resin according to any of

claims 1 to 3 is used as a catalyst.

7. A method for preparing bisphenol comprising reacting
phenol compounds with ketone, wherein a modified acidic
ion-exchange resin in.which at least one kind of cationic
- compound selected from the following (A), (B}, (C) and (D)
ionically binds to an acidic functional group of an acidic
ion-exchange resin, is used as a catalyst:

(A) A cationic compound represented by the formula
(1):

Y

TReRey
Ry

_ cee (1)



| east one of Rl, R2, R3, R4, R5 and R6 is a group other than a 65 hydrogen
atom and (D) A cationic N-substituted nitrogen-containing aromatic
conmpound whi ch does not contain a nercapto group and/or a precursor

t hereof, wherein said N-substituted nitrogen-containing aromatic conpound
is an N nethylpyridiniumsalt, a cetylpyridiniumsalt, a

dodecyl pyridiniumsalt, an N-nethyl quinoliniumsalt or an

N-ethylquinoliniumsalt. 8 . The nethod for preparing bisphenol according
toclaim 7, wherein 0.1 to 50 nol e% of &he- total acidic functional groups
whi ch are present in the acidic ion-exchange resin, ionically bind with

the cationic copmpound. 9. The nethod for preparing bisphenol according to
claim 7 or 8, "#REF&Pn & necREPAPBLiore erbhappernesiatdrs: oagdwWr,¢h r,a Ry

sul fone gLQup Sll ni roduced i nto-.a-styrene polyner and/or a
styrene-diviny hENTERE ]ylr‘reF?PI@.Semte arehyacodat prepar iclg Hh sphepel
accor di nggfgu%ny ar?f acrl inms 7 to 9, wherein one which a nitrogen-contai ning
: conpound; cohf ai fii ng &Pt §roupn fatkbey ipmuml | wadh nds tehide
nmodi fi ed LEL €, Lonyexchan resin. I'l.The nmethod for preparing bisphenol
accor di ng‘?&itlgég%%/ & ai£;$rs gst o“8rbRRer atAmgt fedstdome coapousdntanhai i ng

a Nercaphr&ived Lsoabl to coexist in reaction raw materials. 12. The
met hod for prelgari lr%[gob 5%1\1%%0 T aBcHr G X oo, provided that at

least one of R,, R,, Rs; and Ry is a group other than a

hydrogen atom;

(B} A cationic. compound represented by the formula (2):

R‘i l[[‘ Ry
R3
(2)

wherein N represents a nitrogen atom; and R,, Rz, Rs and

R; independently represent. an alkyl group or an aryl group,

each. of which contains 1 to 20 carbon atoms and does not
contain a mercapto group and/or a pi:ecursor thereof;

,._(C) A cationicrcompound represented by the formula (3):

+

L,
ZP=N=R—Ry
Ry Rs

.. . (3)
| wherein P represents g phosphorus atom; and Ry, Rz, Rs,
R4, Rg -and Rs independently represent a hydrogen atom, or an

. alkyl group, an aryl group or an alkoxy group, each of which

contains 1 to 20 carbon atoms and does not contain a

_ ‘mercapto group . and/or a brecursor thereof, provided that at

- least one of Ri, Rz, R, R4, Rs and Re¢ is a group other than a



to 9, wherein the ketone is acetone, and the phenol conpounds are phenol.
65

hydrogen atom; and

(D) A cationic N-substituted nitrogen-containing
aromatic compound which does not contain a mercapto group
and/or a precursor thereof, wherein said N-substituted
nitrogen—coﬁtaining aromatic compound is an N-
methylpyridinium salt, a cetylpyridinium salt, - a
dodecylpyridinium salt, an N-methylquinolinium salt or an

N-ethylguinoclinium salt.

8. . The method for preparing bisphenol according to claim
7, wherein 0.1 to 50 mole$ of the total acidic functional
groups which are present: in the acidic ion-exchange resin,

ionically bind with the cationic compound.
The method for preparing bisphenol according to claim

9

7 or 8, wherein the acidic ion-exchange resin.is one which
a sulfone group is introduced into a styrene polymer and/or
a

styrene-divinylbenzene copolymer.

10. The method for breparing bisphenol according to any
‘of claims 7 to 9, wherein.one which a nitrogen-containing
ccompound, containing .a mercapto group, further ionically

binds to the modified acidic ion-exchange resin.

11.The. method for breparing bisphenol according- to any
claims 7 to 9, . wherein at least one compound containing a
mercapto group is .- allowed to coexist in reaction raw

materials.

12.The method for pPreparing bisphenol according to claims 7
to 9,  wherein the ketone. is acetone, and the phenol

compounds are phenol.



