DESCRI PTI ON  MODI FI ED ACI DI C | ON- EXCHANGE RESI N AND METHOD FOR PREPARI NG
Bl SPHENOL Techni cal Field The present invention relates to a nodified
acidic ion exchange resin catal yst and a nethod for preparing bisphenol
using the same. In particular, the present invention relates to a nodified
i on-exchange resin catal yst having a high reactive selectivity and a

nmet hod for preparing bisphenol which conprises reacting phenol conpounds
with ketone and/or al dehyde in the presence of the catal yst. Background
Art Bi sphenol A [2,2-bis(4-hydroxyphenyl)propane] is usually prepared by
reacting phenol with acetone in the presence of a honbgeneous acid or a
solid acid catalyst. The reactioBE X ng gncludes unreact ed acetone,
unreacted phenol, water and othe gb E 48ts forned by the reaction, in
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2-(2- hydroxyp enyl propane eéreina rred to

as o,p'-BPA), and in addition, Bﬁﬁﬁhﬁgﬁi tri sphenol, a pol yphenol
conpound, a chronman conpound and colored inpurities. Exanples of a

honbgeneous acid to be used as a catal yst, includes hydrochloric acid and
sulfuric acid. In the case where the honpbgeneous acid is used, since it is
possi bl e to pro%mﬁd Hﬁf reaction while precipitating crystals of an

adduct of' sphenol A by reacting themat |ower tenperatures,

bi sphenol A canebgrpsepar edventhod Hedfates to a modified acidic ion-
eXxchange resin catalyst and a method for preparing bisphenol
using the same. In 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~bls{4-hydroxyphenyl)propane] is

usuélly prepared by reacting phenol with acetone in the
presence of a homogeneous acid or a secolid acid catalyst.
The reaction mixture includes unreacted acetone, unreacted
phencl, 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,



conversion of acetone and a high selectivity by decreasing the anount of

t he by-produced o, p'-BPA as an isoner thereof. However, the honbgeneous
acid such as hydrochloric acid requires renoval of the catalyst froma
reaction m xture or neutralization of the reaction m xture, and thus the
process beconmes conplicated. Honpbgeneous dissolution of the acid in the
reaction solution further causes corrosion of apparatus used in the
reaction. Therefore, the reaction apparatus vessels should be nade of
expensi ve, anti-corrosive materials, has bei ng uneconom cal. As a solid
acid catalyst, a sulfonic acid-type cation- exchange resin is usually used.
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through a fixed bed reactor filled with a sulfonic acid-type

cati on- exchaRges 1dieséh Gdapanesarfadl RednPaleniciRpldEaby onckebkiseaki on
No. 45-10337, US Patent No. 6414200), a nethod for covalently binding a

part of sHd amicuraci s gripsipsy-obrédecsdl Pt cppti 8s b¥peseabi-onhexebange

resin with a conpound containing a
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 disscolution of the acid in
the reaction sclution 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 of the catalyst
particles 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
conprises allowing a compound containing a mercapto group to

coexist in the reaction system. Specifically, there may be



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 nmercapto group (Japanese Exam ned Patent Application
Publ i cation No. 46-19953). In the nethod for passing a free type of a
conpound containing a nercapto group, such as al kyl nercaptan together with
phenol and acetone as raw materials, through the fixed bed reactor filled
with a sulfonic acid-type cation-exchange resin, since a certain anount of
a conmpound containing a nercapto group is usually allowed to exist in the
reaction system the conpound containing a nercapto group nay cause the
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i on- exchange resin.
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 compecund containiﬁg a mercapto group (Japanese
Examined Patent Application Publication No. 46-19953). In
the method for passing a free type of a compound containing
a mercapto group, such as alkylmercaptan together with
phenol and acetone as raw materials, through the fixed bed
feactor filled with a sulfonic 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 bisphenol A, although it is advantageous
| in that deterioration of the catalyst is small. Thus, the
compound 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



On the other hand, for exanple, it has also been reported that the
activity of a sulfonic acid-type cation- exchange resin as an acid catal yst
is inmproved, which has been |ower than that of the previously described
honbgeneous acid. First, in the case where a particle dianeter of a

sul fonic acid-type cation-exchange resin to be used is large, since the
reaction raw materials do not sufficiently diffuse wthin the particles, a
sufficient conversion of acetone is _nat_obtained. Thus, Japanese

Unexam ned Patent Application Publication No. 62-178532 proposes to use
the fine particles having an effective dianeter of 0.3 mmor less, or the

fine- wdered sul f oni id-t tion- ' Further, J
Unoxam néd BErentt AbBI PEAEPGAIBRLFT oAt | B No RE- 1856567 | PRewrBORBOI dos. o

ticle diamet f | f oni id-ty tj pn-exch intob d
and the HFSEPPURS ob BBGFERIS THEDarti (T bianster AN spbcitd ek nore

D! o oA Aol Bl B R AN g BB ERL1

Publ i cation S. 20 ctl 0 ormng a

sul foni ¢ gq:%i&l%',t i E?ﬁéggéde?ﬁ%ha% faS%thpRa%%‘i%tj] hayi ggggi gﬁg’tﬂer efcpgrticle

di aneter. such, particl e dianeter of a sulfoni ype

cat i on- exehage d Q?dr{'clén Al | IPRELanhbagh Qg %XQ]E%.I@J {10t Be §H£f:i:%ﬁm
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cati on- exghange tiesi NPluBlachesbA Y ai ned 1By 434, f on@t 099889 and 10-
styrene-di vi nyl benzene copol yner
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
icon-exchange resin.

On the other hand, for example, it has also been
reported that the activity of a sulfonic acid-type cation-
exXchange 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
sulfonic 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 acetone 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 less, or the fine-
powdered sulfonic acid-type cation-exchange resin. Further,
Japanese Unexamined Patent Application Publication No. 6-

340563 likewise provides a particle diameter of a sulfonic



which is obtained by radically copol ynerizing styrene and divinyl benzene.
The divi nyl benzene in polynerization does not only prevent a pol ystyrene
chain fromdissolving in an organic solvent, but also it is an inportant
factor in controlling the size of a pore (a gel mcropore) of the

sul fonic acid-type cation-exchange resin formed by capturing a polar
solvent by its content, or the nmechanical strength of the sulfonic

aci d-type cation-exchange resin. In other words, a sulfonic acid-type
cation-exchange resin with a low conté&nt of divinylbenzene has a high
catalytic activity due to a large gel mcropore, but the nechani cal

strength i%ﬁt w. - 6 tn addithon, in the case where the on%gg} t hereof is
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© 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 1s a resin

obtained by sulfonating a styrene-divinylbenzene copolymer

which 1s obtained by radically copolymerizing styrene and

divinylbenzene. The divinylbenzene in polymerization does

not only prevent a polystyrene chain from dissclving in an

organic solvent, but also it is an important factor in

contreolling the size of a pore {(a gel wmicropore} of the

sulfonic acid-type catlon-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.



respective defects by simultaneously filling a sulfonic acid-type

cati on-exchange resin having a | ow content of divinyl benzene and a

sul fonic acid-type cation-exchange resin having a high content of

di vi nyl benzene into a reactor. Further, WD 2000/ 00454 (Ni ppon Stee

Chem cal Co., Ltd.) reports an inprovenent on a reaction conversion
suggesting a sulfonic acid-type cation-exchange resin having | arge gel

m cropores by using |arge nol ecul es such as divinyl bi phenyl instead of

di vi nyl benzene. As such, various technol ogi es have been exam ned for the
catal yst, but none has been satisfactory with respect to the selectivity.
Even when _the, activity, decreases slightly, if it is possible.to deyelop a
cat al yst \ﬁqé;259ﬂghlnsgﬁchF§FtV;%Fﬁquﬁuﬁ?ﬂf%ﬂtt CED -b?o&&gﬁ’
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inprove the life of catalysts. Therefore, the devel opnent of a catal yst
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Docunent 1] U8 Patent No. 6,414,200 [Patent . Docunment 2] Japanese

Unexam nachras eidle Appbigqt hopiPubbifcan e Ny @8rd898d8erred to as a
"macropore” within the particles by a physical treatment in
order to improve the diffusion within the particles.

However, in the éase where an ion-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 Unexamined Patent Application Publication Nos. 5-
97741 and 6-320009 describes a method which complements the
respective defects by simultaneously filling a sulfonic
acid-type cation-exchange resin having a low content of
divinylbenzene and a sulfonic acid-type cation-exchange
resin having a high content of divinylbenzene into a reactor.
Further, WO 2000/00454 (Nippon Steel Chemical Co., Ltd.)
reports an improvement on a reaction conversion, suggesting
a sulfonic acid-type cation-exchange resin having large gel
micropores by using large molecules such as divinylbiphenyl

-

instead of divinylbenzene.



Di scl osure of the Invention An object of the present invention is to
provi de an ion-exchange reésin catalyst which has a higher selectivity to
bi sphenol, as conpared to conventional ion-exchange resins, used in a

met hod for preparing bisphenol by reacting - 8 phenol conpounds with

ket one and a nethod for preparing the sane. The present inventors have
conducted extensive studies to solve the problens, and as a result, they
have found that by using,. as a catalyst, an acidic ion-exchange resin in
whi ch at | east one kind of cationic conmpound selected from conpounds
represented by the formulae (1), (2) and (3), and an N-substituted
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phenol/acetone ratio as raw materials can be reduced by
elevating the reaction temperature without deteriorating the
selectivity, and thus the cost for recovering the phencl 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 1is
extremely small. Further, in view of the industrial
applications, it 1is desirable to improve the life 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

Disclosure of the Invention

An object of the present invention is to provide an
ion-exchange resin catalyst which has a higher selectivity
to bisphencol, as compared to conventional ion-exchange

resins, used in a method for preparing bisphenol by reacting



As an ion-exchange resin used in the present invention, an acidic

i on-exchange resin is preferable, and it includes, - 9 for exanple, one in
whi ch a sulfone group is introduced into a styrene-divinyl benzene
copolymer which is referred to as a general strongly acidic ion-exchange
resin and a perfluoroal kyl sulfonic acid-based resin such as Nafion. A
nodi fi ed acidic ion-exchange resin. according to the present invention can
be obtained by ionically binding at _|gast one kind of cationic conpound
selected fromthe conpounds represented by the formulae (1), (2) and (3)
and an N--substituted nitrogen-containing aromatic conpound to an acidic

i on- h in. L1 ... (1), wh ' ts. h
atom andTRES 1xg RS U AR nEEpeAReRRy & didbsh IS iy arOOEHe AL R or o

al kyl group, an aryl group or an al koxy group, each of which contains 1

to 20 carbon ‘atoms and does not contain any of a nercapto group and a
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eXClUded%&qéﬁlJ%rtHezg%oblems, and as a result, they have found that
by using, as a catalyst, an acidic- ion-exchange resin in
which 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,
ionically binds to an acidic functional group of the acidic
ion-exchange resin, the selectivity to bisphenol can be
increased ahd the activity or the selectivity of a catalyst
can also be maintained for a longer pericd of time, and
accordingly bisphenol can be obtained with a high vyield.
Thus, they have completed the present invention.

In other words, the present invention provides an
acidic ion-exchange resin which is neutralized with at least
cne kind of cationic compound selected from the compounds
represented by the formulae (1), (2) and (3}, and an N-
substituted nitrogen-containing aromatic compound, 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 ion-exchange resin used in the present invention,

an acidic ion-exchange resin is preferable, and it includes,



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 group, a precursor

t hereof and an, amide bond; and t (3) wherein P represents a phosphorus
atom and Rl, R2, R3, R4, R5 and R6 independently represent a hydrogen
atomor an alkyl group, an aryl group or an al koxy group, each of which
contains 1 to 20 carbon atons and does ot contain a mercapto group and/or
a precursor thereof, provided that at “least one of Rl, R2, R3, R4, R5 and
R6 is a group other than a hydrogen atom Wen the ion-exchange resin is
nodi fied with the. cationic c und represented by.the fornula (1 a
Tothod. o (RIS AN T BERH € PUPECTOnGFOBRobp SREERBUFBH. 1Bkehange
resin with the %aet_iqolq;ic cqmpound represent ed ,by it he ]1;% mul a( can_be
used, but® & e Al y crerargec? orrpOan yn}epr"g% %l%ejds by Tie ?%r | 3 (2) as a
precur sor be r.pug i it 0 cont.ac i he i.di c i gpnmexchange
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an aryl oup or an oXy group, each of whi contains 1 to 20 carbon
atoms and doeg RRIGCONERI Bc YOl o - SRIGHRYL SEOUR aBdoRARHECWSOthe

t hereof, provided that at
present 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 to an

acidic ion-exchange resin.

R\
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R (1)
wherein P represents a phosphorus atom; and Ri, Rz, Rj
and Ry 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 dgroup and a precursor therecf, provided that at
least one of Ri, Rz, R3 and Ry 1is a group other than a
hydrogen atom, that is, a phosphonium icn, PH,' is excluded;
Y
RyN-R;
Ry




| east one of Rl, R2 and R3 is a group other than a hydrogen atom that is,
phosphi ne, PH3 is excluded. The cationic conpound represented by the
formula (1), which is used in the present invention, is the conpound
wherein P represents a phosphorus atom and R1, R2, R3 and R4

i ndependent|ly represent a hydrogen atom or an al kyl group, an aryl group
or an al koxy group, each of which contains 1 to 20 carbon atons,
preferably I to 16 carbon atons, and re preferably 1 to 12 carbon atons
and does not contain any of a mercapto group and a precursor thereof, and
at least one of Rl, R2, R3 and R4 represents an al kyl group, an aryl

group or an al each contar 1 to C ato
preferably 1 t efé gaﬁb5ﬁp§ aﬁﬂ &It rﬂ%P%%Qb %% bSH at ons
and does no i f rca Q a _precursor t hereof. The
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functional group such as an an “anmoni um group, a car bonyl

group, a adRoO%Hnd;dE4P, a squonyI group a sul fone group, a hydroxyl
group, a nitrile group, a nitro group and an al koxy group, and a hal ogen

atom Further, Rl, R2, R3 and R4 may bind with each other to forma ring.

In additio Pg precﬁaso of a nercapto group indicates a nmercapto

gr oup- pr odiRaTRNpRe®yr Jor, for exanple, such as thiazolidines, thioethers
Rj

(3)

wherein P represents a phosphorus atom; and Ry, Rz, Rs,
R4y Rs and Rg independently represent a hydrcgen 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 R;, Ry, Ri, Ry, Rs and R is a group other than a
hydrogen atomn.

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
formula (1) can be used, but a neutrally charged compound
represented by the formula (4) as a precursor, may be also
brought into contact with the acidic ion-exchange resin for

cationization.



and disul fides. The cationic conmpound represented by the formula (2),

which is used in the present invention, is the conpound wherein N
represents a nitrogen atom and Rl, R2, R3 and R4 independently represent
a hydrogen atom or an al kyl group, an aryl group or an al koxy group, each
of which 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
mercapt o group, a precursor thereof gng an am de bond, and at |east one of
Rl, R2, R3 and R4 represents an al kyl %roup, an aryl group or an al koxy
group, each of which 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 a mercapto group, a precursor thereof and an - 13 am de
bond. The expp#ssion "independently" indicates that Rl, R2, R3 and R4 may
be the sane @@—Rpfferent in structure. The structures of Rl, R2, R3 and
R4 are not pagticlilarly limted to other structures, if they do not
contain any a nercapto group, a precursor thereof and an am de bond.
They may contain a funp;ipgﬁl group such as an ami no group, an ammoni um
group, a carbonyl group, a'carboxyl group, a sulfonyl group, a sulfone

group, a hydr Qruh-cghouP, r&o bt € agg?i‘é% HS rUst T G OURn AN, angal kaxy
group, and a halogen atom™ Further, RI, Eé, R3 and R4 may bind with each

ot her to f;0r fh@epbhB8ntlp additddht aPr 8GHESGENOT a BoEr CGAPt Grlr QURyY L

i ndi cates a nercapto group-producing precursor, for exanple, such as

thi azol i djmemp, t Bhoeiher s grhli sl fagdlesslkoxy 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; and Rs is a group other than a hydrogen
atom, that is, phosphine, PH; is excluded.

The caticnic 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;, Rz and Ry
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, 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 precursor .thereof, and at
least one of R;, Ry, Rz and R; 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 carben atoms and does not contain any of
a mercapto group and a precursor thereof. The expression

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



Further, a cationic N-substituted nitrogen-containing aromatic conpound
used in the present invention does not contain a nmercapto group and/or a
precursor of a mercapto group. In addition, a ring containing a nitrogen
atomin the cationic N-substituted nitrogen-containing aromati c conpound
represents preferably a 3- to 8-nenbered ring, and nore preferably a 5- to
7-nmenbered ring. In addition, this conpound may be a nonocyclic conpound
or a polycyclic conpound having a cgnP§n§ed ring, and the nunber of
nitrogen atons may be one, or 2 or noreé. The cationic N-substituted

ni trogen-contai ning aromati c conpound includes, for exanple, a conpound

naving o UL A1e, 0 200 g, compound Kavi o o.c. 14 apinol e Tong  and.

dod I i dini [ . h i l.i_ni | & hyl i i ni

dodecy! pyrigiial U sable BR.M IR} DAGUIRLLILAT palbe eIt el YL 1ol um
h I it h , I t i i i

phenol comands i hclatone. ol Last necliod slousotien scoomannd

an N-substid i gd ni fhHagen;, £onL,aaiRg @L‘%ﬁ%‘t&oﬁ%ﬁp. MYy, ot &l Bpan

am de bond. The nodifiéd acldic ion-exchange resin ih the present

i nvent i onuyiG Upendd, | 8asimRieilth NgrShp Caki OREBoRPTPEEBHD, S8l 8ak8dxlA0m
conpounds represented by the fornuTae (1), (2) and (3) and an

N-subst i tgfcth,Nid r 99EFCKPNt grBLPY ar Gltiche N0z BLARExQL yRodp,
conbi nation of two or nore. Further, it may be partially neutralized with
a cationgothetribangdbup, a nitro group and an alkoxy group, and a
halcgen atom. Further, Ri, Rz, R; and Ry may bind with each
other to form a ring. In addition, a precursor of a
mercapto group indicates a mercapto group-producing
precurscr, for exémple, such as thiazolidines, thioethers
and disulfides.

The cationic compound represented by the formula (2},
which 1is used in the present invention, is the compound
wherein N represents a nitrogen atom; and R;, R;, Rs and Ry
independently represent a hydrogen atom, or an alkyl group,
an aryl group or an alkoxy gréup, each of which contains 1
to 20 carbon atoms, preferably 1 tc 16 carbon atoms, and
more preferably 1 to 12 carbon atoms and does not contain
any of a mercapto dgroup, a precursor thereof and an amide
bond, and at least one of R;, Rz, R; and R, represents an
alkyl group, anraryl 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, a precursor thereof and an



| east one kind of cationic conpound sel ected from conpounds represented by
the formulae (1), (2) and (3) and an N- substituted nitrogen-containing
aromati ¢ conmpound, such as an anmonium cation and a nmetal cation. In the
preparation of the nodified acidic ion-exchange resin catalyst in the
present invention, at |east one kind of cationic conpound selected from
conpounds represented by the fornmulae (1), (2) and (3) and an
N--substituted nitrogen- containing grfga;ic conmpound, may ionically bind
with a functional group, just before uSe in the reaction. Thus, - 15 the
nodi fied aci dic ion-exchange resin catalyst nay be prepared by using the

cationic _canpouynd and/or the cati.onig,. substityted.nif.rogen-containing

ar ot | ¢ TRt S86h SHETERALED iPEERIEP SR e. S FALaRs IR b The
nodi fi catj onnet hed_i s_not ticularly |iymted. For._ exanple, as si npl e
2nd casy et Roce it Rl Loet ather RBRE Por S S8EPOEnG™ RETUH S0l J8R  Such
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phase, an e case of usinga volatile materi € brought

into contact Jwhih a%t@r%tﬁg‘é%?r‘ggfreﬁh«@yi n%él 935t RRASS P %913): st hg
a nethod f ly yiel

resin. Further, there nmay be use or consequent ing a

form of gdmAifdLdy At Co hPEEXSHANGRFESE Nan¥hghebiial eguiaval eRkyvel ght
or an excessive anmount of a cationic conmpound or a precursor thereof is

used to RRMirebhELiANal AmRXChAIE §E6hP, skt AHEAnt RénineN-§XehaNganr esi n

is brought into contact wwth an acidic solution to be returned to be a

partial | yaré@irdiven t Yj¥@up, a carbonyl group, a carboxyl group, a
sulfonyl group, a sulfone group, a hydroxyl dgroup, a nitrile
group, a nitro group and an alkoxy group, and a halogen atom.
Further, Ri, Rz, R; and R; may bind with each other tec form a
ring. In addition, a precursor of a mercapto group
indicates a mercapto group-producing precursor, for example,
such as thiazolidines, thioethers and disulfides.

Further, a cationic N-substituted nitrogen-containing
aromatic 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 preferably 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



or the like. For an acidic ion-exchange resin, the resin which contains a
sul fonic acid group can be preferably used. The nodified anount of the
nodi fied aci dic ion-exchange resin catalyst in the present inventionis 1
to 50% of the total sulfonic acid groups. By this, it is possible to
express the nodification effect to a maxi num degree w thout remarkably
decreasing the activity due to the decrease in an - 16 acid anount. The
acid anmount in an ion-exchange resin_gﬁ be calculated by a general
exchange capacity nmeasurenent of an acrdic ion-exchange resin. In the
present invention, 0.2 g of a dry resin was stirred in 200 mM of an
aqueous 10% NaCl solution for hour , anchhe total amount of the filtrate

was titr&EdUWNE an Giifbous B85 NPREGRTEBLYLi oSS obt3ih  a@Ri trHEi on
curve fromwhi.ch t.he acid anbunt was determned. A.reaction far_ preparing
bispheno@%@ggﬁﬁﬁﬁﬁ%%Q3Fm'proﬁ@ggs wi tth onF§£¥ﬁp¥5?alEéPﬂlyst%éiﬁh usflal ly a
met hod to, jnprove.the.catalytjic activity .and the selectivity by making a
Tor capt o SR SR cobbingtodba il ot SR s a1ty n e Nhr esent

inventi(ﬂ%ﬁﬁ|%%§idg#%¢?ﬁﬁpg%ﬁkp ngke a mercapto group-containing conmpound

f
coexi st . nmet ho I ncl'udes a ‘met hod wherein a nercapto
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anount wth a m xture of pheno acet one hareTaw terials; and
t he resmﬂéﬁgtﬂﬂd“ﬁﬂéhdﬁ é@ﬁﬁbuﬁ@g @iﬂﬁtﬂggoW@?r%ﬂ"E%aéﬁ”&@@tQind of
c

group-cont ai ni ng conpound binds to an aci
cationic compound selected from compounds represented by the
formulae (1), (2) and (3) and an N-substituted nitrogen-
containing aromatic compound, may contain an amide bond.

The modified acidic ion-exchange resin in the present
invention may use 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
cbmpound, 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 cdtion.

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 lonically bind with a

functional group, 3just before use in the reaction. Thus,



functional group of an acidic ion-exchange resin, and any of such nethods
may be used. Al so, both of the nethod for mxing the conpound with raw
materials and the nethod for binding the conpound to the acidic functional
group may be wused at a tinme. A nercapto group-containing conpound which is
mxed - 17 wth a mxture of phenol and acetone, is not particularly
limted to other structures, if it contains a nercapto group in a

nol ecul e. It includes, for exanple,‘pe$§aptoalkyl groups such as a

mer capt onet hyl group, a 2-ner capt oet hy group, and a 3-nercapt o-n-propyl
group; alicyclic hydrocarbon groups such as a 4-nercaptocycl ohexyl group

o0 8 TR SRR oycahocrQiaie,0R0 TRECAP! BRLaTRLLE g uPgsuct

as a p-nercaptophenyl gifoup and~a p merca er,

(hese ar IRLGecly ALLANAC LOL 3L ERXE! Ieulusl gparhon, O HOSCITBY ol

hydr ocar groups having a substituent al ogen atom ~an” "al koxy
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group. The anount of the nercapto group-ctontal ning conpoun to the

mxture of phenek, andii cghQNe b5 PrefLr ablycifsbhg T angs &fr 100 ppELby
weight to 5%by weight. By this, it 1s possible to exhibit the

cocat al ytidaigfifeali dr0 andtddum degnee Wohhtracamakhyanpypitedl @ rFor

cocatal yst. A nercapto group-containing conmpound which binds to a portion

of aci di e@xfampdid,ongd gr alipplef @andaekdiyC nid@hod, it may use a method
for dissolving them in a solvent such as water and an
organic solvent to be brought into contact with a liquid
phase, and in the case of using a volatile material, it may
be brought into contact with an ion-exchange resin in a gas
phase to modify the resin. Further, there may be used a
method for consequently yielding a form of a modified acidic
ion-exchange resin, wherein an equivalent weight or an
excessive amount of a cationic compound or a precursor
thereof 1is used to neutralize an ion-exchange resin, and
then the ion-exchange resin is brought into contact with an
acidic solution to be returned to be a partially acidic type,
or the like.

For an acidic ilon-exchange resin, the resin which
contains a sulfonic acid group can be preferably used. The
modified amount of the modified acidic ion-exchange resin
catalyst in the present invention is 1 to 50% of the total
sulfonic acid groups. By this, it is possible to express
the modification effect to &a maximum degree without

remarkably decreasing the activity due to the decrease in an



exchange resin, is not particularly limted, if it is a conmpound which
ionically binds with the acidic functional group of the acidic

i on- exchange resin. Such a conpound i ncludes nercaptoal kyl am nes such as
2- mer capt oet hyl am ne (cysteam ne), 3-nercaptopropylam ne, and

N, N-di met hyl -3 - 18 nercaptopropyl am ne; nercaptoal kyl pyri di nes such as 3-
mer capt onet hyl pyri di ne, 3-nercaptoet hyl pyridi ne, and 4-

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

2, 2-di net hyl t hi azol i di ne, 2-nethyl -2- phenylthiazolidine, and

3-nethyl thiazolidine. The ratio of a nercapto group-containing conmpound to
bi nd mﬁt@ﬁ%n a%{%ﬁ% functional group is 0.5 to 70% and preferably 5 to
30% of t ec%5%§1 sul fonic acid groups of the sulfonic acid-type

cation-exchangﬁere%hgggB%mE@E%hobt i%ﬂppsfééﬂé%ééé% ghipééinthgaﬁocggalytic

effect to a maXinmum ree w causi ng " the ease Tn'the actrvity

due to the dearase Jyp éngég%galaEQ%ﬂ%ngE?&%?ig&ﬂpqn f%ﬂbﬁ%ngfcﬁﬂto

group-contal ni ng comnpoun nds to an I on-‘exchange resin, there nmay

be used a%ieaw%ﬂﬂéseéﬂa/n{@%sﬂﬁt hodragndi $6l38d i fhJapangse oExag ned
Pat ent Application Publication No. 46-19953, "etc. In the present Invéntion,

for phengs tp deyusedidswas EaWriBHeLhal2 fomiPrEPath Ngqhisphenok Raca
usual |y avail able technical phenol can be used. Industrial Phenol includes

ones obt ajoleft i afsHMEnerd®t hoghda thel ughea Oxbflahhen oret g, rieteareany of
whi ch can be used. Generally, phenol having a purity of 98%or nore is
comer ci aldsy taMatd tedd ewiSuchnaaquendgsor.ioal pherol &slutids tayobeatsed in
the synthesis

a titration curve from which the acid amount was determined.

A reaction for preparing bisphenocl A essentially
proceeds with only an acid catalyst, but usually a method to
improve the catalytic activity and the selectivity by making
a mercapto group-containing compound coexist as a cocatalyst.

In the present invention, it 1is preferable to make a
mercapto group-containing compound coexist. Such a method
includes a method wherein a mercapto group-containing
compound such as alkyl mercaptan is mixed in a small amount
with a mixture of phenol and acetone which are raw materials,
and the resultant mixture is used, and a method wherein a
mercapto group-containing compound binds to an acidic
functional group of an acidic ion-exchange resin, and any of
such methods may be used. Also, both of the method for
mixing the compound with raw materials and the method for
binding the compound to the acidic functional group may be

used at a time.

A mercapto group-containing compound which is mixed



reacti on of bisphenol A, but preferably phenol which is prelimnarily
treated with a strong acid-type cation- exchange resin in a continuous
reaction or in a batch 19 reaction before carrying out the reaction at a
treatment tenperature of 50 to 120C during a contact time of 5 mnutes to
10 hours, and then the acetone-derived carbonyl conpounds are renoved, is
used. Even nore preferably, phenol which is brought into contact with a
strong acid-type cation-exchange resiy,and then is subjected to a
distillation treatment at a normal pressure to under reduced pressure of
10 mHg at a tenperature of 70 to 200C, is used. Acetone to be used in the
present inyentjon not articularly limted, but it is_comercially
|ndustr|§1%%hcetgﬁ§ %ﬁlch i sP ugﬁghliu%ba??%EW%é G%ﬁeﬁgﬁfyPa5gnEBE8rHHaving
a puri ty gfml%%%’ Yo TS s@ﬁ?&élﬁblse 1@”&5’ 11:3 gugnﬁle;__? P?fg p%gug) of

phenol acetone used as raw ITB. eri a S, are no partic

but the B0 &' £8LLo, oL, phenpl / cet ongs] s {GCOTmARd i n {e?sﬁgeegﬁkg

to 100, and nore preferably in the range o anou

phenol i%:@ffprserrghxhsn@él1a'ﬁ@k§a9t5fnb€1—1yi §fodsconp! bsﬂeécQF%eEH !erS'On

of acetorie asS a raw materi al 'e the anount of phenol is ge, the
react or RacREs qg&gasoaablﬁngggg pRecAT®RNenol 1éhpmed hnithe1hkgher
anount than required, and nassive C|rculat|on of phenol al so"required,

al t hough haydricda &Ry ef 15 @k ofuakehene Ciﬁ-ﬁuél&:a;ﬂ?d‘@@ldrﬁé}ﬁﬂl dJhdsp and

efficient preparation cannot be acconplished.
a 4-mercaptomethylcyclohexyl group; and mercaptoaromatic
groups such as a p-mercaptophenyl group and a p-
mercaptomethylphenyl group. Further, +these aromatic, or
aliphatic or alicyclic hydrocarbon groups may be hydrocarbon
groups having a substituent such as a halogen atom, an
alkoxy group, a nitro group, and a hydroxyl greoup, 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 welght. By this, it 1is possible to exhibit the
cocatalytic effect to a maximum degree with a small amount
of é cocatalyst.

A mercapto group-containing compound which binds to a
portion of acidic functional groups of an acidic ion-
exchange resin, 1is 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 2-mercaptoethylamine

(cysteamine), 3-mercaptopropylamine, and N,N-dimethyl-3-



In addition, as described in EP 583712, a mxture of - 20 these raw
materials may include 1% or |ess of noisture beforehand. In the present
invention, the reaction tenperature is not particularly limted, but it is
preferably in the range of 0 to 3000C, and nore preferably in the range of
30 to 2000C. If the reaction tenperature is extrenely low, the reaction
rate decreases and the productivity of a reaction product al so decreases.
On the other hand, if the reaction tepperature is extrenely high, an
undesi rabl e side reaction, etc. proceeds, thus leading to the increase in
t he amount of by-products, and to the decrease in the stability of phenol

as a raw material or gjs henol A as _a ghggUﬁt and t he _reaﬁtion _
sel ect i viltSF CPHEREEYE AT MSs nBEEERBh ILPYFRELPESCt i BRCRan &5 cdrri ed

t und d w1 .und |i ed .of. at I :
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pressure. pressure for carryl ng u e reactionis

pref er ablog iy diigrange of 9. -bone@hy 2l A9 J1Bce Pref epaflynin. bhe

range of 0.5 to 1 O ‘course, the present invention is not [imted
Lo such gHLSAW £NGREind, |n@d8lhkeRy1¥I€Az68 HYhBY OUthd NEap{§SERL

i nvention, the anmount of the catalyst Used is not particularly [i1mted,

but for exaimteapthedrsap+tybigadtiinghechpahtiotd bt Ghithtan acidic
functional group is 0.5 to 70%, and preferably 5 to 30% of
the total sulfonic acid groups of the sulfonic acid-type
catioﬁ~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 wherein a mercapto dgroup-containing
compound binds to an acidic ion-exchange resin, there may be
ﬂsed a conventionally known method as disclosed in Japanese
Examined Patent Application Publication No. 46-19953, etc.

In the present invention, for phencl to be used as a
raw material for preparing bisphenol A, a usually available
technical phenol can be used. Industrial Phenol includes.
ones obtained by a cumene method, a toluene oxldation method,
etc., any of which can be used. Generally, phenol having a
purity of 98% or more is commercially available. Such an
industrial phenocl as it is may be used in the synthesis
reaction of bisphenol A, but preferably phenol which is
preliminarily treated with & strong acid-type cation-

exchange resin in a continuous reaction or 1in a batch



- 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 wei ght, and
nore preferably in the range of 0.1 to 50% by weight with respect to
phenol . When 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 diluted state. Specifically,

al i phati c hydrocarbons such as netha et hane, propane, butane, hexane,
and cycl ohexane, 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
present inveqyion, t?e nmet hod can be carried out .in ba%ch, Eeni-bat h or
cont i nuods ¥4 ow™ 595 Gt 199 @B Fri oEteaiCriflé)ﬁ’y B 411 58?5“%9 se, a
gas phase, -].i_qui Exe h o Preferably, in view of . the reagtion
efficien%ﬁﬁﬁéﬁ$%£¥%cggng%geghghggﬁ%ﬁg %@%& ana i%o%%?¥#eéngi Pﬁet e

l'iquid : r h kN tal I i N S
us?ng, $§?§§¥§%%|%€ g@y fﬁ%?’bgﬁgaagPﬁﬁi |f%dgiéEﬁH%:%%ﬁ%g%%egaggéng%é a

plate fixggheticane capboxad. agy gfeuhi chegam bousedo The aeagt i on

time (retention time or catalytic contact tine in the flow system “is not
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preferably 0.5 second to 15 hours. After the conpletion of reaction, the

reaction g i gy-eduHarzd) beecsepar ahgd anghégcoved ed furadthar catal yshs,
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 phencl and acetone
used as raw materials, are not particularly 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

.unreasonably larger because phenol is used in the higher
amount than required, and massive cilrxculation of phenol 1is
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



etc. by a separation nethod such as filtration, extraction,

distilling-off. Bisphenol A as a target product 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 treatnent and acid treatnent, or an ordinary separation and
purification nethod suitably conbining them In addition, wunreacted raw
materials can be recovered and recycl into the reaction systemfor use.

In the case of a batch reaction, the catalyst which is separated and
recovered fromthe reaction product after reaction, can be used as it is,

or partially or wholl reproduced t.0 he repeatedl y used f t he reaction.
* hen | G ng BT et FRLSL T | 1A IRded Becoby LT urth ZBATBERTSt | ow
system ;r%.caﬁﬁ%%ft can be provided to the reaction, and further if a
part or a9 el ‘catalysts is inactivated or is deteriorated in the

activity, thesreagt] og.canbe ; kpned t o fePLaduse he saialyatyc hkch can

be provided to reac ternati'v , a part “of catal'yst "can be
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flow system the catalyst can be separated,” recovered and, if necessary, -
23 reproduced, asri RHderbatehoneaeip@Fatite Cat akystonRY yel dwpr educed by

any nethod, for exanple, washing with water or an organic solvent, or
reaction rate decreases and the productivity of a reaction
product also decreases. On the other hand, if 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
as 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 preferable to carry out the 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 limited to such
pressure ranges.

In addition, when carrying out the present inventioﬁ,
the amount of the catalyst used is not particularly limited,

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



further nodifying after washing with an acidic solution, provided that the
catal yst performance is restored. Further, the catalyst may be several
times washed with an acidic solution and an alkaline solution alternately,
and finally wth an acidic solution, and then be nodified. EXAMPLES
Her ei nbel ow, the present invention will be described in nore detail with
reference to Exanpl es. However, the present invention is not intended to
be limted to Exanples. Exanple 1 (1) Eﬁeparation of a nodified
i on-exchange resin catalyst Wile vigorously stirring the water-swollen
Anberlyst 31 (dry weight 4 g) with 80 m of ion-exchange water, thereto
was sl ow.y added drogmﬁse 4

Y
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was then repeat éedl tere n I On- exchange” wat er .
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to obtain Catal yst- 1. e results o neasur enment o i d anmount and

of the eliymeyyal, Anal MaS wilth thedat@lystpanhg,shown in Table 1. (2)
Synt hesi s reacti on of Bi sphenol A"6.63 g of phenol, 0.37 g of acetone and

0.35 g of CapdkysicakriRfieRarRE ithd Preddie DWehPiona 7P Ik pHesSHAie-
resi stant reactor, and 3-rmercaptopropionic acid was put
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 present invention, 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. After the completion of reaction, the reaction



thereto such that the concentration is 3000 ppm Then, the
pressure-resistant reactor was pressurized with nitrogen gas under 5
kg/ cn2 gauge pressure, and was stirred with heating at 75C for 2 hours to
performthe reaction. After conpleting the reaction, it was cooled to room
tenperature. After pressure discharge, the reaction solution was taken
out, and was subjected to quantitative analysis by neans of [|iquid
chromat ography. The results were ShOMM#%n_Table 2. Exanple 2 In the sane

t

manner as in (1) of Exanple 1, except at an aqueous tetranet hyl anmoni um

chloride solution having a concentration of 0.153 nole/L was used instead
of an aqueous tetrabutylannnniunlchlgride sol utiiaon, the operation was

per f or medTOSUSHt oF 1 CREAISFRR TR Lefh ARA s GREQVEF Ph e E e ashF eMBHELEF SN aci d
amount and of the elenental analysis in.the Cat st.,are shown in Table 1.
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e, oo M e ol a0 spl PHEAY STToSLIASL ) o
of the meguyefBRt Obran ALivb@ATOURBkt2REtebnt he fisMBMAion, alkali
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, c¢an be used as it is, or partially or wholly
reproduced tc be repeatedly used for the reaction. = When
carrying out the reaction in a fixed bed cor 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 1is 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
withdrawn continuously or intermittently and reproduced, and
then recycled to the reactor for re-use. Further, a £fresh
catalyst can be intermittently supplied tc the reactor.

When carrying out the reaction in a moving-bed flow system,

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



analysis in the Catal yst are shown in Table 1. In addition, under the sane
conditions as in (2) of Exanple 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. Exanple 4 In the same manner as in (1) of
Exanpl e 1, except that an aqueous hexamet honi um chl ori de sol ution having a
concentration of 0.077 nole/L was used instead of an agueous

t et rabut yl anmoni um chl ori de sol ution, é?e_operation was perforned to
obtain Catalyst 4. The results of the “Treasurenent of an acid amount and of
the elenental analysis in the Catalyst are shown in Table 1. In addition,
under - 26_ the sa condi ti,on s.in (2), .0of Exanple 1, except that

Cat al yst rfpvﬁs&lfseégeia}’?’stl@aghoef %ég:tq’h fseta t,mtnn'e synt hesis reaction of

bi sphenol A perfor The. r | t.s wer sho in_Table 2. Exanple 5 In
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was used 1 nstead of an aqueous tetrabutyl anmoni um’chl ori dé solution, the

oper ati O\ Wa% e PERHALFEAREO SBLEL N fAhAlYSt I enTh r%%li'di% Oé_otlﬂf_%on,

nmeasurenent of an acid anbunt and of the 'el emental analysis in the

Cat al yst gprishoynidt Takd ecétaws@dgékfsﬂmaﬂe@e&s tRetsaee . condithans as

in (2) of Exanple 1, except that™ Catalyst 5 was used instead of Catalyst

1, the syHeshsalyst 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 present invention will be described in
more detail with referehce 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 welght 4 ¢g) with 80 ml of ion-exchange water,
" thereto was slowly added dropwise 40 ml of an agqueous n-
tetrabutylammonium chloride solution having a concentration
of 0.153 mole/L. After completing the dropwise addition,
the mixture was further stirred for 5 hcours, and was then
repeatedly filtered and washed with ion-exchange Water.

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



reacti on of bisphenol A was perfornmed. The results were shown in Table 2.
Exanple 6 In the same manner as in (1) of Exanple 1, except that an
aqueous tetrabutyl phosphoni um chl oride solution having a concentration of
0.153 nol e/L was used i nstead of an aqueous tetrabutylanmoni um chl ori de
solution, the operation was perfornmed to obtain Catalyst 6. The results of
the neasurenent of an acid anount and of the elenental analysis - 27 in
the Catal yst are shown in Table 1. Lpéggdition, under the same conditions
as in (2) of Exanple 1, except that alyst 6 was used instead of
Catalyst 1, the synthesis reaction of bisphenol A was perfornmed. The

I h in Tabl e 2. le 7 I.n th i 1 f
Evampl o DF e CHEH n | & kot Tarhany| ph3BBnoREaHERI oPfdoths! utt on
havi trati f 0,153 | e/ L i d_ of
Lot rabut JIARAH TR L br 1o CoRuPRBHE RS Copith aUTr Haee™ bot { BPRRHED
obtain Caan[aI )flset C?aita-ﬁt}esﬁ %srté{ tS%Ong{ tj] e arﬁeleés%rerrent of an acid amount and of
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the el ene anal ysi's yst are shown in Table 1. In addition,
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performed. The pasujts pepRensOWh |47 Tapl g2 s &Ml €a8a 0.35 g of
Catalyst 1 prepared in (l), 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 75°C for 2 hours to perform the reaction. 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 adqueous tetramethylammonium chloride solution having a
concentration of 0.153 mole/L was used instead of an aqueous
tetrabutylammonium chleoride solution, the ‘operation was
performed' 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 Example 1, except that



In the same manner as in (1) of Exanple 1, except that acetonitrile is
used instead of ion-exchange water, and a 0.153 nole/L solution of

hydr oxynet hyl t ri phenyl phosphonium chloride in acetonitrile was used

i nstead of an aqueous tetrabutylammoni um chloride solution, the operation
was - 28 perfornmed to obtain Catalyst 8. 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 s conditions as in (2) of Exanple 1,
except that Catalyst 8 was used i nst of Catalyst 1, the synthesis
reaction of bi sphenol A was perforned. The results mere shown in Table 2.
Exanple 9 I n_the same manner as in C% of Exa ,.except that. a
soIut|onQﬁtQ$ﬁRQr?pﬁ@ﬁyI$ﬁ%§ éﬁ%ﬂ dehe) ﬁﬁn chl deYPRI&Fhino

havi ng a_concent r at .of 0 1 3 le/L was used ins ead of aqueous
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obt ai n Ca%al SHnQTahIhe results of the neasurement of an acid anmount and of
the elemta anaIyS|s |n the Catal yst 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 synthesis reaction of bi sphenol A was
per f or megk, 'H% results were shomn in Table 2. Exanple 10 In the sane
manner as I n ?f3 of Exanple 1, except that an agueous

tetraet hyl phogph@RieUg G Qfd A SOyt AN (ARVIRY kample 1, except that
an agueous 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
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 3 was used instead of Catalyst 1, the
synthesis reaction o©of bisphenol A was performed. The

results were shown in Table 2.

Example 4

In the same manner as in (1) of Example 1, except that
an aqueous hexamethonium chleoride solution having a
concentration of 0.077 mole/L was used instead of an aqueous
tetrabutylammenium c¢hloride 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



concentration of 0.153 nole/L was used instead of an aqueous - 29

t et rabut yl anmoni um chl ori de solution, the operation was perforned to
obtain Catal yst 10. 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 10 was used instead of Catalyst 1, the synthesis reaction of

bi sphenol A was perfornmed. The results,yere shown in Table 2. Exanple 11
In the same manner as in (1) of Exanple 1, except that acetonitrile is
used instead of ion-exchange water, and a 0.153 nole/L solution of

o Phenyaliosehige IONASEAN (o oy 1A% LS80 akeAd of . pSeUS
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Catal yst 11 was used instead of Catalys synt hesi's reaction of
bi sphenolspdwas perfiprdred. The results were shown in Table 2. Exanple 12
In the same manner as in (1) of Exanple 1, except that acetonitrile is
used instead of ion-exchange water, and a - 30 solution of
di phenyl et hoxyphosphi ne in acetonitrile having a concentration of 0.153
mol e/ L waxangdd inst ead of an aqueous
In the same manner as in (1) of Example 1, except that
an aqueous <cetylpyridinium chloride solution 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 of 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 aqueous 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



t et rabut yl ammoni um chl ori de solution, the operation was perforned to
obtain Catalyst 12. 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
Catal yst 12 was used instead of Catalyst 1, the synthesis reaction of

bi sphenol A was perforned. The results were shown in Table 2. Reference
Exanple 1 In the sane manner as in (1),of Exanple 1, except that an
aqueous trimethyl am ne hydrochl ori de §%?ution having a concentration of
0.153 nol e/L was used instead of an aqueous tetrabutylammoni um chl oride

o e R LN TR LS 20 CHLe gl Sl Tt L
Car YS! AL SHRIO AT, g 200000 £ el SO S Ligpe 2
shown 1 CPBE S RePBrendsti e ofo e T end ol fotE g 0l
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t et rabut yhanppenifm e oride solution, the operation was performed to

obtain Catalyst 14. The results of the measurenent of an acid anount and
of the elenental analysis in the Catal yst are

Example 7

In the same manner as in (1) of Example 1, except that
an aqueous tetraphenyiphosphonium 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 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
the 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
acetonitrile 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



shown in Table 1. In addition, under the sane conditions as in (2) of
Exanpl e 1, except that Catal yst 14 was used instead of Catalyst 1, the
synt hesis reaction of bisphenol A was perforned. The results were shown in
Table 2. Conmparative Exanple 1 Under the sane conditions as in (2) of
Exanple 1, except that sufficiently dried Anberlyst 31 which is
connerC|aIIy avai l abl e, was used instead of Catalyst 1, the reaction was
perfornmed. The results were shown in Table 2. In addition, the results of
t he measurement of an acid anount and of the elenental analysis of a
commercially available Anberlyst 31, are shown in Table 1. Conparative
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reaction brsp A was perforne The resu able 2.
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prepared Catal'yst 1, were put into a 70 ml pressure- resistant reactor, and
3- Mer captr PRI eraddibpsndUt 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 ethancl having a concentration'of 0.153 mole/L
was used instead of an aqueocus 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. In
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 bisphencl A was performed. The

results were shown in Table 2.

Example 10
In the same manner as in (1) of Example 1, except that
an agqueous tetraethylphosphonium chloride solution having a

concentration of 0.153 mole/L was used instead of an aqueous



thereto such that the concentration is 3000 ppm Then, the
pressure-resistant reactor was pressurized with nitrogen gas under 5

kg/ cn2 gauge pressure, and was stirred with heating at 85C for 2 hours to
performthe reaction. After, conpleting the reaction, it was cooled to
roomtenperature. After pressure discharge, the reaction solution was
taken out, and was subjected to quantitative analysis by neans of Iliquid
chromat ography. The results were shown,4n Table 2. Conparative Exanple 3
Under the sane conditions as in Exanpl & 12, except that a commercially
avai | abl e Anberlyst 31 which is sufficiently dried, was used instead of

Cat al yst t t hesi. ti.o f bisph I formed. Th
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solution of 0.077 nole/L of tetramethyl anmoniumc

of ami nogthapet htak ahydLoGHOr bhgyn AfiherTa Pl et i ng, they it PP Senaddi tion,
the m xture was further stirred for 5 hours, and was then repeatedly

filteredwnrd suashedbndididn- axchanggwater. ckherRal ter, ddcps @hhed
under vacuum at 80C for 10 hours or longer to obtain Catalyst 16. The
resul ts afatdleygeapor egentusdd aindekdd 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 of an aqueous tetrabutylammonium chloride
solution, the operation was performed to obtain Catalyst 11.
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 conditicns as in (2} of Example 1,
except that Catalyst 11 was used instead of Catalyst 1, the
synthesis reaction of bisphenocl 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



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, 0.37 g of acetone
and 0.35 g of Catalyst 16 prepared in (1) were put into a 70 m pressure-
resi stant reactor. The pressure-resistant reactor was pressurized with
nitrogen gas under 5 kg/cn2 gauge pressure, and was stirred with heating
at 75C for 2 hours to perform the reaction. After conpleting the reaction,
it was cooled to roomtenperature. ﬁdéqj pressure discharge, the reaction
- 34 solution was taken out, and was bj ected to quantitative analysis
by neans of liquid chronatography The results were shown in Table 2.

Exanple 15 In.the s r ( Exanpl e
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resin C%b@éﬁ?ément 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 12 was used instead of Catalyst 1, the synthesis

reaction of bisphenol A was performed. The results were

shown 1n Table 2.

Reference Example 1

.In the same manner as in (1) of Example 1, except that
an agqueocus trimethylamine hydrochloride solution having a
concentration of 0.153 mole/L was used instead of an aqueous
tetrabutylammonium 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 Example 2



VWil e vigorously stirring the water-swollen Anberlyst 31 (dry weight 4 g)
with 80 m of ion-exchange water, thereto was slowy added dropw se 40 m
of a 0.077 nole/L solution of hydroxynethyltriphenyl phosphoni um chl ori de
in acetonitrile. After conpleting the dropwi se addition, the mxture was
further stirred for 5 hours, and was then 35 repeatedly filtered and
washed with ion-exchange water. Thereafter, it was dried under vacuum at
80C for 10 hours or longer to obtain talyst 16. The obtai ned solid was
di spersed in 80 nL of ion-exchange water, and thereto was slowy added
dropwi se 40 ml of an aqueous 0.077 nole/L am noethanethiol hydrochloride

solution with %tlfhl’lnsgd Aftl%{er Iethg&th% q_fxo vmse dd%;t{%;ggg %Em
he a y

m xture was COﬂtInUOUS y stlrre UI’S
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in the Catalyst are shown iIn nt hesi s reactl i sphenol

A Under 18 38 CeBALLLEBAS a8hd N dpdrAfidrcapmke ﬁérfoﬁaf&@pttot habt&ahal yst
18 was used i nstead of Catal yst 16, the synthesi's reaction of bisphenol A

was perf @a®d.ysthei4resurhs Welsh showa £l ne@bh@adulexaip! ect7 4 hhegsanme
manner as in (1) of Exanple 14, except that tetraethyl phosphoni um chloride
was used dmisirgadandofof 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 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
commercially available, was used instead of Catalyst 1, the
reaction was performed. The results were shown in Table 2.
In addition, the results of the measurement of an acid
amount and of the elemental analysis of a commercially

available Amberlyst 31, are shown in Table 1.

Comparative Example 2

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



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

Catal yst 19. The results of the neasurenent of an acid anmount and of the
el enental analysis of the Catalyst - 36 are shown in Table 1. In addition,
under the same conditions as in (2) of Exanple 14, except that Catalyst 19
was used instead of Catalyst 16, the synthesis reaction of bisphenol A was
performed. The results were shown in Table 2. Exanple 18 In the same manner
as in (1) of Example 14, except that_ %%tylpyridiniun1chloride was used

i nstead of tetramethyl ammoni um chl ori the operation was perfornmed to
obt ai n Catalyst 20. In addition, under the sanme conditions as in (2) of

Exanpl h | d of Catalyst 16, th
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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‘(l)
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.
V;Aftér 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.

Comparative Example 3

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

reaction o©f bisphenol A was performed. The results were



shown in Table 2. Exanple 20 In the same manner as in (1) of Exanple 16,
except that di phenyl et hoxyphosphi ne was used i nstead of

hydr oxynet hyl t ri phenyl phosphoni um chl ori de, the operation was perfornmed to
obtain Catal yst 22. The results of the nmnmeasurenent of an acid amount and
of the elenental analysis in the Catalyst are shown in Table 1. In
addition, under the sane conditions as in (2) of Exanple 14, except that
Catal yst 22 was used instead of Catalyst 16, the synthesis reaction of

bi sphenol A was performed. The resultsWwere shown in Table 2. Reference
Example 3 In the sane manner as in (1) of Exanple 14, except that pyridine
was used instead of t e _t ranethyl ammonium chloride, the operation was
per f or meFCE OB TRES £l-yst 23. The results of the neasurement of an acid
amount and of the elenental analysis in the Catalyst are shown in Table 1.
In addition, under the sane conditions as in (2) of Exanple 14, except

t hat Cat%§%ﬂl v@s used instead of Catalyst 16, the synthesis reaction
of blspheno 3& was perforned The results were shown in Table 2. - 38

Ref erence Exa #} 4/ a&%et Sge (gq_anngr nfd-(ejC% {P%%@%‘ﬁ‘?l% gxcept that

trimethylamn ydrochlori de was  used instea nmoni um
chloride, fihg ration was perfornmed to obtain Catal yst 24 The results
of the measurénment of an

While wvigorously 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 agqueous
solution of 0.077 mole/L of tetramethylammonium chloride and
0.077 mole/L. of aminoethanethicl hydrochloride. After
completing the dropwise addition, the mixture was further
stirred for 5 hours, and was then repeatedly filtered and
washed with ilon-exchange water. Thereafter, it was dried
under vacuum at 80°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, 0.37 g of acetone and 0.35 g of
Catalyst 16 prepared in (1) were put into a 70 ml pressure-
resistant reactor. 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 reaction. After completing the reaction, it was cooled

to rcom temperature. After pressure discharge, the reaction



acid anount and of the elenental analysis in the Catalyst are shown in
Table 1. In addition, under the sanme conditions as in (2) of Exanple 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.
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. _hol e/L am noet hanet hi ol

hydrochl ori de solution. After conpleting the dropw se addition, the

m xture was further stirred for 5 hours, and was then repeatedly filtered

and, e i | 90s NG e o Mok £aLL Bl LA, I gl gL vecuum

at 80C f ours or 1longer e*resu

msasurerrpaqlt i u a t E@B} aly S i

Cat al yst are %?)\/vﬁgl ﬁnl g: e%LIF ngg%al tlhcehcm under I%}ﬁ‘g sarsrllteh co% %plﬁgns as
in (2) ofyere IrdwEXHBIL 1140 €xcept that Catal yst 25 was used instead of
Catal yst 16, the synthesis reaction of bisphenol A was performed. 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
Anber | ystExakbledrys wei ght 4 g) with 80 m of ion-exchange water,

In the same manner as in (1) 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
acid amount and of the elemental analysis in the Catalyst
are shown 1in Table 1. In addition, under the same
conditions as in (2) of Example 14, except 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

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

While vigorously stirring the water-swollen Amberlyst
31 ({dry weight 4 g¢g) with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of a 0.077 mole/L
solution of hydroxymethyltriphenylphosphonium chloride in
acetonitrile. After completing the dropwise addition, the

mixture was further stirred for 5 hours, and was then



thereto was slowly added dropw se 40 ml of an aqueous m xed solution of
0.077 nole/L of tetranethyl anmoni um chloride and 0.077 nole/L of

4- pyri di neet hanet hi ol hydrochl oride. 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 obtain Catalyst 26.
The results of the neasurenent of an ﬁﬁ# amount and of the el emental
analysis in the Catalyst are shown i able 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 t intoa 70 ressure- resistant reactor, The
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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 Cataijst
are shown in Table 1.

(2) Synthesis reaction of Bisphenol A

Under the same conditions as in (2) of Example 14,
except that Catalyst 18 was used instead 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 chleride was used instead = of
tetramethylammonium chloride, the operation was performed to
obtain Catalyst 19. The results of the measurement of an

acid amount and of the elemental analysis of the Catalyst



are shown in Table 1. In addition, under the sanme conditions as in (2) of
Exanpl e 21, except that Catalyst 27 was used instead of Catal yst 26, the
synt hesis reaction of bisphenol A was perforned. The results were shown in
Tabl e 2. Exanple 23 (1) Preparation of a nodified ion-exchange resin

catal yst Wiile vigorously stirring the water-swollen Anberlyst 31 (dry
weight 4 g) with 80 m of acetonitrile, thereto was slowy added dropw se
40 mM of a 0.077 nole/L solution of hygroxynethyltrlphenylphosphonlum

chloride in acetonitrile. - 41 After conpleting the dropwi se addition, the
m xture was further stirred for 5 hours and was then repeatedly flltered
and washed with ion- exchaﬂ r. reaf%g g under vacuum
2t 80C f 610 e T 5 TP S aF perita . FASo i
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80C for 10 hours or |ong to o taln talyst ts o
measurenment of an acid anmount and of the elenental analysis in the
Catal yst are shown in Table 1. (2) Synthesis reaction of Bisphenol A

Example 18

In the same manner as in (1) of Example 14, except that
cetylpyridinium chloride Was used instead of
tetramethylammonium 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 (1) of Example 16, except that
triphenylphosphine 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 same conditions as in (2) of Example 14, except that
Catalyét 21 was used instead of Catalyst 16, the synthesis

reaction of bisphenol A was performed. The results were



Under the sanme conditions as in (2) of Exanple 21, except that Catal yst 28
was used instead of Catal yst 26, the synthesis reaction of bisphenol A was
performed. The results were shown in Table 2. Exanple 24 In the sane
manner as in (1) of Exanple 21, except that tetraethyl phosphonium chloride
was used instead of tetranethyl anmoni um chloride, the operation was
performed to obtain Catalyst 29. The results of the neasurenent of an - 42
acid amount and of the el enmental analygis_in the Catalyst are shown in
Table 1. In addition, under the same <conditions as in (2) of Exanple 21,
except that Catalyst 29 was used instead of Catalyst 26, the synthesis
reaction Qf _ Dbi, I was performed. The results were shown in Table 2.
Exanpl e f%KVﬁlfﬁgqggﬁﬁaganner as in (1) of Exanple 21, except that

cetyl pyridiniumchloride was used instead of tetramethyl anmoni um chlori de,
the operation was perforned to obtain Catalyst 30. The results of the
measur engif,pf1 A aci d anount and of the el emental analysis in the
Catalyst areé shown in Table 1. In addition, under the same conditions as

in (2) of Exanpl @ndl.sa%CeRihddiata Lafal vl 3P Eﬂé‘@zﬁ?ﬂée%i”é%gé?ggfﬁ}qgﬁt al yst

26, the synthesis reaction of bisphenol A was perforned. T ts were
shown i n digHeh 2. R sthine was used instead of

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 16, 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 are shown in Table 1. 1In
addition, under the same conditions as in (2) of Example 14,
except that Catalyst 23 was used insfead of Catalyst 16, the
synthesis reaction of bisphenocl A was performed. The

resulis were shown in Table 2.



In the same manner as in (1) of Exanple 23, except that triphenyl phosphine
was used instead of hydroxynethyltri phenyl phosphoni um chl ori de, the
operation was perforned to obtain Catalyst 31. The results of the

measur enent of an acid amount and of the elenental analysis - 43 in the
Catal yst are shown in Table 1. In addition, under the same conditions as
in (2) of Exanple 21, except that Catalyst 31 was used instead of Catalyst
26, the synthesis reaction of bisphe A was perfornmed. The results were
shown in Table 2. Exanple 27 In the sa manner as in (1) of Exanple 23,
except that diphenyl et hoxyphosphi ne was used i nstead of

hydr oxynmet hyl t ri phenyl phosphoni um chl ori de, the operation was perforned to
obt ai n g%@%%?é?“%?%x¥ﬁgﬂﬁb§ults of the nmeasurenent of an acid ampunt and

f th | | |l ysi [ he Cat al h in Table 1
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anount and of the elenental analysis in the Catalyst are shown in Table 1.
I'n acid amount and c¢f the elemental analysis in the Catalyst
are shown 1n 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 stirring the water-swollen Amberlyst
31 (dry weight 4 g) with 80 ml of ion-exchange water,
thereteo was slowly added dropwise 40 ml of an agueous 0.077
mole/L aminoethanethiol .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 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) of



addi tion, under the same conditions as in (2) of Exanple 21, - 44 except
that Catal yst 33 was used instead of Catal yst 26, the synthesis reaction
of bisphenol A was perforned. The results were shown in Table 2. Reference
Exanple 6 In the same manner as in (1) of Exanple 21, except that
trimet hyl am ne hydrochl ori de was used instead of tetranethyl amoni um
chloride, the operation was perforned to obtain Catalyst 34. The results
of the neasurenent of an acid anount d_of the elenental analysis in the
Catalyst are shown in Table 1. In addition, under the same conditions as
in (2) of Exanple 21, except that Catal yst 34 was used instead of Catalyst
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dropwi se addition, the mxture was ftur stirre or 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
Cat al yst 3amplike iesults of the neasurenent of an acid - 45 anount and of
the el enmental analysis in the Catalyst are shown in Table 1.

(1) Preparation of a modified ion-exchange resin

catalyst

While wvigorously stirring the water-swollen Amberlyst
31 {dry weight 4 g¢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 addition, the mixture was further
stirred for 5 hours, and was then repeatedly filtered and
washed with ilon-exchange water. Thereafter, 1t 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

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 ml pressure-
resistant reactor. 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



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 phemﬂjeiiﬁpne having a nolar ratio of 6 : 1
such that the concentrati on was 3000 p to proceed the synthesis reaction
of bisphenol A at a reaction tenperature of 85C. Wen the anount of the
fl owi ng acetone reached 7_g, the anpunt o% the supplied raw nmaterjal

sol ution LEACT QRN t%’tgelf h‘éo’&Bg?BHéch FerrSPGT Wrds dﬂbd‘t’a%S%ogﬁﬁ t hen

fi d. Wi th t of _t fl i 7 d 200 g,
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t he anoupft. ,f &he.f liQuimg acetone is 200 g], [Reduced |evel of selectivity
(9] =[Selectivity (9% when the amount of the flow ng acetone is 7 g]' -
[Selectivity (% when the anpunt of the flow ng acetone is 200 g], and the
foll owi ngs were also calculated in this

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 1in 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, theretc was
slowly added dropwise 40 ml of a 0.077 mole/L solution of

hydroxymethyltriphenylphosphonium chloride in acetonitrile.



manner. Exanple 29 The synthesis reaction of bisphenol A was perforned
under the sanme 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

bi sphenol A was perforned under the sanme conditions as in Exanple 28,
except that Catalyst 7 was used instepd of Catalyst 2 to determine the
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

31 The s q;hesis reic i,on o hgisghenol A wq;
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per f ornme e same conditions as , except t

Cat al yst L was; dsedhddst fadueh Gat alopst 2t o del &k ngrt hgngheduced,l evel s
of the acetone conversion and the selectivity
obtained solid was dispersed in 80 mL of ion-exchange water,
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 continucusly 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 obtaln Catalyst 28. 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
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. | 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



to p,p' -bisphenol A respectively. The results were shown in Table 3.
Exanpl e 33 The synthesis reaction of bisphenol A was perfornmed under the
same conditions as in Exanple 28, except that Catalyst 12 was used i nstead
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. Conparative Exanple 6 The synthesis reaction of

bi sphenol A was performed under the 3&99 conditions as in Exanple 28,
except that - 48 Catalyst 13 was use nstead of Catalyst 2 to determ ne
the reduced |levels of the acetone conver5|on and the selectivity to

Compar at Pog BARE 75F e Uy n hes i EIHALorA 67 L 7 LhaRol 1DE Wae CporPbr mad

322§r|;gfeggn§¥$8§$;f;gP$§g$o défé?gPL tH%d H&%e;hﬁév%¥s g#gfﬁséﬁsgfine

Weth|; ZL%&%;;% Sa? %gf% éoféx%g%p 53 ?féﬁéﬁ?i %%Eift B0 e
ab %n E@Q& o £ (fb.sﬂafaﬁ(:g{ B! Clhhe %ghe%51§nﬂé§ctlglq BB -

From the bottomo e reactor e m xture of [acet one
bisphenol A was performed. The results were shown in Table

2.
Example 25

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



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 amount of the flow ng acetone reached 7 g, the anount of the
supplied raw material solution was set such that the acetone conversion
was about 65% and then was fixed. \WWen the anmount of the flow ng acetone
was 7 g and 200 g, respectively, the reaction product was anal yzed by

| i qui d chromat ography to - 49 deterpiff_ghe reduced | evel s of the acetone
conversion and the selectivity to p,p -bisphenol A respectively. The
results were shown in Table 3. Exanple 35 The synthesis reaction of
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the selectivity to p,p' -bisphenol A respectively. The results were shown
i n Tabl e s3ovexXamlanié Bhe synthesis reaction of bi sphenol A was perforned

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 manner 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. 1In

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



under the sane conditions as in Exanple 34, except that . Catal yst 19 was
used instead of Catalyst 16 to determ ne 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

bi sphenol A was perfornmed under the sane conditions as in Exanple 34,
except that Catalyst 20 was used instead of Catalyst 16 to determ ne the
reduced | evel s of the acetone conversi and the selectivity to

p, p' - bi sphenol A, respectively. The restlts were shown in Table 3. Exanple
39 The synthesis reaction of bisphenol A was performed under the sane

diti i l.e 34 t that . Catal yst 21 d.i d of
Caral yst ST6 R0 detns MAe Th TLalRed T tet s b et aGELohESEoRver €hBn and
th l ect vty .t '.-.bi_sph A ively. Th I h
e ool Sndtid © AfleRhenhaol Brptsaieckl Vel Ths fesild s vergeshou
under th%%§y$%§8§%%t;§?§?§%f% égﬁgygge 34, except that Catalyst 22 was

used i nste etermne the reduced |evels of the acetone
conversion and the selectivity to p,p' -bisphenol A respectively. The
results were shown - 51 in Table 3.

Reference Example 6

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 wvigorously stirring the water-swollen .Ambérlyst
31 (dry weight 4 ¢g) with 80 ml of ion-exchange water,
thereto was slowly added dropwise 40 ml of an agueous 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, 1t was dried
under wvacuum at 80°C for 10 hours or longer to obtain

Catalyst 35. The results of the measurement of an acid



Conpar ati ve Exanple 8 The synthesis reaction of bisphenol A was perforned
under the sane conditions as in Exanple 34, except that Catalyst 23 was
used instead of Catalyst 16 to determ ne the reduced |levels of the acetone
conversion and the selectivity to p,p' -bisphenol A respectively. The
results were shown in Table 3. Conparative Exanple 9 The synthesis
reacti on of bisphenol A was perfornmed under the sane conditions as in
Exanpl e 34, except that Catalyst 24 used instead of Catalyst 16 to
determ ne the reduced |evels of the atetone conversion and the selectivity
to p,p' -bisphenol A respectively. The results were shown in Table 3.

Conparative anpl e 1Q. The synthesi s .reaction, of ,bi sphenol A was perfornmed
under t h@n?é% g%ﬁ(gi tqfongh%s equ‘? ea§ﬁ§LyE§(Eeﬂtn t Eg? é@é&%%@i 35€was
used instﬁgg of, g}yst 16 to determine the reduced |evels of the acetone
conver si 6hARd he 3d%ectivity to p, p' - bi sphenol A, respectively. The

results were §H°W9ﬁ%$ﬂﬂﬁﬁblﬁgggfbré%e Eégﬁplgoéé'éiénglg% ﬁ%%a:%ﬁgtﬁg P

filled with a“cyli ica i nSi de dianeter: 470
nm . Fr betto e ct mxd u of nal gﬁgg% n

havi ng a(ﬁrgo r%r atglﬁ_b or%}géeéﬁlt\?\%g sg%{i??ggtasﬁa quvsv rr%?%?l gf{ SO Cﬁt :Sgn to
proceed g Syuthesics reagti 9PnPhebi SPPEOOLL R 0f 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 ratioc 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 sclution 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'-bisphencl 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



a reaction tenperature of 85C. When the anount of the flow ng acetone
reached 14 g, the anmount of the supplied raw material solution was set
such that the acetone conversion was about 65% and then was fixed. Wen

t he ampunt of the flow ng acetone was 14 g and 400 g, respectively, the
reacti on product was anal yzed by liquid chromatography to determ ne the
reduced | evels of the acetone conversion and the selectivity to

p, p' - bi sphenol A, respectively. The _rgiylts were shown in Table 3. Exanple
42 The synthesis reaction of bisphenol was performed under the sane
conditions as in Exanple 41, except that Catalyst 27 was used instead of
Catal yst 26 to determ ne the, reduc | evel s .of the acetone conversion and
the sel efivit 9901%‘66‘;3%0@ bi(§bh8ﬁ8P i,%er SRS \féﬁt y&ﬁ'hgi?‘ééﬁgt §CREPBEshown
in Table 3, 5,P3,; Ex 43 The synithesis reaction,of bisphenol .A.was

per for med > u2n0(§)(§rg]t’heralgga)f!lrrlgc(Ji:cgn%l‘?‘?‘?](S)n%E agel %cggﬁ% e'd E éxigS?eFﬁéyl%

Caralyst @ WamedsedybnoLead,of Sat ahst 2@ ha detecie the {edyced

| evel s of the acetone conversion an e 'Selec i henol A,

respect i Vi&dah.e c&r 4" ltiéﬁ WEESR %%@Méﬁéﬁhgagket%e Eqasypl &y 44cdbsnaynihesi s

reacti on of bi spheno was performe under the sane conditrons as In

Exanpl e 4k ey¢eptaddattheCatglystiiR9sWasemsed 1ishst ead-0f atatalust +38st 0
determ ne t he

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 tﬁe
reduced levels of the acetone conversion and the selectivity
to p,p'-bisphenol A, respectively. The results were shown

in Table 3.

Example 30

The synthesis reaction of bisphencl 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 bisphenocl A was performed



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

- p, p' --bisphenol A, respectively. The results were shown in Table 3.
Exanpl e 45 The synthesis reaction of bisphenol A was perforned under the
sanme conditions as in Exanple 41, except that Catalyst 30 was used i nstead
of Catalyst 26 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 46 - 54 The,synthesis reaction of bisphenol A
was performed under the sane conditions as in Exanple 41, except that

Catal yst 31 was used instead of Catalyst 26 to determne the reduced

I I ft t i dth |l ectivit .p' - hi | A

respect | VEIYFE THEST LI o HEPH SOREn 2 n FabFESOLE: Rl o S1FoHle Sithes &
ti f_ hi.sph | A f t.h diti [

Beanpl o 42 oieboct nat® "Ehedry bRt aEe g S TR Ak b1 CCh ATyaE 380

determ ne.dfie .4 adicad | evels, O{céiﬁh@?@é&@ﬁ&?&ﬂ eéﬁ&"‘éhénge&@gtg%%g“ vity

to p, p' -bi'sphenol A respectively: e resulits were shown I'n Table 3.

Conpar at ixe ExanpbesdiloJbe Synthesis.wRastj on efcbi:sphenal A wasgepfor med

under the sane conditions as in anpl e 4T, except that
in Table 3.

Example 32

The synthesis reaction of bisphencl A was performed
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 acetone 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 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.

Comparative Example 6
The synthesis reaction of bisphencl A was performed

under the same conditions as in Example 28, except that



Cat al yst 33 was used instead of Catalyst 26 to determne the reduced

| evel s of the acetone conversion and the selectivity to p,p'-bisphenol A,
respectively. The results were shown in Table 3. Conparative Exanple 12
The synthesis reaction of bisphenol A was perforned - 55 wunder the sane
conditions as in Exanple 41, except that Catalyst 34 was used instead of
Catal yst 26 to determ ne the reduced |levels of the acetone conversion and
the selectivity to p,p'-bisphenol A £§spectively. The results were shown
in Tabl e 3. Conparative Exanple 13 The synthesis reaction of bisphenol A
was performed under the sane conditions as in Exanple 41, except that

Cat al ' d,of I 6 d ' t r ed d
Covel 3 o AR Sater DheVRRnIerdi GREARES RE SAGUUN 7 o7 cOpERTIBRE phBROl A
, ti ly. T, | t h in Table, 3. [Tab 1 -

Cat hoont SRS EATEN o "B€ S e FefRefiin Addatbrosatesivity
)PhOSphO%%S%JﬁM—éfgpﬁQR&f ﬁ}”éeéﬁeé%%vé%§?“tiﬁs results were shown

in Table 3.

Comparative Example 7

The synthesis reaction of bisphenocl A was performed
under the samé conditions as 1in Example 28, except that
Catalyst 14 was used instead of Catalyst 2 to determine the
reduced levels of the acetone conversion and the selectivity
te p,p'-bisphenol 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 ¢, the amount of the supplied raw
material soclution 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 preduct was analyzed by liquid chromatography to
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1'" 1llyst2.7362.062.31.51.5-- 46 1 Cata E 10 1 .

| yst 3.4856.957.11.51.6-- 203 2 Cata E 1 1 '.. |lyst2.9661.261.51.41. 4-
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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 35

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
te 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 conversion and the selectivity
to p,p'-bisphencl A, respectively. The results were shown

in Table 3.

Example 37

The synthesis reaction of bisphenol A was perfcormed
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
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56 Cates E 1 10 ~.. |yst3.1957.758.01.31.4 480 4 Cates E 10.10 ".
| yst 2. 6264. 064. 21.41. 4-- 570 5 Cates E |yst2.7060.861. 1--3.03. 2~1' 4’
Cates E 10.1 .

._50_
to p,p'-bisphenol A, respectively. The results were shown
in Table 3.
Example 38

The synthesis reaction of bisphencl A was performed
under the same conditions as in Example 34, except that
Catalyst 20 was used instead of Catalyst 16 to determine the
reduced levels of the acetone conversion and the selectivity
fo p,p'~bisphenol A, respectively. The results were shown

in Table 3.

Example 39

The synthesis reaction of bisphenocl A was performed
under the same conditicns 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 490

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

61 6



| yst 2. 4765. 565. 7--2.73.0 745 7 Cates E 1 1 '' |yst2.6862.262.5--2.73.02 80
8 Cata Ex. |yst2.1166.466.71.11.14.64.98.88.9 9 9 Cates
Ex.|yst3.0657.657.9--3.43.61 1 .. 79 10 Cata Ex.1 1 .

| yst-63.463.6--3.1' 3.302 11
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in Table 3.

Comparative Example 8

The synthesis reaction of bisphenol A was performed
under the same conditicns 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
Catalyst 24 was used instead of Catalyst 16 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 10

The synthesis reaction of bisphencl 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'-bisphencl A, respectively. The results were shown

in Table 3.



11 Cates Ex.1 16 . |yst-60.460.6--3.13.44 126 12 Ref.Cata

Ex. |l yst3.5956.456. 61.51. 6--14.14. 25 113 Ref.Cata
Ex.|yst3.3957.958. 21.61. 7--14. 14. 01 214 ConpAnbe rlys5.0956. 056. 315. 15
Ex.36 t 31 1 Conp Cates |yst3.5854.755.01.91.9--15.15. Ex.02 15 2 Cates
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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 o¢f 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 liguid chromatography 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 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 resulis were shown

in Table 3,



Ex. 16. 16. |yst3.4055.355.61.61.7-- 1401 16 -- 5 7 - Cates Ex.13 13 .
| yst 2. 9060. 260. 50. 70. 71. 41. 6 1569 17 Cates Ex.1 1 .

| yst 3. 0358. 458. 70. 10. 71. 41. 6 1602 18 Cates Ex.1 1 .5

| yst 3. 2255. 856. 00. 70.81.61.9 34 19 Cates Ex.1
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Example 43

The synthesis reaction of bisphenol 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'-bisphenol A, 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 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 45

The synthesis reaction of bisphenol A was performed
under the same conditions as in Example 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 Takle 3.

Example 46



A
yS

| yst 2. 9159. 659. 71. 41.5-- 1801 20 Cates Ex.1 14 ..
t-58.959.20.90.81.51.8 1924 21 Cates Ex.1 14 '
t-57.357.50.90.81.71.92 206 22 Ref.Cata 15. 16.

Ex. | yst3.2855.956.11. 71. 8-- 81 323 Ref.Cata 16. 16.
Ex. | yst3.4555.055.31. 71. 7-- 03

_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 bisphenocl 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'-bisphencl A, respectively. The results were shown

in Table 3.

Comparative Example 11
The synthesis reaction of bisphenocl 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'-bisphencl A, respectively. The results were shown

in Table 3.

Comparative Example 12

The synthesis reaction of bisphenol A was performed



424 Conp Cates 16.17.
| yst 3. 2557. 057. 11. 71. 7- -

| yst 4. 1554. 955. 00. 80. 9-

2133 26 Cates Ex.1 1 '3
| yst 2. 7861. 461. 70. 70. 71. 41. 6 2224 27 Cates
Ex. | yst 2. 9059. 659. 90. 70. 71.41.613 1 .3. 2368 28

Ex.80 25 4 Cates Ex.1 1

- K5 -

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'-bisphenol 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 of Content Content
lyst | Content of Nitroagen of of
Acid | Carbon (%) (Qf. Phosphoru Sulfur
Amou ° s (%) (%)
Exam | Cata nF Theo ' Theo Theo The
ple lyst (mil | Foun , Foun . | Fou . | Fou | ore
. reti reti reti ,
lieg d d nd nd | tic
, cal cal cal
uiva | valu valu val val al
valu valu valu
lent e e ue ue | val
e e e
s/g) ue
Cata
Ex. |\ 1yst | 2.73 | 62.0 | 62.3 | 1.5 | 1.5 | - - et
1 1 4 6
Cata
Ex. |\ 1yst | 3.48 | s6.0|57.1| 1.5 | 1.6 | - S
2 0 3
2
Cata
B liyst | 2.96 | 61.2 | 61.5| 1.4 | 1.4 | - e
3 3 8 1




Cates Ex.1 14 .' |yst3.0957.457.50.80.81.51.8 99 29 Cates Ex.11

| yst 2. 8260. 761. 01. 41. 5-- 56 30 Ex. Cata- 60. 360. 60. 90. 81. 61. 813.13. - 58
26l yst89 31 Cata EX. 1 1 '' |yst-58.658.90.90.81.61.8 2791 32 Ref.Cata
Ex.1yst3.2557.357. 61. 71. 7-- 15. 15. 53345 Ref. Cata
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Cata
BX- 1 1yst [ 3.19]57.7 | 58.0| 1.3 | 1.4 | - - | 13- ] 14
4 4 8 0
Cata
BX- llyst | 2.62 | 64.0 | 64.2 | 1.4 | 1.4 | - _ | 10. )11,
> 5 7 0
Cata
BX- | 1yst | 2.70 | 60.8 | 61.1 - - |3.0| 3.2 | Y| M
6 6 1 4
Cata
EX- | 1yst | 2.47 | 65.5 | 65.7 - - |2.9] 3.0 | 10-|10.
! 7 4 5
Cata
EX. | 1yst | 2.68 | 62.2 | 62.5 | - ~ 2.7 3.0 | 1| 1L
8 8 0 2
Fx Cata
o |lyst|2.11|66.4]66.7| 1.1 | 1.1 |4.6| 4.9 [8.88.9
9
Cata
EX- | 1yst | 3.06 | 57.6 | 57.9| - | - |3.a| 3.6 |12 |12
10 7 9
10
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11 ) )
11
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12 4 6
12
Ref. Cata
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2 5
1 13
Ref. Cata
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2 14
o . 15. | 15
: rlys | 5.09 | 56.0 | 56.3 - _ _ _ . .
EX. 3 | 6
t 31
1
Comp Cata L5 .
) lyst | 3.58 | 54.7 | 55.0 | 1.9 1.9 - _ . .
Ex. 0 5
15
2
Cata
EX- | 1yst | 3.40 | 55.3 | 55.6| 1.6 | 1.7 | - _ | 16. ) 16.
14 16 0 1




Ex. | yst 3. 3456. 556. 81. 61. 6--15.15. 67 634 Canp Cata

| yst 3. 9456. 456. 70. 90. 9--16. 16. Ex.33 35 5 [Tabl e 2] Catal yst Acet one
Selectivity (9% Conversionto Bisphenol A Ex. 1Catal yst146.192.6

Ex. 2Cat al yst 264. 892. 8 Ex. 3Cat al yst 360. 192. 7 Ex. 4Cat al yst 446. 192. 5

Ex. 5Cat al yst 553. 693. 0 Ex. 6Cat al yst 643. 992. 9 Ex. 7Cat al yst 748. 093. 2

Ex. 8Cat al yst 856. 893. 3 Ex. 9Cat al yst 935. 992. 3 Ex. 10Cat al yst 1063. 093. 1

Ex. 11Cat al yst 1135. 093. 8 Ex. 12Cat al yst 1.293.4 Ref. Ex.1Catal yst1370.592.8
Ref . Ex. 2Cat al yst 1466. 693. 2 Conp. Ex. 1Anber| yst 3181. 991. 5
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0 3
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4
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27
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23 . :
28
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EX- 1yst | 3.09|57.4(57.5| 0.8 | 0.8 |1.5] 1.8 | 12|14
24 ; ;
29
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2> 30 5 6
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Conmp. Ex. 2Cat al yst 1561. 591. 2 Ex. 13Cat al yst 145. 289. 7

Conp. Ex..3Anmber | yst 3177. 987. 3 Ex. 14Cat al yst 1670. 093. 2

Ex. 15Cat al yst 1753. 193. 3 Ex. 16Cat al yst 1866. 193. 2 Ex. 17Cat al yst 1968. 093. 3 -
59 Ex. 18Cat al yst 2059. 093. 3 Ex. 19Cat al yst 2164. 194. 0 Ex. 20Cat al yst 2265. 093. 6
Ref . Ex. 3Cat al yst 2373. 493. 3 Ref. Ex. 4Cat al yst 2478. 093. 0

Conp. Ex. 4Cat al yst 2587. 092. 3 Ex. 21Cat al yst 2686. 093. 2 Ex. 22Cat al yst 2763. 993. 0
Ex. 23Cat al yst 2880. 193. 2 Ex. 24Cat al yst 4.393.1 Ex. 25Cat al yst 3069. 093. 2

Ex. 26Cat al yst 3174. 093. 5 Ex. 27Cat al yst 6. 293. 4 Ref. Ex.5Cat al yst 3388. 193. 4
Ref . Ex. 6Cat al yst 3489. 192. 9 Conp. Ex. 5Cat al yst 3592. 391.5 [ Tabl e 3] Reduced

| evel [of 2Redugegtl evel off Convdrsion [% Selgctivify (% 8 9
31 :
Cata
EX- | 1yst | - |58.6|58.9| 0.9 ] 0.8 1.6 1.8 %3]
27 9 1
32
Ref. | Cata
Exz, lyst | 3.25 | 57.3 | 57.6 1.7 1.7 - - 12 1?'
5 33
Ref. | Cata
Ex. lyst | 3.34 | 56.5 | 56.8 1.6 1.6 - - 12' 1?
6 34
Co.mp cata 16. | 16
lyst | 3.94 | 56.4 | 56.7 6.9 0.9 - - :
Ex. ‘ 3 3
35
5
[Table 2]
Acetone -
. Selectivity (%)
Catalyst Conv2551on to Bisphesgl A
Ex. 1 Catalyst 1 46.1 82.%6
Ex. 2 Catalyst 2 ©4.8 92.8
Ex. 3 Catalyst 3 60.1 82.7
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 35.8 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 91.5
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 83.2
Ex. 15 Catalyst 17 53.1 93.3
Ex. 16 Catalyst 18 66.1 93.2
Ex. 17 Catalyst 19 68.0 83.3




Ex. 282.12.6 Ex.292.32.7 Ex.302.22.5 Ex.312.22.6 Ex.322.32.5 Ex.332.12.6
Conmp. Ex. 62. 23. 4 Conp. Ex. 72. 13. 5 Ex. 3413. 13.5 Ex. 3513. 22. 6 Ex.3613.02. 4
Ex.3713.12. 4 Ex.3813.33.3 Ex.3912.92.5 Ex. 4013.12. 4 Conp. Ex. 813. 25. 2
Conp. Ex. 912. 95.1 Conp. Ex. 1013. 310. 0 Ex. 4112.91.8 Ex.4212.61. 3 Ex.4312.81.3
- 60 Ex. 4413.11.4 Ex. 4513.21.9 Ex. 4612.71.3 Ex. 4713.01.3 Conp. EXx.
1113.12. 6 Conp. Ex. 1213.02.7
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Ex. 18 Catalyst 20 59.0 93.3

Ex. 19 Catalyst 21 64.1 Q4.0

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 93.2

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 69.0 893.2

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 82.3 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 2.9
Comp. ExX. 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




Conp. Ex. 1312.75.1 Industrial Applicability According to the nethod of the
present invention, bisphenol can be prepared with a good yield and
selectivity, and can be yielded with an excellent safety, process and
econony. - 61 CLAIMS 1. A nodified acidic ion-exchange resin wherein at

| east one kind of cationic conmpound selected fromthe followng (A), (B),
(C© and (D) tonically binds to an acidic functional group of an acidic

i on-exchange resin: (A) A cationic conpound represented by the fornula (1):
wherein P represents a phosphorus ato and Rl, R2, R3 and R4 independentl|y
represent a hydrogen atom or an al kyl group, an aryI group or an al koxy

group, eaangg Wy ch cpntains I tjg 20 carbon afjons and do@S not cortain
any ofi n%(ca {0 grou and—a pT ECTsoT thereor, provi dngthat at |l east
one oOf Rl, —and—Réd—s—a gt Ll}:? uf‘.ucl tan— IIyUI Ug!ﬁ_l|3atum By A
cati o€ cor*“ou'r‘ representedby—-the—formita—(2)—R— --.\.-¢-RR'1 ) (2)
wher ei pts—a—pi-trogen at]U., and-R1L—RZ—R3 ﬁnﬂ 4--i-ndeperdent | y
r epr egentCORR - aIEl?‘\rI H-rnu or_an ary 3-¢jrm|p, eact of whiclk-Gontains 1 to 20
car bor_atGemp -afi¥ ddeés npt 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 nercapto group, a precursor thereof and an am de bond; -
62 (C A cationic conmpound represented by the formula (3): RL ,R4A R3 N)
... (3) wherein P represents a phosphorus atom and R1, R2, R3, R4, R5 and
R6 i ndependently represent a hydrogen atom or an alkyl 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, a precursor thereof and an am de
bond, provided that at |east one of_ R2, R3, R4, R5 and R6 is a group
ot her than a hydrogen atom and (D) A Cationic N-substituted

ni trogen-containing aromatic conpound whi ch does not contain any of a
mercapto group, a precursor thereof and an am de bond. 2. The nodified

aci di c i on-exchange resin accordi ng @ GAIM$aim 1, wherein 0.1 to 50 nol e% of
the total acidic functional groups which are present in the acidic ion-
exchange rési A inedtaleqy o¢hdiai iontérchangenies tompoernein 3at Theasodi fi ed
aci di c ion-exchange resin according to claiml or 2, wherein the acidic

i on- exch&ige ¥ewl pfi cadieniiq oreng siglesitedyricign ithe falddyded i nto a
styrene polyner and/or a styrene-divinyl benzene copolyner. 4. A catal yst
for prepafing (lﬁ)sph(é?ﬁolaﬁndco(r%r iOMFaHy g it ageiadiidi%n- exchange resin

according to claiml1 or 2. _ 5. A nethod for preparing bisphenol conprisin
reacting%unCtiongy group of an aé?%ic(ion—egéhé%ge risinyy P 9

(A) A cationic compound represented by the formula (1):
Re Y
ReHR;

R

(1)
wherein P represents a phosphorus atom; and Ri, Rz, Rs
and Ry 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;, Rz, Rz and Ry is a group other than a
hydrogen atom;

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

R\
Rg—rl’l"‘Rz
Ry
(2)
wherein N represents a nitrogen atom; and R;, Rz, Rs; and
Ry independently represent an alkyl group or an aryl group,
each of which contains 1 to 20 carbon atoms and deces not

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

amide bond;



- 63 phenol conpounds with ketone and/or al dehyde, wherein the nodified
aci di c ion-exchange resin according to claiml1 or 2 is used as a catalyst.
6. A nethod for preparing bisphenol conprising reacting phenol conpounds
wi th ketone and/or al dehyde, wherein one in which a nitrogen-containing
conpound contai ning a mercapto group, further ionically binds to the
nodi fi ed acidic ion- exchange resin according to claiml1 or 2, is used as a
catalyst. 7. A nmethod for preparing blgfhenol conprising reacting phenol
conpounds w th ketone and/or al dehyde, Wherein at |east one conpound
containing a nercapto group is allowed to coexist in reaction raw
materi al s and e_nodified acidic ion-exchan resin _acgordin claim1l
o 5 i o used 45) 2R BAEAPILE CEMORURE: RER:FOERIFEpaY: R CoEOBMENg! (Gompr | of ng

reacting phenol conmpounds with ketone, wherein the nodified acidic

i on- exchan eiqesrn Ich at |east one kind of cationic conpound

sel ected ffrR ng (A, (B, (C and (D) ionically binds to an
acidic fun tiénal p of an acidic ion-exchange resin, is used as a
catal yst: A cat ni conpoun represented by the formula (1): 1 R4-rR2

R3 ) - 64 mherern P represents phosphorus atom and Rl, R2, R3
wherein P represents a phosphorus atom; and R;, Rz, Rs,

Ry, Rs and Re¢ independently represent a hydrogen ateom, 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 Ri, Rz, Rs, R4, Rz and Rg is a
group other than a hydrogen atom; and
(D) A cationic N-substituted nitrogen-containing
aromatic compound which does not contain any of a mercapto
group, a precursor thereof and an amide bond.
2. The modified acidic ion-exchange resin according to
claim 1, 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.

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

polymer and/or a styrene-divinylbenzene copolymer.

4, A catalyst for preparing bisphenol, comprising the
modified acidic ion-exchange resin according to claim 1 or 2.

5. A method for preparing bisphenol comprising reacting



and R4 independently represent a hydrogen atom 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 a nmercapto group and/or a precursor thereof, provided
that at least one of Rl, R2, R3 and R4 is a group other than a hydrogen
atom (B) A cationic conpound represented by the formula (2): wherein N
represents a nitrogen atom and RlL, 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 a nercapto group and/or a precursor thereof;

(© A cationic conmpound represented by the formula (3): RAt RR6 ... (3)
wher ein represents a phos tonr and R1, ) , R4, R5 and R6
.ndepend@aen?lrefﬁ?r&e%ﬁtg oBR EaR Bty g%ﬁ?%@rodﬁ“erﬁ%rar Fh€ar oup
or an al ko?&ﬁr ), ;€ ch ocf V\éhxlc cont arlns 1 (torc% on at o and,does
not cont &1° rrercap oup a Précut<or 7, bl et Rat at

| east ong of R5 and R6 is a group ot her than a - 65
hydr ogen at or?t%%angz(aD)%%&aﬁgtr oni ¢ N-substituted nitrogen-containing

aromatic C@Wpowgmg\gw?he net;ﬂ?%pz? PG BléPH%%g &% %n@”gé%ti‘n

precursor thereo reparing accordi ng tg claim

8, “herﬁﬂéﬂerlddhﬁghﬂﬁg‘%@ﬂﬂ EJEB&é“éﬂdﬁB&cﬁfdéﬁﬁﬁé}Oﬁﬁereln one in

which a nitrogen-containing compound containing a mercapto
group, further ionically binds to the modified acidic ion-
exchange resin according to c¢laim 1 or 2, 1s used as a
catalyst.

7. A method for preparing bisphenol comprising reacting
phenol compounds with ketone and/or aldehyde, 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 claim 1 or 2 is used as a
catalyst.

8. A method for preparing bisphenol comprising reacting
phenol compounds with ketone, wherein the 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):

-+

iy
ReR;
Rs




groups which are present in the acidic ion-exchange resin, ionically bind
with the cationic conmpound. 10. The nethod for preparing bisphenol
according to claim 8 or 9, wherein the acidic ion-exchange resin is one
which a sulfone group is introduced into a styrene polynmer and/or a
styrene-divinyl benzene copol yner. 11. A nethod for preparing bisphenol
conprising reacting phenol conpounds with ketone, wherein one which a
ni trogen- containing compound containigg a nmercapto group, further
conically binds to the nodified acidic 1on-exchange resin according to
claim8 or 9, is used as a catalyst. 12. The nethod for preparing bisphenol
according {0 ghaifli8 0Ty & AOSLEL Naduil B350 00 gopoundacant aig)i ng.a
mercapto group is allowed to coexiSt in réaction Faw materials. 213 The
met hod f qQr, prepard ' I ling,t | 9, el e
AnPIE, %ﬂd&%éﬂ&?ﬂﬂgﬁe% QL ing, gagggg}ﬁhggg@_, otMgE eL AL h

ketone is acetone, and the conmpoun
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, Ry, Rs and Ry 1is a group other than a

hydrogen atom;

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

Ry \'
Ry—N-Rz

Ry

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

(2)

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 precursor thereof;

(C) A cationic compound represented by the formula (3):
Ri R \
Rz""P=N=P\—R5

R3 Re

(3)

wherein P represents a phosphorus atom; and R;, Rz, R,
Ry, Rs and Rg independently represent a hydrogen atom, or ahn
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 R;, Rz, Rs, Ry, Rs and Rs is a group other than a



hydrogen atom; and

(D) A caticnic N-substituted nitrogen-containing
aromatic compound which does not contain a mercapto group
énd/or a precursor thereof.

9. The method for preparing bisphencl according to claim 8,
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.

10. The method for preparing bisphenol according to claim
8 or 9, wherein the acidic ion-exchange resin is one which a
sulfone group is introduced into a styrene polymer and/or a
styrene-divinylbenzene copolymer.

11. A method for preparing bisphencl comprising reacting
phenol compounds with ketone, wherein one which a nitrogen-
containing compound containing a mercapto group, further
ionically binds to the modified acidic ion-exchange resin
according to claim 8 or 9, is used as a catalyst.

12. The method for preparing bisphenol according to claim
8 or 9, wherein at least one compound containing a mercapto

group is allowed to coexist in reaction raw materials.

13. The method for preparing bisphenol according to claim
8 or 9, wherein the ketone is acetone, and the phenol

compounds are phenol.



