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SF-1395 1 DESCRI PTION MODI FI ED | ON EXCHANGE RESI N
- AND PROCESS FOR PRODUCI NG BI SPHENOLS 5 TECHNI CAL FI ELD
srIhegpresent invention relates to a nodified ion
exchange resin catalyst ang a process for producing
bi sphenol s using the catalyst thereof. Mre
specifically, the invention relates to 10 a nodified
i on exchange resin catal yst which exhibits a high
reaction selectivity, @@@cﬁppglgﬁocess for producing
bi sphenol's by reacting a phenolic conpound with
ketones in the presence of the catalyst. 15
BACKGROUND ART Bisphenol A
2,2-bis(4-h drox ane] is_ _usuall oduc
vop e FER i iy ey Bs T rhBLRiRass 5 rone i hbh PSP AE or
honogeneous aci d or a solid acid catalyst. The
reaction 20 m xture includes unreacted acetone,
unreact ed phenol, water thus produced, and ot her
by- products, in addiTECHNI©@ADI BphEnol A. The main
‘conponent of the by-products is 2- (2-hydroxyphenyl)
-2- (4-hydroxyphenyl) propane (hereinafter, referred
to as o,p'-BPA), and in addition, it includes SF-1395
2 tfﬂéggggght ﬁ@&@?&%l&%@%ﬁng’m@ff‘fm%n exchange
conpoun mnute 1npurities can cause col oring,

J:esa_{]ﬁ:I ctartl:%llylsii(:eand a process for producing bisphenols using the

catalyst thereof. More specifically, the invention relates to

~a modified ion exchange resin catalyst which exhibits a high

reaction selectivity, and to a process for producing bisphenols
by reacting a phenolié compound with ketones in the presence

of the catalyst.
BACKGROUND ART

Bisphenol A [2,2-bis(4-hydroxyphenyl)propane] is
usually produced by reacting phenol with acetone in the presence
of a homogeneous acid or a scolid acid catalyst. The reaction
mixture includes unreacted acetone, unreacted phenol, water
thus produced, and other by-products, 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
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Exanpl es of a honobgeneous acid to be used as a

catal yst, include hydrochloric acid, sulfuric acid,
srangothe like. In the 5 case where the honbgeneous

acid is used, since it is pessible to proceed the

reaction while precipitating crystals of an adduct of

phenol wi th bi sphenol A by reacting them at | ower

tenperatures, bisphenol A can be produced with a high

rGQRYERSHON. (Rf ANelene bR ol Sk SfAVidibdtha, ninute

decreasi ng the anount of 10 the by-produced o, p'-
- .Lsonet .t h of r,.the t st .of the
lmﬁgﬁggéﬁgoﬁgﬁgéigggug ugg éngéﬁﬁérﬁggag% l%%EUires a
process for renmovjng the catalyst froma reaction
i xt R EUBIF Gt RelibFAPFBRAgSt AbL A APyt oeangs thaa tekyst:
. operation becones conplicated. Honpbgeneous .
ingilgggldmnridionieagéidd swlisriaaaishcenéniwllikieen In the
further causes corrosion of an apparatus or the like.
cafhewled e € hexpansianecared agnitd iconsed) velnoatier iiad possible
shoul d be used for the reaction apparatus, thus being

toupecobedi tBt. rédschisnl WHiaei greatipiysting swhkeaile of an
aci d-type 20 cation-exchange resin is usually used.

'adﬁﬁétréﬁcﬁﬁgﬂoiO&itﬁrﬂggﬁhgﬂo?iﬁpﬂ9n95aét§ﬁﬁfﬂhéﬁ|E¥ lower

proceeds only with an acid catalyst, but i'f such a

cRBbHIREEL) FRLBRNSby R A RSO g pAvorsion
particles to apn.activ

PR SLES L0 LS MR Sl e 00 he Rl ISl S nopnt of
théaégléigghééhtgvz!!%gggﬁggggf fgggéinthereof. However, the
catalyst of the homogeneous acid such as hydrochloric acid
requires a process for removing the catalyst from a reaction
mixture or for neutfalizing the catalyst, and thus the operation
becomes complicated. Homogeneous dissolﬁtion of the acid in
the reaction solution further causes corrosion of an apparatus.
or the like. Therefore, expensive and anti—corrosive‘
materials should be used for the reaction apparatus, thus being
uneconomical.

As a solid acid catalyst, a sulfonic acid-type

cation-exchange resin is usually used. The reaction for

producing bisphenol A essentially proceeds only with an acid

catalyst, but if such a solid acid catalyst is used, the process

in which acetcne diffuses from the surface of the catalyst

particles to an active site on the catalyst is involved, and
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Thus, there is a general nmethod used for inproving the

catalytic activity and the selectivity by allowing a
SFedAPBUNd containing a nmercapto group to coexist in

the reaction system 5 Specifically, there is a nethod

conprising charging a free-type nercapto

gr oup- cont ai ni ng conpound such as al kyl nercaptan in

addition to phenol and acetone which are raw naterials

thh® Avdd Xadwkadregact 4 fddd eaw ithtAe Hf QU feous system.
aci d-type cation-exchange resin (for exanple, Patent

c 1. JP- = 4 . : :
R AR oA T e e e R R SRR LA
oval ent | ondi . part . of | fonic acid roup_in,a.
2 E ST bR Erg T pe T oh e R dneRb s R 8t 1 Bing
mer capt o group-cont ai ni ng conpound or ionically
a BRRERNEC adpark Tof ceeFidhi thathd HraEpiePR avshfToni c
aci d-type cati on-exchange 15 resin with a nmercapto
Spgrblipcebhy aithieng torpoahbod faampexanpiechaPgivata free—type
Docunment 3: JP-B No. 46-19953) . The net hod of

me chaEwigd g owpfo@e:d yrpm grercaptmd sadp- egntakpilngrcaptan in
compound such as al kylnercaptan in addition to pheno

ad@Ngi G¢ et ONeh I Chadd ea @Vbndafiel &1l $rd or dwfhXedrbeds to a
reactor filled with a sulfonic 20 acid-type

£1 £841190: exchiange £ epi fy albd ays, S@&f&d&{lfc ag@y@-.ttgﬁe% ol

mer capt 0 gr oup- contai ni ng conpound to be exi $

reaction system.,at all tines, d thus gives the
ca L e Rt PR L Sep By Bt bR el | 7B No.
there is a concern that the nercapto_ group-containing

25thpolmd arf e dirsamerndoror PRgEat<BisPRenbt 4 A%, sp018980d a
4 _

method comprising covalently bonding a part of sulfonic acid
group in a sulfonic acid-type cation-exchange resin with a
mercapto group-containing compound or ionically bonding a part
of sulfonic acid group in a sulfonic agid—type cation-exchange
resin with a mercapto group-containing compound (for example,
Patent Document 3: JP-B No. 4'6—19953) . The method of charging
a free-type mercaptoc group-containing compound such as
alkylmercaptan in addition to phenol anci acetone which are raw
materials to a fixed-bed reactor filled with a sulfonic
acid-type cation-exchange resin allows specific amount of
me.rcapto group-containing compound to be existed in a reaction

systemat all times, and thus gives the advantage of less catalyst

~degradation. However, there is a concern that the mercapto

group~containing compound may cause a coloring of bisphencl A,
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and thus requires a process for renoving and

recovering the nercapto group-containing conpound. On
srtheost her hand, the nethod of bonding a part of

sulfonic acid group in a sylfonic acid-type

cation-exchange resin with 5 a nercapto

gr oup- cont ai ni ng conpound gives a smaller |oss of

mer capt o group-cont ai ni ng conmpound as conpared to the

anfEthod rabhowengat PeoLEEE- E¥PerBREGARYO and recovering the
gr oup-contai ni ng conpound to be existed in a reaction

me%é%%%%nf g%ﬂg%@%ﬁtéﬁ?ﬁlg&a%ﬁggﬁﬂé.Si nce there is no

Frecoverin nerc 0 group-contai ning 10
compound. | articular, there is disclosed in JP-A )
o T8 FienalnBE hentor g ke dfna B RerRioR a6 vt cagtenic
group-contai ni ng_conpound, Patent Docunent 4), JP-A .

achﬁ_gr@@p1@?4@§ugﬁ§@l@fa¢%¢tﬁyp%uﬁ%&iqmngﬁphange resin with
mer capt oal kyl ami ne as a nercapto group-contai ning

a menpaphd, gRatentoocumeny Snpdd disrdd.a 3089819 0ss of
(use of N, N,N-trinethyl nercaptopropyl ammonium as a

me FEAB APt Or JliPHPos Ot @l i NEbrEOMPodiNgs Rateite DaureRt method
6), JP-A No. 10-211433 (use of

allodidiner captoal oyl prperidine @$:18 - dBIGAR%{y compound to

gr oup- cont ai ni ng "conpound, Pat'ent "Docunent 7),, and U S
be %@{(ies{]:tecl\qn z? ’r%%%’t%gg %ﬂggelgf Shd lt&ulu%o?é Ca%a%{i{gg}’&us since

al’Kyl mer capt 6 conpoundas a nercapto
th%rOUf-contaiQin%_congound, P%#ent Docgnent ZL, that , |

he TR41 iT6iFT &le T6FCHEELOFe 'S TPREFERSEIBYUP~Contalning

i mproving the structure of a mercapto group-containing
CoRBAPREnd [TwWHiedH iy 1B  béhgee 6 iRt lefpdacing JP-A No.

I on- exchange resin. Further, there is also a report
S7rabadad(upecaciupyonilyl SFhargBhiol as a mercapto
group-containing compound, Patent Document 4), JP-A No.
08-187436 (use of N,N,di-substituted mercaptoalkylamine as a
mercapto group-containing compound, Patent Document 5), JP-A
No. 08-085819 (use of N,N,N-trimethyl mercaptopropyl ammonium
as a mercapto group-containing compound, Patent Document 6),
JP~A No. 10-211433 {use of 1,4-dimercaptoalkylpiperidine as a
mercapto group-containing compound, Patent Document 7), andU.S
Patent No. 6,414,200 (useofasilicon-containingalkylmercapto
compound' as a mercapio groﬁpucontaining compound, Patent
Document 2), that the reaction rate of acetone is increased by
improving the structure of a mercapto group-containing compound

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

Further, there is also a report related tc a sulfonic
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5 acid-type cation-exchange resin which is an acid
catalyst for inproving its activity which is | ower
SFthapst hat of the above-descri bed honpbgeneous aci d.
When the particle dianeter sof used sulfonic acid-type
cation-exchange resin is large, the 5 reaction
materials do not sufficiently diffuse into the
particles, thus a sufficient acetone conversion cannot

ach@-t9btatNeton ACE M §@ dos il whS Buggesh estid AN for
62-178532 (Patent Docunent 8) to use a sulfonic

- Ld-1yp at L.on- h @Sk | [.n riic or

Y DR er tREU TG 2% A8 1 0u o Pyl B B 58
mmor, less. ILn JP-A No. 6-340563 (Patent cunent, . 9),

a0 FHE as £7 et di G A Fon LR e ppd TLCLe i Sheter
cati on-exchange resin to be used and the distrihbution

of dEEeulépniReaphit i dPe WildifsteXGhengk&Ricde bF hAldEy, the
and nore preferred range is disclosed. Further, in '

red@t pomonadepb884 6dd 5ngPaseif i Dbenteyt di6fuandidPoAtNe.
2002- 253971 (Patent Docunent 11), nethods of formng

panatsuléoni chasi d- sypeichabhbnzexcbasgeontressohavhngoa be

desired particle dianmeter, are disclosed. As stated,

obt henear t nele disamater 10f i 5heysuhdomi i el YBe 62-178532

catlon-exchange resin i1s an | nportant factor in

(Pg@éﬁ{@E@%m%n%QBFQLJﬁgé%95%1§3ﬁ5¢Qﬂﬁ&?ﬂﬁﬁﬁ?&gga8¥aékQﬂﬁnge

I mprovenents on t'he structure of a resi pro

which is _the base.material of a %ﬁ%%%pic acid-ty .
re gt i Oh et CRENGE TSR, Chatel HESRMGRE. DA "SuPoRT Gective

_acid-type cation-exchange resin_is a resin obtained
dl%@e§%¥ﬁ6%d?f%dmﬁ or less. In JP-A No. 6-340563 (Patent
Document 9), the particle diameter of sulfonic acid-type
cation-exchange resin to be used and the distribution degree
of the particle diameter is likewise provided, and more

preferred range is disclosed. Further, in JP-A No. 4-268316

{(Patent Document 10) and JP-A No. 2002-253971 (Patent Document

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

resin having a desired particle diameter, are disclosed. As

stated, the particle diameter of the sulfonic acid-type

cation-exchange resin is an'important factor in obtaining a

sufficient reaction conversion, |
Various improvements on the structure of a resin product,

which is the base material of a sulfonic acid-type

caticon-exchange resin, have been made. The sulfonic acid-type

cation-exchange resin is a resin obtained by sulfonating a
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SF-1395 6 styrene-divinyl benzene copol ynmer which is
obtai ned by radically copolynerizing styrene and
srdigbRyl benzene. The divinyl benzene in pol ynerization
does not only prevent a polystyrene chain from
di ssolving in an organic solvent but 5 the content
thereof is also an inportant factor in controlling
the size of a pore (size of a gel nicropore) within
u n r ped
styyens 55??%8113@&%@2%%8?%89 BRI s bR Tlaah ¥
he sul fonic, ac cati on: exchange
raBuERATY) GSBPRARROFIST STACPFont BBt dirypRetgene, The
cati on-exchange resin with a | ow content of
AIYLDY Y FBERRENAThRSLYRERL §At EabaflgePcRatt PRIy PEGECRS &
| arge gel mcropore, but has a | ow nechanica
posyeErygehe ¢hadddfrémmisfohienadnt emt argamdaf soilyent, but
hi gh, the nechanical strength increases, but the ge
thal @rroparte thicze odet s ealses arwWhinpbreansesa¢lest easedntrolling
activity. 15 In order to inprove the diffusion within

théhe RAbkl £ RTe gh%e@aegépme&s@e%q #€ehig ﬂl'ﬂa Wi &Bnic
t he degree of cross inking is increased as the

ac?&ﬂﬁgge EEBM'QXEQQﬂégnﬁes?erF dﬁgésﬁg CEB%Er§ES a polar

Iarge ere
por s' particl e 20 nm or
S TREE i 2B HE TS L SF S BhR i St is A At E L CvPe
Fbmever n the case where_  an ion- exchan&e resin
ca b ARE ¢RI FmER B 0d® 2856FbYCAISHDReEULEORAG A§LA-type

hi gh polarity, such as water, a crosslinked structure
catbemsexohamhie bias irheibol @éqwf cpatent| s doausedb@mdw ‘has

- a hlgh catalytic activity due to a large gel micropore, ‘but has

a low mechanical strength. In addition, if the content‘thereof
is high, the mechanical strength increases, but the gel
micropore size decreases, which causes decreased activity.
In order to improve the diffusion within the particles,
there are ion-exchange resins in which the degree of
crosslinking is increased as the content of divinylbenzene is
increased, that are formed with a large hole referred to as a
‘macroporous’ having a particle diameter of 20 nm or more within-:
the particlies by physical treatment. However, in the case where
an icon-exchange resin having this macrdporous adsorbs a
moiecule 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
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swel l'ing, which eventually collapses when it can no
| onger SF-1395 7 endure the swelling. JP-A No.
oF21%6f41 (Patent Document 12) and JP-A No. 6-320009
(Batent Docunent 13) descrige a met hod whi ch
conpl enents the respective defects by sinultaneous
filling a sulfonic acid-type cation-exchange resin
having a | ow content 5 of divinyl benzene and a
sul fonpi c aci.d-type t j Qn- exc esin_havin
ol R R TRy B e o BTl dBF AR 12) ana
Further, an i nprovenent_on a reaction conversion is ,
IPrépdet r34H0Ry PPGH e8P CERER claf ) d5sCcTilg 2V thod which
2000/ 00454 (Patent Docunent 14), which suggests a
cogpliemeing sashe- repeetoivat foheeke Nangeimekiangrag fgi11ing a
| arge gel mcropores by using |arge nolecul es such as
sudifoiniyl bopbietypei ot sad-afchahyé md dienhenvdngAs suckiontent
various techniques related to catal ysts have been

ofl BYeShivide@derRabhidCHl 8hll¥ohok the dvIERPI@tion-exchange
group-containing 15 conpound, and realized that apart

regﬁﬂnh59§n§n§§LM¥1%%n%%%t?@f'&¥v§ﬂ%lb%9%@n§QBQx9%.reactor.

am noet hanet hi ol and pyri di neethanethiol, its

Fugr ductioni r 0cess rgqgires nany.rﬁactkpqrand.. reported
5§§Fat FOn"pr 8EEEERS, YAt TEHy" ot tHe Opetatt ofs 16

. obtain a %roduct wi.ith_ high %urit% are conmplicated. In

ingNLPRREeS tethefFBemd CRboRPF or LTS FPpPAPEHORA SR (Patent
selectivity. The devel opnent of a high selectivity

Dogamghyst 4i)s Horahdedgyestehe shplfondremcidrtype
selectivity is attenpted, it can not only reduce the

cakead-ekchange resin having large gel micropores by using

large molecules such as divinylbiphenyl instead of

- divinylbenzene.

As such, various techniques related to catalysts have been
investigated{ particularly fqr the mercapto group-containing
compound, and realized that apart from the ones which are easily
avallable such as aminocethanethiol and pyridineethanethiol,

its production process requires many reaction and separation

processes, and many of the operations to obtain a product with

high purity are complicated. In all cases, there is room for
improvement in selectivity. .The development of a high
selectivity catalyst is demanded. If the improvement in
selectivity is attempted, it can not only reduce the load of
performing a by-product recovery process in the production

process, but it'also reduces the material ratio of
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performng a by-product recovery process in the
production process, but it also reduces the nateri al

grLakigg of SF-1395 8 phenol /acetone w thout

deteriorating the selectivity by increasing the
reaction tenperature and thus leads to a reduction in
cost related to the process for recovering excess
phenol. If the activity is reduced in sone extent, it

ph‘éﬁg l?% c@: t% QLE Eﬁq}l@ﬁtl a%g%@%lo'}% ttltﬁ%f %:'hzee s etctgei vity by

thus- ause
phenol |s ver Ther fore de elop

ingr S BALAR, hE el Lo e REYEES P&&ué@daﬁ&Uéxﬁeﬁdﬁs L

hi gh selectivity at an equival ent conversion is
regeErangedin 1o T SeleSERE: O IFHETPREERTE ON 79r OIf Rty ¢Rcess

the present invention is to provide a nodified ion
phexrohangef rigsi madatvaltyst swhedhcexhiibi sena duigher, it can be

bi sphenols selectivity than the conventional nodified

coireRe@XSNaANGer dBSIMS the sNzPraressesehotopf GULItRGs-caused
bi sphenol s by reacting a phenolic conpound wth

coketapeser 3 RS Sphehobr PdUR RO sRhiphenalSre e, the
present inventors "have conducted extenS|ve studies to

de?ghggmgp anggaetu%Sg% ?\rﬁﬁ_’chag% gcsi dué G{:%X%lblts

Yy |f|e aCI CIOI’] exc
resin.in

0 at | t d I ted f
b GReb ol b 8k EoRaaARe T BhT BBenCaH By SR  £) PEfiFhASS.-
formul ae: (Formula 1) SF-1395

DISCLOSURE OF THE INVENTION

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

The present inventors have conducted extensive studies
to solve the above problems, and as a result, they have found
that by using the modified acidic ion exchange resin in which
at least one compound selected from the group of compounds
represented by the following formulae:

(Formula 1)
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9 R3-,, / RR P SH (wherein, P is a phosphorous atom
Sis asulfur atom His a 5 hydrogen atom R is an
grahkylsene or an al kenyl ene group having 1 to 6 carbon
aton(s) which may have an algkyl group having 1 to 6
carbon aton(s), a cycloal kyl group having 5 to 10
carbon atons, an aryl group having 5 to 10 carbon
atons, or a hydroxyl group as a substituent, and in
whi ch/t he one_carbon\ may be 10 replaced to a silicon
aton1an one ety thereof may have a phenyl ene

gr oup; ach R3, and R4 independently is
(1) an alky \ﬁ&(gé enyI group having | to 6 carbon
at om(s) I cM\ray h ve a hydroxyl group or an aryl
grou hav g5to carbon atons as a substituent,
(2) a‘cycl oal kyl gr up having 15 5 to 10 carbon atons,
(Wwppredh, ah &% \d ppcophoratsngt®m;o S10scarpohfuatahey: dhds a
any one of R2, R3, and R4 may be hydrogen); and
hy@Fogeul atd); R <R2a0H 1120 R okl anSH Kavbel @vd, g s having
phosphorous atonm S is a sulfur atom His a hydrogen

1 85081 ci¥pE th Fn 8AC Rt Scran &y M@%rprala@lalgl&@ﬂuxﬂ BR&ing 1
group having-1 to 6 carbon aton(s) which may have an

toa%k@grﬁgﬁng%éﬁ%é%%gﬁ éQCloalkyl group having 5 to 10 carbon

atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group as a substituent, and in which the one carbon may be
replaced to a silicon atom and one moiety thereof may have a
phenylene group; and each of R2, R3, and R4 independently is
(1) an alkyl or an alkenyl group having 1 to 6 carbqn atom(s)
which may have a hydroxyl group or an aryl group ha;ifing 5 to
10 carbon atoms as a substituent, (2) a cycloalkyl groﬁp havirg
5 to 10 carbon atoms, or (3) an aryl group having 5 to 10 carbon
atoms, and any one of R2Z, R3, and R4 may be hydrogen); and

(Formula 2)

_I_
R;,—SH
Rs\ F/ 7
R4/ \R1—SH

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

~hydrogen atom; Rl and RZ each is an alkylene or an alkenylene

group having 1 to 6 carbon atom (s} which may have an alkyl group
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having 1 to 6 carbon aton(s), a cycl oal kyl group
having 5 to 10 carbon atonms, an aryl group having 5

srt 033§ carbon atons, or a hydroxyl group as a
substituent, and in which the one carbon nmay be
replaced to a silicon atom and one noiety may have a 5
phenyl ene group; and each of R3 and R4 independently
is an al kyl group having 1 to 6 carbon aton(s), a

| kyl j 5 t -
na¢yahoal kyls gfa%ﬂbri‘aa\’ﬂd}zg&so) éjb%gclccga{lm %tg%gx%ah%ﬁ 5 to

aryl group having 5 to ‘car ny on

of _t.hem be _hydrogen) is .onically bonded to a
10 A AL oA S5V ouBr IS AT BEIai% o0 G R pegs o
resin, the selectivity of bisphenols is increased,
& Dr eyl resm 85 B Sphehblsenl e Bt anndll GhtHgicge carbon
productivity. Thus, they have conpl eted the
maynyent¢ehacahatoi 8, sthécpnvenvitoandsonn acidiy mewm have a
exchange resin which is partly neutralized by at
phéepbéneeoupnpandtse! ectietl antbr4 iomethedgnaly 0f an alkyl
conpounds represented by the above (Fornmula 1) and

gréomadian?), ta eatalysh 4@kmpsoducidigiRi=anhanek-$up having
~formed wth this ion exchange resin, and a process

r Progdycd |Sp usj t lyst.. ;20
> PR e P e R e T, 18 carpon
exchan resin used for the invention is, preferably
AEAE At H Ao EX cChang2T &LFH, PR & AFBTEs i ncl ude
., _common tﬁpe sqQ called a stnon%-acid i on-exchange resin .
18 ipndiradigy18e8ded Lo LB THRCEAPPBYUET PP £ s @i srgdic
roup into a ‘
iogexc ange resin, the selectivity of bisphenols is increased,

‘and as a result, bisphenols are obtained with high productivity.

Thus, they have completed the invention.

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

bisphenols by using the catalyst.
BEST MODE FOR CARRYING QUT THE INVENTIGN
The ion exchange resin used for the invention is

preferably an acidic ion exchange resin, and examples include

common type so called a strong-acid ion-exchange resin which
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styrene-di vi nyl benzene copol yner, and

per fl uoroal kyl sul fonic acid resins such as Nafion.
srIhespodi fied i on exchange resin of the inventionis 5

obtai ned by ionically bondijng an acidic ion exchange

resin wwth at |east one conpound sel ected from

conmpounds represented by (Fornmula 1) and (Fornmula 2):

(Formula 1) + (RPSH 10 R4 (mherein Pis a
15pQB%QbHéQUEyaERE}i§Fb§nS $ULLYELAL OBl $no bydrogen

eny en

aton1 R is an al ene”or an aI group havi ng

t arbon ato may, have.an_a .
StRaetRgaL Y O RoR AR LS 2, BRbar B Bar b S i HBeic
haV|ng 5 to 10 carbon, atons, an aryl group having 5
acig 49 LA hBWCAt 3FEV26+CR- hydroxyl group as a
substituent, and in which the one carbon may be
r epl Beednedl &ied | jewrexeimmman dronen nof etlye t eventipmyis
have a 20 phenyl ene group; and each of R2, R3, and R4
obtailepémdenthycaslyndmabkyicddi@ncal krayénge agsin with
“having 1 to 6 carbon aton(s) which my have a

at hysh OX YnJrcp Rin BB Al t el FHd ¥ Fb@uﬁd%oreﬂaeegéhb@ﬂ by
atons as a substituent, (2) a cycloalk group havi ng

F?%iﬁg%g%ﬁaéggggﬁéﬁﬂﬁlaoﬁ y (3) an aryl group having 5 to

(Formula 1)
+

R2
3\/P\ oS
l?4 1

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

hydrogen atom; Rl is an alkylene or an alkenylene group having

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

- to 6 carbon atom(s), a cycloalkyl group having 5 to 10 carbon

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

' group as a sﬁbstituent, and in which the one carbon may be

replaced to a silicon atom and one moiety therecf may have a
phenylene group; and each of R2, R3, and R4 independently is
(1) an alkyl or an alkenyl group having 1 to 6 carbon atom({s)
which may have a hydroxyl group or an aryl group having 5 to

10 carbon atoms as a substituent, (2) a cycloalkyl group having

.5 to 10 carbon atoms, or (3) an aryl group having 5 to 10 carbon
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atons, and any one of R2, R3, and R4 may be hydrogen);

(Formula 2) R3 <RZ SH Rg/ R SH (wherein, Pis a
spphagpghorous atom S is a sulfur atom His a hydrogen

atom Rl and R2 each is an kyl ene or an al kenyl ene

group having 1 to 6 carbon aton(s) which may have an

al kyl group 10 having 1 to 6 carbon aton(s), a

cycl oal kyl group having 5 to 10 carbon atons, an aryl

.at%&%“paﬂavhﬂguén%oo%o ?arﬁgn %B%&%ﬁcﬁhghgegng%Eéﬁbon

roup as a stituent, and in
(F & Re replaced to a silicon atom and one noi ety nay
(FRairg henyl ene group; and each of R3 and R4
i ndependently is an al kyl 15 group having 1 to 6
car bo aton(s) a cy I@alkyl group having 5 to 10

carbo ngﬂ group having 5 to 10 carbon
ato gﬁ\ a of then1nay be hydrogen). The
i ed e

nodi xchange resin of the invention either
uses the ound sel ected from conpounds represented
by 2 _i) g@nd/ (Fornmula 2) alone or in

combi atlon of plura ki nds. The resin al so nay be
partly neutralized by a cation other than the
nd,r& t I F I . -
{wé% #és o § 3%% S%g%%b %t }ﬁeéc%%%%%%Jé mi His a
ted F . _(For i ncl ud
hyggp %%ﬁigscﬁma,ﬁb%@&diﬁé“gac @g‘a% Hrfppe st = Slkenyiene

phosphoni uns, phosphlnes nmetal cations, and the
group having 1 to 6 carbon atom(s) which may have an alkyl group

having 1 to 6 carbon atom(s}, a cycloalkyl group having 5 to

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

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

The modified ion exchange resin of the invention either
uses the compound selected from compounds represented by

(Formula 1) and (Fofmula 2) alone or in combination of plural

- kinds. The resin alsc may be partly neutralized by a cation

other than the compound represented by (Formula 1), (Formula

2). Examplesof the cation other than the compounds represented

by (Formula 1), {Formula 2), include cations of amines and
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i ke. A preparation of the nodified acidic ion
exchange resin of the invention is preferably that
sreventsual |y just before the 5 use in a reaction or
during the reaction, at |eagt one cationic conpound
sel ect ed fron1conpounds represented by (Formula 1) and
(Formula 2) is ionically bonded to an acidic
functional group of an acidic ion exchange resin, and
in ar isng
B A s
1i anple, a neutrally charged conpound represented by
%Edrnula 3), (Formula 4) may be contacted as the
precursor wth an acidic ion exchange resin for
cat|%h?%%ﬁ%?ﬁ?loqIQﬁ'ﬁﬁﬁamS?lﬁPQd i€l§8¢F19¢§33§4ange resin
(wherein, P is a phosphorous atom S is a sulfur atom
ofHthe ialveh%mgéﬁ pifogrRLlY Shat aviepltend lor juat before the
al kenyl ene group having 1 to 6 carbon aton(s) which
useain kaveaaniah ot dgrang tiawirgadt 26h t @tbleasbame cationic
aton(s), a cycloal kyl group having 5 to 10 carbon

coRbBUBd S RAIHd gf@ﬁn:da@amiérb@réeeﬁ%@q‘%ﬁtﬁ@ﬁmarl Aand
hydroxyl group as a substituent, and in ich the one

FS?ﬁLQQQ ?Pylgjgpnl%@lllqg\e/gohaea ﬁbl%lﬁoﬂ:la& cfnf%&% g%%al group

nol ety there a pheny ene group;

oforgn Razc:la ic Eagnl g}gg’ﬁgﬂggnrtela (n]c':? %2 rsgs%r%gzga%%e prepared

by using the cationic compound and/or a precursor forming such
state. For example, a neutrally charged compound represented
by (Formula 3), (Formula 4) may be contacted as the precursor
with an acidic ion exchange resin for cationization.

(Formula 3)

Ro

P
Ry” R

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

SH

hydrogen atom; R1 is an alkylene or an alkenylene group having
1 to & carbon atom(s) which may have an alkyl group having 1
to & carbon atom(s), a cycloalkyl group having 5 to 10 carbon
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyl
group as & substituent, and in which the one carbon may be

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

phenylene group; and each of R2 and R3 independently is {1) an
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al kyl or an al kenyl group having 1 to 6 carbon aton(s)

which may have a hydroxyl group or an aryl group
srhavbpg 5 to 10 carbon atonms as a substituent, (2) a

cycl oal kyl group having 5 tyg 10 carbon atoms, or (3)

an aryl group having 5 to 10 carbon atons) 5 (Fornula

4) RASH ~Z VIL SH Ra (wherein, P is a phosphorous

atom Sis a sulfur atom His a hydrogen atom Rl
alﬁw &2 aﬁ@%lmewp A eng g an t%' kenul-ere a%gmqg@uwmch

aving 1 to 6 carbon atom (s)” which nay have an

h Vi 0.6 _carbon ato cloalk
ma%a 1Ayl LR AShoyR ha%‘? %ggbon
to 10 car bon atons, or ydroxyl . group as
atehipsAs tusSHeS tartd s V\H?éhat %C%%l%ﬁi b%ouli’réiﬁ‘b’élg 5 to 10
replaced to a silicon atom and one noi ety thereof na¥
calBoRALONE pRENYP brid gradpyravel IR7ing C1foahd glakgponpptoms
- an al kenyl group having 1 to 6 carbon aton(s) which
(Foeyubave) a hydroxyl group or an aryl group having 5
to 10 carbon atons as a substituent, (2) a cycloal kyl
group havin to 10 carbon atoms, or (3) an aryl
group ha*%ﬂ% to 10 carbon atons) 20 Exanpl es of the
precursor |4 or a nercapto group include thioethers,
~disul fidgs, anguqthioacetates, and these also may be

used. ﬁffiéﬁﬁ/

{(wherein, P is a phosphorous atom; 8 is a sulfur atom; E is a

hydrogen atom; R1 and RZ each is an alkylene or an alkenylene

- group having 1 to 6.carbon atom(s) which may have an alkyl group

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

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

a hydroxyl group as a substituent, and in which the one carbon
may bé replaced to a silicon atom and one moiety thereof may
have a phenylene group; and R3 is (1) an alkyl or an alkenyl
group having 1 to 6 carbon atom{s) which may have a hydroXyl
group or an aryl group having 5 to 10 carbon atoms as a substituent,
(2}‘a cycloalkyl group having 5 to 10 carbon atoms, or (3} an
aryl group having 5 to 10 carbon atoms)

Examples of the precursor for a mercapto dgroup include

thioethers, disulfides, and thioacetates, and these aiso may

be used.
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15 For the conpound which is represented by (Fornmul a

1) used for the invention, each of P, S, and Hin
srFospel a 1 respectively is a phosphorous atom a

sul fur atom and a hydrogem@atom Rl is an alkylene

or an al kenyl ene group having 1 to 6 carbon atom (s) 5

whi ch may have an al kyl group having 1 to 6 carbon

aton(s), a cycloalkyl group having 5 to 10 carbon

at OBy r ah ALYk GLAYRAM AY répfaséﬁt@arﬂapmyamﬂ&a ar used

a hydroxyl group as a substituent, an i'n whi ch
b L
2oL IHORR TR DELED ﬁg%ﬁ;gn%] 14 680,107 5%%§ectlve1y

phe Ie e 10 gr at the ter
iseq £ AT | A LRAE A S Mg %ﬁ@rggema}Et%fﬁ R1
aIkyI or an alken{ group haV|ng lto 6 car bon
isarord Y1 Re o #ay lkavelanpytioyhayisdp: terd aarkeypton (s)
group having 5 to 10 carbon atons as a substituent,
whi2h mayyodoaldylalgrydugrbapi hgvbngol 10o cardrabaat errem{s), a
and (3) an 15 aryl group having 5 to 10 carbon atons,
cyaDéa aryl @@ hd2indR8.to phdaborbyt dgs hydragangréup having
compound rel atively, easy to be synthesized anong the

5 wmoea%oﬁ%o&aﬁse%%da%df&@' obo kS & SYROAUAHY) and

ch in Fornul a 1 Rl “I's an al'kyl eéne group havi ng 1

b _
:|_ntv9nlc1:§:agf1eto§n%t car on a%@g;}egg%c%%v%oa %M(J:orgra%%?n one

cycloalk

mo{]%\ﬁ” g‘&%‘?%‘gﬁlrg??g b‘%graaté’ 5 ar% aﬂﬁpwpdg%\f/len%henylene

substituent, and one noiety thereof may have a

IrpRR R Enee gr bubhe afgraiRnl o FBL - RAChaRf RE. %3, and R

I ndependently is any one of (1) an aIkyI group havi ng :
independently is any one of (1) an alkyl or an alkenyl group

"having 1 to 6 carbon atom{s) which may have a hydroxyl group

or an'aryl group having 5 to 10 carbon atoms as a substituent,

' (2) a cycloalkyl group having 5 to 10 carbon atoms, and (3) an

aryl group having 5 to 10 carbon atoms, and any one of R2, R3,
and R4 may be hydrogen.

A éompound relatively easy to be synthesized among the
compounds represented by (Formula 1) is a compound in which in
Formula 1, R1 is an alkylene group having 1 To 6 carbon atom(s)

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

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

5 to 10 carbon atoms, or a hydroxyl group as a substituent, and
one moiety therecof may have a phenylene group; and each of R2,

R3, and R4 independently is any one of (1) an alkyl group having
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SF-1395 16 1 to 6 carbon aton(s) which may have a
hydr oxyl group or an aryl group having 5 to 10 carbon
gratees as a substituent and (2) an aryl group having 5
to 10 carbon atoms, and any; gne of R2, R3, and R4 may
be hydrogen. 5 A nore preferable conmpound anong the
conpounds represented by (Fornmula 1) is a conpound in
which in Formula 1, R is an al kylene group having 3

1 1{1521\/6'6%%?%8?2512&9@ ‘&@1’1%?1 hah?é’% ?{)%%jr gqro or an aryl

carbon ato a cyc

havi S to ato an_ar haV|n
T g BIE TP Eoh Hh orts S0P o8 RAFGXGE Br o et it 5.5 19 o
substituent, and one noiety thereof may have a
arﬁﬁe%?@@ﬁeh%ﬁ%ﬁﬁ)5 &Rdl BRI RAT R OTI, ané%anumone of R2, R3,
i ndependently is any one of (1) an al kyl group havi ng
angl R4 Bagabbohvdromes) whi ch may have a hydroxyl group
or an aryl group having 5 to 10 carbon atons as a
subsii hveat pasdetZdlancdbpanyt gnony bhA¥i agmbotindio
carbon atons, and any of R2, R3, and R4 may be

rep¥dE0HeRd Eiﬁam%ﬁrﬁupé R havd nerdb ey ighour @B rmula
its one noiety anDng those conpounds represented by

L Qgg&&¥8$b§%¥¥98£ b Pﬁgﬂ4EQH%E§cagﬁers naygh@l(:hmay

be i ncl d. For the co un his re resented
bR A S 3008 h%?—ﬂ?ﬁ(’% P OehtrEin QiR PEr B EE 1k kvt

Hin Formula 2 respectively is a phosphorous aton] a
gr%ﬁpfhﬁvbﬁﬁn? %ﬁmﬂQiQ%RFQRﬁﬁFQﬂﬁnnaqzﬁryl group haVlng > to

10 carbon atoms, or a hydroxyl group as a substltuent, and one

moiety thereof may have a phenylene group; end each of R2, R3,
and R4 independently is any one of (1) an alkyl group having
1 to 6 carbon atem(s) which may have a hydroxyl group or an aryl
group having 5 to 10 carbon atoms as a substituent and (2} an
aryl group having 5 to 10 carbon atoms, and any of R2, R3, and
R4 may be hydrogen.

Examples of R1 having a phenylene group on its one moiety

- among those compounds represented by (Formula 1) include

~-CH2-C6H4~CE2~, —~C6H4~CH(CH3) -, ~C6H4-CH2-CH2-, and the like,
but others may also be included.

For the compound which is represented by (.Formula 2) used
for the invention, each of P, $, and H in Formula 2 respectively’
is a phospho:ous atom, a sulfur atom, and a hydrogen atom. RI1

end R2 egach is an alkylene or an alkenylene group having 1 to



and R2 each is an al kyl ene or an al kenyl ene group
having 1 to SF-1395 17 6 carbon aton(s) which may
grbaygzan al kyl group having 1 to 6 carbon atom(s) , a
cycl oal kyl group having 5 to;10 carbon atons, an aryl
group having 5 to 10 carbon atons, or a hydroxyl group
as a substituent, and in which the one carbon nay be
replaced 5 to a silicon atom and one npi ety thereof

o PRERRE Aule Py P A ERS nll o ) YRS%U Mg £t ¢

to 6 carb ato cl oal k up .hayin 51to
cazBoRA Hoh foﬁs"}%%ﬂa@ﬁﬁﬁr@gﬁma} BeuThivs ig ot Fons,
carbon atons, and any one of them may be hydr ogen
an AR BBhHIP halvaniov 8| 10 el Fapd e a§9ﬁﬁhe§rzéé§\351rﬁm@f I geoup
conpounds represented by (Fornmula 2) is a conpound in
aswhi s $ i tdior meral 2, wRicanthR2oracteilsommay e esplaced
group having 1 to 6 carbon atom(s) which may have an
toad kad 1 faup teayiafd dntombiece@rbQarabOm4$)haved a phenylene
cycl oal kyl group having 5 to 10 carbon atons, 15 an

gréh¥l GRUP RaKE N P HO i HALARMMRM ALOAE, 20 SnbYSH YR 1xy1
group as a substltuent and one noi ety thereof may

_gro epen rfl]yy IS %%%Bgﬁeag %?Ch ocry%ya} éroﬁg)vhav‘lng

R X ‘??F%rokl)’gg&gtﬁ‘%ha#iﬁ\é\gécgjé LU el
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ate®f boRndt BRE, onand’ ahjeBnBasf PR3

substituent and (2) an aryl groug having 5 to 10
HAgORRN Ry be
“hydr ogen. Exaanes of R1 and R2 each having a -
pheny | emeoqroliromtively easy to be synthesized among the
compounds represented by (Formula 2) is a compound in which in
(Formula 2}, Rl and RZ each is an alkylene group having 1 to
6 carbon atom(s) which may have an alkyl group having 1 to 6
carbon atom(s), a cycloalkyl group having 5 to 10 carbon atoms,

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

as a substituent, and one moiety thereof may have a phenylene

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

an alkyl group haﬁing 1 to 6 carbon atom(s) which may have a
hydroxyl group or an aryl group having 5 to 10 carbon atoms as
a substituent and (2) an aryl group having 5 to 10 carbon atoms,
and any one of R3 and R4 may be hydrogen.

Examples of R1 and R2 each having a phenylene group on

its one moiety among those compounds represented by (Formula

2) include -CHZ2-C6H4-CHZ2~, -C6H4~-CH(CH3)-, —-C6H4-CHZ2-CHZ-,
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its one noiety anong those conpounds represented by
(Formula 2) include -CH2- C6H4- CH2-, - C6H4- CH( CH3) -,
sF=106t¢- CH2- CH2-, SF-1395 18 and the |ike, but others
may al so be included. A nodigication nmethod is not
particularly limted. Exanples of easy nethod include
contacting in the liquid phase by dissolving in a
solution such as water or an organic solvent, 5 and

an§OEActing Wih Sfntps ﬁé%héﬂ% besifcingthe gas phase
when wusing a volatile substance. Exanples of the

convent | 1y kno od_ i : L
i st o S e N e Top e e T e ke | i e
addjtion, the co und represented. by (Fornula 1) can

B S0 7 SnEaSHy TS O P Radi e PRk B o b edior hase
deriving the conpound represented by (Formula 1) in

by giespéii lagchargect Bsian Fuah perwater et Hp @ IaGndls solvent,
eventually fornms a nodified acidic ion exchange resin

andrepntectised siuth as i@nrekhbdngeutesin 2Znnghanyddphase when
exchange resin by using an equival ent or excess

us BiPUNtvdifatciald onbss ddneonpound or precursor thereof,
and then partially returning to an acid-type by

CONGACLING 4 NFr 10k exGDAngS: diesi 1y W@ dGAdl Cinclude a

- solution. The nodified anount of nodified acidic ion
e SEIB0IEL6511e SPLANPL 1414405 LNSAIY P0AS gy gt
SE T N X
reéﬁ%fﬂéuétgg; material capable of deriving the compound
represented by (Formula 1) in the ion exchange resin. Further,
a method which eventually forms a modified acidic ion exchange
resin may be used such as a method neutralizing an ion exchange
resin by using an equivalent or excess amount of cationic
compound or precursor thereof, and then partially returning to
an acid-type by contacting the ion exchange resin with an acidic
sclution.

The modified amount of modified acidic ion exchange resin

catalyst in the invention is preferably 0.1 to 50 % of total

sulfecnic acid group. Thereby, it is possible to exhibit the

modification effect to a maximum extent without causing the

decrease in the activity due to the decrease in an amount of
acid.

‘The method of measuring the amount of acid of the ion
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decrease in the activity due to the decrease in an
anount of acid. The nethod of neasuring the anount of
gsrackdsof the ion SF-1395 19 exchange resin i s not
particularly limted, but capn be determ ned by a
general nethod of neasuring the exchange content of
an acidic ion exchange resin. In the invention, the
amount is determined froma titration curve obtai ned

exBYasbLr FLOY lg Ro# g£¥@lgﬁ¥a5§§oﬂlhﬂtggo ALt ofaR 40 %

aqueous NaCl solutio one ur and fltratlng t he

aekRerFu BT o 2ek it rhoEhe A e hlR o YRR Seagent

as a raw material for producing bi sphenol A a

of fEhéfalciy éQ%l?%&ﬁ%P$%dﬁ§¥ﬁ1alInlﬁh%hﬁﬁﬁﬁﬁ€éﬁhbéhﬁééﬂount
The industrial phenol includes one prepared by a

is cdpfesrarinachddoma at bl beatiori darverchiva oyl kot sthering 0.2
i ke, and any of which nmay be used. Generally, pheno

- g divd dgvarpaint yn 200 98 Wion MOre deuecommiatilasbyution for

avai l able. Such the industrial phenol maybe used as
onéthd®r idhd hel sy hesithd eaetlicoonnfunti sphenel ridtAatbuivith
preferably phenol which.is prelimnarily treated with

a @_@@r@ng%@gégs %gchggigglﬁéchange resinin a

conti nuous or atch fore carrying out the
reactiq at_a t eatne rature of 50 to 0]
duri o 4eConfabt PPty S PRl e eritif e eres
0 rized wth a carbon nd derjved. 20
fog-%%%ﬁ%Cl?% R eRRe o eg%?ggéféﬁlﬁvab%%b%%th?ﬂﬁatrlal

phenolcanbeused The industrial phenol includes one prepared

by a cumene method, a toluene dxidation method, or the like,
and any of which may be used. Generally, phenol having a purity
of 98 % or more is commercially available. Such the industrial
phenol may be usedas it is in the synthesis reaction of bisphenol
A, but preferably phenol which is preliminarily treated with
a strong acid-type cation-exchange resin in a continuous or

batch mode before carrying out the reaction at a treatment

- temperature of 50 to 120 °C during a contact time of 5 minutes

to 10 hours and polymerized with a carbonyl compound dérived
from acetone, is used. Even more preferably, one obtained by
the process wherein the industrial phenol is brought into
contact with a strong acid-type cation-exchange resin as

described above and is then subjected to a distillation

treatment under the condition of a normal pressure t¢ a reduced
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t he process wherein the industrial phenol is brought
into contact with a strong acid-type cati on-exchange

‘grresby as descri bed above and is then subjected to a

distillation treatnent undef the condition of a
normal pressure to a reduced SF-1395 20 pressure of
10 nmmHg, at a tenperature of 70 to 200 C, is used.
Acetone used in the invention is not particularly

prEEQhEQQ3fbH§mhﬁgnaytQﬁt%n&gﬂ%ﬁhﬁkakaT@WQJb@blec, is used.

|n dustrial acetohe. Generally, acetone having a

(auint roae et 50 08 TabSpRiRe onG i na TRh) L ced

ram1nater|als to be used are not  parti.cularl
bufj hftBay PBuR ERBRRBFARILH ?Baaf‘labﬁénapﬁ&é&f&ﬁﬁ pgetone.

recommended to be preferably in the range of 0.1 to

Geneozland awsteons bREiabl § Puyitvhef PdhgeoRogesi ¢ gvadlable.

If the anmobunt of phenol is too small, 10 it is
di ffTlmellatndmlmoiqnphtshaamegﬂ'atmw)em phendlavet emetone,
as araw material, if the anount of phenol is too

uséara&erahh@-ﬂmcau@, thecouesdyenasena yri@iperly limited,
because phenol is used as the higher anount than

put eﬂHie rﬁgiaé‘ngaggé eQﬁ%heH@%h&@tShéCHlsaﬁrbeBn&End%He%' be

so requir even though a hlgh conver si on of

‘orgFELRE S0 U5, SeARIPLIRET e, LI S ppparpy

No. 583712, the nixture %_those ram; ter al s
the AR oy -y EBnP @i n 4 g § 88QUB TP T i H%?%’esmall’
lnventlon t he reaction tenperature is not
it is difficult to accomplish a high conversion of acetone as
a rawmaterial, if the amount of phenol is too large, the reactor

becomes unreasonably larger because phenol is used as the higher

amount than required, and moreover, massive circulation of

7 phenol is also required, even though a high conversion of

acetone can be accomplished. Thus, efficient production
cannot be accomplished.
'As disclosed in EP No. 583712, the mixture of those raw
materialS—may preliminarily contain 1 or less % of water.
| In the invention, the reaction température is not

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

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

If the reaction temperature is extremely low, the reaction rate
decreases and thus the productivity of a reaction product also

decreases. On the other hand, if the reaction temperature is
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20 particularly Iimted, but it is preferably in the
range of 0 to 300 C, and nore preferably in the range
spof33@ to 200 C. If the reaction tenperature is
extrenely low, the reaction,yfate decreases and thus
the productivity of a reaction product al so
decreases. On the other hand, if the reaction
tenperature is SF-1395 21 extrenely high, an
exHngﬁéi am.Sh Qﬁ ﬁﬁé%&h?ﬁblgr st.L% lr'e%@tlgnocg'fd%het hige

"'eadi n I ncrease In anmount by- products.

The xce ive |on tenperatur
PTGPE0B abl %Sf%¥ dLE8 FF %5& BEnBr Al SB8: GRS Phw
materials 5 and further bjsphenol A as, a product,
byaeEPEYSES - tH@“%é%%@%%ﬁ%v%%We%%ng%%ac%h%ﬂ|§emﬁﬁrature is
econonmical. Therefore, it is not economcal. The .
unfagerpbhe can %eal@ialit:e@fmbema@mdamemne asgearematerials
pressure, an applied pressure, and a normal pressure.
an®r ourther Yilsphevwpbditaofa tdedestt idarrefdfdes ¢hey reaction
(reaction efficiency per unit volume), it is not

sepeetevable 40dCaEr¥ooUbcbhRBmi €agt i OThe dfiGFe t OD: | DYV bt
pressure. Usually, the pressure for carrying out the

£ is preferably in the range of 0.01 to 20 MPa,
sch %ﬁ%%gg preferably in the range of 0.05 to 10 MPa. O

course 15 the i nvention is. n d to.such

pres@a Feaet ' B i et Bl RS HE" ap pecnced

i nventi on, the amount of the catal yst to be used i s
PI'&o? uﬁ%r tainc%IP%-F t ?d IRGRASRH € @ %Poré%&n@¥ eSS\ken From the

carrying out the reaction in a batch node, it is
viewpoint of the reaction efficiency (reactlon efficiency per

unit volume), it is not preferable to carry out the reaction
under too low of pressure. Usually, the pressure for carrying
ocut the reacti.on is preferably in the range of 0.01 to 20 MPa,
and more preferably in the range of 0.05 to 10 MPa. Of course,
the invention is noi limited to such pressure ranges.

In addition, when carri,ring eut the invention, the amount
of the catalyst to be used is not particularly limited, but for
example, when carrying cut the reaction in a batch mode, it is
recommended to carry out the invention preferably in the range

of 0.001 to 200 % by weight, and more preferably in the range

0f 0.1 to 50 & by weight with respect to phenol as a rawmaterial.

When carrying out the invention, it is possible to carry
out the reaction in the diluted state by adding a solvent or

gas which is inert to the catalyst and the reaction reagent in
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recommended to carry out the invention preferably in
the range 20 of 0.001 to 200 % by wei ght, and nore
srpprgterably in the range of 0.1 to 50 % by weight with
respect to phenol as a rawqmterial. Wen carrying
out the invention, it is possible to carry out the
reaction in the diluted state by adding a sol vent or
gas which is inert to the catalyst and the reaction

e | - 5 - i 0
thépgglgﬁt'%% I%, S%%%bhg%%éﬂ@dé%%%%o%%%%%c a%y C%rrect) %J%be?ns
ehhane, Ero ane, gutane, hexane, agd cycl ohexane dand
SUGh PRPECRARSsuthRaReni PFBgeRe aPgoA Can SXaBFr i Yand

i f necessary, hydrogen can be used as diluents. 5 Wen

| cyeaphoxae ouRNEhen| AVEREI BAS FRELNBEhBACEARCRe BAPPPedand

out in any of a batch, sem -batch, or continuous flow

“hedystenandl t f canckessayr i bddoatenncanybef uasti gai diluents.

phase, a gas phase, and a gas-liquid m xed phase.
Pr ef et @b by r rifiam due chieelpedit i o0f theendidosd can be carried
efficiency, it is recommended that the reaction 10 is

cubd K I8, Ot Ji Pathe, | it S PhASE. o F Wordt iMRIJMA ek system.

charging a catalyst, various kinds of nethods using,

e[S BEMLR B (i Rt L AIpReGe B0 gps phase,

e R B 8P CCRAFYt | RO LY 16 M e v POt
flow systenm) is not particularly limted, but it is .
of disak pgcbian Kol e15° B0 1kols FeCamrapscerapF y-hy seaction

second to 15 hours. After the reaction, the reaction
isprapouictd cart be the liquid phase. For a method for charging
a catalyst, various kinds of methods using, for example, a fixed
bed, a fluidized bed, a suspended bed, and a plate fixed bed
can be employed, and any of which can be used.

The reaction time {retention time or catalytic contact
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 reaction, the reaction product can be
separated and recovered from the catalysts, or the like, by a
separation method such as fi.ltr.ation, extraction, and
di_stilling-—off. Bisphencl A as a desired pr‘oduct can be
separated, purifie.d from the recovered compound by performing
a sequential treatmeﬁt of solvenf extréction,-distillation,

alkali treatment, acid treatment and the like or an ordinary

separation and purificationmethod suitably combining them, and
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separated and recovered fromthe catal ysts, or the

i ke, by a separation nethod such as filtration,
srexgpaction, and 20 distilling-off. Bisphenol A as a

desired product can be sepafated, purified fromthe

recovered conpound by performng a sequentia

treatnment of solvent extraction, distillation, alkal

treatment, acid treatnent and the like or an ordinary

ob8EPAEAL | oy aMhi P dd | Gald o ey hogh sHitabl y1 £ andi by
them and SF-1395 23 obtained. In addi ti on, unreacted

reES‘%?@&eéhé' e%?{il@& 1hE6PLR %egeﬁﬂgl!})ﬁ%g%‘ég? EBQ Lbe.

Feaction sys he case

reac the ca mhlch [ sep rat ed

reco {thQQﬁﬁt%€E¥} ZﬁteF tﬁ ys§ which is

reaction, can be used as |t is, or partially or whol
SePéE@BﬂﬁcéﬁdtBEB@V?E%@afé@WytE§eéeﬁ6F1PHePF@§BFFoﬁftPﬁ the

the case of carrying out the reaction in a fixed bed
regetioh} giadi zedskeddr § Low s eactpontislby emwlidllheeproduced

catalyst is provided to the reaction and thereby a

‘topar tepeatblil gfuddiefoatidley skacits cnnacihwateedase dfScarrying

| owered in 10 the activity, the reaction is

out MR bHptedonand ot her eafdLl othe rical@l Lt LEQFIRE: reaction
reproduced and then provided to the reaction.

syfLigrnat »;xls'efataalﬁ{e Oﬁwf §ah&k ¥sk fé&@f%wa%dm@@eby

conti nuously of ent and reproduce

. t f

@ HTds RRCALH §E1tS 196 Hohasr MEEERTF Y Sduppiis §%ered in
the reactor. Wen carrying . out the reaction

thenAtigied fihGwrPaGEEPBNS tHetREr WP yaY, and thereafter the

catalyst can be reproduced and then provided to the reaction.

Alternatively, a pari 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 to the reactor. When carrying

- out the reaction in a moving-bed flow reaction, the catalyst

can be separated, recovered and, if neceesary, reproduced, as
in the batch reaction.

A catalyst can be reproduced by using any metth as long
as its catalytic ability is recovered, and for.example the
catalyst may be washed with water or an organic solvent, or may
be subjected to a re-modification after being washed with an
acidic solvent. Inaddition, thecatalystmaybemodifiedafter

being washed alternately with an acidic solvent and a basic
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can be separated, recovered and, if necessary,
reproduced, as in the batch reaction. A catalyst can
sFbezpegproduced by using any nethod as long 20 as its
catalytic ability is recoverged, and for exanple the
catal yst may be washed with water or an organic
solvent, or may be subjected to a re-nodification
after belng washed with an acidic solvent. In
so?@ghﬁ'ggvefQF Cahak Yhq MayRE1 MDA, f tedadl L8E qibekhGvent .
washed alternately wth an acidic solvent and a basic
SF-1 E | vent several tines and finally wth an
aci dicsol've [ EXAMPLES] Herei nafter, the present
i nvention be _descri be det
rof é?%%%ﬂélétv%oteésea o EECgRey b Ve Peoh Vet ith degcrgbed 1n
not intended to be limted to Exanples. Herein,
mo ke Kedadh Bth 58 Texenangec FEsrpler .salevwBrFaAd ihe ipgegtion
since there may be a case where its catalytic ability
isdnéteistemded BRA Isgnt restedr eacEkampassits | ot
differs, Anberlyst 31 of sane brand and sane lot is
usedHdreid,| sDtmies ah0isndefonpagat toei o@mplae® brand is
bel ow. [Exanple 1] (1) Synthesis of
uséé n@fﬁ@@tﬁﬁgﬁ@ﬁﬁa tﬁépge@ﬂegh@§@98ni€§bégﬁbngt1é4a9l91ty

. (3-nercapt apropyl ) tri phenyl phosphoni unbr om de
dlfpgrg §§ g §5A synthesis reaction as its lot differs,
:Amberlyst 31 of same brand and same lot is used in all Examples
and Comparative Examples below.

[Example 1]
(1) Synthesis of
{3-mercaptopropyl) triphenylphosphoniumbromide

14.0 g of

. (3—-mercaptopropyl) triphenylphosphoniumbromide and 2.35 g of

thicurea were dissolved in 335 ml-of ethanol, and the mixture
was refluxed for about 16 hours. The resultant solution was
ice-cooled, filtered, aﬁd:thus—obtained.solidwﬂas sufficiently
dried to obtain White Crystal 1. 5.3 g of White Crystal 1 was
dissolved in 100 ml of thoroughly deaerated ion-exchange water,
and theretc an aqueous solution prepared by dissolving 0.5 g

of sodium hydroxide to 25 ml cf ion-exchange water was added

dropwise for 30 minutes under a nitrogen atmosphere.

Thereafter, the mixture was stirred at 60 °C for 2 hours and
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thi ourea were dissolved in 335 m of ethanol, and the

m xture was refluxed for about 16 hours. The '
SFresSebtant solution was ice-cooled, filtered, and

t hus-obtai ned solid was suffgciently dried to obtain

Wiite Crystal 1. 5.3 g of Wiite Crystal 1 was 20

di ssolved in 100 mM of thoroughly deaerated

i on-exchange water, and thereto an aqueous sol ution

coBlepar edady QIﬁﬁ@f&g@ﬂ Bthogphetesodinimdydroxige itreed by
25 m of ion-exchange water was added dropw se for 30

flﬂkPHEfénUM?rwésHé FH9En %Hnaﬁeggﬁgemg%@gtt%ma@

m xture was stirred at 60 f or urs and SF-1395 25

cool ed e itro a e
s §RRAFRR A Lo P T B R e ﬁﬂegﬁegx%% i with
wat er, further dlssolved in chloroform
lOPe%%%]P@‘dg . adiid] abtledl SRR SR hThPo?PJe‘%%%g?iﬁE RhgtSsy was
and a separation. The chl orof orm phase was 5
dedesvivad edandnehihiusb bbipededosbili darasersypfslaiFededrom
from chloroformand dried to obtain Wite Crystal 2.

chiheoafWhnt&end Glystedl @ slasamnaliyzed @rybtal RVREwsh White

FD- MS measurements, it was confirmed to have a

_Cr%ﬁf&?tﬂﬁ@mﬁ%mﬁQ@E@Hﬁwﬁth(ﬁ@ﬁ@ﬂk%ﬂﬁ FHOMs méasSiderBhtsC it

2) Preparation of 15 (3-mercaptopropyl)
wal " EQREMhPROSPRDELM NDAL {4 edrL 00 eXSPANGE 5.

{Formula 5)

{2} Preparation of
(3—-mercaptopropyl) triphenylphosphonium modified ion exchange
resin catalyst

3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of 50 % agueous acetonitrile solution.
Thereto, 30 ml of 0.077 mol/L

Q

{(3-mercaptopropyl) triphenylpheosphoniumbromide-50 % agueous

“acetonitrile solution which is prepared by using White Crystal

2 obtained from (1) was slowly added dropwise. After the
dropwise addition, the mixture was subsequently stirred for 5

hours, and then repeatedly subjected to a filtration and washing
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resin catalyst 3 g of thoroughly washed and dri ed

Anberlyst 31 was stirred vigorously in 60 m of 50 %
sFaygsepus acetonitrile solution. Thereto, 30 nl of

0.077 nmol /L 20 (3-nercaptoprgpyl)

tri phenyl phosphoni unbr om de-50 % aqueous acetonitrile

solution which is prepared by using Wite Crystal 2

obtained from (1) was slowly added dropw se. After the

wi € QRW-2& 2GGidd RBRtethe THoddH - aS sdbsequeRiAY was vacuum
stirred for hours, and then repeatedly subjected to

dr\f;\%{l ig'rtfé @%Oa[‘t ?QQSW%BQL'§F'C%§8§&2LQ c 4, 400 e@%aglt%unt

hereafter, resultant was vacuum dri
80 C,at

( | t 10 .t t ai talyst_1,_Th
OF AL BB T hel et AP LT FACE Wg- 3tAle vas

- 3.47 mlliequivalents/g. 5 (3) Bisphenol A synthesis
milbhraibaenES M- M pressure-resistant reactor, 0.35 g
of Catalyst 1 prepared in (2), 6.63 g of phenol, and
0. 3713 dofixgetione Aweretlorsirgyetkaanibt he react or was
pressurized with nitrogen gas under 0.5 MPa of a
gauge pressilrgreandréheasibeaneacddotomad .Gonglodt @at4d0yst
with heating and stirring at 75 C for 2 hours.

1 pHy8ald eh, (21 he resul bain s CQRILd . B9 §Macetone were
tenperature. After the pressure discharge, the

ch%xﬁ%eﬁ,: g?gﬂé}jkggPFg’ﬁ?«gﬁf@s Q{ﬂ-l z éﬁ%ﬁ{‘ﬂ%%bﬁﬁé l@éas under

r onat ogr aphy net
i 0
0. %g@%g% \?it Sgugg%\é%rssslu%% ,ogngct té)zy h\éarseggtllonbwaa%dcctnl?gucted
with heating and stirring at 75 °C for 2 hours. Thereafter,

the resultant was cooled to room temperature. After the

pressure discharge, the reaction solution was taken out, and

- analytically quantified by a liquid chromatography method. As

~aresult, theconversionof acetonewas 88.1 % and the selectivity

op

of pp’-bisphenol A was 24.1

[Example 2]

(1} Synthesis of
(d-mercaptobutyl) triphenylphosphoniumbromide

11.0 g of {(4-bromobutyl)triphenylphosphoniumbromide and
1.75% g of thiourea were dissolved in 250 ml of ethanol, and the
mixture was refluxed for about 16 hours. About 170ml of ethanol
was distilled—off therefrom, further the reaction solution was
cooled to not more than 0 °C, and then left over for a filtratioﬁ.

Thus-cbtained solidwas sufficiently washedwith chloroform and
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15 of pp'-bisphenol A was 94.1 % [Exanple 2] (1)
Synt hesis of
SFE4spercapt obutyl ) tri phenyl phosphoni unbrom de 11.0 g
of (4-bronobutyl) triphenylgphosphoni unbrom de and 20
1.75 g of thiourea were dissolved in 250 m of
ethanol, and the mxture was refluxed for about 16
hours. About 170 ml of ethanol was distilled-off
dribered rama funtner thestgacti ons splyubiromwes c5pt £0 3 was
to not nore than O C,“and then left over for a

e s
o1 SSEFGE 0 ThiP it o % RGGGUNT 5 oot JEdOride solution

I on- exchange water, and thereto 30 mM of 1.6 %
Wagoddtd SR UHT RYHIBE de NdAITpdeh atiesri¢ded drfBpREséter,
under a nitrogen atnosphere. Thereafter, 5 the m xture
theasistire edzsinglerr edhivtrdsger atimosyger e taosgbeCe fadr 62 °C

~hours, and cooled. Thereto, a 12 m of 5.6 % aqueous
foHBr hoselsyt bad wesledidedhetheret @, 170 Inbfof. 6 arefearim HBr
was added, well m xed, and then the water phase and

soCht 0601 QL8 phase. Wene re3epanat gd. oFheneBl-aret-ar fBhasgeq,

was desolvated to obtain Wite 10 Crystal 4. n

Whe
we Y6 y%{n%l' tﬁ?%’a&lea%lt%. eggg%ha%&*&m&%n%- ha3e were
neasur erfen S, | was contir to have a struc re o
se}la:a%.[gilflég. 6Th Fglrrlfgégfc@m phase was desolvated to obtain White
Crystal 4. When White Crystal 4 was analyzed with 'H-NMR and
LC-MS measurements, it was confirmed to have a structure of
Formula 6.
{Formula 6)
P\V/\\//\SH .| +Br

)

{2) Preparation of

(4-mercaptobutyl)triphenylphosphonium modified ion exchange

"resin catalyst

3 g of thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of ion-exchange water. Thereto, 196 ml of
C.0116 mol/L (4-mercaptobutyl)triphenylphosphoniumbromide

—agueous solution which i1s prepared by using White Crystal 4




15 SH Br (2) Preparation of (4-mercaptobutyl)

tri phenyl phosphoni um nodi fi ed i on exchange 20 resin
srFeagakbyst 3 g of thoroughly washed and dri edAnberl yst

31 was stirred vigorously s 60 m of ion-exchange

water. Thereto, 196 ml of 0.0116 nol/L

(4- mercapt obutyl ) tri phenyl phosphoni unbrom de -aqueous

solution which is prepared by using Wite Crystal 4
cb®k1A38F ré& (Dplaknedh i reauGLy &\Rﬁpd wi oW yagddedhe dropwise

addi

dr opw se. After the dropw se tion, the m xture

add@8i3 b;%%”ﬁf%ﬂ{rét\%ars{ gglgf% u\i_nl%‘ilﬂ’@tlﬁf‘gd e hour , and .

repeat edl'’y subjec tratl on and washi hg w
i on-exch wat.er afte he _result .
o8 RO POl S # T O & fFLé%gétianh%ﬁ?s‘”f%ﬁbﬁﬁaiﬂﬁth
~ Catalyst 2. The anmpunt of acid of the catalyst in
l%f%@%@%emé:eﬁ -4 hex ¢2  eRhi meéfﬁ%vbtare%)«fasﬂé%m@%ﬁﬂed
A synthesis reaction To a 70 ml pressure-resistant
5 atridalCofor al. 36agtof0 Gatalsyso olien Fegparved £n (T2)g amount
6. 63 g of phenol, and 0.37 g of acetone were charged,
of apdidfihefreact oatabgspressur dzgdshats nwakrdgéed gas
under 0. 5 MPa of a gauge pressure, and then the

mligggglupaay\@ﬁtgp@duct ed wth heating and stirring at
Cfor 2 hours. Thereafter, the resultant was

000' Fé*) t&é&%ﬂ&lerﬁ’esrﬁ{%ﬂeesﬁ‘ff&éc{f&
To a 70 ml pressure-resistant reactor , 0.35 g of Catalyst
10 2 prepared in (2}, 6.63 g of phenol, and 0.37 g of acetone were
charged, and the reactor was pressurizedwith nitrogen gas under
0.5 MPa of a gauge pressure, and then the reaction was conducted
with heating and stirring at 75 °C for 2 hours. Thereafter,
the resultant was cooled to room temperature. After the
i5 pressure dischar.ge, the reaction solution was taken out, and
| analytically quantified by a liquid chromatography method. As
a result, the conversion of acetonewas 24.9 % and the selectivity
of pp’-bisphenol A was 93.9 %.
[Example 3]
20 (1) Synthesis of
(5-mercaptopentyl) triphenylphosphoniumbromide
20.7 g of 1,5-dibromopentane and 23.6 g of
triphenylphosphin were dissolved in 55 ml of toluene, and the

mixture was stirred at about 60 °C for 18 hours. Thereafter,
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15 pressure discharge, the reaction solution was taken

out, and analytically quantified by a liquid
SFchBbbmat ography nethod. As a result, the conversion of

acetone was 94.9 % and the2®el ectivity of

pp' - bi sphenol A was 93.9 % [Exanple 3] 20 (1)

Synt hesi s of

(5-mercapt opentyl ) tri phenyl phosphoni unbrom de 20.7 ¢

- supérnabani Bradvepenvaaeramev 3. 6hg oésiduphemy ghesphied in

were dissolved in 55 m of toluene, and the mxture

“lomasxshangedwatenboutd 66h& fosulBahowqueciieradfitaion was

SF- 1395 29 supernatant toluene was renoved, the

ref)§§téi@.'§j{/ A He3SQLYRY ddLudN- eﬁéﬁﬁn%ev@&ﬁ‘éoug%ﬂdﬁon
resul tant aqueous sol Ution was repeatedly extruded

wa%sﬂnfged%l gﬂéy oA rﬁ\ﬁxéhléjﬁgf@ﬂ%ﬂee%ép?a%dté%o Tind Bhrd 8%

orm separ at tal ne

Chfailagtom %aﬁ?ﬁﬁ%%eeﬁ¥své S Brdde et xchange

desol vated, to obtain Wite stal 5. 7.0 g of Wite
watpy sirad tseaﬁlellqr.qf@rmafphafﬁeowaé TR vatfidssovedt pan HHp te

m of ethanol, and the m xture was refluxed for about
Cr¢sthdbur.s. 7EChand Whasedisystdled ahfl from bplietkbbutedwere

10 and then dried to obtain Wite Crystal 6. 3. 0 g of

diVkbleerysticd0 nfl WIS ethgsollyednbnt e Ml x©fird heHuUEE Mixed
deaerated i on-exchange water, and thereto 17 m of

for a@o@taﬂé}‘ﬁ%ﬂ%ssOdﬁ".ﬂ“ﬂ'ﬁrtyﬂfvgé'ﬂestﬁﬂleﬂt—'o% MasSn afdedhiution,
dropw se under a nitrogen atnosphere.

and then dried to obtain White Crystal 6. 3.0 g of White Crystal
6 was dissolved in 75 ml of thoroughly deaerated ion-exchange
water, and thereto 17 ml of 1.6 % agueous sodium hydroxide
solution was added dropwise under a nitrogen atmosphere.
Thereafter, the mixture was stirred under a nitrogen atmosphere
&t 60 °C for 2 hours, and ccoled. Thereto, a8ml of 5.6 % agueous
HBr solution was added. Thereto, 30 ml of chloroform was added,
well mixed, and then the water phase and chloroform phase were
separated. The chloroform phase was desolvated to obtain White
Crystal 7. When White Crystal 7 was analyzed with *H-NMR and |
LC~-MS measurements, it was confirmed toc have a structure of

Formula 7.

(Formula 7)
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Thereafter, the m xture was stirred under a nitrogen
at nosphere 15 at 60 C for 2 hours, and cool ed.
grlhgpeto, a 8 m of 5. 6 % aqueous HBr solution was
added. Thereto, 30 nml of chlporof orm was added, well
nixe , and then t he ter phase and chl or of or m phase
7 ed. The c Ioroforn1phase was desol vat ed
te CTyst 7. Wen Wiite Crystal 7 was
ana \-o i ' and 2.1 C M5 neasurenents, it was
con |r 1Y, have a structure of Formula 7. (Formula
30 SH -Br /(2) Preparation of
(5- r topentyl) trifphenyl phosphoni um nodi fied ion
exch 5 resjin catalyst 3 g of thoroughly washed
and g??e%r%ﬁ%ﬁ? (R %g was stirred vigorously in 60
m of ion-exchange water. Thereto, of 042
(5n@?7—”cﬂp‘e.9pﬁﬁ?bfébg§b@h@?ﬂ@@@%@ﬂ/}lﬁhm%%rﬁ%@ange
-aqueous solution which is prepared by using Wite
re€iystata¥y49, obtained from (1) was slowy added
dropwi se. After the dropw se addition, the m xture

was sughsegHerblighsliva=edd oid arm@urpsnbemq;sﬂ Bewas stirred
repeatedly subjected to a filtration and washing with

v1b890§§§gaﬂge6mlerof IBELQQEBQEgetJ}@téPSUlTﬁi%rl”étWaS55 ml of

vacuum dried at 80 C at least 10 hours to obtain

_ Ogagfllge% ﬁe V\gge%ggé ct>pent5yf{t:?ff)her%f/l;glbgsﬁ%ﬂﬁ/ﬁréﬁde

-aqueous solution which is prepared by using White Crystal 7
obtained from (1) was slowly added dropwise. After the dropwise
addition, the mixture was subsequently stirred for 5 hours, and
then repeatedly subjected to a filtration and washing with

ion-exchange water. Thereafter, the resultant was vacuumdried

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

0of acid of the catalyst in a dry-state was 3.43

milliequivalents/g.

(3) Bisphenol A synthesis reaction

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

pressure discharge, the reaction solution was taken out, and
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m|liequivalents/g. (3) Bisphenol A synthesis
reaction To a 70 m pressure-resistant reactor, 0.35 g

spofz&atalyst 3 prepared in (2) , 6.63 g of phenol, and
0.37 g of acetone were 20 -gharged, and the reactor
was pressurized with nitrogen gas under 0. 5 MPa of a
gauge pressure, and then the reaction was conducted
with heating and stirring at 75 C for 2 hours.

) - t
antgﬁgﬁ%%?equak@ff&ﬁbya%rlés g%g% gfgﬂﬂ}q method. As
on.was E 9
ar&ﬁ&%{?@hﬁ* RO e PR R e Ca®t Mot i ol o Bphgetivity
a_result, the converS| on of acetone was

05919199‘1%%]@16{1% BeVagt P4iPy%- of pp' - bi sphenol A was

94.0 % [Exanple 4] 5 (1) Synthesis of ‘

( 6- niggape bheky| ) t ri phenyl phosphoni unbroni de 23.4 ¢

of 1, 6-di bronohexane and 25.0 g of triphenyl phosphin

wer e{ i ssphviedlsisn 35 m of toluene, and the m xture

was stirred at about 60 C for 18 hours. Thereafter,

( 6-1fde SHPSF HREANT ) £ 0 HRBEy VBB s6RBN ednbthRiAESI dual was

di ssolved in ion-exchange water, and the resultant

aqueniis, {Ieéﬂf | P”@"‘@fmréﬁ&?@éﬂé Vaﬁét éS‘dn?d%qUS'f ng

t ol uene. e aqueous sol uti on
e SHELAP B SOR LN B SRR B0 320E L el%%'%%;’%%”’che
mixture was stirred at about 60 f’C for 18 hours. Thereafter,
supernatant toluene was removed, the residual was dissolved in
ion-exchange water, and the resultant aqueous solution was

repeatedly extruded using toluene. Next, the aqueous solution

was mixed by adding chloroform, separated, and obtained

chloroform phase was repeatedly extruded by using ion-exchange

water and the chlofoform phase was desclvated, to obtain White
Crystal 8. 7.2 g of White Crystal 8 and 1.1 g of thiocurea were
disscolved in 150 ml of ethanol, and the mixture was refiuxed
for about 16 hours. Ethanol was distilled-off from the sclution,
and then dried to obtain White Cryétal 9. 3.1 gofWhite Crystal

9 was dissolved in 75 nl of thoroughly deaerated ion-exchange

water, and thereto 17 ml of 1.6 & aqueous sodium hydroxide

solution was added dropwise under a nitrogen atmosphere.
Thereafter, the mixture was stirred under a nitrogen atmosphere

at 60 °C for 2 hours, and cooled. "‘Thereto, a8miof 5.6% aqueous
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15 water and the chl orof orm phase was desol vated, to
obtain Wiite Crystal 8. 7.2 g of Wite Crystal 8 and

srlikog of thiourea were dissolved in 150 m of
-ethanol, and the m xture wag,refluxed for about 16
hours. Ethanol was distilled-off fromthe solution,
and then dried to obtain Wite Crystal 9. 3.1 g of
Wiite Crystal 20 9 was dissolved in 75 nl of

HB%S@%%E%’_ W%%?ﬁ@é&g E?x‘%’r ?f%haﬁggnrl Ja rlcr%%r}nhﬁégta%ded,

0 agueous sodl um oxi de solution was

ded. dr.opw und a_nhitrogen atnosphere.
we TR aIAi] B FEarF e TS BRI S aE AR e were
at nosphere at 60 C for 2 hours, and cooled. Thereto, .
sepagajkedof e hipaghestiBr=q 395 goso lptedtareie pdhite
added. Thereto, 30 ml of chlorof ormwas added, well
Crivsked, 1 and Whkenih hee ates t phddewaadahl Wt srmhpHasdR and
were separated. The chl orof orm phase was desol vat ed
LCtHMSohtaksnrWhehes, Clysivak tonif\WrerdWhict azCeyst altrlh@twas of
anal yzed wwth "HNWR and 5 LC-MS neasurenents, it was
Foefnfikreged to have a structure of Fornula 8. (Formula
8 Br 10 _ SH (2) Preparation of (6-nercaptohexyl)
triph sphoni um nodi fi ed i on exchange resin:
cat al(gé]“t}'lllm?gQS@g of thoroughly washed and dried
Anmberlyst 31 was stirred

Q\:@\/\/\SH - | B
G '

(2) Preparation of
(6-mercaptohexyl) triphenyliphosphonium modified ion exchange
resin catélyst

3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of ion-exchange water. Thereto, 55 ml of
0.042 mol/L {6-mercaptohexyl) triphenylphosphoniumbromide
—aqueous solution which is prepared by using White Crystal 10
obtained froml (1) was slowly added dropwise. After the dropwise
addition, the mixttire was subsequently stirred for 5 hours, and
then repeatedly subjected to a filtration and washing with
ionwexchangg water. Thereafter, the resultant was vacuum dried
at 80 °C for at least 10 hours to obtain Catalyst 4. The amount

of acid of the catalyst in a dry-state was 3.41
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vigorously in 60 ml of ion-exchange water. Thereto, 55
m of 0.042 nol/L (6-nercaptohexyl)
srtigphenyl phosphoni unbrom de -aqueous sol ution which
Is prepared by using Wite {&ystal 10 obtained from
(1) was slowy added dropwi se. After the dropw se 20
addition, the m xture was subsequently stirred for 5
hours, and then repeatedly subjected to a filtration
m1§P9e&@§@éf&nM§ﬁ& i on-exchange water. Thereafter, the
resultant was vacuumdried at 80 C for at least 10
hour obtaln a The of acid of the
cat al Yo TPt A T gt S aia%i‘i%gs
nrllrequrvalents/g (3) BlsEhenoI A s Q@ i S rea LOE
To a76 A Tpr BESH Er?e§ﬁ§t1§ Pnrtelé%%? 9 & éatalyst
Catal yst 4 prepared in (2), 6.63 of phenol , and
4 e updbinacét orfe @VergeOfSPh%@heoﬁn%ﬁd 3ihe Qlacedonfayere
pressurized with nitrogen gas under 0.5 MPa of a gauge
chpressuped @mirthenctrhen s paetisorivas wortduétedgenidds under
heating and stirring at 75 C for 2 hours. Thereafter,

0. 5Im>ar &8 W fanke W £00ted aha fReMthenpesat Use wahf tehducted
t he pressure dlscharge the reaction solution was

Wl&ﬁr omsrt o ﬁﬁld 3{@/%:@&}5 Ye i i Ry, aThlegléegter,

a result, the conversion of
t on he sele tiVvi %
e TR Coof‘%ﬁ Sorsteanpredintt) Sffvrdte
0
pressure discharge, the reaction solution was taken out, and

analytically quantified by a liquid chromatography method. As

aresult, the conversionof acetonewas 25.1 % and the selectivity

R

of pp’-bisphencl A.was 94.1

[Example 5]

(1) Synthesis of
(4—mercaptobutyl)diphenyl(pwtolyl)phosphoniumbromide

15.3 g of 1,4~dibromobutane and 19.2 g of
diphenyl {(p-tolyl)phosphin were dissolved in 40 ml of toluene,
and the mixture raras stirred under a nitrogen atmosphere at about
70 °C for 16 hours. The resultant soluticn was cooled, filtered,
and thus-obtained solid was washed with toluene and dried to
obtain White nystal 11. 10 g of White Crystal 11 and 1.55 g
cf thiourea were dissolved in 250 ml of ethanol, and the mixture

was refluxed for about 16 hcurs. Ethancol wasdistilled-off from

the solution, and thus-obtained solid was washed with ethanol
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(4- mer capt obut yl ) di phenyl (p-tol yl ) phosphoni unbrom de
srdb3& g of 1, 4-di bronobutane and 19.2 g of

di phenyl (p-tol yl)phosphin ware dissolved in 40 m of

toluene, and the m xture was stirred under a nitrogen

at nosphere at about 70 C for 16 hours. The resultant

solution was cooled, filtered, 20 and thus-obtai ned

andAritdas washed whihetolyengiang, duiedgt r RRtakNcrystal
Wiite Crystal 11. 10 g of "White Crystal 11 and 1.55 g

.l 2 ?J% st (jj',]i 9%15 Fa4BME Q b 81%5%3390@%21 u}fﬂdf%fe r%tt%@nﬂﬁl?g%gﬁlang €

e mxture was ref or a hour's.

was distilled-off_fro h olution, and ..

i Sirs Ut AT So1 T H e habhad® v ¥ I St arf L €. 3udEoBide
and dried to obtain Wite C}gstal 12. 6.0 g of Wite
sogrydam|was 2aged dleeprvee Rrdance migroganrstiprphere.
deaerated i on-exchange water, and thereto 31 m of
5 Thdrdés Bbaguebesnboiteapds bk ded usolent & o tweg eadeedosphere
dropwi se under a nitrogen atnosphere. 5 Thereafter,
at téde 90 Xtdy @ was1:sd,i raed dvwderd .a nheregen at Mdspheoé 5.6 %

at 60 C for 2 hours, and cooled. Thereto, a 13 nl of

aqref: JERA4eaus (B 3@l Hhiken  was, added. 7thanebe, cHloibform
of chloroform was added, well m xed, and then the

wa td%lre ph@éflarﬂl}_jxggl ] T QH S ‘fo SERaba eéhiJP@form
R Sabad 15" 10 eh 1T

chi"orof or m phase Was desolvated t0 obtain
Crystal 13. Wen VMiiﬁ Crystal 13 s anal yzed 1t
Phaqd RO R aPPEAE e sbh UM £9 i W o AP Regofgated to
have a structure of Formula 9. (Formula 91
10 obtain White Crystal 13. When White Crystal 13 was analyzed
with 'H-NMR and LC-MS measurements, it was confirmed to have

a structure of Feormula 2.

(Formula 9)

+
8
5 *Br

{2} Preparation of
(4-mercaptobutyl) diphenyl (p~tolyl)phosphonium modified ion
20 exchange resin catalyst
3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of ion-exchange water. Thereto, 196 ml of
0.0116 mol/L |

(4-mercaptobutyl)diphenyl (p-tolyl)phosphoniumbromide
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15 -Br dSH2 (2) Preparation of

(4- mer capt obut yl ) di phenyl (p-tol yl ) phosphoni um nodi fi ed
SF+0p9520 exchange resin catalyst 3 g of thoroughly

washed and dried Anmberlyst 331 was stirred vigorously

in 60 m of ion-exchange water. Thereto, 196 m of

0.0116 nol /L ‘

(4- mer capt obut yl ) di phenyl (p-tol yl) phosphoni unbr oni de
-a§hed395Shut tMIULOUS, Sl gtbparwhi] sy epared chystal 13

using Wiite Crystal 13 obtained from (1) was slowy
ob?ngglﬁgd@r%?nw( e waé%féw]}@‘ﬁdgée% ;. &ddi hireRy dedropwise

ure was subsequent stirredfor 5 hours, and

n
hen repeatedly subjected to a filtration shi

adqi hob T Brehargdarors S HHBPE A B T T e TE ) and
was vacuumdried ~,at 80 C for _at |least 10 hours to .

thept ReReeheal ystuRk) ehedakput T1bErakiaRof REhEaERI Ry HEED
in adry-state was 3.43 mlliequivalents/g. (3) _

1ol epheabye AadErt.hebiereahice s o heor g Bt 0t pies vacuum dried
pressure-resistant reactor, 0.35 g of Catalyst 5

at @oepar o iat (2pst6l Ghograf tphEmod in @adaly3% §.ofThe amount
-acetone were charged, and the reactor was pressurized

of WathgnbEr egeNn-ges1 yodeln H. &riPargtecawgaugespressure,
and then the reaction was conducted

milliequivalents/g.

(3) Bisphenol A synthesis reaction

T.o a 70 ml pressure-resistant reactor, 0.35 gof Catalyst
5 prepared in (2), 6.63 g of phenol, and 0.37 g of acetone were
charged, and the reactor was pressurized with nitrogen gas under
0.5 MPa of a gauge pressure, and then the reaction was conducted

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

the resultant was cocled to room temperature. After the

" pressure discharge, the reaction solution was taken out, and

analytically quantified by a liquid chromatography method. As

a result, the conversionof acetone was 93.3 % and the selectivity

oe

of ppf-bisphencl A was 23.8
[Example 6]
(1} Synthesis of
(4—mercaptomethylbenzyl)triphehylphosphoniumbromide
6.3 g of 1,4-bis (bromomethyl}benzene and 6.5 g of

triphenylphosphin were dissolved in 60 ml of toluene, and the
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with heating and stirring at 75 C for 2 hours.
Thereafter, 15 the resultant was cooled to room
srtepperature. After the pressure discharge, the
reaction solution was takemgut, and analytically
quantified by a liquid chromatography nethod. As a
result, the conversion of acetone was 93.3 % and the
selectivity of pp'-bisphenol A was 93.8 % 20

mik EX28RlEs Gl itedSYALRESE SO rogen atmosphere at about 60 °C
(4- mer capt onet hyl benzyl ) tri phenyl phosp onlunbron1de

fot%5 ?h%e%f 1, %hQ'LSéMP&E%[‘P ur %ﬁ%é%&?&g P %oor_fered and

nylphosph| vier e diss uene

and the, SF-1395 36 m xtur rred u ,
thiip ?Bgahns@ Pasasi s B hERe sGFL8d g, optain
resultant solution was cooled, filtered, and
Whi kg robtt@ned -solq @ wh¥hiasheayareh torierde aaPithéqurea
to obtain Wite Crystal 14. 10 g of Wiite Crystal 14
wenadibs®lyeof in Hi0Gurka 5 tenro di ssol Vednipt1oe wis gkfluxed
et hanol, and the m xture was refluxed for about 2
foheost Etbanel, vEshshst Walsedt of f 1 fegrothersal thié enlution,
and thus-obtained solid was dried to obtain Wite

amlcl:rﬁ’t?ﬁ@-loﬂ-@alnéé s%lg_cpfﬂa\éhlﬂ:ﬁe@r yst&htdon wasi «d es9lsved 15.

of thoroughly deaerated ion-exchange water,

118 %%E%ﬁf e %?gg'tg‘if 18- w%s/%ﬁ%g%%dl& %‘b‘é‘ M@J‘é’ %%b%hly

ion"was a dropw se under a ni

e JUTBRRIS 5. Tonrsltor the nufure oo 20117 60,05 one
soggg}L%dydr'I;her(fet %olutlon was added dropwise under a nltrogen
atmosphere. Thereafter, the mixture was stirred under. a

nitrogen atmosphere at 60 °C for 3 hours, and cooled. Thereto,
a 7.8 ml of 5.3 % aqueous HBr solution was added. After being
stirred for several minutes, the mixture was left to settle,
the water phase was taken out and cooled, and left as it is for
another 16 hours to séttle. The resultant was filtered, and

thus-obtained so0lid was washed with cold water and dried to

obtain White Crystal 16. When White Crystal 16 was analyzed

with 'H-NMR and LC-MS measurements, it was confirmed to have

a structure of Formula 10.

{Formula 10)

SVAUINS
@\/C% |
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a 7.8 mM of 5.3 %aqueous HBr sol ution was added.
After being stirred for several mnutes, the m xture
spwescd eft to settle, 15 the water phase was taken out
and cooled, and left as it g5 for another 16 hours to
settle. The resultant was filtered, and thus-obtained
solid was washed with cold water and dried to obtain
Wiite Crystal 16. Wien Wiite Crystal 16 was anal yzed
with 'H NVR and LC- M5 neasurenents, it was confirnmed
to have 20 a structure of Formul a 10. (Forrrula 10) SH
Br SFE; 1 5 37 fparatlon of
(4- prteé)r?eliah Jl enozyl )tr| phenyl phosphoni um nodi fi ed
i on exchan e resin catal st 5 g0 f thorou
(4 TRHERP Hh1RE e Y e ppet Fy5eh 17 Ogphon o ]@ﬁgﬁjoj}ljo%‘gl yon
in 60 mM of 25 % aqueous acetonltr| | e sol ution.
ex(hwres o590 ¢Ataivet 0188 nol /L
(4- mer capt onet hyl benzyl ) tri phenyl phosphoni unbr om de- 25
% ayedushacetghl i mastesohnd ider eghardbe 1 sy P 8paresds byrred
using Wiite 10 Crystal 16 obtained from (1) was
vi§dewy: pddedsarepwh sez5 Aft efuébes daoprbsetatitét sohution.
the m xture was subsequently stirred for 5 hours, and

rhd repf@tﬁﬂlé(fsyb@fgéelgoi%a filtration and washi ng
W t

I on- ange water. Thereafter, the resultant was

o]

(4-mercaptomethylbenzyl)triphenylphosphoniumbromide-25 3%
aqueous acetonitrile solution which is prepared by using White
Crystal 16 obtained from (1) was slowly added dropwise. After
the dropwise addition, the mixture was subsequently stirred for
5 hours, and then repeatedly subjected to a filtration and
washing with ion-exchange water. Thereafter, the resultant was
vacuum dried at 80 °C for at least 10 hours to obtain Catalyst
6. The amount of acid of the catalyst in a dry-state was 3.40
milliequivalents/g.

(3) Bisphenol A synthesis feaction

To a 70 ml pressure-resistant reactor, 0.35gof Catalyst
6 prepared in (2),.6.63 g of phenol, and 0.37 g of acetone were

charged, and the reactor was pressurized with nitrogen gas under

0.5MPa of a gauge pressure, and then the reaction was conductedr

with heating and stirring at 75 °¢ for 2 hours. Thereafter,

the resultant was cooled to room temperature. After the

pressure discharge, the reaction sclution was taken out, and
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vacuumdried at 80 C for at |least 10 hours to obtain
Catal yst 15 6. The anount of acid of the catalyst in a

grdngestate was 3.40 mlliequivalents/g. (3) Bispheno
A synthesis reaction To a 7y pressure-resistant
reactor, 0.35 g of Catalyst 6 prepared in (2) , 6.63
g of phenol, and 0.37 g of acetone were 20 charged,
and the reactor was pressurized wi th nitrogen gas

andRger Q119 Mﬁletfiaecgggfgs JPLr Eﬁroﬁ%@og%phw@ethod As

reactlon was conducte eatlng an Ifring at

2 h Th f h .
e o B R A g A S S B vy

dlschar the reacti on solutlon was taken out, and

.OfSPP13§5g@§en9ﬁaﬁyWP€aPﬁy gantified by a I|qU|d

chromat ography nethod. As a result, the conversion of
acet OFeampte 93] 9 % and the selectivity of

pp' - bi sphenol A was 94.0 % [Exanple 7] 5 (1)

Synt hksi Sywthesis of

(4- mer capt onet hyl benzyl ) di phenyl pr opyl phosphoni unbr om
(4d@erbapt@meth}ibehi §st ba@ﬁpaﬁymp!ergmpﬁeepﬁaﬂl&nﬁrem@&e
di phenyl propyl phosphin were di ssolved in 60 m of

tol ugng, ; and 1t€3%f%¥%%568%%§?21 Eéﬁgeﬂgdgﬁ a5 Njt §O0gen

: atnosphere at ours
ant S tiLo s coal.ed, filtere
bR B SR L PR SR iR 01 e T o, a5 o dngy ane

to ,optain Wite Ciggt 17. 10 g of Wite CIystaI 17
th%ﬁﬂlﬁt%%e gwas stirr under a nitrogen atmosphere at about

60 °C for 5 hours. The resultant sclution was cocled, £filtered,

-and thus-obtained solid was washed with toluene and dried to

obtain White Crystal 17. 10 g of White Crystal 17 and 1.53 ¢

of Thiourea were dissolved in 100 ml of ethanol, and the mixture
was refluxed for about 3 hours. Ethanol was distilled~off from
the soiution, and thu.s—obtained solid was dried to obtain White
Crystal 186, 11.0 g of White Crystal 18 was dissolved in 300
ml of thoroughly deaerated ion-exchange water, and thereto 15
ml of 5.4 % aqueous sodium hydroxide solution was added dropwise
under a nitrogen atmosphere. Thereafter, the mixture was

stirred under a nitrogen atmospheré at 60 °C for 3 hours, and

cooled. Thereto, a 7.8 ml of 5.3 % agueous HBr solution was

added. After being stirred for several minutes, the mixture

was left to settle, the water phase was taken out and cooled,

and left as it is for ancther 16 hours to settle. The resultant
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of thiourea were dissolved in 100 mM of ethanol, and

the m xture was refluxed for about 3 hours. Ethano
spwagsodi stilled-off from 15 the sol ution, and

t hus-obtained solid was drigg to obtain Wite Crystal

18. 11.0 g of Wiite Crystal 18 was dissolved in 300

m of thoroughly deaerated ion-exchange water, and

thereto 15 m of 5.4 % aqueous sodi um hydroxi de

wa§q|1litt'e%d"’a§n§%ﬂ%@ dEQRWILSY syNAg -2 M AKOIRAth cold water
at nosph ere Thereafter, the mxture was 20 stirred

I troge S 6P, C for r.s

2l iFied TherQPoin IR FETr 881 oPg adfenn e or8ar 1o

sol ution was added. After being stirred faor severa
Waﬁaﬁ?@tlé@edt"l‘ﬂetf?n Klleandd S et rpe%gug BREPES/ e "dmfepfirmed

phase was taken out and cooled, and left as it is for
toahevher 3brhetnsetofsBernelaThe.resultant SF-1395 39

was filtered, and thus-obtained solid was washed w th

col d{matrerla ahtd) dried to obtain Wiite Crystal 19. Wen

“White Crystal 19 was analyzed with' H NVR and LC- M5

nmeasurenents, it was confirned to have a structure of

For a,11./5 (Formula 1) SH .Br a La-i 10 (2)

Pr epar on\ of

( 4- b%Lg;:%e_gzc'w)dimhénylpropylphosphonium

nodi |ed i ange rjesin catalyst 3 g of

t hor qug washed and dyied Anmberlyst 31 was stirred

-

\-

(2) Preparation of

(4-mercaptomethylbenzyl}diphenylpropylphosphonium modified

ion exchange resin catalyst

3 gof thoroughly washed and dried Amberlyst 31 was stirred
vigorously in 60 ml of 25 % agueous acetonitrile solution.
Thereto, 120 ml of 0.0188 mol/ L
(4-mercaptomethylbenzyl) triphenylphosphoniumbromide-25 %
agueous acetonitrile solutidn.whichjjspreparedknrusing'White
Crystal 19 obtained from (1) was slowly added dropwise. After
thedropwiseaddition,thendxtunawassubsequentlystirredfor
5.hours, and then repeatedly subjected to a filtration and 7
washing with ion-exchange water. Thereafter, the resultant was

vacuum dried at 80 °C for at least 10 hours to obtain Catalyst

~ 7. The amount of acid of the catalyst in a dry-state was 3.43

milliequivalents/g.
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vigorously in 60 ml of 25 % aqueous acetonitrile
solution. 15 Thereto, 120 m of 0.0188 nol/ L

srt4smer capt onet hyl benzyl ) tri phenyl phosphoni unbr om de- 25

% aqueous acetonitrile solugion which is prepared by
using Wiite Crystal 19 obtained from (1) was slowy
added dropwi se. After the dropw se addition, the

m xture was subsequently stirred for 20 5 hours, and

then (sepgatedbyc Ul 86hedebosa bhkthahi on and washing
mnth |on exchange water. Thereafter, the resultant was

N T e

Cata anmount
dr ] .43 _m |l jequival ent SF 1 95 40
7 p5§5 %Héﬂ’i? &y he et L oGS R 7g G Scetone were
pressure resistant reactor, 0.35 g of Catalyst 7
chargggy end hhe 2pachog3wgs ¢ir gsHarsl Zehndth g £ rggsm gas under
acetone were charged, and the reactor was pressurized
0.wiMPe pifta ggegegase ssdee , Sl ShivRatlof raagadge ywresomdected
and then the reaction was conducted wth heating and
wishi hehgnatand® S ioridgheurss Tbereaft éiourd he Thereafter,
resultant was cooled to roomtenperature. After the
thir t?esureaetsreﬁer 9601 A€ tHeREbO0R of! %e%lteeemsAfeéenthe

and analytically quantified ['iquid

pr%EéB?@tS%c‘E‘ﬁQé‘ggztB?% ré%%%l?ﬁ eﬁﬂ RJ% Cc%ﬁ{e%{%uoc” and

acet one wa
angEytllcggE?nqoLlantlvﬁec? ailc{u%o C g:g%nla\t/egrapgglme’gllod As

aresult, the conversionof acetonewas 94.8 £ and the selectivity

oe

.of pp’ -bisphenol & was 24.1

[Comparative Example 11

While stirring 3 g of thoroughly washed and dried
Amberlyst 31 in 60 ml of ion-exchange water, 30ml of 0.077 mol/L
aminoethanethiol hydrochloride agqueous solution was slowly
added dropwise thereto. | After the dropwise addition, the
mixture was subsequently stirred for 5 hours, and then
repeatedly subjected to a filtration and washing with
ionfexchange water. Thereafter, the resultant was vacuum dried
at 80 °C. for at least 10 hours to obtain Catalyst 2. The amount

of acid of the catalyst in a dry-state was 4.14

‘milliequivalents/g.

To a 70 ml pressure-resistant reactor, 0.35 g of Catalyst

'2, 6.63 g of phencl, and 0.37 g of acetone were charged, and



10

15

20

While stirring 3 g of thoroughly washed and dried
Amberlyst 31 in 60 m of ion-exchange water, 30 nml of
srF01368%7 nol /L 15 am noet hanet hi ol hydrochl ori de
aqueous sol ution was sl ow yyadded dropw se thereto.
After the dropwi se addition, the mxture was
subsequently stirred for 5 hours, and then repeatedly
subjected to a filtration and washing with -

thbORs £Xchange %@é%urﬁ@&%ﬂﬁ%ﬁﬂ%é@%‘é‘ st BAbeYaS. 5 MPa of

vacuum dri ed at 80 Cfor at le hours to
t f.acid of th S
S L S re%‘:F%SPe‘ﬁ’ 5 EoREREg S heen
ressyre-resjstant agt or, of Cata
hegtsRigRet SHenoino ant 6537 qTBF obPBRe - wake e g, the
and SF- 1395 41 the reactor was pressurized with
regptFagbrivafasogndsr To. sommaterrerafatge gridsguitée pRgssure
then the reaction was conductedr with heating and
disthargag dte 7S fbon 2shbut sonTheseddken, othe and
resul tant was cooled to roomtenperature. After the
anPl¢8su4 Bl y udnsdfargebytde iedel £Rhoset &t ephwase takeN As
out, and analytically quantified by a |iquid
a r%@h%att@&f@&%‘e%wﬁ%f St Shd Gallde . d i‘%n%lomf@ééleet%lty

acetone was . 90 and the selectivity of

eng °/g [ Conparative Exanple 2] 10
OfVﬁﬁ)l e %ﬂjrl ng%% horoughly washed and dri ed

st 3 m of jon-exchange water, 30 m of
{,c.,%’%r,a,_ 1ve ample 2]

While stirring 3 g of thoroughly washed and dried
Amberlyst 31 in 60 ml of ion-exchange water, 30ml of 0.077 mol/L

4-pyridineethanethiol hydrochloride aqueous solution was

- slowly added dropwise thereto. After the dropwise addition,

the mixture was subsequently stirred for 5 hours, and then
repeatedly subjected to a filtration and washing w_ith
ion-exchange water. Thereafter, the resultant was vacuumdried
at 80 °C for at least 10 hours to obtain Catalyst 3. The amount
of acid of the catalyst in a dry-state was 3.94 -
milliequival_ents/g. |

To a 70 ml pressure-resistant reactor, 0.35 gof Catalyst

'3, 6.63 g of phenol, and 0.37 g of acetone were charged, and

the reactor was pressurized with nitrogen gas under 0.5 MPa of
a gauge pressure, and then the reaction was conducted with

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




4- pyri di neet hanet hi ol hydrochl ori de agueous sol ution
was slowy added dropwi se thereto. After the dropw se
sraddbtion, the m xture was subsequently stirred for 5
hours, and then 15 repeatedly subjected to a
filtration and washing with ion-exchange water.
Thereafter, the resultant was vacuumdried at 80 C
for at least 10 hours to obtain Catal yst 3. The anpunt

re%l’@&ﬁg Ws tc'?)%l“e%{ %onﬂ)ofngt%n éi’aw?ﬁf‘ée wWas 3 e pressure

[1equi val ents/ pr essure resi st ant

actor Cat al engl ,, and
dlﬁg%%r%ebf e or gt h%?eS%%%%@%% W%ﬁd§agﬁ oBhE 8 as
pressurlzed wi th nitrogen_gas under 5 MPa 0
anghyigkC pt £E & Cidid S REP #%&%EFF%%%%%BM&%&F&W As
wWth heating and stirring at 75 C for 2 hours.
- a rERgddafithe confier skon3dmnaonewalstHh0 hasdddet eglestivity
roomtenperature. After the pressure discharge, the
5 ofrﬁmcfbnapbemwl|anmas91a&e% out, and analytically
s quantified by a liquid chronatography met hod. As a
result, the conversion of acetone was 94.0 % and the
selectivity 5 of pp'-bisphenol A was 91.6 %
| NDUSTRI AL APPLW@ﬁ%@%hgéﬂwﬁ§¥ﬂ¥dﬂéfL'ﬁﬁe present
i nvention, i's possible to 10 produce bi sphenols
with good yield and selectivity, and to produce
bi sphenols with remarkably excellent safety, process,

and cost.
According to the present invention, it is possible to

100 produce bisphencols with good yield and selectivity, and to
‘produce bisphencls with remarkably excellent safety, process,

and cost.



SF-1395 43 CLAIMS 1. A nodified ion exchange resin,
wherein at | east one conpound selected from (A) and
sFEBRoshown below is ionically bonded to an acidic
functional group of an acidj£ ion exchange resin, (A)
Compound represented by Fornula 1: (Forrmula 1) R3\P~
RZ SH R7 (wherein, P is a phosphorous atom S is a
sul fur atom His a hydrogen atom Rl is an al kyl ene
or an al kenyl ene group havigyge 1 to 6 carbon aton(s)
whi ch may have an al kyl group having 1 to 6 carbon
atom(s), a cycloalkyl group having 5 to 10 carbon
at ons, an aryl group having 5 to 10 carbon atonms, or a
h drox group a substituent, and in_which the one
L. Frﬁ Jo%n PEIT BB LR TG RDH AfohT ARl Bife compound
nnlety t hereof may have a phenyl ene group; and each
- segpchRed RBomand) RN ndepeidat g licyr 1] ) o callkyl bendgd to
al kenyl group having 1 to 6 carbon aton(s) which may
anhagiédachydnokybngt ogpoor afi anyaciidbopihavenghbntie r&8in,
carbon atons as a substituent, (2) a cycl oal kyl group

(Ahaubmgoubdt OcpBecarbod By OMBrmeLa(8) an aryl group
having 5 to 10 carbon atonms, and any one of R2, R3,

(F@RFu R4 DRy be hydrogen); and SF-1395

+

Ro
3~
F_ _SH
K, Ry

(wherein, P is a phosphorous atom; S is a sulfur atom; H is a
hydrogen atom; R1 is an élkylene or an alkenylene group having
1l to 6 carbon atom{s) which may have an alkyl group having 1
to 6 carbon atom(s), a cycloalkyl group having 5 to 10 carbon
atoms, an aryl group having 5 to 10 carbon atoms, or a hydroxyi
group as a substituent, and in which the one carbon may be

replaced to a silicon atom and one moiety therecof may have a
rhenylene group; and each of R2, R3, and R4 independently is
(1} an alkyi or én alkényl group havihg 1 to 6 carbon atom(s)
which may have a hydroxyl group or an aryl gréup having 5 to
‘lO carbon atoms as a substituent, (2) a cycloalkyl group having
5 to 10 carbon atoms, or (3) an aryl group having 5 to 10 carbon

atoms, and any one of R2, R3, and R4 may be hydrogen); and




44 (B) Conpound represented by Formula 2: (Fornmula
2) RB<Rg R SH /- \R-SH (wherein, Pis a

srphasphorous atomy S is a sulfur atom His a hydrogen
atom Rl and R2 each is an @i kyl ene or an al kenyl ene
group having 1 to 6 carbon atom (s) which may have an
al kyl group having 1 to 6 carbon aton(s), a :
cycl oal kyl group having 5 to 10 carbon atons, an aryl

(Bgr@@ﬂpbaﬁangegréQeAQegaBQO@oghema,2@r a hydroxyl
group as a substituent, and in which the one carbon

(F P8 Eﬁglaced to a silicon atom and one noi ety

' er eof y have a phenyl ene group; and each of R3
and R4 independently is an alkyl group having 1 to 6
carbpn aton(s), a cyctoal kyl group having 5 to 10
car Bongato _g%ﬂin aryl group having 5 to 10 carbon
ato n{hgd of them may be hydrogen). 2. The

nodi fi ed*gyon exchange resin according to Caimal,

whe eiq//Pn\the conmpound represented by the above

ForulRy 1, Ry—+$Hn/ al kyl ene group having 1 to 6

carbon aton(s) whi may have an al kyl group having 1

to 6 carbon aton(s), a cycloal kyl group having 5 to

(whOr&8RDOR B QMBhcaRn3RsIR@WR;haVE BO; S5t O LaNPom is a
atons, or a hydroxyl group as a substituent, and one

hy@é&éﬂ %6111‘,39}51 %%d R2 each is an alkylene or an alkenylene
group having 1 to 6 carbon atom(s) which may have an alkyl group
having 1 to 6 carbon atom(s), a cycloalkyl group having 5 to
10 carbon atoms, an aryl group having 5 to 10 carbon atoms, or
a hydroxyl group as a substituent, and in which the one carbon
may be replaced to a silicon atom and one moiety thereof may
.have a phenylene group; and each of R3 and R4 independently is
an alkyl group having 1 to 6 carbon atom(s), Ia cycloalkyl group '

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

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

2. Themodified ion exchange resin according to Claim 1, wherein
in the compound represented by the above Formuia 1, R1 is an
alkylene group having 1 to 6 carbon atbm(s) which may have an
alkyl group having 1 to 6 carbon atom(s), a cycloalkyl group
having 5 to 10 carbon atoms, an aryl group having 5 to 10 carbon

atoms, or a hydroxyl group as a substituent, and one_moiety



t hereof may have a phenyl ene group; and each of R2,

R3, and R4 independently is (1) an al kyl group having
SF412956 carbon aton(s) which may have a hydroxyl group

or an aryl group having 5 tsa 10 carbon atons as a

substituent or (2) an aryl group having 5 to 10

carbon atons, and anyone of R2, R3, and R4 naybe

hydrogen. 3. The nodified acidic ion exchange resin

" thasssF HNYhkYeCha Hon 1eMb @uptfa@mp@mus@ R2, R3, and R4

represented by t ove rnula 1is at |least one
TR eéﬁ.’“ 2%?%?5%% é?\r?‘lﬂ% TEs ébﬁr?o?%%%‘ s)

ato S.is sIero is.a__h enMO

o f R R AR S v B e e Rodenieg acparevigd ° to
exchange resin accordlng to Cdaim 1 or 2, wherein the

10 SHPRTh R 59T G Gl Bortdéd &t 610. (2)t §N56 T YhpPEREP having
total acidic functional group existing in the acidic

5 tiod? exchemngd onessi and BRyTre abdiZ, i e, acidR4npgice hydrogen.
exchange resin according to any of Cains 1 to 3,
wherein the acidic ion exchange resin i s obtained
SF-1395 46 by introducing a sulfone group into a

3. SN eRRIIFAIBIc i Alon @xSh¥hgRerdkYhn¥benaeng to Claim
copol ynmer. 6. A catalyst for producing bi sphenols

»ﬁ{é?éQnmﬁth'% %Bﬁpb‘aﬂdaféﬂkéseﬁ%‘&@%‘;getﬂé?%lﬂbv‘g FIh 1 is

al ns

at least one compound represented by the following Formula 3:

(Formula 3)

<}

SH
Ry

+

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

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

4. The modified acidic ion exchange resin according to Claim
1 or 2, wherein the compound is ionically bonded to 0.1 to 5C
mol% of total acidic functicnal group existing in the acidic

icn exchange resin.

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

Claims 1 to 3, wherein the acidic ion exchange resijlis_obtained



7. A process for produci ng bi sphenols conpri sing
reacting a phenolic conpound with ketones and/ or

sral glehydes by using the nodified acidic ion exchange
resin of any of clains 1 tqg as a catalyst. 8. The
process for produci ng bi sphenols according to C aim 86,
wherei n the phenolic conpound is phenol and the
ketones is acetone.

. by introducing a sulfone group intc a styrene polymer and/or

a styrene-divinyibenzene copolymer.

6. Acatalyst for producing bisphenols formed with the ion acidic

exchange resin of any of claims 1 to 4.

7. A process for producing bisphenols comprising reacting a
phenolic compound with ketones and/or aldehydes by using the
modified acidic ion exchange resin of any of claims 1 to 4 as

a catalyst.

8. The process for producing bisphenols according to Claim 6,
wherein the phenolic compound is phencl and the ketones is

acetone.



