WO 02/ 083611 PCT/ NLO2/ 00228 1 CATALYST PROMOTER FOR THE MANUFACTURE OF
POLYPHENCOLS 5 The present invention relates to a process for the

manuf act uwe oafosel yphenol s, and nore specifically to the paddiiiobooe29f a
catal yst pronoter to a reaction m xtune for the manufacture of

pol yphenol s. 10 The conpound 2, 2- bi s(4- hydr oxyphenyl ) propane, also «called
para, para-diphenyl ol propane or bisphenol-A, is generally prepared by
reacting phenol and acetone in the presence of an acidic condensation
catal yst along with a 15 catal yst pronoter or cocatalyst to increase the
reaction oL ale SpdoRsliith kb RNGRRERDRR! ban ook BkiNbreUS Patent No.
2,468, 98 HSe—o capte —ttte Jir carboxylic
acigls as catalyst pronoters to increase the condensation reaction rate 20

bet ween phenol s and ketones tqQ such_an ex%ent that the _reaction tine could
be cut to 1FARtATEREOEI MBVEPEWPBUSPY 2 tPEqiPr 8d PTEWSE St IS it was

di scovgredeibat-Lher £0RLRRENLIRE Qhdt REracisgetatralomad, reaatison bet ween
phenol and ketones coul d” be reduced by the use of nethyl 25 nercaptans as
di scl osedi oo Pasenbtdys2, PIONES2r Kot 2@ orlag i thetoret &6 ti ne

reduce but the e _of .gaseou thyl mercaptan in the reaction zone
aIIomegh%ﬁga?%g?ﬁﬁar?hgfrggc??%ﬁn§§gh only mnimal anounts of catal yst
pronoter without the formation of any substantial anpbunts 30 of by-product
formati on or. bi sphenol - A product disintegratiqn. Further, nethyl nercaptan

coul d be usEye GSMBOHRFaPy <t PRAdADREFTPHYRNEGH RISRE i 0dese 1t is also

attracthyes n%éPéﬁ bhgahihgbneekabh bi-byaakl ews ditsdhendie zgasid y separ at ed
fromthe reactor reaction mxture 35 effluent containing bi sphenol -A
pr oducyenreick bVpi dsepheedSUBSTERUTERSHEEFNORUBR R G)cetone in the

presence of an acidic condensation catalyst along with a

15 catalyst promoter or cocatalyst to increase the reaction
rate and selectivity of the condensation catalyst. US
Patent No. 2,468,982 disclosed the use of mercapto-
substituted aliphatic carboxylic acids as catalyst
promoters to increase the condensation reaction rate

20 between phenols and ketones to such an extent that the

reaction time could be cut to 1/10"" the time previously

required. Subsequently, it was discovered that the
contact time of the acid-catalyzed reaction between
phenol and ketones could be reduced by the use of methyl
mercaptans as disclosed in US Patent No. 2,730,552. Not

[39]
N

only was the contfact time reduced, but the use of gaseous
methyl mercaptan in the reaction zone allowed one to run
the reaction with only minimal amounts of catalyst
promoter without the formation of any substantial amounts
30 of by—-product formation or bisphenol-A product

disintegration. Further, methyl mercaptan could be used
as a catalyst proﬁoter in a continuous process. It is
also attractive in that its high volatility allows it to

be easily separated from the reactor reaction mixture

)
n

effluent containing bisphenol-A product and avoids the

SUBSTITUTE SHEET (RULE 26)



WO 02/ 083611 PCT/ NLO2/ 00228 2 presence of sulfur contam nants in the final
product. Since then, the use of gaseous free nethyl nercaptan has been

t he cat alweto2psiwmnt er of choice in acid-catal yzed phenol Pacaione22s
reactions. 5 However, nethyl nercaptal is difficult to handle because it

IS gaseous at room tenperature and at atnnzgperlc pressure. This makes the
shi ppi ngPbesaRERAYPT FErkddpt SANFABEPRBIEENENhéSguSe R ROVt be
pressurigzed. Lo tqgh@ stat 8¢t goecanamecall ybhanspenht. 1 1@ ssuffici ent
anount s reqﬁ%rege%or t he nanufagﬁure gf %Fs%ﬁen - A gtaé Sﬁanﬁslocated
sone di sbaeacetheonmrthé yssi peoppbducprig chretileyl imercdpt-aatalyrzeover, since

met hyl nercaggan i S_al so h%zardous, in sone cases shipping this nmaterial
to certaPRel¢atFEhS s TFEStFPEPed, resulting in 15 limted availability in

theses areas. AswavkeSUhlkiths0nRerbbpphanek- AiFrarts tmist hRewW el t her produce
met hyl rmercaptan on site, or switch to an alternative catalyst pronoter

whi ch doescassehale iehgapsrusi Bt foom welRPratgccamdart 20 After an
ext ensi v - i sc e t -t hi. i cat al yst
R S T N R ey A

pr onot er, acture o ypheno nb y shi pped
and handhedcdpeahoines frieliahitvebyahew val atusti thi restdb25 stability in liquid

state during transport. Thi,s .catalyst pronoter .has . high activity and high
selectiv???.su?ﬁéegngﬁn? gﬂqgﬁﬁfﬁ?a%?pF%d&@fn§556@§§yp&583€€ “fsing this

cat ahyst sprempt 8hti SmbewtsTherairsdNeWrPRoMW aethud caondengat i on process 30

conprising introducing into a reaction zone ingredients conprising a

phenol i coésrpeNAd —Peddt anPlagtcaPBafgld sedwpsind aregcttanm thsd a
di thi okegal C?%Blﬂ}ﬁ%ﬁn@ QIRESH nERRRASLLT 0Ny 3nd2aNndensing fhe ahenol ic
conpound an e
mercaptan is also hazardous, in some cases shipping this
material to certain locations is restricted, resulting in
15 limited availability in these areas. As a result, some
bisphenol-A plants must now either produce methyl
mercaptan on site, or switch to an alternative catalyst
promoter which does not have the volatility of methyl
mercaptan.
20
After an extensive research we have discovered that
a di-thioketal is a catalyst promoter, for the
manufacture of polyphenols, which can be easily shipped
and handled due to its relatively low volatility and
25 stability in liguid state during transport. This
catalyst promoter has high activity and high selectivity.
The amount of sulfur byproduct species produced using
this catalyst promoter is low.
There is now provided a condensation process
30 comprising introducing into a reaction zone ingredients
comprising a phenolic compound reactant, a carbonyl
compound reactant, and a dithioketal catalyst promoter
composition, and condensing the phenolic compound and the

carbonyl compound in the presence of an acid catalyst.



carbonyl compound in the presence of an acid catalyst. WO 02/083611

PCT/ NL0O2/ 00228 3 There is also provided a process for the manufacture of
a pol yphewolo2ogsspound conprising introducing into a reaclPCONIDONE2S

i ngredi ents conprising a phenolic conpound reactant, a carbonyl conpound
reactant, and a catalyst 5 pronoter conprising a dithioketal, and reacting
the ingredi eAherai tisi mlisite pusacitdash &z e deas st He pridgsenumwiactarceaci d

catal yst. .There.is,al sq provided, a synt.hetic .nethod caonprisin addi ng
Coget her %4 AneabrEERE o ai S SR s og e LR i oketal
cat al yst rprefraber zomedrielgrigithe dirdrickeipla eatalystic pEameidto its
di ssoci ati on products, and condensing the phenolic conmpound and the

. car bony|*e@&HEatnd 3 KO P e SEHRO WY it eadiad toatdt Y st EleP L %3 d

di 55061 AIDMPLOMUELS: 31D ACCOIA NAlf e | RNLI QN Al AlEs to: a process
for the manufacturing of & polyphenol conpound, 1 ntroducing into the
react i on izgmedirgtedinwsrittsi re dihpy i stany i@mphlens icdippwikeseact anf , a

car bonyl _compound .react atnt, and a 20 dithioketal catalyst pronoter

conposi t i°6n,>and < &?gé’r*?si'ng t he phenolic conpound and the carbonyl
conpound, in trherepriesencd Wrarm dsd ¢ caralhsdic anskHde Ebhut okedql

catal yst pronotor a such or its dissociation products forned. Exanples of
car bonyl 2EHPGUREISANE Tt FoR I HghSEImes Y e prée SEHTRI BY THEFH T owi ng

cycl ol P e T e rarer oay &l e i Al 5 THE T4 ng” hydr ocar bon
r adi cal s dsudhokstallkyatadysltogidoqter to its dissociation
products, and condensing the phenolic compound and the
.carbonyl compound in the presence of an acid catalyst and
said dissociation products.
15
Accordingly the invention relates to: a process for
the manufacturing of a polyphenol compound, introducing
into the reaction zone ingredients comprising a phenol
compound reactant, a carbonyl compound reactant, and a
20 dithioketal catalyst promoter composition, and condensing
the phenolic compound and the carbonyl compound, in the
presence of an acid catalyst, and the dithiocketal
catalyst promotor a such or its dissociation products

formed. Examples of carbonyl compounds are those

25 compounds represented by the following formula:

n

wherein R represents hydrogen or an aliphatic,
cycloaliphatic, aromatic, or heterocyclic radical,
30 including hydrocarbon radicals such as alkyl, cycloalkyl,

aryl, aralkyl, alkaryl, whether saturated or unsaturated;



aryl, aral kyl, alkaryl, whether saturated or unsaturated; WO 02/083611

PCT/ NL0O2/ 00228 4 n is greater than 0, preferably from1l to 3, nore

pr ef er ablwofozosacit 2, and nost preferably is 1; and when nPCraNige/e@ker than
1, X represents a bond, or a nultivalent |inking group having from1l to 14
carbon atons, 5 preferably from1l to 6 carbon atons, nore preferably from
1 to 4 cdarb®ndatehsr BranwhenphefsrablX fephesehfs3, hjdikégen or an

al i phati i ic,,ar t] o] yelLi ¢ .radical, including
hydroca#%%%fgg%ggglgpéﬁc Zésggﬁkbﬁﬁtcég gg%%@?? g?yﬁ{ ggglﬁkfﬁ'glkaryl,
whet her 1€ gatatatethan unsAatvepredenbsi tabbadcasvboayhutenpedras | ncl ude

al dehydes, and ketones. These conpounds_generally contain fromthree to
f our t eent tRFHBA %?%Hﬁ,h%ﬁﬂnﬁrgrBWeFeFang SPFPRBL PECTS ket ones. Exanpl es of

sui t abl e, £arbenyl yecoppRUNdsi BelbudeonkateRes sHER Bscaeebons. eyl methyl
ket one, diethyl. ~ketone, dibutyl ketone, isobutyl nethyl kétone,
acet ophehohe, 4 neahiypn anomay| akét shen vydkohexinoaeresepdisopent anone,

1, 3-di chl or,0acet one d the |like. Nbs O _preferred _is.,acetone. The
oo b aRaseh oRE A0 L MR EXE, | oo Tt Re e RS 2R & Dhenol i o

conpoundse t8cbudel pbenadiiaad, ithelbadnbogyasoandbsubshitdailen spiceduct s of
phenol containing at_ | east_one repl aceabl e hydrogen atom 25 directly
bonded t®StReX%tonBYFLOPhERSI AG¥Leudraskih: gréapylsubSE&HSE ng for the

hydr ggensat Qm and di-regtly.-hended to the aromati c nucl eus include the
hal ogen radicals such as chloride and brom de, and the hydrocarbon

radi cal s such as al kyl, cycloalkyl, aryl, 30 alkaryl and aral kyl groups.

Sultabl o Phencly £, £9DouRd A TELge RIETOL LUE S1ARBL A IRyl enol s

0- chl or opbesnts . m Thées opbrpolinde- enerally contain from three to
fourteen carbon atoms, and are preferably aliphatic

15 ketones. Examples of suitable carbonyl compounds include
ketones such as acetone, ethyl methyl ketone, diethyl
ketone, dibutyl ketone, isobutyl methyl ketone,
acetophenone, methyl and amyl ketone, cyclohexanone,
cyclopentanone, 1,3-dichloroacetone and the like. Most

20 preferred is acetone.

The carbonyl compounds are reacted with phenolic
compounds. Suitable phenolic compounds include phenol and
the homologues and substitution products of phenol
containing at least one replaceable hydrogen atom

25 directly bonded to the aromatic phenol nucleus. Such
groups substituting for the hydrogen atom and directly
bonded to the aromatic nucleus include the halogen
radicals such as chloride and bromide, and the
hydrocarbon radicals such as alkyl, cycloalkyl, aryl,

30 alkaryl and aralkyl groups. Suitable phenolic compounds
include phenol, the cresols, the xylenols, carvacrol,
cumenol, 2-methyl-6-ethyl phenol, 2,4-dimethyl-3-
ethylphenol, o-chlorophenol, m-chlorophenol, o-t-
butylphenol, 2,5-xylenol, 2,5-di-t-butylphencl, o~



but yl phenol, 2,5-xylenol, 2,5-di-t-butyl phenol, o WO 02/083611

PCT/ NLO2/ 00228 5 phenyl phenol, 4-ethyl phenol, 2-ethyl- 4-nethyl phenol,
2, 3, 6-triwetoapsyhenol , 2-net hyl -4-tertbutyl phenol, 2- PCT/NL02/00228
tert-butyl -4-nmet hyl phenol, 2, 3,5, 6-tefranet hyl phenol, 2, 6-di nethyl phenol ,
2,6-di-tert-butyl phenol, 3 5 5 di net hyl phenol , 2- neth I-3 5-di et hyl phenol ,
o- phenyptemolohenphenyt phlentithemabht Aoeshy phénaat Ay SPheBAd, the | i ke.

Vost prefersed gre, conposhLions oLl ping. cphepol  Makyiesoof any of the

above may b€’ Used ove Ts nho invéntion but to 10
i1l ustratestepresgbt atngehgkanphes, of, BasbeﬂyétﬁampbhmM§heand phenol i c

conpounds_which are known in th rt. to desi r abl ol yphenol and for
whi ch t hose® d?l§ﬁFFV1PHePﬁ% %rg %bntEEBgEPFM%BhSPHg gfﬂflar reactants.

The pqun@ﬁﬂ@%h§9ﬁﬁgﬂaﬂs Qb&@tﬂyﬁ @YSlbﬁe%ﬁyQﬁHéﬁB§atb0n reaction of a
phenol i ¢ conpound and car bonyl conmpound are conpounds wherein the nucl ei

of at |eaﬁ¢nyhph§h@halpcphaﬂybah@nale depbEbpysat phehedtByolearbén to
carbon | 0ka0es L0 Be: SAUESl.pghe, £ar bop,aLOM b LBgcal kyloor oup.  An

|IIustrat?ve nons I i 1 exa conpoun
represent@ﬂe@gltheMiQtﬁuba othnyIofFEheOaﬁbHeRﬂaywherasedR and R2 each

i ndependently represent hydrogen or a npnovalent organic ra aI Exanpl es
of such radi cafge PH@VGdéSh?ﬂgd%%FBBntPa&F@éE GchRES™ FPBth% o5

cyc|0@|Ipb@iugtréﬁenﬁebgeseﬁtgeieéoexghp@egagwcabrbaay@ c@ﬁgguhagally
hydr ocar bon radi cals such as al kyl, cycloal kyl, ar al , al karyl,

whet her satdrphedodic gn@a@unéﬁewhlpheﬁﬁﬁabnywanna HeRaéécﬁOlmééﬁendently
represent h¥l£ggfn Orl%ph hkxlaﬁgdkcglwﬁgghngh % E%l%l in the

"art can substitute other similar reactants.
The polyphenol compounds obtained by the
15 condensation reaction of a phenolic compound and a
carbonyl compound are compounds wherein the nuclei of at
least two phenolic radicals are directly attached by
carbon to carbon linkages to the same single carbon atom
in the alkyl group. An illustrative non-limiting example

20 of a polyphenol compound is represented by the formula:

Tl
'HO——~<: :>—~—,———<: :>——4JH

Ry
wherein R; and R; each independently represent hydrogen or
a monovalent organic radical. Examples of such radicals
include hydrocarbon radicals such as aliphatic,

25 cycloaliphatic, aromatic, or heterocyclic radical, more

specifically hydrocarbon radicals such as alkyl,
cycloalkyl, aryl, aralkyl, alkaryl, whether saturated or

unsaturated. Preferably, Ri and R. each independently

represent hydrogen or an alkyl radical having from 1 to 2



WO 02/ 083611 PCT/ NLO2/ 00228 6 carbon atons. Mst preferably, the

pol yphenol conpound conprises bis (4-hydroxyphenyl) propane 9bi sphenol - A)
. Pol yphwoak/ogssmpounds are made by the aci d-catal yzed reactiNnun2bekseen a
phenol i ¢ conpound and a carbonyl 5 compound. The rate and selectivity of
the reaction are pronoted by introducing into the reaction zone a

di t hi oketatboat atyss . prMnBtepraﬁesabhy,AtherﬂbmgpygnbhecdmphUDﬁetaI

catal yst _pronoter osi tion us t he pr e_invention is the
10 condeﬁ§%?¥%ﬁe?e3%?qg ﬁBFE&ﬁg? BEY&E@HOBagﬁ %gﬁﬁp ofhd-and at | east
one thiol conp@ypgﬁeﬁad e6fpbLEES ﬁﬁépﬁﬂaésbyhﬁﬁbngcéh least ytwa sul fur
atons coval ently bonded to a common carbon atom Mre in particular, the

di t hi oke¥afcteataP§EveproroPELResHBOSPEPORNEOAPF: SesadPORYeket al 15

catal yst . r CRMRO r t fall t ture: R3 S\
/| SR4 2 E$8§g£§hergﬁg %%QER%%8R§§§%$€2¥2¥XaQE %'eggﬁ gﬁfﬁygg%branched or
unbranchpdomsaedrhyednbrodnsahgrahEd bbeovakentioor ganieca 20 radi cal such as
an aliph a heteroc I|c radi cal , (i ncl udi ng
hydrocar%bhh?%gggaﬁ pﬁP%?Fercﬁéléﬁ aryl, aralkyl, and

al karyl ); Rl.aaéorahh@qgth@henaxth@oﬁevaheebkm1@@md9@oh@tkgrn1a di val ent
group, and R3 and R4 together may be coval ently bonded to 25 form a

di val ent CgFeapitanl REeAndPothRoPKAgeaPsOT EBEr 4560 thydr dgeliland
Roe B ars 28GR RdepoRagatTy VEohF B hea S uRb R ERed SarCrared or
unsat ur ated atkyéasadonalthMbﬂecpmebendblﬁnthpmﬁzgsEs3coR@oaﬁdare each
| ndependgnt |y 2. saturated, 8l k) radieal, each, contel pipgfyom L to 4 carbon
‘common carbon atom. More in particular, the dithioketal
catalyst promoter composition comprises dithioketal

15 catalyst promoter compounds represented by the following

Ih———S\\\ ///S——*
/\

wherein Rj, Rz, Ri, R4 are each independently a branched or

structure:

unbranched, saturated or unsaturated monovalent organic
20 radical such as an aliphatic, cycloaliphatic, aryl,
heterocyclic radical, (including hydrocarbon radicals such
as alkyl, cycloalkyl, aryl, aralkyl, and alkaryl); R; and
R; together may be covalently bonded to form a divalent
group, and R; and Ry together may be covalently bonded to
25 form a divalent group, and R; and/or R; may also
represent hydrogen and preferably one of those symbols
represent hydrogen. Preferably, Ri, Rz, R;, Ry are each
independently a branched or unbranched, saturated or
unsaturated alkyl radical. More preferably, Ri, R:; Ri, Ry
30 are each independently a saturated alkyl radical each

containing from 1 to 4 carbon atoms.



WO 02/ 083611 PCT/ NLO2/00228 7 Most preferably, the dithioketal catalyst
conposition conprises 2,2-bis(thionethyl)propane conpounds

pr onot er

representwo obyscne foll owi ng structure: H3C S\ /SCH3 /C PCHANLo@BR285 The
particul ar dithioketal catalyst promofer conpound chosen is preferably a

type which, upon dissociation in the reaction zone, forns the sanme kind of

car bonyl

pol yphenol.

di t hi oket

conpotfrd a§r?ﬁ§rﬁ@é&'c&P@oﬁ9¢hé8%65&ﬁdQﬂ?i%ﬁ?qurQH? e
Bs9RSoaMRedLIBRLs bhe feed thqBrnReRY 1) beetds acet one,

t he

and t he

aI %ata I'yst pronoter conposition conprises 2, 2-bis(thiomethyl)

propane, woinpluindst heppeesearnecs ofy tthe doildowdngl pétructdirssoci ates into
acetone and nethyl nercaptan catalyst 15 pronoter. It is also preferred to
particular dithioketal catalyst pronoter conpound which perforns

choose a
subst anti
words, it

or aral kyl mercaptan conpound, and

al so dgs
sane

t he react

ally the sane as a hyI mer capt | yst pronoter. In other
éyﬁ?oke 3 catal yst pronoter which

, is desirable to s ct a 0 di
has the sanme or higher flrst or der converting the carbonyl
conmpound as its dissociation product r|S|ng an al kyl, aryl, al
re

karyl ,
erably nethyl mercaptan. It
rable to 25 select a dlfhgoketal alyst pronot er which has the

is

hi gher selectivity toward formation of the polyphenol product as

its dissociatiShepp@d@d@Ud@#pﬁiﬁhy?kﬂt&% lkpital varty Iopraalddagy| ,  or

ar al kyl" mer cap g lc%rrpound d N8 | ref %pk%l th Jler capt an.
e

e

and the dUh@G@b@h&hon in the reaction zone, forms the same kind of

10

15

20

25

30

carbonyl compound as the feed carbonyl compound chosen to

‘make the polyphenol. In one embodiment, the feed

carbonyl feed is acetone, and the dithioketal catalyst
promoter composition comprises 2,2-bis(thiomethyl)
propane, which in the presence of the acid catalyst,
dissociates into acetone and methyl mercaptan catalyst
promoter.

It is also preferred to choose a particular
dithioketal catalyst promoter compound which performs
substantially the same as a methyl mercaptan catalyst
promoter. In other words, it is desirable to select a
dithioketal catalyst promoter which has the same or
higher first order rate for converting the carbonyl
compound as its dissociation product comprising an alkyl,
aryl, alkaryl, or aralkyl mercaptan compcund, and more
preferably methyl mercaptan. It is also desirable to
select a dithioketal catalyst promoter which has the same
or higher selectivity toward formation of the polyphenocl
product as its dissociation product comprising an alkyl,
aryl, alkaryl, or aralkyl ‘mercaptan compound, and more
preferably methyl mercaptan.

To the reaction vessel is added the phenolic

compound, the carbonyl compound, and the dithioketal

30 To

Osegd&ed the phen onpoun e carbonyl conpound,



WO 02/ 083611 PCT/ NLO2/ 00228 8 catal yst pronoter conposition, and
optionally a solvent and water. The acid catal yst, dependi ng upon the type
used, maywbeobmiged to the reaction vessel or may be | oadedNLonve2s he
reaction vessel prior to charging the85 |iquid feeds. The addition sequence
of reactants, catalyst pronoter, catalyst and optional solvent and water
to a reactdadimweEds@Erome tedt danr Qs 1 Gur taet orthHeonadiner 8¢ lvemEoduci ng

t he dithi cat al yst_ pr t t he, react.i o i i t limted
and can tgaEl? g*aa{tcegt'lo)&%lf %1%@ cﬁ(tnaglf%% dﬁ%e%loileq Idgcaeﬁ gﬁ@%té%?%rmt er
conposi ti akdd)y aaeast idmrged We tontwdatinpraltesdeiacianhsy and cat al yst
and optional solvent, or to a, reaction m xture containing only sone of

these ingrédiShtitoois LHAF TR Wi Rioitaith i argiovnet®s? 15 t hese

i ndi vi dualy jipgredients o Madil £:0fsd e IJ@r&l &M §e s Thus, the phrase
"reaction mXxture" when wused in conjunciion with the introduction of the
di t hi oket atatissl ysdt driomater: t ccatrel veldi andrfiatel shiveoketad cat al yst

pronoter t i.xture of .all the ingredi ents. used t ke th

pol yphenoI\“%t%a{{nht)e%’rtél t%heeaLC "Mt T o usc%e?lonl%fnﬁglldﬁ%%ketg %?51 ysS epr onot er
to the reasticn 0¥ Xt dualrugdeshd tSi i td a1 tn ey Dnep Bem@ct e Xt ure of
any one or all of the ingredients used to nmake _the_ pol yphenol._ 25 The

process ofta Hd'S MASHEIOR MEgtiHes 1Hithdducitiged ard Hidketake dohpetind whi ch

has begn implaiedRe U d i e keaet | QN1 S orddr &ontrast to adding a
mer captan, = such as nethyl nercaptan, to the reaction mxture and in

contrast tavmemitidcidmdg ca g heriot  ow ompotiice arwh e icarbodyl 1 30 conpound wit h
2,3 L OkCl Al OO OB L0 b b O SAURLE oL 52 on o
conposi ti aestchmsiixture containing only some of these

ingredients, or to any feed stream containing any one of

15 these individual ingredients or a mixture of these
ingredients. Thus, the phrase "reaction mixture" when
used in conjunction with the introduction of the
dithioketal is not limited to the addition of the
dithiocketal catalyst promoter to a mixture of all the

20 ingredients used to make the polyphenol. Rather, the
introduction of the dithioketal catalyst promoter to the
reaction mixture includes its addition to any one or a
mixture of any one or all of the ingredients used to make
the polyphenol. )

25 The process of the invention requires introducing a
dithioketal compcocund which has been isolated as such to
the reaction mixture, in contrast to adding a mercaptan,
such as methyl mercaptan, to the reaction mixture and in
contrast to contacting a phenolic compound and a carbonyl

30 compound with a dithioketal compound formed in situ by,
for example, the reaction of acetone with methyl
mercaptan.

When a dithioketal catalyst promoter composition such as

2,2-bis(thiomethyl)propane was added to the reaction



2, 2-bi s(thionet hyl ) propane was added to the reacti on WO 02/ 083611

PCT/ NLO2/ 00228 9 m xture, we have found that the reaction of 2, 2-

bi s(t hi orwpDlio3siobpane rapi dly hydrol yzes and equil i brat @€TINLOR 228
formati on of nethyl nmercaptan in situ9 without any induction tinme. The
process of the invention 5 forns nmethyl nmercaptan in situ, thus avoiding
t he need moxtigel awve, hgﬁEpfamdhé;&ﬂ@ltetlh@tmﬁlaqtép@aptfaﬂ 2Bue to the | ower

vol atili t%lagghst ablghgtlypggip%ngl t hi ogjg r}ft ;gré)r Q0m._ arlr(’rlperat ure and

at nospheriC §"or & 4 o % Sol at e, shi p and

handl e t heqgdithbeketal t30tard forinaaduse dft red hihe meeatlidtemh mixtdire, The
di t hi oketal catalyst pronoter conposition can be added to the reaction
mi xture oWif8OHKy 28¥e 18AUCKd Oy dd@Cant & 1ieh ERESESq@itd Hifasi it iP® he

gaseous p oket t t t erelqpelolIpg isin
15 the§l [ gg?glssthtg%u%ﬂ?%gcgg%?%p:iﬁlg%éﬁ %}%ﬁl r?gfoqﬁanl%rs pref er% e&(}pt o add

it to thelseéattneon shilpt and @lantﬂdeamethméamamaplt@m he Duieqdiod tphase The
di t hi oket cat al ys not er i.ti on shoul, ui room

t enper atu 8Vahd " t¥L } gtl sPh&r 3%%?)39 Yedse ofdl(sértﬁ Sﬁ qﬁmagLL hattdt i ng. For
exanpl e, Ze&pe@a&@trl@l anet Aybproraie: lc&rﬁ:liftfﬂcﬁllsentlt5h®|nﬁ>ﬁ@r

transportation, it is not readily deconposed at _noderate tenperatures in
the absené8VaRtagie@usatal yS04akfd \Whidr 2ndaf@uole (ther et heteisdlsi t i on

hal f h4feq gl &%QQO\&%%eZ?’Ltd%eft'iﬁ'e“%%at&l%% Hi6alel than 40 hours. The
di t hi oket al catalyst pronmoter conposition is introduced into the reaction

m xt ure neat offhienddshavikenal A@tail&(ﬁmtpr@motterzre cobmrisoketal gmy e m xed

with a pord'gjl %ntor eth al | lt he_car, t?;%n chg)o%nd usedtf make 30 the
pol yphenoP S9He t8i FAEoKEFSIE-OR Byt st Shotsr “doMhSsiti o' ey be added

directly. tr@at:hanrceaahl QﬁeZQﬂq,uldmpHa%eﬁr@t afh tthe staedws figediag the

reaction zone. |t
Since the dithioketal catalyst promoter composition is in

15 the liquid state during shipping and handling, it is
preferred to add it to the reaction mixture or to any
reactant in the liquid phase.

The dithioketal catalyst promoter composition should
be ligquid at room temperature and at 1 atmosphere for

20 ease of shipping and handling. For example, 2,2-
bis (thiomethyl)propane is sufficient stable for
transportation, it is not readily decomposed at moderate
temperatures in the absence of acid catalysts and water,
and its thermal decomposition half life at 120°C was

25 determined to be greater than 40 hours.

The dithioketal catalyst promoter composition is
introduced into the reaction mixture neat or in solution.
As a solution, the dithioketal may be mixed with a
portion or with all the carbonyl compound used to make

30 the polyphenol. The dithioketal catalyst promoter
composition may be added directly to the reaction zone,
or to any of the streams feeding the reaction zone. It
may be added incrementally or continuously over the

course of the reaction, or all of the required catalyst



may be added increnentally or continuously over the course of the reaction,
or all of the required catalyst WO 02/083611 PCT/ NL0O2/00228 10 pronoter
may be adwed2sséihe reaction zone prior to initiating thecreaetoems The

di thi oketal catalyst promoter conpositlion is preferably introduced as a
pure conposition into the 5 reaction m xture, neaning, that outside of
those | ngreein@hes DB A daRke thethol YPRERGPIWAPRA BF&CKi X8d with the

di t hi oket t o] he dlthloketal catal yst pronoter
conp05|t|%% %%%%#? egﬁéty?%gé%o % dithioketal, nore preferably at

| east 95 wt. Wbmﬂeddihhbkbeaal uatalyabfprambyeatcbmasEiQ$OWti%)

di t hi oket al VMet g % pure congosition og % k%h cat al yst

pr onot er ?ﬁeﬁgﬁﬂb Yhén houh ?e%fastﬂogg PrpPPPP& lBPe%% P A%t he

di t hi gket abo 68t 8h Y& xtRFOOLEEN EAGPORELI B0 tVRAHEho@r ehaskeactive speci es
with 15 the phenolic conpound, the carbonyl conpound, or the catalyst, is

pref er abl ¥nyEediehha PSof. U9 Weke prefBPABPRenpésyhifhnaenwiigednpst
preferabl%l%ﬁs§?&h39tﬁlgk¥{albcgyglﬁéﬁfgsﬁﬂb%%rangﬂgtdQEhEB%eQ'Hh'ggetal

catal yst pronoter conposition as a Initial charge to the
reaction zmhalystlpdemehdru@ompbhétpantbompanseeaatl@aasbndﬁﬂl@WSoeanoyed

t he speC| s, of oketal cat pr ter lLec and t he species of
phenol i ¢ theg?%ﬁhylmeﬁﬁp85ﬁ8§¥§%9¥ angeéﬁﬁ ?ﬁe |ﬁd of catalyst used.
Gener g | yqi PRVWEXEEa1} hRoBB!l BFetatkp19f adi t Bhekebal w254cat al yst pronoter
conpound to the carbonyl conpound used as the fresh initial charge to the

reaction bheipkethé. plWbebbsroprt heti averHEEoROFRA§ES IPPOMED. 005:1 up to

0.5 1, ' PhELRTADLY-fT 010,025 4,180025 Lo onengmagdl ety for  the

manuf acture o eno usi Renol d°acét one as reactants, the

nmol ar rattiobosé dmphrmkeéalpcasahysun phenduehlohapemndatalwhé car bonyl

conmpound ra“ﬁ%%er compos1tlon which are a reactive species with

15 the phenolic compound, the carbonyl compound, or the
catalyst, is preferably less than 2 wt.$%, more preferably
less than 1 wt.%, most preferably less than 0.2 wt.%.

The exact molar amount of the dithicketal catalyst

promoter composition as an fresh initial charge to the

20 reaction zone will depend upon the particular reaction
conditions employed, the species of dithioketal catalyst
promoter selected, and the species of phenolic and
carbonyl compounds selected, and the kind of catalyst
used. Generally, however, the molar ratio of dithioketal

25 catalyst promoter compound to the carbonyl compound used
as the fresh initial charge to the reaction zone in the
process of the invention ranges from 0.005:1 up to 0.5:1,
preferably from 0.025:1 to 0.25:1. In one embodiment, for
the manufacture of bisphenol-A using phenol and acetone

30 as reactants, the molar ratio of dithioketal catalyst
promoter compound to the carbonyl compound ranges from
0.025:1 to 0.25:1. The amount of dithioketal catalyst

promoter compound added to the reaction mixture is

generally about half the molar ratio of a polyphenol-A



0.025:1 to 0.25:1. The anount of dithioketal catalyst pronoter conpound
added to the reaction mxture is generally about half the nolar ratio of a
pol yphenowoA2M&602/ 083611 PCT/ NLO2/ 00228 11 manuf act uri n@Cpraoese2gqui pped
for the addition of nethyl nercaptantisince 1 nole of dithioketal catalyst
pronoter such as 2, 2-bis(thionethyl)propane catal yst pronoter yields two
mol es of m¢muﬁ@¢t@spbgdpn90ﬁ@ﬁoegﬁlpapdaﬁos éé@aa9§@tp®©nﬁﬁemet©wée t he

reaction gone s charged Wb Lhecfnoshs olatLhal charge ofkbecd: thi oketa

conp05|t|o T T or OW ng reason Focess ageously requires
only smal $uetoast 2 pp- Hnbmtnk@meth9$)prbpeﬁb ﬂakeiystlﬁrcﬁatge to continue
producing the desired yield, The feed strean ngrlsed of the phenolic

conmpound, Y1 #edS cBAYBoRg eEoﬁBoHﬁ% CaﬁHeFHBHGFFH| RBP SESERIFEL pronot er

are contagcfeg with ggmggbg catalyst for a period of tine sufficient to
effect formation o? t he pol yphenol product. 15 In the reaction zone

cont ai ni ng t heOphenthecreaapovondzonehéscahboayl gohpothd, frkehaci d

catal yst. angs Lhecy dLbh okelal G7(alXaL BT ONBhELe thsadl hiokaLal catal ys:

pr onot er i AsTa yzes socira pr oducts, one of
which is ﬂoDE@@ﬂﬁ@aﬁeﬁabﬁlyﬁheppﬁﬁﬁbes.aﬁ@aAtﬁ@éG&Bﬂgnréqbat¢St pronoter is
any conpound haV|gg t hi ol rOUﬁ%coval ntly baonded to a carbon atom Once

the desi?elyFBRYToP™BBRYpRENDE CRECkEFEINES By IERED BBKEENBati on reacti on

bet wegn t bg, phenebi eoﬁ%ﬁegngraaQClh ergar Begykcgogpaund, the resy ting
crude reaction 25 mxture effluent sfream containing the pol yphenol product

is fed tostreapasat conpzoaedt ofsépar phenphéccraaroupdl yphenol conpound into

s Unr cacten aar 5P poChHs Chnf b aa BHCERAnaP L -EBpBuRiS ethe 30 |
p €no un the 30
di ssoci at apa ponduactedofvitheadi abiiakehahlgatalfyst a period of time

sufficient to effect formation of the polyphenol product.

15 In the reaction zone containing the phenolic compound,
the carbonyl compound, the acid catalyst, and the
dithioketal catalyst promoter, the dithioketal catalyst
promoter almost instantly hydrolyzes to its dissociation
products, one of which is a mercaptan catalyst promoter.

20 A mercaptan catalyst promoter is any compound having a
thiol group covalently bonded to a carbon atom. Once the
desired yield of polyphencol is attained by the
condensation reaction between the phenolic compound and
the carbonyl compound, the resulting crude reaction

25 mixture effluent stream containing the polyphenol product
is fed to a separation zone to separate the crude
polyphenol compound into a crude polyphenol stream from
at least a portion of other compounds such as unreacted
carbonyl compounds, unreacted phenolic compounds, the

30 dissociation products of the dithioketal catalyst
promoter which include a mercaptan catalyst promoter, and
excess water. These compounds may be removed as an
overhead or fractionally as draws by way of, for example,

distillation or fractional distillation. The method of



pronoter which include a nercaptan catal yst pronoter, and excess water.
These conpounds may be renoved as an overhead or fractionally as draws by
way of, fwooexssspl e, distillation or fractional distillatcCarNnLoToe2s8et hod
of WD 02/083611 PCT/ NLO2/ 00228 12 separation is not |imted and can be any
conventional nethod for separating such materials. Distillation is

gener al | ySeheratirphests and Abdnitprehodr ednmbehedy Howeeetioswer wel | known

met hods can, be .used 5 independently or.in.conbinati wit.h di,stillation to
Corpr i se TRrRodaF a2 B oAt st hn o PRAEIGn oA S OBt €20ci ati on
product s, generadf ywhhehsiispllbetnenaapban gakdleystedpmenbbear., nay be
recycl ed back to the reaction zone or to any line or 10 reactant feeding
the react f8WeY¥BRe. OFRPE Pradt KBAYRaieh8CFe&idl &8 diSf8ct |y back to the

reactipn zQHE,halHRY19€00RL BBALE K RYbNPLAREN 3loy shuLiher Riocessed to
enrich the .concentration of and recover the nercaptan catalyst pronoter

prior to rceeycieagthhe wepeaptanncatakygss.15 pronoter back to the reaction
zone. EEpendingnup%Qat@go sepa ation ans usegp al | tge %yerhead may be
fed to a mercaptan recovery zone. “6F §PPRETonOH EFOH e Xt capt an may
be fed tooa wreCemetLy zoremettapubhi phealfsacihironsteent abri B t he nercaptan
catal yst pronoter may 20 be fed to a recovery zone. The neans for

recoveri n§eEreleHePag)t &R EhCaF§eEtprPEnBrEe e tRoBWi Hi€d OtFor exanpl e,

a stream c@RLaLALNGeERE ndl $8QCEALLRART 98WELS TihNG! uding stbhe IRs gapt an
catal yst pronoter conpound nmay be fed to a catal yst pronoter absorber
col um whiehvebedonpreses vabeskutm fthkl egawittivnphenel orl matyhévecat al yst

pr onot er b§ggbe&lco ym, -t 8. al¥st rono&er di ss ciat&onhpr %ycts are
absor bed %?on1?ﬁe eSttof F%g Eégs BFSgﬁgtg SFeERE s &parirer™ THE met hod
of recovetbngentbetdosseti ahbdorepboductheamlrysbtphoratan yiss not |imted
promoter prior to recycling the mercaptan catalyst
15 promoter back to the reaction zone. Depending upon the
separation means used, all the overhead may be fed to a
mercaptan recovery zone, or a fraction rich in the
mercaptan may be fed to a recovery zone, or multiple
fractions containing the mercaptan catalyst promoter may
20 be fed to a recovery zone. The means for recovering the
mercaptan catalyst promoter are not limited. For
example, a stream containing the dissociation products
including the mercaptan catalyst promoter compound may be
fed to a catalyst promoter absorber column which
25 comprises a column filled with phenol. In the catalyst
promoter absorber column, the catalyst promoter
dissociation products are absorbed from the rest of the
tops products of the separator. The method of recovering
the dissociation product catalyst promoter is not limited
30 and can be any conventional technique, so long as the
recovery zone functions to enrich the concentration of
the mercaptan catalyst promoter relative to the
concentration of the mercaptan catalyst promoter from the

separation zone. The separated and recovered catalyst



30 and can be any conventional technique, so long as the recovery zone
functions to enrich the concentration of the nercaptan catal yst pronoter
rel ati ve wo oehgseiconcentrati on of the nmercaptan catal yst pcamatoeno28om t he
separation zone. The separated and reBovered catal yst WD 02/ 083611

PCT/ NL02/ 00228 13 pronoter dissociation products containing the nmercaptan
catal yst pronoter dospogidtara géﬂéuatsycp@épgme@gt@hﬁh@erﬁ@@¢@mon zone by

way of 3 Leturneli e ,Sybst aghialn okl oLhe ey oantan catal w3t promter

5 can be recyc ROUo 't eaction z th-only* "mmnimal Tosses. Once
recycl ed teatheOneaohbonyzwag,the réeuﬁapuamecatalyst pronoter is just as
effective to increase the acHhV|ty of the acid cata%ést and selectlvely

convert the carBBAYPREIAPIUNEG L oCthERBOMEEIFPIER0ICAPIIEEL PESMOtShas when

formeds fregntpe rdigseehabhben @b EH@ Qbh@%&%%t%bn%@h@%%San&onUter
conpound charged as an fresh initial charge to the reaction zone.

AccordlngMynlaﬁﬂeﬂosﬁeSfre@hCEanCHbledhapgéh@fnmadﬁMQMe@@mebotﬂh@ reaction

zone, onl% a_f cat % cha% ge of dthloket%%ec% a%y%t pronot er
conposi ti A |spnecessa9yyto dntrnue féed e SFeacti o Zone in order to

make up f@ﬁcté@sanﬁh@ta@ﬁlh@$§ESflﬂhéh@c1@0@b$%l@%tr%ﬁﬂver|ng and recycling
the nmercaptan cataly pronoter. 20 Thus, after the fresh initial charge
of the d??%?GRéVﬁﬂyc&P§W§§F 5P8n6?époéﬁ&p6§Wﬂ08ﬁdt5Otﬁ@ereactlon zone,

make yp chaigeRenbit Beodiihi aketal qat %)é%t £ REEDLErCepRouNd may be added
to the reaction zone comensurate wth the | oss rate experienced by the 25

process oﬁlsepanatﬂng Qﬁdth@c@@thmgkehelc@@ﬂééa@ﬁdmn@mOdessoc|atlon

products of tQSn gloketal cata%é , Pr oML ?'ck ] reaction zone.

GEneraIIy, han g&&)oﬁ the FESOCFatIOH P Sddct cata yst pronoter is
reactlon zone. Accordingly, after the fresh initial

charge of dithioketal to the reaction zone, only a fresh

15 make-up charge of dithicketal catalyst promoter
composition is necessary to continue feeding the reaction
zone 1in order to make up for the amount of losses in the
course of recovering and recycling the mercaptan catalyst
promoter.

20 Thus, after the fresh initial charge of the
dithioketal catalyst promoter composition to the reaction
zone, make up charges of the dithioketal catalyst
promoter compound may be added to the reaction zone
commensurate with the loss rate experienced by the

25 process of separating and recycling the corresponding
dissociation products of the dithioketal catalyst
promoter back to the reaction zone. Generally, more than
99% of the dissociation product catalyst promoter is
recycled, meaning that only 1 wt. % per hour of the

30 dithioketal needs to be charged as a makeup based on the
total weight of mercaptan compounds in the reaction
system. Higher or lower amounts of the dithioketal

catalyst promoter may be introduced as needed.



recycled, neaning that only 1 wt. % per hour of the 30 dithioketal needs to
be charged as a nakeup based on the total weight of nercaptan conpounds in
t he reactwom2/083st em Hi gher or |ower anpbunts of the dithipcretuak/iooxat al yst
pronoter nmay be introduced as needed.14WD 02/ 083611 PCT/ NLO2/ 00228 14
Accordingly, an additional advantage to using the dithioketal catalyst
pronoter is thatcondénghyrged addaniohaéshdivahtibgk tharngéndgt hbecat al yst

pronot er does. not! have . to flow thrpugh.th ocess and_be .di scarded or
convertedggﬁﬁVgﬁ%E?iaF?EggysghgraFggﬁgié?igﬂg%r8888tgggfgfﬁeasdﬁphioketal
catal yst prodwteriaigleabhkyeyotnti 2edalysonpkenekyrsapacahed; hand can be

recycl ed back to the reaction zone and used as a catal yst pronoter. The
phenol i ¢ EonbbRifdshBRBIRhENEaPEBRSFS cBRPobRdSis02aFAedr e5cFeEVRA &Y eact i on

vessely betheriiin i beabat §heok: s SORILONOHS SRR At o LeEPerature rangi ng

from20C to , prefera rom50Cto 1 he pressure and

t enper at udetlshokddabecsétlyrtiepronohdrt eoaseteilgt aohatheedeact ants in the
| i quid phase jn 5 the reaction zone., The_ reactants are, introduced into
the reavt OIP LORETS uRAGRF GoRAr t FBRS RS HEShPevS Atl BRCExbBoL ot ¢ he
phenol i c rsorposmdzever ahbeuganbapyh eampoysd. pPoaberabl y, the phenolic
conpound is reacted in a substantial nolar 20 excess over the carbonyl

conpound, wher&rf PREDABLEr ComRPIBIBT 2RAe thReABIPETYNFEBRAURESt he car bonyl
conpoynd %fe9£§£8£§8'%naé EEQEEi@hlveEQE?,p&ﬁ%@h@?'Xn@%ﬁ%eﬂﬁ R Ly and up
ong Wi th the y a

to 25:1. i thioketal catalyst pronoter charge 25 into the

reacti on Zemeinaossbhbdef wat er tkfpeeguiredradgingayrbe poeduced in situ by
t he condensation reaction between the carbonyl conpound and the phenolic
conpound. 13®Gvlmre fatdlol vf L ep0%0 tdi t1HWKet al cat al yst pronot er

The pressure and temperature should be set under

conditions to retain the reactants in the liquid phase in
15 the reaction zone.

The reactants are introduced into the reaction zone
under conditions to assure a molar excess of the phenolic
compound over the carbonyl compound. Preferably, the
phenolic compound is reacted in a substantial molar

20 excess over the carbonyl compound, wherein the molar
ratio of the phenolic compound to the carbonyl compound
is preferably at least 2:1, more preferably at least 5:1,
and up to 25:1.

Along with the dithioketal catalyst promoter charged

25 into the reaction zone, a small of water is required, or
may be produced in situ by the condensation reaction
between the carbonyl compound and the phenolic compound.
A molar ratio of water to dithioketal catalyst promoter
ranging from 1:1 to 5:1 is sufficient

30 The reaction is normally conducted in an acidic
medium at a pH ranging less than 5. The condensation
catalysts used in the process of the invention are any
acidic catalysts known for condensing a phenolic compound

with a carbonyl compound to make a polyphenol. The acid



ranging from1:1 to 5:1 is sufficient 30 The reaction is normally conducted
in an acidic nmediumat a pHranging |less than 5. The condensati on

cat al yst swoewmsiem1 t he process of the invention are any a®CdiNLoe/at2a8ysts
known for condensing a phenolic conpodnd with a carbonyl conpound to nake
a pol yphenol . The acid WO 02/083611 PCT/ NLO2/ 00228 = 15 catal ysts may be
honpgenediid adatsdisy d1ay dre HeRe? SRjssrRibL<Ca et W 3t QY DRF - ey @ous

cat al yst s.Jghudes t h%cf&’%&%@eﬁ@édéj%’éélfy%@é hygiegencghl ori de,

preferably in~ the anhydrous state, s uric acid, hydrochloric acid, 5
phosphor iydwiagkn Hyadrobe on$eclacisl, hyyorodh udnl eradded, praferdlel vicid, acetyl

chl ori de ,di net hyl sul fate ul fur, . dioxide, . p-toluene.sulfonic.,acid, boron
trifluor itg‘ee, ar@é’r@%"% T d%ujc%%lr%xae%%da.hﬁé%og%]yo%%%e?cé%i ds whi ch
have 3 digseginidion £onst anydagseadeic tdaid 10hydBo £ 1Qodhe goendensati on of

car bonyl compound and phenolic _conpound can be conducted_using a
het er ogedEdUs G H A car e et . CciF A HG R e FRefabes t FRlBrhano

pol ysi | oxanes £ontai i Nge Ul £ONESH ACT £ 05 0UPSFosOLEdr1RsEI kgori nat ed
pol ymer catal yst having pendant sulfonic 15 acid groups, acidic clays, or

aci di ¢ i drwmchangel yesidgs chmyleges, pb urahdtynef opeadantidsl #lonch acid

groups. The_ acidic ion, exchange resins are oft ner captan nodified resins
of the t V%xﬂnéﬁﬁ?%ﬁ%ﬁ%ﬁoﬂn SF%“?H%re%F?rmﬁg%ﬁ ?gcrude any conpound

whi chiowi Il r eate Wdhdéhea20oach di ca gbonps edmpbengath@npexsbange resin to
introduce a nercapto substituent into the resin. Suitable mercaptan
nodi fyi nFAFIH R B HotPRdBRES t el 2t Y RFERECOPNERARS @%thange resin

i ncl ude aéa}%yallf@i.calpfl?e%h 0865 PYEH: Atnc] Qpytaa 89@&9@ mer capt an,

bi s- (2-mercaptoet hyl )am ne, 25 thiazolidine and the |ike. The acidic ion
exchange pasimt oefiest cyebhessing sheforbndensdt foaussepsotidhe process of
the inve%&h%ﬁdé&fﬁ%ted polymer catalyst having pendant sulfonic
15 acid groups, acidic clays, or acidic ion exchange resins
having a plurality of pendant sulfonic acid groups.

The acidic ion exchange resins are often mercaptan
modified resins of the type conventionally known in the
art which include any compound which will react with the

20 acidic groups of the cation exchange resin to introduce a
mercapto substituent into the resin. Suitable mercaptan
modifying agents to be bound onto the acid sites of the
exchange resin include alkyl mercapto amines such as
propylaminopropyl mercaptan, bis- (2-mercaptoethyl)amine,

25 thiazolidine and the like.

The acidic ion exchange resin's effectiveness in the
condensation step of the process of the invention is to
some extent influenced by its exchange capacities such
that the greater the exchange capacity, the more

30 desirable the resin. Preferably, the cation exchange
capacity is at least about 0.5 and, preferably, greater
than 4.0 meq/g dry weight. Also, those cation exchange

resins having bound cationic exchange groups of the

stronger exchange potential acids are preferred for use



sone extent influenced by its exchange capacities such that the greater

t he exchange capacity, the nore 30 desirable the resin. Preferably, the
cati on exwbangeséicapacity is at | east about 0.5 and, pref @CaiNp/oemeat er
than 4.0 nmeqg/g dry weight. Al so, those cation exchange resins having bound
cationi c exchange groups of the stronger exchange potential acids are

pr ef er r edif drhaseo W D92 D8IB 13 EFCTP NLOP? 0ppe8es3eof nthRePEdmelehsat i on step

of [the Process Of, Lhec Pheseole s SOV B . ArLdi fiscahi ehpexchagge resins
swtablej( or opl%lona nodifrcati on w a nercapto nodifying agent) for
use in theptciongensaddonisheponfwitie processpod nhéibyingeateon)i ncl ude
sul fonat ed styrene-djvinyl -henzene co és)]%lyggr sul f onat ed chss-I i nked

I

styrene pHyitis, 10 pHeRoFoRrorhar behy det n?léeaBFac?EEi RS, “BEnzene-

f or mal dehydessid §:0n - 86hE E88EHSatOer it yoshaayedingulbenkenaci d resins and
the like. These include resins 10 under such tradenanes as Anberlites (Rohm

and Haas @R9lymOONEXSRIfAnEDed Chesschinlced) stpephat PRI Permutit  CO),

Chenpro ( mcal P =), y f ur al.i Lewatit (Bayer A

QS P N R T o 2E8aR y (- by EBR L VBL R LM Bl BLhiEne

st yr ene- diyinyyl detz@aesulbonopobyherreesnas peefpneténnedd Commercial ly

avail able aromatic sulfonic acid.resi nfjjr ar e,lmgeneral I iuabt al ned as sodi um
f i :

salts andSarEPRuhvertedrefonEneRacHy f otk pr T oFSEotiS§e " Bot iSBEr or eti cul ar

resing andigel shiesi PeadkRatssf vk AmpEPe; condensahi BAAPHAEES800f 20 the
present invention. The choice of resin will of course depend on the

starting PRI iRIS; (Rewreherionl cond ti Basmubnd BHe (BEFEEEibf an

L0111 ke 51 MEC (DBer0At) 003 2oLt o0, GO deten nat Lon ang

cation exehesige:¢ eshawatbtbéBaged M | &. varyAFDONorfBultegtéeadépehdi ng on the
like. Strong acid sulfonated styrene-divinylbenzene

15 copolymer resins are preferred.

Commercially available aromatic sulfonic acid resins
are generally obtained as sodium salts and are converted
to the acid form prior to use. Both macroreticular resins
and gel resins are useful in the condensation process of

20 the present invention. The choice of resin will of course
depend on the starting materials, the reaction conditions
and the effect of an individual resin under the
conditions selected, which determination and selection is
within the skill of the art.

25 The precise amount of acidic cation exchange resin
to be used will vary to some degree depending on the
specific resin, feed and conditions used for the process.
By way of illustration, sufficient catalyst is loaded
into the reaction zone to afford a contact time

30 equivalent to a weight hourly space velocity of 0.1 to 10
hr™t. The feed stream comprised of the phenolic compound,
the carbonyl compound, and the dithioketal catalyst
promoter passes through the resin catalyst for a period

of time sufficient to effect formation of the polyphenol



specific resin, feed and conditions used for the process. By way of
illustration, sufficient catalyst is |oaded into the reaction zone to

af ford a woreasieiti ne 30 equival ent to a weight hourly sp&ce/Neboesy of
0.1 to 10 hr-I. The feed stream conpt’i sed of the phenolic conpound, the
car bonyl conpound, and the dithioketal catalyst pronot asses through
the resi ndgBeARY8E PBr thep éﬁﬁ@dra§?rtﬁﬁéesﬁﬁfﬁéﬁeﬁﬁsﬂ@-éﬁ*gct ﬁbrnatlon of

the pol ypgspmcwpagggggggl%@%M%g@a@caﬂczilgggegjmog%et 3 thied eed rate.

size of the resin particular resin an catalyst
pronot er asédthanﬂikheabibenaseadnlyehdlHytbemde&ﬁimnneﬁmbw lfose of skil
in the art ? ﬁ %Hltable reactor may be used as the reaction zone. The
reaction GahTdctlr T §%&i'ngl e reactor, or in a plurality of reactors

connected in sghi;egu@table @@%@&b@'ma§h5ef@%%Gp%mﬁaﬂmeé%dﬁaﬁﬁrﬂXEd or
plug flow reactor, and the reaction can be conducted in a 10 conti nuous or

bat ch nodéonand The Feastérncarmhecetrentied StéIPodives t@t s Héw or
doun- {1 oveshigam s Theolnyeathon d sogbJill ted Lo apat igular method for

recoverlng e po eno npoun nown to those of skil
in the arparslsaitabllae I&a@&n&rabhybehambmek nth@xbmudeﬂneadﬂxmn m xture
ef fl uent fro t he rgﬁgkﬁpn zone is fed to a sep as nentioned above.

The ponpﬁ@ﬁS ©bt ottt FyBTETor | §8n§?scon€HF éﬂlﬁhenollc conpound,

and aj;smakbnammublisObr YARICOUSIJAEUELEI €5 cake aermy et emdhernsepar at or as
a 20 bottons product. This bottons product may be fed to a further

separatortOV%FPéueﬁy§PaF%ﬁiﬁPMbﬁI'§O§nC§%QWhStﬁéﬁﬁbd of polyphenol
separation but apy;pet Owhl %%nl he rused .t %h? from

t he not her |iquor can g%q use epen I ng upon S|re degree of purity
of 25 t hefpol yphemelripgodhet podiypheseparatedunche amot lery Inedinod
known to those of skill in the art is suitable.

15 Generally, however, the crude reaction mixture effluent
from the reaction zone is fed to a separator as mentioned
above. The polyphenol product, polyphenol isomers,
unreacted phenolic compound, and a small amount of
various impurities are removed from the separator as a

20 bottoms product. This bottoms product may be fed to a
further separator. While crystallization is a common
method of polyphenol separation but any method which can
be used to separate polyphenol from the mother liquor can
be used depending upon the desired degree of purity of

25 the polyphenol product. Once separated, the mother liquor
comprising phenol and polyphenol isomers may be returned
to the reaction zone as reactant.

Polyphencl separated from mother liquor in separator
can then be sent to yet further separations and purifiers

30 such as the polyphenol recovery process. This can be
particularly important where very pure product is

required as where BPA is produced for use in the

subsequent production of polycarbonates. Generally, such



conpri si ng- phenol and pol yphenol isoners may be returned to the reaction
zone as reactant. Pol yphenol separated from nother liquor in separator can
t hen be swoto2tgseyet further separations and purifiers 30PSTNLoasoREe

pol yphenol recovery process. This cani8be particularly inportant where very
pure product is required as where BPA is produced fqr use in the
subsequenfUFhedU S RAE B 1 poF year bbb e T ehet oY | §ORdUEReAD 821883611

PCT/ NLO2/Q quiks fé{ﬁé}be£158§é)@£?g£gp§i£§@ig§. beneficially conducted using
techni ques such as recrystallization. The invention is illustrated by the

followi ng exdis einwhithonsinoilieanrated by thet hetlewanples 5 within the

spirit and scape of the invention_ a escri bed erein. anples This
exanpl e d%ﬁﬂ‘ﬁ@ﬁ’at"ggl qha%st?i%]grlﬁ?%?é g%l Jg%:lfl%\gi %Qelénaxaﬁ Frbution of
sul furs specires, fiate thei A0 aghdi scopsi 6f cahal yaednanotf ast deecef bbisphenol - A

by the introduction of free 2,2-bis(thionethyl)propane as a catal yst
pronot er AMREMES substantially the sane as with the use of mnethyl

nmer capt a%added as a catalyst pronoter. 15 Preparation of
2,2-bis(t | ) propane. To a three-neck round bottom fl ask equi pped

with a necharliited stampée dadonstrytésetiatdthéngetecondenser was added
100 g of acetone,. 5 g of -122,. a _strongl acidic.2% crosslinked

sul f onat e¥F SF5refe- 4 v‘f‘%@%&ﬁ%ﬁ%}@uti(&?i %ﬁi %{Euég\meigﬁﬁﬁﬁg (rfggi %h(e:ormer cially
avai | abl exd 10 R Dhitetaande96ngnofasethyl ofeneaphano 1At B shierring at
anbi ent tenperature for 3h and 40C for 1 h, the_ liquid phase was decanted
into 200 MUyt hgr et EREBr Pdé—Bnd (PBleRetR¥hDPRERERESRED 2N Xt ure washed

wi th 100 @gtéﬁygﬁuﬁ%omoter behaves substantially the same as with
‘the use of methyl mercaptan (MeSH) added as a catalyst
promoter.
15
Preparation of 2,2-bis(thiomethyl)propane.

To a three-neck round bottom flask equipped with a
mechanical stirrer and a dry ice cold finger condenser
was added 100 g of acetone, 5 g of CT-122, a strongly

20 acidic 2% crosslinked sulfonated styrene divinylbenzene
cationic gel exchange resin commercially available from
Purolite, and 96 g of methyl mercaptan. After stirring at
ambient temperature for 3h and 40°C for 1 h, the liquid
phase was decanted into 200 ml of methylene chloride and

25 the combined washed mixture washed with 100 ml of water
three times, dried over anhydrous magnesium sulfate, and
concentrated by rotavap. The residue was fractionally
distilled to yield 26 g of 2,2-bis(thiomethyl)propane
having a boiling point of 64-66°C at 27 torr. Analysis

30 of the sample by C13 NMR peaked at 812.35 corresponding
to the presence of the CH3S group, and at 029.63

corresponding to a CH3 group, and at 054.47,
corresponding to the presence of a quartenary carbon

atom.



three tines, dried over anhydrous magnesium sul fate, and concentrated by
rotavap. The residue was fractionally distilled to yield 26 g of

2, 2- bi s(tWwpoan®sdsyl ) propane having a boiling point of 64-@®6C/MN02BR2280rT .
Anal ysis 30 of the sanple by Cl3 NVR I¥eaked at 812.35 corresponding to the
presence of the CH3S group, and at 629.63 corresponding to a CH3 group,
and at 654. 47, correspondlng to the presence of a quartenary carbon atom
VO 02/083&1% PC 19 Rate_of "eparation of

Bi sphenol e He—ae & cat al yzed by the
strongly aCIdl@h@aia@esco@X@h@na@et@ﬁbmp§e§$12%ohB@h@bwh@h, and pronot ed
with MeSH and 2, 2- bis(thionmethyl) propane ("DVA'), respectively, were
measur ed BytahyaeEUbYRIDA AiEXEDEA YORCHHEAOFATWANAE, CXF@aNTRL 22 Sids

pr eheat ed 5 to v t e p Syr fol |l oned by
|njecf$onc$?%% gb%goggFéflo%kgfg§?é€8%§ g%gﬂaﬂgggnéﬁgr% he relative nol ar
conp03|t|bms@thihmethgd)pmophaeNﬁSHMaFmnnredpeeamwedw, wasel00 nol es of

phenol, 8.1 nnleé of acetone, nd 1.04 nmol es of MeSH.
r

e rel at FoatRERar BV oS RpOLrt OR-of PhECHERAOEaPRRE DM Sot 0 eact | on
was 15 thersapeygxcgptnthataMesH7was rgphacediwictBvRaki the nolar amount
of DMA. The weight ratio of phenol to CT122 was 100 to 3.17 in both
reactlonsautﬁ@eﬁﬁﬁﬂﬁrér@é§urﬁeaépéd06@érba pefestieon aBédt @3 hours, during
which ti eact T I r graphically
deplcgidn?Olépfaéegﬁ ggﬁggglne e ”Eg?ﬂéﬁgr Qﬁe %ﬁ ﬁg%rglégﬁbnstrates

t hat thereomﬁoﬂmtlnduoflnhe meedodnlnhbhHeEN%pmbmmmE@dr@@&tﬂm@n and its

first order co ve si on of ne is substantially identical to
t hat of awﬁﬁsiﬁé F@d e/ 55 es o% ace%one, %.Bymaies

"of water, and 1.04 moles of MeSH. The relative molar

composition of the feed in the DMA-promoted reaction was

15 the same except that MeSH was replaced with half the
molar amount of DMA. The weight ratio of phenol to CT122
was 100 to 3.17 in both reactions. The mixture was
reacted over a period of about 3 hours, during which time
the reaction rate was measured. The results are

20 graphically depicted in Figure 1. The kinetic plot shown
in the Figure demonstrates that there is no induction
period in the DMA-promoted reaction and its first order
rate for conversion of acetone is substantially identical
to that of a MeSH-promoted reaction.

25

Selectivity Analysis

The selectivity of the catalyst promoter solutions
to the formation of p,p-BPA were measured by HPLC. The
following product distribution data show that replacing

30 MeSH with 2,2-bis(thiomethyl)propane (DMA) has no effect
on the selectivity of BPA formation. All numbers are in

relative units.



Selectivity Analysis The selectivity of the catal yst pronoter solutions to

the formati on of p, p-BPA were neasured by HPLC. The

foll ow ng product

di stri butworo2asdear show t hat replacing 30 MeSH with PCT/NL02/00228

2, 2-bi s(thionethyl)propane (DVA) has 2o effect

on the selectivity of BPA

formation. Al nunbers are in relative units. W 02/083611 PCT/NL.Q?/ 00228
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OCCH3/ CH2o COCOH \ CH3 CH3 HO Sulfur Species Analysis The presence
of sul fur by-products in the MeSH and 5 the DVA pronpted reaction were
nmeasur ed W 0&08deBl of the reaction m xtures. Anal ysis showed/NIheogresence
of three "sulfur species in each case nethyl nercaptan(MeSH), DMA, and
4-t hi onet hyl - 4- net hyl - 2- pent anone (TMP). The relative concentrations of
the three sul fur species are virtually hecggne in both the MeSH and DVA
pronoted reactions. This is consistent W P/r apid equilibration of DVA and
MeSH | eading to the sane distribution fur species under reaction
conditions. The small anount of d ' ulfide found in the

MeSH- pronot ed reacti on was GHgpwn 'n MeSH. Al l nunbers are
relative areas. % Acetone D netn : ‘ O¥eSH DVA TMP

D sul fide MeSH 90 32. .6d1.7 ~8751.8 10.4 0 These
results are showed in e %' ch |£ije 20 graphical plot of the first
order rates for conve ac&tldne in a net hyl mercaptan pronoted reaction
and a 2,2-bis (tfp /1) propane (DMVA) pronoted reaction. WO 02/083611
PCT/ NL02/ 00228 22 CL A1 MS 1. A process for the manufacturing of a

pol yphenol conpound, introducing into the reaction zone 5 ingredients
conpri sing a phenol conpound reactant, a carbonyl conpound reactant, and a
di t hi oketsall foat 8bysti epr émptlersiconposi ti on, and condensi ng the phenolic
conpound and

Egg presence of sulfur by-products in the MeSH and

5 the DMA promoted reaction were measured by GC-MS of the
reaction mixtures. Analysis showed the presence of three
‘sulfur species in each case: methyl mercaptan (MeSH), DMA,
and 4-thiomethyl-4-methyl-2-pentanone (TMP). The relative
concentrations of the three sulfur species are virtually

10 the same in both the MeSH and DMA promoted reactions.
This is consistent with rapid equilibration of DMA and
MeSH leading to the same distribution of sulfur species
under reaction conditions. The small amount of dimethyl
disulfide found in the MeSH-promoted reaction was shown

15 to be impurity in MeSH. All numbers are relative areas.

% Acetone Dimethyl
Promoter| conversion]| MeSH DMA T™MP Disulfide
MeSH 90 32.2 54 .6 11.7 1.5
DMA 90 37.8 51.8 10.4 0

These results are showed in Figure 1, which is the
20 graphical plot of the first order rates for converting
acetone in a methyl mercaptan promoted reaction and a

2,2-bis (thiomethyl)propane (DMA) promoted reaction.



carbonyl compound, in the presence of an acid 10 catalyst, and the

di t hi oketal catalyst pronotor a such or its dissociation products forned.
2. The prwoagssmerording to Claim1l, wherein the dithi okeCaiNiwave2yst
pronoter has the structure: RBSS R \ C2 R R2 15 wherein Rl, R2,
R3, R4 are each independently a branched or unbranched, saturated or
unsat urat ed nonoval ent organic radi'cdt s8R as 20 an aliphatic,
cycloaliphatic, aryl, heterocyclic radical, (including hydrocarbon

radi cal s such as al kyl, cycloal kyl, aryl, aralkyl, and alkaryl) ; Rl and
R22 together may beA povakent fprbohdedanofhokmrandi vdl entrogviencdnd 25 R3

and R4 together may 88 coxglenkléo%pnged to, f Lma d% %]%p% roup, and one
of R and or R2 na? ar 6" bot A F p eSent ﬁ?EPogen and prefera y one of

t hose synbol s represggtelydhogeromplPiefiagabl yheRb1l BdmpRudid R4 are are each
30 independently a branched or unbranched, saturated or unsaturated al kyl
radi cal . WD 02/ 08361%2PEFFRL0Y/ 66FD8nY23CqMPPREdpFEeEdsdoca W iy to claim

2, wherein Rl R2,_d5§hi$ﬁe%@ eaeh i adepepdently c%m%%ts%rta}o%q alky!

radi cal each containing from1l to 4 Carbon 5 atons. he process of

d ai ms 1- 3, wherei ncohdendiithhi tket phevatdky spmpoomot emdcdiposition is a

type which dissociates, in &he reaction.zong .
carbonyl compothd, in the presence of an acid

10 catalyst, and the dithioketal catalyst promotor
a such or its dissociation products formed.
2. The process according to Claim 1, wherein the

dithioketal catalyst promoter has the

structure:

R?——ﬂs\\\If/// ———Rg
Rl/ \Rz

15

wherein R;, Rz, Rz, Ry are each independently a
branched or unbranched, saturated or
unsaturated monovalent organic radical such as

20 an aliphatic, cycloaliphatic, aryl,
heterocyclic radical, (including hydrocarbon
radicals such as alkyl, cycloalkyl, aryl,
aralkyl, and alkaryl); R; and R; together may be
covalently bonded to form a divalent group, and

25 R3 and Ry together may be covalently bonded to
form a divalent group, and one of R; and or Ry
may also both represent hydrogen and preferably
one of those symbols represent hydrogen.
Preferably, Ri, Rz, R;, Rs; are are each

30 independently a branched or unbranched,

saturated or unsaturated alkyl radical.



into the same carbonyl conpound as introduced 10 into the reaction zone,
wherein the carbonyl conpound conpri ses acetone, the phenolic conpound
conpr i seswplefedsllt wherein the dithioketal catalyst pronotPer/Noep@8tion is
liquid at roomtenperature and at at m3spheric 15 pressure and has a thernm
deconposition half [life at 120C greater than 40 hours. 5. The process of
claim1, wherein the anount of inpurities present in the dithioketal

catal yst  promBter REPRSHUR WL @ & @aGlinV e 2Q1Rpesi ek W n the
phenolic conpound reactant, the carbonyl conpound reactant, or the acid
catalyst, is |ess tRan B wredeagh Thelgpeocess lof aclsasitmritatheyleisnl t he nol ar

rati o of dithioketal .catalyst . prompter .to the 2 ar bonyl_.caonpound used as
an fresh initial cﬁg%ga o)étaﬁg rcecgltz%tailélnlnzqor%o%naﬁggg 191r O%W%S: 1 to
0.25:15 7. The processmef. claim 1, wherein the acid catalyst conprises an
acidic cation exchan%e 30 resin having a _cation exchange capacity of

§ &

greater than 4% neqd FPCRsisgitt. (821 e Iprroc dde TS ITion 1, wherein the

contact time of thgjreachanty QueHLIWNE GG GalRYR]s MO H2/083611
PCT/ NLO2/ 00228 24 is equivalent to a weight hourly space velocity of 0.1

to 10 hr-1' 9. D thitgket ahicat aliystoqiradrst dm cdwpasiadtomn zbtaai nabl e by
condensation reaction ro uct 5 between car bonyl . compopund, and, at | east
6. °h Ghva

one thiol conpound}nf G hiFBKet ™6 §§¥M%ﬁ t°0t %%ﬁ??%n

accordong to Caim9neb f@emMteiction zone, wherein the carbonyl
compound comprises acetone, the phenolic
compound comprises phenol, wherein the
dithioketal catalyst promoter composition is
liquid at room temperature and at atmospheric
15 pressure and has a thermal decomposition half
life at 120°C greater than 40 hours.

5. The process of claim 1, wherein the amount of
impurities present in the dithiocketal catalyst
promoter composition which are a reactive

20 species with the phenolic compound reactant,
the carbonyl compound reactant, or the acid
catalyst, is less than 2 wt.%.

6. The process of claim 1, wherein the molar ratio
of dithioketal catalyst promoter to the

25 carbonyl compound used as an fresh initial
charge to the reaction zone ranges from 0.025:1
to 0.25:1.

7. The process of cléim 1, wherein the acid

catalyst comprises an acidic cation exchange
30 resin having a cation exchange capacity of
greater than 4.0 meq/g dry weight.

8. The process of claim 1, wherein the contact

time of the reactants over the acidic catalyst



R3S\ /SR4 2 RL R 10 11. Dithioketal catalyst pronotor conposition
according to Claim10, wherein Rl, R2, R3r R4 are each independently a
sat ur at edweloeg3enadi cal each containing from1l to 4 carb@cTaIOxB02242.
Di t hi oketal catal yst pronotor conposi24ion 15 according to Clains 9-11
conprising 2,2-bis (thionethyl)propane (DVA.) of the struture: H3C S\
/SCH3 C H3C CH3 is equivalent to a weight hourly space velocity

of 0.1 to 10 hr™™
9. Dithioketal catalyst promotor composition,
obtainable by condensation reaction product
5 between a carbonyl compopund and at least one
thiol compound.
10. Dithioketal catalyst promotor composition

according to Claim 9 of formula:

R?—S\C /S—‘Rg
N

10 | 11. Dithioketal catalyst promotor composition
according to Claim 10, wherein R;, Rz, Rj;, R4 are
each independently a saturated alkyl radical
each containing from 1 to 4 carbon atoms.

12. Dithioketal catalyst promotor composition
15 according to Claims 9-11 comprising 2,2-bis

(thiomethyl)propane (DMA) of the struture:

H;C —S S—CH;
\
H3C/ \CH3



