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(54) Title: AMINE MODIFIED CATALYSTS FOR BISPHENOL PRODUCTION

{57y Abstract: The acid catalyzed condensation of phenol with acetorne in the presence of a thiol promoter to produce bisphenol
< A is found to occur with greater overall selectivity when the catalyst employed is.an amine modified acidic resin catalyst. Amine
modified acidic resin catalysts are prepared from acidic resins such as sulfonated polystyrene by neutralization of a portion of the

o '2/50000 Al

acidic functional groups present with an amine such as pyridine. Where the thiol promoter is itself an amine the use of an amine
such as pyridine asthe modifying agent reduces the amount of thiol promoter required to achieve high selectivity.



continuing need to inprove further both the rate and selectivity of
bi sphenol formation in the acid catal yzed condensation of H?d#ugk%ﬂﬁ’ﬁonatic
conmpounds with 20 al dehydes or ketones. BRI EF SUMVARY OF THE I NVENTION I n a
first aspect, the present invention provides a_neth for maki ng a

bi sphenol , said mmm&mﬂ&@@&ﬁﬁ'ﬁﬁﬁ%@lﬁi’ conprising a
hydroxyaromati ¢ conpound and arkabgegi@N an al dehyde with an am ne

nodi fied acidic resin catalyst at a tenperature in a range between about:
25C and about 95C in the presence of a thiol pronoter, said am ne nodified
acidic resin catalyst ' d froman acidic resin conprising

aci di cMﬂéﬁW%@EJﬁ%ﬁ@vﬁgﬁf 1izing a portion of said acidic
functional groups wth an am ne, said am ne being distinct fromany thiol
‘promot er whi ch | tHg fnvesiriches taaminminedifigd aodic Iﬁi’“l@‘%ilﬁ‘%/arﬁg‘gg" In a
second aspect, the seng. | ' ' ol Keddnegirkibeg bi sphenol
A sai Hserféttﬁﬁbeaﬁﬂﬂ‘ﬂ)gf &ﬁgf{)&%ﬂ%@g‘%mnﬁgmﬂﬁg@ % elgﬂ3 ggd acetone and a
thi ol pREeitetda thivl plengiersaffosd bisphenolssird FesPIER bf* resin catal yst
at a tenperature in a range between about 50C and about 80C, said phenol
bei ng present inﬁgbh%ﬂ@gfﬁs éx&ngliﬁéd‘ﬁ?BPbﬁfay&ﬁiﬁeQbﬂuplogedimﬂieabout 95
percent by wei ght, "said aceton ein Qrﬁgsent ie'}j]%ncﬁ]ﬁéﬂ%ﬂioh%faa range

b&t we emantiacturelobprlYmBoE Magn3 rﬂmg&p&) Y PP d“Thi ol pronpt er being
pr ezé”fgdrﬂxf”é?%m?ﬁ@%l)@ gidweiginaedid thdeTrdmd)nalinpthe H@@nmg i‘ffLa"d@‘cr eact ag_tS,
said amne modifieq acidic. resin cata : Bdhofn aci dic
resin $ti 5!%983%@%15 ?HW&'P%% noé’ﬁ%l}%g& %@ﬁé ﬁ%ﬁtgfagpﬁgl%ng S%g&)ort i on of

fsai d aﬁi]j#]fcaﬂ?ﬂmﬁtei,9hainn@r@ﬂmgiﬂetﬁnaﬂleanbﬁé§tiOs‘aﬁ’ﬁﬁa’mm‘é BAACTHE st ncL |
fromany .thio ronot er. ' i b amrpesgiiowith In a thir
aspect‘,’y ‘ﬁg‘eﬂ?le‘géﬁfm F?\e\}%% gnnh;e)&%l\%hrea%ggw n%lt8 ﬁ%l f e

or ki ng,bi sphenol A
30i d npiddesisadnmiiiicisod pownisad By prodwred apnwally- ?f”dg’?ﬁhﬂ%ééset one in the
Pr eSenge 2 with acall LdcfG SCirlicidit bRy sCaidad thio! promatercHper ature in a
range Wg?\ﬁé n aar?gtgtn@?b@a%cfe about 80C, .sal q‘@ﬁq&l—mﬁﬁdnﬁﬂ RELSENt in an
anount thiol promategacthia Wﬁv%g)@gﬁtcggd Shlgeuan e _ ign 18 de achT

o citalyzed condensation of phenol with acetone. Many different combinations of acidic
catalysts and thiol promoters have been investigated and some thiol promoters such as
15 3-mercaptopropionic acid have been employed in the commercial scale production of
BPA. Notwithstanding earlier research efforts and their attendant impressive process
improvements in the manufacture of bisphenols, such as bisphenol A, thereis a
continuing need to improve further both the rate and selectivity of bisphenol
formation in the acid catalyzed condensation of hydroxyaromatic compounds with

: 20 aldehydes or ketones.

" BRIEF SUMMARY OF THE INVENTION

In a first aspect, the present invention provides 2 method for making a
bisphenol, said method comprising contacting a mixture comprising a hydroxyaromatic
compound and a ketone or an aldehyde with an amine modified acidic resin catalyst at a
temperature in a range between about 25°C and about 95°C in the presence of a thiol
promoter, said amine modified acidic resin catalyst being prepared from an acidic resin
comprising acidic functional groups by neutralizing a portion of said acidic functional groups
with an amine, said amine being distinct from any thiol promoter which itself comprises an

amine group.
_ 1-




percent by weight of said m xture, said acetone-being present in an anount
in a range between about 4 and about 6 percent by weight ofl9dulyd@0RPxt ure,
said amine nodified acidic resin catalyst being prepared froman acidic
resin conprising acidic functional groups by neutralizing a portion of
said acidic functional groups with an am ne, said am ne being distinct
fromany thiol pronoter which itself conprises an am ne group, said am ne
modi fi ed aci di c rdsiaseandlagssct, f the tiresentc civpntici pyviales hi wicthpd dootnekings ai d

t hi ol pr e ont ai.ni.ng a functional group selected fromthe, gr,oup
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and aboyt 2 pel,,~dr gm.o in..In a fourth aspect, the present

nvent | GRUBFR PPORIS st 2 Ahaut B Ch i phenel; beme Bessent da ey apiint 40, A F908 ne
nodi f i eGeafeeslabout 96 aid SRUBYY pdred® b &elphe RAIMetbhAdBBIR présntlintan Bfdullt in
conprising acidic functional groups by neutralizing a portion of said

aci di ¢ RUPREcibsigen gbafand WOP% BercentbH @{elglaisadahwhémae@hbﬂ@a BEFHER 9y om any
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r esi duesestiecdtalyst Heingnprepared) fioopam acidicstesincconfpriang rrsidic fumetienat gravips piyat i ¢
am nes cycl j I ] ” i i ri.h L S a thiol
or oot e ot apRloRUP b A ARtiaRR oty Gl SR bt S BB B3 ) )
2005 DEoA dokfthibEsaiRbieT wiksh @hel flddmprisbETdnthe dloap.pr esent i nvention may be
understood nore readily by reference to the follow ng detail ed description
of preferred enbodi nents of the invention and the exanples included

herein. In this spefibiiafebQtheppdehtintciforpdhiis Mhehbd flhRMg bisphbrilence
will be made tg a nunber of terns which shall be defined to have the 5
f ol | owi figsaid misthegsomprising contacting a mixture of phenol and acetone in the presence of an
amine modified acidic resin catalyst at a femperature in a range between about 50°C and
about 80°C, said phenol being present in an amount in a range between about 90 and about 95
~--percent by weight of said mixture, said acetone-being present in an amount in a range between
- about 4 and about 6 percent by weight of said mixture, said amine modified acidic resin
catalyst being prepared from an acidic resin comprising acidic functional groups by
neutfalizing a portion of said acidic functional groups with an amine, said amine being
distinct from any thiol promoter which itself comprises an amine group, said amine
modified acidic resin catalyst further comprising a thiol promoter, said thiol promoter
containing a functional group selected from the group consisting of amino groups, amido
groups, imido groups and carbamyl groups; said thiol promoter being present in an
amount between about 0.5 and about 2 mmo! per gram of resin.

In a fourth aspect, the present invention provides an amine modified acidic
resin catalyst, said amine modified acidic resin catalyst being prepared from an acidic resin
comprising acidic functional groups by neutralizing a portion of said acidic functional groups
With an amine, said amine being distinct from any thiol promoter which itself comprises an

~ amine group, said catalyst comprising: - sulfonated polystyrene units T
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5 not cyclic. The array may include heteroatons such as nitrogen, sulfur
and oxygen or may be conposed exclusively of carbon and hydBdg&#ﬂOExanples
of aliphatic radicals include nmethyl, methylene, ethyl, ethylene, hexyl,
and hexanet hyl ene groups. As used herein t he tern1"cyc|oa|iphatic radical"
refers to a radical having a valency of at |east, one and conprising an

array .ofDETANSERMDESCRIPTION OF THE INYENMOBh i s not aromatic. The array may
include heteroatons such as nitrogen, sulfur and oxygen or nay be conposed

| usi vel f { di cal
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i || ust r@ﬁé@nwwlhbe wﬂﬁ&maumberrﬁbwhzﬁbtshw bedefineditehagaBeNo.  63- 25- 2.
As susedfdlRsvahp ,ﬁé@gmrggrm Boc group" refers to a an am ne protecting group
conpri si ng the tertiary-butoxycarbonyl noiety. The conbi nation of a

nitrogen 20 atom,bearing both rogen atom ang the Boc group is an
exampl e of a carb Iembr%’&‘ﬂemﬂ%éth%/w“f?ﬁ“b@t Yehndt Bped hegeif Sfarsigr ei n

ref ers amadditoksinid portion ofthecikhlid ﬁg:cﬁoﬁalmgﬁdm;(s%ﬂ)v}wame béke thiol pronoter
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Cogri edepie duﬂh ?y ?x%ﬂs Bbord tl?é'ahtﬁ]%t%f thé P&B{ ‘ﬁr’ﬁh t%&rﬁe@%&ﬂdm& i cone atom’

"si |yl metha ethl ers
and sul R4 Eh caaneneaawdam m@mt@wmlr@aﬂedlﬁad aadicgesincatglyshe i nst ant

i nvent i a@m&le }edrmaiaﬁﬁctq?onpwwalgﬂoﬁomr%ﬂhaﬂﬁéeaf isefn DI sphenol A,
by acid catal congen .aﬁl on of roxyaromatic co und such

amine gr p ere the thhol promoter comalns an amme group, for examp e as in

cysteamine, the amine modified acidic resin catalyst is understood to comprise at least

15 one other amine which is not a thiol promoter.

“BPA?” is herein defined as bisphenol A and is also known as 2,2-bis(4-
- - hydroxyphenyl)propane, 4,4’-isopropylidenediphenol and p,p-BPA.

“0,p-BPA” is herein defined as o,p-bisphenol A and is also known as
2-(2-hydroxyphenyl)-2-(4-hydroxyphenyl)propane and 2,4’-isopropylidenediphenol.

20 As used herein the term “aromatic radical” refers to a radical having a
vélcncy of at least one and comprising at least one aromatic group. Examples of
aromatic radicals include phenyl, pyridyl, furanyl, thienyl, imidazolyl, 'nap}ithyl,
phenylene and biphenyl groups. The term includes groups containing both aromatic
and aliphatic components, for example a benzyl group, Further, a C;-C,, aromatic

25 radical is an aromatic radical comprising between 3 and 40 carbon atoms. The 2-
imidazoly] group (i) |




as phenol, with an al dehyde, such as butanal, or a ketone, such as acetone,
in the presence of a thiol pronoter and an anmine nodified d€idYZ0Pesi n
_catalyst. The instant invention further provides am ne nodified acidic
resin 10 catal ysts, which when used in the preparation of bisphenols, such
-as bisphenol A provide selectivity advantages over known acidic resin
catal yst .systens. Amine nodified acidic resin catalysts are prepared upon
treatment of a polyneric material conprising acidic functional groups,
such as ' ' with an amine in an anmount such that between
about 0.§Hg%ga%§gg%hgﬁﬂ%g#@éﬁt of the acidic functional 15 groups are
neutralized. The am ne nodified acidic resins of the present invention are
nore sel ective catal ysts, as neasured greater selectivity for

p, p- BPA formati on observed when phen az:ﬁ?cetone are reacted in the
presence of said am ne nodified acidlc reshn and a thiol pronoter,
relative to known acidic resin catalyst "ass sul fonated pol ystyrene in
conbination with a thiol pronoter. 20 Typically, the acidic resin catalyst
which is converted to an amine nodified acidic resin catalyst is a

sul fonat ed pol ystyrene derivative conpriing structural units |I. Polyneric
acidic resins conprising structure | are exenplified by -4 19 July 2005
SGBH Amberlyst(r) 131, Anberlyst(r) 15 amd Anberlyst(r) 36, all of which
are strongly aci digusedrherin Hertgan fgithatic radi¢al’arsifers to amadi¢ad hRdngaand Haas
Conpany 'v&]e.l(i:l)i:n{(_1 gf‘ ?tslt'i‘IElSE ahs &cp&#{ |'6§% gfx%zlﬁi'o‘f' bidnehéd &?&glaéiya?&ﬁs Whids TRy be

converte [ hé am ne no |I$E|%?a c resin catalysts of the present
i-mfent i ot gyadiculles armyNaey inslude hstareatows sweh asnigesd, sulwandOxYgeh Phpl e from

the Dupopty ed excIiived by carbbi€ aPhylir6gere ExBmpRs df Mhphatiegadiesles bet ween
about 0.1 and about 6, gqr Efﬁm&ﬁ?ﬁ' bet i/)\een{ﬂ?)% ut 2 &n?ﬁ about 5
m | 1§ eqincjudeshedybmeliylene e Ydengs hexyl C}r}éf’mﬁ AIFRSETPSi n. Typi cal |y,
the acidic functional group is a sulfonic acid group. In the practice of
the present inventAsamed hefeiistheeerm Fouhaliphatindigeliueferotota redical
having a valency of at Jeast one and comprising an array of atoms which is cyclic but
10 ‘which is not aromatic. The array may include heteroatoms such as nitrogen, sulfur and
oxygen or may be composed exclusively of carbon and hydrogen. Examples of
_cycloaliphatic radicals include cyclopropyl, cyclopentyl cyclohexyl and
‘tetrahydrofuranyl groups.

As used herein the term “carbamyl group” refers to a functional group

15 comprising the array of atoms OCONH. For example a carbamy] group is present the

} .product of reaction of an alcohol with an isocyante as illustrated by the compound 1-
naphthyl methylcarbamate, CAS No. 63-25-2.

As used herein the term “Boc group” refers to a an amine protecting '
group comprising the tertiary-butoxycarbony! moiety. The combination of a nitrogen
20 atom bearing both a hydrogen atom and the Boc group is an example of a carbamyl

group.

The term “thiol promoter” as used herein refers to a molecule
incorporating a thiol (SH) group. The thiol promoter acts to improve the rate and -
selectivity of bisphenol formation when a hydroxyaromatic compound is condensed

3.




10 the acidic resin catalyst with a sufficient anobunt of an amne to
neutral i ze between about 0.1 and about 50 percent, preferaldPyulyetdfen
about 5 and about 40 percent and nost preferably between about 20 and
about 35 percent of the acidic functional. groups present in the acidic
resin. Thus, treatnent of one gramof a sulfonated polystyrene resin

CONpri Skyjeh S SHERYHeRr kedht fn theRPSRRESIMY 2398 Eatdlys relatiooit tasents per
gramresin 15 of. ﬁul fonjc &qm d gé&gﬁ? (SOGBH groups) with I mlliequival ent
of an affardonsHERd Ut ’"p‘&??? chES PTEROLTi ne nodified acidic resin
catal yst in which 20 percent of the sulfonic acid groups have been
converted to the cafertesptsidimghpyethiol efen wud thiviatompoaad in whishani ng .

aarn: ThECREAG B R RuRE o g B et RpEUbORREnET et T hvent on

are shown 20 to be superior in terns of product. selectivity relative to v
unfrodi fi ed aci di c Thednstant duneatios psovides aduebod of prepanmng y bisphenod suglpr essed as
t he wei ; t : j |l j URd. dukture

rel ati ng"g t “@E‘&é?gﬁ%‘agg‘rﬂ@e@? Cg'l‘%?gff@gﬁéﬁo - SX}Jfgbrﬂét}fé 05 ’lsggrrer .

Addi t i onsphepol, writhartaldewdectuch ias butensl, o7ea kstone sudhasaceione, idhght per cent of

the despiegshde oPa lﬂhéP{S&%ﬁf&erF&h@@H%ﬁiﬁ@h@Hiﬁé_ﬁ acRli@hdsirPdatdystpr oduct s formed.
Am nes suitable for the preparation of amne nodified acidic resin

catal ysts include_.aliphatic, cycloaliphatjic and ar tic,amnes which are
sufficiently 5 bﬁ? EPsfaGE H’é’FWi"%/n é‘l’&‘ﬁ'&ﬁﬁl‘é 38?“%@03 je@cidicrefi® resin, said
al0 ac hneandlydis,iwigclbaden usgdan theprepamiion obsplzsiolye swchtdsdisgphiendlcA,gr oup and t he

am ne .| j L.dini. f ' i c amnes are
 exenp PSRN R Ak e Kb AT Filb AORT srtynd hieS g
N, N- di maodified acidierresio calystscut prapatadapanineatnent of e pelyphdric reatetigl 10
pi et | ioiorisHy gk R o Sl SRy Shilihc AcRIBESE Wi ey a0
di azabi (?y (?osf@r 2. 2] oct alﬁe b co) . Aromatr??: gm%e‘gﬁg_re ir#l yst raqt ed by
pyri di manount fchabel betwean abopt & aad gbpit pErmersamt of thermeidis fupctionaly) e
G5 C ogrbipiadré feutkaizéd. Ohe GMsih® Ao dpfidtdcidi@ RedirfsofWHe preodMthven@ibh aRS ar e
preferred. .. . o .. o .

-~ ‘more s€lective catalysts, as measured by the greater selectivity for p,p-BPA formation

observed when phenol and acetone are reacted in the presence of said amine modified
- -acidic resin-and a thiol promoter, relative to known acidic resin catalysts such as

sulfonated polystyrene in combination with a thiol promoter.

20 : Typically, the acidic resin catalyst which is converted to an amine
modified acidic resin catalyst is a sulfonated polystyrene derivative comprising
structural units I. Polymeric acidic resins comprising structure 1 are exemplified by




Thi ol pronoters which may be enpl oyed include aliphatic, 15 cylcoaliphatic
and aromatic thiols which may be substituted by a basic grod§ $#4cdP08s an
.amne or an acidic group such as a carboxylic acid. The thiol pronoter may
be used as a "bulk" pronoter, that is a thiol pronoter which is not
adapted for attachment to the amne nodified acidic resin, or an
"attached" pronoter. Where the thiol pronpbter contains a basic functional
“group such as an amine said tfitol pronoter| may be 20 attached to am ne

nodi fied acidic resin catalys] and is refefred to as an "attached"
"pronoter. Functional groups pféseai_if thejthiol pronoter, other than am no
groups, which facilitate the]attachnent of the thiol pronoter to the am ne
nodified acidic resin catalypt inc|lude anydo, imdo and carbanyl groups as
are found in am des, imdes pnd carhamat ef, respectively. 25 Bul k thi ol
-pronoters include cylcoaliphalig N§ such as cycl ohexanet hi ol and

cycl opent anet hiol, aromatic thid as| t hi ophenol and benzylthiol, and
al i phatic thiols such as but anef exanethiol, oct adecanet hi ol and

3-nercaptopropionic acid. Attjches ronmot ers incl ude

2- mer capt onet hyl pyri di ne, 30 jcysteam nd 4-am nobut anet hi ol i nmobilized
In an amne nodified acidic rlesin atalygt, for exanple a sul fonated

pol ystyrene in which about 2G perce®@qbf tihe sulfonic acid groups have

been neutralized with pyridi -6 19 JuLﬁ 2005 Anopbng the aliphatic thiols
suitable for use in the present invention silylnethanethiols having
structure Il have been found to be particularly effective thiol pronoters.
R3 ~ SidS 5CH '

I .
Amberlyst® 131, Amberlyst® 15 and Amberlyst® 36, all of which are
strongly acidic ion exchange resins available from the Rohm and Haas Company.

Other suitable polymeric acidic resin catalysts which may be converted
into the amine modified acidic resin catalysts of the present invention include
5 . Nafion® perfluorinated acidic resins available from the Dupont Company.

Typically, the acidic resin catalyst possesses between about 0.1 and
“about 6, preferably between about 2 and about 5 milliequivalents of acidic functional
group per gram of resin. Typically, the acidic functional-group is a sulfonic acid
_ group. In the practice of the present invention it has been found advantageous o treat
10 -the acidic resin catalyst with a sufficient amount of an amine to neutralize between
E } about 0.1 and about 50 percent, preferably between about 5 and about 40 percent and |
most preferably between about 20 and about 35 percent of the acidic functional groups
present in the acidic resin. Thus, treatment of one gram of a sulfonated polystyrene
resin comprising structural units I possessing about 5 milliequivalents per gram resin
15 of sulfonic acid groups (SO;H groups) with 1 milliequivalent of an amine, such-as
| pyridine, affords an amine modified acidic resin catalyst in which 20 percent of the
sulfonic acid groups have been converted to the cbrrésponding pyridinium sulfonate
salt, assuming complete reaction between the pyridine and the sulfonic acid groups of
the resin. The amine modified acidic resin catalysts of the present invention are shown
20 to be superior in terms of product selectivity relative to unmodified acidic resin
catalysts. Product selectivity may be expressed as the weight percent of the p,p-
bisphenol isomer in the product mixture relative to the weight percent o,p-bisphenol
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RR21 RII wherein R and R are each independently hydrogen; a Cl-C40
aliphatic radical, a C3 5 C40 aromatic radical, a C3-C4a cyeNB¥20phatic
radical, or R and R together form aC3=C40 cycloaliphatic radical or a
CAC40 aromatic radical; R3-Rs are each independently a C -C40 aliphatic
radical, a C3-C40 aromatic radical, or a C3 C40cycloaliphatic radical; or

_any twisgthert AddBicdNg, predds: sdlQaRitiehay B¢ Stpredsed &s the wedhh palckthat i ¢ radi cal
R3 - R5 together forma

or CS 10 .aromtyc radical;, ar th Loups
C0- a0 AgeAEeR S REhRl Piodh spIaBvs to b SLiEE RReREs Tadefoal . wher e any of
the groups RI-R5 of structure Il contains a basic functional group, such

as an am no gr oup, Amieessiitatlafer ianpteparetiop obamirermodifiedacidin redihached to the
n the

am ne £ Ldi g i : t F i. DS, DI :
i1 y1 ot PaSRinapae bR, kRl BhaRand ik RRlne S LN BRETERRAY D | 200 e
of 5t he bpsietmpamit ettachmearefiike amifieftp doe resingdsaid ebathmentbeing basedmponde. ani do,.
i mdo agfd; Y Bl : W e 2 e bl and car banmat es,
" respect %é?’géﬁ&i;d Bég fﬁ&é%bﬁég%ﬁﬁﬁet han@?ﬁi@% S ﬁ%ﬁﬂﬁgqgtaructure Il are
known i RYRfisiwmsenifenate.R3 R3 R ! Na2S R\SI SH SI\ /O / CR5 C solvent RS

2\ RLR\ 1
Aliphatic amines are exemplified by triethylamine, trimethylamine,

tributylamine and N,N-dimethylbutyamine. Cycloaliphatic amines are exemplified by

10 piperidine, morpholine, 1,8-diazabicyclo[5.4.0Jundec-7ene (DBU) and
'diazabicylco[2.2.2]octane (Dabco). Aromatic amines are illustrated by pyridine,
imidazole, quinoline and piperazine. Generaily, simple C,-C,,aliphatic, C,-C,,
cycloaliphatic and C,-C,aromatic amines are preferred.

_ Thiol promoters which may be employed include aliphatic,
15 cylcoaliphatic and aromatic thiols which may be substituted by a basic group such as
" an amine or an acidic group such as a carbbxylic acid. The thiol promoter-may be used.
as a “bulk” promoter, that is a thiol promoter which is not adapted for attachment to
. the amine modified acidic resin, or an “attached” promoter. Where the thiol promoter

contains a basic functional group such as an amine said thiol promoter may be

20 attached to amine modified acidic resin catalyst and is referred to as an “attached”
promoter. Functional groups present in the thiol promoter, other than amino groups,
which facilitate the attachment of the thiol promoter to the amine modified acidic
resin catalyst include amido, imido and carbamy! groups as are found in amides,

imides and carbamates, respectively.

25 Bulk thiol promoters include cylcoaliphatic thiols such as
cyclohexanethiol and cyclopentanethiol, aromatic thiols such as thiophenol and
benzylthiol, and aliphatic thiols such as butanethiol, hexanethiol, octadecanethiol and

3-mercaptopropionic acid.

. Attached thiol promoters include 2-mercaptomethylpyridine,
30 cysteamine, and 4-aminobutanethiol immobilized in an amine modified acidic resin .
catalyst, for example a sulfonated polystyrene in which about 20 percent of the
sulfonic acid groups have been neutralized with pyridine. )
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“RI1I" 11l MOH Et3N NaSAc R3 R solvent Si\ C/SAc RS R\ 1 IV
literature and nmethods for their preparation have been descriPkty 3085 f or
exanple, J. Og. Chem 53(5) 844 (1987); J. Og Chem 51(18) 3428 (1986);
" and Tetrahedron Letters 26(11) 1425 (1985). In sone instances

si'l yl met hanet hiol s having structure Il 5 are commercially available as in
the case of trimet aylcsiclohk BRSIMIEERIBIsQuinbIE &t s in akegirésedl iavémtion 7O
Chem cal Conpany, Portl gm} Obher meg?eés of. tlhi S ﬂ%l%]ses maybe

pr epar edsibymedaesthiols W’“& %FHCHF ayg jbest fonad Fo,bF RUSYIAIY £ 11 with a
sul fur ngedigeehbiess. such as sodi um sul fide, sodiumthioacetate or thiourea.
Wiere sodiumsulfide is enployed the silylnmethanthiol 11 is obtained

directly. Wiere the 10 thioacetate is enployed as a nucl eophile, acetate
derivative 1V is obtained. The acetaj® derivative IV is readily converted

to the corresponding thiol 11 upon | vol ysis, for exanple upon heating
acetate derivative IV with rﬁ‘f hanol fin the presence of a basic catalyst
such as triethylamne. -8 19 Ju 2P05 Chl oronet hyl silicon conpounds

anong them the hydrosilylati (\;of O|HII’]S havi ng structure V with

corresponding to structure II??B pre ed by a variety of nethods,
a chl oronet hyl silane VI i ndQrPporati ng silicone hydride function. Thus,
olefin V in which radical R600rresp toatwo carbon | ower

11 L
wherein R! and R? are each independently hydrogen, a C,-C;, aliphatic radical, a C;-
5 'C,, aromatic radical, a C;-C,, cycloaliphatic radical, or

R' and R? together form a.C4-C,, cycloaliphatic radical or a C,-C,, aromatic radical;

_R*-R® are each independently a C,-C,, aliphatic radical, a C,-Cy,aromatic radical, or a

#C,4-Cyq cycloaliphatic radical; or

-any two of the groups R® -R? together form a C;-C,y cycloaliphatic radical or C;-Cyq

10 saromatic radical; or

-the groups R® -R° together form a C,-C, cycloaliphatic radical or C,o-C,, aromatic

) .radical.

Where any of the groups R1-R5 of structure II contains a basic
_functional group, such as an amino group, the silylmethanethiol promoter may be
15 - attached to the amine modified acidic resin catalyst. Functional groups present in the
sitylmethanethiol, other than amino groups, which facilitate the attachment of the
_-promoter to the amine modified acidic resin catalyst include amido, imido and
carbamyl groups as are found in amides, imides and carbamates, respectively.




5 honol og of radical R5 may be reacted with chloronethylsilane VI in the
presence of a noble nmetal catalyst to afford chloromnet hyl silPiJgly2005
derivative 111. A variety of reaction conditions nay be enployed for the
conversion R RN4/ R3 HCH2C R VI R6 R5,"Si--CH2CI V catalyst |11

of chloronmethylsilanes Il into silylnmethanethiols Il and silyl met hanet hi ol
acetate derivati VSﬁ%')lln}éthéE)éﬂha@hbﬁngEﬁ?@ctﬁr‘&'l%&%b%hﬁ'dx@&ﬁnhéél i's combined
in a polar solvent 10 such as nethanol or dinmethylformam de with a slight
excess of sodiumsulfide or sodiumthioacetate and the m xture us stirred
at a tenperature bet "‘ﬁ3” about O0C and Labour 100C until Rﬁe starting
chl-or onet hyl si l,ane 11} has been consunmed as judged by

chr omat ograprﬁ,w } ayer chromat og}r@:ghy or like al yf ifcal techni gue.
Ther eupon, the re ilon m xture may di stributed be n wat e§|_q1nd a

solvent such 15 as hyl chLaoride _tolgene or ?,y The
organic layer d hen w{Shed with water to conp he repqval of
i norganic saR"s and the ried over salventt abl e dFyi ng age uch as

magnesi um sul fate. Fil ¥raty on and sol vent evaporation affofds \t he crude
product which may be ngrplo as a thiol pronoter for BP/R%rodRﬁtlon inits
crude state, or puri'tied, "for exanple by col um chronmat ography or
recrystallization, prior to 20 such use. Exanples of si‘ yl ffet hanet hi ol s
whi ch may be used 1fis pronoters for bisphenol production include, but are
not limted to, trinetfhylsilylnmethanethiol, triethylsillylnnethanethiol,
- tripropylsilyl methanetthiol,tributylsilylnmethanethiol, |-
trimethylsilyl-I-ethyljmet hanet hi ol and MeOH/ Et;N
1-trinmethylsilyl-I-begzyl met hanethiol. -9

NaSAc R®
Si
/ \ /

/\

—Ac

-solvent

literature and methods for their preparation have been described in , for example, J.
Org. Chem. 53(5) 844 (1987); J. Org: Chem. 51(18) 3428 (1986); and Tetrahedron
Letters 26.(11) 1425 (1985). In some instances silylmethanethiols having structure II .
-5 -are commercially available as in the case of trimethylsilylmethanethiol which is
available from TCI Chemical Company, Portland, Oregon. Other members of this
class may be prepared by reaction of a chloromethylsilane having structure IIl with a
sulfur nucleophile such as sodium sulfide, sodium thicacetate or thiourea. Where
sodium sulfide is employed the silylmethanthiol II is obtained directly. Where the
10 - thioacetate is employed as a nucleophile, acetate derivative IV is obtained. The acetate
derivative IV is readily converted to the correspondmg thiol I upon solvolysis, for
examnple upon heating acetate derivative IV with methanol in the presence of a basic
* catalyst such as triethylamine.




e 19 July 2005 Where the silylnethanethiol pronoter is to
be used as a bulk promoter, the preferred silyl met hanet hi ol19guy@908r i s
~trinmethylsilylmethanethiol owwng to its availability, ease of preparation
and recovery or renoval fromthe reaction product. In sone instances it may
be advantageous to enploy a 5 silylnmethanethiol derivative such as
trimethylsilyl met heggiohiethylghesmédnpdunis Copéspondiag tostrichee Pl esgrie

i nvention. Under such cjrc tances it i.s belieyved. :

silyl rreﬂ@ﬁ%ﬁ?éﬁfﬁt?yo? variety ot weinodempoRdhem 1 1?’!#5"%%?&5’@_@%‘?‘%%? B3 hi ol

pr onot ehavingetructufeeV madca tidoroveidilsilane ¥/ iSidrporating asidicppohydiislst at es and
ot her siJd yl nethanet hi-ol, . i s ANl Iy Sirboi 1BRlepanet hi ol under
t he reaf?'i;/%wncﬁﬁﬁr PH} sV g?d‘g'ﬁ'fﬁ%addgag%} \ggte’gﬂ’s"?‘ég g{npf o¥,e(§ at about the sane

| ebel s hsntoheg of ragicatedt ‘maaycharieatted wathchlorpmethylsilang Y1 anihg presgree ot a

silylme ' MEGL IOt oReARativ BRChed pronoter, as is the
case of hpﬁ%?é%’?‘ﬁ, s?ﬁ%iﬁ%rﬁ@g?ré Wmsrch incgr p?)gate an amne function which
may be used to forman attachnent to, am ne nodified, aci,dic resjin catalyst.
The attachnment of A Weiety plreaeonsrRdHians may lf"rﬁ“%‘ﬁ?’?f’e&’ﬁb}lﬁﬁo%ﬁ%'e? idic 15
resin catal yst may be based upon a strong hydrogen bonding interaction or a
coval ent bond. Exanpl es of g3yl nethanethiols which my be used as
attached pronoters for , bi sphenol production include

3-am nopropyl di net hy] R \y! n#t hanet hi ol , 3-N- 3

met hyl ani nopr opy! di met hyDsif yI met hanet hiol , 3¢ N, N- R

di.met hyl anmi nopr opy! di mj}&MWtéﬁnet hi oR'\3- (1/20

pi' per adi nyl ) pr opyl di e} yl silyl Hdhet hi ol aN— 4-

pyridyl)ethyl di methyl silyl méthanethiol. In addi t$on to silyl methanethiols
whi ch incer e a free amno fungtion, derivalt EWH%@]h material s
"incorporfating acylated thiol groups and erFect ed am ne ‘groups may al so be
enpl oyed. Thyg, the N Bocataly26 am nopr opyl di net hylgj | yl net hanet hi ol acetate

der i vat j¥gudodisSiRHadIf id BiinkafinatiolaN fisagkhaRaitiokhettor oot er for
uct'ion, Thioacetate VI|..is

b _ :
, brsp : e-?gériv%rtiges IV. Typically, the chloromethylsilane ﬂle%slc%\ﬁ%(iined in a polar solvent
10 - such as methanol or dimethylformamide with a slight excess of sodium sulfide or

. sodium thioacetate and the mixture us stirred at a temperature between about 0°C and

-zabout 100°C until the starting chloromethylsilane I1I has been consumed as judged by -
.-gas chromatography, thin layer chromatogra;ﬁhy or like analytical technique.

" Thereupon, the reaction mixture may be distributed between water and a solvent such

15 - as methylene chloride, toluene or ethyl acetate. The organic layer is then washed with
‘water to complete the removal of inorganic salts and then dried over a suitable drying
} agent such as magnesium sulfate. Filtration and solvent evaporation affords the crude

 product which may be employed as a thiol promoter for BPA production in its crude
- state, or purified, for example by column chromatography or recrystallization, prior to

20 such use.

Examples of silylmethanethiols which may be used as promoters for
‘bisphenol production include, but are not limited to, trimethylsilylmethanethiol,
triethylsilylmethanethiol, tripropylsilylmethanethiol,tributylsilylmethanethiol, 1-
trimethylsilyl-1-ethylmethanethiol and 1-trimethylsilyl-1-benzyimethanethiol.




to be converted to 3-am nopropyl di net hyl -silyl methanethiol VIII under the
conditions used to prepare bisphenols. -10 19 July 2005 HER Jgjy'2005SH H3C/
\CH3 VIII As noted, the instant invention provides a nmethod of preparing a _
bi sphenol, such as bi sphenol A, wherein an amine nodified acidic resin
catalyst is enployed together with a thiol pronoter to effect the -
condensation of a WyeteahyslyahisetseNBRMseMs thbabsedld ahuflepdmdlerk et one.

‘Exanpl es;of 5. hydraxyaronmati ¢ _conpounds. i nclude phenol,  o-cresal, mcresol,
o bt y e P S R Rl S e iR alob G e @iy s

i ncl ude #oulahilidesadeof prapet@ideidydeyvepy oprennaiatifrbydie pradidipradadt. Exanpl es
of ketones include acetone, cyclohexanone; 3,3,5-trinethylcycl ohexanone,

10 hydr oxyphenyl ) pessang mif ey B ool BPAGDRLE ) bropaner
1, 12 bi s(Ayimgdiag b}lég@yéttyyéu@tﬁ;)ggiﬁ@,thylsily]methanethiol acetate in the process ’ :

1, 1- bi s(dfthy greaenti RO R 8B
bi s(4- hydl—t Qeﬁg rlawm{o??%??ﬁﬁﬁ%lhcycl ohggéﬁg&%ﬁ%t atethgr epared by the

r ox nyl)-3, y ( ;
met hod of Yﬁflg}gaw’r‘é@i Atetataissonverted toRke astbweasilylmefbensthielpromotss ander
exenpl | fthefbab%oxil Es:(yjdlﬁ@)si. sﬂymﬁmaﬂr??mra@éﬂafe@ Sﬂa oﬁies ei:mﬁﬁkhgﬁefg]ﬂcﬁkcondensat i on
reaction, of the hydro 0 i C coppoun enol’, agnd the ket one,
acetone%ERV?HWU%CQS%%F%ﬁqﬁé“ﬁHW&'O e1 dhg %ﬁ%“or‘rﬂ’?gﬂ’éméa’ﬁt acted with an
anithe neadvdntageomsiydinagploysi an abaut alieysimealesielslak dhe gilyhnethenetlib] itselfl enper at ur e
bet ween about 20C and about 100C , preferably between about 40C and about

90C and still noreyn . C.. Jhe met hod
of the present i nvg n'E) ﬁ%ﬁﬁﬁn%/c}é%@%gﬁgﬁg‘?@%?%loggfgﬁﬁg%tr@%pﬁ%ﬁ%h? %’gnt I nuous
pr ocessadached prompter.asinthg case afitkosgisdybmethamerhiotsiwhich incemergyed as a
cont i NUAKSnePfAERSS whidhena b esed s fdritsh & cthfent R5InMine A RN aciBY De
configured in .a . . . e 1 e ys
resin catalyst. The attachment of the silylmethanethiol to the amine modified acidic
15 resin catalyst may be based upon a strong hydrogen bonding interaction or a covalent
bond. Examples of silylmethanethiols which may be used as attached promoters for
bisphenol production include 3-aminopropyldimethylsilylmethanethiol, 3-N-
methylaminopropyldimethylsilylmethanethiol, 3-N,N-
_ dimethylaminopropyldimethylsilylmethanethiol, 3-(1-- _
20 piperadinyl)propyldimethylsilyimethanethiol and 2-(4-
pyridylethyldimethylsilylmethanethiol.

In addition to silylmethanethiols which incorporate a free amino
function, derivatives of such materials incorporating acylated thiol groups and
protected amine groups may also be employed. Thus, the N-Boc-3-

25 aminopropyldimethylsilylmethanethiol acetate derivative VII is found to function as
an effective attached promoter for bisphenol production. Thioacetate V11 is believed
to be converted to 3-aminopropyldimethyl-silylmethanethiol VIII under the conditions
used to prepare bisphenols. '
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fixed bed or stirred tank reactor such that the reactants, phenol, acetone
and the thiol pronoter are presented to the catal yst and r 8ubE00Bom t he
catalyst in a continuous fashion. Alternatively, the am ne nodified acidic
“resin catalyst may be pretreated with 25 the thiol pronoter containing a
functional group such as an ami ne or a carbamate capable of attachment to
the amne nodified acidic resin catalyst. The use of an attached thiol

~ pronoter obviates the need to include thiol pronoter in the feed stream-11
19 July 2005 conpjsi ng(y:grn\ol/q}n%acet . V\here a thiol pronoter
contai ning a basic ona rou (O?ﬁ* d, it may be attached to the
amne nodified acidic sinitself o t may belncludedlnthe during the
preparation of the am e nodifief{ AL di (CH%Sl n from an unnodified acidic
resin. 5 Wien the nmethbd of the present invention is enployed as a

conti nuous process, ~the react amf are conbined to give a feed m xture said
m xture being introduced at a ght hourly space velocity of from about
0.1 to about 6 , preferably fromabout | to about 4, and even nore
preferably fromabout 2 to about, 3.5, pounds of th ed mxture per pound
catal yst per hour Asmied, é@fnﬁﬁaﬁ‘t’HV@“@BrﬂSPYlgﬁ%aWH?ﬂ ﬂfe .1 to about 10
wei ght  BRGREHH, sﬂ@l@h@ﬁﬁ Hélﬂl ﬁbWhErcﬁDaﬂ emileahbdified mdg:h‘bsmeatabnst is phenol ,

f bl bou t 8 bout 85 t b t
56 vie, SRPIBER iags ﬁvofr‘)%oa@ao“'ﬁ%% o LA coPaciaRien 805 773" o about 6
wei ght nydreeyﬁromaﬁebﬁmgomabmma]deﬁydemraltknntbne&) Bxemplghof per cent phenol .
e R M b ) i SRy et 1 o

SR 360U rc?ferabl y about 10 and
about 7propaipiiennl end fenaphthobfBaaples ofisidehydes malwée Mydéyi | 1i nol es per
liter (Méléé}érdé’f @%ﬂaldmsﬁe aﬁm%ﬁﬂEﬁﬁmﬁfbs%ﬂ'kéﬁh@ﬂmc}wem@ﬁc the thiol

| spresent an e betvve about and about 3,
pr ef er agydjoherarAned3 &> uiameByGYclo ‘ﬁﬁa{‘?’?ee Woé'ﬁtaﬁ‘a #@P’%‘Pﬁ? n am ne nodified
acidic resin catalyst. EXAVWPLES

A wide variety of bisphenols; such as 2,2-bis(4-

10 hydroxyphenyl)propane; 2,2-bis(4-hydroxy-3-methylphenyl)propane; 1,1-bis(4-
hydroxyphenyl)cyclohexane; 1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane and 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, may be prepared by the method of
the present invention. The present invention is best exemplified by its use in the
preparation of bisphenol A via condensation reaction of the hydroxyaromatic

15 compound, phenol, and the ketone, acetone. A mixture comprising phenol and acetone

may be contacted with an amine modified acidic resin catalyst and thiol promoter at a

temperature between about 20°C and about 100°C , preferably between about 40°C

and about 90°C and still more preferably between about 50°C and about 80°C.

_—

The method of the present invention may be employed in both batch
20 and continuous processes. When the method of the present invention is employed as a
continuous process, the amine modified acidic resin catalyst may be configured in a
fixed bed or stirred tank reactor such that the reactants, phenol, acetone and the thiol
promoter are presented to the catalyst and removed from the catalyst in a continuous
fashion. Alternatively, the amine modified acidic resin catalyst may be pretreated with
25 the thiol promoter containing a functional group such as an amine or a carbamate
capable of attachment to the amine modified acidic resin catalyst. The use of an
attached thiol promoter obviates the need to include thiol promoter in the feed stream

-11-




20 The followi ng exanples are put forth so as to provide those of ordinary
skill inthe art with a detailed disclosure and descri pti on18tuly@d0% he

nmet hods cl aimed herein are eval uated. Unl ess indicated otherw se, parts
are by weight, tenperature is in degrees centigrade. The materials and
testing procedures used for the results shown herein are as follows: 25

chr ormt SRR eRO R £R105 SRERG M Bl TN IS AR
spect r algrokt is evnleyashitanaebe atachedoihe amiRavrdifigd rodid re@7AfGOVG.  The
| abor at qpy, Efi‘ﬁ@fud@&’?ﬁ %%r&@%ﬁfﬂ%ﬁ@%@&%ﬁhb SffinrhodiiRaikididdsi fAgmabl e to

transfer “nolten phenolic¢ soal The reaction bl ock was heated by neans,
of a hedniumgadif \a%@czi?ﬂn-t he reaction tenperature was 70C +1-1C. -12 19
July 2005 The surprising effect of amne nodified acidic resin catalysts

wag denmpnstrat ed OWhen tiRDBEBbO 6 HRGRERNI véntioRAe ehPloyedss alcofmic@sed to act.
as a stirred tank reactor erated in_a.continuays node, Sanpling was

Car i ed PRFESulURagEBRAE Smabaed o B £ fosH S BE SRAHRTER P61 he aci di <
resin caiteddpsédarmweight hinaty spate adoéiof dfofnem abani). b towathdut &f, preferaptyum seal ed
96 wel | cpal wor equi ppe ' m._ni ' rs, was

_ chargedf&ﬂ#)og?%{)?Q&gc%’gﬁ%e‘lfeggf]ﬂ%gpé%g% tfr T‘/‘J’-bﬁgy%\?? ?@g%t Ofimggch as
Anber | y of the)fecdBmjxtarecpdy poneshemsalpst per haroiThe migbwot compsistsfromn cont ai ni ng
aRy am . el | L a not er
Rt U e e e Sl T

am ne apEnehgreferblyakout § te gbopt Shweight Rercent aeetene sk abont 85t abowt P o
number %?B@b&céﬁttﬂﬁnﬂp ahdQill SSid préfisbly BBt 3abiabea: 6 WeRIHe ptlaentt hi ol
|

_.pronot er d nqt.co I n.a basic, tunctional gr , such n.am ne,
Eher eby s gl aoeRt o lCRutds yeiehbperts pherdlo e siou asa i not
i ncl udepromtitérhthiclthioh promotetinay e praemtdh ah yiioundih f taegé betwesh epowtisd was
i nst ead d t hengl - to e | X1 I hxture of
LRE oo P S0 TO0. PRl o6 10 85T B0 TS SRR i By G 0
opt i onadrdabohe4q mibimeeopewtlder (mamold) ofifect. Mberhanplopedias an attached

.promoter the thiol is.present in an amount in a range between about 0.1 and about 3,

preferably about 0.5 and about 2 milliequivalents per gram amine modified acidic

resin catalyst.
EXAMPLES

20 The following examples are put forth so as to provide those of ordinary
~ skill in the art with a detailed disclosure and description of how the methods claimed
herein are evaluated. Unless indicated otherwise, parts are by weight, temperature is in i
degrees centigrade. The materials and testing procedures used for the results shown
herein are as follows:

25 Starting material and product compositions were determined by gas
chromatography on a Hewlett Packard model 5890 gas chromatograph. GC-mass
spectral data were obtained on a Hewlett Packard model 5971A GC-MS. The
Jaboratory robot employed was an 8-probe Gilson 215 modified to be able to transfer
molten phenolic solutions. The reaction block was heated by means of a heating block

30  and the reaction temperature was 70°C +/-1°C. o '
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70C for a period of about | hour to afford the amne nodified acidic resin
catal yst. Reactants phenol, acetone and optionally the thidP July@8ber were
then added and the mxture was then stirred and heated for at period of

" * seven mnutes at 70C at which point a portion of the reaction mxture was

renoved, care being taken to assure that 20 the supernatant |iquid and not

the solid catal ystlg_jgre TSInE. Ctaigf ; e%e%d?f‘ijec& Jcﬁcﬁ@?ésm 9,1%1?&9“% seven

m nut es, reactant ISHERTSIH an anopunt equa vol unme
r enoved dimohdiatadrava mberasmrgpcala’m areanm yryselglesigned paac ésa%’ftlr{fr‘ii 9ef ume wi th

e SR R B Rt B Yfce: shblfeakranos indaruay saheut 1 hour

and t he™¥ ut o o ut1on s about f% 3} ol ution
per gr anondiSons. M‘9 agiiopf thseacidieasin gatalByts wgs EVP %Q“W‘F op%‘ﬁﬁt G mixture
123 SH S N St gt o L
dupl i camagneticdmps, sasth B?éeghﬁg’@ﬁ?ﬂig %)&i‘ %4 ﬁgmllﬁ%? %(’:?ors wer e

char gedammeﬂ}/gt@r PSS hhdll quqnsamk bﬂaaﬁtmﬁmaql mbmyaawltldmm;iﬂaﬂﬁanr eated with

the am nes indjcated.in S scribe 1o£30 experi nent al
sect | onammsw&éwgdmﬁ 01?51‘0“?12'%‘6 ‘ﬁ?ff’g‘ co'%l q rr\é: 8‘6 gﬁjt%ﬁ o wei ght

per cent sarBhRAL thbmsin,gﬁc}vmcgmamemm arpnemmfarmn@aad H@F@%@I‘M’ﬁ on further
ri sed Lorfthe desib@@rey| ner capt an,

o%ptrlﬂﬁmfﬁq% F%Pﬁgg 6ﬁ§’§§?£a%g%%{cbgﬁfﬂﬁg??é n asrla e bﬁt ween about

20.5 ammmaz@wmrytm$l pacbmt@r dng!nﬁwnt#maelgasweﬁn?‘rqf’éi g"’Bﬁt%‘ P8 provi ded

| nm Tabl ﬁisdargun% wﬁé@ kt%uﬂd%ﬁ%@&ﬁ@&@dkh@sm Rptalpeg Gt wad martinalided of t he

ami ne

the | ommséqegnﬁgbpnﬁg e oty ion SeRABl T R Read Bl c resin ¢
cat al ySfe hARMRctoRE T RREVEER rhisinde VEREABTGRRIIN @nGardydangxanpl e t hi ol
prlg ot e}; e%(n?l Qo%tzﬁrq;ng%nlngg grlui1 gptpd%aﬁf 0 thlomwpér%ie? %Qé@ﬁma&@ atavg
70°C for a period of about 1 hour to afford the amine modified acidic resin catalyst
Reactants phenol, acetone and optionally the thiol promoter were then added and the
mixture was then stirred and heated for at period of seven minutes at 70°C at which
point a portion of the reaction mixture was removed, care being taken to assure that
20 the supernatant liquid and not the solid catalyst are removed. After an additional
period of seven minutes, reactant solution was added in an amount equal to the
volume removed in the previous step. This “making up” of the reaction volume with
fresh reactants completes a cyclé. Liquid residence time was about 1 hour and the
. thoughput of stock solution was about 3 grams of stock solution per gram resin
)5 catalyst per hour. After 40 cycles the reaction mixture was considered to have
achieved a steady state and the reaction mixture was sampled and analyzed by gas

chromatography. Each reaction was run in duplicate.

Examples 1-35 and Comparative Examples 1-6

The reactors were charged with 4% crosslinked sulfonated polystyrene
‘beads and treated with the amines indicated in Table 1 as described in the general
30 experimental section. The stock solution of reactants contained about 4.5 weight
percent acetone, about 95 weight percent phenol. The stock solution further comprised

the thiol promoter (3-mercaptopropionic acid, benzyl mercaptan, or
trimethylsilylmethanethiol) at a concentration in a range between about 20.5 and

-13-




20.5 pyridine U5 15.42 92.64 pyridine 3 20. pyridine | 1-b 1 16.31 93.79
4 20.5 riey amine --U. 5 15.35 92.45 5 -20. net y amne 1 78-JRly 20p51 El

'net y amne 5t b 20. 78-W-9978T- CE 1 . 7 41 pyridine pyridine 19.5b
94.U pyridine 1.5 22.05 W6 7 10 net y amine net y amne 94.13 ne y )
amne 1.5 -Wav CE-2 Conparative Exanple Concentration of in mllinoles per

liter Axbog #15861ihRId¥gR fiter.a0hidlafe h8oided i PABMYAS. ﬁx%dfalgi'é P4 Vﬁlt ent Spg;ﬁcgﬁt

er gramacidic resin catal yst a ectivity expressed | el
e LG Pgugrtie I e e b O oAb At PPADEY B TS RGN her cont

0, p- BPACongmenivei Exahiptes -6 distiate thie éweraeloelivipt dnehdiant &pph elsaest ofs wei ght
%; p- BPQ i n HJ‘ dui:jjt. m xt ugzwz‘el ative to all other phenol/acetone
condens Hn8ﬂ B:ad"'& é?gcswrcé'a “in the reaction mxture. -14 19 July 2005
TABLE 2 THI OL PROMOTER | S BENZYL MERCAPTAN Exanple t to pronoter am ne

am ne | dadildg 1 gglel. PROMOTER IS 3-MERCAPTOPROPIONIC ACID : .
‘1 Example | thiol promoter amine® amine loading| pp/op [ pp-BPA
“mmol/L” - “Meg/gram® | avg® [selavg
1 20.5 -.pyndine 0.5 19.42 ] 92.64
2 - 20.9 pyridine 1 16.77 | 93.20
3 20.9 pyrndine 1.5 18.37 | 93.79
: 4 - 20.5 triethylamine 0.9 15.30 | 82.45
5] =205 tnethylamine |. 1 16.70 | 93.18
6 20.5 triethylamine 1.5 18.06 | 93.80
CE-17 — 20.5 -0 14.85 | 91.98
l -4 pyridine 0.5 17.069 | Y3.30
i <] 41 | pyndine 1 19.08 | 94.01
F 4] 41 pyridine 1.5 2205 | 94.67
A 10 41 triethylamine 0.5 17.33 1 9333
AT 41 friethylamine 1 20.09 1 9473
s 12 41 tnethylamine 1.5 23.06 | 94.68
CE-27 41 ' ‘ 0 15.85 | 92.70

" .Comparative Example ~ Concentration of in millimoles per liter * Amine used to modify acidic resin
- catalyst d Milliequivalents amine per gram acidic resin catalyst © Selectivity expressed as weight

x:percent p,p-BPA |present.in the reaction mixture divided by the weight percent o,p-BPA present in the

=reaction mixture = Selectivity expressed as weight % p,p-BPA in product mixture relative 1o alf other
-phenolacetone condensation products present in the reaction mixture.

-14-




“mmol /L Meqg/ gram avg sel
pyridine 16 20.5 trl et
pyri di ne
©9.5.41
Concentration of

cat al ysl\i/-ﬁ%}fé b el

pyri di ne

avg

-pyridine pyn Ine -f7.7(T 49 ZO .W94. 31
tnet y arfPdely@e03

y amne 1 17.68 1.5 V4.-j1
_ 20 41 pyridine 1.5 -24. f.5 96.03 41 the y anine 7.95
the y amine the y amne 25.42 CE-4 - '
in mllinoles per

_ - Conparative e Exanple
liter Am ne used to nodify acidic resin

SO BERNTS BENEYL MIBRCAPTRIG resin catal yst a

- Sel ecti expressed as wei ght percent p,p-BPA ?resent in [
m xture di yi ded by the weight percent o, pPBIF:)’A present in thet hre ;gﬁicz)lnon
[“ef‘;ﬂ\ ISRMpIE PIRGI promaien pd_ammier gt avoine [oasiag pPoRfeetBRAYt ur e
i ye—to—attiot frenpt7acetroni i [C Fht On ggSdligeFapg'dsent in the
r;(g%: c-nf—nﬁﬁ'ezr m_?,n'r.': nL Dﬁmqrﬁq{ﬂ%g? i M?FFH“!;%‘. : rt_gg:a?#rpEm oL
avg pylidids 18 e Pigihg S g PPTOP PPN | SBgiEgT|am avg sel
15 P BifiEine™ 1" 715 70.66 | 94.31
16 triethylamine 1 17.68 ] 93.38
17 triethylamine 15 20.77 { 94.31
CE-3° 0 14.38 | 91.97
18 41 pyndine 0.5 17.98 ] 93.45
19 41 pyrdine 1 2078 | B4.23
20 41 pyndine 1.2 24157 95.03
21 41 triethylamine 0.5 17.96 §{ 93.41
22 41 :| triethylamine 1 21.34 ] 94.43
23 - 41 triethylamine 15 2542 95.12
CE-4° 41 0 15.59 | 92.42

T Comparative Example = Concentration of in millimoles per liter C Amine used to modify acidic resin

catalyst d Milliequivalents amine per gram acidic resin catalyst € Selectivity expressed as weight
percent p,p-BPA present in the reaction mixture divided by the weight percent o,p-BPA present in the

 reaction mixture * Selectivity expressed as weight % p,p-BPA in product mixture relative to all other
phenol/acetone condensation products present in the reaction mixture;

TABLE 3 THIOL PROMOTER 1S TRIMETHYLSILYLMETHANETHIOL

[Example | thiol promoter amine® amine loading] pp/op | pp-BPA

mmol/L” Meg/gram® | avg® | selavg'
24 20.5 pyridine 0.5 18.80 | 93.6/
20 20.0 pyridine 1 2160} 94.49
26 20.5 pyridine 1.5 24.78 | 85.11
27 20.0 iriethylamine 0.0 18.58 | 93.03
28 20.5 triethylamine 1 2234 | 94.064
- 29 20.0 triethylamine 1.5 2640 | 95.24
CE-57 20.5 0 16.38 ] 92.80
30 41 pyrnidine 0.5 20431 94:.14
31 41 pyridine 1 2410 { 94.90
32 41 pyridine 1.5 27.73 | 90.44
33 41 triethylamine 0.0 2052 | 94.10
34 41 triethylamine 1 2539 | 595.11
35 41 triethyiamine 1.5 29.31 ] 95.62
CE-6° 41 0 1744 | 93.19

Comparative Example

b Concentration of in millimoles per liter ~ Amine used to modify acidic resin

catalyst d Milliequivalents amine per gram acidic resin catalyst € Selectivity expressed as weight
percent p,p-BPA present in the reaction mixture divided by the weight percent o,p-BPA present in the
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26 pyriidine ne y amne ney amne 94.64 the y amne CE-5 U2-.BU - UU-
pyridine pyre ine 94.95 pyridine j 3T- ney anmine 0.5 riel9Jalyi2g@5ne y
amine 1.5 CE-6 17- Conparative e AExanple Concentration of in mllinoles
per liter Amne used to nodify acidic resin .catalyst d MIIliequival ents
amne per gramacidic resin catalyst a Selectivity expressed as weight
percent p, p- BPA prpsent in the reaction m xture divided by the wei ght
per cent 'E;F Fﬂﬂg e‘i ifvity prprepied aspesishps piptBPAZDDSducraigtcireptivatoellgther f

Sel ect i VPESPYASEISPRERETsatien RipdughPressytin fhe mesalor MiXB¥eoduct ni xture rel ative to
all other phenol/acetone condensation products present in the reaction
m xture. Exanpl es 36-55 and Conparative Exanples 7-10 The reactors were
charged with 4% crosslinked sulfonated polystyrene beads and treated with *
the ani riexamples 3o-5P apd Eopmarativp fixempless/-48 described in the general
experinmental section. The total anmount of am ne and attached thiol pronoter

cysteam ne was bet m@fba@l@%&@ cﬁa 204 va %c%s%ﬂﬂeﬁ%gﬁbﬂﬁb@gﬁlgglgﬁrnegram

resin 5_.catal t ngt SO u |on (0] eactants cont al ne
wei ght (PP gale he%'&e@n nwn@kﬁr%étﬁ@amagﬁlem dimthe are

provi decgeheérall; eﬁn{’antdixéﬁmhe%@ﬁtéﬁmdﬂﬂmﬂnafaﬁd aN&dled eHibl ]{n%ﬁi&é}t ivities

-

for amne nodified.,acidic,re .containing the t ached pronoter
 cysteam Xgealﬂﬁlf’ KSE %en aboy %? égg rgHHequwa ents per gram resin
5 catalyst. The stock solution of reactants contamed about 4.5 weight percent acetone,

about 95.5 weight percent phenol. Data are provided in Table 4. Examples 36-55
demonstrate excellent selectivities for amine modified acidic resin catalysts
containing the attached promoter cysteamine. For example, Examples 36-40 and
‘Comparative Example 7 illustrate that the selectivity observed at 2 milliequivalents
10 .cysteamine per gram acidic resin catalyst is maintained for amine modified acidic
“resin catalysts containing pyridine in which the total:amine content is held constant.
“The data demonstrate that lower levels of cysteamine ' may be employed without
'sacrificing selectivity in the formation of bisphenol A. Examples 41-45 and
Comparative Example 8 reveal the same effect in a different concentration regime as
15 <do Examples 46-50 and Comparative Example-9.'‘Examples 51-55 and comparative
‘“Example 10 illustrate that at relatively low levels of amine, 0.5 milliequivalents per
- zgram acidic resin catalyst, the system affords ]ower selectivity for p,p-BPA formatlon
~-as cysteamine is replaced by pyridine.

-16-




Conparative Exanple 7 illustrate that the selectivity observed at 2 :
m | 1iequivalents 10 cysteam ne per gramacidic resin catal y49 July 208bnt ai ne
for am ne nodified acidic :resin catalysts containing pyridine in which
the total am ne content is held constant. The data denpnstrate that |ower
| evel s of cysteam nemay be enployed without sacrificing selectivity in the
Tormati £ AP0ARSIED pREMOTERCORAMINEMODPIER MUIDIE RBSTID! € 8 I eveal
t he sa g n adfferent concentration regine as 15 do Exanpl es 46-50
and Conparative Exanple 9. Exanples 51-55 and conparative Exanple 10

illustr WWWI@WWWW val ents per
gram acj di ¢ ‘resi pgat allyst, the gystemaffords | ower selectivity for
p, p- BPA-forrrat Ofhie Lybirggq;'gne S héypsragied |by pyriawgie. -16|19 July 2005
TABLE 4 FAGHED— VS ER—Oy—7AM Tﬂ%fvszizi EDACI DI C BESEN CATALYST Exanp a
ota yn pe ﬁQ; o5t egm ngd—iJypeteqtvityge arime MegsPImeq g freqg/ gram avg
0.4 36 RO p—4—45--1 1295t 09548999539 0.9 44 1 1.2 0.3
45 94. 2 ' ' ' e
2 £.2 0.8 95.40
39 2 1.6 0.4 95.17
H) 2z 1.8 0.2 95.14
CE-8 1.5 [{] 1.5 9489
41 1.5 U3 1.2 - 94.87
42 1.5 0.6 0.y 94.85
43 1.5 .9 0.6 94.97
44 - 1.5 1.2 0.3 94.72
45 1.5 1.35 0.15 894.56
CE-Y 1 [0 1 94.29
46 1 0.2 0.3 94.27
47 1 0.4 0.6 9425
4% 1 0.6 0.4 94.1>
49 i .5 0.2 9374
50 I 0.9 0.1 —-93.45
T CE-107 0.0 0 0.5 93.00
31 0.0 0.1 0.4 93.48
32 0.5 0.2 0.3 93.24
23 0.5 0.3 0.2 93.05
>4 0.5 04 0.1 9225
35 4.5 0.45 [$X15) 91.75
Comparative Example * Total amount of cysteamine and pyridine expressed as
© milliequivalents per gram acidic resin © Milliequivalents pyridine per gram acidic
/ resin catalyst 9 Milliequivalents cysteamine per gram acidic resin catalyst ¢
Selectivity expressed as weight % p,p-BPA in product mixture relative to all other
phenol/acetone condensation products present in the reaction mixture.
PREPARATION OF SILYLMETHANETHIOL DERIVATIVE VII.
A 250 mL 3-necked round bottom flask equipped with reflux
condenser, nitrogen inlet, thermometer heating mantle, pressure equalizing addition
funnel and magnetic stirrer was charged with 14.36 g (91.3 mmol) of t-butyl N-
allylcarbamate and 150 mL of toluene. The olefin and solvent were stirred and heated
5 to about 70° C, then 10 microliters of Karstedt’s catalyst (5% Pt solution, about 30

| ppm Pt based on olefin) was added. A solution containing 12 g (110.5 mmol) of

-17-




0.2 94.21 94.25 48 94.15 49-- 0.2 93.74 CE-10 4 0- 93.6U 93.48 093.24
0.2 93.05 B52F- 0.1 92.25 0 0.U5 CHConpl arative Exanpl e TotlaWulr@®@ht of
cysteam ne and pyridine expressed as mlliequivalents per gramacidic
resin MIliequivalents pyridine per gramacidic resin catalyst d

M1 Iiequival ents cysteami ne per gramacidic resin catalyst™ Selectivity

expresse&ze&mgﬁaﬁmﬁ]ﬂsﬂaﬁpﬁzb PLOEE whi %ﬁdé& %?Lﬁﬁ}ugg'o%%rt ou%BIO ot her

phenol / acet one condensat.l on pro ucts presen ctl 8 Xt ure.
PREPARATIHRYES-ALS) fatg | t FjatainEthe mﬂlmEtemnerame beoveen abontdkant r ound

bot t om f itk 10000 kst a‘dﬂ?tnans'cBihpl&@dl‘QE@ dﬂl.'lr% W%ﬂn&a&‘ L& hedtB@LTOTEL €T
heati ng 5\% ssur.e 8 i.ng. additi o funnel magnetic stirrer
was char{%ﬂl’ t T g 'i’s‘lé] géil BMﬁrfﬁg’fa‘GF‘ cpmpletg reagiiongf the elefindadern and 150
m. 501;] tahaeﬂplateﬂfmnqioaﬁd mmd 35@51 }flm%iﬂeﬂf 1t lﬂ%%eﬂhes f) o about 70

C, then m. C Kar.st cata % tion, about 30
ppm Pt b‘.;c}i)(]‘s)tfat no‘%%o#"S %e%\xgé%ggcﬁ@ € 265K 10 B&b ?lt ﬁl?ﬁ@&] the sglvenio 5 nol )
of -17 abd exaéss sﬁamfswemrsqur}xedmmgdtaiyrmhﬂsmhmﬂ ongeld 2530ofBrull©prodaer Was added
cauti ouiw rﬂ}fﬁtﬁvea)tlé’l‘dt asdd OI{Q’IQH{‘,FS at arate sufficient to maintain the

0

reaction’tenperature etween ut 80 and about 100C. After addltlon was
conpleted, the tenperature was stirred and heated at about 85 'for about 1
hour. GC-MS i ndi catil ras#ssius hieasgtate Grd 1 010A2 muilwanchasgédiom 125

10 mL reaction bottle equipped with a magnetic stirrer in a nitrogen filled dry box. The
bottle was fitted with a septum and removed from the dry box. Methanol (30 mL) was
added and the mixture was stirred to dissolve the potassium thio} acetate. Criide N-
‘Boc-3-aminopropylchloromethyldimethylsilane (2.65g;:0.01 mol) was then added via
-syringe and the mixture was warmed to about 50° for about 4.5 hr. Thereafier the
15 -mixture was allowed to stand at room temperature for about 48 hr. Water (50 mL) and
‘methylene chloride (50mL) were added and the phases separated. The organic layer
- was washed twice with water, dried over sodium sulfate, filtered through a column'of -
' silica gel and concentrated under reduced pressure to afford the N-Boc-3-
<aminopropyldimethylsilylmethanethiol acetate derivative VII (2.84g) as a nearly
20 ucolorless oil the 'TH-NMR, PC-NMR and GC-MS of which were fully consistent with
~structure VII.

The invention has been described in detail with particular reference to
_preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention.
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5 the sil yl at ed conpound, N Boc- 3- am nopr opyl chl drorret hyl di met hyl si | ane.
The solution was transferred to a 500 m single neck round1Bauly@®0b| ask
and the solvent and excess silane were stripped via rotary evaporation to
yield 2% crude product (quantitative yield based on olefin). Solid
pot assi um thi oacetate (1.37g, 0.012 nol) was charged to a 125 10 nL
reaction bottle equipped with a magnetic stirrer in a nitrogen filled dry
box. The .bottle was fitte i.th a.sepfum and renmoved.from.t.he dry box.
Met hanol (30 ni) vvas?' a‘%ld’éﬂg%%rt“i’?g“ &%ﬁ%ﬁn\ﬂgéa@ﬂ‘?@%°?’8P8f1§‘§o| ve the

pot assi wonfabiieg a atetsdt compidisiniea hiydroxyaromatic compound and a ketone or an :

Boc- 3- ami kO hl_ or. t i -yl 8] Eagoll s then added
Vi a syﬁ%ggd%%k%ﬁg%ﬁlgx l?rggde%aas cf/l\g%/ersréld‘l A j sé%éﬁ?e%g%g?@% lgggé?é[@?qﬂ%ﬁr

Ther eaf bemwethabolib2 i keandrabontcS °Glin themdeserresit arfliohpromesm LRI for

about 48 .hr. WAter 0. M. t.hyl.gne. chl ar i 380k niRicRaBeegd and

t he phagiélglcsrgsb%f}ai?%%ﬁm ear%p%gan%é%lagfgrﬁ% rv?/glg c\%/aﬁ{gﬂggét wce wth water, dried
over sodiy weutsdlizingteporfivh bessid acidicofigbtianak gtoupmwith an-aming.caidyamingriging

trat.ed d . d t fford the N- -3
o oDt YR s e rpRatRaRRb g i R P e Vi1 (2. 840) as a
negr 1y 20 col or i ess 91 Ip biafradtobfBing BCMA e cdBuninctbbblicgere [ ul |y

consistent. with structure I nventi on een descrlbef i n det ai

wi th papeificarsn catalystis peepares fromp arsuMpaiicd ROYSYFRSHRVINGIERGE UDIRE- it will be
understood that variations and nodifications can be effected within the
spirit and scope of the invention. -18 19 July 2005 CLAIMS 1. A nethod for
maki ng a bi sphenol, said nmethod gonprising —ctpntacting a m xture conpri sing
a hydroxyaromatic conmpound and aj ketone or an{ al dehyde with an am ne

nodi fied acidic resin catal yst aj~a.tenperatuf<e in a range between about
25¢€ and about 95C in the presence of ajthiol pronoter, said am ne nodified
acidic resin catalyst being prepared fyoman acidic resin conprising acidic
functional groups '

SO5H

e —

I
3. A method according to claim 2 wherein said amine modified
acidic resin catalyst comprises from about 0.1 to about 6 milliequivalents of sulfonic
acid groups per gram of resin.

10 | 4. A method according to claim 1 wherein the amine employed in
the preparation of the amine modified acidic resin is an aliphatic amine, an aromatic
amine or a cycloaliphatic amine.

5. A method according to claim 4 wherein said amine modified
acidic resin catalyst comprises from about 0.005 to about 3 milliequivalents of amine
15 per gram of resin.

6. A method according to claim 5 wherein said amine is selected
from the group comprising of triethylamine, trimethylamine, tributylamine, N, N-
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by neutralizing a portion of said acidic functional groups wth an am ne,
said am ne being distinct fromany thiol pronoter which itd8lJulyé®pri ses
an am ne group. 5 2. A nethod according to claiml wherein said am ne

nodified acidic resin catalyst is prepared froma sul fonated polystyrene

having repeat units I. SO3H 1 3. A nethod according to claim2 wherein
sai d am figeBAbdtl Sl I g g | Ak %St [ ro out 0.1 to
L qut?’v,a ng%ﬁg@n‘g?més,ﬁﬁ#@}ﬁ{}l?}e, g%&f%la&%%isoﬁ%r&]w@ﬁa% €resin. 10 4.

about 64%5 I C &t 0S™]
A net ho HzabicY 5o B2 lectangypyriding, inpidazolt.mpuiniik and giperazinee
preparation of the amne nodified acidic resin is an aliphatic am ne, an

aromatic amne or a7myalRahbPARbiGn® Afim Pwitrdk BB AR 0 Cl al m 4
I Ses

wher ei n Shl acidic.resin fat al yst . conpr rom about ‘

Pd?m nﬁ1 modi fi ed. 1 i

0. 005 t STHBGHITS 9 §TPRR 6PN 8 oL aliphaliGitels, exrioaliphatiqithiels andsin. 6. A
metshod awwoatiithipls.o cl'aim 5 wherein said anmine is selected fromthe group
conprising of triethylamne, trinethylamne, tributylamne, N, N 19 19 :

July 2005 dinethyl byt yam iperidine.. rpholine, .. e ey

"1, 8- di'azahi cycl o[ 5. 430]%Hmaéebqufgﬁ‘gr%tflﬁgﬁ)c?d’mnggﬁﬁfe&?aé%F‘él?‘?."ﬁ]ﬂae’[ S,
pyri di n&ilylmethangdial hayimgstriucmee ind pi perazine. 7. A method according to
claiml wherein said thiol pronoter is selected fromthe group consisting
of aliphatic thiols, cycloaliphatic thiols and 5 aromatic thiols. 8. A
met hod according t,o claim7 wherei E?fai d aliphatic thiol is a
si | yl met hanet hi ol havi ng st_éyct ur e/ 1R R4

. II
wherein R' and R? are each independently hydrogen, a C,-C,, aliphatic radical, a C,-
‘Cyaromatic radical, a C,-C,, cycloaliphatic radical, or

10 R’and R’ together form a C;-C,, cycloaliphatic radical or a C,-C,, aromatic radical;

R*-R? are each independently a C,-C,, aliphatic radical, a C,-C,, aromatic radical, or a
C,-C,;cycloaliphatic radical; or

any two of the groups R?-R? together form a C;-C,o cycloaliphatic radical or C:-C,,
aromatic radical; or |

‘15 the groups R® —R’ together form a Cy-Cyp cycloaliphatic radical or C,y~C,, aromatic
radical. ‘

9. A method according to claim 8 wherein said silylmethanethiol
promoter is selected from the group consisting of trimethylsilylmethanethiol,
triethylsilylmethanethiol, tripropylsilylmethanethiol, tributylsilylmeﬂaanéthiol, 1-

20 trimethylsilyl-1-ethylmethanethiol and 1-trimethylsilyl-1 -benzylmethanethiol.
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RS~SI~C R2 \1l wherein R and R2 are each independently hydrogen, a Cl-C40
aliphatic radical, a C3- C40 aromatic radical, a C3-C40 cycl8aulyiefbi c
~radical, or 10 R and R2 together forma C3-C40 cycloaliphatic radical or a
C4-C40 aromatic radical; R3-RS are each independently a Cl-C40 aliphatic

radical, a C3-C40 aropmtjc radical,.or a, .C3- C40cycl oaliphatic radical; or
} any two of the groﬂ@s‘{ psthodaceey M@qulﬁrwge'@é&‘gﬁww&apﬂhﬁi c

radi cal Brelebte@4ibratlenmbop comsiktiaglof 3a¥-nidhydsingpopyklilsthyR5 t oget her form a
C9-CA40 ¢ i i Iﬂ@l =10- | | PP met hod
accor di.n%ﬁlk'ggfcl}:) Pg%l?h}oé’%. ér'élﬁ%Lglglfag%(?RT% d?ﬁ%ﬁ@%ﬁf lcr)'? Jlﬁ%JF gﬂrr{::’)ltaélr8 3i sel ected

f r om t hepipgredipyDpregyidimethyddilylmethendyibki | yI net hanet hi ol ,
triethylsilylmethanethiol, tripropylsilylnethanethiol,

tributylsilylmet haned bidod abeclfink td BRinDY wHekath sdid eidhpromblapiaiohadapteand
1-trimethylsilyl-Il-benzyl methanethioL -20 19 July 2005 10. A nethod

accor di fyattarbgics tmag agidisrredim sai d si | yl methanethiol is selected fromthe
group consi sting of 3-N-nethyam nopropyl di met hyl - si |yl met hanet hi ol ,

3- N, N- di net hyl am nopi2opyingihog ttppkding tpl aiambid nghergio baid Holgurenpoter 1s

pi per adi [ iyl hangjhiof .. 11, . hqd. according to
claim 73%#(2?%%@%&@%#%4"%&%%% té)lf' nnghﬁ%lt L%fﬁ%%)lp Ieoﬁ h é’rjagioﬁachnent to an
aci di ¢ pewsdesandthiol AndBtiherdaptopopinradid cl ai m 11 wherein said thiol :
pronoter is selected fromthe group consisting of benzylthiol,

bypanet hi ol , hexanet [3.0A metdi8&RGRRES bt 1 PRHSMSRIARBE SiBMoRE Bni ¢ acid. 10
13. A nethod_daccording to cl ai n}ill wherein said thiol pr8m)te]5Li§
present in an amount i the range of from about 5 mmol/L and about 100 mmol/L o

feed.

14. A method according to claim 7 wherein said thiol promoter
comprises a functional group selected from the group consisting of amine groups, amido

- groups, imido groups, and carbamyl groups.

15. A method according to claim 14 wherein said thiol promoter is selected

“from the group consisting of 2-mercaptomethylpyridine, cysteamine, and 4-aminobutanethiol.

16. A method according to claim 14 wherein said thiol promoter is present
in an amount in a range between about 0.1 and about 3 milliequivalents per gram amine
modified acidic resin catalyst.

17. A method according to claim 1 wherein the bisphenol is
selected from the group consisting of 2,2-bis(4-hydroxyphenylpropane; 2,2-bis(4-
‘hydroxy-3-methylphenyl)propane; 1,1-bis(4-hydroxyphenyl)cyclohexane; 1,1-bis(4-
hydroxy-3-methylphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)-3,3,5-
25 timethylcyclohexane and 9,9-Bis(4-hydroxyphenyl)fiuorene.

18. A method according to claim 1 wherein said mixture
comprising a hydroxyaromatic compound and a ketone or an aldehyde contains from
. about 0.1 to about 10 weight percent acetone and from about 70 to about 99 weight
percent phenol. '
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present in an anount in the range of from about 5 -nmol /L and about 100
mml /L of feed. 14. A nethod according to claim7 wherein d8iJlytafo6|
pronoter conprises a functional group selected fromthe group consisting of
amine groups, amdo .groups, inmido groups, and carbanyl groups. 15. A
nmet hod according to ¢ rei i.d thiol pronoter is selected from
the group consisting ﬁ@ﬂ?@%ﬂ?@%& P@l‘ﬁé"“@%@@ﬁﬁpﬂ’@“s’d‘ﬁd
4- am nobeerpwingiaohixturt ©f phemstahd deacwirmdl 1ghid1PréthaicRinldhe WageRidoiai d t hi ol
pronot er ahfmeRhEARLS e bet ween, apout about 3'
“mlliequiv fents Eﬁe)aélalrc grgnmg%ys ' Lﬁd‘%ﬂpg 8?%?5%&?9”?3?&?‘9@817 A
met hod berh80°Cosai ahenal beingreesent inenbirsg@ing iroa mx@e besleeatabouf 90om t he
gr aup cmzﬁla%ur% reént By RS g g (

y R, SgaGNURIEINE MREARSIG aBpGadh (A8 e

hydroxy s propane r OXyp ycIo
1, 1- bi s (%F F\%%SB 7 gt P)?lﬁyf@xabhéﬁ

1ol promoter bemg present in

1, 1- bi s (ah-dnyeie t | oh d
9, 9- B: 2&4 hydr g%ﬁ%%%tf fou%’rdg"r?éét ‘tldé’l iy %gﬁﬁ%@g%%@fﬁﬂﬁ mO@rfsﬁdmcxdlqmer ein

s?:jdhmd Fiin Satalysbring; pregarad Hiod auwalmeg&shpccﬁﬁpmﬁigﬂ%uﬁ@%&uKE&I bgﬁ g
al dehydgegeiMe 1 1o . about 1 t percent aceto an
from about 70%@3&%’3‘{9 d 5@89‘%’0 Hopal QRS v élﬁ&mme seid aming beine2h0iSet 19. A

nmet hod ﬁ@ﬁlfﬁaa’lthlﬁ@rbmphwhmhnwelfmﬁlsaﬁdwﬂnsgml i sing contacting a mixture
of phenol and acetone and a thiol pronoter in the presence of an am ne

nodi fied acidic rem@ Cataﬂé‘ﬁt at .a tenperature in a range befween about
50C and about 80C, SartmsHeddccedmgdo slaimeld whereinthe aming mpdified: ange

bet Wgﬁ {reainwidx@&sﬁa mm{]algo?igg@& ﬂ@ﬁ?\ﬁgﬁt Do zwugh s, mﬁma@gua&ah@agr Eg In ?g ]
S |
ot Mfen b s b P 3R Fropy SR 0 0w miliGREVBLPIRRIPIELL 10 and

about Mgml /L of reactants, said am ne nodified acidic

21. A method according to claim 20 whcrem the amine is selected from the
group consisting of triethylamine and pyridine.

22. A method for making bisphenol A, said method comprising
15 contacting a mixture of phenol and acetone in the presence of an amine modified
acidic resin catalyst at a temperature in a range between about 50°C and about 80°C,
said phenol being present in an amount in a range between about 90 and about 95
percent by weight of said mixture, said acetone being present in an amount ina range
between about 4 and about 6 percent by weight of sald mixture, said amme modified ! acidic
. resin catalyst being prepared from an acidic resin compnsmg acidic functional groups by
neutralizing a portion of said acidic functional groups with an amine, said amine being distinct
~from any thiol promoter which itself comprises an amine group, said amine modified
acidic resin catalyst further comprising a thiol promoter, said thiol promoter containing
- a functional group selected from the group consisting of amino groups, amido groups,

“imido groups and carbamyl groups; said thiol promoter being present in an amount, -
" between about 0.5 and about 2 - mmol per gram of resin.

23. A method according to claim 22 wherein said thiol promoter is selected
from the group consisting of cysteamine and 3-aminc)pmpyldimcthylsilyInetllanethioI.
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resin catal yst. being prepared froman acidic resin conprising acidic
functional groups by neutralizing a portion of said acidic19duytZ089al
groups with an am ne, said am ne being distinct fromany thiol pronoter
which itself conprises an am ne group. 20. A nmethod according to. claim19
wherein the amne nodified resin acidic resin catalyst conprises from
about 2 to about 4.5 mlliequivalents of 10 sulfonic acid groups per gram
and from about 0.5 2doAnissine Bodified peidiviresin eatdlgstodaidiarhine modBled QLRI regdd. A

met hod aceRiE BinkO ' erei.n the amne.is selected fromthe, group
consi sting o’?_ ;r’ingt ?1& %br#nnﬁgoq%\rll% Sgllflfcdf‘ﬁﬁl. %P“WWF%%‘FBF‘O%k&TH@SbbEphenOI
‘A, sai d meEwEingamortiopiafigeid a6idic dimctioad! Rebups Witk bl b sl ARAL bR dRGRE ONe i n

the pres 1.ne dif.ie acidic resjn cata]yst at a tenperature
inar an?@ﬁﬁéﬁmﬂ’gﬂ 'pggﬁc}gt r g’gﬁhdﬁﬁﬂfﬁﬁ’ﬁpseéo@, am@ﬁi%o%éﬁélcaﬁbish@@nrg'sgnt in
an anounsulfonated palysterehetmigdn about 90 and about 95 percent by wei ght of
said m xture, said acetone being present in an anount in a range between
about 4 and about 6 percent by weight of said mxture, said am ne nodified
| acidic resin catalyst being prepared froman acidic resin conprising
acidic functional groups by neutralizing a portion of said acidic
functional groups with an amne, said amne being distinct 'fromany thiol
. promoter which itself conprises an am ne group, said amne nodified acidic
resin catalyst further conprising a thiol pronoter, said thiol pronoter
containing a functional group selected fromthe group consisting of am no
groups, am do groups, 1imdo groups and carbanyl groups; said thiol
pronoter being present in an anmount, between about 0.5 and about 2 mmol
per gramof resin. 23. A nethod according to claim22 wherein said thiol
pronoter is selected fromthe group consisting of cysteam ne and

3-am nopropyl di net hyl sil ynet hanethiol. -22 19 July 2005 24. An am ne

nodi fied acidic resin catalyst, said am ne nodified acidic resin catalyst

" being prepared froman acidic resin conprising acidic functional groups by
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neutraI|Z|ng a portlon of said. acidic functional groups with an am ne; said
.amne being distinct fromany thiol pronpoter which itself Jd8WEWiZ88 an
am ne group, said catalyst conprising: sulfonated polystyrene units | 22a
19 July 2005 SO3H and residues derived fromthe group consisting of
aromatic amnes, aliphatic am nes and cycloaliphatic am nes; said catal yst
further conprising a thiol pronoter conprising an amno, amido, imdo, or
carbanyl group. 25. An am ne nodified acidic TE€pin catal yst according to
claim?24 5 wherein the amine is s Iected fron1 he group consisting of
pyridine and triethylamine. 26. A -ed acidic resin catal yst
according to claim?24 wherein the thlol br is selected fromthe
group consi sting of 3 am nopropyl df met hylsilyl net hanet hi ol , 3-N
met hyl am nopr opyl di net hyl si | yl net hanet hj N 10
. . . . 3 (1

pi per adi nyl) propyl di et hyl si | yl netjha and 2- (4-

Al ami ne nodi fied acidic resin

cat al yst according to claim24 whgrein e~thidl pronoter is selected from
15 ngrcapt onet hyl pyri di ne. -23

and residues derived from the group consisting of aromatic amines, aliphatic amines and
cycloaliphatic amines; said catalyst further compnsmg a thiol promoter comprising an amino,

amido, imido, or carbamyl group.

‘ 25. An amine modified acidic resin catalyst according to claim 24
5 wherein the amine is selected from the group consisting of pyridine and triethylamine.

26. An amine modified acidic resin catalyst according to claim 24
wherein the thiol promoter is selected from the group consisting of 3-
aminopropyldimethylsilylmethanethiol, 3-N-
methylaminopropyldimethylsilylmethanethiol, 3-N,N-
- 10 dimethylaminopropyldimethylsilylmethanethiol, 3-(1-
- piperadinyl)propyldimethylsilylmethanethiol and 2-(4-
" pyridyl)ethyldimethylsitylmethanethiol.

27. An amine modified acidic resin catalyst according to claim 24
_ wherein the thiol promoter is selected from the group consisting of cysteamine and 2-
15 ‘mercaptomethylpyridine. |
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