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FOR BI SPHENOL PRODUCTI ON BACKGROUND OF THE | NVENTION Thi's i nventi on
rel ates t@qgpogonodi fied acidic resin catalysts and thei npn4a&i My be
reacti on of hydroxyaromatic conpounds with al dehydes and ketones In the
presence of a thiol pronoter to afford bisphenols, such as bisphenol A
(BPA). Bisphenols, as exenplified by BPA are w deI y enployed in the 5
manuf act ure of pol yneMINETODIFED CUTABYSTS FORE BISYHENERAr ed by
condensati on of a hydroxyaromatic &%@2 ﬂ th an al dehyde or ketone in
the presence of an acidic catal ysF g A is the principal nononer
used in the manufacture of bisphenol A pol ycar bonat |aI
" engi neering thernoplastic material. The nanufactur m }ﬂ@ m‘m&! A from
acet one aﬁcﬁ@K@R@UNB@FJﬁEB@dEUWwMIIy on a lar ge 10 hundr eds
_of mllions of pounds of BPA produced annually. Typical aprse” phenol IS
feact ed W Lh Acel Onan BRI ERRAGE afinloAfkdhGakHah Bk ARG ddil O
pronoter. The thiol propoter acts to rove e rat ivity of
BPA f or matfom thﬁfﬁtﬁﬁ@%@f hy dsoxyarqmatis mm@n@%wb nld@hycéﬁs@nmkewncwnab@t one.

Many di ff pregBice@Patihiddpioitsierab affotdbispieabR! dzhas BRphédd] @l (BF ot ers have
been investigated and sonme thiol pronpbters such as 15 3- nercaptoproplonlc

acid have been enpl t he co al,.scal e ductl on, of BPA.

Not wi t hst andi ng ear %@W@é’e“ir‘:&ﬁmgﬂg%‘ﬂ’%hg% aetnﬁlﬂ%"éidf’ therpressi ve
procéss i nanofactuentSpadlymetie nrseriatseamiduretypfcally prﬁpamdltgf copdersansn bf sphenol A,
there is V; rt both the rate. and.selectivity
of bi sphen c{&%? %)Arr%% ﬁ%ﬁ&ﬁﬁﬁ{t{}d&y%@%glgg}ﬁ# 7 Qg{ con%glr? AFTTORH %ffan Heidic

hydr oxyar etalystc Besphpen ddis the thzpalaDMWelsed)m the manefactuBROEHSIBIEMMARY OF
THE | NVENT! QM dafbociaR, B80RRerdiRErRiREAA (HAHERLIRiEHAL e hindrifgihod for

maki ng a bj peno sai d nmet hod nprising contacting a mxture conprising
a hydr oxy%# JFHS’E)G?Fdo%Fn@ aPh@@@ldﬁ@ras?ceérglabaiwu%lwq fsalgrvishi ne
nmodilbi ed mmdied}s dfemnmbrﬁaﬁ“@buﬁds oIIBRA bﬁmn@édedrmwuy Wy%ndaﬂ?%eh@ﬂé’een about
25C and about .95 {}1 resenc Bja rf’E’& ITF E In a further
aspect, tRacisH&d %ce‘oﬁvérh eﬁ’:ﬂ?ea?eaglatc %?ﬁtﬂé'“ 10 Prgtet: Thesi n

cat al yst sthiol prhete©Oadtd Ry m@ﬂrbi&&ﬁ rR€BhtUStledtivity Jof B FATokhlalbn REBEREHTI ON OF
THE | NVE by
refer encggdt@%??%{‘ F%ﬁ%ﬁ Of@){ tal *Vﬂg g@l srééﬁ&#hnonffg%gpgoe@ﬁ%@%%gﬁégfcrrents of
the i nven%qt@bi“éﬁ%fj thied %Q@ﬁﬂ%@a‘ﬁed@%ﬁé’ﬁsﬂ%ﬁélaﬁd Spﬁletthlpép@amﬂﬁ sechtdson and

in tise cl Rim@rcapiopibpibRiciaeit havebeéLanploved |n the cHMHARIA s%al@%&ﬁ{ctl% of €r ms
meani ngs. The term "am ne

whi ch sh deflne to have the f oW
modi f i edaétf\dﬁ@‘?”&si apding ear treseégchtfg’{é’é‘s ﬁ%ﬁ?gleh‘ air@f’@?‘"é INBresHivVePIogEs resin, a
portion oimprbeeragitslincthé uranufaonaé ofjbioplEsolf sushias hldphmlbeelieram ralized by

t r eat ment S {8 tvrene resin in

whi ch aboCtJO\tjx\h@nqu’ggmd;?ner ?g fﬁ%ﬂg&gdgﬂayr%h S§ gw P’é l&egﬂﬁerted to the
10 cor r estoondiionyinghe a@d atatyzed somsattmedﬂmémymfomahe comppundsiwith t he

cor pgspongiay daiBuiio i, t he am ne, pyridine, constitutes an amne nodified
acidic resin’catalyst. The am ne enployed is distinct fromany thiol

pr onot er i jtself j ine group. Where the thiol pronoter
cont ai ns ﬂ@@ﬁﬁh@ﬂ%@ﬁ@ﬁﬁ’%ﬁ@% in cysteam ne, the am ne nodified
acidic resin catalyst is understood to conprise at |east 15 one other am ne
whi ch is not a thioln qreasptaithe prEfeat inventier relatesdefa metod forlmakimenol A and

|4$4al_ ?gog@%fll denegne%ec{ng "t%gsﬁ%g&henﬁh)a%ggﬁgg’%npﬂgnﬁgr ein defined as

0, p- bi spHudedxyArematic ognajoslod kndadketmae or an aldehyde with an amine modified
2 (2 hy drgig F&fh\'éall t(a o o
L al s ta Mﬁﬁ%é&tﬁm‘ﬁus gﬁer i ‘Et 25°C and about 95°C in

[ sopr opy! i denedi phenol e term "aronati ¢ radical”
ref %ﬁs ¢ Ghe presence S afbio 0] prompteranem fyrthst aspect; b‘wresynémammmrqugp ng at
.l east onengne MRIdifedHclPreshxedtaly &s. of aromatic radicals include phenyl,
pyridyl, furanyl, thienyl, imdazolyl, naphthyl vﬂ"] @@%ﬁﬂ nd bi phenyl

; e3eFt FRj 6TFMi WO (12/511(111 T PCT/USIT 1/.1178 AM NE MODI FI ED CATALYSTS
M??

groups. The termincludes groups containing bot d aliphatic
conponents, for exanple a benzyl group. Further, omati c 25
radical is an aromatic radical conprising between 3 *@P* 40 car bon at ons.
The 2i m dazolyl group (i) 2. WO 112]/'51100( 1 PCT/US(II/~.1178



illustrates a C3 aromatic radical. w-I H (i) As used herein the term
"aliphatic radical" refers to a radical having a val ency of at |east one
and conpr\& RGoeawnl i Nnear or branched array of atons which ipgrARh16M641 C. The
array may include heteroatons such as nitrogen, sul fur and oxygen or nay be
conposed excl usively of carbon and hydrogen. Exanples of aliphatic radicals
i nclude nethyl, nethylene, ethyl, ethylene, hexyl, and hexanethyl ene
groups. ApETYEUEMEDESCRIFEICN OR THRINVENTON i c radical " refers to a
radi cal having a valency of at |east one and conprising an array of atons
which is cyclic but. 10 which is .not aromatic, The arr may i ncl ude
ot or oat o such as THE PEOYE VPR e Rk Sioa Hore Ry B refset

excl usi vethe foflowmghiotailad dedeyigtiog efiprefermdphendofentyof thalnvehton and thei cal s

i nclude c p 2] |y nyl groups.
b used nevhiECRlhe PG AR R R e CBLL A I L Sup 15
conpri si ntgferaeceawilldie mdedo@min terrp whishahpll be deraddampre theoup i s
present thfloNifgHehnifgs.r eaction of an alcohol with an isocyante as
illustrated by tThe conpound 1napht hyl nethyl carbanmate, CAS No. 63-25-2. As

used herein the terpm "Boc grqup"” refers, to a an anm,ne progiectin roup
conprising the terti ?Vfﬁui%ﬁkﬁﬁpggjﬁglacm ’@ﬁ‘\?.ca‘lﬂﬁ@t @HEF&&?’FWG%FQE’

nit rolgen %Oadﬂi@ﬁtmalrﬂdﬂ@oxb@ﬁﬂhgrﬁciHMﬁ@QJhﬁﬂgr?ﬂpﬁﬂﬂwhihRhB&Cb@flogphi s an
exanple o ar r oup. eterm”"thio r ter” as. use er.ei n
ofors t oreitabPa B oo B 28 Ay For b BB AR o bR 5P oot e
acts to i whrchwbottfetord) peraemt oS the SQIH gtoppohave kepheomierttd toriei on when a
hydrgxyar i > i - V4! . I PCTI |1 S111
B i R e e T
rel ative mowHef theamineapridine eenstifues anaming madifietacedie sesit catalist hi ol
promot er . THOSmiRleMpl&yedyib BRERATRIN aRY thislremstel WhichiiteHlcofPrBaurd i n whi ch

a silicone atom an om are each attached to fhe same carbon atom

sul fur, a
The i nst aMPIERIRHR: i T?JF‘I?\}P’&E:BrOé“%%‘t‘}?BéP“&a"pE}"é’BSHW’ TSKAPAEASIN such as
bi sphenol cyAteahiing chechmiat atodifeel idid esnatdtalpstds uaddastdodroyngrit acleastnpound,
such.as phenqh wi.th %lnc al dggz}/&ﬁl sr(l)Jch as butanal, or a ketone, such as
acell?)ne, 1 @ gaﬁglggg éé“?nn T4 lBPE?Fther and an am ne nodified acidic
resin catalyst. The instant invention further provides am ne nodified
acidic resin 10 cat #@BBAY & hergin dafingress hisphenolmA and ismtsodenoam as?, dbis(4-
bi Spheno'ﬁydr&%&eﬁﬁ)ﬁ?bﬁ&#&eﬂﬂ*-iﬁprq%ﬁ&érﬁ@i_p%_@ﬁcﬁ%H}ﬁg%BPﬁannt ages over known

acidic resin catalyst systems. Amne nodified acidic resin catalysts are
prepared upon treatpgent of, a pol i mateyial conprisi cidic
functional groups, sURTTHS @&FWH%?%’E@@BO&'@&@%‘E“O tall?dé%‘ﬂg WRAS an anount
such t hat24Bhwherypghieayl)-20(4thyaloxygpheny)FOpperand2i4’ dfopréyeyl @lendiighehohct | onal
15 groups are neutralized. The am ne nodified acidic resins of the present

i nvgption are nore i ) E d I
sel g@ti vity for p, ﬁ%hﬁ%l&:}(ﬁgﬁ%ﬁhﬁbém@ rﬁgﬁ Eﬁ%ﬁg?agﬁcagégﬁgﬁg are
react ed iveleney ofieblsasione apd seinpriging akleas @ne penaticigapup- Fxampleagd a t hi ol

promot er, arbfhaé '}éﬁﬁ‘ca’lﬁnkmﬁwhé}ﬁﬁ,Cﬁy?idZE%ﬂ&nﬂ?ﬂﬁérﬁf}iﬁ]i&&ﬁm,%pﬁt%&f,Onat ed
pol ystyrene i nwth.at

conpj nat i iQl pronmoter. 20, Typically, the acidic
resin cat%t}%{;nw'@ phenl grrips+ Bl 16 40 RS EE0URS S RIS RItA AESTHAIS 1
fat al ?/St argdl aaiphpldéd amparnpioy ekamsiea héﬁ%}'"l\g@(blipl@uﬂbfma Gimmrsm]?ﬂcé u[) al zni ts
. neril,c Cl dl C resli ns co r.skn ru ur are exe | e -
WP 15 eeR o ster e ie SR kbRt 640 cath RGP TR F Y
Anber | ystinf@azodligrafp @hi ch are



strongly acidic ion exchange resins available fromthe Rohm and Haas
Conpany. Ot her suitable polyneric acidic resin catalysts which may be
convert edwigi,®obdae ami ne nodified acidic resin catalysts Q%prﬁu?h9§ent

i nvention include Nafion perfluorinated acidic resins available fromthe
Dupont Conpany. Typically, the acidic resin catalyst possesses between
about 0.1 and about 6, preferably between about 2 and about 5

m | liequival ents of acidic functional group per gram of resin. Typically,
the acidic functional group is a sulfonic acid group. In the practice of
t he preseqﬁ bq%en 'gg)it.hqi %een found advant ageous to treat 10 the acidic
resin caté‘? PP R AR P UF Bt anpbunt of an amine to neutralize between
" about 0.1 and about 50 percent, preferably between about 5 and about 40
percent and nost preferably between abo and about 35 percent of the

. acidic functional groups present in the/facidic resin. Thus, treatnent of
inaggyprising structural units |

one gram of a sulfonated pol ystyrene r
possessi ng about 5 mlliequival ents per Ngr esin | S of sulfonic acid
groups (SO3H groups) with 1 mlliequivale of an am ne, such as pyridine,
affords an am ne nodified acidic resin cafalyst in which 20 percent of the
sul fonic acid groups have been converted o the correspondi ng pyridini um
sul fonate salt, assum ng conplete reaction between the pyridine and the
sul fonic acid groups of the resin. The antipe nodified acidic resin

catal ysts of the pre@sartd héredrthe aamataphdiiewadi2fl” refelsao aupdicaldaving at er ns  of
pr oduct selecti%jiy relatiée to .unnodi fi ed aci%iﬁ resiflcatal ﬁis. Pr oduct
sel ect i vi ¥Ry L IEREAE FoRPripng Alegher PBanced Aray of Ems ,“Bﬁ? Bhenol

i somér i nnotwycle. ddhectraginxayunelude heteioatonosuchas nittoghn, spHncamt oxygpn bi sphenol
-5 WO / = ' At d : r

sel ecti vi %rr&? r?gyg%gb%? pér?(g]-s[(ssggi Jai#c%%ﬁkpgﬁ?w ﬁg?'cent ﬂ(’)wﬁllaﬁsgag& @gfg&lts

p, p- bi sphéisbide ppesiayle mephyiene; stbyl ethylene.diexgk apd benasreshylenegrgupsani nes
suitable for the preparation of am ne nodified acidic resin catalysts
include aliphatic, @kGsedhdrBinahé ermneyabalifatic ralitarefefaidteradiql

sufficienbL% bach to permt attgchnenl.of the amine to, the refig, sai d
at t achment'@¥38¢ A y§2'H8e %‘E’ﬁ‘ A G FORPBISING AATRE O 2t whic 16 aBt and t he
am 16 , swhithdsnoétsarbmatid The asrapymaydncuderhatatohmnat sach A$ niptogen, cufnt aveks ar e

e e ; . . ] o
NN i ot BSYERH o S HRCoRHopd ol HoITRl ¥ A dIand e, BERARAN |
pi peri di ne){C]Qﬁilﬂ)gNm fadicalsingudp exclanren! ofckpentyd ayrdekexyband (DBU) and

di azabi cy|g@hddrdfusdidt bastps( Dabco) . Aromatic amines are illustrated by
pyridi ne, imdazole, guinoline and piperazine. CGenerally, sinple C -C o0

aliphatic, C4-C 0 cycloaljphatjc and. CS-C9 arongti c am nes .ar referred.
Thi ol promoters whi éﬁ“ﬁﬁ‘%‘%&‘“éhﬁ%’?eﬁ%ﬁ@b&@"ﬁl felfrsde @ funggo aﬁl%%‘éﬂ i phatic
and 1ar omatempridingihe antay offi atoens GEOdNH Hor exdraplemcaebannd igoouprio presantehe as an
am ne or (e r . 'S I .G ARG 1 | ot er may
be used agggaﬁégfﬁmgﬁﬁ§§%§g@?“@ﬁ%?‘%2“58?%F%%‘E@%%%?Qgﬁﬁﬁgéﬁb?@&ﬁg? adapt ed
for att achbthyl methHearharmate, GB8iNG.63-2c2.di c resin, or an "attached"
pronmoter. Wiere the thiol pronoter contains a basic functional group such
as an amne said thisgls&f ReFEInahe {8 “BRdc 2P0t trefeh@ ol £ aMfinB froi@dingi €d aci dic
resin catalgst and is referreg to as, an 'attacgﬁg" ronpter. Functional
groups pr 89EREOMRATIFig theegjarysPyioxy eArbony maictyn BiBRYANRIGITGRAT: 1
f achi t at stointadihg dothneidrodentdiem tahd the Poogoup s drpexahplact nearbaylf | ed
acidic resin catal yst include am do, imdo and carbanyl groups as are found
in am des®"Ri des and car banat es, respectively. 25 Bulk thiol pronoters
,include cylcoaliphatic thiols such as cycl ohexanethi ol and
cycl opent anet hi ol , Zhetesmi “thiphprotmoteriiehuses hengin ptfersdd aamdeddsrzyl t hi ol , and
al i phati c; t.hi : : & STPOTIE It Oy { ol and
5 mbr capt B0 BT EnE ARSI IR, Hlebiol B Bl g A bl
2- mer capt sstinity 9§ bisghens] faymation whgh hy droxyaromatigicrepaurthisicaPtnsedmobi | i zed
in an amne nodified acidic resin catalyst, for exanple a sul fonated
pol ystyrene in which about 20 percent of the sulfonic acid groups have been
neutralized with pyridine. -6 WO 112/s0111111 PCT/USII1/-4-1178 Anong
the aliphatic thiols suitable for use™1'n the present invention
silyl met hanet hi ol s having stnicture 11 have been found to be particularly
effective thiol pronoters. R R\ ~SI~C-S\H R5 R2 R~ Il wherein R and RZ
are each i ndependently hydrogen, a C -C4o aliphatic radical, a C3 40
aromatic radical, a C3-C4o cycloaliphatic radical, or R and RZ toget her
forma C3-C4o cyeloaliphatic radical or a C4-C4o aromatic radical; R3-Rs
are each independently a C -C4o aliphatic radical, a C3-C4o aromatic

o ~NN o~



any two of the groups R3 -RS together forma CS-C4o cycloaliphatic radical
or CS-C40 10 aromatic radical; or the groups R3 -RS together forma C9-C4o
cycl oal i piaag dgsob@di cal or C 0-CQO aromatic radical. Were gy sﬂuhb? groups
R 1-RS of structure Il contains a basic functional group, suclh as an am no
group, the silylnmethanethiol pronoter may be 1 S attached to the am ne
nodi fied acidic resin catal yst. Functional groups present in the
silylneth i i t he attachnent
of the pr g;r}gtagraﬁ) ehyﬁ]&q{etéﬁe}ﬂtﬁe{p Eé)engé gt’i&dac&digggtal s vg% ﬁler‘?cﬁude am do,
i m do andresetioyneapiicdypudup theabsence of theritiiol proamteres, | m des and carbanat es,
_respectively. WO 02/SOU(ITT PCT/11S(11/-1.117R Si |l yl met hanet hi ol s havi ng
structure Il are knpw&ienf %ﬂﬁnﬁehﬁ?ﬂeﬁﬁ’él” ile(?exggo Bﬁno}/(%m&u% iftwhfth 1 11l Na2S
sol vent so}vent R3 R4 R\ /Sd/S R5 C
R RLIVT ‘f‘@]eaﬁ“m‘é“%ﬁ@ﬁﬁé’t‘%éée ‘?‘6“ a{thpéqeﬁi ‘%WS&E’PSFP’@H“H% been descri bed
in, for exanple, J. Org. Chem 53 (5) 844 ( 1987); J. Og. Chem 51 ( 18)
34285( 1986); and Téhara&sedrmmmmtms]daﬁa ﬁﬁﬁl)odib‘f%&p(aﬂlﬂ§5hsph€hcﬁmie}1 bl
i nst ances V|n re cComercia vai |l abl e
bt heesShiuthelR AN 61y PR R RER TR b bGP S4B T
Cheni cal mhgaQIyWItP@ntall@the Gnadgasrhut@iaher aketviney Sichfas atdtene; irthe may be
prepared gsieaski Mo frofofeP ] HIBHIKAYMABEaOML DG, shdyel ure 111 wth a
sul fur eop e su as so I um sul fide, hréadetate or thiourea.
Wher e SOdI umsul fide is enpl oyed the silyl, rret hanthiol Il is obtained
directly. Where thelhtingapenyemtionfurhenrigudesaamine mpdiBedanidieresitcet at

derigat i veudlysts, SvHdH ahaeﬁlsequ]ea;cr@;sa@&tﬂ)mrmm%mg suth h$bikF@to] X, converted
to the correfglgtsadl n tf\%: ol 11 gon sol vol ysi s, %r exanpl e, upon heating

acetate d&PY GEVIY ARV EHesRS N ERgIOWhag 8 TeSILCAalY S SYPIEMSHARERE ¢ at al yst
such as tmbdifiey heidicresin Aatalygts are pre¢bare@upoR frédtinthOo PRI UNELi ¢ mmafefial

Chl 1] b

ot epar od RIS E RTRANATR GRS SERACARRC R b o0 bplfRin Aot on
of ol efi rﬁnmﬁmﬁl lbatrbsrt\mﬁﬂ@bvuw i hn@mabqutéﬂ@mhwfsm agidic\fnitiopalr por ati ng a
sil jgone é}ﬁﬁiﬁé e n@dfﬁ?i%%d) 'Tlﬁe-[imh?e m%hgfe'd '&c%d sl 'oEthe Iﬁ@eﬁﬁfé}vgﬁloﬁ%é esponds

to a two carbon | ower eacte
chl or onetR§IesElegtiys agtalysis. g @e@w%hx éheo&re%terrﬁstﬂ%V%fQﬂp,xa—&% fpgmatien af f or d

chl or onetdbgéiied wh@rlilpﬁ’@fdl Kﬁd hoetont hte refictédiin teYpré¥enéLdlaiddmizebidifiens nay be
enpl oyed for. the c nver 11 ‘:'f
acidic resin and a thio promo er, 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 I are exemplified by



20 RB3 4 R4 RB HSi-~CH2C1L VI R6~ ~- RS~Si "CH2Cl V catalyst 111l of
chloronethyl silanes 111 into silylnethanethiols Il and silyl nmethanet hi ol
acet ate dglg Mmabho¢es V. Typically, the chIoronethyIsrIanepkngﬁhﬁ+ﬁ%nblned
in a polar solvent such as nethanol or dinethylformam de wt

excess of sodium sulfide or sodiumthioacetate and the m xture us strrred
at a tenperature between about 0C and about | 00C until the starting

chl oronmethyl silane 1l has been consuned as judged by gas chronat ography,
thin |l ayer chromatography or Iffke anal yticdl technique. Thereupon, the
reaction m xture may be distrjjputed between water and a sol vent such as
et hyl ene chloride, toluene or acet alle. The organic layer is then
washed with water to conplete the reppval of inorganic salts and then dried
over a suitable drying agent sjuch as| magnesfium sulfate. Filtration and

. solvent evaporation affords the cr ct which may be enpl oyed as a
thiol pronoter for BPA productfi o ude state, or purified, for
exanpl e by col um chr omat ogr aphy al | i zation, prior to such use.
Exanpl es of silyl methanet hiols ich may bel used as pronoters for bisphenol
production include, but are not 1 ek ,| trinmethylsilyl methanethiol,
triethylsilyl methanethiol,
tripropyl silyl methanethiol,trifputylsjlyl metfhanet hi ol ,
1tri met hyl sil yl - 1- et hyl et haneft hi ol H

1-trimethylsilyl-1-benzyl nmethapethiol. -9 ] ~'1~0 112/S5(11100
PCT/US(I1/~~178 Were the silyl nmethanethiol pronoter is to be used as a
bul kK pronoter, the preferred sinInethanethioI pronoter is

trinmet hyl silyl met hanet hi ol omnng odﬂts avai | abi | i ease of preparation

ty
and recovery or rendnkerlyst®m3ln EStRoES mbAmberlyt® 3o el of whichrides it may
be advant@QagySacidic RIMtxeNare Pesthd WaBE18 @381 tHeQloHAehl/RAMCoMpY. S
trimethylsilyl'met hanethiol "acetate in the process of the present invention.
Under such crrcunst Q%es | i s.believed that thF si |.yl.met hanet hi ol .acetate
is converted to thePHEfFWR LQRCSW’H@E%%\% REDP cHPISMEPChMA% Pe FAYVeREd et i on
condrtronsunBebmhmahhaﬁedbmdkramﬂmmmgsmaﬁuh@pmsmnankyumehmhmethrm
deri atr . Q9ﬁ[ t|on condi tions
are g@a %ﬂgﬁﬁ&%%% 6§b &%t‘éﬁgﬂﬁg?ﬁgkﬂg eve as the
srlylnethanethrol itself. In sone instances the eryInethanethroI pr onot er
may function as an Bynieabye thepcishotesin cagalyst posssases helavesh apppsdel and

si |yl met hapef 6liReferabhy r%twbapwonptaatn@ a@ﬂutasrhnmetmmlum@@futturetfuﬁmonme used to
form an attachnent tqQ am ne ed 3de|c re in catahés at t achnment
of the siSTOPMBEHEAMBOAFSID-t'dPIR y’a‘h? Ae P‘F‘P‘E’é‘ gorpt 3 ‘Flécs cat al yst may
be based gipam 1A tisd pracipelvf dieogresenbmventigh it hhebmtfnmm advaatagemaslteneatbond.

| es of srly met i, ters for
bi s%enoltg%aC'g F?’%ﬁg‘gﬁc{‘%g %ug#n}%'eﬁr’gaggétﬁ %ﬂ F‘?O ﬁﬁﬁ?ﬁgﬁgxg
3- Nret hylmh@ﬂ)raoeyb@rtriﬁmqwem, t)ydfﬂeblhahfrevmncﬁbout and abOUt 40 percent and
3-N, Ndi nﬁﬁ{;‘%f Srop PQQ%EW% 'dﬁ%hh?’d sid %oﬁ?ﬁf‘ﬁ&%&rﬂ'&lthe aidié fétional groups

pi per adi ny i.net hyl si Iyl met hanet )eth met hyl si
|yl met harigesenbin t ?ﬁC'ﬁ’&dF%‘P o?h‘t%”%ﬁ“lnﬂ' %&rﬂé%’ﬁr"g?s”maé?@di’ﬂ é? ate a free

am no funetmeantn ﬂ@lhg‘éﬂﬁdzt\lﬁ!;u@ifts Ep&besﬁﬁg%bbﬁﬂb$nirlﬂh@@tlirpﬁlgﬂﬁsl_{;ﬁggm%/ﬂﬁahﬁjBt hi gl
gro S an ec am e.e ovwe us e OC-

o SBYPHIF ARG S P erpal Ttbi! RO TR B B ami e B found co
f unct [ on ysidare, efftnelshn umid madified apndu:rmsmrcafabyst i wpich 26| pepreotioftthe on.
Throaceta
3 aor noprufoMsiaciaDRBUEE Reb Pt fAMETE ot Sonding pyridiniumsplfonate (-
_prepare taahmetmalng com_p(bete rcmnmmtsweemug moTingsud/the 3y fonigagiderogps PBC/ | CH3
VITT As ngl F‘é§1 frtt@a Ispﬁaalﬁea\éeiatd 128inREANSHESY the Bﬁa&mcﬂn\r&fmneﬁ 8RahbAE a

bi sphenol suc enol A, wherein an, am ne acidic resin
catdl yst tpde éHliﬂrth ayterryg ef podugi SF}?C‘aV‘f)hteé*}“Vﬁr‘B HB{”@F]‘ teé a@rdr%t?ﬁmt he

E;)ndelnsatda&mys@sf Peodwﬂge@eemrtp eyl e exPrasudyd the ngm pakcafdie mp- a ket one.
anpl es

aronat c .CO 0-C m cr eso
R A e T SR S 8
i ncl ude fornmal dehyde, acet al dehyde, pr.oopi onal dehyde and but anal . Exanples
of ketones include acetone, cycl ohexanone; 3, 3,5-trinethyl cycl ohexanone,
2- but anone and fluorenone. A wide variety of bisphenols; such as 2,2-bis(4
10 hydr oxyphenyl ) propane; 2, 2-bi s(4-hydroxy- 3-net hyl phenyl ) propane;
1, 1- bi s(4hydr oxyphenyl ) cycl ohexane;
1, 1- bi s(4- hydr oxy- 3- net hyl phenyl ) cycl ohexane and
1, 1bi s(4- hydr oxyphenyl) -3, 3, 5-tri net hyl cycl ohexane, may be prepared by the
met hod of the present |nvent|on The present |nvent|on IS best exenplrfred

.

N



20 and continuous processes. Wen the nmethod of the present invention is
enpl oyed as a conti nuous process, the amne nodified acidic resin catalyst
may be co@id @woed i n a fixed bed or stirred tank reactor siqhdhhafi-4 he
reactants, phenol, acetone and the thiol pronoter are presented to the

cat al yst and rermved fromthe catalyst in a continuous fashion.
Al'ternatively, the amne nodified acidic resin catalyst may be pretreated

with 25 ttsamtdamtidmbmnt od@arsmbmlngmaybu@%m@aalas fHeQligIstUsehceaBoN am ne

or a carb att dified acidic resin

cat al yst . %’icseesﬁ%‘gg’é’f ’%Pn’ea?ltpa%‘ﬁﬁdﬁﬁtfv&mﬁt &ﬁb?é’to‘ﬁlﬁg%%‘&d the need to
include thiol pronoter in the feed stream w0 02/j(lultl PCT/I1S(Il/~~178
" conprising phenol ardnameeswiable fvhtheerepardiionl of pnimomedified at@iciesigp a basi c
functi ona i ed
aci di_c reg?t%fyl%gmll ?deemﬂh%@@g;clgﬁhﬂ]ﬁ Ylfgg %t?%q‘? %g] %&r»%}ﬂaj es'agftég&gjatl on of

" the ani nebawnello pesapitatiagheem ok the wlomtcathemeﬁm(ﬁaﬁaé@dawmb@mgé@s L upiven t he
net hod of 4 hﬁn@l’a&%ﬁtwb&wﬁ@&éx@i& gr§u§~‘£§m Q¥ achiAS, fck AL DAL Process, the
reactants ar, |ne to give a feed m xture said m xture being introduced
at a wei gHY“‘E‘B {patce vel ocity of fromabout 0.1 to about 6 , preferably
fromabout 1 to about 4, and even nore preferably fromabout 2 to about 3.5
pounds  of the feed miliphaticarpimes mlﬂitémpﬁﬁed yytnqmleylalhmannﬂémylﬁmﬁd m xture

conprises.f 10 ab Q out ercent acetaon about 70
o about B R Rl SRR ity Y IR PrafiChE Rt B SBRRaRE Rl g

per dé@nt ap@teodmeandrrﬂnbbm, 1gbdinzabadymin( 5 98 wedeghteng EDBENanghenol | and still
nore pref t about 90 to
about 96 Sraley ’%ﬂ??&ﬁ“ﬁfﬂe Py e B AR M DS P e i o
pronot er Haidagle ;ﬂ“&‘%ﬁ?aﬂ pipsrazinsuFengrally siaplgd, tféb%lﬁ@ﬁtl‘alﬁ»c@mS 15 and
about 100g¢y CH)@@%QQ@@M@ ggtgroxqqgnagﬂlélgqtgp@ﬁneand even nore preferably about
20 and about 40 nillinoles per liter (nmmol/L) of feed. Wien enployed as an
attached pronoter t sent .in an a range between
about 0.1 and about lotl BFO&%F’&M%E*AB%PCGwl%go%gbtﬁaqwﬁﬁtl?| i equi val ent's
per 1§r am eyltowdiphutik dridemtomaiiclihiols ediich may b¢ ytﬂtstlttEé@WE&c?@roiﬁpeuélodsl owi ng
exanpl es t A he art
win e delb B orsBaRICHE sl Btk AGR. e MidloRahtieEah beiSed
herei n ar @ &k amfédw‘fwn‘lhé‘s@ ajthigl Bm@derdtﬂhléhw o adppied for aftachpyenptd ght |

t enper at Ufhe ahfind nodmaefdl&ﬁ%l arraﬂ@anazﬁte% rﬁ&rﬁét’eﬁ'\’?h&@%ettﬁﬁﬁ Rémprepcedur es
used for the resg ts_shown herein are as 25 Startlng mat eri al and

product cOARRIES  PEiG fupsHenal grupsiRR as Hyaragge Semm@wém@?%w% a Hew ett
Packear d nmhehecﬁtb%mgamdam«mrmtdigraphcat@ﬁétrmﬁs rfgfddralas d@.’t‘ﬂta\dﬁé(ﬁ’ obt ai ned

on a Hew C 5971A robot enpl oyed was
an 8- pr ond oY oM Ry Ao R g BRE p et PR vl c

sol ut i onswhithdaqibtats the attéshowint oftbe thial pramwyerrte thesanihe mddéfaed aeedibl ock 30 and
the react egn CaBARE LR, if?do dd afbamigroup¥Qs Ak foRHe S Bhiliel, ST ~at ~s
The surprising effect of amne nodified acidic resin catal ysts was

deronst r afddesond éqtﬁlﬂtﬂ‘%fﬁspecé’(‘!ﬁlb’e in a reaction vessel designed to act as
a stirred tank reactor operated in a continuous node. Sanpling was carried

out 2.Tomder steady stBuk tﬁmnd'rdrmas indYbgl E'yréaﬁliipmu@thlbll@euapmi c res: nd o6
catal ysts wa carr.i.e ept eal e

wol I pol v B FRisbiE e velhen BrfTapamairs, B en s gReBiRobid = e

char ged vibeniylshish ndi alighatic ¢hinlssich sabwhneshiol, déxa@thioll bctgdea;ame)thlo!;mdt as

Anmber | yst3~—m]e (@;;%nmlﬁ JfRans of a laboratory robot, a solution containing
an am ne, such’a yridine, and optionally containing a thiol pronoter
~capabl e of attachnent io the resin, such as cysteam ne. The anmount of am ne
and promoter was 10A8adiedthigh PEMENsTS inclds-merceptomedhylpyidiogt al  nunber of

aci gp si tQ:%'sQﬁm‘iﬁteaﬁ&3laﬂuﬁ\&ft@adéﬁﬂélrlﬂ‘{m&ﬁﬂzed\m%%rdlﬁ@mfohlﬂéﬁ RfdpRER’ did not
.contain a3| c. functi onal %‘Eo%ﬂo such Wg %% whereby it could be

at t ached CtaB‘ Ystefor example asulfonat %ﬂ‘%tren?t“ ichbput 20perceadofihen t he ami ne
during t halfeaicalcitsgroopdhdve batn asutliegd aitH pyeidinenst ead added as part of the
phenol -acetone feed m xture. The m xture of the solid acidic resin catalyst
and 15 phenol containing am ne and optﬁ' onally the thiol pronoter was
stirred and heated at 70C for a period of about 1 hour to afford the am ne
nodified acidic resin catal yst. Reactants phenol, acetone and optionally
the thiol pronoter were then added and the mi xture was then stirred and
heated for at period of seven mnutes at 70C at which point a portion of
the reaction m xture was renoved, care being taken to assure that 20 the
supernatant liquid and not the solid catalyst are removed. After an

addi ti onaI perl od of seven m nut es, react ant sol ution was added |n an

b o



PCT/ L1SI 11/ ~- 4178 about 41 mllinoles per liter. Data are provided in

Tabl es 1-3. Exanples 1-35 denonstrate the inproved selectivity of the am ne
nodi fied @ gifodoesi n catal yst. Conparative Exanples 1-6 igdpusdoigdfgst he

| ower selectivity attendant upon the use of unnodified acidic resin
catalyst. TABLE 1 TH OL PROMOTER | S 3- MERCAPTOPROPI ONI C ACI D Xanpl et io

pr onot er am neanore oa ngpp oppp- E3Nmol / LMeqg/ gr amavgsel avgpyre | nepyn

[ nepyn Inene . am nolibnneTRbEricBiojs BB IH ARG rescirdn AT | noPYT

| nepyre I nenety ano nparative
Exanpl e Edvigthangthidnhafing ﬁniﬁmrr:.lhbqw@sbee@founmt@be parfgilagy gffeetiveo nodi fy
~acidic re@halﬁgh@hy§t d MIliequivalents am ne per gramacidic resin
catalyst a Selectivity expressed as wei ght percent p,p-BPA resent in the
reaction m xture divided by the weight percent o, p-BPA present in the
_reaction mxture Selectivity expressed;as weight % p, p-BPA in product
mxture relative to all other phenoUdtetone condensation products present
in the reaction mixture. -14 RAWO 1 42/i 1111 (14 TABLE 2 TH OL PROMOTER IS
BENZYL MERCAPTAN PCT/ U S111 /.1-178 Exanplet i 0O pronoteram neanore oa
| ngpp oppp- E3nmmol | LMeqg/ gr amavgsel thP I | nepyre I netnet y am netnet
y am neC E- 3. 4~pynal neu. 5~ i . aua epgxgﬂlnetree y am nethe y
arnlne- T. 494.4trlet y anorﬁﬁ. 3: 39 -~ 92N2 - Conparative
Exanmple " Concentration of in nilllnnl er liter ~ Amne used to nodify
acidic resin catalyst d MIIliequivale s amyne per gramacidic resin
catalyst a Selectivity expressed as &%lghthercent p, p- BPA resent in the
reaction m xture divided by the weight percent o, p-BPA present in the
reaction mxture Selectivity expressed as wei ght % p, p- BPA i n product
m xture relative to all other phen cetone condensation products present

ITgI t h_?_ H:{ﬁ&?lﬁi;{eﬁnR?hHﬂngéfrﬁi edABhBependERtHLhIREPMATER, IG5, aliphatic radl?al aCy-
not er ami neami ne oa | ngpp
oppggnnnl VﬁﬁﬂV@g%R+é$@g§Hm’RE%V&@SFH BYre Inerley aninene y

am netree nDre pyre Inepyre Inepyre Ineney am nene y amnerle
y am ne. . B? to,getha)fqnmrzeﬁ:j Cq cilaalphatit radbeed end Ca4G paromirti¢ radidal;l i nol es
per liter " Amine used to nodify acidic resin catalyst d MIIliequivalents

am ne per RARAH A& rfde @r&ieﬂtl%ﬁ@'@'shhﬁh;&'r@@lt:!alvhC{ C%eﬁ&ﬁ%ﬁ@f!ad?c%l Weiaght
percent p p BPA g@esen in the reaction mxturé drvided by the wei ght

percent oCpCarxclonliphatic radicalher - 15 ~4~0 (12/S111100 PCT/ USO 1/ ~~ 178
reaction mxture r Selectivity expressed as wei ght % p, p-BPA in product

m xture rahyadvo/ef the grolips BE hRF gt lidrac & OG;, geldtipbaid radicglroedyat,s pr esent
in Hae reg&&u%céawéure Exanpl es 36-55 and Conparative Exanples 7-10 The
reactors were charge "With 4% crosslinl:ed sul fonated pol ystyrene 10 15
beads and treated mnth the ami ne and thiol pronoter cysteam ne as descri bed
in the geterzapupsioel’ tegathar f@@@f@ﬂmmé}aﬂlng atic ragisalmr Gi-Cararoreatimd at t ached
t hi ol propRiQl cysteam ne was between about 0.5 and about 2
mlliequivalents per gramresin catal yst. The stock solution of reactants
cont ai ned about 4.5 i ght cent acetope, about ~95.S wei ght percent

phenol . Data are pr B‘Weagm &%ST%’%%&Q%?‘%“%I %Onaf’é%?]g%%te excel | ent
sel ecti vi funetofad zroup, nehrwdh adtb gmiuﬁj the E&glmtlmbailgdqir&nomnhﬂyrheng t he

att aghed eanl Eor.. aratlve
Exai%l e 75)‘#21%%&5 Oth@g'%t {Pﬁed &g lcr I%\I}IC t%lys serrll;?/é0 al gpoélﬁgﬂels?netdﬁl Val ent s
cyst eam nslmuet}wgnamoamtbhrchmnmo@mlaisywblcwamhtamtac agachinent efithae nodi fi ed
acidic regj ¥§&§ gﬂkgr e am ne cont ent
is held c r?g%ogﬁ?ak ]crilg ér?o%%%l?ﬁ%%ﬂﬁg ktquvxygpgtﬁms/dgl’ lsrhfg?%h?/steam ne nmay
“be enpl oyeabamylroupsas@rg foupd wga@éleédmlmay icArhamatasotespRctivelYof bi sphenol

A. Exanpl es 41-45 and Conparative Exanple 8 reveal the sane effect in a
different concentration reginme as do Exanpl es 46-50 and Conparative Exanple
.9. Exanples 51-55 and conparative Exanple 10 illustrate that at relatively
|l ow | evel s of amne, 0.5 mlliequivalents per gramacidic resin catalyst,
the system affords | ower selectivity for p,p-BPA fornmation as cysteamne is
repl aced by pyridine. -16 WO 112/;(1(1(111 PCT/USII 1/ ~~178 TABLE 4
ATTACHED PROVOTER ON AM NE MODI FI ED ACIDIC RESI N CATALYST ranp aota

am neYyr ~dne cystean nese ectwity ameq/-gneq gneq granavg 6 -~~~ -~ .2095~
9g~8.2~.9.0.6- 9~~-4.-.~~~V.v.Z, _ 0. |I. -1 J,WO0.~-.9 .0:- 93.fl5



~ Conparative Exanple Total anpunt of cysteam ne and pyridi ne expressed as
mlliequivalents per gramacidic resin = MIliequival ents pyridine per gram
aci di c regigy&asml yst d MIliequival ents cysteam ne per gpahRGi4iSsresin
catalyst a Selectivity expressed as weight % p, p-BPA in product m xture
relative to all ot her phenol /acetone condensation products present in the
reacti on m xture. PREPARATI ON OF SILYLMETHANETHI OL DERI VATIVE VII. A 250 nL
3-necked round bot t gy iidcashe@501s RRAHg Wridturk &f Ardkn6 WA GE NRhemidal r 0gen i nl et
t hernoneter heating nmantle, pressure equalizing addition funnel and
magnetic stirrer was charged with 14.36 g (91.3 mol ) of t-putyl

Nal | yl carbamat e and 1583nL of toluene. The olefin and soIW%%t were stirred

~and heated 5 to about C, then 10 mcroliters of Karstedt's catal yst (5%
Pt solution, abb 30 ppm Pt based on_ol efin) was |9{(‘}d%clll7g sol ution
~containing 12 g (1 / mol ) of -17 Nao 02/500011 P 8p( /=
chl or onet hyl di met hyl s ne)'/rC|20 m toluene gas added at i k¢ over about
30 minutes at a.rate suffCCient to mintaintheMte rature
bet ween about %6 and aboyt\ 100C. Aft sPIv&Mi ti on conpl et gd, \ t he
tenperature was stirred/and\ heated at about 85 for about 1 fhour\ GC M5

i ndi cat ed conpl et e reagPi on Fﬁi the olefin to form5 the siR Iatp{i1 conpound,
N- Boc- 3- am nopr opyl chl or oret'hyl di net hyl sil ane. The sol ution was transferred
to a 500 mM single neck round bottomflask and the sol verf apd excess
silane were strippetilivia rotary evaporation to yield 25 gl of crude product
(quantitative yield based on olefin). Solid potassiumthipacetate (1.37g,
0.012 nmol) was charged fo a 125 10 nL reaction bottle equ p%g)rl_wi%ma
magnetic stirrer in a n{trogen filled dry box. The bottlelwas fitted with a
septum and renoved fromthe dry box. Methanol (30 nL) was| added and the

m xture was stirred to fli ssolve the potassiumthiol acetate. Crude

NBoc- 3- am nopr opyl chl or pnet hyl di n%yl silane (2.65g, 0.01 Fqﬁl ) was then
added via syringe and the m xture &Car med to ab&gt 50 fpor about 4.5 hr.
Thereafter the 15 m xt ug t ter\;éerature for
about 48 hr. Water (50 nlL) and net h}/l ene chloride (Sgﬂ%)\ re added d the
phases separated. The organic Iayép‘(ﬁ% washed twi ce w ﬁ'm@t er Nri over
sodiumsul fate, filtered through a colum of sili %5 and ncentrat ed
under reduced pressure to afford the

N- Boc- 3am nopr opyl di net hyl si | yl met hanet hi ol acetate derivat/ve WII (2.84Q)
as a nearly 20 colorless oil the "HNW, '3C NWR and GC—I\/quf \/\/@‘bh wer e

fully consistent with structure VII. The invention has been described in
detail with particular reference to preferred enbodi nents thereof, but it
w Il be understood that variations and nodifications can_be effected within

th irit and f. the, i, tion. 1 Oll2/~111Y(11 TIS
Gl VED 1 ler3Bi FRd Riggibds R e D BeparaRon B Yiokrep e Sk iy T REBREND | sai d
met hod go(my Chhmgf&(dmsatt(]%g);d. Org tCheen. SO (18) B428 ¢l S86)1\enid Teyrahairen i ¢ _
conpoun R : - resin
catalyst AerfadIRg ONoAs, T Sl il M Tn AR Bl BMACLEE B 1 1
pr esénce a¢ cemmeraallypavaitebleas irbthe cage efrimsthydslydmethpesthiol whighis 1 wher ei n

sai d am ngafpsé ?ﬂoﬁﬂreptﬂkﬁiaaﬁébmpsﬁ} Po¥i¥indi OrdofPOIRE niehiBrfofstisf onat ed
pol ystyrene havi ng repeﬁ%unl t.s G3H |

3. A net hod accordiﬁf }ﬂ? claim?2
wher ei n sA#s ma¥ bsPrRRAIFY Py Epagtiomipta Flistametiylsiiapehayingsiretue HEwHN 2bout 0. 1
Z 0 2bout hﬁlﬁr} hikdl _iiluahaﬂifsogfunsuhv\lﬁea,is_@dm dxi@rc_eumﬁorpnTouwaamfe L esin. 10

: met hod. acc ing tq c m rei,n the ne, el y in.the

pr epar at i TG Sl{qﬁ CEF%W@O}’]%@?’? F@"&F@?aﬁmokltgéﬁ ?i})q%xge%ﬁﬁgqtﬁpﬁ@lc[r%thgm ne, an
_arohiat i c thivacmatenis emplpytdas a phaedphilapacemte derivativel Vi adolttained. dihegicetatec| ai m 4
wherein sgi I RE; {:fJ | i I . L : about
0. 005 1o GpSef iRty oRkdotnt EHAoaRLR: Habi I ABBE LaCmy e S0
et hod acxemplengponchesting asesatoideniwitive $¥Wivel thamicthenolsindh presange Of akrsitie gr oup
conpri si NGy ebdhdsankt§laniind. Met hyl am ne, tributylamne, N N -19

-8-



~'~"0 02/5(1111111 PCT/USI| 1/ ~~178 di et hyl but yam ne, pi peridi ne,

nor phol i ne, 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7ene (DBU),

di azabi cyfveabZedw2] oct ane, pyridine, imdazole, quinoline P%@%Sﬁl/?ﬁf@z' ne.

7. A nethod according to claim1 wherein said thiol pronoter is selected
fromthe group consisting of aliphatic thiols, cycloaliphatic thiols and 5
aromatic thiols. A nmethod according to claim 7 wherein said aliphatic thiol

is a silylnethanet hCHiorJ]ﬁthlglh%ﬂ b&hymdlslcoﬁésp&amg% steepnrel IR d3beR~ ||
wherein R~ and are each 1n eenden%eé Q%gycg [1 C - C400?1ﬁhat|c
radi cal , RICRHCERY2YABHRO] Beinogs amongd 8% yéﬁlqnﬁﬁ%tqoé QBaI | or 10
R and RZhathg&hrl‘illefuré M’\Iﬁt}aaGﬂf)@‘h@em}}ﬂ@]ﬂm“g]pﬂﬂaérp@rahﬂgla@ﬂicoﬁ? h}'ﬂdﬁ% Cdo di cal
aromatic gadica ndent 0, a atic radica

a C3- C4o f;r%n% |(}:ms X lﬁ(?la?m Wﬁ Eﬁh? %jg Erea%i'ﬁ\éf)ﬂa? %o ?EHB?’?;LQQV Tor any two of
' the Yr oupwnryog R&atdwgbRFmay boreartad @sthGhdoroyethyddilapt 3 ictheguiésente afra CS- C40
aromatic qjé fai 88515%5 hgrcgghgjgﬁle ]mf@ontd%ggap@{llf orma C9-Cdo

cycloaliphatic ra o aronati e Ica 9. A nethod according
to claim8 wherein said silylnmethanethiol pronoter is selected fromthe
group consi sting ofAtVﬂlﬁ%tq{W%ilvlme‘Wé{W'éﬁemP'PD’@i foythq opvessionanet hi ol |

tripropyl silyl nmet hanet hi ol , trlbutyIS|Iylnethanethlol 1 20

trimethylsilyl-1-ethyl nmet hanet and
1-trinmethylsilyl-1-benzyl e et h| ol. -20 WO 02/s11110(1 PCT/L1S(11/~~
178 10. A method accor &R claim8 wherein said 5| | yI met hanethiol is

sel ected fromthe group consysting of

3- N- et hyani nopr opyl di neLd‘lSaqulcgﬁ net hi oIR

3-N, N-di net hyl am nopr opy met hy MRy net hanetﬁ\c\%nd 3- (1

pi per adi nyl ) prapyl di net hyI si M1 net hanet hi ol 11 A met hod according to
claim?7 zﬁ%d thiol prompteryis a bulk rrethod
according'to cl ai 1 wherein said bul k promﬁIO i s sePec% ed fromthe
group consistifg of benzyldatlysdt, butanet hiol, hexan Ehl ol , octadecanet hi ol
and 3- MerERRlARRARYRMkes Mitlo sdPincineioB NG ﬁﬁg 5&%%@ afd M 11

wherein said bul k pronoter Is present in an_anou In the range of from
about 5 rispratves iy Rppjealivi s cispmethyisilpe il 151C4>mbam¢emwl%r@e €di ng t o

cl aign 7 whes & meahél drrahﬁéthpufmhﬁae Wsthaslight @&b@om@m&i allfiddoS 15. A

met hod ag 368ium d t'i])%atcgtatcel ahd rRle mlxturerues sti rrté(ri] Gt & ¥etm%cep ?urepo tween Gbout 0°C and

about 100°C until the starting chloromethylsilane I1I has been consumed as judged by
gas chromatography, thin layer chromatography 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-benzylmethanethiol.



is derived fromthe group consisting of 2-mercaptonethyl pyridine,
cysteam ne, and 4am nobutanethiol. 16. A nethod according to claim 14
wher ei n twe @ish@ehed pronoter is present in an amount in achARIRHS Ween
about 0.1 and about 3 m |l equival ents per 20 gram an ne m)gi fied acidic
resin catalyst. 17. A method according to claim 1 wherein the bisphenol is
sel ected fromthe group consisting of 2,2-bis(4-hydroxyphenyl)propane;
|2, |2- B! SE thdGOXY‘ 3;}%&:{&){11@Eﬁnﬂeﬂlﬁﬁﬁﬁﬁgﬁiorﬁqter ii to be used as a bulk promoter,
, | - bi s(4-hydr oxyphenyl)cycl ohexane; .1, 1- : . . .
hyclr oxy - A0 EFRFSSIAN T t&%réﬂaﬂ@%aw&er is *1ant@§sl>ﬂvawawbwéﬂwf)&t§,l§, 525
~ trimet hylagyitdholigx ese os\g&p&aﬂoﬁhﬁd fecbyedy ox yghenay frpin the Feangon piddud. met hod
according to claim1l erein said m xture conprising a hydroxyaromatic
conpound and a ketgne or .a | deh co ins f t 0.1 to about 10
. Wei ght percent aceﬁgﬁgn?gﬁﬁq?r?g%q%%&e aff&ta Sgé; uéﬂf%gg&% ght percent phenol.
-21 5 Vistybiehastiididee v uebes +imaBydy mkthenethiel afeiatennikhepotdssphenol A,
sai d met b VRS ' Ao ¥hHER ik b ﬁ@&@'th acetone and a
t hi ol pr%ﬁ%eg;?@%k lﬁ_ﬁg&ﬁ%gﬁ%b% Caﬁ%e;ﬁanee%rlm%ii ?lle a_czﬁgl%c resin catal yst
at a t emsdykeaihaneihiolaceiaifgs coetafied to HIseGHvEaby Imsthansbiol Pewmtersyidgr phenol

Eei ng pL ?ﬁ@féragtiijdh %tdﬁmg.rsuym]eamﬁanﬂfa&%tw@ﬁm cﬂb@ttsslyﬁﬂezmtmaogt t 95 per gen:
y wel ght, .sald aceto eir resent. in an anount 1 n a.range between abou
2 and apdeEvaNGeRtu Aty Aenghbe e koL Rl R T PR MBI HF enent 1 an
amont  bedvwaeragealslyemployeddt abaitthd QAthertawdlé s thé silgartiantthiol 2Qelf A met hod
according to claim 19 wherein the amne nodified resin acidic resin

catal yst conp rises IB rsgme%?ﬁégcegtht %I?Pﬁ)é{ﬁ n%tlﬁolgréhk%g%gﬂﬁcg}o% agfanlo
sul fonic acid groups “per gram and 1 om abou .o L0 abou
m | | i equiatta¢thedipsomptenriis methgeasepidhesezilylmethancHuels adudy iarorgorate a1 ai m 20

wher ei n the, ainBon Whith! ey 6uded WY drhEarlk P RmeR B ahithd\Bolifficatabii@m ne and
pyridine. 22. or” making hi sph sai d net hod. conpr.ising 15

) A nmet hod f | enol A, hod

cont act i AgpimCHAlyBl e artachmenbp! e gUYmstinsthic] te e Jspiae Bwddficdraciic ani ne
gggis‘ i gd rﬁéilil d&tgl Eﬁﬁhﬁb@ﬁésﬁhmfm g@@roﬁg hdrpgdntionding iftefactidN 9€a betalarn about

an oyt S enol .being.present in an _anount in a range
bet ween E’BBETEW%?%&&@&EP&B%“%E?% é’ﬁ}‘ab?a%g’f-‘ Y %fang??eg REPROYF s’eg,:Or sai d
acet one Ibéiphgngd ipesdiction mchndeaivamimoprapyddimathgyésilyboetbaretlablodtN-4 and about 6
per cent I I h &%  ; at;al.yst 20 conprising an attached

e b ey

t hi ol pronoter, s i 1 rorfot er  bei ng present in an anmount
bet ween dioethyerEnepiepyldingthdsibrigiethgeethiplat{lof resin. 23. A net hod

accgy di n%iﬁe@acﬁhﬂbﬁbﬁﬁdM@BﬁbimylhﬁﬁuaaéthﬁﬁBﬂﬂi2R40WD_t er is selected fromthe
gr oup conm.a;l]b‘ng#gf e?{st.«?@me@gﬂa and .3am nopropyl di et hyl si | yl met hanet hi ol .
25 24. ARYHAYDRRRGuRethy§iymenanchidi n cat al yst conpri si ng: ~ sul f onat ed

pol ystyrene units I; -22 WO U2hl 111110 PCT/U SII I/ ~~ 178 residues
derived fromthe grlaagditionso silylmgthahethiodsrevhich iseuirparste adréemanoc am nes and

| cycl oalg [ L , [ [: Sy m no, am do,
i do, ot "Rp: SerVALDE s Dbyl he BbORBhE o AR IS OuAAT 10! Lot
accor di ngratected aminezrogpsnay alsp be paplayedelhus, deMNeBoed-from the group
congy st i RehiRSproYyy1iGhetBy IGNH nfetHaBbR] a0dte deRPativB VIR folndRefubt@sh aci di ¢
resin catal g%t .according to clai mﬁﬁ% V\I?ffr in the thi olﬁ&rﬂn%’tfr i.,s sel ected
from t he ABEBGE VeoHeriad RgmeterdamhsPeParTHienn eRsR st helityed:
3_— NWE':]hlyh(a_Bi: B@:Weﬁmle kqu-lmigﬁkl)ﬂr_S]?)H?ﬂm&l?}ﬁaﬁlgw‘iét?zinetlﬁewm tfder the conditions

i met hyl am nopr o i net si | yl net hanet hi ol ,
3-(1pi peluﬁ?j‘rtr?ﬁr?lg%%gvg%q%ﬁ'hyl si |l yl met hanet hi ol and
2- (4pyridyl) et hyl di net hyl si |l yl met hanet hi ol .
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27. An amine nodified acidic resin catalyst according to claim 24 wherein
the thiol pronoter is selected fromthe group consisting of cysteam ne and
215 ner capfooihiiyg! pyridine. -23 SO3H PCT/USO1/44178
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710%& ( ) dothﬁQ&i’s%e@ 115@&9#\%%&1(]&(1 acidie¥&sif Lata@stxﬂﬁﬂbeconﬁgurcd ina

0, 09 0, - &
]1-8(;2 () - S &r g‘gfgf:/%@g&r%c&g such hat 81 reaQants phenoﬁ )acetonc gnd the thiol
9109 () - ro#lbﬂﬂ/«&re( ﬁmidntdﬁllﬁ%&u(l)lst%hﬂ\re?ﬁd@ﬂg@orﬁ Yhesdaidl9g & 6 contithioh® 10:

100 ()1 SRR AR, B 18205 RATELSE) AL REPRS bz MBS O

10%g&
_ 8&9%%(&) (t)me}l[leil{ PrombBldr tOBgRg a funstiens) Fone surh 85 108481e(0ralRrbpBOYR () - @&10%

&0((y zg&l ((&) L‘%]?%‘Bﬁéﬁf@‘:hg‘gg‘é’ eg{‘ﬁﬁz-]%r)e F.ﬁ&%%%? fa% ﬁ]b ]1%9 %Q@ly%pg‘he use of an

109%&' () - saeled thiol pe@ngtyr obniargs (he neggricongiuds ﬂg@cprgmpteu iry thedegdstrepm 10
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10Y1: 109 ()- "' MO ()-1S% L0%& ()-! 1 #10%& ()- ! +#10% ()-
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& ()1 T4 Lo LO%&' ()-S10% ()-pl” MNIS& }[ 9SH=! C * 98RO it * * 9910
%8 ( -310« [%ﬂow ()-31V "9$109%& ()-3 ! 10% ()- g10%&: () - ﬁs'}m? *hCl C 10
0/«&'()-I 10%: ()-5 10% ()- 10 10 10109 ()-: 100& ()-**r ++R- ./ zX9bCs,
109 () -1 > $10% () - 1 C: $10% (

i i S R

- 109%& () -arpup isoyapt@yqd) itimay be attached to the amine modified acidic resin itself or it

. - 109 T& (Q\ﬁ)lge@f%hfd)ed ﬁr') E%%Qf@&g the SrépAafidH e Binid@h5dikedd&'did rein from
109078 () - @+H109T& () - f

10967& () -3pengpeeifisd ach if) - 94455555586{\ =! F10%& ()-s 10%& ()- 10T 10T
C10TY: 10967& ()-!14°, g#10%&: ()-19, g#10%& () - 86;
@Egl\/lﬁTgX?] 62 I[ 9{\ =! f WHendhdM&hod oIt &eh) mb&)tio\nﬁ@%’ﬂﬁ&iy@l a&hkostinuous
rz& ()-&'s . . . . . .
* 109 Hz HET PSSR HD BRI A B SURRDEL 63 O f (S B ire 58S &3 rs ByBosss: () - 1 y10%
2z& () -' ' inr0odezd af 3 weight boady §pacy vOleiy ¢f fra6abowt Q.1 vo shaut 84 preferably0oz &' () - S

10% & ()- fwm EEB“}I 10 ;3b0}1t afg syen &mge %ferabc}/y frgm bout (2) (gﬁoz ab&q g S5 \Apr)ounds | ccenN
/ s10%& ()ofthoked (n)rxgqunewoclpd satabygl per heun Jhgfe mlxw‘;/&or(npns yom
10?)1:6;<;8a(%|11( & 59(?/.“31@ éA ercégf)/ﬁ&tc(n)e a?lé%&cgc?%fg Ig g}bo@@mf% ht percent 10 10
10V : oomf‘f('?‘) e @&30 u(§ wsig PETEHEE@Q%%% dtsp B30t 96

weight percent phenol, and still more preferably about 3 to about 6 weight percent

acetone and about 90 to about 96 weight percent phenol. When employed as a bulk

promoter, the thiol promoter may be present in an amount in a range between about 5

15 and about 100, preferably about 10 and about 75, and even more preferably about 20

and about 40 millimoles per liter (mmol/L) of feed. When employed as 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
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
laboratory 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.
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110" s10%& () 100 & ()-1)" 1092Z& ()-1"s10%& ()-  10%& () Tg3+1™
10JKLVNOPz X9KC
10°, 10%8& ()- ! Y$100@ ()-' ! YS100%& ()-' " 910%& ()-!V 3"10%- & ()- ! 3" 109@x2X

& PORRRRRRTr S4
10|()> e ng%&‘ r |4]|3:*% é%@r%éﬁec 5#Wﬁfgrﬁadlﬁécpz/§§$c(résm LQail ks was

10@&$ 10%@11(0}1533@@/3@ T}bpratowls@@{f: R (rgacpon vgsgglomsy(gychm 2301 @8 syuyedtank
1092 & () -réacfdd dpketdiddiin a@hOhd&%dmdde: S&lﬂfhﬂ-@ﬁ/as carried out under steady state

- 10zl 3: 10% &' W& ()-143.$10%& 110%2 & I\ &
10! HL* 510989 ﬁ')fnfp%ixﬁc% oner &g tHaIvRF 04 Golepont PyuTHBEET

- LF109& S(B ?L\gel/&bﬁrﬁhj@p&n{nﬂj?@d 96 well ;}olypropylene block, equlppelg with miniature S L $10%
10! H92: R 9 >* %
& () - For ety bRt i Gyl gy by G g po RS dad
1033: 10‘V&S(A)mbeﬁfy9@ $310%Rd (by mghrshiiaHpbirdte@ odoRa( jolstioventyineg@e®’ () - S10%&.

10%&' Ve

g}% Xi r@ 10 i)%ég‘;’ff?s(%yfgg}%,%é BPL %h%;&gﬁtg?m&& 2}5101 5pr01|1_301er c &nable of

hDhHhPh qﬂmgﬁmj,(@'@gg_@wugl) ag QEFIRAMINE. .g\e amount of amine and promoter was

Fs1y& ()su@}l@f’z{ﬁréﬂq St drdendBT the ROBL Rurid I ¥ESHEYEn {he-redih were

o100 ( el Wherghg L eowier I o < BXGoRAEYOTH Ay HEACR] hj hoi O
s109%& ( ) -a&bﬂ%ﬁe (v)hese’lﬁ%&:((l)ld bd QEhed 1 hoUBId{d resihQUR1Ys),-iDWas not included
E}Sfl‘o(ﬂ}gh ?;1 hﬁﬂﬁ%% O‘Vgﬁﬂ %@g/ %@s&%ﬂﬁ@‘?t 3’]1%%}%&{% \Qféﬁ%@ﬁ‘aéaed@ypaﬂ of
the phenol-acetone feed mixture. The mixture of the sohd acidic resin catalyst and
15 phenol containing amine and optionally the thiol promoter was stirred and heated at
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 cycle. Liquid residence time was about 1 hour and the
thoughput of stock solution was about 3 grams of stock solution per gram resin
25 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
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Fs109%& () 310%& 098 ()-S10%& ( 0%&’ ghhh JS&SIO‘V ) - 5W

FS10% () em%k?tf }heslwme@)se‘ﬁtw& ?gthgiﬁﬂm odidied egidioyresipicaafyishixo) s 1096 10%&

' () - S10%&C dnhpardiDBE Xain3ds0P4& 11 ) st feO¥& ] derSWlectivity attendant upon the use of

Fiiitiii#i {aB)sl10%10%& g}% §]]0%& ()-s10%& ()-5W

Fs109& (){“%%é (5‘" F &9 531YSY /i We) s10%8109& () - 5W

Fs10%&' ()-s109% ()-s109%& ()-s10%& ()-/i0i;

i <i =i >i ?i FABEEOYBHIDIRPRDNSSTERAS()- MERCAPTPPRUNENIS-AAUVE () - S10%: () - S10%
& ()21 @Fi G H i Ji Kiw C) S10% () -S10%& () - S10% ()-s10%& ()-S10% ()-S10%&

' () - 5W FKiExaMpie #Kkblo) krdmdterd10%mindd! spaminedadio]{ pp/op | pp-BPA
109% & () fsTO%& () bV:\thﬁ:W_W& () - " KFK<kgk{ Kktkgrdram® 19 "a¢g™ )| sl alig® & ()-]
10% & () —s*40%& <)~ 20,5 BT 0988 Wd F69& g 0T kkikiigkkw$365i52t0% & () - |
109 & () 1098 8&629 5 H0%& |U|@%L&' O~ »qk-kkk-k-kﬂﬁm 8% <]) - / KY|
Ione ([t - e e o ()
T ~F 7001 SRS ( K I I 5 B
1098 & () %410 .?20%@ it gw R 12.70 t5 1
6 20.5 triethylamine 1.5 18.56 | 93.80
CE-1° 20.5 0 1435 91.98
4 41 pyridine 0.5 1769 | 93.36
8 41 pyndine 1 1958 | 94.01
9 41 pyndine 1.9 22.05 | 94.67
10 41 triethylamine 05 17.33 | 93.33
11 41 triethylamine 1 20.089 | 94.13
12 41 triethylamine 15 23.06 | 94.68
CE-2* 41 0 1595 1 92.70

“ Comparative Example 7 Concentration of in millimoles per liter ~ Amine used to modify acidic resin
catalyst = 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.
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109 & () - kkkkkkkx\ @s| | 108 & ()-| 109 & ()-|] 1098 & ()-| 1098 & ()- |
109 & () -/ KYkkkkk 11]\ @s]| 108 & ()-| 10% & ()-| 10% & ()-| 1098 & ()-
I KY| 109 &ckoysohoo! | 1111 @s| | 10% & ()-| 1098 & ()-| 10% &-{)usl
109 & ()-| 1008 & ()-111 111°1)1[\<0s| 10% & ()-| 10% & ()-fK@{S"ngO'/ZS&' 0
108 & ()-| 108 & ()-)I*1+l,1-1.1/1"D0s| 10 & ()-/KY] 108 & ()-| 10% &
109 & ()-| 109 & ()-/10111 2131415 tD0s/KY| 109 & ()-| 1094 & ()-| 10% &
109 & () ~FABLE 2 THIOL PROMOTER IS BENZYL MERCAPTAN
Example | thiol promoter amine® amine loading| pp/op | pp-BPA
mmol/L” Meg/gram® | avg® |selavg'
13 20.5 pyridine 05 1557 | 92.62
14 20.5 pyridine 1 17701 9348
15 20.5 pyridine 15 2066 94.31
16 20.5 triethylamine 1 17.68 | 93.38
17 20.5 triethylamine 1.5 20.77 ] 94.31
CE-3°7 20.5 0 14381 91.97
18 41 pyridine 0.5 1798 934
19 41 pyridine 1 2079 9423
20 41 pyridine 1.5 241577 95.03
21 41 triethylamine 0.5 177.96 1 93.41
22 41 -1 tnethylamine 1 21.34 | 9443
23 41 triethylamine 1.5 25.421 95.12
CE-4° 41 0 15591 9242

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
percent p,p-BPA Presem 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 IS TRIMETHYLSILYLMETHANETHIOL

xample | thiol promoter amine® amine loading| pp/op | pp-BFA
mmol/L® Meg/gram” | avg~ | sel avg
24 20.5 pyridine 0.5 18.80 | 93.67
25 20.5 pyridine 1 2160 | 94.49
26 205 pyridine 1.0 24.78 | 95.11
27 20.5 triethylamine 0.5 18.58 | 93.63
28 20.5 triethylamine 1 22.34 | 94.64
29 20.5 triethylamine 1.9 26.40 | 95.24
CE-5° 20.5 0 16.38 | 92.80
30 41 pyridine 0.5 20431 94.14
31 41 pyridine 1 2410 | 94.95
32 41 pyridine 1.5 2773 954
33 41 triethylamine 0.9 20.52 1 94.10
34 41 tnethylamine 1 25.39 | 95.11
39 41 triethylamine 1.5 29.31 ] 95.02
CE-6° 41 0 1744 ] 93.19

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
percent p,p-BPA present in the reaction mixture divided by the weight percent o,p-BPA present in the
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ondensation products present in the reaction mixture.

) -

Examples 36-55 and Comparative Examples 7-10

The reactors were charged with 4% crosslinked sulfonated polystyrene
beads and treated with the amine and thiol promoter cysteamine as described in the
general experimental section. The total amount of amine and attached thiol promoter
cysteamine was between about 0.5 and about 2 milliequivalents per gram resin
catalyst. The stock solution of reactants contained 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 attachéd promoter cysteamine. For example, Examples 36-40 and
Comparative Example 7 illustrate that the selectivity observed at 2 milliequivalents
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 bispheno! A. Examples 41-45 and
Comparative Example 8 reveal the same effect in a different concentration regime as
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
gram acidic resin catalyst, the system affords lower selectivity for p,p-BPA formation
as cysteamine is replaced by pyridine.
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rR6, ds$1q9s &2() -&ds$P0% k' () Ofs$10P8 & (P-Hs$10%8 & () -tsP10% & (]) - 5W
| 0000000Z: ,H¥s$1]0%8 &3() - Hs$10% & () - ds$Peve & (] -5W 97
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Comparative Example ” Total amount of cysteamine and pyridine expressed as
milliequivalents per gram acidic resin © Milliequivalents pyridine per gram acidic

resin catalyst

d 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 VIL

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

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
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S109XI #X& () - 7#T s109Xl #X& ()-7)? ) g% s109%Kl #X& ()-7sT s10WX #X& ()-7T
S109XI #X& () -7T s109%Xl #X& () - 7xxxxxxxd: . 4T s10)?°)q-T s10mXl #X& ()-7T

S 109X #X&wo) 02/ah01 09X #X& () - 7T s109%Xl #X& () - 7T s109Xl #X& poruexipsg x| B. 4T
$10)?)? ) gT s10%Xl #X& ()-7T s10%Xl #X& ()-7T s109%Kl #X& ()-7T s109Xl #X& ()-7T
S109XI #X& () - TXXXXXXXXPF*T s109XI #X& ()-7)?" ) qT s109%Xl #X& ()-7T

S109XI #X& () -7T s109%K #X& ()-7T s109%K #X& ()-7T s109%Kl #X& () - 7xXxxxxxxxfJ. T

s109 #X&cl(lbro?l%tﬁﬂleﬁﬁﬁtﬁg){&'le(n):-ﬂ 20 ﬂ&%]&b@%ﬂsﬁ&@ed&w?&ﬁﬁ@%ﬁl 6864 10 - 7T
S109Xl #X& ()-7T s10%xl ﬁx (t 7XXXX.X1_?‘<X ~bF*T s10%Xl #XEL (}v 7T 81%660 X& ()-7T
S 1006 #X&M1e 33)ie SUhgpaUIsRIa2inFheERenRRPppIure betieen abotit 80 an
- S109XI #X&aout TRCOASIr ad ditinh O%XIcaX@letdd; The temperature was stirred and heated at
about 85 °for about 1 hour. GC-MS indicated complete reaction of the olefin to form
5 the silylated compound, N-Boc-3-aminopropylchloromethyldimethylsilane. The
solution was transferred to a 500 ml single neck round bottom flask and the solvent
and excess silane were stripped via rotary evaporation to yield 25 g of crude product

(quantitative yield based on olefin).

Solid potassium thioacetate (1.37g, 0.012 mol) was charged to a 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. Methano!l (30 mL) was
added and the mixture was stirred to dissolve the potassium thiol acetate. Crude 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. Thereafter 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 (2.84¢) as a nearly

20 colorless oil the 'H-NMR, C-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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S109Kl #X& ()-7(T s109%K #X& ()-7(T s109K #X& ()-7(T s109Kl #X& ()-7)?)q(T
S109%X #X&VBHATYY CLAMED]S: s109X #X& () - 7T s109X #X& () -7T s109X #X& ()-7T
S109XI #X& () -7T s109%X #X& ()-7T s10%K #X& ()-7)? )qyyyyyyyfF) T

S109XI #X& () -7T s109%XL#X& ()5 775109 #X& () -7T 109 #X& ()= 7T
S100 #X& ()- 7T 310%<|]#><§"’%%“-‘% @Y&%ﬁ?%ﬁ‘@ﬁ%&%ﬁﬁ"mg
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.

5 2. A method according to claim 1 wherein said amine modified

acidic resin catalyst is prepared from a sulfonated polystyrene having repeat units 1.

SO4H

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 triethylamine, trimethylamine, tributylamine, N,N-
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S109%KI #X& () -7T s109%Xl #X& () -7T s109Xl #X& ()-7T s10%K #X& ()-7T

S109XI #X& ()-7)? ) qy y!'y"y#ySyWfJ) T s109%Kl #X& ()T s109Xl #X& ()-7T
S109XI #X8&wo) 52109 #X& () - 7T s109XI #X& () -7T PCT/USOL L4178
S109XI #X& ()-7)? ) qW&y(y) y+y/y0yzZ>) T s10%Kl #X&T s10%Kl #X& 'i

S109KI #X& () -7T s109%Kl #X& ()-7T s109%Xl #X& ()-7T

S109XI #X& ()-7)? ) q0yly2y3y4y5y6yfJ) T s109%Xl #X&T s10T s109%Xl #X& ()-7 T
S109%X #X&dimethyTbwmiAdofe#pigeiding, merpAdlet X&-dixzabicyclo[5.4. 0]undec Tene

S109XI #X&. Fy ~"> T sl 09, #X&T 10964, #X& 7T
s109% #X&([%U;-Fl %g@/gd é@&f ao\é%e 3 lei,.f]umoﬁme and piper I
s109XI #X& ()-7)?") qFyGyHyl yJyKyRyf F) T le%(I HX&T s109X #X& ()-7T

T s109K #X& () - 7T s109I #X& 1p¥thdd agrpodxg H#x&ain) 1 wherein said thiol promoter is
$ 109X #X&selidcrel ffom T 26hY I X0 b ghatic thiols, cycloaliphatic thiols and

5 aromatic thiols.

8. A method according to claim 7 wherein said aliphatic thiol is a

silylmethanethiol having structure 11

II
wherein R' and R? are each independently hydrogen, a C,-C,, aliphatic radical, a C,-

C,,aromatic 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,ycycloaliphatic radical; or

any two of the groups R’ —R°® together form a C,-C,, cycloaliphatic radical or C,-C,,
aromatic radical; or

15 the groups R’ -R” together form a C;-C,, 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, tributylsilylmethanethiol, 1-

20 trimethylsilyl-1-ethylmethanethiol and 1-trimethylsilyl-1-benzylmethanethiol.
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5 11. A method according to claim 7 wherein said thiol promoter is a

bulk promoter.

12. A method according to claim 11 wherein said bulk promoter is
selected from the group consisting of benzylthiol, butanethiol, hexanethiol,

octadecanethiol and 3-mercaptopropionic acid.

10 13. A method according to claim 11 wherein said bulk promoter is
present in an amount in the range of from about 5 mmol/L and about 100 mmol/L of
feed.

14. A method according to claim 7 wherein said thiol promoter is

an attached promoter.

15 15. A method according to claim 14 wherein the attached promoter
is derived from the group consisting of 2-mercaptomethylpyridine, cysteamine, and 4-

aminobutanethiol.

16. A method according to claim 14 wherein the attached promoter
is present in an amount in a range between about 0.1 and about 3 millequivalents per

20 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-hydroxyphenyl)propane; 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 trimethylcyclohexane and 9,9-Bis(4-hydroxyphenyl)fluorene.

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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10 sulfonic acid groups per gram and from about 0.5 to about 3 milliequivalents of amine

per gram.

21. A method according to claim 20 wherein the amine is selected

from the group comprising 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 in a range
between about 4 and about 6 percent by weight of said mixture, said catalyst
20 comprising an attached thiol promoter, said attached 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 the attached promoter
is selected from the group consisting of cysteamine and 3-

aminopropyldimethylsilylmethanethiol.

25 24. An amine modified acidic resin catalyst comprising: sulfonated

polystyrene units I;
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cycloaliphatic amines; and 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)ethyldimethylsilylmethanethiol.

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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