FUNCTI ONALI ZED ZEQOLI TE COVPOSI TI ONS AND METHODS FOR

THEI R PREPARATI ON AND USE BACKGROUND Thi s di scl osure
w@emsnadlhy relates to functionalized zeolite PCT/US2004/024560

conpositions and their use as catal ysts for the

production of bisphenols. The disclosure further
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zeolite conpositions. Bisphenols are val uable raw

materials for pro&@@iﬁﬁKﬁ IQN a3 hates. Pol ycar bonat es

are wdely used in a variety of applications by virtue
of their excellent physical properties, such as inpact
BAICBSERORAGS, NMechani cal characteristics, transparency,
and the |ike. Bisphenols are generally obtained by the
reaction of a carbonyl conpound, e.g., acetone, with a
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muse or corrosive mn

metoldsl Sor pp&aifl Aedsel figrti aﬁalﬁb@ z&dlighc@apdsafonexchange
resi ns have been increasingly used for preparing

bi sphenol s, Furthernore, solid acid cat sts
Bisphepglparsr el wWawategﬁh%ﬁplep@gb%P&pplaﬁar ?X%?Sooépi}zcarbonates
aresgvfd% QéHjuP gt ﬁa{r)éﬁl of GpPBeatibdP®S Aftus AfitheirGkEbllent physical

cat al“yst such as for exanpl e, "synthetic al um no
pl‘CtpﬁﬂIGS,aﬂlle]S as mnppct resis@BM, Bnechivibeal ehataeterigiivs, tidnypareslyi ansl the
S _hetero oI Y d for
i BSPIRES H EsRenny Sbemsavdre faftictth FlutSf gt o
acciaiea it Splerbl B iheﬁﬁés@hd:e\/@ﬁ ah hailicalaBet, isutt demiramd/a0ids or
reactivity. One exanple of acidic_ion exchange resins
aciglicaiop [fxchange agsiag.  JUHef EnervaENEEPiL CoEHE g ysg of corrosive

mlll‘i_grglsfblcis F&‘lﬁpac\% tha Etg'sﬂéﬂ !rhef&ﬁ ®WEn n%? %SBY%Ve been 1ncreashng1y

a co-catalyst I's used i’'n conjunction Wt
usddhﬁ)ramepiarmg bispleenolsan @erthamcme cadtlall ycsd catabysisnjpadvie 4 meore

efgaeh o Siagpischmt of St e cufgeipl Pleriges of soi

acifl rc%ﬁﬁ}mts &8 ﬁ@tf&aé)th%%lé'f@yﬁﬁiéh@ %hirﬂmb heidattk ke EeaeZiSON S, H-
mat rix, co-catal ysts", or can be " at t ached

Marderitse aaéulg% zeglmteeﬁ% teadlg &s ﬁlé@rqp%@s yewe tahgoobefm used for
preg?rn%% bl% %18 Sila a{wy sel[ nlél?%g‘?heesggé) ?y@t@ %{(ﬁlbﬂstgfaldl/ely low

sdaﬁgmuanmgamaswhﬁmy compounds mhlch are derlvatlves of
hydrogen sul fide, can be used as cocatal ysts. Numerous

ngfé(g%f?opﬁggdféﬂgﬂ ex ga%gg ?esluggp are the ts!cqueesso s%?ftohzycleé )f)ofygtryrene
resins cross-linked with divinylbenzene, (PS-DVB). Frequently, a co-catalyst is used
in conjunction with the acidic ion exchange resin catalyst, to improve the selectivity
for bisphenol, and in particular, the para, para-bisphenol isomer. Co-catalysts can be
present as unattached molecules in the bulk reaction matrix, e.g., “bulk co-catalysts”,
or can be attached to the acidic ion exchange resin catalyst through ionic or covalent
linkages. Mercaptans are a useful class of co-catalysts. More specifically, thiols, e.g.,
organosulfur compounds which are derivatives of hydrogen sulfide, can be used as co-
catalysts. Numerous efforts have been made to improve the selectivity for bisphenols

by varying the ratio of the mercaptan co-catalyst to the acidic catalyst. One approach
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by varying the ratio of the nercaptan co-catalyst to

the acidic catalyst. One approach 1that has recently
whe@s/oztitenpted is to use a acidic i on exchangkCT/ES1004/024560

catal yst having an attached co-catal yst, which are

prepared, for exanple, by reacting a portion of the

thaBlfd sHieCer@lily W¢PS aQ€mbhee 186 WeCa ddiMic 4T BAMGEed REINNBtalst Raving
am nomer capt ans, .thereby resulting in catalysts

an giéaehed Ao-wefalyst Bhid aarenrash EPTSRPIIe by aRActing e papion of the
amég\@ % B0 oPf Dapgse 1Sﬁ'&c§£4ﬁ§ XShS hE HSE b REotTRKT fiGreby
y W th car ony?

ol's reaction o eno
resaainp oucedaysts benthinfrettiottemefcapthe ammlﬂfqnﬁt adidgmbpect ed by
factors, such as its nechani cal strength and its

t endency, to foul. Fuyrthernore,. use, of st.s
WheB i rathasRe T EUR A v 5 e Re ks bephaolropfaen of
phe@®ReGitRIchsboh éb%gduﬁap Yfe RIBERSSESe cEﬂ'aE/SFﬁrbﬂLfetciengynﬁctors

I's general |y done by passing the phenol through

squaaékl@dmb@lummal stiengitlo ane ite tendgecyr @sfonl. cﬁuﬁh@rmore nh@@f these
catélgs% ererqs I %o&ﬁ? gmg rolal B@g r %lgﬁ Wlt r?otlS ets{)]eclally in

uséd

corﬁmhetﬁst pmctes}se;wl‘ll ll’le daSInﬂitlmliZlgng gdmeraﬂlgxr dit’.&iel byl p@§51ng the phenol
del eterjous by products. It would al so be benefi ci al
thrqughrppsked begk ofithetongrehange &M F¥d matrix that is

rigid and does not swell in the reaction mediumto an

Thl&kn defodhaan sShRed fob %lt&‘ﬁﬁ@ves&ftélﬁty it CEH HeNREABELproducing
here is a need for such catal ySts which not onIy have

blspimnpts with fhigic S¢1@¢taMyt Wblée ﬁmnmpeng dhariforgnation af clgtetdricsis by-

pro uéj[%hg 1§ t%{ag i VI al Q L Cﬁclfaiaﬁ?/%%f flg‘{ d%chgprf) Iggtrlx that is

rigiidadn- dc&@ et .swidiriaome freactlbﬂ‘ fn&dhﬁn ab 98 whdeBREl/Hd spRUElR pore
al ternatjve catal ysts that have tentlally superi or

StryeBERa APERITIOF & SRFE 19 negdl o FﬁfarCé Iysts Whigh ppfamly hayeatpyilf-in
fungg : e Tﬁﬁ%ﬁﬂﬂﬁlé &S hNGtal h% BYeol sl? Oyt O 1hiEP. ral%\ﬂ &fford

al yst time and bis heno produ |V|ty BRI E
im}ﬁbJMdARMpmrmd: |seketvilye rmariculaslyafdruthe t paum a;baraﬁ@meo I Mbeeover

therf ﬁﬁfslgtegl %%eé: of]é)rP %1%1'1 na%e%lague(:tcgtgﬁl/sts u{}]l at %ave po{e]:ntlally superior

mechanical properties as compared to the traditionally used ion-exchange resins,

thereby leading to improved catalyst lifetime and bisphenol productivity.
BRIEF SUMMARY

Disclosed herein is a functionalized zeolite composition comprising structural units of

the formulae:
i ; f
| i |
M<O/Iﬁ\o~“‘” ~<~o—i|h7\’w %O_S(‘;
2 :

N :
, SR , and SO;R ,

wherein “B” and “C” are spacer groups comprising C; to Cyg hydrocarbyl groups, and
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SR, and SO R wherein "B" and "C' are spacer groups
conprising to hydrocarbyl groups, andR and R
w0 pbepznident |y conprise an alkali netal, a hydrOmEs2000024560
a to alkyl group. A nethod of making the
functionalized zeolite conposition conprises reacting:
R' ahd [ReaisitlemnderntBacintisesel aidlethefal, ahidi6e @, 0HR C, to Cy alkyl
consisting of a funed silica and an al kyl netal ate
B nprising a tetraal kylorthosilicate, a
mer capt o-functional i zed al koxysilane, a silyl sulfonic
A r'i‘l@ﬂl@dcﬁ' BAURY thaRf Aot £7Pd 3L&itEQ ﬂHﬁgon %&ﬂgﬂée%?&klﬂg at
he zeolite Conposition conprising e structur
leaatm)rtesr caftantheslectadniidraghe grqup\ consiSiRig of S@uRRd witiea end ath Blkyl

e o e AR B MBS RTR I b YA EEA o

a si@t @l fonR 4YdEQBESUndObnda tté?n hﬂéw AH®. andpré@fe RO GEolit
g?th anot her enﬁmhlnent alﬁethggqgf néﬁﬁﬁg a = e

COPRREHQIOIRIRDTIANTE the 6lr ﬂqtérais’éiﬁﬁdﬁ ithg foAmeleapri ses reacti ng

a tenpl ate conpound, | east one first reactant
sel ect d fromthe group consi sting of funed silica and
an aly met al at e conpri’si ng a &

tetr alkylorth03| i catg, and g fi st

-funetion Ilzeh | ko gLLé to forma first
@Fé e pro di zihg said first
|nte di at e produc h an oxi di:Zi ng agent to forma

seco d |nterned|ate pdoduct and ¢ea§t|ng second
|nte medi at e product wWRth,a secon8oR
mer capt o- f uncti onal i zed alkoxyS|Iane to produce a

functdi.onal,zed zeolite conpositio

B R e S50 bRl Sl S: SRt bvsroupeg and

R' 4 Réﬁﬁd@@ﬂ&dﬁ’tlygioﬁﬁﬁﬁe &R HALliShBEl, RY By RESb ¥t aSU&H R@m alkyl
and Rl and R2 i ndependently of each ot her conpris

grogPkal i metal, hydrogen, or al kyl groups. A nethod of
meki ng a het eropol yaci d-functionalized zeolite

In £LHRAREL 'JVRH aﬁ?tgglrs SRESHMERACH Hﬁ&qddnofqng‘ﬁs%?%l%cﬁgﬁzg@b A fite

COITpOUﬂ t one fitst reactant
COmlhEltgmo lgmplom i shitng of ten‘nphlm'j ceinpowal, satdleast alekifilst reactant

a risin t |l orthosjlicat and a.
selqERe S BB P U Rt R e RBk O A thE kbt Sring o
tetrﬁdtlkﬁlbrthﬂélﬁcfaﬂ@ GhaberiB Reiesito-RXdtdhAliRY aBaixPsifank 8 form a first
i nter medi ate product with an oxidizing agent
intermediate product; oxidizing said first intermediate product with an oxidizing agent
to form a second intermediate product; and reacting second intermediate product with
a second mercapto-functionalized alkoxysilane to produce a functionalized zeolite

composition comprising structural units of the formulae
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to forma second internedi ate product; and reacting
the second internedi ate product with a second
worensapties f uncti onal i zed al koxysilane to for m BCT/HE2004/024560
i ntermedi ate product; and reacting said third
i nternedi ate product wth a heteropol yacid conpound to
wh@eRdBentiNe" het ncqpgrygsicdmipusiog iCaral, ihyahdca‘eyil groups; and R
oposi tion
e o S R B e g o
spacer groups conprising hydrocarbyl groups; and Rl
1ﬁ&ﬂo@%f 'n‘?ﬂ(%&eg @%ﬁ%&@él}%@ld%ﬁ&l&hﬁ%d QIR écigpaltionl comprises
al , hydrogen, or al kyl groups. A nethod of
reaqztmgducal sw@veaha émm;ﬁ@tf: .commp ehlshstoperfirst seastanbardeqtstyfrem the
car bon dr 0 N
gothe Cﬁpégcg g ﬁ\ﬁu el ona’lg(?g%éd %191 tng&%iat% %@Eb?glﬂg ¢

tetr@ﬁkﬂéi‘tﬁbéiﬁda;te Whe b girk raicaptbdmedtional &et aﬁd)xyﬁlahe teform a first
conposi tion conprises structural, uni

intgrgedigtegerodysty oxadiging spidfyst 1@6@@&3@%&}% ap oxidizing agent
to fogn age%oﬁf gﬁ%ne%agéjgg)dﬁ&ngﬁ& ?éa@ﬁ’n%t Pe¥eiaGafBYibdiate product

I ndependently conprise an al Kal i
Wltl’nad abcorml medmpefinctimatinedabikpkysjlenu o fome abiouk 1ntermed1ate

escri pbed and ot her, .f eat ur.es d
671 g e st B0 JeERPe R R R kbR Bgound
to %1%811&36&16hﬁEt%H}boWa&dffﬁﬁ@ddn@nﬁdl zRdlitee Yohipesitiah ahMﬁpnsmg

conpositions suitable for catal yzing the condensation
strycgeral wiats ofthepfeemelee wi t h carbonyl conpounds. In one
enbodi nent, the functionalized zeolite catal yst

corrp05|t|ons conpri se structural unlts of forymul ae
(r)y, (rn), and [1) as shown: és)

ko Ar a %0*3% “60“&

L

SR

3 2

sogR2

wherein "B" and "C" are spacer groups comprising C,-Cyo hydrocarbyl groups; and R

and R? independently of each other comprise alkyl metal, hydrogen, or alkyl groups.

A method of producing an aromatic bisphenol comprises reacting a carbonyl
compound with an aromatic hydroxy compound in the presence of a functionalized
zeolite composition as catalyst; wherein said functionalized zeolite composition

comprises structural units of the formulae:
Of

Ao % 5 %o—%'?% A

SR SO;R” ,



- - (tm -Si BCr>2 (1), SR1 () , and (I11l); wherein
"B" and "C' are spacer groups conprising to
whyasosdarpyl groups; and 1 R and R i ndependent PET/082004/024560
each other conprise an alkali netal, hydrogen, or a to
al kyl group. The term "hydrocarbyl" as used herein is
whérBineBleghd @ das lsmai goap@wﬁpﬂan@ @%Scm%l%'cm?%bﬁps and
groups, such as groups. The term as used
R' preh R wdmsendﬂmtbmeiaoltsg ag el meatd, shydapgsnt on:maalhylgmm s,
branched al kyl s, aral kyls, cycloal kyls, and
i cvel oal k . , 5 -
The 6 BRI BEUBR: (LIS R clorhitBiedlhy i tlpydne fgaiee
desexi@tignl. e, substituted and unsubstituted phenyl groups.
The strai ght chain and branched al kyl groups include
n-limting exanples, nethyl (as in
DE?%Qtéégiéééﬁh%ﬁgﬂh R2 above), ethyl, n-propyl,

i sopropyl, n-butyl, sec-butyl, tertiary-butyl, pentyl,
DisBIRERE Hevdin Bﬁx)fhnctllaﬁﬂ!iéli 2681ty catd}PfY bom dns. YRHBEY | for
and dodecyl. In various enbodi nents, cycl oal kyl groups
catal gpng Semn eenflensaion H@@élocmftmhenplﬁgfvlﬂbgmbowltc@naMu s.1fn one

aph
emlgedxd;%ex?té qu ?Lg@img%g otglcé ﬁ%{ go%éoéﬁlloﬁg Foragrrﬂe strugtural units
oﬂmyﬁﬁmbqyyun,ayr@ﬂp&nhywn cyclohexyl met hyl cycl ohexyl ,
andcycl oheptyl . In various other enbodinents, ar al kyl
groups are those containing about 7 to 14 carbon
atons; these include, but are #iot intended to b
limted ty, benzyl, phenylbu&yl phenyl propyl , cand

phenyl/et hyl various other g odlnents a onaﬂl
gro arghtgmied to -gsatle nonocyclTEOorSi
pol yc Qi ieties cont ini@g about 6 to boué 12

ring carbgn atons. These ary” groups may al so Iontain
one or e hal ogenggt ons or sal kyl grgps subs mkutgﬁn
on the ring carbons. Preferably, the substituent
present, is not in a ring position that would prevent
wherpia ‘B et i@ age SRASCY LIOHPT eqrartisitg Wi toHCahydioetrbyii groups; and

R' Q{(Pﬂpm(ﬁ?%eﬁﬁ; bf‘e h & ?ﬁl@ggeean ﬁﬁ n{eltél,g%s envgr a 8 b to

non- | I'ng anp €s 0 se aromatic g I 'hcl
Cyphathygtquphal ophenyl , bi phenyl, and napht hyl .

The term “hydrocarbyl” as used herein is intended to designate aromatic groups and
aliphatic groups, such as alkyl groups. The term "alkyl" as used herein is intended to
designate straight chain alkyls, branched alkyls, aralkyls, cycloalkyls, and bicycloalkyl
groups. Suitable illustrative non-limiting examples of aromatic groups include, for
example, substituted and unsubstituted phenyl groups. The straight chain and
branched alky! groups include as illustrative non-limiting examples, methyl (as in the
case of R' and R? above), ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tertiary-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl. In various
embodiments, cycloalkyl groups represented are those containing about 3 to about 12
ring cartbon atoms. Some illustrative non-limiting examples of these cycloalkyl

groups include cyclobutyl, cyclopentyl, cyclohexyl, methylcyclohexyl, and



The structural units of fornula (1) are preferably
derived fromfunmed silica or an al kyl netal ate
W@ 9p3dINg a silica precursor, such as a tetreei/ky1004/024560
orthosilicate, or m xtures thereof. The tetraal kyl
orthosilicate is of the formula (1V): (RO Si (IV);
cymhﬁémyln IR agionPoheesmisdiidbity, ar@kPlgoudl £& 61RO L¥ntFRing about
al k oup having from 1l to about 6 carbon atomns.
7 ok P’g@no?fml’ﬂét thgss mlud@rbtﬁoeg@ npt ditensled Hatbedamitirb tay denzyl,

I
PrERL e PR RBP T, 2R hAbEMTC b Sadfin i flbet gy gromie
growgts rasd lmtemde@yd desmtwﬁoﬂdcydiceor Hodyayelicsmpietipy tontaining about 6
ljcate, tetrate orthosilicate,

oaét hoi# %abut gll
to 3RPRL K L& SRERHY ROy | ﬁ‘ TOBBE BaY AP C@HFIA ey moTe
haRJgkfl Ocﬁd)lhé R 8yl Qro%?é’tshﬁgtlt@tg@qgf W tin t&@ootngt r ??elféﬁlgly, the
orthosilicate tan a have ot her fun%tl on gr oups,
subgiigkengsif hy&ﬂcmixys rg]’f@lmpsxnga@smme ripdtiduddipteyent the aromatic group
tetra th ort 03|l|cate tetr
it S S RO RO 1 ST ebar bt By € RSl Aty Jsprive
noﬁfhnﬁl‘ﬁﬁg @karﬂpl%@ of ﬂfeﬁ@ﬁjofﬁﬁhc efdup® sidiidedhesyl Cﬁ’dﬂopﬁleﬁfl B®henyl,
used for obtaining the structural units of form
anfipgphtdsi des the symmetrical Iy substituted tetraal kyl
orthosilicates described above, unsymetri cal
i
TS it Pl e (FRAE e b5 A 3l BRELor an aly
medhlge dompuseg asilish Ipracarspr esocir amastetraﬁﬂqu stthesilicateglor mixtures

f I d ved from
th%gg? gﬁ‘gé?ttﬁ%@inh}ﬁg‘?ﬁﬂi‘% airﬁl%ig QTIP é’é(/ )of rIt he formul a
(VM): RS-B-Si(OR) (R) (V);wherein "n" is an integer
having values from1 to (RE@MBI 3; Rl conprises al kaf),

metal , hydrogen, or alkyl groups; "B" is a spacer
gr QuUR.sconpri si ng o hydrocar byl groups,

WhsFelR & agnppriseg an aghklygm@l? omrﬁferai&ky @B rﬁﬂfxl BT pairing diempl to
ab&htky/ barBEPMB s, %erﬁﬁes(i@mfdaﬁ o? lica¥s RS 2R be %Eéfcﬂék{lude

groups. Non-limting exanple e spacer group
but argIngt gqter(cbd Kb )DG:HTHIth t@.- tetrdlrytthyﬂeqrtho?,ﬂlpafeplytrwhayl orthosilicate,

tetfain éj\rg,))l erﬁl‘éosgli\c's}? Fe;‘? lpﬁogg%Qé’thﬁl@@t%ftet(ﬁgra%ugyl orthosilicate,

tetmtsccamequﬂmm)bﬁn@éﬂh@w ahf oxyedpham@s oriR6siHe®e.  In  another
3- mer cagt opropyl ) trinmethoxysilane, (3-

"‘%’é‘ij’é]b%‘ﬂ: dps EEprikyt oréhasBiegisicraakso have other functional groups, such as
hyél%x%r %Elﬁ?%?l&%ﬁ ﬁﬁ&@ I%gote?f%])lg(ﬁ 1&%&&3 )énﬂg)’%ﬂlg?te, tetrakis(2-

mer capt opr opy
hy¢h|0x§/1m‘opﬁ)m‘fhotsﬂmatkpam@cblilmgkal k/DlX}ySiilkml"EESf t§3-or more tetraalkyl

r.capt opr o ri met ho ne js particularl
oG o BuL B! heeST T VEtines abs ehyeral unfts of formula (0
Besides the symmetrically substituted tetraalkyl orthosilicates described above,

unsymmetrical tetraalkyl orthosilicates, which have one or more dissimilar alkyl

groups around the silicon atom can also be used as silica precursors.

The structural units of formula (II) are preferably derived from mercapto-

functionalized alkoxysilanes of the formula (V):
R] S—B—Si(ORS)n(R()):;_n (V)9
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readily available. Structural units of fornmula (I11)
are preferably derived fromorganosilyl sulfonic acid
weaeeogpossias of formula (VI): (SOR)-CSi(OR) BEI/PS2004/024560
(VI); wherein "C'" is a spacer group sel ected fron1the
group consisting of C - C hydrocar byl groups;
whefONPRT Bem iRygeossing edlksal fromtialabowr3; & lcptnpgm@ﬁﬂéhah Rptal,

hydl%nr? Egir_saelﬁy 2%’:%;&9 8 PBO 81{5 gaép(kgpeh a&&% )‘Pg@nggg %8261 - gfrgﬁgfrocarby]
gro%%?r% %rlg 8@2 Fﬁ(g %@fl}? Mt o¥nyRisEs hyd@bder! orGMiGd Rroups; and

exa f the spacer group "C' include
R’ co&hpﬂsby laEklyE grdups -or plapy | greups. Mgmmtlm]@xamples of the spacer

yl d
R S G eP R, LUPRERY st
penP¥ne 1,6 %kﬂeﬁ@ e lejﬁ hep§leget B@nflfrﬂﬁhg Reargplesipf the mercapto-

onsi sting of (3-trihydroxysilyl)propanesul fonic, acid,
func(t@nahzadnea]ﬂigxysghahgﬂ ) prebisian eSunesAptertepyltrimethoxysilane, (3-

e R B PSR A0 sy r

butﬁﬁ%f&ﬁﬁ@ﬂ@yngl&ﬁd@mledﬁr ovabitines obthet fq;eeg[omge@waygﬂanes (3-

| fonic acids. Preparati.o ? rilf§he or ganosi | y 1
mergmtomﬁpzl)ta@?ea@%ﬂ%|1$ P%%He}aﬂ Y MOOPRBESTS Smeg I8 sampercially

hoxysi | yl' ) propanesul foni ¢ acid can be
]Emégg%%yggéby oxi di zi ng (3-mer capt opr opanesul foni ¢ acid
with a suitable oxidizing agent, such as potassium
Strypenaiawg st formmlad Hepp P erlly elesiped &am orgarasiiglssulfonic acid

acet met hoxysi | yl' ) phenyl net hanesul f oni c
compoUydt %@ifog'@mﬁr( ared by treating (4-

trimet hoxysilyl)benzyl chloride with sodiumsulfite in

a sol vent, such (80;RH&EAGOR RS rring the reactVlyn
m xture overnight at a tenperature of about 75 C. The
resul ting sodi um

wherginy ¢ e my%er yﬂr?%éﬂ§/“ft%1f¥?é‘hé§%|gF%‘}Pa€%nSIStm fafagq

hyd\%ctalﬂa ?@ IRACSnpries hyafo ﬁ\ akadi fmetadn o mh& ngeups, R’
resin to ovi de the desire

comwrlswhmmgsn by hﬁ(phmypﬂar@tlﬁé@né@mpﬂé‘?ﬁ @Ha & o, Carplkyl groups, or
zeolite co Siti Lt yge acshi 18! Non-
ol oy BT P A Parss SRS ¥ SGur TS aas
limit\ (%'éﬂa,mplesloﬁ\fﬂ&r Qjaﬁeﬂ\@rcqmﬁCPS&dude @Cotp Aot h?@ﬂa’ffﬁne ,3-
Mcorrprlses titani um or éer |umd %uﬁfhh I:UCth one
proyiere, | -tatylonesy hinpBY U } St B P19 Tak Bl by
emb&ﬁHéHf, NHe Mréﬁho&pﬁ sulfonic acid compound is one or more compounds
selected from the group consisting of (3-trihydroxysilyl)propanesulfonic acid, (3-
trimethoxysilyl)propanesulfonic acid, (3-triethoxysilyl)propanesulfonic acid, (4-
trimethoxysilyl)phenylmethanesulfonic acid, and the corresponding ester derivatives
of the foregoing sulfonic acids. Preparation of the organosilyl sulfonic acids is well
known in the art. For example, (3-trimethoxysilyl)propanesulfonic acid can be
prepared by oxidizing (3-mercaptopropanesulfonic acid with a suitable oxidizing
agent, such as potassium permanganate in an appropriate solvent, such as acetone. (4-
trimethoxysilyl)phenylmethanesulfonic acid can be prepared by treating (4-

trimethoxysilyl)benzyl chloride with sodium sulfite in a solvent, such as ethanol, and



fumed silica or tetraal kyl orthosilicates reactant,

al kyl nmetal ates selected fromthe group represented by
wao b@sosyimul ae (1 X) and (X): (RO M (IX) and PEI/Tp20M2024560

(X); wherein R4 is independently at each occurrence an

al kyl group or any aryl group having from1l to about
stizthgCthe beuatiah aiiBture’ dernightgira wepetadnge GF abgut I761C . elTRerestilting

nd "M2" conprjises titaniumor zirconium ln a )
SO%P%‘f Erisethanysidnl pbapyimethpnesu apate seldcatedVih sioag epid, such

as,,f or..axa , p hum_..boron, or L1iu " MR )
» prglf]erg%llgfy& g.ghlgri g*éégl%% olﬁgﬂl VEO el g%gllhdte g}llfi:h'\{gessfre?or(4
trimgthopyelyphényimethuresulfomicand.um Wien it is desirable

to use an alkyl netalate of fornula (1X) or (X), the

e A R R

(VBD:to M2 in the tetraal kyl orthosilicate and formula
(X), respectively, is preferably greater than or equal
to about 10. Suitable alkyl netalates of formulae (IX)
and (X)e include, but are not intended tg¢ be limted
to, tetxaethyl orthotitanate, tetraneth
orthoti® anate, tetraisopropyl 8orthotitadnate,

trimethyl alum)xa®e, triethyl aljmnate,|,
tri (g i*&pﬁrj\’%l mnate, tri(iso %,ad’vb e,
tri(n bé:t )aloum nate, tri(sec-butkl)al ym/nate,

tri(terdbutyl _)\%I umi nate, tetrametyyl zi% conate,

tetraethyl zircenate,yand heLrapropyl zisrconat e .

Sui tabl e al kyl net al ét 2[2’ gl so i nclude those con%gmids

in which one or nore of the al k03<y groups bonded to
whergen etcampriggs beravpdlsdenesnt.omndtNiegongeniseatitanbien or zirconium.

di fferent fromone another. Al koxy netal conpounds of

[ Ll titapi reqpref aryed ounds. since .

Suff Sk BB, i DL LR B S B i e
furhéxe sdick , oroktraatieyll @tlosilicawmeediak,| slkylsmetlats deldcted from the

exanpl e, the TYZOR series of titanium al koxy conpounds
SN 4P rﬁfﬂ“éedfmyotﬁ? e (1 )n@dz@(él ite compositions

conprising the structural units of fornulae (I) -

(I'r1), and thoser“aymper Lhgl NRAHpvstr gural

units of fornul a( (9?1) or‘%?{\?{)l ) cg{ntjg'e pregg)red by a

vari ety of methods. Synthesis of the zeolite materials
whegein e ciadensniignibatysash saewmarnse mdalkyl gopprer any aryl group
I . i , e r4f CLe- I )
o o B A SR R PR i anc
“MGt hempo b itoaimeo apourits. 1T herefentd ¢rabodiment, “M'” comprises a

Group IIIA such as, for example, aluminum, boron or gallium. “M>” preferably
comprises a Group IVB element, such as, for example, titanium or zirconium. When
it is desirable to use an alkyl metalate of formula (IX) or (X), the mole ratio of Si to
M' in the tetraalkyl orthosilicate and formula (IX), respectively, or the mole ratio of Si
to M? in the tetraalkyl orthosilicate and formula (X), respectively, is preferably greater

than or equal to about 10.

Suitable alkyl metalates of formulae (IX) and (X) include, but are not intended to be

limited to, tetraethyl orthotitanate, tetramethyl orthotitanate, tetraisopropyl



materi als di scl osed herein possess several advantages
that nmake them attractive candi dates as a catal yst for
WwWo@r@ansxa1y eactions. First, zeolite material s, BCUDOSHES4/024560
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an al y net dl at e conprising a Si 'ca precursor
exageple, th@tmawpkyjus aebhigs ifotanéitldy as able to overcome the diffusional
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Preferably e tenplaté conprises
conditions. Thlrd zeolites serve as excellent host materials for guest species, such as
for example, in applications requiring heterogenization of homogeneous metal
complex species on the walls of the zeolite channels. Fourth, zeolite syntheses can be
monitored more easily than for example, ion exchange resins, by using techniques,
such as surface area, pore size, and pore size distribution measurements. Further, the

silica/alumina ratio and the hydrophobicity of the zeolite can be controlled. The



cetyl trinmethyl ammoni um br om de,
dodecyl tri net hyl ammoni um brom de, or
W edosasathyl anmoni um hydr oxi de, or m xtures coP@EF/US1004024560
at | east one of the foregoing tenplate conpounds.
O her tenplates that can be used for preparing the
aciligyn @f ithm atleblitedis zzégl ntaapulate] wdiéchnotil iconire] gier fnegictioh Swith
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metcaptoufiactidiali B a]l(dbxgsﬂslﬁf Iaﬁ&‘orgmlbﬁlyl auFonis Weld @smpound, and a
BRI J( tngﬂu52 30, .78, 35, and 76; and the TWEEN(tm
templats- <8I RAuShuieE Fishimg todectouad b ViEoRY: ti betievedchatshritemplate

ald§ﬁﬁéérﬁ‘1@)‘llﬁqé e oﬁ! drd ehafdrend ﬁ(ﬁjf s%'ﬁ?&ﬁﬂutm%? I ARl fﬁlal zeolite

solvents for preparing the zeolite conpositions ar
conpasftmmalfuytapleltemplseh wentustersug Amasnaine editl of fmnuNa@HD..

Preferred pol ar solvents conprise water or to

al cohols. M xtures of ;png _or nore al cohols can be

used. Likew se, &Rt & & B‘ﬁ al c8hol s and wat er ceNl);

al so be used. Preferred al cohols include fully or

- h
%grt ¥y W@ A Wgég{ﬁsmagfy al ! I?l? elgc a{gcoggflpgrlslgg %rom%%outl
to hiSdht bl”(f &fd@éon BroRtdt amal «xn- 19%18@}%952?@”96]5&?(} |48 - thd Noup

reactions are earned out at a te ture om about
congigngnef t @Hpefht dre K.o aadobt 1125f6®b1}’1 dine templdkd nemiprises

Cetﬁﬁgn&fé}gg%]l oo%gl} g pr epl)caller e ??1 ec%&]w@@%ﬁg%ﬁwﬁ”bg%mm&e of

tetrapethpphinsdaam by draideabr ﬁqbﬁﬁﬂé’ﬁlbmﬂ’ﬁaﬁﬁg §1S198h 0BG off 188 foregoing
mant| e, oil t and the |ike), or

exanpl e, heatin
temﬁlﬁ%s?%p‘?ﬁnélﬁ ov@t\lﬁér dRmplpjes Ahali gan vhe i ssef dpr preparing the
funétitaliLQAlJI#&Andsd hd ﬁ)n rfa@féﬁtsbﬁmf)flﬁﬂﬁggg{(arx;l;me% of which

relative proportion o e structur
incl@fi¢ yhe paiyplkylene blogn dom}bymm alhitati¢ wWyarple{ ¥ polydlkylene block

copByFeEY bR oror St ATRFRYF POPTAEErT B0 RIGPYRGE Gty Shylene
ox1d@ttﬂb@1¢ Go&flyﬁl@ffs Mk Agh1€ Hpom BNEH )Qldféﬁeﬂl‘tpﬁh@&'tbylPLUﬁONfCTM
a

Al ternatively, the rel ive wei ;M

Ll?rlaﬁ%a Ielf27ta ﬁ@gvn]elr:’@abﬂ@ Refc P vwali22Rd; a1 BRYBONAGe ?Q@ and
90RO .td]tgelo E)ga%‘ﬁgé loyltelﬁ}l)‘l {eg n[h{l;[ @a%' ge WP %H:n&!de( Y)l )BﬁﬁmM séries

varil e
materials, such as BRIJTM 52, 30, 78, 35, and 76; and the TWEEN™ series of
materials, such as TWEEN™ 20, 40, and 60, available from Aldrich Chemical

Company.

Suitable solvents for preparing the zeolite compositions are preferably polar solvents,
such as alcohols or water. Preferred polar solvents comprise water or C; to Cg
alcohols. Mixtures of one or more alcohols can be used. Likewise, mixtures of

alcohols and water can also be used. Preferred alcohols include fully or partly water-
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about 0.25 : 1 to about 4 : 1. By varying the relative

wei ght ratio of the reactants of the
woresosapties f uncti onal i zed al koxysi | ane and t he PCT/US2004/024560

organosi lyl sul fonic acid conmpound, one can

advant ageously prepare zeolites having targeted acid

miseblEeNeiRAGc afydhals! Qlchalk iv@harel habhknof, mplepaml rugoprhpanol tert-
functional i zed zeolite compositions co
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froi@ bed 6090t to dbbet 80§Chﬂ dncthapembetimast. t He eitions & @r,gpare the
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seoffer 4E PRACEND P Tah Y HOFIRSRSTTE] BRRT P PTG eting
ma?t:le!rfg?fyﬁéthagﬁd hR flfeg 1ab§/'1fsﬁ1tg W aRAbRES). pROidet varibhe of

react ant | east one conpound sel ected from
funttlrmmagzeﬂjmo&xmssmsthus@e@fepfamﬁed silica and a silica
precursor such as a tetraal kyl orthosilicate.

t able fu
e R e e
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orthaeplisiar ol 3D BRHIAG oL FaPsBE] S8 G TR POl al i dout
10@f. {or Eﬂlaﬁ#@% Ale feftive! Reldht SatfRDE, thé hﬁert’:@t@rﬂ?lhﬂéﬁonahzed
nol € r he tetraal kyl” orthosilicate to the

alkak%ylbnm‘tf}atcaﬂe cxgamowidyl ysutfouin aglsoeampound { Viocaasyyarigd; from

h he f.
R A g e T

theﬁﬁé&%%qumt&m&eu nli@x§silaheahe tmrgar@myl rsalfamd afidrcomgound,
second i nternmedi ate 11product. iner al

onosintidvantgeeRyslyoTeRare zaedtesingving t%ﬁﬁe geid étr%@ﬂfso oxi di ze
substantially all of the nmercapto groups to form

An; alﬂe 921[9]!\/8 n‘rf'e(ﬁ'chd & 1%519&? e é"ﬁ.\%@flona"}‘mé@m% QIpRttioRt coirises

I'Zing agent e taken in which case the
a s&@cmel prcmem ralilat the pr-sduniethaid|desdithod abotehthisnedipd goes not

and sul foni ¢ rou |d| n e WN
oo e S BB, Porf ARk e
em%Hhﬁx%'t Cth@%e%cgiréwﬂ;rﬁema@@e wﬁacétepl\lmaeﬂmgn temmatemnpdmsi as

such oxi di zi ng agents incl ude h%)dro Pe i( .
demrlibputhabp‘@e, pieﬁlgt;;qggtang 3a6 aa@sbg)‘eg@g rlungiquglt zeéin%] oxysilane to
[ QrRL.g 'R RZAbSuRCIefbcied
S S i e S e
fromn HEN00p lcondi et dfyfumtdlslla:lalaad reatibeea mbcurﬁ'dre sm&u g fetrpalkyl

Is generally carried out i

|
Orf;bp@? igttah| uiabls Sreghpiticdy Ay \%8‘9%?1?5/ E‘Pvef ﬁli“f ﬁ‘“ r %p%rF’% | yrore
‘pr&@ltaﬁfy, MeShRU&ilica has a surface area from about 200 meters square per gram

to about 400 meters square per gram. In other embodiments, the first reactant can
further comprise an alkyl metalate of formula (IX) or (X). In this case, the relative
mole ratio of the tetraalkyl orthosilicate to the alkyl metalate can vary from about 1:1

to about 100 : 1.

In the next step, the first intermediate product is treated with an oxidizing agent to

convert the mercapto groups into sulfonic acid groups and form a second intermediate
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al cohol s, such as for exanple, nethanol, ethanol,
i sopropanol, and the |like. The second internedi ate
w@e@dosttld s then reacted with a second PCT/US2004/024560
mer capt of uncti onal i zed al koxysilane in a suitable
sol vent to produce a product that has both sul fonic
pragobd  dingen@nl aht oxgiiaup sgeBuist @ldre irs ah vendusit ise CdsU@deoxidize
t hose COHR%j?ing aromati c ang al i phati ¢ hydrocar bons
substpafially allrQfr the acreanto  erqyps dpdorny gyléic afidgravies, However, a
lesQ&{ ASunt YFAnE hﬁ'(ﬁikilﬁg:a LRt @nPhies @6 rtglgeneﬁo%ﬂicﬂe%ts thd'€econd
first nercapto-%unc |§nallzed al koxysi I ane an Fhe
interaedinte meodiEpt will haet ibothamaehtal andxgdfonanacidr groups.  Any
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0x1§11 %%eﬁf gxb?\%glbw { - ﬁgwgrtfnéznae’ ergapto group into a ulfonic acid
growpreaf Bt ARER PN bATib Bl AROXM Il AT sud \6kiMizlaWoBsts Rlcldddhydrogen
foregoi ng al koxysi | anes. Any conbi nati on of the first
pergiigiet péphadie qieerciss ceght & Paraestic s, iand dreihitbx peratidnewich as
T ' i O . t, Lrst . . o
e S oiq M ke By B D b srde plges it s
lowreost aehdily aveilablenahteddld Elkeiistidnasne issgepéaflgicatied out in a
from about 95 - ?pto about. 5 : 95. Furthernore, o
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alcbRIIALhMLad fbrTejﬂe?mfﬂ@r1ﬁ&H5rQ)l,°é’?ﬁHn%ﬂtiso§ﬁ%ahﬂ,eaMhE‘Pi'ﬁle.c acid
content can control the physicdl and chém ca
properties of the functionalized zeolite conpositions.
Theosecendnpitemetisees \ispdist isatthen ofaatére wish r aabdophd mercapto-
. SLbi . t. kISt rcapt o-functionalized
furfil5d AEKSuilfe L% sl PR aRGE bRYBAEEhs born
sulfilic adid, amd dndrbeptovairgliis. r Suitablefsotveatst icfudal thsse comprising
orthosilicate to the second nmercapto-functionalized
arogjajls and g Raticc hyflrpearkops isueh At dey skeerle.gglueng, xydengpBentane,
oct®ft, ‘anttGhe lifke 2N :_Dgl:eféf?édhﬂgbégimgﬁ i) !ﬁ%g ohBfd PhRtibAfDed
zeolite conpositions, a heteropolyacid reactant 1s A
alkexipilayeand the sehorsl metcapid; fundieonsbrdrudkoxysidaneedte andependently
Sd&ﬁqgu t dﬁacriQ§d %%ab ve ig.rgacteq:mﬁtq a ﬁgconq 3
et e ap?'l- fUhc I8 RaIPIRH S K x PSP PEAROPIOPY HHmPRox Y lpRe, 3-
metdap®bropditatRoRysehe; tandWhiGhrel o BaGbRGoMEt Nk&NRilanes. Any
het er opol yacj d conpound to produce the functionalized
CO@@BW%Ofc%ﬁﬁ&ti atnrigﬁe. sqeAndpsTaERtponetionalizd alkexyydarssgan be
s B 80 o R IR AR AL Solihad LU A AU Eltbna
mefcaploefnedidmpliesdagboatilar iohréftrablydrare nbowrdd : 5 to about 5 : 95.
Frﬁﬁpinmionst? furni sh the e .
VHSTEPEp oY EER dF LAY B RN Py F B Hilica sapieapreative to the
mef@pioedhient 88 tHeQulfb SR GLidbni¥nt Barl ShleeHRIRSHY B hemical

conpound include water and to al cohols, such as, for
propsagigp e the functionalized zeolite compositions. For example, the weight ratio

of the tetraalkyl orthosilicate to the first mercapto-functionalized alkoxysilane can be
varied from about 98 : 2 to about 60 : 40, and the weight ratio of the tetraalkyl
orthosilicate to the second mercapto-functionalized alkoxysilane can be varied from

about 98 : 2 to about 60 : 40.

In another method of preparing functionalized zeolite compositions, a heteropolyacid

reactant is employed. In this method, the second intermediate product described
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nmet hanol , et hanol, isopropanol, and n-butanol. In the
preparation of the third internedi ate product, the
waowrioghssiiati o of the second internedi ate produRCT/US20041624560
second mercapto-functionalized al koxysil ane can be
fromabout 0.25 : 1 to about 4 : 1. The heteropol yacid

2botON RAtted Kithhe sddon@lmezephd-fimctomiasd tikorysilane treform a third
controlled, in an enbodi ment gy var inﬁ the re atiyg
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e

enum et eropol yaci d conpound conpri ses at
hetdrepsityacid eothpowdoipolugasiater e 4 te &lstalechplse pusd ¥y fmexsaple,

royp consi.sting of |ithi odi um pot assi um
me%ﬁ%?%d?tﬁ?ﬁOT’dﬁ@r%%ﬁoLﬁ{lg ﬁuga?lb%jr m xtures of the
foregoing salts. n a preferred enbodi nent, the
In hetRERalonast theaRITY dnBEmEBATp Hirsdst, ahe vedgt ratieof the second
~ heteropol yaci d sel ected fromthe. rpu onsL?ting L &
intesmiefligtst RIAgRat ite thecseaonds MRy lﬂ%é I%F‘g‘i B@SOXY“ ane can be from

abRP 9 (.)tluﬁgsa%!oﬁt acid, and phasp Ybglieht acitkb finfl zeolite
anot'her ‘enbodi nent, the heteropol yacid conpound is of
corhfeitfoor cml e ¢ofittollpd, iNn) ¢bodimeit, DXIVRIYjNE hiEeelative pmgight of

conprises.a Goup Il el nt.. : l,8€ Y8 ¢
eGP e SRR S BpDhasator v o
abolgdbeghunctional i zed zeolite conpositions descri bed
above are valuable as catal ysts for producing

bi sphenol s (hereinafter_ al so sonﬁéiqgﬁ%re erred to as
Thahemepplyaeif kgepevsd & orgfeahlyof forpmle (RS S8A%M zed
zeol ites have both the acidic sulfonic acid group to

accel erate the condensghjOrhreacdion for Xy

bi sphenol, as well as the nercaptan group to provide

enhanced sel ectivity for the@ﬁ’ﬁ_bis henol i saner. Tge
wheel | Mescadigises dudrigen eph apr alkak aBeipl gl a8 §fipgc godium,

pofiriiportHay gttt 4P ambaRs BRERGS R nd M
coifPBsdsuiakRmtor 3ybdenum. The heteropolyacid compound comprises at least
one heteropolyacid metal salt selected from the group consisting of lithium, sodium,
potassium, rubidium, and cesium salts, or mixtures of the foregoing salts. In a
preferred embodiment, the heteropolyacid compound comprises at least one
heteropolyacid selected from the group consisting of silicotungstic acid,

silicomolybdic acid, phosphotungstic acid, and phosphomolybdic acid.
In another embodiment, the heteropolyacid compound is of the formula (XIID):
MEMH(MP) 12040 (XIII),

wherein M® comprises a Group III element; M’ comprises phosphorus or silicon, and

M® comprises tungsten or molybdenum.
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squats@pelt grapr ep dreezentiye, sindtrhere NitMesbiy, fsonn fabaetob &sabout 900
as for ex I?q MCM 22 and MCM 41; and the SBA
mei%? PREIHET ZEBY P ?E%O, &uch as for exanple, SBA-1 , SBA-1
, and SBA-15. In a preferred enbodi nent, the

Thei BéRedy aekeribed lhekein if5r GorehiRs D Fgncsioh&eA8 0zebliRR dnbBle the
group consisting of nordenite, ZSM5, L-zeolite,

prepaiafiga ol botle ripjcsppareus @H‘éb@fﬁ*%’é’r(ﬂ&?pée@ﬂeszeo#’\lst sed Apgin,
milbBbiheSedlicd BRAMIGURLOY FEOUIL &F ABH § @ﬁg&%%%%f e 14

ite I's on re sellect ed
angsﬂnsisstMm@pofouB/@MaMt&s psBAall®H ,ha‘&nzﬂ pmexshxfr e‘Sgre:ﬁteﬁ then or equal

It h s are enera roduce
to HPoF I ORI et BT AT BB pie T CUrH SRR 20 to
ab X APARstré e fTBGHE QR ahd ARG HERY ichd1falAlNIS! e %ﬁtr@leof the

used to effectively catalyze the reaction of phenol
POIgj 1ipe syengribe tZGObieo&meh,fslﬁl spheavimple, Apa b yrfactants such as

cet ':[r%%gt'h fifmd 'lyr% cﬁeoofaﬁg ?rh ﬂ¥ %n?nfq brgrglpd%né/enerally
gt P

SUC can Con ensat 1 on
resnhﬁm toematibd lof tnli&opdireﬂ;o |zeoh®esg Theaprd)eémdesarahd uk&l Qﬂ@‘épare

car pon conpounds | ncl ude acetone,
anye?%@lﬁ?\@%%lew EEAYPS, L@%{fwém BRI, MQ%—@%H%\%@%W& and

ther@,nxbnéswegmék éﬁeﬁ QN Eor eBZEBBDé' smoﬂutsm ifftaqaaﬁsBA 15. Ina

acet ophenone, et’ hyl  phenyl 14ket one, ’cycl ohexanone,
plé{fﬁsrmdcqmémdan@rtethe einoppian oemite fsl aperog mome sel¢ateihfromehe group
|no yacet €,p . . :
co R TSy b0 AR bre R B NARRT HemisEls ez tpe of
zedligds) @R miRRPB VS tAE Edrogdng lz@ﬁl@és)/a{nd tht WRERROEs zeolite is one or
bi cycl o 42 2. 1] hept an- 2-one, and

mozge selsct@ fiiot Hsﬂ %9&1? sPRsitina i MaMidhySRA; 15 gah naigtures of the

foregoing zeolites.

Bisphenols are generally produced by reaction of a phenol with a carbonyl compound.
For example, the functionalized zeolite catalysts can be used to effectively catalyze
the reaction of phenol with acetone to produce bisphenol A. Although preference is
given to acetone, any type of carbonyl compound, such can be used for the
condensation reaction with the phenol, e.g., aldehydes and ketones. Suitable carbonyl
compounds include acetone, methyl ethyl ketone, diethyl ketone, benzyl, acetyl

acetone, methyl isopropyl ketone, methyl isobutyl ketone, acetophenone, ethyl phenyl
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for exanple, formal dehyde, acetal dehyde,
pr opi onal dehyde, butyral dehyde or hi gher honvol ogues of

wo b@shsarimul a RCHO, wherein R is alkyl of |to 2BCT/HS19041024560
atons can al so be used. D al dehydes and ket oal dehdyes,
such as for exanple, glyoxal, phenylglyoxal or pyruvic

ketanhe] e Ry clehe>xaaonal %ﬁclb}ﬁtm@ﬁﬁde FQfen@@iﬂlﬂﬁdn%% €lop@ensat ifAnone,
of two noles of phenol with one nole o fornaldehyde

antBagHeRS bi s- (hydgureiPpIERYS) met hahé -diaydioxsasamipharone,
aceﬁéﬁfﬁﬂéﬁa{lmgne The ﬁﬂﬁ]?ﬁ%t i c b@%?dé/ﬂf%toﬁg nmpo Hﬁgetglh at ﬁ?u tego 1e,

used f produci bi sphenol's can be a subst
bicyprlof@r. Mﬁspﬂasﬂkd}mt edd &hﬁmﬁﬁqetllghyﬂohlendnmwt Ailddhygesatsuch as

e TN TN ST

horh@lo M%Qhe foAmELEEOHO, WhekBSRks alfyICSTF Q%Jt carb?n atoms can also
ﬁ | or ophenol , 3- chl or ophenol, Achl or opheno

be Q&eﬂe Rialgdghydep h@hbe;toalgem.y@n, ﬁ@qlhysl fph@mﬂple glyoxal, phenylglyoxal

t hyl ronD henol
or BRI R LT SERE e ErerOm S, HaCHseyphaR gy moles of
phe&’ionﬁh dnk infiaé by fq@ﬁ@ﬂ@hyde%ar&dtﬁceﬁbisf{ﬁ Mh@ﬁﬁﬁ&lthane also
- xyl enol , 6-di chl orophenol , 3, 5 di et hyl phenol ,
an?”b@H%?P@ﬁ@ EI 2, 6-di - tertbutylphenol
2- phenyl phenol , 1-naphthol, and 2- naphtho

Thé@réhﬁiﬁ@ h9firok @oﬁqﬁéﬁﬁlochﬁg:aﬂ bR Hr YOQI'h&)ﬁ lé gan be
esir

can al so"be used. Phenol 1s a partfcul ar
a sapsiireted corhand nm@&vs‘f@o‘rv}joa.mmaﬁ@ rcopupouiurt |cngabm1g)h1tefeakt é’nebeH
gro{l]gacéul% le%rh%ma? 8 r%%y c%lmsp%un S{nrc u%leebllltsar%rlgott] ?nt(élra(fed to be

limited -tcbl plichoh yZleRxyl; 2=dredony4-BREslY |?)&M@ﬂo?ﬁ@?é@nﬁcllﬂﬁrophenol 4-
reaction with c%clohexanone The functionali zed

chigreghenoy Zaertbpstipheagh Bd-dimethyirbenoleateihyhbotethyighenol, 2-
broﬁl%fapa{b‘f | C@Hggltégﬂen% thi gl‘r:etn }1610 d|3> qgﬁﬁ%b&}%wowg%

In elther ‘a or ac frode
trinyetigpéphenbl Eﬁrﬁﬁ}tayﬂametjwpﬂmm aza@L umanalr aneddichldrysheasly 3,5-

f th
e BRI 2T sl e st ateubyStonenole Sy Besiop ool
andr 2AgAHtI). caa@ MR8 lolf evedrddpi ﬂ%%@rﬁ@t‘i’cshﬁﬂ@i)y Edns®unds can also

techni ques, such as %as chr omat ogr aphy or
be wregh Pheraldup sarticelaily @ﬂimbmr@tgmp iroxXyncarhgoupd o produssng

blslg%gglfﬁsb}p fea@ﬁc?)d b!/?tL r%et%hg P IEE] dg'gl e K %%1% %38{) gog I-$0(¥ucmg

e-aro r oX conpoun

1,1 -|bh§(4t-dl§idﬂ©&¢-2k1ﬂtuhy1@heﬂy$ﬁ$ctl olpxand Bﬁfﬂ‘a@ﬂiorﬁ@ﬁﬁ) cy@oirgadne.
fixed bed or fluidized bed packing conprising the
zeolite c taI at an a roprlate

The flé?’%tﬁﬁ{glp CL%Z eﬂteﬁérabé*ksa%ﬂ US%/qiﬁ?f EGREPHE U& cHPeRd sgmpgynd
withTBd 418miatis RMSARIxS BAMolRd in either a batch or a continuous mode. In a

batch mode, the carbonyl compound and the aromatic hydroxy compound are
preferably stirred in the presence of the functionalized zeolite catalyst. The progress
of the reaction can be followed by numerous analytical techniques, such as gas
chromatography or high-pressure liquid chromatography. In the continuous process of
producing bisphenols, the carbonyl compound and the aromatic hydroxy compound
are continuously introduced into at least one reactor comprising a fixed bed or

fluidized bed packing comprising the functionalized zeolite catalyst at an appropriate
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carried out in a single reactor packed with the

functionalized zeolite catal yst, wherein the phenol is
w@a®smessieont i nuously into then reactor and thePCHUR®NY024560

conmpound i s selectively introduced in one or nore

stages of the reactor. The staged addition of carbonyl
tenqmmm@ndFblasxampiepdteemntmhommpm:éserfoi MMkOVE Bisphenols can be

sel ectivi tgglf or bisp In particular, the staged

cargadiopt e § 85?%8%%30 %H‘@ fgléqlqnﬁlbqeg\zéo]pqq@atalyst wherein
thes}ﬁ{e%gt iV pds¥ed @6ntifiBudly Radi BRNSHRL: 158 rfﬁé ‘car gﬁ}/l compound is

functionalized zeolite catalysts can be use
selgaiiviebt ptrofludedrinmne ag mogoates of ds pettbet Thefstagay addltlon of

e L N R R IS ——
parﬁlblhllat; ahe ataged ARitidrkef caaABorfyl CORpbi é%t'ﬂ 1¥ﬂ?)$0\}en1§1b @@le@tﬁ i# for
pe.reactor, or _as a nonolithic structure. oll

fhedb‘?rb%sl)%@lwé; isoper phan &HCE\WIWZ%ZM%@@W&Wd uma variety
of ik ee[sapiné/wéleﬂt zgsglgjelﬂ%%g?ftagg P e];ngsg :%&agm%l o'tnzt%gggﬁ cieﬁf%lnénert

catalyst at a't
aggidals or thdai madam@maltehmls siighedudineiny, silesapedidtheli®e] & a coating

e erab‘L reater than or g ual to about 30C, nore
on &Eépﬁﬁ%ﬁ %pl P ESCIOF: FIRAA TN g Yafiw§rabout 40 C, and
even nore preferably greater than or equal to about 45

Thé:feeﬁ’eb‘éﬁipﬂlgmtghﬁe bE&wd] bhd et g1 Ediﬂﬁédnﬁri§bfe?ﬁgblﬁeno+&ﬁed

cat al results in an effluent conprising bisp
to the ing analgﬁézwlﬁ@ catalyeirat altempanaivesr frm ebogd@°@ o about 200°C.

WPl | RELSAE! L Ser A i DRSSy e 1

aboas 30%@ mqnalpaefémb]g) grlehtsp HemOobr ééjdahwg'ﬁoﬁocm? °Qf hiftP efl’éif ﬁqore
produyced. The averg}g; ratio of p/

% ;, i soner. is p t
pre /“ﬁﬁ Freigathan ?rhﬁ‘ﬂ!“%rtoe f 40 G@bolassipg, thyHged through the
funbl SRNEAP LediRe AR st ?&hﬁé %j gfl r@ffhdn %ofnﬁ)ﬁkﬂgﬂlgﬁfef%lt - O%ual

mat eri al s, water “and byproducts.
Starﬁngcé@‘@rlalﬁat\é@ter mesdutad| ascar lby)}vmtiucct ombahmdsactmnd and other

oL e R o LB R E7
(p/p) sidplitiad] afthewt soﬁ@bﬂﬂ@ -5ORA6RY RImEF i@}ﬁ'édll%ed\’a’fﬁ‘é a@?‘egge ratio

recycled to the reaction feed. The p/p bisphenol
Ofpélétq YBIingwater hamor ﬁ@%%ﬁh’éﬁ%@ cont ai ni ng product
stream by net hods known in the art, such as adduct

TheC ‘bYS%B@ijldl' %aﬂieﬁnlsoﬁl@gdv Fnactflé’ Skl Zs%r'tl ng » mABkiks, Jyater, and

Stallization, distil tiron, or a co nati on’

prf etyoi iy s olsalatiom mretdvedwateThesjiloen ohrbonytpenmgbunds, and
ved from.t he duct str

be re cled,for
o R STy BB SRRl oved
cartnyb t@hpdumdtand fesidMa® PhéHof $@Nbe separated from the water and recycled

to the reaction feed. The p/p bisphenol may be isolated from the bisphenol containing
product stream by methods known in the art, such as adduct crystallization, solvent
crystallization, melt crystallization, distillation, or a combination of the foregoing
isolation methods. The phenol compound removed from the product stream may be
recycled for use in the catalyzed reaction or adduct crystallization, when present.

Advantageously, the high degree of selectivity of the reaction for p/p bisphenol results

16



Advant ageously, the high degree of selectivity of the
reaction for p/p bisphenol results 16in the anmount of

WO pgansilies being greatly reduced, thus facil iP@r/usmo4/024560
the isolation of the p/p bisphenol, inproving the
overal | efficiency of the reaction and isolation. Mny

in &@tamqagt of inavitias being gdaadp mevced, ahdsyfacltitatial texisblRiidn of the
conpri ses, only

gh _sel ectj vi t e fe
i s RGeS besncines ffff'%aﬁaemn tiselatian
achleve hi gher bi sphenol selectivity is to use a feed
Masly rea i sesofiipt 418 ivded B@{]m@fbllﬂlyfd&ﬁ’& S&hi 'ta\;é& hli’%ﬂjge(l)@é?ﬁvity if the
conmpound and car bonyl conmpound, but al so” a

feed { GopaHiseH I9ph Bhang! |aﬁ@dq€ifqnﬁesAgt@ﬂ@nalhd fregu@rﬂ]lycmddltn aghieve

hi g@%ﬁ%ﬁ%}ﬂ%ﬁﬁlﬁéeﬁ 191Iéy o El?[%g ]féea Qg% i ¢ aééﬂgg 3P 9,11125 F‘r\gggaroma‘mc

hydxmgsh eompmtdahlhd bampﬁwﬁ n@mah@Chit\dliy o Bafcld sidad! b¥mpQsing
henol |soner In this case, the net

lm%‘E%Sgt ‘?ﬂeﬁ?‘gcafﬁ Besdi HoroDEy gy 2lkdgiien ﬁgaqtlﬁpueorrtpaes fop a
t
oIS 0 RPABT LSRR L0 GEAL Q0RO R

selecgiyify pardevledhnfar dhe aJprlﬂJ;]le(lalmBmgerot Inethis cmsel,rﬂhé Inelséelectlwty
is contacted with the

canf Eén E%Pgor}/ae l%yles c%zglg}% P@)ng%gthSt{le reactor to suppress isomerization

reatidnld A FuRh&PREAN ios T iHUAGEO FSOBBMIAAL if anreE}Qzlé Bfeam
par a, para bi sphenol isoner, thereby enhancing t

Con&}@ﬂlgl mERG a‘fhﬁramammlgqa esthetpatobisihenol lﬁomh@Srceatatted with the
fun@tﬁ&laﬂ%&f %eo-mé §at49?ﬁe &S ?ﬂ 6151%191 68 @ﬁrg?)ﬁéoarpggé{lgl? to

schenes ecause puri It enoI
the efard, pamntbiipheiil glemer, 'Ifhﬁelfqe @hhztrremgafhal yedrsll tpaed Rk PbBphenol
h bi sphenol selectivity in

abl e of _produgjng
Congé‘ﬁé? 3‘% TeAHGT gHE, aﬂé’é eqné‘eltg? ViR/er devptedE uﬁ@atlonma@nes
bec8B@®Rché bR d‘mﬁd'pﬂeﬁd] &n HIRACLAb: {B6Eh1G 515 e’flhe zeohte ctatalysts

substantial |evels of inpurity recyc
thergorg émpéde pbpioHucipg bighdrgphersd Iselcd;tlwwtly genquelc nrebba\m pdta-

the fe
s @ B B ot 00 o) Bl aSEE 055 RS 6 58RE 2
levdlhef dopufityu ceegclprto GBS Seactdie as cHifihfre@Ito H tbhs?h@nd] afrk@Yity
% conpr|3|ng t he fixed bed packi ng
exps‘é? Mithea Wagindends that 15 ieplerds dogsatok pergpeser uisuhstagtial impurity
recyd@si gned to alleviate the hydraulic stress that
generally results from prol onged operation. Such
packlng structures may assunme a variety of structures
In oglyss emiporimenssolthe dontinuais rocesithh yohgteudri lnulmpfees&toraﬂydem

conf B SO 36188 A B8 TR ol L S b g
struptacdsi designed to alleviate the hydraulic stress that generally results from
prolonged operation. Such packing structures may assume a variety of structures
specially designed to withstand hydraulic stress, and may comprise materials inert to
the reactive materials used for producing bisphenols. For example, the packing
structures may comprise materials, such as steel, aluminum, ceramic, and the like.
The functionalized zeolite compositions disclosed herein in this disclosure are

expected to have crushing strengths much higher than those reported for the
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structures may conprise materials, such as steel
alum num ceramc, and the |ike. The functionalized
waQembiossai1zonposi tions di scl osed herein in thi SPCT/US2004/024560
di scl osure are expected to have crushing strengths
much hi gher than those reported for the
tradifibnAli tisednaditly 148 eskchiigdi @sinOcht@¥Earndfis, 8R! fresence of the
catal ysts. Thus, the presence of the packlng
packing FUGRES Ip §Xpsetrdde derthes Impiovh die lifaime obthelsatalyist rackine.
of the catalyst packing. Aromatic dihydroxy conpounds
L
A o B P e e S S AP Sh SR o e
catigrts e@hpiisd tWpse aftibe g&mra&\forﬁxuﬂas()éw)ar omatic gr oup. In a
preferred enbodi nent, A preferably has a structure as
shown inforrrula(ég 1 () (Y1) (XV), wherein Gl
i ndependently repr 'T?ﬁ an mati c group, suchCdy),
phenyl ene, bi phenyl ene, naphthylene, and the |ike
1i G0 E may be an al kyl ene or
4Wh§%§§$i gﬁe&g#%ﬁ%ggﬁgh as net hyl ene, ethyl ene,
et hyl i dene, propyl ene, propylidene, isopropylidene,
In dprefireed embodingérit dehereferabdpbasyd stoenee asshpiaria formula (XV):
anyl i dene, isoanylidene, and the like. Alternatively,
E may consist of two or nor e al_kyl ene or al kyl i dene

groups connecte 1 13 om al kyl ene
or al kyl i dene, 2% %s ap % oﬂa [ e, atertiary
am no |inkage, an éth r |inkage yl linkage, a
silicon-cont i-rgGIL je., E a—s -ni ng

| i nkage such as|sul fide,|sul fox ne, a
phosphor us- cont & ni ng-li kRkage ¢ phlmﬁv)

phosphonyl and |ike linkages. In addition, E may
ise a cycloaliphatic group. R13 represents
Whﬁryalr éé] ringpeaderblyovenressaishyar aearbion gpubupusluces abenylene,

blpr}%%é.n’eyﬁ"%ﬁrfl%}glgrfeagm *h’e lﬁgekﬁ&}ﬂltic §r¥>ﬁ#1I 15%' m?}?BQ ﬁhﬁylene or

endent
alkflllidme i greyp bmdmasl enethj?l bms’r [ emla.yleneo (Htlf}ﬁdel&n (j)rtbﬂ}ﬂaerieL lpﬁ)p.yhaene

nitr rou n al kenyl. . group, aII group
ISOWBH %ﬁ?f&c ar‘w&ﬁ/ﬁ1 %e?’sup n%u k?ﬂinyleﬁ?ayl amylidene,
1so@fﬁ§!ﬁd@6€ , an@' tlﬁ@rlbkls AVEhAREKY B m C%Yst QF AP of Hihe Bky[Re or

and the like. In a preferred enbodinent, Y1 is |nert
alkylidean (ng}Wéfqoé@‘tCéQﬁ by 2 ety elifferant Somredkylereecer @kylidene, such

as a%oel}gfn'é'flé) Hﬁka%%egte%)ary al%Pn%rl?nltagee a tlyen?mkage a carbonyl linkage, a

silicon-containing linkage, a sulfur—contammg linkage such as sulfide, sulfoxide,
sulfone, a phosphorus-containing linkage such as phosphinyl, phosphonyl, and like
linkages. In addition, E may comprise a cycloaliphatic group. R" represents
hydrogen or a monovalent hydrocarbon group such as alkyl, aryl, aralkyl, alkaryl,
cycloalkyl, and the like. Y' independently comprises a halogen (e.g., fluorine,
bromine, chlorine, iodine, and the like); a nitro group; an alkenyl group, allyl group, a
monovalent hydrocarbon group such as alkyl, aryl, aralkyl, alkaryl, cycloalkyl, an oxy
group such as OR, and the like. In a preferred embodiment, Y' is inert to and
unaffected by the reactants and reaction conditions used to prepare the polymer. The

(13 2

letter “m” represents any integer from and including zero through the number of
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letter "m' represents any integer fromand including
zero through the nunber of 18positions on Gl avail able
WO 00588f382 i t uti on; "p" represents an integer fPOMUSIV04/024560
i ncluding zero through the nunmber of positions on E
avai l abl e for substitution; "t" represents an integer
pO%QQm onoGannwéd@t bnembMQUUms &'t hepreseatscawrineper; fi@Ad and
t abl
lncludurl]%lz rg % fo%ﬁﬁ tﬁ%%ﬂl&ﬂ &e P%slbtgc%{s;c%i Egzﬂféﬁabqe fc?rwsubaslgtu(telon 17
repedsehieaXite betasagal t3 aBledst ohé; “FEidRiteY 6droRexNd: 'aﬂ@n‘ﬁ re resents
net hyl cycl ohexyl i dene, 2- [2 2. ]-bicycl oheptylid
anyuisgehing|udgrgwero.cy cl opent adecyl i dene,
cycl ododecyl i dene, adamantylidene, etc.
S ﬁMh@U i niengg | e syl f oxi de
uor sul &ﬁ@%é‘a Lrghc%sp I%h@gcocﬁ/tg %P 211§ﬁ%| hkg%i()heﬁ%l gg 3,3,5-

trirpétbglojilolydxyligdnes phowity] cyalnh@t;ﬂnd&nd [ nga[gez, 1]ebicpdiE@pillidene,
and a

t nit
et s b g e dodbag Mine damensidens, gg: o
sulfdr%ﬁﬁtﬁnn%(%ﬁﬂ&ge aJu@Hmés' ‘%ul@i'd@,y dLOINUIE PO RSheS hap:/ﬂglosﬂhorus—

Formul a ( when nore than one Y substitueh
corﬁalé%nhnkaghegucha@s pleosphiayls gypesong, faheetbert llnﬁm, sacebonyl

R13 sub tituent.
erolf  Serhbod i Bher A5 P Dot P p RGO eV et il o
silgxgilinkdgaM t h no i nterveni ng al kyli dene or other bridge.
The positions of the hydroxyl groups and Y on the

romati c clear residues Gl can be varied in the
In e gt FRVUERY SAMRORBE IS BHE o 6D oYigerecin one

Y' Bebstifuent &l fiddent, ABKHES bd #Rlsale 0P EMELLH Glgle same holds Jrue for

rel,ationship, where two or nore ring carbon ato
thetRé S etrteerdr bWﬂilelree‘ési’dweeI@r@dSUBsisir(qntzenb \lxlnet hro‘rﬁatlarlmgs are

d1r&:¥19 8?%11 V@[ho ug lntervgl}lgg gﬁ{éﬁg‘oo eor %tgi:rh‘br gr %ﬁ&gﬁfi@r‘ssof the

hydmsyl @bmﬁsuﬁlﬁUYﬁJhﬁlﬂmk eRemgiOHdcaraRsldBesi 6' 3 dekyhicd8Rahe
group such as isopropylidene. In particular
ortii IR nYnk 2 psélflﬁnscﬂn%‘fh@@gumngs Eﬁlph%nyvle‘ﬁ?@l agymhetrepal or

synﬁﬁétﬁcﬂ%la%%nﬁﬁﬁ r\QﬁelQ w 8%} 3RhE q g%o%r at?&@ of't é@ gl,gdlocarbon

nmet a- phenyl ene "and the ot her
residpé e salstiged gt Vi mmﬂllr}glr@oyhrgnd)m ol‘n @crrmmtnb@dlments the

Y. gonmpounds of for rep ar usi n the
p al?'rﬁﬁ%fs %ﬁals rrg YedicicPeh Qo %%@s%ﬁ? 48 émf gtifited phenylene
grodlbd‘l)/ﬁi’chW isUBS tdlkyHdesk ahQfRisuéh rb\édis%?% Qﬁb?led' Sl?ll Béﬁgular
name or fqrmula (generic or speci U. S.
emfFf%ﬁl@ﬁl@thOZhﬂ A38UPSIefre-Phemi¢nsy pltrough ot msy be ogthoneitmeta-

phenylene or one ortho- or meta-phenylene and the other para-phenylene.

Some illustrative, non-limiting examples of aromatic dihydroxy compounds of
formula (XV) prepared using the functionalized zeolite catalysts include the
dihydroxy-substituted aromatic hydrocarbons disclosed by name or formula (generic
or specific) in U.S. Patent 4,217,438. Some particular examples of aromatic
dihydroxy . compounds include 4,4'-(3,3,5-trimethylcyclohexylidene)diphenol;
4,4'-bis(3,5-dimethyl)diphenol; 4,4-bis(4-hydroxyphenyl)heptane; 2,4'-
dihydroxydiphenylmethane; bis(2-hydroxyphenyl)methane; bis(4-
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di hydr oxy conpounds i ncl ude
,4'-(3,3,5-trinmethyl cycl ohexyl i dene) di phenol ;
wa 20054088184 3, 5- di net hyl ) di phenol ; PCT/US2004/024560
4, 4- bi s(4- hydr oxyphenyl ) heptane; 2,4 ' -
di hydr oxydi phenyl met hane; bi s(2-hydr oxyphenyl ) net hane;
hycb*ps)(phenﬂ}mgﬂjmmxy phéhiryJroxs- ﬁa)ntmphenyl)methane bis(4-hydroxy-2,6-

. bi -h he
dmbﬁl@l‘i”"ﬂé‘g‘r ey néila nyr %S%E%YH&&BWMW& hahd;bis(4-
hydr bkdﬁﬁ %hw@plﬁﬁwmﬁﬁ%' > Qtﬁlﬂa%ydroxyplﬁe%%propane (commonly known

I OXY- chloropheny1 hane;
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EXAMPLES

The following abbreviations are used to describe the various reactants used for
preparing the catalysts, Cat-1 — Cat 15. All catalyst structures were analyzed using

powder X-ray diffraction and infrared spectral measurements.
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The disclosure is further illustrated by the follow ng
non-limting exanples. EXAMPLES The fol | ow ng
W@biwsmesilad i ons are used to describe the vari OUBCT/US2004/024560

reactants used for preparing the catalysts, Cat-1 -
Cat 15. Al catalyst structures were analyzed using
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the &mRNERL-8d UselstkOr preparing the various catalysts in
accordance with the det a| | ed procedures descri bed

bel ow. Conparative Exa This ex Ie descri es
Tabdnd Shoult T GRIB S oGP ) BT Prepanin (e ¥

cat?'{] %ré%lce%ﬁl &Hﬂ%ﬂw‘ﬁljob&ﬁ?es@wﬂ}éﬂ(%ﬁ)ﬂ eolite

esignated as cat-1 and prepared according to the
procedure described bel ow under Conparative Exanple 7)

CompatatifeTRMamme é. ref | uxed in dry tol uene (as sol vent)
for about four hours under a nitrogen atnosphere. The

Thi gﬁg%'aﬁl soTRES 'Eﬂeglr%&% ornecg%’ fquhwn% Ahbiefu gﬁIAICMCM M,

inan 00 C for about
nonRutSenalib&l mesapokdusgentite e(’deagna/kad; aprateli7zead mgpared according

treatment wit 0 [ cen quep .
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100%3 f%r a out 10 hourgpa{“l%t }e\éﬁltlgé%ér?al Zwas oxidized by treatment with

excess H,0, (30 weight percent aqueous solution) for about 24 hours at ambient

arious

temperature. The resulting material was filtered, washed with distilled water several
times, then with ethanol, and dried in an oven at about 100°C for about 10 hours to

give Cat-11.
Comparative Example 2.

This Comparative Example describes the preparation of sulfonic acid-functionalized

H-Si-MCM-41 catalyst, as referred to in Table 1 as Cat-12.

CTAB was added to TMAH aqueous solution with stirring at room temperature until a
homogeneous solution formed. To this solution, with stirring, was slowly added a

mixture of TEOS and MPTMS in methanol. After being stirred for about 6 hours, the
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Thi s Conparative Exanpl e describes the preparation of
sul fonic acid-functionalized HSi -M CM 41 catal yst, as
WO edosissadd to in Table 1 as Cat-12. CTAB was adperUsm04/024560
TMAH aqueous solution with stirring at room
tenperature until a honbgeneous solution fornmed. To
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product (Cat-12) was filtered, washed with water,

hapRls fbsdri,@d i n an oven at about 100 C.
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Theseespautl¢svdssgribeabe pesperatien of eatplystyist-d3 ancr&?abﬂ‘éga?p@chvely,

2 zeolite and MPTMS were refluxed in dry
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In a simlar manner, Cat- was prepared by refl uxing
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excess of (30 weight percent aqueous solution) for

cen’mikﬁugﬂtloﬂﬂraﬁtbdmgi at an oven eleahsut APQCefor pheut ES ipyEng 'he dried
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with ethanol, and dried in an oven at about 100°C for about 10 hours to furnish the

desired catalysts, i.e., Cat-13 and Cat-14.
Comparative Example 5.

This Ekample describes the procedure for preparing a heteropolyacid-functionalized

zeolite that is referred to in Table 1 as Cat-15.

To a solution of the heteropolyacid compound HaSiW 2040 in methanol was added
silica or Si-MCM-41, followed by refluxing at about 60°C for about 3 hours. The
solvent was evaporated and the resulting solid material was dried and calcined at
about 250°C for about three hours.
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Thi s Exanpl e descri bes the procedure for preparing a
het er opol yaci d-functional i zed zeolite that is referred
wa o005/035Tabl e 1 as Cat-15. To a solution of thePCT/US2004/024560
het er opol yaci d conpound in nethanol was added silica
or Si-MCM 41, followed by refluxing at about 6CC for
Compbiatite Bxhaple®. The sol vent was evaporated and the
resulting solid material was dried and cal ci ned at
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prep he functionalized zeolite catal ysts.
CTAB was added to an_aqueous TMAH solution with
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solution formed. Fumed,sid i :
o bRt G AR bbed 183, L0 U8 i Braon
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tenperature, and then_ heated un?er refl ﬁlfor out 48
roonh deinBerathife anddben beated Xodsr el 19n kot é‘g, &S he de wragon

mixtg%es&%g hﬁg‘ea\,’%a%heé%%ﬁ .rd?gtiélteii %ﬁ% sEREA ties Ninas REBNRetoA thnd
ie at a f 10

I'n oven nal nt ai ne out 100 C for about
dried@ubsen hh@tadmdded abantek(0SC foaabootl ¢ howd. iThe alnicd veaterial was

calefid s or g ot ol > RRGASC gt o Rg pRgehd Besired
pnxﬁggqugthuths Exanpl e describes the preparation of
kLA&-K(m441 mesoporous zeolite, referred to as Cat-1
in Table . CTAB was added to TMAH in water with
Conyprarativerdixa@mble bom t enperature unti|l a honobgeneous
solution fornmed. Funed silica was added to the

Thisﬁ%x%%p?ﬁp @%&rﬁ)esc'tt.h% rﬁl@gaerY&f o RELILNENTL aRRMEpRAR zeolite,
our. “To e resulting mxture was added sodi um
refegbdimd axafa-1(7UnGabledns) and stirred for about three

hog{s a} roomtenperature, followed by heating to

ux r. ab 8. hours. The,_. ' ] I :
CThf) v erted Genbh i i Wi v Gab R of e bRt 3Rl o
honddgefeotk shluaeefantd. anenddr dikch wis added tonghentchutivedwih stirring

about 100 C for about 10 hours. The dried mater,ia
overa Dot of Abert BYeRONR; i et H GO BAGE FHHeh SRR

alunrl]l%g{es(().6Tg£}§m§)°£f.d%1feﬁ 50 Sout MEecORubd 28808l ltéBFerature, followed

by heating to reflux for about 48 hours. The resulting mixture was filtered, washed
with distilled water several times, then with acetone, and dried in oven maintained at
about 100°C for about 10 hours. The dried material was calcined in an oven
maintained at about 540°C for about 10 hours. The sodium form of the calcined dried
material was then converted to the hydrogen form by refluxing with an ammonium
nitrate solution (20 milliliters of a 1 Molar solution was taken per gram of the sodium
form of the catalyst). The resulting material was filtered, washed as described before,

filtered, and calcined at 540°C for about 10 hours to furnish Cat-17.

Comparative Example 8.
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material was then converted to the hydrogen form by
refluxing with an anmmoniumnitrate solution (20
waorzdobiobitters of a 1 Mol ar sol ution was taken pRCT/US203/024560
of the sodiumformof the catalyst). The resulting
material was filtered, washed as descri bed before,
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om Bayer Chem cals, and referred to in
Table 1 as Lewatit KI . Exanple 1. This Exanple
Exattgdeii bes the preparation of the functionalized
zeolite catalyst Cat-1. CTAB was added to an aqueous

solution of., TMAH with stirri I room tenperatur
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Cat-1, was filtered and dried. Exanples 2 and 3. These
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CataQueetisteedlantl dgbdW th stirring at roomtenperature
until a honmobgeneous solution formed. To this solution
was sl o added with stirring, a m xture of TECS and

Ex fl‘r\{z{% mer capt opr opyl t ri met hoxsi | oxane, referred
to as the first mercapto-functionalized al koxysil ane)

Thek& ERBHPRE @bscribt HRY proSirtthred fl M@ bnhBzedt deblifeataARAUtat® and
hours, the reaction m xture was then heated under

Catr3ef | ux for about 48 hours. The solid material obtained

Generally, both Cat-2 and Cat-3 were prepared by adding CTAB to a TMAH aqueous
solution with stirring at room temperature until a homogeneous solution formed. To
this solution was slowly added with stirring, a mixture of TEOS and MPTMS-1 (3-
mercaptopropyltrimethoxsiloxane, referred to as the first mercapto-functionalized
alkoxysilane) in methanol. After being allowed to stir for about 6 hours, the reaction
mixture was then heated under reflux for about 48 hours. The solid material obtained
was filtered, washed with distilled water several times, then acetone, and dried in oven
at about 100°C for about 10 hours. Template extraction was done as previously
described in Example 1, followed by drying the resulting materials to give the first

intermediate product.
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was filtered, washed with distilled water severa
times, then acetone, and dried in oven at about 100 C
wo erosabame 10 hours. Tenpl ate extracti on was dRPCEUSZ04/024560
previously described in Exanple , followed by drying
the resulting materials to give the first internediate
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and Cat-3. Exanples 4 and . This Exanpl e describes the

repaf at j of the catalysts, Cat-4 and Cat-10. The
EX%%ﬁE%éBﬂF£ﬂﬂsed was identical to those descri bed above
for preparing catalysts Cat-2 and Cat-3, except that
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and 65y Brcepl BT AR, PBIREE T RE cecona
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inte nediate product was refluxed with a sol ution of
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MPOVESofto &byoud third intermediate product) was identical to the method previously
described for preparing the catalysts Cat 2 and Cat-3. The third intermediate product

after being dried was reacted with the heteropolyacid compound as follows.

The dried third intermediate product was refluxed with a solution of silicotungstic
acid in 60 milliliters of methanol for about 3 hours. The resulting solution was
evaporated, and the solid material remaining was dried at about 100°C for about 10
hours, followed by calcination at about 200°C for about 2 hours to furnish the desired

catalyst.

Example 11.
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hours, followed by calcination at about 200 C for

about 2 hours to furnish the desired catal yst. Exanple
WO 2@508511hi s Exanpl e, the performance of the vBCT/U8204/024560

functionalized zeolite catal ysts produced above was

eval uated for a batch process in the reaction of
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followed by titration of the liberated HC_. The wei ght
experimental error in measurement of + 0.2% with a 99% confidence. The results

obtained from evaluating the catalysts are also shown in Table 1 below. “NA” in the

Table denotes “Not Applicable”.
Analytical Procedures.

Weight percent of acetone was determined by treatment of the sample with
hydroxylamine hydrochloride, followed by titration of the liberated HCI. The weight
percents of para-para-BPA, ortho-para-BPA, phenol, and bisphenol impurities in a
reaction mixture sample were determined by standard high-pressure liquid
chromatography (HPLC), with an experimental error in measurement of + 0.66% with
a 99% confidence. The weight percent p, p-BPA selectivity was expressed as the ratio

of the measured weight of p, p-BPA divided by the total weight tof all components
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percents of para-para-BV , ortho-para-BV A phenol,
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nmet hod. The results obtained fromthe various
screening runs t o evaluate the zeolite conpositions |
( b(Zittt a srs ut seg ouaee s catalysts are shown in
Tables . hTt(gHgrMA as mlis)tt oup ¢ one ren Table 1

(CA) TB sganr
Table 1.
5 g 5
2z R =
_ 9 8
g c |~ |8 |2
gu s w I~ g g E =
rt a = £ E |4 £ 12 |8
. 8 E 81 5 = o 5 = = &) & o
o) ‘E g g =] =) & e g Ic) = o “
“ g 2|8 g g - o ] 3 2
$ly |2 e 2 e 1g |2 |2 |2 15 |z¢2
2|3 B2 218 |2 |E |8 |3 | |58
g3 S £ g6 |a |E = S & | © | & £ &
1 Cat | NA 109 91 NA 166 4.1 NA 12 NA NA 9]
2 Cat-2 NA 6 76 NA 172 1 11 NA NA 699 93
3 Cat-3 NA 8 10 NA 222 12 24 NA NA 440 96
4 Cat-4 NA 6.8 NA 72 184 08 08 NA NA NA 956
5 Cal-5 NA 364 113 NA 246 12 12 NA 05 501 95
6 Cat-6 NA 364 113 NA 246 12 0.6 NA 1.1 481 942
7 Cat-7 NA 348 109 NA 243 06 12 NA 1.2 204 937
8 Cal-8 NA 6.3 78 NA 16 1.8 36 NA  NA 580 954
9 Cat-9 NA 444 203 NA 162 36 12 NA NA 841 956
10 Cat-10 NA 12 NA 125 302 3.6 27 NA NA 491 959
1 Cal-11  H-AI-MCM-41(6) NA NA NA  NA 9.8 NA NA NA NA 795
2" Ca-12  NA 219 82 NA 333 165 NA NA NA NA 8
3 Cat-13  H-Beta (6) NA NA NA NA 3.6 NA NA NA NA 855
4" Cat-14  H-Mordenite (6)  NA NA NA NA 3.6 NA NA NA NA 683
5 Cat-15  Si-MCM-41(5.6) NA NA NA NA NA NA NA 14 734 819
6*  Cat-16  Fumed silica (6) 109 91 NA NA NA NA NA NA NA 914
7% Cat-17  Fumedsilica (12) 19 131 NA  NA NA NA NA NA 820 905
8%  Lewalit NA NA NA NA NA NA NA NA NA NA 921
| K1131

* Denotes Comparative Example.

The results show that zeolites functionalized with mercaptan (SH) groups and sulfonic
acid (SO3H) groups function as catalysts for the reaction of phenol and acetone to
form BPA. Moreover, the selectivities obtained with the functionalized zeolite
catalysts are superior to those obtained with zeolites that are not functionalized with

SH and SO;H groups. Further, the functionalized zeolite catalysts are superior to
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(DTA )B sgr amB "H CN GTOSEmsra _ (D- TMMPS 2 1
r;1 MMPe MUX5 01 Cat 1 NA10.9 9. 1 NAG6.6 4.1
WORMSI3NMITegSSP ("t prc 2 NA N A 9 1 Cat-2 N BCBUS2064/084560
Al7.2 1.1 1. 1NANA699933Cat-3 NAS8 10 N A
22.2 1.2 224 NANA 449 96 4 Cal-4 NAG6.8 NA 7.2
zeolh&s‘haﬁ)m% 6n1§ I Ar N}(AH\' ufS. O©theCadvant Pjes“o@@ne"rﬁﬂa tlonaﬁzed

NA24.6 1.2 1 .2 5501 956 Cat-6 N A 36
zeoljteg lmclAd%aleoug .@ﬂ@rs@ 1q geperate pAgNOY i requitsd, Min mal or no

Pl AR Bl el b, BB S

pret@ezﬁﬁ@n%ﬁlﬂp&nﬁhts-r@qweé\ 44.4 2003 NA 1 6.2 3.6 .2 NA
NA84195610Cat10NA12NA12530.23.62.7N
A 491 9B(1I i Cat- H Al-MCM 4

WhAf%) AR RS N DRPATISN GG 20chISACRPod R XPiPD] Spiboaap( ik

not Ain?en%e@ t&- IPI;%BN%]QE% ?f<)3 3hel @et%ﬂé\' sﬁo\% AS]NCCA‘VMI&SSHI%d?ﬂCQE&‘%rl\Ighd
- e
subgtitgos can be made w1thout departlng m any way from the spirit of the present

disclosure. As such, further modifications and equivalents of the disclosure herein
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within
the spirit and scope of the disclosure as defined by the following claims. All Patents

cited herein are incorporated herein by reference.
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4 * Cal- 4 HMWi deme (6) NANANANA3G6NANA
NANAG8.35* Cat-1 Si-MM41 (5.6) NANANANA
WORMSHBAIN A 1.4 734 8 1.9 6 * Cat- 6 Funed siPCTHESZ06/024560
10991 NANANANANANANA91.47* CH7
Fumed silica (12) 19 13.1 NANANANANAN A 829

CLAﬁQS5 8 * Lewmatit NANANANANANANANA
A 92.1 K| 13 1 * Denotes Conparative Exanple. Th
results show that zeolites functionalized with
mer captan (SH) groups and sulfonic acid (SO 3H )
groups function a s catalysts for the reaction o f
n t R nits of the
L. ?qc\@ ??alhgga} gfene? B eglﬂb‘t?h@n}‘%g]t%?gﬁgclt}ﬂgggnz eolite
ﬁwmﬁ&halysts are superior t o those obtained with
zeolites that are not functionalized wwith S Hand S 3H
groups. Further, the functionalized zeolite catal ysts
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>
=z

are superﬁ%r t o 27zeolite aving only Sk or S 3H

groups her advant ages he funct on i zed

zeo tes | ude, anopg otjhers, no g pr onot er
nﬁé e%;\gwﬁfnal i IIing ccu durlng use,

h|g cal strength, Ih dr ot her ma Skﬁ lity, and

no pretrgatnent wi th phen 3 is required. Wile the

di scl osure has been |IIusmmatedmﬁnd descrﬁbﬁd in

typi cal enbodi ments, it is not intended to be limited

to the details shomn since vari qQus nDdlflca%H?ns and d
Whes:ubsB aust TGhare SRAFCH BIOVRY SOMPTHBRIE? HparDIMRFAINT BRYPH)
! btafll SHIPSHNE é\?c% alkyl
R q{mhléggpeggérﬁlyc??{ pgfr?g%g%{ eﬁﬁﬁ val errf%tl' S éc;e?l o ATy alky
grou@l scl osure herein disclosed may occur to persons
skiIIed in the art using no nore than routine

calPg B RE BEIE JerEh BB O FHI | naldse i isipe @

snu&&@pﬁmpﬁmgggaﬂhﬁgbosure as defined by the foll ow ng
l'aims. All" Patents cited herein are incorporated

herel n by reference. 28CLAIMS: 1. A functiopalized
zeolite corrposigti on conpri sing structgral ugi ts of the

formul ae: / ,
0 0
$ M' ° i
0

g and/or g ;

wherein M' comprises a Group III element selected from the group consisting of
boron, aluminum, gallium, or combinations of the foregoing Group III elements; and
M? comprises a Group IV element selected from titanium, zirconium, or combinations

of the foregoing Group IV elements.

3. The functionalized zeolite composition of any one of the preceding claims,
further comprising structural units derived from a heteropolyacid compound of the
formula: (M>);(M*)(M?)12040, wherein M? comprises hydrogen or an alkali metal, m*
comptises phosphorus or silicon, and M’ comprises tungsten or molybdenum,
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- S BCSR, and so,ir . wherein "B" and "C' are

spacer groups conprising to C20 hydrocarbyl groups,
waeesRIS1end R2 i ndependently conprise an al kal PCTHESZ04/024560

a hydrogen, or a to C20 al kyl group. 2. The

functionalized zeolite conposition of aim1, further

4. CONPIh&hsWofanSifitls bbb Bbnalined zdbaNd BnsositRnetRyrisnd/ or

wherein ML conprises a Group Il elenment selected from
~_the group consisting of boron, alum num gallium or
reaiB¥hi nat i ons of the foregoing Group |11 elenents; and

M2 conprises a Goup IV elenent selected from
, , : , . > ; h .

o IGL GPa REORt O SO LIRIARRY S h0E 512] G9PAT e

metalabpasirisorg ofetraaiyyl onthogficathhie precedi ng cl ai ns, ‘
further conprising structural units derived froma

anpg}e{o ohyac%? cg&poupd of the formula: wherein M3
SSAprSRdronaliged gLox¥MlaR% o) kal i metal, M4 conpri ses
phosphorus or silicon, and Mb conprises tungsten or

a silypbylhgenaoid c@fgound, &Rt hod of making a functionalized
zeolite conposition, conprising: reacting: at |east
onﬁgreactant eI%cted fromthe group consisting of a

a tepryp ﬂCQ?P@%Q5§ﬁH’én al kyl netal ate conprising a
tetraal kyl orthosilicate, a nercapto-functionalized

proéﬁdﬁ‘i?(é( SddlAN®mMPsfioh ¥bmPHsiheRirGettfal ntOIMALUREmuARd a
tenpl at e conpound; thereby producing a zeolite

conposition conprising structural units of the
formulae: Si - @ i ro° BC &

O ;
|. i °

| %O/Iﬁ\ow‘“ méo—sé'i«% ”‘é O_i’i‘>”
: |

SR/ SO,R? :

2 ?

wherein “B” and “C” are spacer groups comprising C, to Cy hydrocarbyl groups; and
R' and R? independently comprise an alkali metal, a hydrogen, or a C; to Cyg alkyl

group.

5. The method of Claim 4, wherein said silyl sulfonic acid compound is of the

formula:
R%03S-C-Si(OR)(Rs.0,

wherein “n” is an integer from 1 to 3; R” comprises hydrogen and alkyl groups; and R®

comprises alkyl groups or alkoxy groups.

6. A method of making a functionalized zeolite composition, wherein said

method comprises:
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; R, SO R2 wherein "B" and "C' are spacer groups
conprising Cto hydrocarbyl groups; and Rl and R2
w0 pbepznident |y conprise an alkali netal, a hydrOmEs2000024560
a to C20 al kyl group. 5. The nethod of C aim 4,
wherein said silyl sulfonic acid conpound is of the

reaétirigal tampRteSednodR a) 1daR bne MirstWegdt@itNselddted FoNthe group
integer from1 to 3; R7 conprises hydrogen and al kyl "~
congisgnp et fupef Rce anpen skl iclalate Gpwpiisng @ tatr%dbz)ﬂonh?sﬂlcate,
3 L cli lized. zeol ite.
g P R R T B W B A S8
a tenpl ate conmpound, at |east one first reactant
oxidigingcsaed! firstantermedigteourpdw rvgitls b ogidifing upad tei foirta edend

..an al kyl al ate conprising a
mtet‘@tealggl%ﬁ%&’ﬁ? silicate, and a first .
nmer capt o- f uncti onal i zed al koxysilane to forma first

reaétitige rsdeslidatigtephodibiet ;prédtctli withga S8éddnfli hifdrcapto-functionalized
i ntermedi ate product with an oxidizing agent to forma
alkggistsie fonprodiestp diactimalbinsdt zeokifdcorapasitiongcerapibning structural

mﬁquﬂknﬁgh?&g product with a second

nmer capt o-functional i zed al koxysilane to produce a
functionalized zeolite conposition conprising
structural qgﬁts of the formul@e: o X o- ro'¢sc , SRl ,
and -,2 ; wherein "B" and "C& are spacer grgups

conpri si;ng { drocarbyl, gro , and Rl and|
i ndepgndent$i f gath Q&%@L_ rise @Hsivet al |
hydr ogen? o* kI groups. I net hod ‘of da ing a

heteropolya?id-functionalizéF zeol ite conpdsition,
said , SR, and SOR?

wherein “B” and “C” are spacer groups comprising C, — Cyo hydrocarbyl groups; and
R' and R? independently of each other comprise alkali metal, hydrogen, or alkyl

groups.

7. A method of making a heteropolyacid-functionalized zeolite composition, said

method comprising:

reacting in a solvent a template compound, at least one first reactant selected from the
group consisting of fumed silica and an alkyl metalate comprising a
tetraalkylorthosilicate, and a first mercapto-functionalized alkoxysilane to form a first

intermediate product;

oxidizing said first intermediate product with an oxidizing agent to form a second

intermediate product; and

reacting the second intermediate product with a second mercapto-functionalized

alkoxysilane to form a third intermediate product; and
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met hod conprising: reacting in a solvent a tenplate
conpound, at |east one first reactant selected from
wo b@sgssaup consi sting of funed silica and an aP&yUS2004/024560
netal ate conprising a tetraal kylorthosilicate, and a
first mercapto-functionalized al koxysilane to forma
reakiifis baidl Mhied (RehRURLPPRAUCT witkXiIdtetbgtly3ai bripdudll to produce
intermedi ate product with an oxidizing agent to fofma
thesheteyamolyanidifvrstippalized zeelife tcompreitipe SOTPHgINE Iseruetad Ngits of
the 8L Eigedi at e product with a second
nmer capt o-functi onal i zed al koxysilane to forma third
i nternedi ate product; and 3lreacting said third
i nternedi ate prgduct with a heteLgpolyacid cempound to
produce the hevteropol yaci d-funct #onal i zed zgglite

conpositio cothrising strugtura \unitsyof The
formul ae:, [ r & CSR SO.R%,_wherei miB—ang "C' are
spacer gro ?o ri%sing - Rydrqcar byl roups: and Rl

and R2 i ndepen@ently of each otter conprisefal kal i
metal , hydroges, or alkyl groups.,8. The ne d of
Clains 4, 6, and 7, wherein the 8l kyl netal ate further
conprises at | east one conpound selected fromthe
whelfe@UTBC B+ St hidGhpadd & @bMpRéink €, 1-NdS ﬂ&?ﬁh‘%@ﬁ%&ﬁ’ 8lps; and
each pccurrence an al kyl group or an aryl group x%1TaV| ng

R'fand k1 indspensisutly 20 cael ioder sopmpsise alkali wepbrhydeagen, or alkyl

gm%)pup [1l elenment selected fromthe group consisting
of ‘boron, alum num gallium or conbinations of the
foregoing Goup IIl elenents; and "M2" conprises a

8. G oflipe Ihethbe nenClasiek et 6d ahd o wheremr thep alkghsnatilateg figther
titani zirconium_or conbi nations of the faregQing
COTEPIED | GALIBREATPOTY ISR AR SR E95HSPE EER D)M and
(RTHNF; 1L G ORTOSHs tih @pehdntIP &k cSHRChSERS it dIALHER or an aryl

units of the fornulae: |
group having from 1 to about 20 carbon atoms; “M ™ comprises a Group III element
selected from the group consisting of boron, aluminum, gallium, or combinations of
the foregoing Group III elements; and “M>” comprises a Group IV element selected
from the group consisting of titanium, zirconium, or combinations of the foregoing

Group IV element, to produce the functionalized zeolite composition further

comprising structural units of the formulae:

S A N
: % 3 5

9. The method of Claims 4, 6, and 7, wherein said mercapto-
functionalized alkoxysilane is at least one selected from the group represented by the

formula R'S-B-Si(OR*),(R%)s.; wherein “n” is an integer having values from 1 to
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or 9. The nethod of Clains 4, 6, and 7, wherein said
nmer capt of unctional i zed al koxysilane is at |east one
w@edososaw from the group represented by the forP@mUs204/024560
SB-SI(OR) (R)3. ; wherein "n" is an integer having
values from1l to 32about 3; R5 conprises hydrogen and
abodl XYR® EsRpPRs h?&@ﬁ&ﬁa&pﬂﬁﬂ §i688psalaky R BopippSeLalkylark@sYor
groups. 10. A nethod of produ0|ng an aromatic
alkaxygseinsol , wherein said nethod conprises reacting a
car bonyl conpound with an aromatic hydroxy conpound in
t he i 1]
10, T B ey g e S Pl Py SRR cbboBhlscs

readtmg’[aaﬁﬂidnglhcdhqmnhd 9\&’8‘1 it aroi@ bt mydrosoy <tc8n1m°unti te the presence of
formul ae; and 3 wherein "B" d. "C' are_ spacey.

a fugptoizeb AR Pﬂ@p?%tlfﬂya% SRy hgiei 5%1d el popte

co g&gﬁeﬁ@gﬁgh'séé S&Q&Bfan ﬁ&t@&tﬁé Kanhlaget al ., a hydrogen, or
n al roup. . hod of produ0|ng a

pol ycar bonat e fron1the aromati ¢ bi sphenol prepared in
accor dance Mﬁth he net hod of C{grn110 33

e 4 meo—sw»

SR! and SO3R ,

2 >

wherein “B” and “C” are spacer groups comprising C; to Cyg hydrocarbyl groups; annd

R' and R? independently comprise an alkali metal, a hydrogen, or an alkyl group.

11. A method of producing a polycarbonate from the aromatic bisphenol prepared

in accordance with the method of Claim 10.
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