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15 3-mercaptopropionic acid have been employed in the commercial scale production of
BPA. Notwithstanding earlier research efforts and their attendant impressive process
improvements in the manufacture of bisphenols, such as bisphenol A, thereis a
continuing need to improve further both the rate and selectivity of bisphenol
formation in the acid catalyzed condensation of hydroxyaromatic compounds with

: 20 aldehydes or ketones.

" BRIEF SUMMARY OF THE INVENTION

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

with an amine, said amine being distinct from any thiol promoter which itself comprises an

amine group.
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formation in the acid catal yzed condensati on of hydroxyaromatic conpounds -
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aspect, the present-invention provides a nethod for nmaking a bisphenol,
said nmethod conprising contacting a m xture conprising a hydroxyaronmatic
conpound and a ketone or an al dehyde with an am ne nodified acidic resin
catalyst at a tenperature in a range between about 25C and about 95C in
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- about 4 and about 6 percent by weight of said mixture, said amine modified acidic resin

catalyst being prepared from an acidic resin comprising acidic functional groups by
neutfalizing a portion of said acidic functional groups with an amine, said amine being
distinct from any thiol promoter which itself comprises an amine group, said amine
modified acidic resin catalyst further comprising a thiol promoter, said thiol promoter
containing a functional group selected from the group consisting of amino groups, amido
groups, imido groups and carbamyl groups; said thiol promoter being present in an
amount between about 0.5 and about 2 mmo! per gram of resin.

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

~ amine group, said catalyst comprising: - sulfonated polystyrene units T
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catal yst being prepared froman acidic resin conprising acidic functional
groups by neutralizing a portion of said acidic functional 1§rblp20& th an
am ne, said amne being distinct fromany thiol pronoter which itself
conpri ses an amne group, saidfam ne nodif§jed acidic resin catalyst
further conprising a thiol prg said thiol pronpbter containing a
functional group selected fro i sting of am no hroups, am do

groups, imdo groups and carbanyl grpups; id thiol pronoter being present
in an anount between about O0.{5 and mol per gramof resin. In a
fourth aspect, the present inyentigr ides an amine nodified acidic
resin catal yst, said am ne nodif CRYi esin catal yst being prepared

froman acidic resin conprisifng tional groups by neutralizing a
portion of said acidic functi ] 9 ith an am ne, said am ne being

~distinct fromany thiol pronofer Wje#itsgql f conprises an am ne group,
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.conprising a thiol pronmoter c ri sing am no, amdo, imdo, or carbanyl
~group. I'b 19 July 2005 DETAILED DESCRI PTI ON.OF THE | NVENTI ON The present
i nvention may be understood nore readily by reference to the follow ng

det ai | edandeesidigst devivedfropt mb@ré@bd?méﬁﬁt? BE&ofmatb ah@?e;si, prﬁ{éﬁ% ﬁﬂlir?e@da he

exanpl es,,] d_herein. .ln this specification ar nt alrms Wi ch

fol | ow, %Y?'Q%ﬁgﬁ%gﬂﬁﬁlqﬁ. 385’] fRidlest: fyrthemeprprrising at thioh raineten cematisingandef i ned
t o have amiro, nfidd, imidonor caebamylgroupThe term "anine nodified acidic resin
catal yst" as used herein refers to an acidic resin, a portion of the
acidic functional groups of which have been neutralized by treatnent with
an amne. For exanple a sulfonated polystyrene resin in




whi ch about 5 to 50 percent of the SO8H groups have been converted to the '
10 correspondi ng pyridiumsalts upon treat ment of the resint@iuly 2008
correspondi ng anount of the am ne, pyridine, constitutes an am ne nodified
acidic resin catalyst. The am ne enployed is distinct fromany thiol
pronoter which itself conprises an am ne group. Were the thiol pronoter
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cysteamine, the amine modified acidic resin catalyst is understood to comprise at least
15 one other amine which is not a thiol promoter.

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

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

- 20 As used herein the term “aromatic radical” refers to a radical having a
| vélcncy of at least one and comprising at least one aromatic group. Examples of
aromatic radicals include phenyl, pyridyl, furanyl, thienyl, imidazolyl, 'nap}ithyl,
phenylene and biphenyl groups. The term includes groups containing both aromatic
and aliphatic components, for example a benzyl group, Further, a C;-C,, aromatic
25 radical is an aromatic radical comprising between 3 and 40 carbon atoms. The 2-
imidazoly] group (i) |




havi ng a val ency of at |east, one and conprising an array of atons which is
cyclic but 10 which is not aromatic. The array may i ncl ude 18ub2896 ons

. such as nitrogen, sulfur and oxygen or nmay be conposed excl usively of
carbon and hydrogen. Exanples of cycloaliphatic radicals include

.cycl opropyl, cyclopentyl cyclohexyl and tetrahydrofuranyl groups. As used
herein the term "carbanyl group" refers to a functional group 15
conprising the array of atons OCONH. For exanple a carbanyl group is

pr esent 0 . seaction of an al cohol with an isocyante as
iIIUStra?@%ngés¥gé8§g%ggaﬁgéﬁl napht hyl net hyl carbamate, CAS No. 63-25-2.
As used herein the term"Boc group"” refers to a an am ne protecting group
conprising the tertiary-butoxycarbonyl N y. The conbi nation of a
nitrogen 20 atom bearing both a hydrofgen om and the Boc group is an
exanpl e of a carbanyl group. The ter "tgfgL pronoter"” -as used herein
refers to a nolecule incorporating a N éS¥ﬁ~group. The thiol pronoter
of  bi sphenol fornmation when a

acts to inprove the rate and selectivit
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ketone in the presence of an acidic catkfyst relative to the sane reaction
carried out in the absence of the thiol pronoter. The term
"silylnethanethiol" refers to a thiol cdipound in which a silicone atom
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as bisphenol A provide selectivity advantages over known acidic resin

cat al yst systens. Adniseé herein the term “cycloaliphatic radical” refers to a radical

having a valency of at Jeast one and comprising an array of atoms which is cyclic but
10 ‘which is not aromatic. The array may include heteroatoms such as nitrogen, sulfur and
oxygen or may be composed exclusively of carbon and hydrogen. Examples of
_cycloaliphatic radicals include cyclopropyl, cyclopentyl cyclohexyl and
‘tetrahydrofuranyl groups.

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

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

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

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

group.

The term “thiol promoter” as used herein refers to a molecule
incorporating a thiol (SH) group. The thiol promoter acts to improve the rate and -
selectivity of bisphenol formation when a hydroxyaromatic compound is condensed
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nodi fied acidic resin catalysts are prepared upon treatnent of a polyneric
material conprising acidic functional groups, such as sul fdﬁiJél'Ya%pﬁ
groups, with an amne in an anount such that between about 0.1 and about
50 percent of the acidic functional 15 groups are neutralized. The am ne
nodi fied acidic resins of the present invention are nore selective
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catal ysts such as sul fonated pol ystyrene in conbination with a thiol
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about 0.1 and abo 6 ref erabl et ween, about 2 about 5.
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observed when phenol and acetone are reacted in the presence of said amine modified
- -acidic resin-and a thiol promoter, relative to known acidic resin catalysts such as

sulfonated polystyrene in combination with a thiol promoter.

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




pyridine, affords an amne nodified acidic resin catalyst in which 20
percent of the sulfonic acid groups have been converted to 1Enkly 2005

. correspondi ng pyridiniumsulfonate salt, assum ng conplete reaction

bet ween the pyridine and the sulfonic acid groups of the resin. The am ne
nodi fied acidic resin catalysts of the present invention are shown 20 to be
superior in terns of product selectivity relative to unnodified acidic
‘resin catalysts. .Product sel fctivity may pe expressed as the wei ght

percent of the p,p- bisphenolji in the product mxture relative to the
“wei ght percent o, p-bi sphenol i somer. Additionally, product
selectivity may be expressed ps the wei ght| percent of the desired

p, p- bi sphenol product relativ products formed. Am nes
suitable for the preparation ied acidic resin catalysts
-include aliphatic, cycloaliph tic am nes which are
sufficiently 5 basic to pern att achrfent| of the amne to the. resin, said
attachnment bei ng based upon between the acidic group and t he
amne , such as is found in 4 pNJ m sjul fonate. Aliphatic am nes are
tributyl am ne and

exenplified by triethyl am ne, i i|ne,
N, N- di net hyl but yam ne. Cycl O§| i phatjc am nes are exenplified by 10

pi peri di ne, norpholine, 1,8-diazabi . 4. 0] undec- 7ene (DBU) and
di azabi cyl co[ 2. 2. 2] oct ane ( ). Aro llc amnes are illustrated by
pyridine, imdazole, quinoline and piperazine. Cenerally, sinple
C:-C,oaliphatic, C4-C,0 cycloaliphatic and C5-C9 aromatic am nes are

‘preferred Thi ol pronoters which may be errplo d.i nclude al.i tic

cyl coal i phatic andAmbert®d 34 nAmbsriyiPdy W e@%@t%é@’tié’é“‘g‘yg‘aﬁlﬁas

gr oup. sYghnd$ acidit dAleREhdMbe iR Giveailsbl@fropNthe RohmandHaeay Qoxpdyc aci d. The
thiol promoter may be use as a "bul k" pronoter, that is a thiol pronoter

whi ch t adapt h t 1 th

o *attached” - pr orfoner StigRls s sl PRSI g de abhitifeat oSt 1 Of
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Typically, the acidic resin catalyst possesses between about 0.1 and
“about 6, preferably between about 2 and about 5 milliequivalents of acidic functional
group per gram of resin. Typically, the acidic functional-group is a sulfonic acid
_ group. In the practice of the present invention it has been found advantageous o treat
10 -the acidic resin catalyst with a sufficient amount of an amine to neutralize between
E } about 0.1 and about 50 percent, preferably between about 5 and about 40 percent and |
most preferably between about 20 and about 35 percent of the acidic functional groups
present in the acidic resin. Thus, treatment of one gram of a sulfonated polystyrene
resin comprising structural units I possessing about 5 milliequivalents per gram resin
15 of sulfonic acid groups (SO;H groups) with 1 milliequivalent of an amine, such-as
| pyridine, affords an amine modified acidic resin catalyst in which 20 percent of the
sulfonic acid groups have been converted to the cerresponding pyridinium sulfonate
salt, assuming complete reaction between the pyridine and the sulfonic acid groups of
the resin. The amine modified acidic resin catalysts of the present invention are shown
20 to be superior in terms of product selectivity relative to unmodified acidic resin
catalysts. Product selectivity may be expressed as the weight percent of the p,p-
bisphenol isomer in the product mixture relative to the weight percent o,p-bisphenol
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pronoter. Functional groups present in the thiol pronoter, other than am no
groups, -which facilitate the attachnent of the thiol pronnﬂ@HUW@Opﬁe am ne
nmodi fied acidic resin catalyst include amdo, imdo and carbanyl groups as
are found in am des, imdes and carbanmates, respectively. 25 Bulk thiol
pronoters include cylcoaliphatic thiols such as cycl ohexanethiol and

cyclOpenﬁcaﬂ@thuainonangarmbmzhémmiv&y E8x E‘sls@cpﬁ'ﬁﬂekve?g]ﬂ ReAZofl thiol , and
ethlol decanethlol and
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2- mer capt onet hyI pyridi ne, 30 cysteam ne, and 4-am nobutanethi ol inmobilized
in an anmi ne nodi f i ochizesisditable fgitine pmparatiynbfarhm'emo@ﬁpdmcidlcsediﬂonat ed ,
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structugg ldd;c B&Y@ba%en i}fe%falé Rgmlaﬁ a\f;]\ﬁ'iﬂé ﬁHin@r s¥cHEds 1??&dnﬁ‘?n athiol promters.

"R3 ereln and are each i ndependently

hydr ogeH}’“‘é’n@InM@f&lt‘? phatlc radical, a C3 5 40 ar omatic radical, a
C3-C4a cycloaliphatic radical, or R and R together form aC3=C40

cycl oal i phatic radiliatioimheSafedékeaiphifiel iby thietyRaline, trimethylamine,
tributylamine and N,N-dimethylbutyamine. Cycloaliphatic amines are exemplified by

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

_ Thiol promoters which may be employed include aliphatic,
15 cylcoaliphatic and aromatic thiols which may be substituted by a basic group such as
" an amine or an acidic group such as a carbbxylic acid. The thiol promoter-may be used.
as a “bulk” promoter, that is a thiol promoter which is not adapted for attachment to
. the amine modified acidic resin, or an “attached” promoter. Where the thiol promoter
contains a basic functional group such as an amine said thiol promoter may be
20 attached to amine modified acidic resin catalyst and is referred to as an “attached”
promoter. Functional groups present in the thiol promoter, other than amino groups,
which facilitate the attachment of the thiol promoter to the amine modified acidic
resin catalyst include amido, imido and carbamy! groups as are found in amides,
imides and carbamates, respectively.

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

3-mercaptopropionic acid.

_ Attached thiol promoters include 2-mercaptomethylpyridine,
30 cysteamme and 4-aminobutanethiol immeobilized in an amine modified acidic resin .
catalyst, for example a sulfonated polystyrene in which about 20 percent of the
sulfonic acid groups have been neutralized with pyridine.
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- R3-Rs are each independently a C -C40 aliphatic radical, a C3-C40 aromatic
radical, or a C3 C40cycloaliphatic radical; or _any two of 1@Raly#086ps R3
R together forma C -C,,, cycloaliphatic radical or CS C40 10 :aromatic

radi cal ; or the groups R3 -R5 together forma C9-C40 cycl oali phatic radical
orr C,o C40 aromatic radical. Were any of the groups RI-R5 of structure II
cont i ns, 8 DSl Wil B AR oAt eran. aippresmupvcilen, L
silyl met hanét hi ol . pronoter na ache m.ne ied acidic
resin catibiigpgthangthiols hayng S‘@%‘éﬁ%@ }I‘i“r"ﬁz’ﬁ?ﬂ ﬁ}luﬂgf%gep ‘F@%Fﬁgﬁg}f’m ol, other
t han amﬂﬂblgfr@ﬁ@@rs_v\hi ch facilitate the attachnment of the pronoter to the
am ne nodified acidic resin catalyst include am do, imdo and carbainyl
groups as are found in am des, imdes and carbamates, respectively. -7 19
July 2005 Silyl met hanet hi ol s havi n%;st ructure Il are known in the chem cal
R3 R3" R! Na2S R\SI SH S\ /C / R5 Csolvent RS 2\ RL R\ 1 R II
11 MOH Et3N NaSAc R3 R B Ivent/Si\ C/SAc R R\ 1

Si S
RS/ \C/ \H

/\

R? R

11 e
wherein R! and R? are each independently hydrogen, a C,-C;, aliphatic radical, a C;-

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

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

#C,4-Cyq cycloaliphatic radical; or

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

10 saromatic radical; or

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

) .radical.

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




IV l'iterature and methods for their preparati on have been described in, for
exanple, J. Og. Chem 53(5) 844 (1987); J. O g Chem 51(18?J3H2@0§1986)
and Tetrahedron Letters 26(11) 1425 (1985). In sone instances
silyl met hanet hiols having structure Il 5 are conmercially available as in
the case of trinethylsilylnmethanethiol which is available fromTC

Chem cal Conpany, BaykdciithetHi¥Ie 8NIng Srhi@ire TERREMD WA in ithY dhenfitASS maybe
prepared by reaction of a chIoronet%yIS|Iane having structure Il with-a
sul fur nucl eophile such as sodi um sul fide, sodiumthioacetate or thiourea.
Where sodium sul fidesBs enpl oyed the silyl met hant hi ol IIR?S obt ai ned
directly. VMerﬁ the 1g thioacetate is enployed as a nucl gophile, acetate .
derivative | \VRi's_obtaj ned. The acetate derivati v V isfreadily converted

to the correspondi thiol 11 upon B8bY ol ysi s, for e | e upogﬂeatl ng
acetate deri vati ve \ch/i%lt hanal in the gresence of tal yst
such as triet @ 19 July 2005 Chl or one Silicononpounds
correspondi nRR o struct 11 may K€ Vmﬂépar ed by*a vari et nmet hods,
anong them the hydrosi t|on reaction of olefins havm str cture VW|th
a chl oronet hyl si | anef\fz porating a silicone hydri deR unc 1on Thus,
olefin Vin which raditca corresponds to a two carbon | ower 5 honol og of

radical R5 nay be react ed wi th chl oronet hyl silane VI i n‘ herpr esence of a

nobl e metal catal y§t t,o afford chloronethylsilicon derivative 111. A
variety of reaction cqnditions may be enployed for the donversion R3 RN 4
-/ R3 HCHZCI R VI REIR5,"Si--CH2Cl V catalyst |11 MeOH/ Et;N
NaSAc R®
R4 _
¢ \

—Ac

-solvent

/SI\ S

I\

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




of chloronmethylsilanes Il into silylnmethanethiols Il and silyl nmet hanet hi ol
acetate derivatives IV. Typically, the chloronethylsilane MPHuly2006nbi ned
~in a polar solvent 10 such as nethanol or dinethylformam de with a slight

excess of sodium sulfide or sodiumthioacetate and the m xture us stirred
at a tenperature between about OC and Labour 100C until the starting

chr omat ogr aphy. a?ﬁf‘ﬂbt°g*%“?‘§“?%“n§t‘?m'm@“ﬂ“ﬁg‘*’5"“““19“*"‘a” i que.
Ther eupé’%epag % 2 XISHA WFBPPE? qﬁ@{‘)@?’ ltydf%s'ﬁ%%ﬁqt%le’ﬁ%‘é@?‘ ang a
sol vent haumtg strbSugsV Imﬂfwblﬂaﬂmmdﬂhﬁmlaﬂe Vitivtarporatiog a eilisgpe bydsidst e.  The

or gan! ¢ i, Ty HRRR APl dico Y0 Bt RpAOP Bicdibin ToRgpval of

i nor ganift” entried ‘over agent such as
nmagnesi honsildg eftradicali R’ mayt beoreactad %‘blohlﬂi@méwwﬁat Vi e PHSERCG N cr ude

Pr oduct oo bt RIRHSIRAI Aot MRlonie AR RIIL 0T BPA product i on i it

crude & | ed, for exanple by columm chromatography or
recrystallization, prior to 20 such use. es i 1yl net hanet hiol s.
whi ch may be used Pasarmtbﬁﬁtfé?%mtmn 1jgng rE%I '%P‘B&tﬁ"fﬁ?t%ﬁtﬁ?ﬁﬂ’& but are
not limted to, trinethylsi IyI rrethanethl ol, triethylsilylnethanethiol,
tripropyl silyl nmet hanet hi ol , Ra:)utyl silyl rret hanet hiol, 1I-

trimethylsilyl-I-ethyl t hangt hi ol and

1tr|rrethyIS|IyI—I-beRzIrre hanethiol . -9 ----------g------ 19 July 2005

Where the silyl met hanet hi prormter S to be, use Rts a bulk pronoter, the

preferred silyl nmethanet hi @_izeq& Is tri I%E“\Q%s IyI nmet hanet hi ol ow ng to

i-ts availability, eagp~of prep !)n and recower renoval fromthe
reaction product. In sone i¥ktances it may be ad nt ageous to enploy a 5

si Iyl met g Q| derivative such,gs trinmethyl sit hiol acetate in
"the pro he present invention. UndelR™Such CI rcums ances it is

bel i eved that the si | yl uatalyahet hi ol acetate is ¢ erted to the active

silylme ‘Et lﬁraﬁégatlﬁtm&agﬂﬁaenﬁhahfcﬁantanarsug iﬂeﬁﬂel acetate

Silyl rre anet I ol" acetates and ot hﬁ a@}{%‘lﬂfﬂ ha o&ierlt{%}l{ ves which
afford @pr@rattlywﬁéf HamtseHydhe ghlggmethyls 1550 ‘&‘? ’f‘&rPs 458

- 10 - such as methanol or dimethylformamide with a slight excess of sodium sulfide or
. sodium thioacetate and the mixture us stirred at a temperature between about 0°C and
--zabout 100°C until the starting chloromethylsilane 111 has been consumed as judged by -

.-gas chromatography, thin layer chromatogra;ﬁhy or like analytical technique.
" Thereupon, the reaction mixture may be distributed between water and a solvent such

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

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

20 such use.

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




10 advant ageously enployed at about the same levels as the

silyl methanethiol itself. In sone instances the silyl nmet hand@hiut12486onot er
may function as an attached pronoter, as is the case of those

si |l yl met hanet hi ol s whi ch incorporate an amne function which may be used
to forman attachnent to amne nodified acidic resin catalyst. The
attachment of the sWhytlenkd éi@ﬂ}ﬁéthmiﬂthlbppfdﬁ%téms@@bé"ﬁﬁdfa's%%uﬁ@}br@hfbtéﬁ resin

cat al yst stro hydro eractiqQn or a
“coval ent ﬂ,@ﬁ% %”eaiﬁﬁﬁl? i’g "89" H‘W?r‘g{ ﬁéﬁ&%ﬂf’@%ﬁﬂ’éﬁed’@oﬁg‘g&gé@ as

- att achedaymlehiitereasé of preparsipdmeand req:m@dyuot ranmuahﬁbmdbe reaction product.
3-am nopropyl di met hy] si | yl met hanet hi ol , 3-

met hyl ani nopr opy| dliﬁrg&gg Ln'g ah&% ;IF&Q?%@EB{’%%%C%“%I‘A\%“QBY a

di net hyl am nopr op hanet g
pi per adlﬁﬁb’ﬂwsﬂ?@p m IYQHV§|Sugh apdrimethodsilydmethadethiod acetate in the process

pyri dyl )sttihy b@s@ﬁtlhvéxﬁiohmﬂaér@%?&mu%stan ggxt%igél teved iaPi! | y' met hanet i ol s

whi ch mcoiiﬁohate a_free amno functjon, derjvatives of such materials
i ncor porsdy apsthiol geetate isflonysrisdie thiactiversily raethenehiphromosupedemy al so be
enpl oyedhe muﬁon bb@:hﬁbzﬁOSrlﬂn%ﬂlaﬁBﬁhitﬂ RiceRs GnaoiHey kylinetamEdaet hi ol acetate
derlvatlve Vt“ i s ﬁuﬁd‘ﬁﬂt @ﬁ?ﬁé’ G{)Paf 3 ﬁffectlve IIached pronoter for

bi sphengl ﬁ?b‘éﬁfo‘?’l?'fi ot gnalipp! prdqrd EPn GoRARINE Bfvert ed t o

3-idhi nopdugiaghouslytenipleyddydt abdth alretanicolevdls lab thensdleiméthenetlsiotitdclfons used to

prepare bisphenols. -10 19 July 2005 HEN Si"~'"~SH H3C/ \CH3 WVIII As

noted, the inst antIR sﬂwg%gtmeﬂh@\éi ﬁﬁetﬁa%iﬁpgmmot%rr@ rei gﬁorga%%} sphenol,

such as bi sphenol acl yst is
enpl oy edttached PRRMOIG.as inthe iepssi of ghasewilykmethansthiolstwhible insormeste ani on of a

hydr oxy aSHERfuh€ti60 WA Hay bd ﬁsea'ib PrHPRY S€acBinedt t63nRNE mo%mézpelc?&icof 5
hydroxyaromatl cC C ounills]Tl | nciltﬁ phenol , Q-creso m cr esol
2-t - but IfS Bh%b’si %Hgattac ent of the sxly]methanethxol to the amine modified acidic

15 resin catalyst may be based upon a strong hydrogen bonding interaction or a covalent

bond. Examples of silylmethanethiols which may be used as attached promoters for
bisphenol production include 3-aminopropyldimethylsilylmethanethiol, 3-N-
methylaminopropyldimethylsilylmethanethiol, 3-N,N-
_ dimethylaminopropyldimethylsilylmethanethiol, 3-(1--
20 piperadinyl)propyldimethylsilyimethanethiol and 2-(4- |
pyridylethyldimethylsilylmethanethiol.

In addition to silylmethanethiols which incorporate a free amino
function, derivatives of such materials incorporating acylated thiol groups and . }
protected amine groups may also be employed. Thus, the N-Boc-3-
25  aminopropyldimethylsilylmethanethiol acetate derivative VII is found to function as
an effective attached promoter for bisphenol production. Thioacetate V11 is believed
to be converted to 3-aminopropyldimethyl-silylmethanethiol VIII under the conditions
used to prepare bisphenols. '
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propyl phenol and 1-napht hol. Exanples of al dehydes include fornal dehyde,

acet al dehyde, propi onal dehyde and but anal . Exanpl es of ket orl@sluly#f08de

acetone, cycl ohexanone; 3, 3,5-trinethyl cycl ohexanone, 2-butanone and

“ fluorenone. A wide variety of bisphenols; such as 2,2-bis(4 10

hydr oxyphenyl ) pr opane; 2, 2-bi s(4- hydr oxy- 3-net hyl phenyl ) propane; 1, 1-bi s(4-

hydr oxyphenyl ) cycl ohexane; 1, 1-bi s(4-hydroxy- 3-net hyl phenyl) cycl ohexane and

- 1,1- bis(4-hydroxyphenyl)-3,3,5-trinmethyl cycl ohexane, nay be prepared by
the nmethod of theppresent.invention. The present invention is best

exenplified, by its,d§8'4f17ﬁav¢ﬁiréw I on ékgisphenol A via condensation

reaction of the hydrox{aromatic 15 c ound, “phenol, and the ketone,

acetone. A mxture congrising ph andCHcet one may be contacted with an

am ne nodified acidic sin catal yst and thiol pronoter at a tenperature

bet ween about 20C and about 100&? preferably between about 40C and about

90C and still nore preferably be &een about 50C and about 80C. The net hod

of the present invention nay be enployed in both batch 20 and conti nuous

processes. Wen the nethod of the present.inventi%ﬁ iS e oned as a

conti nuous pr oces@s Raied. dbg WetappAYEIIeR PieYideta med) cgsé‘{%ﬁgﬁpl‘gg may be

Cﬁnf i Igu bREhéd] Buch g@.@ﬁpl@éiﬂ} ﬁlr, whkieil @darhRknodified atid@eﬁnmhlahbrst ise Ir eact an'sj s,

phenol, acetone and t t hi r onpt Le 2 t he catal yst an

r errnvedelf“i’&%‘ﬁ1 iReetut 3 @’s‘i &F‘ﬁ pé°'58‘ﬁ%n%%eﬁgﬁwf°§é§$n§%ﬁ&gﬁée)r natively, the

am ne nhgdrbkgdomaiid compewidwitltahidshydeay adetenee Exempled ofii t h 25 the t hi ol

pr gnot e ont ai ni A P .S i ' Jbamat e

Eagab) oPsfonFaBhiEsopy it iR SHAE oEhL T8 iﬁsﬁ%‘%ﬁ%‘?‘?ﬁ% " The use

of an  ptapyiphenbl il drngphthebiramples oftaldshy des welde fym thiol pronoter
in the 5&%d%ﬁ&?&ﬁ$ﬁalﬁ&%'%d;%Q%al. ERmRbicsiof teRheNipclvdedcanss,one. Were a
thi ol pronoter cont

al nin basic functi.qnal ro s _enployed, it nay be
attac he@'@@’%h@“&hﬁﬁé‘%&?‘gﬂéﬁ}%@w&“q’ gg?‘“m}qr‘gé‘fla%b’f)rein?gﬁayybe i ncl udgd in

the during the preparation of the amne nodified acidic resin from an
unrodi fi ed aci di c ArefdenvaribtyWfdisphbrolssesibbds 2f2-bib@-pr esent i nvention is

© r]r8l oy eﬂycﬁ*ﬁxﬁah%x?ﬂ ) ﬁrﬁiﬂé’&? 2,2-bis(4-hydroxy-3-methylphenyl)propane; 1,1-bis(4-
hydroxyphenyl)cyclohexane; 1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane and 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, may be prepared by the method of
the present invention. The present invention is best exemplified by its use in the
preparation of bisphenol A via condensation reaction of the hydroxyaromatic

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

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

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

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

_—

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

-11-




process, the reactants are conbined to give a feed m xture said m xture
being introduced at a weight hourly space velocity of from!8det20051 to
about 6 , preferably fromabout | to about 4, and even nore preferably
from about 2 to about 3.5 pounds of the feed m xture per pound catal yst
per hour. The feed m xture conprises from 10 about 0.1 to about 10 wei ght
percent acet o} t 0 t referably
about 3 G, gb %QOFQD#%CC%QEC% l%aagttg o?ﬁé%%gm%&?@ %%% ?aspgk@gatdn@% wei ght
per cent grbmislempdoyeds it may gm@cmcefoethebm}manodnf egd acidicassintitself weitght per cent

acet one Seiidedth i}f% &Pﬁg epﬁ‘; iptﬁé Gfifthe MOAIRG aciiCRsFARYEd as a

bulk pro ter the e present 1n an anmount I n a range
bet ween aap@HHodii %ﬁiiﬁf’é%’érut 100 preferabl y about 10 and about 75, and
even nore prefer abI y about 20 and about 40 millinoles per liter (mmol/L)

of 5feed. Wen errplwmeﬂlt}@m&ﬁoabfﬂeflw@henmo&mk@f:seﬁ@léﬁﬂ@h aicopfimeRst in an
anount in ar bet ween ahaut fer about 0.5 and

Shout 2 Precers Bikeodrat et lr R o et e ot seid R Db e o vt
EXANPLESaticlcathet 4 utighvhoghesyanplelsciy o fuih about 0] spalwat 6 puferblie t hose of

how  netingt ot 1P ab 2 b PaimBre R Bl BE G gy LAERAS SESRERUS, Loy e,
parts apéthb)fe«bmyﬁure neempemchcanalmstlp@r heur. &ihgf@ésn@rm comptiecs flim material s
agg tes%b(ﬂﬂ Wﬂ%@ﬂ F@\%?%xqgé‘%mtala@loﬁgﬁm dbout b@%‘ab(ﬂg@g'%lgﬁt? gc%nf ol I ows:

Starting materia ositions were term %

chr onmat Begnappyelfsrably akamt Site abei i8aveie ent gerionpndahoy ec- nass
spect r alyefiht ﬁer‘é@ﬂt@ah@ﬁ&lahﬁtﬁﬁﬂpﬂo Bﬁeﬁ&ﬁﬂy abaft &%(&bmue céﬁ MS. The

BEct s ke b e ST
of a hepﬁommgerbﬂmahlo]s prameleit ey be pﬁetsemrin e apeuat in'Lrangs bd®ieer abat.s - 12 19
wiéy 200% abou{3 160} rp%f‘eralbﬂgabofut Y6 Emc? bo%q‘?g nr&DeQ)eL 'n?(ﬂe %%fgll"a%lf a%%\.lpZG atalysts

and about 40 millimoles per liter (nmol/L) of feed. When employed as an attached

5 promoter the thiol is:present in an amount in a range betwee'n,'é'bout 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 heatmg block

30 and the reaction temperature was 70°C +/-1°C.
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denonstrated on a | aboratory scale in a reaction vessel designed to act as
a stirred tank reactor operated in a continuous node. SanplBrigingddScarri ed
out under steady state conditions. Mdification of the acidic resin

~* catalysts was carried out as follows. Each 5 well of a septumseal ed 96

wel | pol ypropyl ene bl ock, equipped with mniature magnetic bars, was

charged with a sol.id acidic resin catal - b 4 hs such as
Amber | yst (r) 131, ]Ji‘ﬁéuwsffgaer{%do&aém g 3?%@43?%1f§§6é§%% édéﬁg%frﬁct?on cont ai ni ng
an am demosdiedam plaboritovy scaleih arsatomydsyel sepigasdhionagt 8 3 HiFd not er

capabl e OLB’F ALAEATR Y cobfnidiE niddR! Sampif WAScaSd Sttinder sidddy saount of

am ne afd r Was such_that 5 to 50 percent. of tgf hotal
number oéndigons. Madifécationtof gherasidigTagiy @lal iy VRS FREE .Ou\/Wengo‘P’ﬁ AR ol
prgrmt e(veﬂio‘?agﬁﬁ uﬁﬁé@a?éd@@waii?él? fopleht Bk, @fuiped witdchidsturean ani ne,

whér eby i couJ e attached to the acidic resi I not

i ncl udgmagmﬁqbaméwaéﬁhﬁ@eeww JHéC%é& gp%@?ﬂ%%i(ﬁ%gﬁgﬁfgﬁ@p%d was

i nst ead,,aAdaRIFSEPEITL afd ,bﬁrfi&n@bwgi)dbomatgcnboﬂ, eesblutiont agntaimiyg @n ni ét ure of
the solid acidic resi,n cat st _an 5 phe I.nj e an

opt i onafiNc ﬂ\‘?htaﬁipéﬂ’dﬁ’ieo?ﬁf? 1 Zy%?q]t?llng“ a&%&)ai%géa}hgfgpségﬁb%{)génfor a period
of aboujudchhRlf totthe afsirsach dsacysteaminenibhié fimeuntanfiamine prdPRRMOITIVSSt |

React ant s nol ' i i ehEiiewerer e then added
20"t hesuenbaion a36 3P RRfef St BRlgklMahinks bR} S e

t heSU¢ , eat e od of seven ninutes

. of at per|

at 70C adutmatizeh Whgoe the thigd premaeser difl noheontaaabasie fﬁ‘f‘%‘?‘lﬂa’egﬁﬁﬁg’ TEtdVed, care
peing ! At Ghid-OwRasty & doliRd b@&a&l‘ikgidt%;%ﬁ@éd]l&'fc&aéin st iews mindltdeds o | d
cdtal yst are tenoved. er an adgjti-ona rio e s,
r eact anwith ghaamisn dnese theealys madbicAtionsiep |W§Sdn§ﬁ%‘?sa‘il,d§ﬁﬁ%%tgﬁoved in
the pr etyliggﬂénoﬁ{ﬁ&oné' fied ﬁii{%&h&.ﬂmeuﬁknﬁ‘é of (tjlm soidccidioresi eatedystiand  fres hd )
reactants conpletes a.cycle. Ligyid resi ' AR0Ha our and the
t Adughpkhengt c%%@?gwlﬂ%/%iomgg%g’fﬁﬁ?l gfﬁﬁn@eéwg?%&?id sol ut itcgndiper gram
resi n ) H°Caforh patodefatvani hodt tbafford theyamiins madéfiedoagidic sesmfalelyFle was
consi dered. t av ' . heRaddedrandithd ur e was
sanpl egé%ﬁ? e§)§le‘8@§§h§.§]§@°@ﬁ%ﬁﬁ%&§fggE?I%Elg{:}#@ ;&etac%o squnin ’
dupl i c amixtuExveasphersstirrabargtated fprat penod oEReHep TRguEes gt 1 gf]?t\ggb'flbr s were
char gedp(,%{gl%(ﬁ{’{e,ﬁhpﬁﬁ!rkéﬂi% riisthi© 0L e Rldy sirg e takeadasaurd tateat ed wi t h

]

t he am™’mes Icated in Table | ,as described in,t n
20  the supernatant liquid and not the soii% catalyst are removed. Rﬁerga% Slditional

period of seven minutes, reactant solution was added in an amount equal to the
volume removed in the previous step. This “making up” of the reaction volume with
fresh reactants completes a cyclé. Liquid residence time was about 1 hour and the
thoughput of stock solution was about 3 grams of stock solution per gram resin

)5 catalyst per hour. After 40 cycles the reaction mixture was considered to have
achieved a steady state and the reaction mixture was sampled and analyzed by gas

chromatography. Each reaction was run in duplicate.

Examples 1-35 and Comparative Examples 1-6

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

4.5 weight percent acetone, about 95 wei ght percent phenol 19Thly 2006ck
"solution further conprised the thiol pronoter (3-nercaptopropionic acid,
benzyl nercaptan, or trinethylsilylnethanethiol) at a concentration in a ~
range between about 20.5 and -13 19 July 2005 about 41 mllinoles per

liter. RBb@ ANSilIAMRYsGRAliich DARLRSprovided M PBIECE 3 IESanplespst rate the

i nproved sel ectivity of the am.ne difi,ed ag¢i dic resin catalyst.
_ Conpar afiftpen ?rﬂ?eéé’ljiq‘@dislelleﬁ'é‘f‘?ya?g&’?HE"PCO‘RB ifigd peidic sgpineatlYndant  upon
t he use Goinpaunivedivaingdesalct dlilwstuarshe |@sérakistivityBhadt upbh Ghe WBQYOTER | S

3- MERCAPTOP LONI & ACI D nmpl e thiol pronoter am ne am ne | oading pp op ,
pp- HTTDF 051?/}} /a&cg:?’r{cé\cha?g&avg 20.5 pyridine U5 15.42 92.64 pyridine 3

20. pyridine | 1-b 1 16.31 93.79 4 20.5rie y amne --U5 15.35 92.45 5
-20. netTABLdml AHIOLYBREMOTER 1613-MERCAPROPROPIONIC AQIT20. 78- W -9978T- .
CE 1. 7 41 pyridine pyridine 19.5b 94.U- pyridine 1.5 22.05 W6 7 10

net y dricxsmnple | thiol promoter amine® amine loading| pp/op [ pp-BPA
“mmol/L” - “Meg/gram® | avg® [selavg
1 20.5 -.pyndine 0.5 19.42 ] 92.64
2 20.5 pyridine 1 16.77 | 93.20
3 20.9 pyrndine 1.5 18.37 | 93.79
: 4 - 20.5 triethylamine 0.9 15.30 | 82.45
5] =205 tnethylamine |. 1 16.70 | 93.18
6 20.5 triethylamine 1.5 18.06 | 93.80
~CE-1? — 205 -0 14.35 | 91.98
l -4 pyridine 0.5 17.069 | Y3.30
4 <] 41 | pyndine 1 19.00 | 94.01
f 9 41 pyridine 15 2205 94.67
g 10 41 triethylamine 05 17.33 | 93.33
AT 4 friethylamine 1 20.09 | 9473
s 12 41 tnethylamine 1.5 23.06 | 94.68
CE-2% 41" ' ‘ 1 0 15.85 | 92.70

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

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

=reaction mixture = Selectivity expressed as weight % p,p-BPA in product mixture relative 1o alf other
-phencl/acetone condensation products present in the reaction mixture.
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catalyst d Milliequivalents amine per gram acidic resin catalyst € Selectivity expressed as weight

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

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

TABLE 3 THIOL PROMOTER 1S TRIMETHYLSILYLMETHANETHIOL

net y amne 94.13 ne y amne 1.5 -Wav CE-2 Conparative Exanple
Concentration of in mllinoles per liter Amine used to nodifl§Jayi2008 resin
~catalyst d MIliequivalents amne per gramacidic resin catalyst a '
Sel ectivity expressed as weight ,-percent p,p-BPA present in the reacti on
m xture divided by the weight percent o,p-BPA present in the reaction
m Xt_“FeTﬁ%L% Tﬁlb%ﬁ%@&ﬁ?ﬁﬁﬂ]@%ﬁwmnm%cmmi n product mixture
- relative to all other phenol/acetone condensation products present in the
reactIO_rj m xture. -14 19 July 2005 TABLE 2 TH OL PROMOTER 1S BENZYL
NMFRCAP’ AERPIED| bl pronistentt eranamene gqammiee laadingypp for p PP ol / L
16q/28r: ft avgf se gﬂﬁfﬂO”:’?.'L' gLn? Ey\n,,.l e 4M§ql§ka‘n‘tﬂ9 Aig©. pyridi ne
(20 3Rl yram hars HF-pYfyraie 1T tOS Y dine
Syam nd X .*mr_l_alglzé‘las;l,')* ; Abyﬂdlhed JOoUS ‘45'1 tte C - 9.5.41 the
%55 20.5°° [ ‘pyndine 1.5 20.66 | 94.31
16 20.5 triethylamine 1 17.68 ] 93.38
17 20.0 triethylamine 15 20.77 1 94.31
CE-37 20.5 0 14.38 | 91.9¢
18 41 pyndine 0.5 17.98 ] 93.45
19 41 pyrdine 1 2078 | B4.23
20 41 pyndine 1.2 24157 95.03
21 41 triethylamine 0.5 17.96 1 93.41
22 41 ;| triethylamine 1 21.34 ) 94.43
23 - 41 triethylamine 15 2542 95.12
CE-4° 41 0 15.59 | 92.42

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

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

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

Comparative Example

catalyst d Milliequivalents amine p
percent p,p-BPA present in the reaction mixture divided by
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Conpar ati ve e Exanple Concentration of in mllinoles per liter Am ne used
to nodify acidic resin catalyst d MIIliequival ents am ne pd® Jyglya®0aci di c
resin catalyst a Selectivity expressed as wei ght percent p, p-BPA ?resent
in the reaction mxture divided by the wei ght percent o, p-BPA present in
the reaction mxture Selectivity expressed as wei ght % p, p- BPA i n product
mxture relative tp all other phenol/acetonii condensation products

pr esent Fef’F“PJfé"‘F‘E%lcﬁefeﬁ‘ft"%f’%f"éﬁe@?s WERB) % p3-BPA| improfucCiripERe ptise to all other

TRI METHYREP RS FRREETP A oduEs 51D e fegetigh BB%r ani ne ami ne | oading pp op
pp mmlL Meg/gram avg sel avg pyridine 18.80 93.67 pyridine 94.49 } 26
pyridine ney amne ney anmne 94.64 the y amne CE-5 U2-.BU UU
pyridine_pyre ine 94.95 pyridine j 3T- ney amine 0.5 riey amine ney
ani ne 1.Xxammles 3¢-55 @pdfemparative Examplasl-t0 Concentration of in mllinoles

per liter Amne used to nodify acidic resin catalyst d MIIliequivalents

anmine per gram aci $h&reaidkdwerdlcahbsl yﬂthﬁﬁk,%pasgwmﬁ}avslﬁg%ﬁg&ﬁgﬁr&ﬁi ght

per cont et @i EDRRb hepriang and Suokpromioir sycamine s ARmORS thee.
Sel ect i \gehdrabeypeeintenthl 3&ctivhl The tolal RnfuBPAY drfink Ad YeAchE Mhie] Srohfh@t i ve to
~all ot h%gwsteamine was between about 0.5 and about 2 milliequivalents per gram resin
5 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 attached promoter cysteamine. For example, Examples 36-40 and
‘Comparative Example 7 illustrate that the selectivity observed at 2 milliequivalents
10 .cysteamine per gram acidic resin catalyst is maintained for amine modified acidic
“resin catalysts containing pyridine in which the total:amine content is held constant.
“The data demonstrate that lower levels of cysteamine ' may be employed without
'sacrificing selectivity in the formation of bisphenol A. Examples 41-45 and
Comparative Example 8 reveal the same effect in a different concentration regime as
15 <do Examples 46-50 and Comparative Example-9.'‘Examples 51-55 and comparative
‘“Example 10 illustrate that at relatively low levels of amine, 0.5 milliequivalents per
- zgram acidic resin catalyst, the system affords lower selectivity for p,p-BPA formation
~-as cysteamine is replaced by pyridine. ' | |
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'phenoI/aCetone
Exanpl es 36-55
4% crossl i nked

t hi ol pronoter
section. The total
was bet 0
- cat al ys@f%%%sﬁgggcg_lo

percent acetone,

condensati on products present
and Conparative Exanples 7-10 The reactors wigduigl2dbged wi t
beads and treated with the am ne and
experi ment al

pr onot er

sul f onat ed pol ystyrene
cysteam ne as described in the
amount of am ne and attached thiol
1}9@912@?@9?5% ON AMERE MBIDIPIED PRIIDICRESREi n 5

react ants contai ned about 4.5 wei ght
-about 95.5 wei ght percent phenol.

LaWall wl

utiron o

gener al

in the reaction m xture.

h

cyst eam ne

Data are provided in

Tabl e A el es o35 T PIRIRRS T sREREd ET]l . BYel &lgdmvityees] for ani ne
nodi fi ed aci CJI L Ie$hé datal ysts [containing tlhe attached pronpter
cyst eanfjrne—Fo T g —3Gnegramd  jConpar aavg/€ Exanpl e 7
i 11 ust r ptrgrirRet—the—Setectyrty gbserved—at— 4 mTTiog@svalent$ 10
CySt eant-Regperrgfam aetiticggstmjcatatygt TS jmarntapp@d for agi ne nodified
aci di ¢ p= r:;aﬁ: A-eatghysts \,(‘ui_ arntmg— Py pare T wWhT gl Joie tot @l am ne
cont ent H-synelH—cehstapt—-yme—tdgta—tegpnstrgtethaysiggnwer Ttyel s of _
cystea v—be ehployed l rett—saeirHcig—setregsiyyrty Tt he formation
of bi sphe A ':ngpl ¢s.41-45 and Coor% ar-at-ve—Bxat pal the sane
effect bn 4 differént doncentratilon reft 16- 50 and
Conpar &t i YE-8Exhmplle’ 9. {Exanfll es 51-55 SAd codparatiye: > 10
i 11 ustrfat etlt hat atl 5re| tiv [ oWy | P\I_P]‘ of gmpe F‘qu val ents per
gram adi di®2 refki nleat al yst he gystenl-affords Loner? 2loctivfty for
p, p- BP4 fBmat) onl-2as ¢yst inetis repfacedlby pyr-‘iﬁﬁ’zp -16119 July 2005
TABLE 4 ABAACHED PROVOIER AM INE ¥ ED AQ D C BFeFN caTal YST Exanp a
ota yn e 4 -~ Qyst dam néd 1B38el e¢ti vi Pyoe affi ne ned?4®neq Teq/ gram avg
0.4 36 | TES 1 0 I 94.29
| 75 I 0.2 08 9477
7 | 04 0.6 9425
4% 1 0.6 0.4 94.1>
49 i .5 0.2 93.74
50 I 0.9 0.1 9345
T CE-107 0.0 0 0.5 93.60
31 0.0 0.T' 0.4 93.48
32 0.5 0.2 0.3 93.24
23 0.5 0.3 0.2 93.05
4 0.5 04 01 9225
35 4.5 0.45 005 91.75
Comparative Example * Total amount of cysteamine and pyridine expressed as

milliequivalents per gram acidic resin © Milliequivalents pyridine per grameacidic
resin catalyst 9 Milliequivalents cysteamine per gram acidic resin catalyst

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

PREPARATION OF SILYLMETHANETHIOL DERIVATIVE VIi.

A 250 mL 3-necked round bottom flask equipped with reflux
condenser, nitrogen inlet, thermometer heating mantle, pressure equalizing addition
funnel and magnetic stirrer was charged with 14.36 g (91.3 mmol) of t-butyl N-
allylcarbamate and 150 mL of toluene. The olefin and solvent were stirred and heated

to about 70° C, then 10 microliters of Karstedt’s catalyst (5% Pt solution, about 30

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

-17-




2 0.8 0.4 9517 --74(F- 2 95.14 0 94.89 94.87 0.9 44 1 1.2 0.3 45 94.36
94.29 0.2 94.21 94.25 48 94.15 49-- 0.2 93.74 CE-10 4 0- 183uy30083. 48
93.24 0.2 93.05 52F 0.1 92.25 0 0.U5 CHConpl arative Exanple Total anount
of cysteam ne and pyridine expressed as mlliequival ents per gram acidic
resin MIliequivalents pyridine per gramacidic resin cat alyst d

expr esotl SIRERY RIS RPN 1920 AL ATNER Vet ol B0 LAERLE, Bt plou P0Gt ey
phenol / aﬁ’é@‘ﬁﬁ%a‘&fﬁﬂ’e?\@g‘f‘ﬁﬂﬁo ma@aam the prastiemtemperatyre hesmml aboutBkand e.

PREPARATA Nt PHO<EE. WMHMNEWS%WWM& rp\ﬂa'ture%ra%%@n@& and H«@:ﬁﬁggt round

bottom f l.ask equi p condense nitrogen inlet r nonet er
heat i ng RO ?g }J Bg‘g‘d q‘f!g 1ﬁ6'°afae|°9m@}¢te Feation oftheiolefigriedomn st i r r er
wass chartgedlly\iatdd cbinpdbnd, N-Boc3B- amnidpr@;fylémmwwwmﬁk Juémébﬂﬁ@t e and 150
mLoof tol HGRG: w;-ﬁ?an%y‘e?redr?o %%0 n?l smg ¢ nec rr%uxsaﬁ \,{,&(‘?m as hc? 3}eesglvent

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

The invention has been described in detail with particular reference to
_preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention.

-18-




5 to about 70 C, then 10 microliters of -Karstedt's catal yst (5% Pt

sol ution, about 30 ppm Pt based on ol efin) was added. A soll@tJutyr2005
containing 12 g (110.5 nmol) of -17 19 July 2005

chl or ongt;f imethyl silane in 20 nL tol uene was added cautiously over about
30 mnutes at a rate sufficient to maintain the reaction tenperature

bet ween about 80 and about 100C. After addition was conpl eted, the
tenperature was stirred, and, heated at out 1 .hou GC- M5

i ndi cated conpl ete rdac®i ‘Hh?)‘f?"trl‘i’éakb'?ge‘?g%&i‘??ofé?’rqlrgeq]ﬂgcg?jpwlgged conpound,

N- Boc- 3-camatig o mikiatd cmopridilgyh Hydmicmrbmlahamp&mﬂ anda kettoreroneas

t f 0 | t d
excoss. SITENAE vl 38 dpiihe Sl AFHLHSOHATINTH P18 #@fﬁﬂ%ﬁﬁéﬂ 0 t{V:Qr ude.
product bet@vqcraaﬁqut Ai“ﬁmdwbelhtc%ﬁ@s@t]lemseﬂl(@quﬁ)ﬁﬂfﬂsmoi’ftﬂ’t%o%a %‘T"E} Qcetate

1.37g, 0.012 d
with o ASGRAETE B AR RIRCAR S o beRiq by Tonb AEEE WAlicIRhidRRARD 2

i*na nitrogen ox e was
fitted witnbutealis@igtaiporeionl of enﬂ\aenlwf ﬁmnudﬂabgnbuys ’Mih an\vmingnwid e heingnas
added and th m Xt u was stl ﬁ di ssol ve thggp aSSI um thiol acetate.
Cr ude N-ISB% %ﬁlr%rﬁ’ﬂ’{?ﬁ ThETBRTEY BRI E1F &ne®( 2. 659 0.01 nol) was
then added via syri S B P aalRUhodifiefiOr about
4.5 hr. Thereafter_ t %Jg{h‘%&e?d\i%qb% ﬁﬁ”ﬁﬁé ¥ om

to stand at room%\genperature
for abogtidiegesin cawwens p{@@r%&oraﬁ@ulfﬁﬁiﬁ@p@ﬂétywdmwg B P Ser e added
and the phases separated. The organic |ayer was washed twce with water,
dried over sodiumsulfate; filtered through a colum of -silica gel and
concentrated under reduced presspre to affordjthe N Boc-3 ,
am nopr opyl di et hyl si | yl met hanet hi oI acetate dlerivative VII (2.84g) as a
nearly 20 colorless oil the 'H NM apd GC-MS of which were fully
comnsistent with structure VII. has been described in detail
with particular reference to prg ments thereof, but it will be
understood that variations and can be effected within the
spirit and scope of the inventiop.

SO5H

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

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

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

6. A method according to claim 5 wherein said amine is selected
from the group comprising of triethylamine, trimethylamine, tributylamine, N, N-
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19 July 2005 CLAIM5S 1. A nmethod for maeking a bisphenol,; said nethod

conprising contacting a mixture conprising a hydroxyaronat 18 Juy@®bnd and
a ketone or an aldehyde with an anmine nodified acidic resin catalyst at a
tenperature in a range between about 25C and about 95C in the presence of
a thiol pronoter, said amne nodified acidic resin catal yst bei ng prepared

rom an i3 ihs AL MBS ) ARl QAR LU 211 110 @

portion d acl ctronal grot
di sti nct&ﬁ%%"‘?ﬁcﬁl B’ﬁ’@t‘@rpmgll@hlmlﬁgeﬂle, q:mmjm%é pigrraamene group. 5
2. A nethod according to claiml wherein said amne nodified acidic resin

catalyst is pr epar ed 7 rﬂ%ﬂhﬁ&bd‘c@ﬂﬁﬁ@ﬂ) cHQIIzIY?t\’We?é?ﬁs:ﬂgY 189%{0%?%1? Iunl ts I.

SBH 1 glecfa‘d had accor di n C%ﬂaﬂ g]y erel n _sal

acidic r° Sgrog%%}s; f pliphatip Shipispeyciealiphgis thigds and | | equi val ent s
of 55u_| f@mmatxcah:cds groups per gr amof resin. 10 4. A nethod according to
claiml wherein the am ne enployed in the preparation of the am ne

nmodi fi ed acidic resi C, a n_aro or a
“cycl oal |phat| c ani ne9 g"%mmadt%ggf% tSrE;IT H‘S” 3”&"&?#3%‘&)?@1“@’@?& d ami ne

modi fi edlylmethanethidddiavingastrattyetli conpri ses from about 0.005 to about 3

mlliequivalents of amne 15 per gramof resin. 6. A nethod according to

claim5 wherein said amne is selected fromthe group conprising of

triethylamne, tri,methylamne, tri ylamne, N, N 19 19 July 2005

di et hyl but yam ne, p| peridin rmr ol i ne,

1, 8-di azabi cycl o[ 5. 4. 0] undeR ne {DBU), diazabicylco[2.2.2]octane,

pyridi ne, imdazole, quinoline df pi perazine. . 7. A nethod according to
claiml wherein said thiol pronnSjl\is S
AN
=5 /c\ H

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

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

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

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

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

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

20 trimethylsilyl-1-ethylmethanethiol and 1-trimethylsilyl-1 -benzylmethanethiol.

20-
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selected fromthe group consisting of aliphatic thiols, cycloaliphatic -

thiols and 5 aromatic thiols. 8. A nethod according to clai RduiM2dOsi n sai d
~aliphatic thiol is a silylnmethanethiol having structure 11 R3 R4 RS~SI~C
R2 \1 wherein R and R2 are each independently hydrogen, a Cl-C40 aliphatic

radical, a C3- C40 ar |c r adi cal cl oal. radi cal, or 10
R and R2 together fof 9&8&8?‘13%&@?&5%@%3 g‘af‘fg‘g@jo
ar omat i cisrseldctedlfrom B&gﬁ&;acmmg of ddépaetienbingpapgldiGétyl i phatic radical,
a C3 40, } any

of ﬁ@fﬁ%‘%‘aﬁé‘m@% FB bRl AR bR B Rl 5 A, Loy 0
CS c40 amm@ma' )Pm@mﬁwisllfbﬂﬁh@f»‘@#lghps R3 -R5 toget her forma C9- C40
cycloaliphatic radical or ClL0-C40 aromatic radical. 9. A nethod according

to claim8 wherei @lsﬁh@ﬂﬁaki'a}éé&%hg%‘%ﬂﬁ 9lwheRliP SRY Efiol prombleeRindtadapdh t he
group consisting of trinethylsilylnethanethiol, triethylsilylnet hanet hi ol ,

tripr op@fﬁﬂﬁoym%tthan@t:lmcmfsmt ri butylsilyl met hanet hi ol, I 20
trimethylsilyl-1-ethylmethanethiol and
1-trimet hyl sil yI -1 - bl@nz%nn&bﬂlamtdmgm clai@0l mghemmya@dusl pPraIOtennls npt hod

ar oup. coner@d fiell e bWy aR R s3bAbi: BRI dodndBibanct i of
3- N, N- dicpteddephethial apd Spyerdaptepiopiontd didret hanet h| ol and 3-(1- :
pi per adi nyl ) propyl di net hyl si | yl net hanethiol. 11. A nethod according to

chgi m 7 wherein sai di3.hA eledRidABRIrGihg tPcIRE | PYARERGaid thiol 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
comprises a functional group selected from the group consisting of amine groups, amido

- groups, imido groups, and carbamyl groups.

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

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

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

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

18. A method according to claim 1 wherein said mixture
comprising a hydroxyaromatic compound and a ketone or an aldehyde contains from
. about 0.1 to about 10 weight percent acetone and from about 70 to about 99 weight
percent phenol. '
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for attachment to an acidic resin. 12. A nethod accor di ng to claim11
wherein said thiol pronoter is selected fromthe group condPsiulyridpobf

benzyl t hi ol , butanethiol, hexanethiol, ociadecanethiol and

3-nmercapt opropionic acid. 10 13. A nethod according to claim 11l wherein
said thiol pronoter i nt in the range of from about 5
mmol /L and about 100 ﬁ%ﬁfﬁft %H ¥¢Wﬂ¥$ﬁﬁﬁha@@QgGPﬁ@W$6%cIaln17

wher ei n Qm@lmlmlmmntﬁphencdmnﬁlacaa& aadfamﬁdllmbteﬂﬁm&@ pi@kfcd &fthnf r om t he
t d b |

ot oups. CABIREANES a@iedEl MRS Ve Rer RS g LEu D REBR ot o1 o

sel ect ed"mdf *?'llﬁ?fﬁ Wf@ gt phenad rbslr@tprngnblfn 4b-areowd i @ raizh peyeen dboet, 90

cysi eam g, ab@ﬂﬁbﬁ“ﬁ)&&xﬁ %%@Eﬁt gﬂlﬂ)lacetoﬂe%enegaﬁfég&qgn ?I? Qrggﬁlﬁﬂg a rgngé ai m 14

et ween

wherein,said t ter I'S present
about 0. bf?‘é{ﬁ‘%ﬁ‘ ag’BBh‘ﬂ g@‘? Ut 6instceny by aeight,said @rtﬂ@rmmebemgmefscmdnac. dic

adnadnytiilnt behl: t wh t he_ bi sph | i
Cebect oo g beteerGR NPAREH! Rghgbl o Bellay el pme s propbe.

2, 2-bi S(rﬁs WX@Q‘@ REep#rgd groemyh )apfdﬁpﬁﬂﬁh comprising acidic functional groups by

1,1-b
yar o'xi%“%?&’%’WQ%*{%%%&ﬁ%%wh% RN Sk o s o peingitings

tri met hfioRyaaydhie paognehigh dsd sopfprivychiroany:ab groyp) f | uorene. 18. A net hod
according to claiml wherein said m xture conprising a hydroxyaronatic

conmpound and a ket og@ {]Pal dehyde contains from _about 0.1 to about 10
wei ght percent acet eﬁh'r"?ﬁ odingtto elpimg Swhereingbe amingnodificdr cent
phenol . resipkcitic tesinca@s cotiprisés ﬁ@hhﬁéutfz)fo dBivlﬁt 83 ﬁilﬁ&jwmém&fsai d net hod

c ri a mxtur e a ne an t |o.I prormter
T e SoPnf A stonh s Teain pBT Qo to RDOMES PSR BPYFERS of
t enper AALEIR.N a range between about 50C

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

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

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

23. A method according to claim 22 wherein said thiol promoter is selected
from the group consisting of cysteamine and 3-aminc)pmpyldimcthylsilyInetllanethioI.
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and about 80C,. said phenol being present in an anobunt in a range between
about 90 5 and about 95 percent by weight, said acetone bei A§Jpiy@98ht in an
anount in a range between about 4 and about 6 percent by weight, said
thiol pronoter being present in an amount between about 10 and about 100
mmol /L of reactants, said amne nodified acidic resin catalyst being
prepared from an aC|d|c resin conprising acidic functional groups by
neutralizing a por t¥ofin@minraingdified aéidic fresirc tdtalpsa) sagfauiﬂsmwiﬂ%d&&dwﬂeﬁﬁ said

am ne beidagi y. { ronmot er .whi ch. j tsel nprises an
am ne group. ﬁt %E!n é’fg{){%—%@rﬁa@gor d?‘%ﬁwt el 3?’???‘1@“%&5& %"‘WH@"‘S‘inﬂ"Tﬁg’snﬁm fied

‘resin acmﬁmﬁﬂﬂwﬁmﬂmaumaﬁwadamdmﬁmmmeﬁnkﬁmpsﬁhﬁuhm%nkqwﬁnﬁmheﬂe distinc
nllllequ%%ﬁ}ay: éyl%lgd% Cld roups per gran1and fron1£%out

about 3 qur v fi Sﬁr"é‘nﬁ‘ml?i Erouppsifl satalystc epneprisingt « o
clain1ZOSWMMmEﬂmobhgmaawmells selected fromthe, group consisting of
triethylam ne and pyridine. 22. A nethod for making bi sphenol A, said

met hod conprising 15 contacting a m xture of phenol and acetone in the
presence of an amne nodified acidic resin catalyst- at a tenperature in a
range between about 50C and about 80C, said phenol being present in an
anopunt in a range between about 90 and about 95 percent by weight of said
. mxture, said acetone being present in an anount in a range between about
4 and about 6 percent by weight of said mxture, said am ne nodified |
acidic resin catalyst being prepared froman acidic resin conprising
acidic functional groups by neutralizing a portion of said acidic
functional groups with an amne, said am ne being distinct 'fromany thiol
pronoter which itself conprises an am ne group, said amne nodified acidic
resin catalyst further conprising a thiol pronoter, said thiol pronoter
containing a functional group selected fromthe group consisting of am no
groups, am do groups, imdo groups and carbanyl groups; said thiol

" pronoter being present in an amount, between about 0.5 and about 2 mmol
per gramof resin. 23. A method according to claim22 wherein said thiol
pronmoter is selected fromthe group consisting of cysteam ne and

3- anlnopropyldlnethyIS|Iynethaneth|oI -22

22a




19 July 2005 24 An amine nodified acidic resin catalyst, said anmn
.modi fied acidic resin catal yst being prepared from an acidi d° rJéb’2rQ05

conprising acidic functional groups by
acidic functional groups with an an ne;

neutralizing a portion of said
sai d am ne being distinct from any

thiol pronoter .which itself conprises an am ne group, said catalyst
conprising: sulfonated polystyrene units | 22a 19 July 2005 SO03H and

resi dues derived fromthe group co
amines and cycloaliphatic am nes;_
pronoter conprising an am no, am
am ne nodified acidic resin cataly
amne is selected fromthe group c
26. An amne nodified acidic resin

fSisting ofTayomatic ami nes, aliphatic
sai d catal ys further conprising a thiol

<ar banyl group. 25. An

o claim?24 5 wherein the

byri di ne and triethyl am ne.
prding to claim24 wherein

the thiol pr_ormter is selected fro onsi sting of 3

di met hyl am nopr opyl di net hyl si | yl (1
pi per adi nyl') propyl di net hyl si | yl net hanet 2-(4-

am ne nodified acidic resin
| pronoter is selected from
and 2 iS_mw capt onet hyl pyri di ne. -23

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

amido, imido, or carbamyl group.

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

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

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