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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention THAOSS

i nvention relates to a process for naking functionalized subst.i tuted

bi sphenol conpounds using ion exchange resins. Mre 10 particularly, this
i nvention relates to the preparation of functionalized substituted

bi sphenol conpounds from functionalized ket ones or al dehydes wth
substituted phenols using macroreticul i on exchange resins. In an
especially preferred enbodi nent, this invention relates to the synthesis of
an acid functionalized bis-xylenol conpound fromlevulinic acid and
2,6- 15 dinethyl phenol using a macroreticul ar ion exchange resin as

catal yst. 2. Description of the Prior Art Condensat i on
reactions, for exanple, the conversion of various phenol s and
functionalized ketones into functionalized bis-phenols, have

METHOD FOR MAKING BIS-XYLENOLS CONTAINING ACID MOIETIES

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a process for making functionalized
substitutéd bisphenol compounds using ion exchange resins. More
10 particularly, this invention relates to the preparation of functionalized
substituted bisphenol compounds from functionalized ketones or aldehydes
with substituted phenols using macrore;ﬁcular ion exchange resins. In an
especially preferred embodiment, this invention relates to the synthesis of an
acid functionalized bis-xylenol compound from levulinic acid and 2,6-
15 dimethylphenol using a macroreticular ion exchange resin as catalyst.
2. Description of the Prior Art
Condensation reactions, for example, the conversion of various
phenols and functionalized ketones into functionalized bis-phenols, have
been accomplished with mineral acids. For example, US. Patent No.
20 3,567,686 describes in general terms the condensation of phenol with keto

acids or keto esters such as levulinic acid to prepare bis-phenol compounds of



been acconplished with m neral acids. For exanple, U 'S. Patent No. 20
3,567,686 describes in general terns the condensation of phenol with keto
acids or keto esters such as levulinic acid to prepare bis-phenol conpounds

of [err] sel ected fromthe group consisting of hydrogen,
met hyl , and phenyl and Ris an al kyl gr@up containing one to eighteen
carbon atons, wherein the ester is prepared by reaction of the desired

al cohol with the corresponding bis-phenol 5 acid. The esters were
described as useful in the pOIXf; pon St The condensati on
of nono-al kyl substituted phend . group contains at

| east eight carbon atons and ke oci d \ descri bed I n US.

Patent No. 3,954,808. At colum ™2 begfgn,ng at line 37, it is stated that
t he al kyl -substituted phenol preferabl as at |least ortho-position 10

unsubstituted gp Ghacaienol ring. Acid®ORuch as sul phhéretn a&i & apradical
t ol uenesul phonic acid, or a mxture of hydrochloric acid and glacial acetic

aci d were descselénted fromsheigysup consisting of bydrogen methyb andi phenyl antdd és
e e s RO ool ol B
or bpar at | on of PRSI BRIERFR of S HaBE Mookl it the rfisPobfline¥isphenol .
aci ds usings acﬁgid.f g?fgle\é@é were described alARseRASA tl;?‘ Polyratbetihtd Féirs36346

(I'tsuda, et al rs tot preparation _
4, 4- bi s( 4- hydr oxyphFhe kopndetsationofanonofalkyh supbiituted phendls wherein the alkgti d
using mneral acid catalysis. Condensation reactions for the
producti on of Brameentsins atdeasy eight carbon atoms and keto-acids has been described

in US. Patent No. 3,954,808. At column 4, beginning at line 37, it is stated that

the alkyl-substituted phenol preferably has at least ortho-position

10 unsubstituted on the phenol ring. Acids such as sulphuric acid, p-
toluenesulphonic acid, or a mixture of hydrochloric acid and glacial acetic
acid were described as catalysts for the condensation reaction. Lactone
structures from further condensation of the phenolic hydroxyl groups with

the carbonyl-substituted carboxylic acid are also described.

15 Japanese publication JP62070338 (Tabayashi, et al) refers to the
preparation of functionalized bisphedols from phenols and keto-carboxylic
acids using acid catalysis.

Japanese publication JP61186346 (Itsuda, et al.) refers to the
preparation of 4,4-bis(4-hydroxyphenyl)pentanoic acid from phenol and

20 levulinic acid using mineral acid catalysis. |
Condensation reactions for the production of bis-phenols using ion
exchange resins is fairly old and can be found in U.S. Patent Nos. 3,049,568,
3,049,569 and 3,153,001 (Apel, et al) and 3,221,061 (Grover), among other
references. Generally, the bis-phenol described is bis-phenol, a basic building
25 block for polycarbonate resins. The use of ion exchange catalysts for ‘the

preparation of bis-xvlenols containing acid moieties is unknown.



exchange resins is fairly old and can be found in U S. Patent Nos.

3, 049, 568, 3,049,569 and 3,153,001 (Apel, et al) and 3,221, 061

(G over), anong other ref erences. Cenerally, the bis-phenol described
i's bis-phenol, a basic building 25 block for polycarbonate resins. The use
of 1on exchange catal ysts for the prepération of bis-xvlenols

containing acid noieties is unknown.
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long felt needs set forth above haVe now been satisfied by the

i mport ant  di s comead/exists for impraveddmgthodsfer therprepargtiorpofi thesematdrials.s -

xyl enol s containing acid noieties which conprises heating a m xture 10
conpri si ng3substituted phenols and ketones containing acid noieties or

al dehydes cont@i4 ' =64l i {NW”CG of a macroreticular ion
exchange cat al @MM§eﬁE?M rons resdlt in the preparation of the
desired bis-xyl enolphe pitigaifelt Hbeds isdt TOHR! dBOVeCRIAROHBUS beéit isafisffed by the
substantially free of non-desired bis-xylenol inpurities, in sharp Contrast

to 15 traditiiommirtad discevetyy ofdarc dnproved i prosesss fut the [preparation of bis-
bi s- xyl enol s contai ning acid noieties as discussed above, As used
herein, "subst¥flenels| gontaininge acidvamaiptien awhiek scamprisas dheafinge iag mixture

preferably |ess than 5% t of non-desired .bis-xylenol. .
i mpuriti es!%r ec%?%%gds%t&ﬁ%rmgs. and" Kefones coﬂ%@%\%‘cﬁéﬁﬂe&?ﬁd"r

process can Dealknl e ohBIANE Y SRS U pAleercB 6t b Shadileifyl i e

presence of the cat st w th”renova ron tromthe
reaction m xt ushanpesatalvaccFhese ésuing reattions reselednathe reparativh bh¢he

desired bis-xylenols containing acid noieties conpounds with an
i ncreased r at edesiredonbisrxylenolandcantaining: d agide| twietiesr componndsi dhat are
reactions Mxit{]al yhterey%)tf er{onqziésrifead%{sggyléﬁolnl%pégggsxeig'sharp contrast to
15 traditional acid catalyzed condensations used to prepare bis-xylenols
containing acid moieties as discussed above. As used herein, “substantially
free” means that less than 10% by weight, preferably less than 5% by weight,

of non-desired bis-xvlenol impurities are producéd by the process.

The above mentioned process can be further improved by heating the

20 reaction mixture in the presence of the catalyst with removal of the water of
reaction from the reaction mixture. These processes result in the preparation
of the desired bis-xylenols containing acid moieties compounds with an
increased rate of conversion and improved yields over condensation reactions
wherein the water of reaction is not removed.

25 In a preferred embodiment of the invention, bis-xylenols containing
acid moieties can be produced, that is substantially free of impurities, from
2,6-dimethylphenol and 4-oxopentanoic acid.

The functionalized ring substituted bisphenols described in the
invention can be used as intermediate compounds or modifiers of various

30 polymeric materials such as functionalization of polyphenylene ether by



25 In a preferred enbodi nent of the invention, bis-xylenols containing
acid noieties can be produced, that is substantlally free of inpurities,
from 2, 6- di met hyl phenol and 4-oxopentanoic acid. The
functlonallzed ring substituted bisphenols described in the i nvention
can be used as internediate conpounds or no#lifiers of various 30 polyneric
mat eri als such as functionalization of polyphenyl ene ether by

4 redistrib %F‘T(i reaction, co-nonomer for preparation of palycarbonate
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There is provi é a met hod orF maki ng a functionalized substituted

bi sphenol conpound THe tascriptions! which folldw provide further details regarding the

5 invention.

DESCRIPTION OF THE DRAWINGS
Not applicable.

DETAILED DESCRIPTION OF THE INVENTION
10 - There is provided a method of making a functionalized substituted

bisphenol compound of the formula:

HiC CH3
(EH:&
H OH
HiC
3 ( (ITHz)z CH;
COzH

15 which comprises heating a mixture comprising a 2,6-dimethylphenol and
levulinic acid in the presence of a macroreticular ion-exchange resin,
optionally with removal of the water of reaction.

There is also provided a method of making a functionalized

substituted bisphenol compound of the formula:
20



15 which conprises heating a m xture conprising a 2, 6-di net hyl phenol and
evulinic acid in the presence of a nacroreticular ion-exchange resin,
optionally with renoval of the water of reaction. There is al so
provi ded a nmet hod of making a functionalized substituted bi sphenol
conpound of the formula: 20 5
[err] whi ch conprises heating a m xture conprising a

2, 6- di met hyl phenol and | evufi(ni ¢ acid in the gsence of a

macroreticul ar ion-exchange resin,\s opt'%ggall wi th renmoval of the water
of reaction. There is pr(‘ ded by esent invention a nethod
for the preparation of bildO3 @) g g—aQHd noi eti es conpounds,
and in particul ar bis-(3,5-d Myl - 41 hydesXy- phenyl ) pent anoi ¢ aci d,

t he net hod of whi ch conpri Sﬁs eatingfa m xt ?{of, for exanpl e,

2, 6-di net hyl phenol and 10 4-ke &)ent anoi(cHaki d i $Bhe presence of
effective anmounts of .a nmacroreticul ar I on exchange cat al yst.

There is also provided by this invention €028t hod for the preparation

which comprises heating a mixture comprising a 2,6-dimethylphenol and
levulinic acid in the presence of a macroreticular ion-exchange resin,
s optionally with removal of the water of reaction.

There is provided by the present invention a method for the
preparation of bis-xvlenols containing acid moieties compounds, and in
particular bis-(3,5-dimethyl-4-hydroxy-phenyl)pentanoic acid, the method of
which comprises heating a mixture of, for example, 2,6-dimethylphenol and

10 4-ketopentanoic acid in the presence of effective amounts of a macroreticular
jon exchange catalyst.

There is also provided by this invention a method for the preparation
of bis-(3,5-dimethyl-4-hvdroxy-phenyl)pentanoic acid which comprises
heating a mixture of 2,6-dimethylphenol and 4-ketopentanoic acid in the

15  presence of effective amounts of a macroreticular ion exchange catalyst such
that the resulting bis-(3,5-dimethyl-4-hydroxy-phenyl)pentanoic acid is
substantially free of various reaction impurities.

There is also provided by this invention a method for the preparation
of bis-(3,5-dimethyl-4-hydroxy-phenyl)pentanoic acid which comprises °

20 heating a mixture of 2,6-dimethylphenol and 4-ket01')entanoic acid in the
presence of effective amounts of a macroreticular ion exchange catalyst such
that the resulting bis-(3,5-dimethyl-4-hydroxy-phenyl)pentanoic acid is
substantially free of various reaction impurities, even at low conversions of
the 4-ketopentanoic acid.



of bis-(3,5-dinethvl-4-hvdroxy-phenyl)pentanoic acid which conprises
heating a m xture of 2, 6-di nethyl phenol and 4-ketopentanoic acid in the 15
presence of effective anobunts of a macroreticular ion exchange catal yst
such that the resulting bis-(3,5-dinegpyl-4-hydroxy-pheny|)pentanoic
acid is substantially free of various reaction inpurities.

There is also provided by this invention a nethod for the preparati.on

of bis-(3,5-dinet : = I ' e PERRTY o] el 20
heating a m xtur e&ékl%%g%ﬁyné{%agée%ﬁﬂé - te?é)ﬁeﬁoﬁéf‘?‘e%ﬁﬁ%ﬁ%e
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such that t'he resulting bis-(3,5 dinethyl-4-hydroxy-phenyl) pentanoic
acid is somprises heating drmixtufe obi26alimethyplphienol amgdrkeatopentanoieraced | ow
conversi ons of t he 4-€%op,ent anoi ¢ aci d. . . There is

al so provi dedh Hje prasenceakeffectiveAmounts of sanageretiulanion exchange satalvisbn of

bi s- (3, 5-di . - 4- F n Qi | ' . onpri ses

heat i ng agi m ‘W@‘eo’few%?g’?‘ﬁ@?ﬁ@@ﬁﬁ%@@%&%@ﬁﬁhmm id - in the
presence of effect BHHY "R ?Heﬁ ety hRPaf | yst s
with the renoval X‘a\ﬂt%rli% wat e?n&c;gne?%act isg%ﬂkg m tﬁleéé%é%ﬁfon m %fgm '
Various ortho and neta- substituted phenol species of Formula (I1): [err]

10 wherein each R err] and R err] is independently hydrogen, hal ogen,
primry or ' H

R R!

2

(1) R R®

10 wherein each R! and R? is independently hydrogen, halogen, primary or.
secondary lower alkvl (i.e., alkyl containing up to 7 carbon atoms), phenyl, or
aikyl substituted phenyl, could be utilized in the present invention to make
various functionalized substituted-bisphenol compounds. Preferably, each R?
independently is hydrogen or primary alkyl. Likewise, the ketones

15 containing acid moieties or aldehydes containing acid moieties of Formula

(1n:
A

20  wherein R is a hydrogen in the case of aldehydes containing acid moieties or

() {CH2)i—CO;H

wherein R? is primary or secondary lower alkyl (i.e., alkyl containing up to
about 7 carbon atoms), phenyl, or alkyl substituted phenyl, could also be
utilized, and wherein n is on average from one to about twenty. Preferably,

R? is a hydrogen or an alkyl group containing up to about six carbons and n is



secondary | ower alkyl (i.e., alkyl containing up to 7 carbon atons),
phenyl , or al kyl substituted phenyl, could be utilized in the present
i nvention to nake various functionalized substituted-bisphenol.
conpounds. Preferably, each R2 independ?ntly i s hydrogen or primry
al kyl . Likew se, the ketones 15 containing‘acid noieties or al dehydes
containing acid noieties of Formula [err] 20 wherein Rerr] is a

RA TS pr k&%%‘%@sﬁf a' de“yde@%sp 50 Vel fFRlibhe B Rleg meps it "

about 7 car borﬁmﬁh gy! . or al kyI substltut ed phenyl, could al so be
utilized, and erern n |s on average fromone to about twenty. Preferably,

R3 is a hydrogen OrTl%‘r@uMht%m@Bédlmbwmﬁmnl cempoundsomsuland n

i's on average fromone to
about si x. Varaomprmﬁdmmalal(m are al so possi bI e for all the
substiltuents. The resultant functionalized substituted bi sphenol
conpounds Voul d conprise Fornmula (1V): [err]
R 2 K :
R3
HO l OH

R R | R R
(?HZ)n
(Iv) COzH

wherein each R1, R, and R3 are as previously defined. Especially preferred
functionalized substituted bisphenol compounds are wherein each R! is a
10 methyl group, each R2 is a hydrogen, R? is a lower alkyl moiety of from 1 to
about 6 carbons and n is on average from about one to about three, Especially
preferred reaction materials are 2,6-dimethylphenol and levulinic acid for the
preparation of the corresponding functionalized substituted bisphenol
compound wherein each R! is a methyl group, each R? is a hydrogen, R3 is a

15 methyl group and n is on average about two.
An illustrative overall reaction scheme for the functionalized
substituted bisphenol compound of the present invention can be outlined as

follows:

RY R! 0
\ : RJJK(CHz}n—‘COﬂ{ __c.a.liliﬁ_.. HO
R R




wherein each Rlerr], Rerr], and R err] are as previously defined.
Especially preferred functionalized substituted bi sphenol conpounds are
wherein each Rlerr] is a 10 nethyl group, each R err] is a hydrogen,

Rlerr] is a lower alkyl noiety of from1l to about 6 carbons and n is on
average from about one to about three. Especially preferred reaction
materials are 2, 6-di net hyl phenol and levulinic acid for the preparation

of the corres WRi b ﬁgjg)ét W conpound

wher ei n each &?@Mé egﬁ‘i‘*{ gz:ja(r?l(;ﬁup, eadgmﬂmglvs rogen, R3 is a 15
met hyl group and nm%@@faﬁﬁxﬁbeuwm above reacuom gdrievally atontgins
overall reaction schene for the functionalized substituted bisphenol

conpound of t fenptienalized substitizted bisphenobgompoundasxcess substitated pbengl
wherei n each err ch err], .and err] are as, preyiously define

The product mF;[ndJﬂ;;e ékfjl éR[a?éWQTrl@&‘l‘ﬁRg & I&H‘FY Yas a reaction
functionali_ze s t.ed phe

and the al deh ‘E&%@B‘S%Q%ﬁg‘gﬁaW% S g%%ﬁﬁ? %algs(ﬁal ﬁ) | on

5 by-product )maéﬁoﬁ%ﬁﬁxﬂi‘ 'H?@Wnét{tﬁ{a‘hzéa' HibEtiteted s fsgheﬁ&a&o uﬁadmﬂ to

t he reaction mxture. The functionalized substituted bi sph conmpound
I's of t en igfedratisslatads via Ifﬁtranonnawcm&r?vsgaﬂlwﬁonz chmwneeo koTeean
to one skilled in the art Exanples of isolation techniques which can

be utilized caskilled imthe auncExamplleso jsglation teshnigues wohich san bertilized; can

oo porat ed. o Ry . Paffoe fuos! 2 it 5es Wigding ﬁ?@?ﬁﬁ?i&eﬂdﬁﬂaﬁw:
lon-exchange rgsi B 993508 ds2RRSH ‘lﬁ‘,jv&ﬁ'él{ 2R facGfpdiated herein by reference.

Any macroreticular ion-exchange resin having appended sulfonic acid

groups may be utilized according to the present invention. As taught by
Reed, US. Pat. No. 4263407, the term "macroreticular" as opposed to
"microreticular" means porous adsorbance in which the pores are larger than -
15 atomic distances and are not part of the polymer structure per se. Rather, the
pores are microscopic channels resulting from the squeezing out of an organic
precipitant from a copolymer mass. As a consequence, the pore structure is
not dependent upon environment and therefore is retained despite contact
with various concentrations of electrolyte, solvent and exchangeabie ions. The
20 terms macroporous and macroreticular are synonymous, as are the terms
microporous and microreticular. Microreticular resins are also called gelular
resins.
In microreticular resins (gel-type) the pores are not really pores at all
because they are extremely small, usually below 30A in diameter and will
25  disappear from the polymer structure when the polymer is dry. The
microreticular gel resin has a continuous polvmer phase while the
macroreticular resin is clearly shown to consist of conglomerates of granularly
packed macrospheres with both a continuous polvmer phase and a
continuous void phase. Thus the expression "porous" as used herein refers to

30 channels or openings between conglomerates of minute spherical particles.



groups may be utilized according to the present invention. As taught by
‘Reed, US. Pat. No. 4,263,407, the term"macroreticular" as opposed to
"mcroreticular" nmeans porous adsorbance in which the pores are |arger than
i5 atom c distances and are not part of the polynmer structure per se.

Rat her, the pores are microscopic chafnels resulting fromthe
squeezi ng out of an organic preci pitant froma copol yner mass. As a
consequence, the pore structure is not dependent upon environnment and

t Iher ef olr e is retai%rmge @b neefybmagtareticular jpn pxchangeresins ace Aescriheshin O]::I
mmcror et cul 3 S Ay h Mot st o 8 Fdetinafa 4400585 (VEReIE. JRREH (&
m cr or et i Cul Gaeolfdratedl halrfby réftldite? Madopbrdil fethsfivél iRlen synthdstdd!S.
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In mcroreticular resins (gel=type) the porés are not really pores at all

because they By eheinidlasishiofsvaidus wwresd-inked polytfiérs in aimomdraer anisttuvel | 25
di sappear from the pol%mer structure when the polyner is dry. The

ni cror et i cul aFheeincludad pelymers oanei wenderedosphthle pand e leachablet fiellowing
macroreticular resinis clearly shQwn to_.consi st of congl onerates, of .
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spherical paréi@afge resin. Other macroporous resins have been sgnthesized %y
Some of the useful “macroreticular ion exchange resins are déscribed in

U. S. Patent hﬁetyrﬂeﬁﬁiﬁg%?eﬁﬁairea)sdmhﬂwlﬂm isso{Wasndionemer) reagentsh bat e

i ncorporated herein by reference. Macroporous resins have been sg&hesi zed
by the i nd usexartoesseatiallyso sakviens actiompea dhp sppakvimer proaluﬁﬁiom YgF e.
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ani on exc ge resin. ‘her macro ous resins have been synthesized by
pol yneri zi ng polygaess; i phenotie! polvimersj cinddiTeflon®e stypenaureriale agedi saspuor 10

exerts essentially no solvent action on the copol yner produced. The pol yner
matti x of theexamiple,itetsafidonoearboa drdlunrinated athydlenepropyflemmpelyimagrs, such as

15 Hlustrative sulfonated polystyrene resins which can be utilized in the

present invention are formed of copolymers of styrene and divinylbenzene,

the latter compound generally being emploved as a crosslinking agent at a
level of about 1% to about 50% by weight, based on the total resin weight.

The degree of crosslinking of the polymer enables higher throughput rates in

20 acontinuous reaction process by preventing deformation of the ion exchange
resin. In order to provide useful macroreticular ion exchange resins, resin
designers have adjusted hydration, swelling, and porosity of ion exchange
resins through proper choice of polymers and copolymers and through
control of the degree of cross-linking of polymer chains. Additionally, resins

25 having pores with dimensions significantly larger than the molecular distance
between adjacent copolymer chains (macroporous resins) have been
synthesized. Commercial microreticular ion exchange beads have surface
areas less than 0.1 square meters/gram whereas, most macroreticular ion-
.exchange beads of the same particle size have surface areas in the 5-200

30 square meters/gram range. Specific examples of commercially available



pol ystyrene; copolyners of styrene and divinyl benzene; acrylic based

‘pol yners; phenolic polyners; and Teflon type materials such as, for
exanpl e, tetrafluorocarbon or fluorinated ethylene propyl ene polyners. 15
[I'lustrative sul fonated pol ystyrene resinsnyhich can be utilized in the
present invention are forned of copol yners of styrene and divi nyl benzene,
the latter conmpound general ly being enployed as a crosslinking agent at a
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Commercial mcrorefi I on exchange beads ace areas Tess

than 0.1 squafegirdrthat haed beentreardswithee weshingsuivith bage followed withange
beads of the sanme particle size have surface areas I n the 5-200 30 square

met er s/ gr am r wiaghingSyithi 4did as despiibed i S nPatent Mol ¢,847432 {Baler), which is

10 sulforic acid nt ai pi ng, macroreti.cul ar, j on exchange resins

'ncl ude: resi ReorpoTates] Rexehy by THiSEenGe.RRe ASRUSEWBERL | TE and AVBERLYST -
resins, available n a'DE%\E LS Y A} e.fr Dow
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resins are gepeHderisktion rehl@sh Ah! #stdridard Smithdtb 8iich s heéitags ¢4l a dryv@shi ng
with several volunes of deionized water prior to use. |on exthange

resins that hstreathemtrelevatat edmperatures dypizdllyefsomnaisouti 90?Chtos ebdt 1008
W th washing with acid as_described in US. Patent No. 4, 847,6432
(Fal er), whi clihedon exchange resinaeasyalse beiusedin the presand invention wet.that is, . 10
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condensat i on Pt G AVING StePalisR e SANWEhinE ASH, s e Whe e dpn

15 exchange resin is used without a predrying step, the resin can be dehydrated

by passing anhydrous solvent, such as anhydrous 2,6-dimethylphenol,

phenol, or toluene, through a column containing the wet resin prior to the
condensation reaction.

A rate accelerator or co-catalyst may be used in some embodiments of

20 the present invention in order to effectively accelerate the condensation

reaction. A useful class of accelerators are mercaptans. The mercaptan can be

an alkyl mercaptan and can have other non-alkyl moieties present such as, for

example, carboxyl. Sometimes a mixture of mercaptans is used. The

mercaptan can be present either as a free promoter in thé reaction mixture or

25 can be bound to a polymeric resin such as the ion exchange resin. An

effective amount of free mercaptan present as a promoter is typically in the

range of about 1:20 to 1:1 mole ratio of mercaptan to ketone, although the

exact amount utilized is not critical. The ion exchange resins can be partially

modified by reacting the acid groups on the resin with mercapto alkyl amines,

30 by partially esterifving the acid resins with a mercapto alcohol, or with an



stream at el evated tenperatures, typically from about 90[err]C to about
100[err] C The i on exchange resin can also be used in the present

i nvention wet, that is, wi t hout a drying step when the water washing
step is utilized. Wen the ion 15 exchanggresin is used w thout a
predrying step, the resin can be dehydrated by passi ng anhydrous

sol vent, such as anhydrous 2, 6-di net hyl phenol , phenol, or tol uene,
through a col yyy; ML pHicEsdriacHal thiagbldives Olt ib SorBimes préRBRI Al
reaction. ’ A'rate accelerator or co-catalyst may be used in sone
enbodi ment's opolRnert bound ementapitan exst aopromoter der avoide hiveing e ypranwterr at e
t he condensati on reaction. A useful c¢lass of acceleratqrs are
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mer capt an pr eﬁﬁgg?@ﬁt@daé@mberrefeieﬁ&pi cally in the range of about
1:20 to 1:1 nole Yatio of nertaptan to ketone, although the exact

anmount utilized i sTheturmmodified ionTexchange aesinaggnerallyl have an iop exxshange | y
modi fied by reacting the acid grQups, on the in, with nmercapto, al kyl
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mer capt an,@s gr4r gﬁvgﬂn.h?\ﬂom 5518 RHANSF or more! 85 &M adid sitds

final reaction fi'xtute. mpl es of the preparation of polyner bound

Mercapt an pr ogps @icdifisd tierdaeting the ddicsitBateith aNowrcapt® $foapSforRblearass et
al), 4,396,728 (Faler) and ‘4,584,416 (Pressman et al), all of which are
i ncor por at ed eheni thetmercgptareishound. The unnodified i on exchange
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sites 15 to formn the functionalized substituted bisphenol compounds can be carried

out in accordance with methods in the art for ion exchange catalyzed

condensation reactions. The condensation reaction can be carried out either

in a batch mode or in a continuous process. Mole ratios of substituted phenol

to the aldehvde or ketone can range from about 4:1 to about 20:1 or an even

20 greater amount of substituted phenol. Substantially anhydrous reaction

conditions can be used whereby the water reaction by-product is maintained

at less than 2% through the use of anhydrous feed stocks and anhydrous

reaction conditions known in the art. Azeotropic removal of the water of

reaction can be readilv achieved through the use of a toluene azeotrope.

25  Examples of reaction conditions can be found in U.S. Patent Nos. 4,375,567

(Faler), 4,391,997 (Mendiratta), and 4,590,303 (Mendiratta), all of which are
incorporated herein by reference.

Optimum results are obtained for the condensation reaction when the

reaction temperature is maintained between about 50°C and about 90°C. The

30 reaction can be carried out at atmospheric, sub-atmospheric, or super-



are nodified by reacting the acid sites wwth a nercapto group, for the case
when the nercaptan is bound. The present process for conducting
t he condensation reaction of a substituted phenol and ketone or

al dehyde containing the acid functionality 15 to formthe functionalized
substituted bi sphenol conpounds can be carrlted out in accordance with
nmethods in the art for ion exchange catal yzed condensati on reactions.
The condensation reacti on can be carried out either in a batch node or
in a conti nuodtMpsphericpragenres;, dnigesersl, theprsartiom ésimpiintained undex an tihert

al dehyde or ket gne Nian from abt%l\Jt :1 t,o gbout 20:1 qor an even 20
gregfte.r amounf® pg%%al'\l'uggﬁv & ot Gt e JeacHRADqr 2 (COREUGHS |
at ess Than SHRSPeTo RS gl deyfed casurd b BTHTET W nelie fRblle "

reacti on condiffowof themarerials ﬁﬁeu?hthef&eabﬁgy's@ntermval of the water of
reaction can be readily achieved through the use of a toluene azeotrope. 25

Exanpl es of react i dtensewadiofiatleast anportidro prefarably. £substantial portiond, G Ahe567
(Faler), 4,391, 997 gl\/bndj rat t%) eﬂ_&rzﬂ 4, 5,90,&03 (Mendiratta), all of which
are i ncoMAFE Of deartioz; 15 pref feHzwe the condensatiomto Reax cempletionsr e

bt ai df i i . . i
s o ntai ned 15 SALHE B3R PEERN saRrlIRanla inctucg St HidRacetn e
carried out abwyigh FRSRHeef Hev g?h'%u&i RS RIS ldm lgf ?igg@?frgﬁerlx £as, or azeotrop

12 at nospheric pressur I'n general, t Mai nt ar nedt under

an inert aenlxowabbérthblwateﬁnh&li reot $next rsobvane rstichnag, ffer rexagiplentothiénd
cont i nuous reaction operation, a slightly elevated pressure is
preferred®o i leneqehieride, 1.2-dichlaxoethanpe onaninturgssoft bolyents capableadt i on

system 5 . Reppval of at, | east or{ion ref erab a substanti al
portion, of t frming 5%03??8? W@h&a?%n lﬁgf)eﬁp @Fé"@g may @ﬁ?&’é Ysgd to remove
condensati on NGafer CHMPERLLAN- Ihj ' d I
ot hotls. 1 nol udk ag” Bty o Rt R ; gEeninePore B ARRATRGH R0 SABKHIE,
for exanple, dnhydridesaad geko este 9PAre not prefétfetihs ey dith XBbGeatdi t h
an inert solvent such as, for exanple, toluene,

with the desired phenolic products, the aldehyde, the ketone, and/or co-

15 catalyst to result in a reduction in the yield obtained. Organic sponges that
would be selective for water but not phenolic compounds, the aldehyde, the

ketone, and/or the co-catalyst would, however, be useful for the present

reaction.
For removal of the water of reaction from the reaction mixture, a
20 sparge of dry inert gas through the reaction solution or ion exchange bed
during the reaction is sufficient to remove the water. Various reactor designs
are known in the art for both batch and continuous processes for sparging a
reactor, collecting the wet effluent by evaporation and distillation followed by
returning the dry solvent to the reaction. In a batch reaction mode, the
25 distilled solvent can be recycled into the next batch or added back into the
same reaction.
Azeotropic removal of the water of reaction can be achieved in a
likewise fashion to sparging the reaction mixture. It is preferable that the
azeotropic solvent selected have an azeotropic boiling point lower than the

30  substituted phenol utilized in the condensation reaction in order to prevent



10 nethylene chloride, 1,2-dichloroethane, or m xtures of solvents capable

of form ng azeotropes wth water. Ml ecular sieves may al so be used to
renove the water of reaction. Oganic sponges for water such as, for
exanpl e, anhydri des and ortho esters t{gi cally are not preferred as

t hey can al so react with the desired phtnolic products, the al dehyde,

the ketone, and/or co- 15 catalyst to result in a reduction in the yield
obt ai ned. Organi c sponges, t hat yld be selective for water byt not
phenol i ¢ corrpo%’d‘i‘?nqw?a‘%%tﬂfdél}e t%’g’gumteskﬂﬁ?ﬂfg, QHEI/%’# ferction- BuKRITgst
woul d, however . f r o1 i .

removal of thes’ﬁ%%é' #&?f Iwr\ejz?gtc ?%’nq??‘?%%&teﬁ%u%%%? F‘%ﬁ&% x? ?Jf:rrgplcg%va% Bg%ee. of
dry inert 935_%&&%&&%&&%%&%?&%% SF theQsubRY&IRA PhedBll in ordedtty | NG
the reaction is sufficient to renove the water. Various reactor designs

are known in theimtain fherlebel of hidsstituted pheaol within the prefesred yahge. $psralsong a

reactor, collecting the wet effluent by evaporation and distillation
fol l owed bys preferablg thatythe,azeptyopis| splyent: Rot he neaslive dowards anyqef the
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to sparging the reaction m X I's preferablet azeotropic

sol vent sel ect pebdesses tonreayeletthepizeotropid sulven eithéroines thésamieneadion for
substituted phenol utilized in the condensatjon reaction in order to
prevent continuous removal of water or into a subsequent condensation reaction.

uni ntentional | oss the suhstituted phenol fromthe reactiqn mi xture
Sobet s tut o phenor The rpaiAlopt B ° HeRE 2on bh;da CTRBBRPUSYC SHERB Ihe of
t he wat er 93

order to nal Iﬁ‘?%&ﬁ Ei? ﬁ%#%&&%%&ig‘ggéﬁg EiF g"[&p% fﬁg m&%@gﬁgg 5?%?@% -ei:l "

range. It is alQ diso pos¥ileablRiliAad sihbhe Wasa repitival %@é)’ﬂ@ér fRlreR&isehas i ve
towards any of the chem cal reagents or the desired product. M xtures
of sol vents casubstantisily progresséd zedfurliserctinr reactiopn $owardsk nompletiorn. heBwr t
for both batch and cqnti nuous processes to, recycle the azeotropi

sol vent ei t her sithstantially progressed tisomenpt that thepercentage reonyersions ofvthe,

or into a ¥ bs g&‘fﬁp\& ;ﬁg{é%%ﬂ;%%% fie f\ﬁt%%ingﬁzed substituted bisphenol compounds is

at least about 20 mole percent converted.

With respect to the pfeparation of functionalized substituted bisphenol
compounds utilizing a sulfonated aromatic organic polymer containing N-
alkylaminoorganomercaptan groups as the ion exchange resin, a mixture .of

20 substituted phenol and ketone or aldehyde containing carboxylic acid
moieties can be heated in the presence of the macroreticular cation-exchange
resin prepared in accordance with the practice of the present invention. There
can be utilized 4-20 moles of the phenol per mole of the ketone/aldehyde
which can be heated at a temperature in the range of from about 50°C to

25 about 110°C with agitation. The ion-exchange resin can be employed at from
about 0.1% to about 50% or more by weight, based on the weight of the total
mixture in instances where a batch process is used. In a preferred procedure
for making functionalized substituted bisphenol compounds in a continuous
manner, the ion-exchange resin can be used in a column which can be

30 operated at a temperature of about 50°C to about 100°C. The mole ratio of



10 The renoval of the water can be done continuously during the
condensation reaction or can be done in steps at intervals during the

reaction. It is also possible to utilize a single water renoval step
after the reaction has substantial ly progressed to further the reaction
towards conpl eti on By substantially préyressed is neant that the

percent age conversion of the 15 starting materials into the functionalized
substituted bi sphenol conpou

t | t, ab t.
converted.  reactants capwpgy wid ngﬁ‘é’c gughyas ﬁg%?@r%ﬁ gg" a%ovﬂ?itq ‘gﬁglclﬁ&éd
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al dehyde containing carboxylic acid noi eties can be heated in the

presence of t golanof cubstituted phenbl per ancleasfgketone / alldehyde prHyeimputities
accordance with the practice of the present i nvent [ o can be
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preferred procedur ©ne methed aﬁkedwefmgctheoﬁmmxdlmewwbsﬁﬁaddmxs I
conpounds in a continuous manner, the ion-exchange resin can be used

in a colum \anipmmdsbe'eathomnuoahleﬂ Sor exampler dis(35elimethylr4-byroxyr-C t o
about 100C. Th l)e rati o of

14 ri@act esntamis/ agidiefs, bys &&*Pts%lma) rfhﬁbf}lﬂ‘m?r'?gzﬂd tbshbtedso

to 1 or nore, e &pe/ de.
It is preferré’dsphe% ﬁ%&&/ow.ﬁ{&)%é use g Re reac he@% ra'ti%hg about
> tolito abo;ﬁro'ééhﬁz% thvolvestleqsartihl aw@mhnbﬂtteckemwwtheoanbmh&dof)heml
ket one/ al dehyde. The inpurities 5 present in the reaction m xture are

general |y | essfollhmdSW rpeystallizdtion eofs the residatal 2 benchionalived mbsb&tmdl y

| ess t-han 10%_ wherein the %by area of the I mpurjti was determ
by 1iquid chrdmphgv&phyomw s.using  methangly dﬂ%@ﬁzwfﬁt%feovs fthe

functional{ zed ﬂ?xangl/ wa ére,dz-%'réB n&o 2-propanol/water, phenol, phenol/methylene
chloride, or phenol/1,2-dichloroethane as the solvent. A crystallization
procedure for BPA recovery is also shown in U. S. Pat No. 4,375,567 (Faler),

which is incorporated herein by reference, is also useful for recovering
functionalized substituted bisphenol compound. If desired, in addition to, or

20 instead of recrystallization, the crude functionalized substituted bisphenol
.compound reaction product solution or the functionalized substituted
bisphenol compound dissolved in a suitable solvent can be treated with
activated carbon or a sodium borohydride solution as illustrated by U.S. Pat.
No. 4,992,598 (Strutz, et al).

25 For another embodiment of the present invention, the functionalized
substituted bisphenol compound reaction mixture can be admixed with a
non-solvent for the functionalized substituted bisphenol compound to cause
the functionalized substituted bisphenol compound to precipitate from the
reaction solution. It is preferred that the starting materials as well as the

30 reaction impurities be soluble in the non-solvent for the functionalized



conmpounds reaction product, for exanple, bis-(3,5-dinethyl-4-hydroxy- 10
phenyl ) pentanoic acid, is by crystallizing the functionalized substituted
bi sphenol conpound reaction product fromthe reactor effluent. Another
procedure involves the partial distillatiofgto renove the substituted
phenol foll owed by recrystallization of the residual functionalized
substituted bi sphenol conpound usi ng net hanol, nethanol /water,

et hanol , 15 ﬁﬂkﬁWﬁ%ﬁﬁ r | It & d&%ﬂ&g&é&@ﬁ

phenol / net hyI%Inl%@i CHIor g@ gr pﬁ‘erllf)%/a!f 2= di chl or Oﬁ%%ﬁg%l}v%rgand
sol vent. A cryt Qdakﬁﬁ%tmamrials bepreadilv usepatable Bdny eaciv ethyeri such thatsttewn in
U S. Pat No. 4,375,567 (Faler) which is incorporated herein b
reference, i sstatting useatarialsorcoudd ober itegycled  imton cgubsagnente dhusgtio d

bi sph I d. I f .desired, i ddi t i N 20 41 NSt € f
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activated car jiiR] Aindaffldiclveriter OPyetiérred riotl-solventsanciude) for akamply, 12S.

Pat . No. 47992,598 (Strutz, et al). 25 For_ anot her "embodi nent
of the presendichioreethane, didhiofamethaneatoluere, and xylends thspecislly [preferced|

conmpound reaction m xture ca e.adm xed with a . . hon-sql yent f.or the
functi onal i ze@res b8t lqvﬁ?rec?i]ﬁ;"is &ama%ﬁ&m%%\a%g ’1,2‘:81 oethane,
functionalized. substi bi sphenol conpound to precipitate fromthe
reaction sol uafc qrométﬁég referred that the starting nmaterials as well as

the 30 ngaction igIPpitehistStedbrierdhee hfe inbrptRared By Riférehes h%&\,.

functional | zed

substituted bi sphehwlordenthatthose skilled & she priedill be bettenablent practiselthent
and the starting materials be readily separable fromeach other such
that the inventiony thexfolloveing examplesrergiven by wanebilinstasignand not by

functionalized subs&ituted bt sphenol conpound synthesis reactions.
Non-1imiting &a¥PfiBRMBYHOR,, "t he non-sol vent include both hal ogenated and
non- hal ogenat ed | ower al kyl and aryl solvents. Preferred non-solvents
i nclude, for exanple, 1, 2- di chl or oet hane, dichl oronet hane, tol uene,
and xyl engs E%Q%ggggiy pref.erred are the | ower al kyl hal ogenated
solvents, including 1, 2-dichl oroet hane,

Mineral acid catalysis.

A mixture of 50.0 g (409 mmol) of 2,6-xylenol, 1.134 g (9.8 mmol) of
levulinic acid, and 2.35 g (26 mmol) of concentrated hydrochloric acid was
stirred in a flask while heated to about 80°C for about 12 hours. The reaction

20 progress was monitored by high pressure liquid chromatography (HPLC)
using aliquots diluted into acetonitrile. Very low conversion (< 5%) into the
desired functionalized substituted bisphenol compound was obtained.

lIon Exchange Catalvst preparation.

The ion exchange catalyst was prepared as follows:

25 1 The resin was washed in a Buchner funnel with several volumes of
deionized water until the filtrate was colorless. Then, the majority of the
water was removed by washing the resin with methanol.

2. The majority of the remaining water was removed by drying the resin
in a forced air oven at 95°C to 100°C for 24 to 48 hrs. (Some darkening of the

30  resin may occur. Heating in excess of 100°C can result in resin oxidation.)



di chl or onet hane. 10 Al'l patents cited by reference are incorporated

by reference herein. In order that those skilled in the art wll
be better able to practice the i nvention, the follow ng exanples are
given by way of illustraticon and not by way of limtation. 15

Exanpl es. M neral acid catalysis. 16 A mxture of 50.0 g (409
nmml ) of 2,6-xylenol, 1.134 g (9.8 mmol) of l evulinic acid, and 2.35 g
(26 mmol ) of goncengrated hydrochl oric aci,d was, tirr i,n a flask
Wil o hent od o abdREoTORE herrgn W ared ovisiaht ababont 2% & svacuum

progress was %Q%Hored by high pressure liquid chromatography (HPLC)
using aliquots uted into acetonitrile. Very |low conversion (< 5% into

the desi NkrbpHE A h eseHyfidiebinl athgtisia Sohenol conpound ves

obt ai ned. —Ton change alyst preparatt on. The ion
exchange catal yst whsmiptermof80.8sg {409 munol) 24 2,6-xvlendhel.13s gr(9\8ammel hefd i n
a Buchner funnel wth several vol dei oni zed water until the

mes._ of
filtrate wis develimessid ansh5.0g, AMB@RWS&%&@I ionggxchange zesin framd by
washi ng the resi,n w t.h et hangl . .. 2. T lorit f r enai niy1g
wat er was rer‘rﬁfmn\l% hifin Pﬁgefiégiahﬂa*‘k W‘Pﬁe‘é&?%‘fi%ag%‘?‘rs‘tggﬁ?faﬁw[% rjc
to 100[err]C f 4 t ( a Niidhi r esi : ur .
Heating in exctgg%rgbf %?g?&rtfog cpgﬁgfeesgu%gi n refgxﬁagg‘l( ?gglhoﬁ-%igu?@yh@ﬁ
16 3. Réirefreat hiyh@IPIEG) asingsaliuats diltted iigtt actoibdlel VetpeldowC i n
a vacuum oven. croreficul ar ion-exchange resin catalysis.
A m xtufe of - 5@rYersion 06 hve) jntof the slesinednfunctionalized; subse | bisphenol
| evulinic acid, and 5,0 "-1% %&a.AI\/&ERLYST 3 el lul ar ion-exchange resin from
Rohm & Haa¥ vve&ol_EP‘i"l‘?@a" (Praamne s??’e\ﬂ_tﬁffeé Wa to about 80C for about 24
hours. The T eagishfteAEQGF G5t eXHRngR Fhdit LIS WilouP WatetYefnddafli
A mixture of 50.0 g (409 mmol) of 2,6-xylenol, 1.134 g (9.8 mmol) of
levulinic acid, and 5.0 g of AMBERLYST 36 macroreticular ion-exchange resin

from Rohm & Haas was stirred in a flask while heated to about 80°C for about

15 15 hours. The reaction progress was rr_;m(i.tored by high pressure liquid
chromatography (HPLC) using aliquots diluted into acetonitrile. Conversion
of about 85% into the desired functionalized substituted bisphenol compound
was obtained.

Macroreticular ion-exchange resin catalvsis with water removal.

20 A mixture of 50.0 g (409 mmol) of 2,6-xylenol, 1.134 g (9.8 mmol) of
levulinic acid, and 5.0 g of AMBERLYST 36 macroreticular ion-exchange resin
from Rohm & Haas was stirred in a flask while heated to about 95°C for about

24 hours. Benzene was added and water was continuously removed as an
azeotrope using a Dean-Stark trap. The reaction progress was monitored by
25 high pressure liquid chromatography (HPLC) using aliquots diluted into
acetonitrile. Conversion of about 89% into the desired functionalized

substituted bisphenol compound was obtained.



chromat ography (HPLC) using aliquots diluted into acetonitrile. Very | ow
conversion (< 5% into the desired functionalized substituted bisphenol 10

conpound was obtai ned, even after 24 hours. Macroreti cul ar ion-exchange
resin catalysis without water renoval. 4 A mxture of 50.0 g (409
mml ) of 2,6-xylenol, 1.134 g (9.8 nmol) of | evulinic acid, and 5.0 ¢
of AMBERLYST 36 nmacroreticul ar ion-exchange resin from Rohm & Haas was

stirred in a {1 ageuhiiulieatiheiste O 3O LOvASMM o 1 "AMGReq ThE

reacti on progress was nonito y high pressure liquid r omat ogr aphy
(HPLC) usi ngyradtionaiizéd Gubstifded igplane! eonripounds «iny dofii éithange @ésiabout
85% into the desired functionalized substituted bisphenol conpound was
obt ai ned. can beechieved sithithe une-of macraresicudariianex resigist h wat er
removal . 20 A mxture of 50.0 g (409 mmol ) of 2,6-xylenol, 1.134 g
(9.8 mmol ) of levulinic acid, and 5.0 g of AVBERLYST 36 macroreticul ar
i on- exchange resin from Rohm & Haas was stirred in a flask while
heated to about 95[err]C for about 24 hours. Benzene was added and
wat er was continuously renoved as an azeotrope using a Dean-Stark
trap. The reaction progress was nonitored by 25 high pressure |iquid
chromat ography (HPLC) using aliquots diluted into acetonitrile.
Conversion of about 89% into the desired functionalized substituted
bi sphenol conpound was obt ai ned.

17 These results illustrate that high conversion into the desired
functionalized substituted bi sphenol conpounds using i bn exchange resins
can be achieved with the use of macroreticul ar i on exchange resins.



18 ~CLAI M5 What is clained: 1. A nmet hod of making a functionalized

substituted bisphenol conpound of the fornmula: [err] whi ch
conprises heating a m xture conprising a phenol species of the formula:
[err] and a carboxylic acid-contai &i ng material of the fornula:
[err]
S
CLAIMS

s i UL

1. A method of making a functionalized substituted bisphenol compound

of the formula:

HO OH

R! R? | R? R/
(?HZ)n
COzH

which comprises heating a mixture comprising a phenol species of the

formula:

and a carbbxylic acid-containing material of the formula:

R3j\(cnz)h—cozﬂ

in the presence of a macroreticular ion exchange catalyst, wherein each R! and
R? ijs independently hyvdrogen, halogen, primary or secondary lower alkyl,

phenyl, or alkyl substituted phenyl, R? is a hydrogen, primary or secondary



In the presence of a macroreticular ion exchange catalyst wherein each

‘Rlerr] and R2 is independently hydrogen, hal ogen, I mry or secondar

| oner al kyl, phenyl, or alkyl substituted phenyl, R[er;l]mulum wmmuaﬂl]
primary or secondary | ower al kyl phenyl

phenyl, and n is on average fromone to dhout twenty. 2. “Thé et hod of

Claiml1l, wherein the macroreticular ion exchange resin is, made froma

Cryy ene andoureh atbTh b, o Sy sRENAd BB B Y hé%@e%é%"%% pE
tetraf |l uor ogRLAR tvdstd | Uori nat ed et hyl ene propyl ene polyners. 3. The
nmet hod of Caim1l, wherein the ion exchange resin contains sul fonl c acid

groups. 4. 2. TheThetﬂutﬂodfofGIlmnnllwhdmuﬂhﬂ rhacroveticalardbnrexehangerasin
renoved fromthe reactlon m xture. 5. The nmethod of Claim4, wherein the

wat er of relﬁcmadﬁ 2 aaﬁsvmrmkﬁtedh@om &%gr@mcgnﬁwgn@ rm%xatymmm an
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and the car | The
met hod of a| m er el n tﬁwﬁﬁg@‘gﬁﬁé %ﬁéﬂm@rﬁ?ﬁ%ﬂgﬂeﬁ
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essentially of heating a mixture conprising the phenol species and the
car boxyl i ¢ selfonicaaidgroups. nat eri al |n the presence of a ion exchange

catal yst, option v of the wate of .reaction The
met hod of ai m gﬁ"e\m&'@arpfhcﬁé gﬁ wler A E‘??ﬁf’ﬁpﬁ%reéﬁ?wfgfr@%ci d
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conpound of or mu
5. ° The method of Claim 4, wherein the water of reaction are removed

with the aid of sparging the reaction with an inert gas, with an azeotrope, or
with both sparging and an azeotrope.

6. The method of Claim 1, wherein the phenol species is '2,6-
dimethyiphenol and the carboxylic acid-containing material is levulinic actd.
7. The method of Claim 6, wherein the mole ratio of 2,6-dimethylphencl
to levulinic acid is at least 2:1.

8. The method of Claim 1, which consists essentially of heating a mixture
comprising the phenol species and the carboxylic acid-containing material in
the presence of a ion exchange catalyst, optionally with the removal of the
water of reaction.

9. The method of Claim 8, wherein the ion exchange resin contains
sulfonic acid groups.

10. A method of making a functionalized substituted bisphenol compound

of the formula:



20 [err] whi ch conprises heating a m xture conprising a
2, 6-di met hyl phenol and levulinic acid in the presence of a macroreticul ar
i on-exchange resin, optionally with renoval of the water of reaction.

Hs ?Hs CH3
- L
’C (CHa)a CHs |

which comprises heating a mixture comprising a 2,6-dimethylphenol and
levulinic acid in the presence of a macroreticular ion-exchange resin,

optionally with removal of the water of reaction.



