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J METHOD FOR MAKI NG TRI'S( HYDROXYPHENYL) COVPOUNDS USI NG | ON EXGSAKGEOREEING |

BACKGROUND OF THE | NVENTION This invention relates to an inprovgﬂ4@@0@§p%
for making tris(hydroxyphenyl) conpounqs using ion exchange resins.

More particularly, this invention relates to the preparation of 1, 1,
1-tris(4' - hydroxyphenyl)ethane that is substantially free of various
inpurities from5 phenol and 4-hydroxyacet ophenone. The condensati on of
phenol and 4-hydroxyacet ophenone into 1, 1, 1- tris(4'-hydroxyphenyl)ethane
(hereafter referred to as THPE) has generally been acconpli shed using

m neral acids as catal ysts. Exanples of these reaction can be found in U S
Pat ent Nos. 3,579, 542 3,692,914 10 et al), and
4,992,598 (Strutz, et & OR MAKING TRISEIXRROXXE hl |y require
ext ended reaction tinmesGMAGBNDS UBIBRE 3ON eXCHRANTGE RESING | ous si de
products and relatively ow yields of THPE. THPE, having the general

chem cal structure as shown in Fornmula (1): OH 15 (I') is used
as a hardener for epoxy resins and as a branching agent in thernoplastic
resins, such as polycarbonate and pol yester resins. As such, it is
inmportant that the material be pure and free of various possible isonmers 20
and inpurities in order to fully obtain the desired properties in the final
2 product Recrystallization techniques have been devel oped for purifying
THPE but are not quantitatiwgk& (Sﬁ@ﬁﬂﬁn F' SR YRR Ihf he reaction

m xture. An exanple of a cr T E can be found in
U.S. Patent No. 4,93hissogwvestipnt zelades afo)  ag improvedy pspcessndens making

reactions, for tgyAYRtSyphRRYDONGHE S HYsOf udAE| QU8 exchange resins. More
particularly, this invention relates to the preparation of 1, 1, 1-tris(4'-

hydroxyphenyl)ethane that is substantially free of various impurities from
5 phenol and 4-hydroxyacetophenone.

The condensation of phenol and 4-hydroxyacetophenone into 1, 1, 1-
tris(4'-hydroxyphenyl)ethane (hereafter referred to as THPE) has generally
been accomplished using mineral acids as catalysts. Examples of these
reaction can be found in U.S. Patent Nos. 3,579,542 (Meyer et al), 3,692,914

10 {(Meyer et al), and 4,992,598 (Strutz, et al.). These preparation conditions
typically require extended reaction times and lead to substantial amounts of
various side products and relatively low yields of THPE.

THPE, having the general chemical structure as shown in Formula (I):

OH

Ho—-<©>—c—cn3

15 ) oH

is used as a hardener for epoxy resins and as a branching agent in
thermoplastic resins, such as polycarbonate and polyester resins. As such, it
is important that the material be pure and free of various possible isomers
20 and impurities in order to fully obtain the desired properties in the final
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phenol s and ketones' into bis-phenols, have been acconplished with m neral
acids or ion exchange resins as catalysts. In these condensation reactions
for the production of bis-phenols using acids or ion exchange resins,
- elimnation of the water by-product fromthe reaction m xture is not
critical and 10 conversions in excess of, 90%to the desired bis-phenol
are typical without renoval of the water of reaction. Such reactions for
the preparation of bis- phenols 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
references. During the condensation reactions for the production of

bi s- phenol s uspreguicbn Recerdnllication teclwiiques biaynifaenadevelaprrhtfer glurifgingeri c
inpurities, i nTAGE bLUOMrkOnst RRAnHBILERN I ineftetiAD ¥oddvieBP , fréth€ tROBRGion AS a
result of the formatiogn of UPR egl rabslsﬁl.cont aP Hants, ewl ve e;for s al so
have to be takBixHEe piiniegmpie ohasnystaflization reshAniusdor d Hlibrn befound i on

m xt ure bef or eUiS. Patemt o, 45992,598 (Stratzpekalpol yeri zati on reacti ons. The use
f i ( t ts f - ' triss d I
Compounds. For - exangliet odehsdtith e, 188RbBL, the ohTerbHLLYREGY!)

CoSst S

associ at ed wi t Rhenls apd\katenesrinimh bissphenodiidave heenfaceemplishest with mineral

tris-( Ihydr ngpﬁ'@idy lo} 6@ BRENAMGE rasldls bs cR@lysts: Uirathel&lCbn@éRRAHR Fedldiond for
m neral acl ds

o catal yze hgc ndensation.reactions, it 25. is,.apparent
Uhat & noed ox/e B BIEPRT St HRh BOREri{1 b\ ERLABET 570 b SlAGaIon
mat erial s. SUMYARNe OWaTeiE by it O oth e tHeomgadtisint muigbde & ot oeriticad barve
1o, 2", 26T Sl i ety Tbohsarep et o maseos
conpri ses heat FegoRanehhgr wates A reastiy pg%%bF%ac Aas 9‘{1@5’1’ BrepaEtuh Rk Rbnes
in the presencehehoBrtantie foatiaig¥.$ abatbytsNoand, 049,668, aP19569aanda 3,153,001
sy oxyphifey Bottbannae ekt (GrdlRPARBRE bl pdrdsi. | TRARE the
sharp contrast condensationireactionsdar e pegrdpctivon of bistphiepelsdusing demexehiangs
used to prepgargefihs- Q@%’iﬁ’&aﬁt agmei1AGUSF 890oRBAY Cimpurities, in addition to other
unidentified impurities, are formed. As a result of the formation of
undesirable contaminants, extensive efforts also have to be taken to purify the
desired reaction product from the reaction mixture before it can be used in
various polymerization reactions. The use of ion exchange catalysts for the
20 preparation of tris-(hydroxyphenyl) compounds, for example THPE, is
unknown.
Due to the costs and efforts associated with the conversion and
subsequent purification of tris-(hydroxyphenyl) compounds and in particular
THPE prepared using mineral acids to catalyze the condensation reactions, it
25 is apparent that a need exists for improved methods for the preparation of
these materials.
: SUMMARY OF THE INVENTION
The long felt needs set forth above have now been satisfied by the
important discovery of an.improved process for the preparation of tris-
30  (hydroxyphenyl) compounds which comprises heating a mixture comprising
phenols and 4-hydroxyacetophenones in the presence of an ion exchange
catalyst and a mercaptan as a copromoter. These reactions result in the
preparation of the desired tris(hydroxyphenyl) compounds that is
substantially free of impurities, in sharp contrast to traditional ion-exchange
35 catalyzéd condensations used to prepare bis-phenols as discussed above.




3 The above nentioned process can be further inproved by heating the
reaction mxture in the presence of the catalyst with renoval of the water
of reaction fromthe reaction m xture. These processes result in the
preparation of the desired tris(hydroxyphenyl) conpounds with an increased
rate of 5 conversion and inproved yields over condensation reactions

wherein the water of reaction is not renoved. In a preferred enbodi nent of
the invention, THPE can be produced, that is substantially free of
impurities, from phenol and 4- hydroxyacet ophenone. 10 The

descriptions which follow provide further details regarding the invention.
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THPE i s substantlallyfree of v reaﬁtlon | purit ?

oys
provi ded by thi stalvelsti B%bséa?rté"t%{i'od%ﬁ?r GRS | ﬁ°‘8f T’g e‘wh'r‘E 4-
conpri ses heati ngydroxystetophedorghenol and 4- 25 hydr oxyacet ophenone in

one orcapt b as a cosPorseanbayty, Yl R HEIRE R diale Hieilog B0
free of various te®atioBn inpurities, even at | ow conversions of the
4- hydr oxyacet ophenone. Th&DETA&BDSDESCR\IMRdNb@FmQEEWTI(DNVEnt ion a
et hod for the 30 PiRRA AL Bibled B MY GrefPIvESBoRCR ithd "ot the
preparation of tris(hydroxylphenyl) compounds, and in particular THPE , the
15 method of which comprises heating a mixture of, for example, phenol and 4-
hydroxyacetophenone in the presence of effective amounts of an ion exchange
catalyst and at least one mercaptan as a copromoter.
There is also provided by this invention a method for the preparation
of THPE which comprisées heating a mixture of phenol and 4-
20 hydroxyacetophenone in the presence of effective amounts of an ion exchange
catalyst and at least one mercaptan as a copromoter such that the resulting
THPE is substantially free of various reaction impurities.
There is also provided by this invention a method for the preparation
of THPE which comprises heating a mixture of phenol and 4-
25 hydroxyacetophenone in the presence of effective amounts of an ion exchange
catalyst and at least one mercaptan as a copromoter such that the resulting
THPE is substantially free of various reaction impurities, even at low
conversions of the 4-hydroxyacetophenone.
There is also provided by the present invention a method for the
30 preparation of THPE which comprises heating a mixture of phenol and 4-
hydroxyacetophenone in the presence of effective amounts of an ion exchange
catalyst and at least one mercaptan that is polymer bound as a copromoter.
There is also provided by the present invention a method for the
preparation of THPE which comprises heating a mixture of phenol and 4-
35 hydroxyacetophenone in the presence of an effective amount of a catalyst
with the removal of the water of reaction from the reaction mixture.




hydr oxyacet ophenone in the presence of effective anmounts of an ion exchange
catal yst and at |east one mercaptan that is polymer bound as a copronoter.
There is also provided by the present invention a method for the
preparation of THPE which conprises heating a m xture of phenol and 4- 35
hydr oxyacet ophenone in the presence of an effective ampunt of a catal yst
with the renoval of the water of reaction fromthe reaction m xture. 4
There is also provided by this invention a nethod for the preparation of
THPE whi ch conprises heating a m xture of phenol and 4- hydroxyacet ophenone
in the presence of an effective amount of an acid catalyst with renoval of
the water of reaction fromthe reaction nm%ture. 5 There is al so
provi ded by this invention a nethod for the preparation of THPE which
conprises heating a m xture of phenol and 4- hydroxyacetophenone in the
presence of effective anpbunts of an ion exchange catal yst and at | east one

TEr Capt an as a Copr DHeHeds albol provRIEBY this ihbEntEH srm&hoa%stm@aréga%‘%me
reaction mxtug ri ous ortho.and meta- subs
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hydrogen, hal obedtoxyacetaphemumel tn thecpresence bhwer effedtive émnant ofl dylacid
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coul d be ut|I|zed |£ e present i nventjon e varlous substituted
tri s 4- hydrdxyphenytheregsgdwnproviged by this invention apmethodfos tve Rreparation
hydrogen or pr ofralRE kwthichi kemigiies 4mydﬁf)xwphﬂniﬂuré<ebﬁn®$xeﬂél Foldrul4a
R 1% a pri mar 3 SPOBBEQeRRE ond i the Fiftane} bt efrbcelt TS BE o iciftshepg 7"
carbon atons), c:p‘ﬁ |andoiat least one mercaptan as a' ’copromoter with removal of the

water of reaction from the reaction mixture.

10 Various ortho and meta- substituted phenol species of Formula (II):
OH
Rl R1
R2 R2
an

wherein each Rl and R? is independently hydrogen, halogen, primary or
15 secondary lower alkyl (i.e., alkyl containing up to 7 carbon atoms), phenyl, or
alkyl substituted phenyl, could be utilized in the present invention to make
various substituted tris(4-hydroxyphenyl) compounds. Preferably, each R2
independently is hydrogen or primary alkyl. Likewise, 4-hydroxyphenol

~ ketones of Formula (III):
20
R2 O
Rl &g
HO R2
1
(IID)

wherein each Rl and R2 is as previously defined and R3 is a primary or
secondary lower alkyl (i.e., alky! containing up to 7 carbon atoms), phenyl, or
25  alkyl substituted phenyl, could also be utilized. Preferably, each R2
independently is hydrogen or primary alkyl and R3 is an alkyl group.



25 al kyl substituted phenyl, could also be utilized. Preferably, each R2
i ndependently is hydrogen or primary alkyl and R3 is an al kyl group. 5
Vari ous conbi nations are al so possible for all the substituents. The

resul tant substituted tris(4-hydroxyphenyl) conmpounds woul d conprise
Formula (IV): [err] (1V) 5 wherein each [ersr] and [err] are as previously
defined. The preferred reaction materials are phenol and

4- hydr oxyacet ophenone for the preparation of THPE. An illustrative overall
reaction scheme for THPE of the present o invention can be outlined as
follows: [err] OH OH which illustrates the

condensat i on r edatibeschrebivationphenalso podsible foy dilothy sabitdtabaBOMhe RegREhON

stoichionetric ks N 1 xtur t he apove r tion
general ly cont a{%h%g}ﬁég?c%%mﬁg ﬁ%rﬁflgﬁogﬁ é9%d§r‘§g3€}%fgée%%5ﬂ%%€%é"%ﬁgﬁ@at er
(as a reaction by- product), in addition to any inert solvent or water that

was added to the reaction m xture. he T1HPEi often i sol ated via
filtration and crystallization tecHni qL}%

kng to one skilled in the art.
Exanpl es of isolation techniques 2 whi anibe utilized can be found in
U. S. Patent Nos. 4,400,555 (Mendir atH@ —(®ndiratta), and

4,992,598 (Strutz et al), which are incor 2 herein by reference. Any
i on- exchange resin having appended {sul f g id groups may be utilized
according to the present invention.| Son® uf are described in

v
5

wherein each R1, R2, and R3 are as previously defined. The preferred

reaction materials are phenol and 4-hydroxyacetophenone for the preparation
of THPE.

An illustrative overall reacﬁon scheme for THPE of the present
10 invention can be outlined as follows:

OH

OH ?l

+~O)

which illustrates the condensation reaction between phenol and 4-
hydroxyatetophenone, based on stoichiometric ratios.

15 The product mixture of the above reaction generally contains THPE,
excess phenol and 4-hydroxyacetophenone and water (as a reaction by-
product), in addition to any inert solvent or water that was added to the
reaction mixture. The THPE is often isolated via filtration and crystallization
techniques known to one skilled in the art. Examples of isolation techniques

20  which can be utilized can be found in U.S. Patent Nos. 4,400,555 (Mendiratta),
4,507,509 (Mendiratta), and 4,992,598 (Strutz et al), which are incorporated
herein by reference.

Any ion-exchange resin having appended sulfonic acid groups may be
utilized according to the present invention. Some of these are described in



6 U S. Patent No. 4,400,555 (Mendiratta), which is incorporated herein by
reference. The polynmer matrix of the resin itself may be forned of a
variety of materials, such as polystyrene; copolyners of styrene and

di vi nyl benzene; acrylic based pol yners; phenolic polyners; and Teflon[err]
type materials such 5 as, for exanple, tetrafluorocarbon or fluorinated

et hyl ene propyl ene polyners. Illustrative sl f onat ed pol ystyrene resins

whi ch can be utilized in the present invention are formed of copol yners of
styrene and di vi nyl benzene, the | atter conpound generally being enpl oyed as
a crosslinking agent at a 10 |evel of about 1% to about 50% by wei ght,
based on the tot&b. Magent Nei ght0o, S8%e (Megdiettay, whidslis nkidtgoadted I‘l&-_r@ml

enabl es hi gher tereQé'xg&PUfhé ﬁ&l%nér%é‘tr&pef (HURYS, JrL?egf:xtn' f Oceaque%vwety

pr event i ng “def or mat i on e’i on exchange resin (S¢S
commerci al |y avdfiBplesa P‘F%%P%'Falre%tcapnlm@emmﬁ seuehaagé dieinylisenzene;

i ncl ude: resins seylit bakddrpdlhekd; FIRABNE @/ﬁé@%f(ﬁ%ﬁ ®a§/&’, %‘é 5

resins, avai Ljabla§ ffom Rohgnlgng H%@ B2 resi , avgln roﬁk%o-lzmh
Cheni cal Company™” aid CEORAG BEre k'i%rloF o8 %o inated TREhyleng rpropytene
general ly purlflréd)’merfer to use by neans of repeat ed vvashl ng with several

vol urres of del oni 2ed maleass bfodded iy EXSHADURN cof OB AL, iRV

been treated with r[ﬂ_ﬂeated washi ngs se fo
aci d as descri bdfeFftingentRn arg foggedsogapARmersaf éwenmnémamylbenzene,
i ncor por at ed hertberatigr cmﬁpoendegenafa&l)abemgmf)ldyede%ea lcﬂitr.sﬁ?il@ih gngRnt @8ians

mhgg pr ednjged 196%10& hiodtSf 18 b6t SRRIGYSALERD Ha88F k0 ﬁgg?\g‘gﬁ,gg%

typically from aﬁ%ﬁlﬁlegféﬁ 10}‘ cr%’sgbbmg qfethe polyiher emblwhﬂgaagélmeghpubmheahso
be used in the W&ﬁﬂfﬂudd@"x@ﬂéﬁcﬁﬂ WREss $W§Pede§hn§"&é?@ﬂﬁa@ord&§’ % on kP

t he wat er washi resin Is use

ng ste fi gd When )i Q
wi t hout a pr edr;f%ﬁ‘é‘ S@?)c‘ % ﬁéa'F‘B S °fc%ﬂi"'6‘§’ﬂ%“¥/&t"é’c% epltonicsacid conkainingus
sol vent, such asioargxyhangss resivenivicludeh resigh saldc ahdemttzltrad reimial AMBERIENet
resin prior 0 t4e GOMBERIVSTORS[RAGVAAMble from Rohm and Haas; DOWEX resins,

available from Dow Chemical Company; and LEWATIT BG, available from
Bayer.

The resins are generally purified prior to use by means of repeated

washing with several volumes of deionized water prior to use. Ion exchange

20 resins that have been treated with repeated washings with base followed
with washing with acid as described in U.S. Patent No. 4,847,432 (Faler),
which is incorporated herein by reference, are also useful.

The ion exchange resins can be predried prior to use in the
condensation reaction in a standard method such as heating in a dry air

25 stream at elevated temperatures, typically from about 90°C to about 100°C.
The ion exchange resin can also be used in the present invention wet, that is,
without a drying step when the water washing step is utilized. When the ion
exchange resin is used without a predrying step, the resin can be dehydrated
by passing anhydrous solvent, such as anhydrous phenol, through a column

30 containing the wet resin prior to the condensation reaction.

A rate accelerator or co-catalyst is used in a preferred embodiment of
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

35 example, carboxyl. Sometimes a mixture of mercaptans is used. The
mercaptan can be present either as a free promoter in the reaction mixture or



A rate accelerator or co-catalyst is used in a preferred enbodi nent of the
present invention in order to effectively accel erate the condensation
reaction. A useful class of accelerators are mercaptans. The nercaptan can
be an al kyl nmercaptan and can have ot her non-al kyl noieties present such

as, for 35 exanpl e, carboxyl. Sonetinmesg a mixture of mercaptans is
used. The nercaptan can be present either as a free pronoter in the
reaction m xture or 7 can be bound to a polyneric resin such as the ion

exchange resin. An effective amount of free mercaptan present as a pronoter

is typically in the range of about 1;20 to 1:1 nole ratio of nercaptan to
ket one, al t houd®™ ﬁ% hounds toygopalymariq resir) sush st the fien @xrhanggergsgh  An
exchange resi nseffaativbanparriticfl free mergitdl peeshiit aeaironbtéhe gpidllgriaups on
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[err], wth exchgnpeomafricpresest iin thee firml regglien omixtusen afsamples of the
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out either im ardigecéf from about 3 milliequivalents of HY to about 5 milliequivalents of
Ht; per gram of dry resin. About 5% to about 35% or more, of the acid sites
are modified by reacting the acid sites with a mercapto group, for the case
when the mercaptan is bound.

The present process for conducting the condensation reaction of
20 phenol and 4-hydroxyacetophenone to form THPE 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 phenol to 4-
hydroxyacetophenone can range from about 4:1 to about 20:1 or an even
25 greater amount of 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. 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

30 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
reaction can be carried out at atmospheric, sub-atmospheric, or super-
atmospheric pressures. In general, the reaction is maintained under an inert

35 and preferably, anhydrous atmosphere in the reaction. In a continuous



saode or in a continuous process. Mol e rati os of phenol to 4-

hydr oxyacet ophenone can range from about 4:1 to about 20:1 or an even 25
greater anount of phenol. Substantially anhydrous reaction conditions can
be used whereby the water reaction by-product is naintained at |ess than 2%
t hrough the use of anhydrous feed stocks amgd anhydrous reaction conditions
known in the art. Exanples of reaction conditions can be found in U S.

Pat ent Nos. 4,375,567 (Faler), 4,391,997 (Mendiratta), and 4, 590, 303
(Mendiratta), all 30 of which are incorporated herein by reference.
Optinumresults are obtained for the condensation reaction when the
reaction tenper§2efian jopention apnslighidy welevatadopressure |is aptefemyedt t énsgre The
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sparging the re ' Wi I4NET such as, for. exanmle, d
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For removal of the water of reaction from the reaction mixture, a
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

20 reactor, collecting the wet effluent by evaporation and distillation followed
by returning the dry solvent to the reaction. In a batch reaction mode, the

distilled solvent can be recycled into the next batch or added back into the
same reaction.

of

Azeotropic removal of the water of reaction can be achieved in a
25 likewise fashion to sparging the reaction mixture. It is preferable that the
azeotropic solvent selected have an azeotropic boiling point lower than the
phenol utilized in the condensation reaction in order to prevent unintentional
loss of the phenol from the reaction mixture. Phenol can however be utilized
for the azeotropic removal of the water of the reaction with replacement of
30 the phenol in order to maintain the level of phenol within the preferred
range. Itis also preferable that the azeotropic solvent not be reactive towards
any of the chemical reagents or the THPE. Mixtures of solvents can also be
utilized. Reactor designs are known in the art for both batch and continuous
processes to recycle the azeotropic solvent either into the same reaction for

35 continuous removal of water or into a subsequent condensation reaction.



.For renoval of the water of reaction fromthe reaction m xture, a sparge of
dry inert gas through the reaction solution or ion exchange bed during the
reaction is sufficient to renove the water. Various reactor designs are
known in the art for both batch and continuous processes for sparging a 20
reactor, collecting the wet effluent by evaporation and distillation
followed by returning the dry solvent to the reaction. In a batch reaction
node, the distilled solvent can be recycled into the next batch or added
back into the sane reaction. Azeotropic renoval of the water of reaction
can be achieved in a 25 |ikew se fashion to sparging the reaction m xture.
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condensation _reacti on or %€$ec2§18done in steps at intervals d |ng

reaction. |t s PIFE8pos NEFhangs fexdn nprepafed 4P pESRH f”ég‘ dheer
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conver si on of t terrals 5 east
percent convert gangsyof iﬁl‘orfésafs"@éi SPY- tmabpule BHY Gt With agitations p'ﬁéﬁmryemhamgzu ng
a sul fonated ar qegihi canObdamiptoyd A REmCABHRINNI HTo about 50% or more by weight,

N-al kyl am 38" 9933¢q on Ea%\pelg{lt of the total mixture in instances where a batch process is
used. In a preferred procedure for making trisphenols in a continuous
manner, the ion-exchange resin can be used in a column which can be
operated at a temperature of about 50°C to about 100°C. The mole ratio of
reactants can vary widely, such as from about 3 to 1 to about 30 to 1 or more,

20 moles of phenol per mole of ketone. It is preferred, however, to use the
reactants at a mole ratio of about 5 to 1 to about 20 to 1 moles of phenol per
mole of ketone. The impurities present in the reaction mixture are generally
less than 30%, preferably less that 20% and most preferably less than 10%;
wherein the % by area of the impurities was determined by liquid

25 chromatography analysis using 254 nm UV detector (% impurities area of the
impurities times 100 divided by the sum of the area of the impurities and the
area of the THPE). The color bodies can be detected by UV spectroscopy in
methanol at 0.2 grams/10 mL. The absorbance of the THPE as precipitated
from the reaction mixture measured at 422, 500, and 600 nm is generally less

30 than 0.1, 0.1, and 0.1; preferable less than about 0.1, 0.01, and 0.05; and most
preferably less than about 0.06, 0.03, and 0.01, respectively.

One method of recovering the trisphenol reaction product, for
example, THPE, is by crystallizing the trisphenol reaction product from the
reactor effluent. Another procedure involves the partial distillation to

35 remove the phenol followed by recrystallization of the residual trisphenol
using methanol, methanol/water, ethanol, ethanol/water, 2-propanol, 2-



as the ion exchange resin, a mxture of phenol and ketone can be heated in
the 10 presence of the cation-exchange resin prepared in accordance with
the practice of the present invention. There can be utilized 4-20 nol es of
t he phenol per nole of the ketone which can be heated at a tenperature in
the range of fromabout [err] to about [erxd with agitation. The

| on-exchange resin can be enpl oyed at from about 0.1%to.about 50% or nore
by wei ght, 15 based on the weight of the total m xture in instances where
a batch process is used. In a preferred procedure for making trisphenols in

a continuous manner, the ion-exchange re n be used ,in a colum which
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et hanol / watisr ﬁaﬁhtg)am:ﬁena& couldlBe recycled into subsequent trisphenol synthesis
reactions.  Non-limiting examples for the non-solvent include both
halogenated and non-halogenated lower alkyl and aryl solvents. Preferred
non-solvents include, for example, 1,2-dichloroethane, dichloromethane,
toluene, and xylene. Especially preferred are the lower alkyl halogenated
20 solvents, including 1,2-dichloroethane, dichloromethane.
The branched polycarbonates comprise structural units of the formula

V)

o
V) —R3—O—g—0—

25
wherein R3 is a mixture of divalent organic radicals and trivalent organic
radicals.
Suitable R3 values in formula (V) include ethylene, propylene,
trimethylene, tetramethylene, hexamethylene, dodecamethylene, 1,4-(2-
30 butenylene), 1,10-(2-ethyldecylene), 1,3-cyclopentylene, 1,3-cyclohexylene,
1,4-cyclohexylene, m-phenylene, benzene-1,4-dimethylene (which is a
vinylog of the ethylene radical and has similar properties) and similar
radicals such as those which correspond to the dihydroxy compounds
disclosed by name or formula (generic or specific) in U. S. Patent 4,217,438,
35  the disclosure of which is incorporated by reference herein. Also included



propanol / wat er, phenol, phenol/nethyl ene chloride, or phenol/1, 2-

di chl oroet hane 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 THPE and ot her
trisphenols. If 5 desired, in addition tg I nst ead of
recrystallization, the crude trisphenol %tlon product sol ution or the
trisphenol dissolved in a suitable solvent can be treated with activated
carbon or a sodi um borohydride solution as illustrated by U S. Pat. No.
4,992,598 (Strutz, et al). For another enbodi nent of the present invention,
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1, 2-di chl or oet hane r onet han ol uen
preferred are tReeferahie ingfudg these bg\élnsttb@f%'mu‘aé‘dnvent s, incl ud| ng
1, 2-di chl or oet hane, di chl oronet hane. The branched polycarbonates conpri se

structural units of the f la (V): erein [err] is a mxture of
i Bani ¢ radi cal s(hd Bt

di val ent orb%nic radicals trival ent Cc radicals. Suitable R3
values in formula (V) include ethylene, pr opyl ene, trinethylene,
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pentyl ene, "1, 3-cycl ohexy] ene,

1, 4- cycl ohexyl eﬂé’“dﬂ‘ﬁﬁé’ﬁ‘}!céh’é‘ whishsieeor tie ﬂfor%% $RpasHe rEhALs H‘Wﬁrﬁ"}ll og
of the ethyl ene vakgice Bbnds th Famula fVl)aire psapkty in €5 matdospatial psitions of Al

15 and A2 in relation to Y.

In formula (VI), the Al and A2 values may be unsubstituted phenylene
or substituted derivatives there of, illustrative substituents ( one or more)
being alkyl, alkenyl, halo (especially chloro and/or bromo), nitro, alkoxy and
the like. Unsubstituted'phenylene radicals are preferred. Both Al and A2

20 are preferable p-phenylene, although both may be o- or m-phenylene or one
o- or m-phenylene and the other p-phenylene.

The bridging radical, Y, is one in which one or two atoms, preferable
one, separate Al from A2, It is most often a hydrocarbon radical and
particularly a saturated radical such as methylene, cyclohexylmethylene, 2-

25 [2.2.1}-bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene,
cyclohexylidene, . cyclopentadecylidene, cyclododecylidene or
adamantylidene, especially a gem-alkylene (alkylidene) radical. Also
included, however, are unsaturated radicals and radicals which contain
atoms other than carbon and hydrogen; for example, 2,2-dichloroethylidene,

30 carbonyl, phthalidylidene, oxy, thio, sulfoxy and sulfone. For reasons of
availability and particular suitability for the purposes of this invention, the
preferred radical of formula (V1) is the 2,2-bis(4-phenylene)propane radical,
which is derived from bisphenol A and in which Y is isopropylidene and Al
and A2 are each p-phenylene.

35 In the present invention, the polycarbonate comprises R3 radicals
comprising divalent radials of formula (VI) and trivalent radicals of formula



radicals such as those which correspond to the di hydroxy conpounds

di scl osed by nane or fornula (generic or specific) in U S. Patent
4,217,438, 35 t he di sclosure of which is incorporated by reference
hereln Al so incl uded are radical s containing non-hydrocarbon noi eti es.
These may be substituents such as chloro, nitro, al koxy and the |ike, and
al so linking radicals such as thio, sulfox’y2 sul fone, ester, am de, ether
and carbonyl. Mst often, however, all R3 radicals are hydrocarbon
radicals. 5 Preferably at |east about 60% and nore preferably at

| east about 80% of the total nunber of R3 values in the cyclic oligoner

m xtures, and e ai S |
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and the |ike. UNUBEENG CI&HB- radi cal s are preferred. Both [err]
and [err]. 20 are pfled pbl@t;claebqwbéseo@/tl"mpresaht roweghobhatah braprdgmred Wy the

h I
g‘; P dgp%gep: dlo(r:aﬂ%’zl?@’n o4& bf?g%ﬁ@%?r&ﬁ;h@ﬂglstxﬂ&&teh@&hl% &?9&}’1{; Flach ﬁoﬂ?& The

separate [é&i%] bxﬁah?rp@f% risphenels npipsyrecire ap paewyaﬁldﬁﬁsseheci aaddhe cafmnlc

%lrtlfgl gr Iﬁ/ g_ @@altkroatr@dcar@% gmo.aa;;ﬂ&tnbylcsﬂmawct’@ ¥dtomBtddydatnee 2-
. 2. - IC cl oh

IO ene,
neopent yl i dene, P GSP@F% é’é%//ﬁd‘é?. Sespe“h(??é?'gpgm Sffed{}ﬁ aroma%c diesters of
cycl ododecyl i degarbonic oractianmnt ythe depesserapecifal Ibasia gemawskwl ewith the

(al kylidene) r agisﬁﬁ‘enolsf{r%?;hbﬂ&' sUdgdxndleVeYsT  gffe® YigRt UpRli&idadiwéight and

radi cal s which co
15 po ycarbonates Solution polymerization processes can be used which

comprise phosgenation of the bisphenols/trisphenols mixture in a mixture of
a chlorinated hydrocarbon and a base, for example, pyridine are known.
Interfacial polymerization can also be utilized which comprises phosgenation
of sodium salts of the bisphenols/trisphenols mixture in an aqueous alkaline
20 solution or as a suspension in an inert organic solvent. Phosgene free
synthetic routes utilizing carbon monoxide with the aid of catalysts can also
be used. Polymerization of macrocyclic polycarbonates can also be used to
make higher molecular weight polycarbonates of the present invention.
All patents cited by reference are incorporated by reference herein.
25 In order that those skilled in the art will be better able to practice the
invention, the following examples are given by way of illustration and not by
way of limitation.



atomnms ot her than carbon and hydrogen; for exanple, 2,2-dichloroethylidene,
30 carbonyl, phthalidylidene, oxy, thio, sulfoxy and sul fone. For reasons
of availability and particular suitability for the purposes of this

i nvention, the preferred radical of formula (VI) is the

2, 2- bi s(4-phenyl ene) propane radi cal, which is derived from bi sphenol A and
in which Y is isopropylidene and [err] andA2 are each p-phenylene. 3 5

In the present invention, the polycarbonate conprises R3 radicals
conprising divalent radials of fornula (VI) and trivalent radicals of

formul a 12 (1V), as previously described. The preferred divalent radials
are derived from bi sphenol A and the prgtgmmcd ri val ent radicals are

deri ved from THRE. e preferred range T dr . to l-valent radicals is
from about 100%%?%{%‘”{‘%‘5 %,eéazﬁt,piqse r‘ga??%@%m} QI ﬂ’d’ uHpe N 18D eXRANgeand
t he nost prefercadalystange is 5 from about 200-340:1 ; based on a nole to.

nol e ratio. The | nononers is determned by the ultimte
properties thatcgé %t by tiQ’;\'the final branched pol égveric resin. The
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gar bﬁnl CI ?f'd 2.'hn ?R@mﬂéfmf r@fna_ixlﬂﬂg'vﬁateﬁa;aﬁlr)fﬁtto%ed‘ﬂytd}yiﬁ fhelresin

i sphenol s/trisphenols, mxture t LYE [ ecylar” wei g
pol ycar bonat®s. In &Eprsesd Gif PN §é?|918¥ %fﬁc@s@e&oﬂﬁin%@“ﬁg@ﬂk‘ﬁm‘% I’?? the
conpri se phosgenalin atmyodcciheHehgng emekeks of Hii€rahgesulkintesin dxidatio) ur e of
a chiorinated hydrocgihon ,andyd Raseyal Urick SR M Il %% fo KNMIum
Interfacial polymnerization ¢an al'so be utilize I'ch conprises

phosgenati on of o¥edi um salts of the bi sphenols/trisphenols mxture in an
aqueous al kaline 20 solution or as a suspension in an inert organic

solvent. PhoS0e s atpie 1. Preparation Of THPE. |
A mixture of 94 g (1.0 mol) of phenol, 531 g (0.0500 mol) of 3
mercaptopropionic acid, 10 g of Lewatit BG ion exchange resin and 1.0 g of
2.6-dimethylnaphthalene (internal standard for liquid chromatography
analysis) was heated under a static nitrogen atmosphere to 65°C in a round
20 bottom flask equipped with a condenser, an internal thermometer and a
mechanical stirrer. To this mixture was added 11.35 g (0.08336 mol) of 4-
hydroxyacetophenone. The mixture was stirred with heating while samples
were obtained periodically. Three to four drops of the reaction solution was
added to 10 mL of acetonitrile for liquid chromatography analyses. After
25 about 8 hrs., the reaction mixture was separated from the ion exchange resin
by filtration and the THPE was isolated by the addition of methylene chloride
(about 400 mL). The results monitoring reaction completion versus
Comparative Example 1 are found in Table I The THPE was washed with
additional methylene chloride and dried. To determine the level of color
30 bodies, 0.2 grams of THPE was dissolved in 10 mL of methanol and the UV
absorption was measured at 422, 500, and 600 nm. The results measured at
different wavelengths can be found in Table IL

Comparative Example 1:

35 The following is an example of the preparation of THPE using HCL. A
solution of 94 g (1.0 mol) of phenol, 1.2 g (0.011 mol) of 3 mercaptopropionic



synthetic routes utilizing carbon nonoxide with the aid of catal ysts can
al so be used. Polynerization of macrocyclic polycarbonates can al so be used
to make hi gher nol ecul ar wei ght pol ycarbonates of the present invention.
Al'l patents cited by reference are incorporated by reference herein. 25
In order that those skilled in the art wil], be better able to practice the

I nvention, the foll ow ng exanples are gi vert by way of illustration and not
by way of limtation. 13 EXAMPLES The foll owi ng are exanpl es of the
formati on of THPE using an ion exchange catal yst. Catal yst preparation. 5
The ion exchange catal yst was prepared as follows: 1. The resin was
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was washed with additional methylene chloride and dried. To determine the

level of color bodies, 0.2 grams of the washed THPE was dissolved in 10 mL

of methanol and the UV absorption was measured at 422, 500, and 600 nm.

(note Table II for color body data.)

15
Table L
Composition of THPE Reaction Products With Time (a)
Example 1. Comparative Example 1.
Reaction time (hrs) | % THPE (b) | % Impurities (¢} | % THPE(b) | % Impurities (c)
1 81 19 19 81
2 91 9 18 82
4 93 7 22 78
6 92 8 34 66
8 90 10 33 67

a. Results obtained on a LC using a UV detector at 254 nm.
b. % THPE = 100 x area from THPE peak divided by the sum of the
20 areas of the THPE and impurities peaks
c. % impurities = 100 x area from impurities peaks divided by the sum
of the areas of the THPE and impurities peaks

Example 2. Preparation of THPE in a continuous reactor.

25 To a jacketed reactor containing 398 grams of Lewatit BG ion exchange resin
at about 65°C was fed a solution of 1500 grams (15.9 moles) of phenol, 181.12
grams (1.33 moles) of 4-hydroxyacetophenone and 2.7 grams (0.025 moles) of
3-mercaptopropionic acid at 0.7 grams/minute. About 3 to 4 drops of
reaction product was dissolved in 10 mL of acetonitrile for liquid




were obtained periodically. Three to four drops of the reaction solution
was added to 10 nlL of acetonitrile for liquid chromatography anal yses.
After 25 about 8 hrs., the reaction m xture was separated fromthe ion
exchange resin by filtration and the THPE was isolated by the addition of
met hyl ene chl oride (about 400 nL). The results nonitoring reaction

conpl etion versus Conparative Exanple 1 arefound in Table |I. The THPE was
washed with additional mnmethylene chloride and dried. To determ ne the |evel
of color 30 bodies, 0.2 granms of THPE was di ssolved in 10 nL of nethanol
and the UV absorption was neasured at 422, 500, and 600 nm The results

d at di f f '
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was added to 10Thdse @ésidBahedvuréd hedifRirent Wavdlertgtho BB 26 BRTYuRd Al Ya61R 1L
After about 8 hrs., the reaction mxture was separated fromthe ion
exchange resin by f| ltration and the THPE was 10 | sol ated by the addition
of nethyl ed® chloride (about 400 nl). ThEablePE was washed with additi onal

met hyl ene chloride and dri edypbebdel®t THIEE RQEct{ Vlexlod‘&fcts‘igj or bod| es, 0.2

grans of the washed THPE was grssotved 710 F—methanor—and—the—yV
absor pti on was|_fexelength{am)o» Example 3, Example? (GempamtieExampled ¢ol or
body data.) 15 422 0.055 0.044 1.710

500 0.027 0.024 0.457

600 0.010 0.010 0.201

a. The THPE reaction products (0.2 grams) were dissolved
in 10 mL of methanol.

15 Liquid chromatographic analyses were performed on the samples
obtained from the reaction mixtures using standard chromatographic
techniques known to one skilled in the art. Analyses of the HCI catalyzed
reaction revealed the presence of both the phenol and 4-
hydroxyacetophenone starting materials and THPE. As indicated by the data

20 in Table L there was an impurity that persisted to be present in the reaction
mixture, irrespective of the length of the reaction time. By comparison,
analyses of the samples from the ion exchange resin catalyzed reaction
revealed the presence of both the phenol and 4-hydroxyacetophenone starting
materials and THPE, however, surprisingly, the impurities found in the ion-

25 exchange catalyzed reaction were at dramatically lower levels throughout the
reaction time. As noted in Table II, the level of the color bodies in the final
product were unexpectedly greatly reduced as shown by the lower
absorbance levels obtained at 422 to 600 nm. The reduced level of color

bodies translates into a lower level of color in the final product.
30



Table |I. Conposition of THPE Reaction Products Wth Tine (a) Exanple 1.
Conparative Exanple 1. Reaction tine (hrs) THPE (b) % Ilnpurities (c) %

THPE (b) % Inpurities (c) 1 81 19 19

81 2 91 9 18 82 4 93

7 22 78 6 92 8 34

66 8 | 90 10 336 67 a. Results obtained
on a LC using a UV detector at 254 nm b. % THPE = 100 x area from THPE
peak divided by the sumof the 20 areas of the THPE and inpurities

peaks c. % inpurities = 100 x area frominpurities peaks divided by the sum
%PtEhfna;eginﬂ%g_ﬁ»gr_ﬂgi Aibatd M bt IT¥IPR B E&@@ﬁ&;{x@ha e paaRist Amdoh
I . a | acketed reactor contalning 398
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}15g3d?{) igcha tlgpﬁ Awktasy off 9@3@“1& (1L81mdD of gutenpl,. 331ngl €0508f mol) of 3-
- . 2. . af h oni
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di ssol ved i & 10 éridimethiderpithalenee (gernel gelpgdar Torch t GRFORASAPRY
?nglslt isés B\{e rL gnaa‘tl)fbﬁi)'ﬁgggh@&téd gb?_%ui 534(33{'{‘ % :ieuili&&xbltiﬁﬁﬂ flaclo dguaipped ndith e
rit re as def | ne n Ta . he r | OL: d wa
precipitated i n‘ﬂ‘éhﬁﬁ?mlsﬁﬁé‘"(ﬁﬂ b’?tf”éféaq(t Bgn?mf?em}%? an%ﬁ%ﬁ%?ﬁé %}MQ%?I 5‘3{ G >
grams of reactilutiomdwas JconfineoT$PEsprrged swiitht aétregers (uingt # adipobalathed
with methyl ene hlRd it e 8dhid hidfle' Whildded 1rasly @e36!mblbolies,

0.2 granms of th react1on prQduct was dissolved in I0 mef hanol

and the UV lbsohydsryasiapbenosioned g musbiresygs aftresh gt 0“%6&@% Y’é@hlﬁ?es

neasured at di f hRrdpeh spavel rabbsat 8 ars. Al lso THPH was tsolated iy predipitation with
methylene chloride (4 mL/1 g of reaction mixture) and the yield is given in
Table I1L

15 Comparative Example 2. Preparation of THPE Using an ion exchange
catalvst with no water removal.
A mixture of 94 grams (1.0 mol) of phenol, 531 g (0.0500 mol) of 3-
mercaptopropionic acid, 10 g of LEWATIT BE ion exchange resin and 1.0 g of
2,6-dimethylnaphthalene (internal standard for liquid chromatography

20  analysis) was heated to about 65°C in a round bottom flask equipped with a
condenser, an internal thermometer and a mechanical stirrer. The solution
was held under a static nitrogen atmosphere and stirred at about 65°C for
about 8 hrs. after which the THPE was isolated by precipitation with
methylene chloride (4 mL/1 g of reaction mixture). The yield is given in

25 TableIIL

Comparative Example 3. Preparation of THPE Using an ion exchange
catalysts with no water removal.
A mixture of 94 grams (1.0 mol) of phenol, 531 g (0.0500 mol) of 3-
30 mercaptopropionic acid, 8.5 g(0.083 mol) of acetic anhydride, 10 g of
LEWATIT BE ion exchange resin and 1.0 g of 2,6-dimethylnaphthalene
(internal standard for liquid chromatography analysis) was heated to about
65°C in a round bottom flack equipped with a condenser, an internal
thermometer and a mechanical stirrer. The solution was held under a static
35  nitrogen atmosphere and to this mixture was added 11.35 g (0.8336 mol) of 4-
hydroxyacetophenone. The mixture was stirred at about 65°C for about 8 hrs




10 Table I'l. Absorbance of THPE Reacti on
Products (a) Wave length (nn) Exanple 1 Exanple 2 Conparative Exanple 1 422

0. 055 0. 044 1.710 500 0. 027 0. 024
0. 457 600 0. 010 0.010 - 0.201 a. The THPE reaction
products (0.2 grans) were dissolved in 10 nL of nethanol. 15 Li quid

chromat ogr aphi ¢ anal yses were perfornmed on the sanples obtained from the
reaction m xtures using standard chronmat ographi ¢ techni ques known to one
skilled in the art.. Anal yses of the HC catalyzed reaction revealed the
presence of both the phenol and 4- hydroxyacetophenone starting
materials and THPE. As indicated by the data 20 in Table |, there was an
impurity that persisted to beffresent in the reaction mxture i rrespective

of the length aftef wehichthe THPE wae isqigted diyparacipiktiognwithgasthylenerchleride) | es

fromthe ion ex£henye grefsesctda dixtday. Thagidldns gRéadhddbld Bl presence of
both the phenol and 4- hydroxyacet ophenone starting materials and THPE,

however, surprisingly, the |npur|t|es found in the ion- 25 exchange
catal yzed r eactGamparativeaExainpleid. c dltepatatinn APE gughoon exchange
reaction tige. Aa1v@h&th hB wabt fedhévall he Ievel of the col or bodi es in t he

absor bance | cvek SHHNE MLV EHS () oBebnt PRFBohcdlc GRIEY BeDcal o
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5.31 g (0.0500 (inseynadstandand fer biquis ehiumitegeanty, analygjslowvas beaterTtopgbg

exchange resin ¢°d fh & Go@hd bottom flack equipped with a condenser, an mternal
thermometer and a mechanical stirrer. The solution was held under a static
nitrogen atmosphere and to this mixture was added 11.35 g (0.8336 mol) of 4-
hydroxyacetophenone. The mixture was stirred at about 65°C for about 8 hrs
following which the THPE was isolated by precipitation with methylene

15 chloride {4 mL/ 1 g of reaction mixture). The yield is given in Table IIL
Comparative Examples 3 and 4 show that typical methods used to

remove or react with water using an orthoester or an anhydride as organic
sponges did not lead to satisfactory results.

20 Table IIIL.
Preparation of THPE Using Ion Exchange With and
Without Various Methods Of Water Removal

Comparative | Example 3 | Comparative | Comparative
Example 2 Example 3 Example 4
Method of None Nitrogen Acetic Trimethylortho
Water Removal Sparge Anhydride acetate
% Yield 25 48 24 16

Comparative Example 5. Preparation of THPE Using HCI gas.
25 A mixture of 10 grams (0.11 mol) of phenol, 0.12 g(0.0012 mol) of 3-
mercaptopropionic acid and 0.1 g of 26-dimethylnaphthalene (internal

standard for liquid chromatography analysis) was heated to about 55°C in a
round bottom flask equipped with a condenser, an internal thermometer, a
dip tube and a magnetic stirrer. The solution was saturated with dry HCl gas
30 for about 3 hrs followed by the addition of 1.2 g (0.0088 mol) of 4-
hydroxyacetophenone. The mixture was stirred at about 55°C for about 12



5 2,6-dinethyl napht hal ene (internal standard for |iquid chromatography
anal ysis) was heated to about [err] in a round bottom flack equi pped with a
distillation setup, an internal thernoneter and a nechanical stirrer. The
sol ution was continuously sparged with nitrogen (using a dip tube) to
renove the water. To this m xture was addgg 11.35 g (0.8336 nol) of 4- 10
hydr oxyacet ophenone. The m xture was stirred at about [err] with the
nitrogen sparge for about 8 hrs. The THPE was isol ated by precipitation
with methyl ene chloride (4 m./1 g of reaction mxture) and the yield is
given in Table Il11. 15 Conparative Exanple 2. Preparation of THPE Using an
i on exchange chrsawhile the HGljad ditigrervas epplimted Ahres taifaurstrops ofythemeagtiorn
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t he THPE was éél@&éa_iby $ %

LR RE] HBE W an8a% ANy |

gea(I;t lon m xt u[n%hl_?_ﬁ%hyn@dgbq:)szxg@t@pd mm&no&awal&eﬂ . Corrpar ative Exanpl e
reparation 0 an_1op £X ta

renoval . A m X urmlx(g‘f“eQAL?J% wgll%sra‘(‘i ﬁo &Ef ﬁB?IySde%lg(BB?BPdgm% %IB) of
3- 30 nercapt omropptoprepigpicd acigl sing( @- ¢£|2)6-dfmetb¢tna@?@hﬁdyml(detenm g
of LEWATI T; BE Is%d%mhams‘;@&wa 9§[Ja o anmvazs)&vsk H@&t@&'tﬂ%@hh%@ﬁ\ a

(internal standard,f or ra nal ysi s ated to about
[err] in a rour’iﬂ“B@t@S"rﬂ“f é’k e&&tﬁﬂr}%eh’qm g ﬁ%é}g‘é'é??deﬁ%éﬁlter% t?‘ﬁ’f‘@?'ﬁ‘& er, a

t her nonet er andlip tibeandiaaaagsdticrstierer. The sehition wias watardted dvitindey HClsgaat i C

S 47 by PSS 0, K 1 Rl . G (R )

e was for_about
8 hrs hy roxyacetophenone The mixture was stirred at about 55°C while

15 addition was continued. After about 7 hrs, 6.3 mL of EDC was added and
vacuum was applied to remove the water/EDC azeotrope over about 1.5 hus.
The HCl was added to continue the reaction for an about an additional 3.5
hrs. Three to four drops of the reaction mixture was removed with time over
the course of the reaction, diluted with acetonitrile and used for liquid
20 chromatography. The yield over time is given in Table IV.

Example 5. Preparation of THPE Using HCl gas and the Water/Phenol
azeotrope to Remove Water.
A mixture of 200 grams (2.13 mol) of phenol, 1:51 g(0.0142 mol) of 3-
25 mercaptopropionic acid was heated to about 50°C in a round bottom flask
equipped” with a condenser, an internal thermometer, a dip tube and a
mechanical stirrer. The solution was saturated with dry HCI gas followed by
the addition of 12.1 g(0.0890 mol) of 4-hydroxyacetophenone and 1.0 g of 2,6-
dimethyinaphthalene (internal standard for liquid chromatography analysis).
30 The mixture was stirred at about 55°C and after about 6 hrs, a vacuum was
applied to remove the water/phenol azeotrope over about 1.25 hrs. Then,
HCl was added to the reaction for about 10 hrs (overnight). The reaction was
continued for about an additional 3.5 hrs. Three to four drops of the reaction
mixture was removed with time over the course of the reaction, diluted with

35 acetonitrile and used for liquid chromatography. The yield over time is given
in Table IV.




17 after which the THPE was i sol ated by precipitation with nethyl ene

chloride (4 nL/ 1 g of

reaction mxture). The yield is given in Table II1.

Conparative Exanple 4. Preparation of THPE Using an ion exchange 5

catalyst with no water renoval.
5.31 g (0.0500 nol) of 3- nercaptopropioni
ort hoacet at e,
2, 6- di et hyl napht hal ene (i nternal
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5 Ardsxturejof 10 granms (0.11 nol) of7 phenol, 0.12
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a % yield determined by LC.
b EDC was added after the 7th hour sample and then
distilled out to remove the water of reaction.

89

¢ After the 6th hour sample, vacuum was applied to
distill out the water as the phenol/water azeotrope.

As noted by the data in Table IV, removal of the water from an acid

catalyzed condensation reaction leads to an extremely high conversion to
THPE.

Comparative Examples for the Preparation of Bis-Phenols.

The following experiments demonstrate the results for water removal
for bis-phenol condensation reactions. The bis-phenol reactions were carried
with and without a nitrogen sparge to remove the water of reaction (Table V).
As demonstrated by these data, in the case of bis-phenol condensations, there
is no advantage in removing the water of reaction. One skilled in the art
would expect from this data that there would be no benefit in removing the

water from general trisphenol condensation reactions, and in particular, the
THPE condensation reactions.

Comparative Example 6. Preparation of BPA Without Water Removal.
A mixture of 112.8 grams (1.19 mol.) of phenol, and 12 g of Lewatit BG ion
exchange resin was heated to about 65°C in a round bottom flask equipped

sNi trdgen 50 Acetic 17¢Tri et hyl ort ho



dip tube and a magnetic stirrer. The solution was saturated with dry HC
gas 30 for about 3 hrs followed by the addition of 1.2 g (0.0088 nol) of
4- hydroxyacet ophenone. The m xture was stirred at about [err] for about 12
18 hrs while the HO addition was continued Three to four drops of the
reaction mxture was renoved with tinme ovegothe course of the reaction,
diluted with acetonitrile and used for liquid chromatography The yield over
time is given in Table I1V. 5 Exanple 4. Preparation of THPE Usi ng HC gas
and the Water/ 1, 2- Dichl oroethane (EDC) Azeotrope to Renove Water. A

t f 10 11 | 0.12 0. 001 »l) of 3-
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addi ti on was conti nued. After about 7 hrs, 6.3 nL of EDC was added and

vacuum was applied to renove the water/EDC azeotrope over about 1.5 hrs.
The HO was addedmparativg Exarepldid __mratmm <bbBPArW3bdi]te Ramowd iQfi Wiatkdr. 3. 5
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sparged through the mixture to remove the water of reaction The progress of

the reaction was followed with time by LC analysis on samples removed with
15 time (Table V).

Table V.
Preparation Of Bisphenol A With and Without
The Removal Of Water Using A Nitrogen Sparge (a.).

Wt % BPA In Reaction Mixture
Comparative Examples 6 Comparative Example 7
Reaction Time (hrs) Static Nitrogen Nitrogen Sparge

1.0 9.1 6.0

15 10.2 8.7

2.2 11.5 10.1
— 2.5 12.2 11.3

3.1 12.2

20
As seen by the data in Table V, removal of the water of reaction for
bisphenol preparation does not lead to an increased yield of the bisphenol. In
the experiments illustrated above, the nitrogen sparge to remove the water of
reaction (Comparative Example 7) showed no observed improvement in the
25 conversion as compared to the control without the sparge (Comparative
Example 6). From these illustrative data for the preparation of bisphenol it
would be expected that THPE would likewise show no improvement in yield
for reactions in which the water of reaction is removed.



nechani cal stirrer. The solution was saturated with dry HO gas foll owed by
the addition of 12.1 g(0.0890 nol) of 4-hydroxyacet ophenone and 1.0 g of
2, 6- di net hyl napht hal ene (internal standard for |iquid chromatography

anal ysis). 30 The m xture was stirred at about [err] and after about 6
hrs, a vacuum was applied to renove the water/phenol azeotrope over about
1.25 hrs. Then, HO was added to the reactilon for about 10 hrs (overni ght).
The reaction was continued for about an additional 3.5 hrs. Three to four
drops of the reaction mxture was renoved with tine over the course of the
reaction, diluted with 35 acetonitrile and used for |iquid chromatography.
The yield over tine is given in Table IV. 19 Table I'V. Preparation of
THPE Usi ng HC Gas th and. Wt hou V\arte ) earton Ti-me(hrs)

Conpar ati ve g@g—%ﬁc’ On O e lERaTeC Y AN, 2
4 AHBE was prepared by2the reaction (940 grams (1( eral] of7 phenol, 1.6

E;gr r1]7 5-525 grams (0.015 mol) of 3-mercaptopropionic§%cic%?and 113.5 g (0.88%%hol) of 4-

89 a % §i elydauoacaiopbanage s using HCl gas. Fogtigns pf the pheaoldFRFE ( he
7th hour sanpl enixturetwanadideat td thedobuenty listed i Tablel ¢l at20.25 gefmy efipdactivn C
After the 6th ; i | SLill t nat as
LT, L1 A B, MEEABRAAREN 1 Hhabhl P U kDt B
renoval of the rmrépdfqrrgﬁ]t@m paedyct was isolated, washed with the solvent used for
precipitation, and dried. The yields were recorded in grams product/gram
10 of reaction mixture. To determine the level of color bodies, 0.2 grams of
THPE was dissolved in 10 mL of methanol and the UV absorption was
measured at 422, 500, and 600 nm.

32

Table VI,
15 Isolation of THPE by Precipitation.
Product absorbance (c.)
Precipitation Yield (b.) 422 nm 500 nm 600 nm
Solvent (a.)
acetonitrile no ppt.
water no ppt.
1PA no ppt.
MEOCH no ppt.
EDC 0.0744 117 0.267 0.0622
MeCly 0.0803 1.1473 0.26228 0.071
70/30 . no ppt.
MeOH/H-O
CCly 0.0744 3.619 1397 0.26105
Heptane 3 phases
DMF no ppt.
THF no ppt.
73/30 no ppt.
H,0/MeOH
CHCI 0.0688 1.3375 0.30652 0.08853
chlorobenzene 0.0797 2.01122 0.58212 © 0.15343
a. Reaction effluent/ precipitation solvent = 0.25 grams/mL.

b. Yield in grams of product per grams of reaction effluent.



.catal yzed condensation reaction |eads to an extrenely high conversion to
THPE. Conparative Exanples for the Preparation of Bis-Phenols. 15

The foll owi ng experinments denonstrate the results for water renoval for
bi s- phenol condensati on reactions. The bis-phenol reactions were carried
with and without a nitrogen sparge to renove the water of reaction (Table
V). As denonstrated by these data, in the?dase of bis-phenol condensations,
there is no advantage in renoving the water of reaction. One skilled in t he
art 20 would expect fromthis data that there would be no benefit in
renoving the water from general trisphenol condensation reactions, and in

particular, the THRE co RRG: Q}@ﬂ@
Preparati on of BPA g{ é\ ggniiwyelfg%mvaé&%ve m@tﬁ% ﬁg%&t%or g‘nlf;

(1.19 rnol.) of phen )2 g of Lewatit BGion exchange resin was heated
to about [err] in a round bottom flask equi pped 20 with a condenser, an
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(400 ppm) P 3additperbpt-bpedhilee a&l)jo ﬁdhﬁd@"yﬁ plenomendibe rafxtaEPewaﬁe
The sol uth ion vvaﬁn@alatraeduV\ALB%efoﬂabé@tgehomsNﬁnaﬂ&eHGl Additith tvbecmmtwce to
renove the wat on pro ess o action W th
time by LC anaﬁ%’gﬁ%n ?Cté re%%h?% oV fém%tv F‘fg}e ‘thgb?c\Ag%teg n%vetg‘e
solvents listed in Table VII at 1 mL of reachon mixture / 4 mL of precipitation
solvent. After about 24 hours, the product was isolated, washed with the
15  precipitation solvent, and dried. The yields were recorded in grams product
/mL of reaction mixture. To determine the level of color bodies, 0.2 grams of
THPE was dissolved in 10 mL of methanol and the UV absorption was
measured at 422, 500, and 600 nm.

20 Table VII
Isolation of THPE by Precipitation
Product absorbance (c.)
Precipitation
solvent (a.) Yield (b.) 422 nm 500 nm 600 nm
Toluene . 0.2950 3.93 388 0.56
EDC 0.2480 1.07 041 0.06
MeCly 0.2370 1.17 0.56 0.05
a. Reaction effluent/ precipitation solvent = 0.25 mL/mL.
b. Yield in grams of product per mL of reaction effluent.
c. By UV-Vis at indicated wavelength (0.20 grams product /10 mL
25 of methanol).

Example 7. Isolation Of THPE prepared by the Ion Exchange Resin process.

In another experiment, a mixture of 94 grams (1.0 mol) of phenol 5.31 g 0.0500

mol) of 3-mercaptopropionic acid, 10 g of Lewatit BG ion exchange resin and
30 1.0 g of 26-dimethylnaphthalene (an internal standard for liquid




Tabl e V. Preparation O Bisphenol A Wth and Wthout- The Renoval O Water
Using A Nitrogen Sparge (a.). W % BPA In Reaction M xture Conparative
Exanples 6 Conparative Exanple 7 Reaction Tinme (hrs) Static Nitrogen

Ni trogen Sparge 1.0 9.1 6.0 1.5
10. 2 8.7 2.2 11.5 10. 1
2.5 12. 2 1.3 3.1

12.2 20 As seen by the data in Table V, renoval of the water of reaction
for bisphenol preparation does not |lead to an increased yield of the
bi'sphenol. In the experinents illustrated above, the nitrogen sparge to
renove the water of reaction (Conparative Exanple 7) showed no observed

i nprovenent in thenographyvanadyws) was beatpdrteabbat 657 toatroohd Wotthouflagkhe
spar ge (Oorrpara

preparation of % %I%Jééaﬂﬁh% (\?;\%h lé}i(gmétnx%ect eééﬁl%g?%%ﬂ%&& fndj ?I kéé\?\nggxecalshow
no i nprovement PHIRFelk ef%ﬂ‘“’i‘%@taiscﬁ% nHOWHY sparges withepiteggendauting dip

r enmoved. 21 Eiedmb Q‘eﬁwvé smé flater) tofthiEHiREtirecwas edd@d/ maslgq() 8386 &esly ofl HPE

was prepar ed by of 94 [ ans 1 a
(0.015 nol) df §t§€rr8§ opro |on?cgg% Andc113> §)‘" Oggégouf P%CG?&I&'
hydr oxyacet opheﬂi@*ﬁ@g%(t spange] faysibeayt liChogesefollegred Mslsefaqoheobﬁmaﬁ Vi

m xture was add n&ﬁ@n $R kLSS [T ehts T8 irﬂTJlﬂ@'\ledl AL & ?eﬁcﬁﬁr@ﬁﬁx@fre/'i
reacti on m xtur E@H% solv nt After 24 h

;
precipitate was “P haurs epR’BGHEttwﬂéé”ﬁ%tS‘fl'a\?’éﬁ[P ﬁh’é‘i’i‘e‘g‘e\ﬂrﬁpttﬁ@“
sol vent used f orsopredt,i pid addied, el yiklde dwerkh eecpirdédi Snvgraes grodakedmin of

grans pr odugb/ 9@ tion mixture. To determine the level of color bodies, 0.2 grams of THPE
was dissolved in 10 mL of methanol and the UV absorption was measured at

422,500 and 600 num.
Table VIII.
15 Isolation of THPE by Precipitation
Praduct absorbance (c.)
Precipitation
solvent {a.) " Yield (b.) 422 nm 500 nm 600 nm
Toluene 0.2469 0.32 0.14 0.04
EDC(d.) 0.2322 0.32 0.13 0.03
MeCly 0.2408 6.32 0.15 - 0.04
a, Reaction effluent/ precipitation solvent = 0.25 mL/mL.
b. Yield in grams of product per mL of reaction effluent.
c. By UV-Vis at indicated wavelength (0.20 grams product /10 mL
of methanol).
20 d. - EDCis 1,2-dichloroethane.

These results illustrate that chlorinated solvents and aromatic solvents
are useful in the separation of THPE from the phenol of THPE. The most
preferred precipitation solvents are those that afford the lowest color THPE

25  with the highest isolated yields {(methylene chloride and EDC)



10 of reaction mxture. To determ ne the |evel of color bodies, 0.2 grans
of THPE was dissolved in 10 nm._of nethanol and the UV absorption was
neasured at 422, 500, and 600 nm Table VI. 15

| sol ati on of THPEszlllllfﬂ|ﬂf|||Hﬂﬂ>|l>ﬂﬂ , Product absor bance £ THICPBBEETHHAGBEEN

Yield (b.) £90 nm Sol veht (a.REPRABERNitrifl e
no ppt. water * ho 'ppt" IPPA* no MEOH nNo ppt. EDC
0.0744 1.17 0. 267 0.0622 [err] 0. 0803
1.1473 0. 26228 0.071 70/ 30 no ppt. [err] [err]

0.0744 3.619 1. 397 0.26105 Hept ane 3 phases
DIVF no ppt. THF no ppt. CEAIMEG no ppt. [err] [err]
0. 0688 1.W&dbis claimed: 0. 30652 0. 08853 chl or obenzene 0. 0797
2.01122 0. 58212 0. 15343 a. Reaction effluent/precipitation
solvent = 0.25 grans/nL. b. Yield in grams of product per grams of

reaction effluent. A2method ofgynakingi s &tis(hdiydaoxplvaryd) engipoufd. 20 threans
product/ 10 nlL of¢pgidanol ).

Rr1 R2
HO C—R3
R1 R2
3
5
which comprises heating a mixture comprising a phenol species of the
formula:
OH
R1 . _R1
R2 : R2
10

and a hydroxyphenyl ketone material of the formula:

) R2 (1?
R1 C—R3
HO R2
R1

15 wherein each Rl and R2 is independently hydrogen, halogen, primary or
secondary lower alkyl having from 1 to about 7 carbon atoms, phenyl, or
alkyl substituted phenyl and R3 is a primary or secondary lower alky! having
from 1 to about 7 carbon atoms, phenyl, or alkyl substituted phenyl in the
presence of an jon exchange catalyst and at least one mercaptan.
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In a second experinent, a mxture of 94 granms (1.0 nol) of phenol, 2.83 5
g(0.027 nol) of 3-nercaptopropionic acid and 1.0 g of 2, 6-

di met hyl napht hal ene (an internal standard for |iquid chromatography-

anal ysis) was heated to about [err] in a round bottom flask equipped with a
condenser, an internal thernoneter, a dip tube and “(B The
solution was saturated with dry HCI gas tor about o\m‘“ﬁmmm \rmg by the
10 addition of 22.69 g (0.166 nol) of 4- hydroxyaceto“phénoﬁe The m xture
was stirred at about [err] for about 8 hours while the HO addition was
continued. Portions of the reaction m xture were renoved and precipitated
into the solvents listed in Table VI1 at 1 nL of reaction mixture / 4 niL of
precipitation s¢lve

Washed wi th theo15 "he %gétﬁadg’??%%f"zgt 5’8%'{9?" e gm‘tﬁ?ﬁﬁ‘%“@gl" Ao
recorded in graﬁ%‘“BF‘B&:@t‘ “6?%‘%2@ |f<S‘-ﬁCtFﬁ'3<!’BPE"h‘F6délé%eé@rmlﬁédtm{e lﬂ\é@el

of col or bodi eschx@n?atggarpﬁv(ﬁt aﬁﬂ&tw&adéﬁﬁgiwmﬂmtﬁavmreﬂf pereéntaeadtionnd

the UV ab t 4 500, d 6
Tagl e V?I solr go: %P on oﬁﬁ'ﬁ-"éﬂgm r eg(l% hfnae |thggf§? o%u& “58‘5“3?“5 B%aeks(%‘v)ded
Precipitati ch sbyviha sum )of tlw edrgag tPf) the tis{d-hydroxyphe®d) qempound 460 nm

Tol uene “ggaaags peaks. 3.93 - 3.88 0.56 EDC
0. 2480 0. 2370
Nt 5306 The methgdighClaim 2 wherath e Bit(hwdepsrrhanhitiohnd

sol vent = 0.25 m&upmebaboumoea dr less graatisn hppritidsict per nL of reaction

ffluent. c. t /
m2b S o e AbEs Z@ Sk B BARDFR by (a8 FeRbgp Chaind
| on Exchange Re§| erﬂfé’@est e %bﬁoggmmep eﬁﬁemf{érhydraxaﬁwbmyﬂ)e cempmnéﬁans

(1.0 nmol) of phepedipfaRd Eoﬁ @R0RabMon nilktute TRESAREDRE AP2, BUOC aRE 60 nkR) ig Of

I(_:\r/]vat : Lt E?n:a?ns %{)ﬁgg?(gslfg %qurespechve?v of 2, 6-di nmet hyI napht hal ene
The tris{4- hydroxyphenvl) compound made from the method of Claim
4 wherein the absorbance of the tris(4-hydroxyphenyl) compounds as
precipitated from the reaction mixture measured at 422, 500, and 600 nm is
less than 0.1, 0.01, and 0.05, respectively.
6. The tris(4-hydroxyphenyl) compound made from the method of Claim
5 wherein the absorbance of the tris(4-hydroxyphenyl) compounds as
precipitated from the reaction mixture measured at 422, 500, and 600 nm is
less than about 0.06, 0.03, and 0.01, respectively. _
7. The method of Claim 1 wherein the mercaptan is polymer bound.
8. The method of Claim 7 wherein the ion exchange resin is made from a
polymer selected from the group consisting of polystyrene, copolymers of
o styrene and divinylbenzene, acrylic based polymers, phenolic polymers,
tetrafluorocarbon and fluorinated ethylene propylené polymers.
9. The method of Claim 1 wherein the ion exchange resin contains
sulfonic acid groups.
10.  The method of Claim 1 wherein the water of reaction is removed from
the reaction mixture.
11.  The method of Claim 10 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.
12. The method of Claim 11 wherein the yield of the tris(4-
hydrc;xyphenyl) compound is at least 25% greater than the same method with
a corresponding reaction time without removal of the water of reaction.



23 chromat ography anal ysis) was heated to about [err] in a round bottom
flask equi pped with a distillation setup, an internal thernoneter. and-a
mechani cal stirrer. The solution was continuously sparged with nitrogen (
using a dip tube) to remove the watery,to this mxtur ﬁumc“ﬁguﬂm% g

(0.8336 nol) of 5 4-hydroxyacetophenone. The m'xtureﬁm Hatiabout
[err] with the nitrogen sparge for about 8 hours foll ofved by i dol ation of
the THPE via precipitation in the solvents listed in Table VIIl (1 nL of

reaction mxture/4 nL). After 24 hours the product was isol ated, washed
wi ththe precipitation solvent, and dried. The yields were recorded in

grams product / M- of e methaskof Glrim ktwhereirtheqphenakispecienis phenal apd the or
bodi es, 0.2 grayrirekypidifyl WRtordi maRtveH 4-RydoxFhcabpRétidnenol and the W

ooration of THAE byl BN 2% reiBt oduReRBRoBaale (aUp #F abeppl &pi b

solvent (a.) “elrgxyacetophendd? isableast2:1.500 nm 600 nm Tol uene

0. 2469 0. ; ; :

0 35 O%BThe m'ethod Qy(gl'.gagmi éﬁvrvfereuo ﬂ%h%ﬂ. gg%%xyphen){l)%o%gggu?) nd fs
0.15 oselated with theyise ph cdverinaind alirtatis; sohysndnchlgripated aragatic
m./m. b. Yi eddlivérit, gr aiararhatid ssluadt. per nL of reaction effluent. c. By
W-Vis at indicated vel h .20 f .. 20
0 Eoe i1 ot ot B BisPRA Br ERACL WHAER BAAHY st o Hea R AR re £

sol vents and aremptisingon \ehene! species end| 2 ihy drpeyphapat detene sfatanieing thwm

tﬂe ph]ga]pol dof thkll%Een@Sf Hiﬁ%n _%&giéﬁ{ eéitzﬂyﬁﬁérﬂih B@#a@ﬂoﬁ@'ﬂé@?ﬁmﬁ{j spﬁbﬁﬂey
o e kiR el of the sitar of Wattlon e N1 ghest I solated yields

17.  The method of Claim 16 wherein the ion exchange resin contains
sulfonic acid groups. .

18.  The method of Claim 17 wherein the mercaptan is polymer bound.

19. A polycarbonate, polyester, or an epoxy resin made from the product
of Claim 2.

20. A method of making a tris(4-hydroxyphenyl) compound of the
formula:

R}, R2
HO —R3
Rl R2
3
5
which comprises heating a mixture comprising a phenol species of the
formula:
OH
R1 R1
R2 R2
10

and a hydroxyphenyl ketone material of the formula:



CLAI M5 What is clainmed: 1. A met hod of making a tris(4-hydroxyphenyl)
conpound of the formula: [err] 5 which conprises heating a m xture
conprising a phenol species of the fornula: OH [err] 10 and a hydroxyphenyl
ketone material of the fornmula: [err] 15 wherein each [err] and [err] is

roms o 7 "TAMRAMN MIBIRPRINEY) ™0 8o otne ety

a primary or secdndlry"lower’® al’kyl having from1l to 7 KapHS Tﬁﬁﬁrﬁﬂ\l
phenyl, or alkyl substituted phenyl in the presence of hn i ofREEL8BERge
catal yst and at | east one nercaptan as a copronoter. 2. The et hod of
Caiml wherein the tris(4-hydroxyphenyl )rxonpound conprises |ess than
about 20% reaction inpurities as deternined b%r‘e @w d chromat ography at a
detector wavel ength of 254 nm wher eR tion inpurities is
calculated as 100 tines the area fromi ties peaks divided by the sum
of the areas of the tris(4-hydroxyphe ound and inpurities peaks. 3.
The nethod of Cl aim 2 wherein the tHOS(4- ydr@?yphenyl) conpound

R1

15 wherein each Rl and R? is independently hydrogen, halogen, primary or
secondary lower alkyl having from 1 to about 7 carbon atoms, phenyl, or
alkyl substituted phenyl and R3 is a primary or secondary lower alkyl having
from 1 to about 7 carbon atoms, phenyl, or alkyl substituted phenyl in the
presence of an acid catalyst wherein the water of reaction is. removed from

20  the reaction mixture.
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conprises about 10% or |ess reaction inpurities. 4. The
tris(4-hydroxyphenyl) conpound made fromthe nethod of Claim1l1 wherein the
absor bance of the tris(4-hydroxyphenyl) conpounds as precipitated fromthe
reaction m xture measured at 422, 500, and 600 nmis less than 0.1, 0.1,
and 0.1, respectively. 5. The tr| s(4- h§ r oxyphenyl ) conpound made from
t he net hod of Claim4 wherein the absorbance of the tris(4-hydroxyphenyl)
conmpounds as pr METHODAFOR MAKINGhFRISHHYDROXYPHENYE )nCOMBOUNDSt 422, 500,
and 600 nmis | @SINGhAON) EKCHANGE, RESINS. 05, respectively. 6. The
tris(4-hydroxyphenyl) -conpound made fromthe nethod of Claim5 wherein the
absorbance of the tris(4-hydroxyphenyl )JABSEBALHs as precipitated fromthe
reacti on mxture nea 2 , besis kpphely1p6,
0.03, and 0 01 respBlt ei‘\}Bf"t"eé fetfedtp-fof e SfepARch mATRE &?)
mercaptan is potgmpoubdﬂrﬁdpromded THepamticHbd, 8R ‘@Pé?\ﬁ‘?‘{?“\ﬁﬁlé?cgh{ Rrﬁgaf‘f)‘ﬁ

exchange resin iis {Dpdpy y[)Bt‘na&@ 3Cpe¢‘lvxﬂédnwhhél gomppisen heatingng of

pol yst yrene, copol marsjhga e i £
pol ymers, ph&noPt¥ Icg?ﬁhl?ré""“%/é’?\g&?ﬁﬁ'a?oc *’@%ﬁ&a %@?ﬁﬁgl{lgg‘eet é@\gﬁg
propyl ene pol ynmeffecti®e amdimdsnef od ioh exchiange gatalyst Anche? | BAFBR AT fje?
resin contains %gb oqﬂbferaﬁfcﬂ qug re%thnEhQ r[;etlhmi(@-fhy@raxyph‘enwﬁetMnn tshe

wat er of reaction*i's renove rom the reaction xture. 11. The nethod of
O ai m 10 wher ei subpantially fresiof varens 57AclPR ‘?‘é’ﬁ‘ﬁ&lba with the aid of sparging
the reaction with an inert gas, with an azeotrope, or with both sparging
and an azeotrope. 12. The nethod of Caim 1l wherein the yield of the
tris(4- hydroxyphenyl) compound is at |east 25% greater than the sane

met hod with a corresponding reaction time wthout renoval of the water of
reaction. 13. The nmethod of Claim 1l wherein the phenol species is phenol
and the

Res 3 hi
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hy'bfr oxyphenyl ketone material is 4-hydroxyacetophenone. 14. The net hod of
%Cl aim 13 wherein the nole ratio of phenol to 4- hydroxyacet ophenone is at

| east 2:1. 15. The—rmethed—ef-Caim1l wherein the tri s(:ﬂfa-hyd.l;mslphenyl)
conpound is isol at @EHM’ t he use of' a chl opignated ali WMPC :

chlorinated aromatf j ul ” aromatic sol vent 1 i
Caim1 which consi of heating a m xtur nip@
nce ff :
wi.th the renoval

species and a hydroxyphenyl ketone material in the pre

exchange catal yst and at | east one nercaptan, optional

of the water of reaction. 17. The net hOCF:BAiM£i m 16 Mer ein the ron
exchange resin d&habisrdainidd:-oni ¢ acid groups. 18. Th iml1l7
wherein the nercaptan is polymer bound. 19. A pol ycarbonate, pol yester, or
an epoxy resin made fromthe product of Claim?2. 20. A nethod of naking a
tri s(4-hydroxyphknyl )Acovetberhdofofmakiagf er tuis(4-hyeirpeypherylmvootpmmdrafs ése
heating a m xturg rﬂ?ﬁE@“SI ng a phenol species of the fornula: OH [err] 10
and a hydroxypheny etone material of the fornul a: [err] 15 wherein
each Rl and R2 is independently hydrogen, halogen, primary or secondary

| ower al kyl having from1 to 7-carbgn atgms, ppghyl, or

U (DO

)

5
which comprises heating a mixture comprising a phenol species of the
formula:
OH
Rl ._R1
R2 R2
10

and a hydroxyphenyl ketone material of the formula:

. R2 (’f
R1 C—R3
% HO R2
R1

-
d

15 wherein each Rl and R2 is independently hydrogen, halogen, primary or
secondary lower alkyl having from 1 to 7 carbon atoms, phenyl, or
alkyl substituted phenyl and R3 is a primary or secondary lower alkyl having
‘from 1to 7 . carbon atoms, phenyl, or alkyl substituted phenyl in the
presence of an ion exchange catalyst and at least one mercaptan. as a
copromoter,



@al kyI substituted phenyl and [err] is a primary or secondary | ower alkyl
haV| ng_from1l to. carbon atans, phenyl, or al kyl substituted phenyl in
e presence of an acid cata Iyst wherein the water of reaction is. rempved

e T U

S

. 10 JAN 1998
R2 (l?
R1 C—R3 esociatta)
HO R2
R1

15 wherein each Rl and R2 is independently hydrogen, halogen, primary or
secondary lower alkyl having from 1 to 7 . carbon atoms, phenyl, or
alkyl substituted phenyl and R3 is a primary or secondary lower alkyl having
from1to. 7 carbon atoms, phenyl, or alkyl substituted phenyl in the
presence of an acid catalyst wherein the water of reaction is. removed from

20  the reaction mixture.
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