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METHOD FOR :PREPARI NG 1,11 - TRI S( 4- 470 445y 2

HYDROXYPHENYL) ETHANE Background .of the Invention

155 enpyl

“invention relates to the preparation of branching agents for

pol ycar bonates, and nore particularly of 1,1,1-tris(4-

hydr oxyphenyl ) et hane, hereinafter sonetinmes "THPE".

THPE,

~disclosed in U S. Patents 3,579,542 and 4,992,598, is in comon use as a
branchi ng agent for polycarbonates. As such, it may be incorporated in
reacti on mixtures al so cont ai nMETHOR, FORy BRERARING pounds such as

bi sphenol A and carbonate sources sugh qs‘ﬁmgz
THPE is comonly prepared by the reacti’on o i’
phenol, said reaction being attYBROXYRHENYLIETHA

gene or di phenyl carbonate.
--hydr oxyacet ophenone with

f phenol with

acetone to form 2, 2- bi s(4- hydroxyphenyl ) propane (hereinafter "bi sphenol
A"). This nethod_is, however, econom cally undesirabl e because of the high-

price of 4- hydrcﬁ?@kﬁf@ﬂ@rﬂn@?e Invention Copendi ng,

commonl y owned

applications Serial Nos. 08/583,264 and [RD-25346] disclose a nethod of
preparing THPE by the reacthi§invaintion reletes to tHe prepapation bhbranthigit anedi one
under acidic COﬂdItIOES arld 4{5 t he preaence of .ar‘ qff? ttﬁ .a&oun- of a

mer capt o conpourfPER forRoNCarRpRates, ad Thofs; Rartiguiary o ar i e :

2, 2- Bi s(4- hydr oxyuirexyphenyl)ptiane( hbreipaiterosomefimes "aHRE"or by- product, but
the reactions |eading to THPE and bi sphenol A appear to occur i ndependently
of each other for the mstwﬁgg disclosed in U.S. PaTéHtﬁ 3‘,@5’5{8@2 aglldscl osed in

said applications as affor

4,992,598, is in common use as a branching agent for ,
polycarbonates. As such, it may be incorporated in reaction mixtures
also containing dihydroxyaromatic compounds such as bisphenol A
and carbonate sources such as phosgene or diphenyl carbonate.

THPE is commonly prepared by the reaction of
4-hydroxyacetophenone with phenol, said reaction being analogous
to the reaction of phenol with acetone to form 2,2-bis(4-
hydroxyphenyl)propane (hereinafter “b_ié_phenol A"). This method is,
however, economically undesirable because of the high price of

4-hydroxyacetophenone.

\
N,

Copending, commonly owned applications Se\r\ial_‘Nos.

08/583,264 and [RD-25346] disclose a method of preparing,THIE’\ by

the reaction of an excess of phenol with 2,4-pentanedione under ™.

acidic conditions and in the presence of an effective amount of a
mercapto compound such as 3-mercaptopropionic acid as promoter.
2,2-Bis(4-hydroxyphenyl)propane (“bisphenol A") is a major by-
product, but the reactions leading to THPE and bisphenol A appear to
occur independently of each other for the most part. '

This method, disclosed in said applications as affording
THPE in yields on the order of 60%, has promise as an altemative
commercial route. However, it is usually found that very long reaction
times are required to afford THPE in high yield at temperatures on the
order of 40°C. At higher temperatures, particularly 60°C and higher,



THPE in yields on the order of 60% has promi se as an alternative
comercial route. However, it is usually found that very long reaction
“.tinmes are required to afford THPE in high yield at tenperatures on the
order of 40[err]C. At higher tenperatures, particularly 60[err]C and

hi gher, -2- reaction tinmes can be
shortened but optinumyields may neverthelZzss not be attained owng to the
occurrence of conpeting reactions such as deconposition and/or

sel f - condensat i Q@a@ﬁoﬁ ,tlﬁ‘lévi'@émﬂé@h@ﬁ@ned but ogtlmum yleIJ ﬁw@‘@é@dhél@é“ t,

for the nost part d éﬁh Pf etlcal her are
attai nabl e only 'E)?“? 3‘5‘8 OQW'PQ 2 %chfﬁ%%c% ﬁ?mp 9 'W'r%‘ﬁr%‘ Such
| engt hy proceduras decempositionrarid/er §elf-condemsationl ofu84-pentanedione. US

Pat ent 5, 463, 140 di scl oses the use of nercapto suffonic acids as pronoters

f th d ti f it

pglryphgnglog e of the bariooyetlisastl GRS mERERA I TR YGRS |
(2, 4- pent anedi on@f)55%.af thﬁ@faﬂﬂélrﬂf hig %ﬁamﬂ%ﬂﬁcﬂnlbbvéhﬁwetdier efromis
not i scl osed. - TRAABHYINEY AledQUAhots: TSclpendfly plocklretsfred! an.

I norganic acid in |s reaction I s.in Exanple wherei n pheno

condensed with SuRdesiabie, qqmmﬁﬁcﬂr‘é%%nce of 3 mer capt opr opanesul f oni ¢
acid produced by neutralization of the sodiumsalt with a slight excess of
sul furic acid. US Patent8|4630b1thdigblosed thée usblof méreaps ore, to

phenoland - 4- pedtonle el &< 3tietaf 5 15 BindBisHby ol pifEhoRW ifﬁgl i of o
| east 55% of t hecarbonyltompoundsctacprioduce ipolyphenols! Gaercf the cadsanyland at
tenperatures whi cg&}nglaﬂh&‘é Afscista is SREYIRISoNE (5 2-5MEHEEIChBS KirTRE! ! @

reactant 2,4-penta
identity of any product obtained therefrom is not disclosed. The only

mention found in this patent of the use of an inorganic acid in this
reaction is in Example 2, wherein phenol is condensed with
9-fluorenone in the presence of 3-mercaptopropanesulfonic acid
produced by neutralization of the sodium salt with a slight excess of
sulfuric acid.

It would be highly desirable, therefore, to develop
variants of the previously disclosed method for preparing THPE from
phenol and 2,4-pentanedione which would afford the product in
yields of at least 55% of theoretical with reaction times of 24 hours or
less, and at temperatures which minimize side reactions which
consume the essential reactant 2,4-pentanedione.

Summary of the Invention

The present invention provides a method for producing
THPE from phenol and 2,4-pentanedione in particularly high yield
under relatively mild conditions, and at reaction times of 24 hours or
even less.

The invention is a method for preparing 1,1,1-tris(4-
hydroxyphenyl)ethane which comprises contacting, at a temperature
in the range of about 30-55°C, a mixture of phenol and



Summary of the Invention The present invention provides a
~method for producing THPE from phenol and 2, 4-pentanedi one in particularly
" high yield under relatively mld conditions, and at reaction tinmes of 24
hours or even | ess. The invention is a nmethod for preparing
1,1, 1-tris(4- hydroxyphenyl)ethane which conprises contacting, at a
~tenperature in the range of about 30-55[€Br]C, a m xture of phenol and

-3 - 2,4-pentanedione with at |east 0.8% by wei ght, based on phenol, of at
| east one mer ca@4-pentdnedioneawitt ad deast @8y weipht,ubdsed on phenlol, of atrati o

f | ent 5: 1 th
mol ar rati o or (SasiYrS SEAAER NG HAd 08 plromBler Bnd Siftiic B ind, )
produce a ni xt urretl@pf aqgwaentﬂ toAse!ddne@aptmqlfomc acidxfat least about
hydr oxyphenyl ) eihgRethe ffldt rafid &?ﬁ%hbpfd 1‘?@~péj{t§ﬁé‘dtbﬁé’ Iﬁrylﬂl (BBSE S

According to the present I nventi one, are
enpl oyed in a mAPUt Bkt pr uce a migiye 9 Blfphﬁni!“éﬁﬂ'd dr al)‘l Bsénout
6-9:1. The reagydso ehgl)ethinéed in any order; it is frequently

advant ageous to introduce the 2, 4-pentanedi one | ast and increnentally

{imms. Wi e a RAtiRd Tesdriblng: cpieferred; ERtbodimental  ner necessary nor
preferred. Furt her essential constituents are at |east one
mer capt o sul foni c aci d andcsording ito the presefit inventioappleenolland2,4- aci d may be

pentanedione are employed in a molar ration of at least about 6:1 and

preferably about 6-9:1. The reagents may be blended in any order; it

is frequently advantageous to introduce the 2,4-pentanedione last

and incrementally (e.g., dropwise) in order to maintain the phenol in

large excess at all times. While a solvent may be employed, it is

usually neither necessary nor preferred.

Further essential constituents are at least one mercapto
sulfonic acid and sulfuric acid. The mercapto sulfonic acid may be
any of those disclosed in the aforementioned US Patent 5,463,140,
the disclosure of which is incorporated by reference herein. Itis
preferably a monomeric mercapto sulfonic acid and more preferably a
mercaptoalkanesulfonic acid. The alkylene groups in the more
preferred compounds most often contain about 1-15 and preferably
about 1-5 carbon atoms. The most preferred compound, by reason of
its availability and particular effectiveness, is
3-mercaptopropanesulfonic acid. It may be introduced as the free
acid or as a salt thereof, typically an alkali metal salt such as the
sodium salt; upon contact with the sulfuric acid, said salt is converted
to the free sulfonic acid.

Typically, the sulfuric acid is introduced as the
commercially available 97% material. It has been found that the
combination of sulfuric acid and a mercapto sulfonic acid is
particularly effective to afford THPE in high yield. This is shown by the
fact that yields decrease when the mercapto sulfonic acid is replaced



any of those disclosed in the aforementi oned US Patent 5,463,140, the
_disclosure of which is incorporated by reference herein. It is preferably a
" nononeric nmercapto sulfonic acid and nore preferably a

mer capt oal kanesul fonic acid. The al kyl ene groups in the nore preferred
conpounds nost often contain about 1-15 and preferably about 1-5 carbon
atons. The nost preferred conpound, by regson of its availability and
particul ar effectiveness, is 3-nercaptopropanesul fonic acid. It nay be

i ntroduced as t hsy 8srRércaptapropiofie a”cié.aﬂhe?f‘é!_é@ﬁbcrédébi substantrillyalten i net al
salt such as the sodi,um.sa upon cont ac .vvlthd taRSaSéyfllll’l c..acid, said

I'te
salt is convert e%cpglbeq%lopr(tg@- reaptopropionic act mple sglfofic| |y the

sul furic acid i sadidtsunhuas rhethandsulfonicner p-teluepesulfvnicatid, Brémpldyed. al . | t
-has been found that the conbination of sulfuric acid and a mercapto

sul fonic acid is particul f | HPE. | | kel d. This
I's shown by the fact that Eﬁ%?‘?? o?}g(?:dr eg@tgp(\:/ﬂ‘gégp E%H}ged?éda&@eg%#gﬁbc aci d

i s repl aced mixture, calculated as free acid, is at least 0.8% andqmostmften from

3- mer capt opr opi Qg% ff 9%, i Hﬁéﬁ .nqia?# ;

conbi nati on of g]rargr%%?%:g{r@c}g?on g@é%?aﬂaggg%fs' (E; u %ﬁc/)%i %glctlﬁ?, such as
met hanesul f oni ¢ AN Retsubsiantially dmprova yield,| Hwgver, at proportions  The -

proportion of nesraldrahan!0l8%i thedieéld detrédees wetieably. m xture, cal cul ated as
free acid, is at |least 0.8% and nost often fromO0.8%to about 3.0% by

Mrprove yield. However . at 1T eseral&f ifriciy e eachoh svtiEe ' Y
decreases noti ceeldtively high: a ratio of eqUivalents foequivalestts slilvfercaptoaci d in the
o o T s Poutfonicadliol B leddt BBour7. 53 hAd Genritl HoBR 5.4 (22! Nt s

of nercapto sul foni | at | eas (7571 al eneral 'y about
7.5-10.0: 1. A further amount of 1 equivalent of sulfuric acid will be needed to
neutralize any salt of said mercapto sulfonic acid which may be

employed in place of the free acid.

Reaction temperatures employed according to the
invention are in the range of about 30-55° and preferably about
40-50°C. At temperatures below 30°, the reaction may be very slow,
while above 55°, competing reactions involving 2,4-pentanedione
may decrease THPE yield. It is often prefefred to conduct the reaction
in an inert atmosphere such as nitrogen or argon. Application of a
mild vacuum may also be beneficial.

The THPE produced by the method of the invention is
preferably purified in a specific series of steps. The first step, which
takes place upon completion of the reaction between 2,4-
pentanedione and phenol as described hereinabove, is combination
of the crude product, most often a mixture of THPE and bisphenol A
with a small proportion of unreacted phenol, with a chlorinated
alkane, most often methylene chloride. A sufficient quantity of
methylene chloride is generally a volume ratio to crude product of at
least about 2.5:1 and most often about 3:1. Prior or subsequent to
methylene chloride addition, the crude product may be neutralized by



further anount of 1 equivalent of sulfuric acid will be needed to _
neutralize any salt of said nmercapto sulfonic acid which may be enployed in
pl ace of the free acid. Reaction tenperatures enpl oyed
according to the inventian are in the range of about 30-55[err] and
preferably about 40-50[err]C. At tenperatures below 30, the reaction may be
very slow, while above 55, conpeting reactgans involving 2, 4- pent anedi one
may decrease THPE yield. It is often preferred to conduct the reaction in

an inert at nmospheikiitincst £basictreagent ﬁctﬁéﬂgad:uﬁpag idePBr Q«}B1 difinf" | d vacuum
may al so be benefici I The THPE pro uce e nmet hod of
the invention is t19y purified in a specific serles of steps. The
first step, which takes place upon conpletion of the reaction between 2, 4-

pent anedi one and phenol as Uponcprepadng ¢heiconibsination wuhqrrb dhbrieatedf t he
crude product, Mgiard P ﬁﬂ é‘t'l 5'{3{@ bISB. ﬁ A‘rgthasmall
proportion of unreaa& geﬂﬂ ﬁr’g %egﬂﬂ F BRRMO st of ten

met hyl ene chlori @@eremaéter fentiched mirture™ prenipltateﬂahdman(ﬂé (ﬂ:éaiedll SThl%i :
e Al Ll 50 AL fhikiard MAiFoRIBRLES nflotihe bEST 0 R 1Y and nos
of ten about 3: I. r or -su ue Iene or| i on, the
crude product ma Hf£ n¥ith the balagcgybeing predomlnantly b'SPheﬂ°|A .

-5- addition of a basic reagent such as sodi um hydroxi de or sodi um

bi car bonat e. Conve%ﬂoﬂﬂ@@ﬁddé rbbﬁcﬂ@rfhéf@iricﬁé Vi'h

hl or i d | k E- e of and noI A
(Che?{a: 2212 '?er en?ﬁ ‘Pﬁ'y?ﬂﬁgﬁegrl '{Hﬁcééjarsfn'&‘ ?F ostg %’B-efbe Thi s

enri ched mi xt ur e ARHA color aumbesy afﬂhélcaﬂeabmduct?&%ﬂnutMMr greatefPE, Wi th
the balance bei nguYAKBAL EnicRbd RILHRE i€'on the order of 1000. For use as

a branching agent for polycarbonates, however, an essentially

colorless product having a color number of 150 or less is generally

required. Since further purification and decolorization cannot be

achieved by repeated washings with chlorinated alkane, further

purification steps may be necessary.

In the first further purification step, the enriched mixture

may be contacted with a methanol-water mixture containing at least
30% methanol by volume. It has been found that when the volume of

¥i.  methanol in the methanol-water mixture is less than 30%, a
substantial amount of bisphenol A, typically greater than 2% by
weight, remains in the product. Most often, the proportion of methanol
in the methanol-water mixture is on the order of 30-40% by volume.
To suppress dissolution of THPE in the methanol-water mixture, said

& mixture is saturated with THPE prior to use. The methanol-water
mixture so saturated is hereinafter sometimes designated “wash
liquid™.

Contact between the wash liquid and the enriched
mixture may be by slurrying or simply by washing. Typical contact
temperatures are in the range of about 25-50°C. The wash liquid may
further contain a decolorizing proportion, most often about
0.01-0.10% by weight, of an alkali metal borohydride or dithionite,



Conver-si on. of the crude product to the enriched m xture I s acconpani ed

by a substantial decrease in color. Mst often, the APHA col or nunber
" of the crude product is about 2000 or greater, while that of the
enriched m xture is on the order of 1000. For use as a branchi ng agent
for pol ycarbonates, however, an essentially col orl ess product having a
-col or nunmber of 150 or less is generally-6- required. Since further
purification and decol ori zati on cannot be achi eved by repeated washi ngs

wi th chior i nat ecpratdrabhy sdditiBorohydrias (NGBHY) it sodluR Hithidhilee necessary.
In the first fum%lf cation >séhea.dthe er}rlcged m xture may be
contacted with i -Sedum Borohypfide is, peetared. at | east 30%

met hanol by volune. It has been found that when the volunme of nethanol in
t he nmet hanol -wat er ni xt ur eMhenl contactlis byXatrying, purifiedBHPE! is secovaredt of

product .. wost oreaind EBsEboRecsdeloy naltd &'lbod 28 e B 1o o
m xture is on tHenmea@tur@?\agmgmploygddﬁmrodqcethesimrfm thesEHPEt i on of
THPE in the met W Sbtalfied. "TRe phfifiéd THPEprédlicRd if tRIsfegiLd W LN THPE

prior to use. The t hano] - wat er mxture so saturat her ei-nafter
sonet i mes desi grgneatiy,atieast 53% BHT%'“.’“);‘ btsphenolAE)elng tﬁe only; impurityet ween

the wash |iquid medehtit substantrd amountxture may be by slurrying or sinply
by washi ng. Typical contact tenperatures are in the range of about

oropor t1 o, most._of ten anolle Methanathtey 8 totihréa FBREINE gt 1o o
bor ohydri de or diitiREdsitself THPE-saturated. Therefore, it may be recycled foruse -6 -

preferably sodi ug %)&mﬁég!ﬂ mh@@?@ﬁ@%{g%&%ﬂm ithionite

(Na[err]S[err]Of[er umb e 1s preferred.

The purified THPE obtained from the above-described
purification method is generally of a light cream color. It may be
converted to essentially pure white product by dissolution in methanol
and treatment with a decolorizing proportion of alkali metal
borohydride or dithionite. The initially amber solution turns pale
yellow upon such treatment. It may be filtered and maintained at a
temperature in the range of 25-50°C, after which water at the same
temperature may be added slowly with stirring and the solution
cooled if necessary to ambient temperature, resulting in the
precipitation of essentially pure THPE as a white solid.

When contact between wash liquid and the enriched
mixture is by washing rather than slurrying, as by spraying the filter
cake with the wash liquid, the enriched mixture thus obtained may
have a somewhat higher bisphenol A content, often up to about 5%
by weight. It may then be further contacted as described hereinabove
with methanol containing a decolorizing proportion of alkali metal
‘borohydride or dithionite, and, optionally, also with decolorizing
charcoal. After filtration if necessary, the resulting solution may-be
combined with water to precipitate a final product which generally
comprises at least about 96% THPE, with the balance being
bisphenol A. The presence of bisphenol A in such proportions is



When contact is by slurrying, purified THPE is recovered by filtration,
~nost often preceded by cooling to about 25 Cif a higher tenperature has
" been enpl oyed to produce the slurry, fromthe THPE slurry thus obtai ned.
The purified THPE produced in this step is generally at |east 98% pure,
wi th bi sphenol A being the only inpurity present in substantial anount.
The met hanol -water filtrate recovered framihe purified THPE is itself
THPE- saturated. Therefore, it nay be recycled for use as wash liquid with

further enricheqq @rél?lér\ﬁhen the product is to B_@%se a‘sfd §6ﬁ¥3—+1:5;en3¥3 ained fromthe

above-descri bed purif] cat | on 'S genera ht creamcolor. It
may be convert edBBching.agend I y pure white product by di ssolution in
nmet hanol and treatnent Wth a decol orizing proportion of alkali’ netal

bor ohydri de or dlthl oni t e. It &'generally fdund thabthe HePEtyield bytheanethod ofel | ow

upon such treat y. ter m ture in
t he range of 25 '&VF]L’@'Wa?‘@Z‘ré %‘fﬁ%&?gg agade%ﬁ@ﬁé‘if?&?‘t@%é‘f%tgf’@ may be
added sl owl y“wi tleasttaboutrﬁﬁ"/aruﬂthem’ehoalut ion cooled if necessary to anbient
tenperature, resulting in the preci pitation of essentially pure THPE as a

white solid. ﬁﬂre?lﬁ ﬁ%ﬁl fbllbg@tﬂogxé’rﬂﬁléshe

enriched m xture is by washing rat er t an sIurryr ng, y spfaying the
filter cake with the wash |liquid, the enriched m xture thus obtai ned nmay
have a sonewhat Examalesi dpflenol A content, often up to about 5% by wei ght.
It may then be further contacted as described herei nabove with rret hanol

contarning dgcor or 21 1 6 600! 9maekad rsohd RMed TeskEriA
| | On| e, an ecolorLzin [
o o 1M iR oyBfead nerhatiot! imérsirraistarngsh 108/ &ﬁbﬁ@ao'é?th nat er

to precipitate aoffphmtol,m gd(d6t9 mimolh of sodiuail Bymercaptopsepadsulfenate about 96%
T i the lgReRorkt b Med b i Hoe/acid) ¥nd266 il 6t 5'teeRFdLn™ ' "
intemal standard. The resulting mixtures were heated to various
reaction temperatures and 13.3 m! (129 mmol) of 2,4-pentandione
was added in one pottion. Finally, various amounts of 97% sulfuric
acid were added dropwise over several minutes. After a nitrogen
purge, house vacuum was applied during the course of the reaction in
certain examples. Over the course of the reaction the reaction
mixtures became brownish red and very thick as the product began to
precipitate. The mixtures were analyzed by high pressure liquid
<= chromatography and the reactions determined to be complete in 20

" hours.

After a total permitted reaction time of 24 hours, the
mixtures were diluted with 200 mi of methylene chloride. The
resulting solutions were transferred to 1- Edenmyer flasks and diluted
with methylene chloride to 450 ml total volume. The mixtures were
stirred for two hours, filtered and washed.

‘The resulting crude products were washed with 100 ml
of a water-methanol mixture (61:39 by volume) presaturated with
THPE to remove additional color and minor levels of impurities. Light
cream colored solids were isolated which, after drying, provided



-7 - tolerable when the product is to be used as a pol ycarbonate branchi ng
agent . It is generally found that the THPE yield by the

" method of this invention, even after purification as described herei nabove,
is at |east about 55% of theoretical. The invention is
illustrated by the foll ow ng exanples. Exanples 1-4 To
500-m 3-necked round bottoned fl asks equ8pped with overhead nechani cal
stirrers were charged 100 g (1. 06 noles) of phenol, 3 g (16.9 mmvl) of

sodi um 3- ner capheigtures of THPE) tspheanoll Al arsd phéndlo meG&udeqielaélefﬂ'mIEaCI d)

wer e hoat 8d o WSTP GROFIER, bSPh'sﬁt HePSirar RS AbfomABBPT o' nool ) of

2, 4- pent andi one was added i n one portion. Fi naIeT?/ various armounts of 97%
sulfuric acid were added dihepwisulis avegiveniia Tabl mmcempansomwm ni trogen

purge, house Va?&hg/dﬂalsm%ﬂ’ilch% Qﬁ'u#lrw%gﬁﬁoicé"rﬁ ﬁ?g%}ﬁoﬁi‘éaé‘él

certain exanpl e er the cours reaction m xtures
becane br owni shsHbstitgied f%rtpeta‘lﬂ'@@%ﬂmﬂ?@aﬂﬁﬁ@mc Belbn to precipitate. The
m xtures were anal yzed by high pressure |iquid chromatography and the
reactions determned to be conplete i n”TABLPYrS. After a
total permtted reaction tinme of 24 hours, the mxtures were diluted with
200 m of nethyl ene chl oriidey The n‘empddumg sol uti mPEcsiee transferred to
1-1 Erlennyer f Ezshie a%d uhegitiod t h net hyl enevachhor | deidiep 450 nml total
volume. The mixturés were stirr@® for two Mgurs, fil Fiestédhend washed.

The resulting crud@ produdets wet®e? washed wi4sh 100 Ceﬂt"uovmterﬁﬁet hanol

m xt ure (61 39 by zol ume)® presa% ated V\nt%OTHPE to reN8%® addi 8%nal col or

and ninor |evel s, of i npur tles ght crearftol ored 98 er e $sol at ed
whi ch, after dr;%’r’? |1prow ded OC 'yég g

*Reaction time 21 hours.
**Ratio of equivalents, H2SO4:sulfonic acid (in excess of amount required for
neutrafization of sodium sait).

The results in Table | demonstrate that crude yields of
55% or greater are regularly obtainable by the method of the
invention, in contrast to Control 1 in which a similar reaction
employing 3-mercaptopropionic acid as a promoter afforded a crude
yield of only 51%.

Examples 5-7

The procedure of Example 4 was repeated, varying the
proportion of sodium 3-mercaptopropanesulfonate. Following the
described workup procedure, the crude THPE was dissolved in
methanol and a small amount of borohydride was added, followed by
decolorizing carbon. The mixtures were stirred for 30 minutes under
nitrogen and filtered, and water containing dissolved sodium
borohydride in excess of the amount needed to precipitate a purified
product, was added dropwise over 1.2 hours with stirring. The solid
product was filtered and dried to constant weight at 60°C, yielding a
product comprising about 96.5% by weight THPE, with the balance
being bisphenol A. The purified yield of THPE was calculated and the



-8 : mxtures of THPE, bisphenol A and phenol. The crude yields of THPE
were determ ned by high pressure |iquid chromatography. The
"results are given in Table 1, in conparison with Control 1 in which an
equal wei ght of 3-mercaptopropionic acid was substituted for the

3- mer capt opr opanesul foni ¢ aci d. TABLE |

H err] SO[err] Tenper at ure, THPE9Gr ude Exanple % (w) Equiv.

rati o** [err]C Vacuum vyield % 1 5 8.9

ég _ Fir ?’Ssékéagé given'fiﬁél'able f, in clo(gngé'ison with twé -cégtrols in which 45No
59nt ! nuzg S ¢ amountsof sulfonic acid less:than 0.8% were employed. s 60 ne
Control 1 6 - 50 None 51

*Reaction time 21 hours. **Ratio of eqUABlEAls, Herr]S0[err]:sulfonic
acid (in excess of amobunt required for neutralization of sodiumsalt).

The results in Table | dem)@,a e that ¢ Ladyde of %% - ter are
regul arly obtainable by the r’rgrf'ﬁ%d of theéyﬁ@% ‘lgi(k)’h?s in cont% S@&,% Cont r ol

1 in which a simlar reacti on6errpl oyi ng 3- rrerq' opr opi oni c ggi d as a
pronoter afforded a crude yie of only 51% 0 nples 5-7

The procedure of Exanple 4d@r peat ed, varyi t he proportﬁgn of sodi um
3- mer capt opr opanesul fonateCon o gw ng the 0'22 45

It is apparent that relatively high yields of product are
obtained by the method of this invention, even after purification. -
When the propottion of sulfonic acid was less than 0.8%, however,
substantially decreased yields were observed.

Example 8

' A 38-l glass-lined reactor was charged with 18.2 kg (194
moles) of phenol, 345 g of sodium 3-mercaptopropanesulfonate and
34 g of p-terphenyl as an internal standard. The mixture was heated
to 50°C under nitrogen, with stirring, and 1.03 kg of 97% sulfuric acid
was added over several minutes, whereupon the mixture turned
yellow and then orange. Nitrogen sparging was continued for 10
minutes after which 2.5 kg (25 moles) of 2,4-pentanedione was added
over several minutes, whereupon a minor exotherm was noted. A
slight vacuum was applied and stirring and nitrogen sparging were
continued for 22 hours; after 20 hours, the reaction was complete as
determined by high pressure liquid chromatography.

Methylene chloride, 17 I, was added slowly at 50°C and
the mixture was poured into a polyethylene drum and diluted with an
additional 38 | of methylene chloride. After stirring for 2 hours at room

. temperature, the mixture was filtered and the filtration residue was
washed with 17 | of methylene chloride, 19 | of water and 19 | of a
40:60 (by volume) methanol-water solution which had been saturated
with THPE. The purified product was dried to constant weight in



descri bed wor kup procedure, the crude THPE was di ssol ved in nmethanol and a
smal | anmount of borohydri de was added, followed by decol ori zing carbon. The
"mxtures were stirred for 30 m nutes under nitrogen and filtered, and water
cont ai ni ng di ssol ved sodi um bor ohydride in excess of the anmount needed to
precipitate a purified product, was added dropwi se over 1.2 hours with
‘stirring. The solid product was filtered-qpd dried to constant wei ght at
60[err]C, yielding a product conprising about 96.5% by weight THPE, with

the bal ance bei ngadiuiiR a€BO'C /afteliehiel it was Shows 'b‘} éﬁaliéi% veRsiseoryl at ed

and the results are given in
Table 11, in conBhbi% JHIRG+$872\BisphanolA and 0.63 Erl'ﬁmrﬂ’%'ggf {!ﬁﬁf oni ¢ acid
| ess than 0.8% verudlecTHPEWeld was 55.8% of theoretical. TABLE ||

Exanpl e Sulfonic acid, % THPE yield, % 5

2.6 58 6 1.75

59 7 0. 88 54

Control 2 0.4 49 Control 3

0. 22 45 It is apparent that relatively high yields

of product are .obtained by the nmethod of this invention, even after
purification. Wien the proportion of sulfonic acid was | ess than 0.8%
however, substantially decreased yields were observed. Exanple 8

A 38-1 glass-lined reactor was charged with 18.2 kg (194 nol es) of phenol,
345 g of sodi um 3- nmer capt opr opanesul f onat e and



34 g of p-terphenyl as an internal standard. The m xture was heated to
50[errJC under nitrogen, with stirring, and 1.03 kg of 97% sulfuric acid
' m nut es, whereupon the m xture turned yell ow and
thenTmﬂmmm“{mﬂmw spargi ng was continued for 10 m nutes after which 2.5
25 nol es) ®f 2, 4 pent anedi one was added over several m nutes, whereupon

-a m nor exothermwas noted. A slight vacugm-was applied and stirring and
nitrogen sparging were continued for 22 hours; after 20 hours, the reaction
was conplete as determ ned by high pressure |iquid chromatography.

Met hyl ene chl oride, 171, wathatdsleldimédw:y at 50[err]C and the m xture was
poured into a pol yethylene drumand diluted with an additional 38 | of

nmet hyl ene chloride. After gtiy L] r t tenperature, the

m xture was filtered and tﬁ'eﬁﬁ%‘iﬁ%ﬁ%@%&éﬁ%shed with 17 | of

met hyl ene chl or i bigdroxgpheryi)etirane which aonprisesacartagling, iat a/teroperature

et hanol - wat er o) ieirdgut cBolipdolasee, adiifé o phehdt g’ The puri fi ed

0

product was dried to constant

-10-- vacuum at odrRentpned 'Qf‘?éﬂ"tmm least 0.8 by waight, based enyehenal,ofdnsi st

of 94.6% THPE, 484 bné wmabto%awﬁu&a&%mﬁ{otéb'amsamnc abw ifra'de THPE
yield was 55.8% of, t at
ratio o equnvalen s to said mercapto sulfonic acid of at least about

7.5:1, the molar ratio of phenol to 2,4-pentanedione being at least
about 6:1, to produce a mixture of bisphenol A-and said 1,1,1-tris(4-
hydroxyphenyl)ethane.

2. A method according to claim 1 wherein the mercapto
suffonic acid is a mercaptoalkanesulfonic acid.

3. A method according to claim 2 wherein the molar
ratio of phenol to 2,4-pentanedione is about 6-9:1.

4. A method according to claim 2 wherein the proportion
of mercapto sulfonic acid is from 0.8% to about 3% by weight based
on phenol.

5. A method according to claim 2 wherein the mercapto
sulfonic acid is introduced as an alkali metal salt which is neutralized
by further sulfuric acid.

6. A method according to claim 2 wherein the mercapto
sulfonic acid is 3-mercaptopropanesulfonic acid.

7. A method according to claim 2 wherein said 1,1,1-
tris(4-hydroxyphenyl)ethane is purified by:

combining said mixture with a chiorinated alkane in an
amount to produce a precipitate of a mixture of 1,1,1-tris(4-
hydroxyphenyl)ethane and bisphenol A enriched in 1,1,1-tris(4-
hydroxyphenyl)ethane, and isolating said precipitate;



What-i-s—elat-red—is— 1. Anethod for preparing 1,1, 1 -tris(4-
hydr ox whi ch conprises contacting, at a tenperature in the
i ran \ﬁ m@g{ﬂg err]C, a mixture of phenol and 2, 4-pentanedi one with
- ght, based on phenol, of at |east one nercapto sulfonic
aC|d as prormter and sulfuric acid in a ratio of equi val ents to said

mercapto sulfonic acid of at |east about-¥25:1, the nolar ratio of phenol
to 2, 4-pentanedi one being at |east about 6:1, to produce a m xture of

bi sphenol A and said 1,1, hdmhairfhsﬁmQJrémhél@rwﬁh atmatifanol-water 2. A
met-hod accor di n&PP@ cl a%ép.l V\/ne“a té&? C?.TDLB I{J’hﬂ'ﬁm c_.acid,is

nmer capt oal kanes Wieccoiatping at leas mehg o 'aﬁ%' HH??‘R?"P claim?2
wherei n the nol awatentmiaturé belirey previcusly datueatedwith dyle1-tds(@bout '6-9: 1.

4. A nethod .acc t tion of nercapto

sul fonic acid |gﬁ o&%&)t%ﬁgarﬁedw%g@%e %]Agrgﬁlﬁﬁ%@sed on phenol .

5. A net hod accdmﬂmgypherml)@thame aherryeandt he mercapto sulfonic acid is

i ntroduced as an alkali netal salt which is neutralized by further sulfuric

aci d. 6. A nRice9dr ifledq,1,9-455 droXyphéh étHSnéfercaptO
sulfonic acid is, 3- qr“ﬁ R{S ropaﬁ%?rfomc amdgﬁy OWE L met hod
according to cl dromsajg s said 1,1,1- tris(4- hydroxyphenyl)et hane S
purified by: conmbi ning said mxture with a chlorinated al kane

ihndan amr)]unt I to produce a @r @écmetiod scovkding 1o xlakne? wheteih thet ri s(4-
v oxypheny ) eciAanAA kR B femasie ofjere 2t o S0
9. A method according to claim 8 wherein said

methanol-water mixture further contains a decolorizing proportion of
sodium borohydride.

10. A method according to claim 9 wherein said purified
1,1,1-tris(4-hydroxyphenyl)ethane is contacted with further methanol
to form a solution, from which still further purified 1,1,1-tris(4-
hydroxyphenyl)ethane is precipitated by combining with water.

11. A method according to claim 10 wherein said further
methanol contains a decolorizing proportion of sodium borochydride.

12. A method according to claim 10 wherein said
contact with further methanol also includes contact with decolorizing
charcoal.



-12 - : contacting said precipitate with a nethanol -wat er

m xture containing at |east 30% net hanol by vol une, said nethanol - water
" m xture being previously saturated with 1,1,1 -tris(4-

hydr oxyphenyl ) et hane, to produce a 1,1,1-tris(4- hydroxyphenyl)ethane

slurry, and recovering purified :
1,1,1-tris(4-hydroxyphenyl)ethane from sdi3d slurry. 8. A
nmet hod according to claim7 wherein the chlorinated al kane i s nethyl ene
chl ori de. 9. A METHOBDCFORIi PBERARINGM 8 wherein said

met hanol -water m xture further cont a.i 351_ar€g$€4_ori zing proportion of sodium
bor ohydri de. - 10. A netHodl” ac ng to claim9 wherein said
purified 1,1,1 -tris(4-hydroxliMREROXEPHENYL)EIHANEed with further

met hanol to forma solution, from whi&;sﬁ& .i. further purified 1,1,1
-tris(4- hydroxyphenyl)ethane is precipitated b% conbining with water.

11. A nethod according t o Tel,.ArHis(é-hydeaxyphesyl)ethane: adranehingrgentont ai ns a

decol ori zing pr ftﬂ‘rﬁél%c%}beﬁa&%gislﬁebﬁféﬁ‘wHiléjféaction of phenol with!2. A met hod
according to claim 10 wherel n, i‘ﬁ d cont act WI& h f ur,é her mit hanol al so

i ncl udes cont acB4rPeRtaediang inthgPrespiiasogl sutturic acid and at least one .
mercapto sulfonic acid such as 3-mercaptopropanesulfonic acid_ as
promoter. By employing specific proportions of the promoter and

sulfuric acid, high product yields can be obtained in relatively short

times.



