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Cross- Reference to Rel ated Applications Thi s appl

s a continuation-in-part of copending application Serial :

No. 08/ 718, 287and clains priority fromgrovisional application Serial
No. 081583, 264. @5 Background of the Invention Thi s
invention relates to thegy ﬁft of branchi ng
agents for polycarbonat es anabarrtopraen | Iﬁ@aﬁ

cu arI 1,1,1
- tri s(4-hydroxyphenyl ) et harRURIEXIN fﬂeT-‘s‘Sﬂv!Si/ "THPE".

THPE, disclosed in U S Pﬂysntﬁox\ﬁﬁﬁgﬂ? 3E¢ﬂﬂNE 992,598, is in conmon

use as a branching agent for - polycarbonates. As such, it may be
i ncorporated in reaction m xtures al so contai ni ng di hydroxyaromati c

conpounds s CrosssReferénte! td\ Related Appslicatiohs sources such as phosgene
or di phenyl carbonate. THPE is commonly prepared by the

anal ogous 1oty TIRAHHGRAG0N i restitiieflORARRarEet Soneiiing 2. o < 4

hydr oxy phenyapplicatiom Sefiat No. aaw 8, 28Va|pdmelaithsmr}oritv\£r0$nn@mvismnus

Pat ent 4,99 urified by washing with and/or
recrystalli ialpz’%é?tr%ﬁ]%ﬁnﬂt ano 3?}}43m xture, preferably with the 20
addition_of a decol ori zi ng'b rmunt of sodi um borohydride. This met hod
i s econofi cBagkareuad: b theplaventions t he high price of

4- hydr oxyacet ophenone Therefore, it is of interest to develop a |ess

expensi ve method for Tihls iRVeAtieH rélates to, the preparatlon and pﬁ?ﬁ@éﬁbﬁ‘g to
Japanese Kok nﬂl‘41 250,. the rﬁactlon di ones

2, 4- pent aned? ing agents for pofycarbanates 'a?c"qumfe partsclﬁgﬂmogl ons and in
t he pr esencet df1-a'|s(é¥hwmnyp1wmp)eﬂ1hsz. hereimafter sometimes “THPE".

THPE, disclosed in U.S. Patents 3,579,542 and
10 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 dipheny! carbonate.

THPE is commonly prepared by the reaction of 4-

.15 hydroxyacetophenone with phenol, said reaction being analogous to
the reaction of phenol with acetone to form 2,2-bis(4-
hydroxyphenyl)propane (hereinafter *bisphenol A”). As shown in US
Patent 4,992,598, the product may be purified by washing with and/or
rectystallizing from a methanol-water mixture, preferably with the

20 addition of a decolorizing amount of sodium borohydride. This
method is economically undesirable because of the high price of
4-hydroxyacetophenone. Therefore, it is of interest to develop aless
expensive method for THPE production.

According to Japanese Kokai 53/141,250, the reaction
25 of diones such as 2,4-pentanedione with excess phenol under acidic
conditions and in the presence of a mercapto compound as promoter
affords 2,2,4,4-tetrakis(4-hydroxyphenyl)pentane, in a reaction in all



affords 2, 2,4, 4-tetraki s(4-hydroxyphenyl)pentane, in a reaction in al

-2-. respects anal ogous to the aforenentioned preparation of bisphenol
A Summary of the Invention It has been di scovered:
that the reaction between 2,4- 5. pentanedi one and phenol described in the
af orenenti oned Japanese Kokai, at 5 east under proper conditions, does
not yield the described t et raphen but rather THPE and bi sphenol A.

Thus, these e gecovered and separated_ for further use.
fan oSy mapechy ERBERs TR nE s hEReNTGled roparafion of bisghenol ng! v,
first aspectAof the invention is a method for preparing THPE which
conpri ses: heating, at a tenperature in the range of

about Sgyrj']‘gﬁaq.gr b?tl% irihi%ﬂgsnof phenol and 2, 4- pent anedi one under

acidic I'ons an presence of an effective anount of a
mercapto 15 conpound as pronoter, the nolar ratio of phenol to

2, 4- pent anedi one Ibhas bean discovered that the reactiombetween 2,441 xt ur e. of

bi sphenolg A ' W&ol duteér i : | g said
THPE fr on!:J sapeﬁfoaii?dﬁze?l% Iang I}_ ! Nbed in the afo';gng%%t(l)onnc? dfjlg%@éc'?éélé; a met hod
for prepari ngdogﬁbl # astunderproperpenditicas, degsretyisld the deroribedeat i ng step
and, in addi téteaphenol but rather THPE and bisptiariol 20 Thas,ahesgenol A- THPE

or oci pi tat o Spmpopdsayoe REiefed B8 seRafied 1ot Rk el Hiooe, anc

i sol ati ng salields of ThHiRE are obtained. contacting said precipitate
wth a net h\a_nol -wat er
10 Accordingly, a first aspect of the invention is a method

for preparing THPE which comprises:

heating, at a temperature in the range of about
30-100°C, a mixture of phenol and 2,4-pentanedione under acidic
conditions and in the presence of an effective amount of a mercapto
15 compound as promoter, the molar ratio of phenol to 2,4-pentanedione
being at least about 6:1, to produce a mixture of bisphenol A and said
THPE; and

separating said THPE from said bisphenol A.

A second aépect'.is a method for preparing and purifying
20 THPE which comprises the above heating step and, in addition:

combining the bisphenol A-THPE mixture with a
chlorinated alkane in an amount to produce a precipitate of a THPE-
bisphenol A mixture enriched in THPE, and isolating said precipitate;

contacting said precipitate with a methanol-water _
25 mixture containing at least 40% methanol by volume, said methanol-
water mixture being previously saturated with THPE, to produce a
THPE slurry, and

recovering purified THPE from said slurry.



25 m' xture containing at | east 40% net hanol by vol une, said nethanol -

wat er m xture being preV|oust saturated with THPE, to produce a THPE
slurry, and recovering purified THPE fromsaid slurry.
-3 - Det ai | ed Description; Preferred Enbodi nents

In-the first aspect of the nmethod of this invention, phenol and

2, 4- pent anedi one are enployed in a nofa&r ration of at | east about 6: 1.
ngher nol ar ratlos typically at |east apbout 8;1, afford 5 particularly

hi gh yi el ds, Detriled: Descxiptiens Breferied Embeodiments| advant ageous
since the reaction mxture then remains at | east partially liquid at

room t errper at ure, faci |t firs aspect oftheansthod of thisrinventidr, qmenbl the
products. e reaction,m |qU| d at

e ot ur nealfl Sd-gentaririond s hiuloyo i Aoty oifioe 8f at jpast' ¢

approachi ng @boet &:1C. ngher molar ratios, typicallyatdeastaabout &2, affdrdpe nt anedi one

e 570 Loty Vil el Ak B4 oy by 1 1 °
advant ageousad\tamageoua(smcmﬁ'le reaction mmnttbewemwns atleashd i ncrenental ly
(e.g., dropw, aﬁialliyrhcﬁ{l&“’art rBBn‘rlém(g@r‘aﬂ]ré' fhdlﬁ&tlﬁ@ﬁ%ﬂhhﬁ% an@’ ge excess at al |

times. Wile 'I‘h nei t her
necessary nopupf' aatqrr etjthe products. At lower ratlos, e rga,pwpr&nu RWRHE may be

provi ded by lr ﬁr aﬁ.fres on theaéhdeﬁof d0eCB6IRdifics at Rmmpsratirey a

rel ati vel& g such hydrogen chloride. Typically,
hydrogen hI @PPB‘éa jag; éssed 20 through the m xture during the

reacti on. is also within the scope of - the invention to introduce

aqueous acr d ei t her asThe phehet and2,44pentanedioneare blentted iroa to t he
gaseous. aci di eg pronoter Is
mggkgﬁd 8t at least about 6:1 ynder %crdrd%o?ﬁrﬁﬁrf‘é (F

a nmercapto c ound havi a -SH
moi ety. Rel atrhaglbe in@ny order; it |s frequently advantageous o introduce the

2,4-pentanedione last and incrementally (e.g., dropwise) in order to
15 maintain the phenol in large excess at all times. While a solvent may
be employed, it is usually neither necessary nor preferred.

, The acidic conditions may be provided by the addition of
' any acidic material, especially a relatively volatile material such as
hydrogen chloride. Typically, hydrogen chloride gas is passed
20 through the mixture during the reaction. It is also within the scope of
the invention to introduce aqueous acid, either as a replaoement for
or in addition to the gaseous acidic material.

Also present as a promoter is a mercapto compound;
that is, an organic compound having a -SH moiety. Relatively non-
25 volatile mercapto compounds are preferred, with mercaptocarboxylic
acids such as 3-mercaptopropionic acid and 2-mercaptoacetic acid
being especially useful. Said mercapto compound is present in an
effective amount to serve as a promoter, most often in the range of
about 1-5% by weight based on phenol.

30 The reaction temperature is typically about 30-100°C,
preferably about 30-60°C. During the reaction, THPE and bisphenol



25 Vvolatile mercapto conpounds are preferred, wvith mercaptocarboxylic
aci ds such as 3-nercaptopropionic acid and 2- mer capt oacetic acid

bei ng especially useful. Said mercapto compound is present in an
effective anobunt to serve as a pronoter, nost often in the range of

about 1-5% by wei ght based on phenol . 30 The reaction
terrperature Is typically about 30- 100‘ﬂ'err]C preferably about 30-60-
C. During the reaction, THPE and bi sphenol

- 4- %ﬂafﬂﬁeaﬁa‘éohdﬂ irua weight rﬂﬁogmtheanrder oh1tlhevherdaponf 1:1,

wher eupon themiﬁﬂ@r_%&%&diﬁé’vb@ﬁﬂﬁ?od@ry vi scous. I'n
the final preparation Step, the THPE and bi sphenol are separated. A
conveni ent nmeans of s rajion is t ve 5 phenol A by extractlon
with a chlorinated al ﬁgﬂp ﬁ% rggara jon Phﬂ'/'!eeﬂgbékﬂ’!ﬂ bisphgpol A

1, 2-di chlj or axet separatéthe Anconveniernt mednof $é arationﬁislil}(dirélhé%em' Ahfan ?e
recover r e 0 a e weig ratio
of THPES o BisBHRA AP BxfactdiCyi LbBAhER alend slERBS {ypi cal Ty on t he
order of 94mthylenemﬂdmbry 2-dichlaroethame. sﬁpmntajoopraﬁorﬁbﬁ’ﬁff L Iom .
bi sphenol &?é?e orinate

a: kgne mayA%éla 1§ héﬁﬂ Agan lFé‘?éc d erq‘Ia%ns 0 ﬁlhgl 'ﬂgén%ﬁ nol , nost

often up toak8p Gt MW'%FQHP of TH E)io bisphenel A drethe extractiomar e general |y
al so presentegidud Retypidelyush the order of 94:6. Ifessentié‘ﬂeéblﬁgét@exa”ec“ one and

8222?: 5 hggggrﬁalopréaﬁaPésfrgpgaer es@ﬁ\n{slfesféd atn]east twgnOII tions to those
2, 2, 5, 5- t et treatméritshyith dhg whiorinatod atkame may beparaplsyed! oSmall t he

oW s o U ot T

from 2, 4- pe e product,rarargenenallyglsotprasentdn the residue. The second
aspect of the |nvent|on i ncl udes several steps for purifying the

product THPE. The fir WhBHrz fsl-Ké’HahG |oﬂee£?nd PhEA&! are madeA6Sreabt 2Ce upon
conpl etign of the reacti F ﬁ

under essentially similar con mons to those described herein, the

product is 2,2,5,5 tetrakls(4-hydroxyphenyl)hexane, as expected from

the aforementioned Japanese Kokai 53/141,250. Therefore, the fact

that THPE and bisphenol A are the products obtained under those

conditions from 2,4-pentanedione is extremely unexpected.

20 The second aspect of the invention includes several
steps for purifying the product THPE. The first purification 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

25 with a small proportion of unreacted phenol, with the aforementioned
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

30 neutralized by addition of a basic reagent such as sodium hydroxide
or sodium bicarbonate.



pent'anedi one and phenol as described herei nabove, is conbination of
tthe crude product, nost often a m xture of THPE and bi sphenol A 25 wth a
smal | proportion of unreacted phenol, with the aforenenti oned

chl orinated al kane, nost often nethyl ene chloride. A sufficient

quantity of nethylene chloride is generally a volune ratio to crude
product of at |east about 2.5:1 and md®t often about 3:1. Prior or
subsequent to nethylene chloride addition, the crude product may be 30
neutralized by additi ddpof preparng thee egmbinationhwitls tise dhlorinatéd oxi de

or sodi um bigar -5 -
Upon preparing '?ﬁ ﬁ-g'n%El'r?g{whﬁd\m%ur?I%TH?%PPQEH'WG"O' AaI kane, a

THPE- enr i chdherainafter"eswichedmixterel) prscipitatesrand can (beciselated: &hié enr i ched
m xture") pr r%n,g, | ed m xture may
contain as é?ﬁgﬁleﬁ% L g&oaﬂ[;brﬁéin acﬂhﬁgﬁ%ﬁ-@lﬁ gao/ﬁ btf\@éwance bei ng

pr edoni nﬁnthtﬁ Es Iance eing redomlnantly b!ﬁﬂ"@ﬂ@lbn of the crude
product to the enriched m xture i s acconpani ed by a substanti al

dec;I eafe in col or. MsConférsion bhthe cmdgh/ﬁ?f:uu?ﬁbqheréﬂﬁm@dqﬁw%h@dcr udte
roauc () | | e enrj,cne m Xt ure
P Oon t he o8 dibbofiBbisd b Sibantial deckadein Aifbr, oSk BASAL
pol ycar bonatABHAcolor aumber of the crads product is abﬂulrﬂ(mﬂsopgmm havi ng- a

| nb l th
col or nunberygie di@{d}rthé"e?ﬁa chéd Qﬁ&ﬁfréuéénthe or&é?"cﬁ' 000, be g%égr er

purification an colorization cann ted

washi ngd Owi t& beanehing agent foxpealycatheonales; howevep, an ﬁssant:ally steps are
necessary. ddlorless product hd\ﬁh Bedidr mimber 60650 Brldds 13 éﬁ}aﬁf ep, the

cont ai ni ng -Squrech Sipee Turther e gatan 890 fEPoloEizalion GAENGLER  ound t hat
than 40% a “oweved by 'epe?"é""“’“‘"“g‘ ] e e “ar eat or ¢ han
2% by 20Q mep'éﬂft'catfpmeﬁg 4"% 'T%g%ggb'duct I\/Bst of t eh %/Ee pr o%o?t i on of
met hanol i n the nethanol -water m xture is on t he order of 42-50% by
vol une. 15 To suppr dn thelfiesstudberpurificatiorstem the entichad moixtukat er
m xture, saif contacted with a methanol-water mixture containing at least 40%
methanol by volume. It has been found that when the volume of
methanol in the methanol-water mixture is less than 40%, a
substantial amount of bisphenol A, typically greater than 2% by
20 weight, remains in the product. Most often, the proportion of methanol
in the methanol-water mixture is on the order of 42-50% 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
25 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-

30 0.10% by weight, of an alkali metal borohydride or dithionite,
preferably sodium borohydride (NaBH4) or sodium dithionite
(Na2S203). Sodium borohydride is preferred.



m xture is saturated wwth THPE prior to use. The nethanol - water

m xture so saturated is hereinaftér sonetines designated "wash 25 [liquid".
Cont act between the wash liquid and the enriched m xture may be by
slurrying or sinply by washing. Typical contact tenperatures are in
the range of about 25-50[err]C. The wash |iquid may further contain a
decol ori zing proportion, nost often ahgut 0.01- 30 O0.10% by wei ght, of an
al kali metal borohydride or dithionite, preferably sodlun1borohydr|de

NaBH4) or sodi um di t hivwhieh r d ef erred.
(6 Econtact is élﬂlrryaﬁg Puﬁﬁé}P pur| Fegézo*

recovered  bY fBVaF?"mmaﬁFBﬁgRtﬁgéqteﬁ %%09?@193&@8 %5)@ If I@lgbeabout
25[err]C if sedpgrature has besrpemployed toqrotiacs tRTBIUPYS SrohPthY 7 the

lurry, from |ne urlfledT pr oduced
;Snut h?/s step |JS}R{5W‘§SER%?5'H@ Ibé)bé';@#a&g%g UWCPW @\% Bie8P#81 A being the
only i rrpu$ | t generallyatleast 9BR6 puts; twith bsphenouAtbemg the only impurity The
nmet hanol - 5";%@?'3 mqﬁ&irom the purified THPE is itself

THPE-satur at ore, It rray e recycled for use as wash liquid
with further enriched mixture, The purified THPE obt ai ned
fromthe above-descri bethe methgneli-wat%tﬂﬂaaferrmw regmeribepurifiedk a |1 ght

cream col or . THPEYY iteelf THPEWtéd?dTh@re?&%eittmésb bé raeyaeemmsé" oduct by
di ssol ution in met

d t
of alkali et waannqytqmcfpﬁﬁgr Fﬁ%‘ﬁ%ﬁw{é '?'heef(r)n ;)Irglz: ggaﬁ{)gpor on

solution turns pale 15 vyellow upon such treatnment. It may be filtered and
mai nt ai n#@ at a t Ehe puiified THPE ditaineddfeomitha abioveestribed whi ch

the sl uti on PUtication moSARE cBrdt 1y Bhs BonciSah Sl by e | coLiT: R o
t he pr eagqyerm toressentiad nmammtqmod ustby dissalution trlemeﬂhambl
and treatment with a decolorizing- proportion of alkali metal
- borohydride or dithionite. The initially amber solution turns pale
15 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.

20 When contact between wash liquid and the enriched
mixture is by washing rather than slurrying, as by spraying the fiiter
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

25 with methanol containing a decolorizing proportion of alkali metal
borohydride or dithionite, and, optionally, also with decolorizing
charcoal. After fiitration if necessary, the resulting solution may be
combined with water to precipitate a final product which generally
comprises at least about 97% THPE, with the balance being

30 bisphénol A. The presence of bisphenol A in such proportions is
tolerable when the product is to be used as a polycarbonate
branching agent.



20 When contact between wash liquid and the enrlched

mxture is by washing rather than slurrying, as by spraying the filter
cake with the wash liquid, the enriched m xture thus obtai ned may :
have a sonewhat hi gher bisphenol A content, often up to about 5% by
weight. It may then be further contacted as descri bed herei nabove 25 mnth
met hanol contai ning a decol orizing proportion of alkali netal

~borohydride or dithionite, and, optionally, also wth decolorizing
charcoal . After fil traﬂ'hsnnventmssuuslyatedmy thesfollowing exdmplesy may be

Comr i ses. a1 Fergenieel e R bBigh nlost pnBRaRL hatRI, 950" Bi chhenol A

The presence_of bisphenol A in such proportions is t ol erabl e when the
product is tEXBEWBIA as a pol ycarbonat e branchi ng agent.

-7- The invention is illustrated by the follow ng

exanpl es. Al per Pe800-98iSroand- ﬁmm@ di cat ed.
Exanpl e # 0 Cﬁ oﬁ?s‘gahgﬁnggg% s;’@uéﬁéped with a
stirrer wyas gharged wilh 109 g 3%'1‘ f "E“@bo §3¢ 14 mol )

of 3- nevereapiopropioniv acid@nd 100 M@ of pderphamyl asErcintémas an i nternal

Shenol el t eaCaTc,dheltelof 5%%#%&@8?8&%&%%“%@%” ‘rxture
for 30 m nut phenak edhuldydrpge leside gas wasibiibblefitheougtth@3 g 10 (88. 3
mol ) of 2, 4 é?&%@?gn%% ﬁﬂdﬁ%ﬁ@ﬁ’%%ﬁ:dd&é‘d t@Q?°C and’@lﬁgtfgen'*_ea“ ng

at 40[err s contli occasl onal a

chl ori dél 8&i3rmmpihef 2/4-peatanedions was asdded diepwise gver 30" vi scous and a

preci pi t at e ﬁhﬁutes f Hettiflg ab40’Ciws Bbntird wnﬁm%a&réhal add.t.om conti nued
for 24 hours ure was filtered,

yielding an BY gFRﬁ?n chloride gas, dyﬂﬁwoiﬂﬁhgm E“’Ftb‘r% egame¥ef¥e of THPE
and bi sphenoistou$and a pretipitatecstowlydformed. t Stiringatuoomvempeidture300 nl  of

met hyl ene chiaid @ntinued for 24 hours.

15 A portion of the mixture was filtered, yielding an orange
solid shown by analysis to be a mixture of THPE and bisphenol A. To
the remainder of the mixture was added 300 ml of methylene chloride,
whereupon a pink solid precipitated and was collected by filtration.

-Liquid chromatographic analysis showed the solid to be an

20 approximately 95:5 mixture of THPE with bisphenol A. Upon
reextraction with methylene chloride, there was obtained a light
orarige solid which was shown to be THPE containing only about 1-
2% bisphenol A. The total crude yield of THPE was about 49.5% of
theoretical.

25 Upon evaporation of the methylene chloride, bisphenol
A was obtained in a yield of about 50-60%.

Examples 2-7

The procedure of Example 1 was repeated, with
parameters including the molar ratio of phenol to 2,4-pentanedione,
30 the promoter proponibn, the temperature and the reaction time being
~ varied. The results are listed in Table 1.



wher eupon a pink solid precipitated and was collected by filtration.
-Li qui d chronmat ographi ¢ anal ysis showed the solid to be an 20 approxi mately

95:5 m xture of THPE with bi sphenol A. Upon reextraction with

nmet hyl ene chl oride, there was obtained a |ight orange solid which was
shown to be THPE containing only about 1- 2% bi sphenol A. The total
crude yield of THPE was about 49.5% of-8- theoretical. 25

Upon evaporation of the nethylene chI ori de, bi sphenol A was obt ai ned
in a yield of about 50-60% Ies 2-7 The
procedure of Exanple 1 was repeated, W LE 1 par aneters includi ng the
nol ar ratio of phenol pgargied- PePlRREd! o ter proportion, the
tenperat use agghniolke pheRdio '_':l' & oftde 5 rl eqlmﬂ‘%U| ts are
listed in Table I. - 8-

TABLE | 2 Moleat ratio, 3lronoter, gglRmperataye, 4¢g me, THPE 5
Exanpl e phenol : raent anedi orﬁe1 nol e percdf ** [err] G0 hrs40 yi edgl. %

2 it a0 Tl mE s ® o

8:1 40 0 49 8:1

1.5 60-R§ 64 % -5 SOR1 48 5915

60- RT 30 D1 1.572  8lgo Ry

48 59 *HTLRoomtempe;atuan: 1 3.0 60- RT 72 61
*RT = Room t efBased on phenol. **Based on phenol. 10 Exanple 8
A 250-m round-bottoned flask equipped with a -

10 Example 8

A 250-ml round-bottomed flask equipped with a
mechanical stirrer was charged with 94 g (1 mole) of phenol, 3.06 g
(28.9 mmol) of 3-mercaptopropior\ic acid, 1.65 ml of 38% aqueous
hydrogen chloride solution and 100 mg of p-terpheny! as an internal
15 standard. The mixture was warmed to 60°C to meit the phenol, after
which hydrogen chloride gas was bubbled through the mixture for 30
minutes. it was then allowed to cool to room temperature and 8.33 g-
(83 mmol) of 2,4-pentanedione was added over 30 minutes.
. Hydrogen chloride passage was continued at room temperature for 8
20 hours, during which time the mixture became very viscous. Strmng
was then continued for 40 hours.

Upon cessation of stirring, the reaction mixture solidified
as a brownish-red mass. Methylene chloride, 150 ml, was added,
resulting in separation of a pink precipitate which was removed by

25 filtration. It was shown by liquid chromatographic analysis to be an
approximately 95:5 mixture of THPE and bisphenol A. Further
extraction of the filtrate with methylene chloride yielded a second crop
shown to be a 90:10 mixture of THPE and bisphenol A. The total
crude yield of THPE was 5§9.9%.

30 Upon concentration of the filtrate and addition of water, a
reddish solid formed which was shown by analysis to 565% phenol,



mechani cal stirrer was charged with 94 g (1 nole) of phenol, 3.06 g
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Upon concent r diiltrationfresiduerwas adight yellowearangesolid whick hadsan APHA eddi sh
solid fornmed ' - | .
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bi sphenol A wa8nalysis:toxamprise 93.4&5‘,&!#)@ 5.8% bisphenol A and 0.6% A reacti on

pr oduct of1mhe?ﬁén§nd 2, 4- pent anedi one was 5 prepared by a reaction
procedure simlar to that described in the first part of Exanple 1,

Sureied o ety ene oho 5ok e i matorial kb AyRelai" o
2144. 1t was f 501 fory20 iminutéscinr30gamb of apkater-methanckijxture comprisingi se
93. 4% THPE, 5. BRaDLREFARY 4298 Wbiflafaf by Keidhtcifllch had been previously
saturated with THPE. The slurry was allowed to cool to room
15 temperature, with stirring, over 2 hours. The solids which separated
- were collected by filtration and analyzed; they were found to have an
APHA color number of 1021 and to comprise 98.3% THPE and 1.7%
bisphenol A. '

Example 10

- 20 Various portions (30 g each) of the product of Example 9
were dissolved in methanol and the resulting amber solutions were
treated with 50 mg of sodium borohydride, as a resuft of which the
solutions tumed very pale yellow. The solutions were filtered and
various proportions of water were added, with stirring, at 50°C or at

25 room temperature. The resulting cloudy solutions were stirred at
room temperature for 2 hours, filtered and washed with 100 ml of a
water-methanol solution comprising 70% water and 30% methanol by
volume. The products were then dried at 40°C under vacuum.

The results are given in Table Il. Yields are based on
30 the original 30-g sample.



A 100-gram sanple of this crude material was slurried at 50 C for 20

mnutes in 300 mM of a water-nmethanol m xture conprising 58% wat er and
42% et hanol by wei ght, which had been previously saturated with THPE.
The slurry was allowed to cool to room15 tenperature, with stirring, over
2 hours. The solids which separated _.l'o_were collected by filtration and
anal yzed; they were found to have an APHA col or nunber of 1021 and to

conprise 98.3% THPE and 1. 7% lii.l gEnﬁl A Example 10 20
Various portions (30 g each) of the 5@ ct’” of Example 9 wer e

di ssolved in neth 3 resdting a # s‘Oer]J' ns treated
with 50 ng of sodia@%# )y ghw& b LF g, regtﬂ)ﬂﬁg' of |E(c:)p t {:ﬁA sol utions
turned vepy pare—yetrow—Fh otH--ohs—wer-elef &Y. dngcolorno, various

proportiofis of ,water_ were agaed, Wi stirring, at 50[err]C or at 25 room

tenperature. The refdq ting PPoudy uti on82nere 902 red at49 room
tenperature fof 2 ha¥ls, fifPered &R washd@ with®8eb ni of1&

wat er - met hanol 3sol utd®n confPi si ng 2% wat 7 and 989 net hat®8 by

vol une. The préduct $Owere tBOn dri P at 4086 undePXicuum 94

The results ar® givd@in TaBPe 11. S@el ds &5 bas®9.Bn 3078t he ori gi nal

30-g sample. 6 60 70 50 89 99.3-10- 86

TABLE 1|1 . 7 8@t hanoBO \Wat er§0 Tenp. 91 Vi el 89.1 THPE 80 APHA Run

m m 8 [errB@ 8 purb@y. % 9%l or 98.05 85 1 50

60 25 82 99. 2 149 2 50 70 - 25 70
99.1 118 3 3 . 123 : 4
2 o Itgg appareé'g Qrg?m Tab;gr’4ll that THPE is obtdindd in

slithtFy higher yield and with slightly less color if precipitation is
~ carried out at 50°C than if it is effected at 25°C. Product purity is
approximately the same irrespective of temperature. In each run, the
10 only detected impurity was bisphenol A. |

Example 11

The procedure of Example 9 was repeated, varying‘the
water-methanol volume ratio. The results are given in Table |il.

15 TABLE 1l
Water-methanol Analysis APHA
Run _____vol ratio THPE BPA Phenol colorno,
1 50:50 98.3 1.7 — 1021
2 58:42 99.4 0.6 - 1408
3 60:40 98.2 1.8 . 1204
4 70:30 97.2 2.6 0.22 1171
5 80:20 © 94,6 4.9 0.5 1392
20 it is apparent that products of substantially higher purity

are obtained when the methanol-water mixture contains at least 40%
methanol by volume. Color numbers do not appear to be
substantially affected by the water-methanol ratio.



5 .60 60 50 85 99.7 78 6 60 70

50 89 99.3 86 7 60 80 50 91 99.1
80 8 60 90 50 92 99.0 85 -

It is apparent from T Table Il that THPE is obtained in slightly higher
yield and with slightly less color if precipitation is carried out at

50[err]Cthan if it is effected at 25-31Product purity is
approximately the same irrespective of tenperature. In each run, the 10
only detected inpurity was bi sphenol A Exanpl e 11

The procedur cExaniplepl® 9 was repeated, varying the wat er - met hanol
volunme ratio. The results are given in Tabl e lll.

-IR;ﬁELE . I\/oI . ratio V%EQESQEEQ@E%Q&OEW%%@PQM%19 parts (290 50: 50

98. 3 1. pmol) of phenol and)warmed to60°C in a nigggen atmospher&9 34 0.6
- - 1408 Mercaptopropionic@bid0.285 part) a?iil 8. 019 p b %-ter%henyl as 1204

: 20
g 4.6 ?':0 43§n integnaf stgzqélgizwe@agded T?ne soluttoq qussaéw¢ mitht hat 80

product is of sghseous hydiogeni glerideand2/parts (s/zamnentcmzwd when t Ihe ol
net hanol - wat e t vo une. or
nunbers do no@eﬁﬁﬁeﬁcﬁ&%&%&ﬁad& Uﬁﬁ‘f‘ﬂ?ﬁﬁ ‘?’?s QPP@ %@E@J)p F
wat er - met hanohoues, iwhereupon the reaction was completsdand conversion to

THPE was shown by liquid chromatographic analysis to be 61%.

10 Methylene chloride was added to the mixture and the
resulting slurry was stirred for 2 hours to precipitate the crude THPE.
The slurry was filtered, washed with additional methylene chloride
. and dried to provide 3.43 parts of 'a_ light tan solid comprising 94%
THPE (53% crude yield), 5.4% bisphenol A and 0.6% phenol.

15 ' The filter cake was washed with 13.9 parts of a water-
- methanol solution comprising 58% water and 42% methanol by
volume, which had been previously saturated with THPE and which
also contained 0.05% sodium borohydride. Analysis of the product

after washing showed it to comprise 94.1% THPE and 4.9%
20 bisphenol A. |

The washed filter cake was dissolved in 6.9 parts of
methanol and 0.001 part of sodium borohydride was added, reducing
the color noticeably. There was then added 0.0015 part of
decolorizing carbon. The solution was stirred for 30 minutes and

25 filtered, yielding a faint yellow solution. It was warmed to 40°C and 10
parts of deionized water, containing 0.001 part of sodium borohydride
and heated to the same temperature, was added with stirring. Upon
cooling to room temperature over 2 hours, the purified THPE

precipitated; it was filtered and dried and was found upon analysis to
30 comprise 97.5% THPE and 2.5% bisphenol A.



A gl ass-lined reactor was charged with 19 parts (200 mol ) of phenol
and warmed to 50 Cin a nitrogen atnosphere. 3- ‘Mer capt opropioni.c acid
(0.285 part) and 0.019 part of p-terphenyl as 5 an internal standard were

s e it e St s IR

heated at 40[err]C for 48 hours, “wfef eupon the teattiton™as cbnpl ete
and conversion to THPE was shown by |iquid chromatographic analysis to
be 61% 10 Net byl ene chl ori de was added to the m xture and
t he resul ting slurwh%d ‘ﬁ/’ﬂat%éﬁ'for 2 hours to precipitate the crude -
THPE. The slurry was filtered, washed with additional nethylene

chl oride and dri ed ft oA methoddoBprepapiagt 51 4 tris(4- ght tan solid
conprising 94 9 ' .5. 4% bi sphenol A and 0. 6%
phenol . 15 Fﬂ(droxypﬂ@ﬁﬁ)éﬁ%ﬁh%ﬁﬂﬁeé’dtﬁéﬂ%e%s washed with 13.9 parts of a
wat er - nmet hanol sol ution conprising 58% water and 42% net hanol by

vol une, which had been me@ﬁngugtgtgapamuwmmewamgpfahouwaoeh also

cont ai ned 0. Oﬁmsedatrmxhﬂ@c&ry&i ane@mﬁérgaﬁé%@hg de{dg@%f] fic o after

washi ng s

e 94.1%T .
e g e it A& Bodvasaans b i effegtiye smgunt of & MEEAMAL| and
0.001 part of cenfoundas piwbbteisethuammﬁo ofqﬁ#n@tb24- entamediotieo’

The <ot ut ] on Jewia EF fash EBaff 65 7 pechibelostive of pispheROParindenl o7 o ni

yel | ow sol ut i dpi,1Hris{dhydeoxypienyl)athaGe;andl10 parts of dei oni zed
water, containing 0.001 part of sodium borohydride and heat ed to t he
sane tenperature, was a I Qi 00
tenperature over 2 hqur s r&hﬁé} gg'%ﬁu ro rr('aec !@ tat edhen¥
filtered 38d &ai¢ ﬂﬂ&ﬁfound upon analysis to 30 conprise 97. 5% THPE
and 2. 5% bi sphenol A. . ' -12-

2. A method according to claim 1 wherein the molar
ratio of phenol to 2,4-pentanedione is at least 8:1.

3. A method according to claim 1 wherein the molar
ratio of phenol to 2,4-pentanedione is above 11:1.

4. A method according to claim 1 wherein the acidic
conditions are provided by the addition of hydrogen chloride gas.

. 5. A method according to claim 1 wherein the mercapto
compound is present in the amount of about 1-6% by weight based
on phenol.

6. A method according to claim 5 wherein the mercapto
compound is 3-mercaptopropionic acid.

7. A method according to claim 5 wherein the mercapto
compound is mercaptoacetic acid. '

8. A method according to claim 1 wherein the
separation step is effected by removing bisphenol A by extraction at
least once with a chlorinated alkane.



What> is clained is: 1. Anethod for preparing 1,1,1
-tris(4- hydr oxyphenyl ) et hane whi ch conpri ses:
heating, at a .tenperature in the range of about 30-
m xture of phenol and 2, 4- pent anedi one under aci di IIH"' |!Mﬁﬁ'v nd in
t he presence of an effective ampunt ofﬂg mer capt o

pronoter, the nolar ratio of phenol to 4- pent anedl one - being at | east
about 6:1, to produce a m xture of bisphenol A and said

13 St v oopnihy M B Eerado caim g ie A7 °% ¢

2. A nethod eh ted alkanel isi methyléns chloridee nol ar rati o of phenol to
2, 4-pent anedi one is at |east 8:1. 3. A nethod according
to claim1 wherein the | &I, ent anedi one i s
above 11: 1. 18" Almeth d%\cyo*(?ngéoaccorgl ng § Ath aim1 wherein the
acidic cblﬂfﬂ\ﬁ?@l@ﬂ‘%'%i&ﬁ'ﬁ@@'% hape. addi ti on of hydrogen chl oride
gas. 5. A nethod according to claim1l wherein the

Ter capt o comooundnI SARhefd addording e/ 8qilhhé§ﬁm1el 3% bytwel ?ht i

ase : net hod according to claim
wherein the ﬁé‘?’%&ﬁ% is peﬁo"ﬁ%ﬂﬁ@)!ﬁ?@tﬁ@c? nmer capt opr opi oni ¢ aci d.

7. A nethod according to claim5 wherein the nercapto conmpound i s

ner capt oacetic acid.  12. A method for preparing andgurifyingdcbiebis@-t o claim 1
~wherein the tih hmﬁi £d by renovi ng bi sphenol A by
extraction athydm tB oncée maﬁg’}%%l nat ed al kane.

heating, at a temperature in the range of about 30-
100°C, a mixture of phenol and 2,4-pentanedione under acidic
5 conditions and in the presence of.an effective amount of a mercapto
compound as promoter, 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;

combining said mixture with a chlorinated alkane in an
10 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;

contacting said precipitate with a methanol-water
mixture containing at least 40% methanol by volume, said methanol-
15 water mixture being previously saturated with 1,1,1-tris(4-
hydroxyphenyl)ethane, to produce a 1,1,1-tris(4-
hydroxyphenyl)ethane slurry, and

recovering purified 1,1 ._1-tris(4-hydroxyphenyl)ethane
from said slurry.

13. A method according to claim 12 wherein the
chlorinated alkane is methylene chioride.



- 13*'- 9. A nethod according to claim | he
' 10. A nethod

chl orinated al kane is nethyl ene chl ori de. .

according to claim8 wherein the chlorinated al k H"waqu,umﬂuuul .
, 2-di chl or oet hane. 11. A nethod acce AL 8
wherein the extraction is perforrre_d1{elt. | east tWwi ce. _ *
12. A nethod for preparing and purifying 1,1, 1-bis(4- o

hydr oxyphenyl ) et hane whi ch conpri ses: heating, at a

tenperature in the rangeqgf Q- . 00lerr]C, .a m xture of phenol
and 2, 4- pent anedi one undéra' a@%@é a°°86¢|893‘?8 "‘aﬁwmr?'ﬁeﬁwesence of -an
effective anoufetiancl-watet apixture furtheocpntains aaiet_cbwt;mr:g grdllitﬂ'%iaﬁ'o?f dr atio
of phenol to 2 #IK%I Wi . | Al ] €ast abou :1, to produce a
m xture of bi s%ﬁeno t ano| samd"delb?f{,aq','@ﬂ-érri s(4- hydr oxyphenyl ) et hane;

conbining said mxture with a chlorinated alkane in an 10 anpunt to
produce a precipitate of 1a it faethedsccerding te claimi14 wherein the alkali

hydr oxypheny| ) arigtairtsorehgdfiiie Rrdiiorfites i’ $6d1aM b&ohy&ri&é.t ris(a-

hydr oxyphenyl ) et hane, and i sol ati ng salhd plreC| pitate; - at i ni ng

contacting said precipitghe M th,a, nethanol -water i xture cont ai

at | east gl10% met Iﬁa.nol t_)yqbol%ﬂlﬁ&hggiaﬁcﬁé‘i}ﬂgﬁglcia‘%mMP&?'“rﬂ"ﬁtQm@wMel ng

previ ousl y sat of saiddsodium Horbhydride iirs 64id me)thatnhdl-}whtéll(mmﬁd ig gﬂh’éﬂe’ to
roduce a 1,1, LsdAd et hane slurry, an _

Iroecoveri ng purh’fd(;édaﬁéqoq?Pﬂé@isﬁgyy@gﬁ{ényl ) et hane fromsaid

slurry. 13. A nethod according to claim12 wherein the
chlorinated al kane is metflify| Afeethedsagogeding to claim 13 wherein methanol- :

water mixture separated from said purified 1,1,1-tris(4-
hydroxyphenyl)ethane is recycled for contact with further precipitate.

18. A method according to claim 13 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.

. 19. A method according to claim 18 wherein said further
methanol contains a decolorizing proportion of sodium borohydride.

20. A method according to claim 18 wherein said

contact with further methanol also includes contact with decolorizing
charcoal. |



-14- 14. A nethod according to claim 13 wherein said
met hanol -water m xture further contains a decolorizing proportion of an

al kali metal borohydride or dithionite. 15. A et hod
according to claim 14 wherein the alkali netal borohydride or dithionite is
sodi um bor ohydri de. 16. A nethod according to claim14

wherei n the anount of said sodi um borohy#ide in said net hanol -wat er

m xture is in the range of about 0.01-0.10% by wei ght. 17. A

met hod according to clai m MEMOB FORt PREPARWG:rANMDxt ure separated from
said purified 1,1, 1-tris(4- hWﬁﬁng&yl gelt i%!%%‘r ecycl ed for contact
1%

with further precipitate. 1 according to claim13
wherein said purified 1,1, 1- HYBROXYRUENYL)ETHANE e is contacted with
further nethanol to forma solution, fromwhich still further purified .
1,1,1- tris(4-hydroxyphenyl)ethane is precipitated by conbining with water.
19. A nmethod according to claim 18 whexiestragti d further nethanol contains a
decol ori zi ng proportion of sodi um borohydri de. 20. A net hod
according to claim18 whe

i ncl udes contact with dec{!ﬁgﬁ@?%ﬁ‘ﬂ%@ﬁﬂ“ﬁeﬁhg% ! Bdnfituté Wi ' °°
bisphenol A is obtained by the reaction of 2,4-pentanedione with
excess phenol under acidic conditions and in the presence of a
mercapto compound as promoter. The products may be separated by

5 extracting bisphenol A with a chlorinated alkane. Purification of the

resulting 1,1,1-tris(4-hydroxyphenyl)ethane is achieved by slurrying in
and/or recrystallization from methanol-water, optionally with addition
of an alkali metal borohydride or dithionite.



