VETHOD FOR PUR! FYI NG 1, 1, 1- -~ TR S(4- wmé‘@ﬁ{ﬁg%‘g’a‘;;q

; FALKANES =~ Background of the Invention ThRY
relates to the purification of 1,1,1-tris(4- - hydr oxyphenyl ) al kanes and
"~ especially 1,1,1-tris(4- - hydroxyphenyl )ethane. 5 The
'subj ect conmpounds, especially the ethane conpound which is hereinafter
soneti nes designated "THPE", are useftdl- as branchi ng agents for
pol ycar bonat es. For this purpose, they may be incorporated in reaction

m xtures al so cont ai ni ng METHOD oFOR oPURIFWING 0Y1J$- such as bi sphenol

Compounds - Care commnly pr R By BROXYRAEREY corPonere The

4- hydr oxyacet ophenone and its hontAbKANESh phenol, said reaction
bei ng anal ogous to the reacti on of phenol with acetone to form

2, 2-bi s(4- hydr oxyphenyl ) pr opane, al so known as " bi sphenol A". As
disclosed 15 in eund phthei lwventioml i cati on Serial No. 08/583, 264
and conplete application Serial No. [RD 24972], the disclosures of

whi ch are incorpor at edriy invdiftion YefatB€ ¢ tHe parifi@tioRbf B Rods{4r

. preparing THPE, (recove eﬂ@:n adm xture wbth ?I sg enol A)'is by the
reaction und¥argxyRienydafranes &ePeFaMG 1. Wl tHSB- 4- pent anedi one. 20
According to US Ratdrokyphétd)etiéne THPE produced by t he reacti on of
4- hydr oxyacet ophenone wi th phenol can be purified by a series of

“and sodi um boPonyari de. i JingudRel sl scialy e SBBbSS"C: this
type apparent|y neaupoundwhictpisoheneinafter sometimes designated "THPE", are

useful as branching agents for polycarbonates. For this purpose, they
may be incorporated in reaction mixtures also containing '
dihydroxyaromatic compounds such as bisphenol A and carbonate

10  sources such as phosgene or diphenyl carbonate. The compounds
are commonly prepared by the reaction of 4-hydroxyacetophenone
and its homologs with phenol, said reaction being analogous to the
reaction of phenol with acetone to form 2,2-bis(4-
hydroxyphenyl)propane, also known as "bisphenol A". As disclosed

15 in copending provisional application Serial No. 08/683,264 and
complete application Serial No. [RD-24972], the disclosures of which
are incorporated by reference herein, a second method for preparing
THPE (recovered in admixture with bisphenol A) is by the reaction
under acidic conditions of phenol with 2,4-pentanedione. |

20 According to US Patent 4,992,598, THPE produced by
the reaction of 4-hydroxyacetophenone with phenol can be purified
by a series of washes with methanol-water variously containing at
least one of THPE and sodium borohydride. In general, numerous
washing steps of this type apparently need to be employed. An

25 alternative purification method which does not require so many steps
is desirable. '



&

25 alternative purification met hod whi ch does not require so nmany steps

*i s desirable. -2 -

“Sunmmary of the Invention The present invention provides
such an alternative purification nmethod. It may be enployed to afford
a product having an APHA col or nunber of |ess than 200 froma crude

product containing 5 at |east about 90% THPE by wei ght .
The invention is a nethod for further purifying a tris(4-
hydr oxyphenyl ) al kane of at | east about 90% by wei ght purity which

conpri ses: Summary of thgo[,{?é}q.@ﬁ adduct by contacting said tris(4-
10 hydroxyphenyl ) al kane vmth a ar excess of a C[err] pr| mary al kyl

terti ary am ne, and regoveri ngegurl

tri s(4-hydroxyphenyl ) al kane fedpresent "'5’5[’30'&86?}6 §u?rhéprﬂﬁer6?t“éﬁqueous
aci d- prorot ed cr aplrifigation methda:t wrheﬂ b%ﬁplbgéd waﬁBrcﬁé@rrombtfﬁﬁmy gRnts

by the method of AR FRIAUTESY driEha T, 200 5 fibos ©°

B RSUE e ot
capabl e of prepar at laast apouh80%cEHPEOby wieightenol with 4-
hydr oxyacet ophenone and its higher honol ogs, such as the corresponding

pr opi ophenone and butyr opherginvdAfio {4 Fdthdd for further purifying a tris(4-

hydroxyphenyl)alkane of at least about 90% by weight purity which
comprises:

forming an adduct by contacting said tris(4-
10 hydroxyphenyl)alkane with a molar excess of a C4.4 primary alkyl
tertiary amine, and

recovering purified tris(4-hydroxyphenyl)alkane from
said adduct by thermal or aqueous acid-promoted cracking.

Detailed Description, Preferred Embodiments

15 The tris(4-hydroxyphenyl)alkanes which may be purified
by the method of this invention include, as a genus, those compounds
capable of preparation by the reaction of phenol with 4-
hydroxyacetophenone and its higher homologs, such as the
corresponding propiophenone and butyrophenone. The preferred

20 compound is THPE.

According to the invention, THPE having a purity of at
least about 90% by weight is first obtained. In the case of the
4-hydroxyacetophenone preparation method, THPE of the required
purity may be obtained by removing by-product phenol by filtration

25  after adjusting the water content, as disclosed in the aforementioned
U.S. Patent 4,992,598. In the case of the 2,4-pentanedione synthesis
method, slurrying in a chlorinated alkane such as methylene chioride
followed by filtration can afford a solid product of the requisite purity.



20 compound is THPE. According to the invention, THPE
shaving a purity of at | east about 90% by weight is first obtained. In
the case of the 4- hydr oxyacet ophenone preparation nmethod, THPE of the
required purity may be obtained by renoving by-product phenol by
filtration 25 after adjusting the water content, as disclosed in the

af orenent i oned U S Patent 4,992,598.3Ln the case of the

2, 4- pent anedi one synthesi s met hod, slurrying in a chlorinated al kane

such as nethylene chloride The essteﬁhélqmﬂncbuoﬁ istép BitheTofaticH bPaA a sol i d
product of the regglsme ur i

bt Setfigh PHPE and a Gir4 primary BRYLIEIAYAMIAG $UEha8 | on
of an - adduct trimethylaminePiiethylamiig er trj-ngsutglaminel Ryiethydamires js am ne

e ar ' | L PAHEE 0 IR Tl A BB sy o,

however, it sHoul Besin tondéhet@tbertem.aryoammesms désgribeamiaydee as descri be
may be substggygmgténg%fgp : The adduct is forned

by bl ending the THPE wth a nolar excess of the am ne. ‘A typical nolar
ratio of amne to THPE is a . about 1. referably at | east
about 2:1 and nost preferabl eé&@ﬁctlﬁ)m@eﬂ-wBbﬂd'WngaUdBEtW%/mé@PWmd
conpri ses equi nol ekcegebthei amihe. At piéaltrh@laﬁfatnﬁofeu“rdm“éHBE'HPE is at least

complex. 1n any cdat e eeHiapl %lq%ﬁf Ui 21 enfRjoraretarabl) Aoy

descri bed hert0 nai42,8:1 0 Theoaidduct ThiPEfarindd gbmptisés gquinidlar proportions |t
i s possible to mepeine Q}rﬁ‘f@'aﬁaefl-i#@. reagents, THPE

The precise nature of the adduct is not known. it may be
a salt or complex. In any event, it is readily and conveniently cracked
as described hereinafter, to produce THPE of high purity.

15 It is possible to merely blend the two reagents, THPE
and amine, in proportions such that the amine serves as a solvent.
However, the adduct then sometimes "crashes" from the mixture in
clumps which are difficult to process further. Therefore, it is usually
preferred to employ a separate solvent, most often a polar organic

20 liquid such as a C1.4 alkanol; methanol is preferred and is generally
referred to hereinafter. The alkanol may contain a decolorizing
proportion, typically about 0.01-0.10% by weight, of an alkali metal
borohydride or dithionite (MBH4 or M2S203, respectively, where M is
an alkali metal), as a decolorizing agent; sodium borohydride is

25 preferred. '

After dissolution of the crude THPE in the alkanol, the
triethylamine may be introduced at a temperature in the range of
about 20-40°C. If a relatively large excess of triethylamine (e.g., a
molar ratio of triethylamine to THPE of at least about 2:1), the adduct

30 crystallizes slowly. Further crops of adduct may be obtained by
allowing the mixture to stand at ambient temperature and/or by
adding water, typically in a 1:1 molar ratio to methanol.. Smaller



and am ne, in proportions such that the am ne serves as a solvent.

s However, the adduct then sonetinmes "crashes" fromthe mxture in

clunps which are difficult to process further. Therefore, it is usually
preferred to enploy a separate solvent, npost often a polar organic 20
liquid such as a CJerr] alkanol; nethanol is preferred and is generally
referred to hereinafter. The al kanol may ccdhtain a decol orizing
proportion, typically about 0.01-0.10% by wei ght, of an alkali netal

bor ohydri de or diprhportions ¢iNBefrylarhinerwill{causp Sdauct 1o farm| butriteyayct i vel vy,

bo(ra(r)ﬁydr: 3e i s Zgéﬁbﬁﬁrgpggﬁh%m,“ p?§01ﬁ|t§%‘a%)péﬂ&|{18ﬂ€?gfﬂéri’.SSOI lﬂfimon of the
crude THPE i n t hdoanrtien@ndigiystallization of atarop shiadduskip apmplate; daRiced at a

tenperature in t heddupt ofaPbe removedifiltrafiodOlerr] C. If a relatively large
excess of triethylamne (e nolar ratio of triethylamne to THPE.

.g., a

of at least ahout 2:1), the duct .30. crystallizes slo . _Fyrther crops
of adduct nay°be obt ai ned b(}'gﬁlowmgl ,'Ise@it'ﬁﬁ' ea‘%@&tlﬁ?%y%é %?MHY anbi ent
t enper at ur e and/ dnedting in vacuaminitog temperature pf abldagt B0 CGrahd Jprefdrablyr atio to
met hanol .. Smal | elb '

proportions of tri e?"l"} ‘?Saﬂw"%cwwf‘?’?c“é’l?é‘ ethgal.cr]iﬁmylﬁrgin]e Oiranaoslijly 'FE"°PF89A"V_
remain in sol uti ovplahﬁ/;atwp_r Algrnatively, exackingi may beoachieved by woptact with
formation and cr ﬁ&@éé:iz?iiuﬁ}rﬁeirgpéfaﬂﬂe% tRE faitde bf aBB%lﬁ-‘S@?C} he

adduct may be renoved n . . . owng its
i sol ation, tH® adﬂi?g?' aBaut-20:30:6- tﬁrplcal acifisawhich may \pecempiayed-are
\tAke]rmer atur tehof t at theeeernfti iirnidral ad_sildsrarrﬁf &setie! abt:id, at co’ﬂ@,@r\traﬁ?nslﬁﬂhabﬁﬂ C,
ereupon the tri ne i | I enpv .valatilization.
Al ternatively, cr i’%ﬁngﬂﬁﬁff eﬁ:”ﬁ@ﬁi %%8'«!?'2‘;?5?%%!!9? agidic Softtion B acid
at a tenperature beretavereddy convantionabdeans e ilts)piyrity is generally at least
about 99% by weight, and its APHA color number is usually no higher

15 than about 200.

The method of the invention is illustrated by the
following examples.

Example 1

A 500-ml round-bottomed flask equipped with a stirrer
20 was charged with 94 g (1 mole) of phenol, 1.50 g (14 mmol) of 3-
mercaptopropionic acid and 100 mg of p-terphenyl as an internal
standard. The reaction mixture was warmed to 60°C, whereupon the
~ phenol melted. Hydrogen chloride gas was bubbled through the
mixture for 30 minutes, after which it was cooled to room temperature
25 and 8.33 g (83 mmol) of 2,4-pentanedione was added dropwise over
30 minutes. The mixture was heated to 40°C with occasional addition
of hydrogen chloride gas, during which time it became very viscous
and a precipitate slowly formed. Stitring was continued ovemight at
room temperature.

30 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 mi of methylene chloride,



10 preferably about 20-30[err]C Typical acids which nmay be enpl oyed are
sthe common mineral acids and acetic acid, at concentrations of about

1-2 M The free THPE precipitates fromthe acidic solution and may be
recovered by conventional means. Its purity is generally at |east

about 99% by weight, and its APHA col or nunber is usually no higher 15

t han about 200. The netdod of the invention is
illustrated by the fol |l ow ng exanpl es. Exanmple 1

A 500-n round- bakhergohl 2pinkessliddpreipiatéd andividd 8blietled WJilgRRsmed Wi th
94 g (1 nole) of pheraol 1. 0%14 mr&léégﬂ& .Ajzﬂrjcatqrommc
acid and 100 ny dfiagid ghromatographic, analysis, shawed the sqlid, gigprppri ction
m xture was war me@R%cby Gleight] THPBN6166 hispHemel A and 1%hpheholirel t ed. Hydr ogen
chl ori de gas was bubbl ed t hrough the m xture for 30 mnutes, after

which it was cooled to roomyt . 3 I
2, 4- pent anedi one was z_idded%{%@%@ég&qm@%Ta&ﬁ{Q@. rn% ‘Wﬁ%‘?)e was
heated to 40[ & r]easidigsaberchin mizd anethanol to formex lightcarohensalution.i de gas,
duri ng whi ch 11 METHEMRREARTE, 6918/ ml (449 Himol) was &dded, WhGIBUBONTHE cbidt! Y
formed. Stirring 3{? o(gt I.hued overni Pht a . rooE te er,atéjre. 30
A portion of the i'ﬁﬁ utier changed tofaigt Rink; Aywhite splid geystallized slawly shown
b]y ?Eal y_sits to beastie ngn%@% wasTétll?@cﬁmbt d r:oismmhleb. _lfréweTsolid was réfhevegnai nder
o e mxture wa ene r .
% ! wher euBbAEAI A Hasd ope uPb atfaliek, i b e dssired asgug o
filtration. 10 THPE and triethylamine. Upon standing for an additional 2 hours, the
filtrate deposited a second crop which was similarly removed by
filtration.

The adduct was slurried in a 1.5 M aqueous acetic acid
solution for 1 hour. Upon filtration, THPE was isolated as a snow
15 white solid.

Example 2 -

The procedure of Example 1 was repeated and water,
250 ml, was added slowly to the mother liquor from the second crop of
" crystals, resulting in further precipitation of white solid which was
20 collected by filtration. The various crops were washed with water,
dried and combined. '

Example 3

The procedure of Example 1 was repeated, except that
the methanol contained 0.05% by weight sodium borohydride.

25 Example 4

The procedure of Example 3 was repeated, using crude
THPE prepared by the reaction of phenol with
4-hydroxyacetophenone.



Li qui d chromat ographi c anal ysis showed the solid to conprise about 92%
s by wei ght THPE, 6. 1% bi sphenol A and 1% phenol . A 63.5-¢
sanpl e of the crude THPE (191 mml of THPE) 5 was dissolved in 250 m of
met hanol to forma |ight anber sol ution. Triethylamne, 62.5 m (449
mol ) was added, whereupon the col or of the solution changed to faint
pink. Awhite solid crystallized slowy -6-as the mixture was stirred
over 45 mnutes. The solid was renoved by filtration and was found
upon analysis to be the desi red adduct of 10 THPE and triethylam ne. Upon
standing for an aeQ? ‘?. 2 hours, the filtrate deposited a second
crop which was simlarTy rem)ved by filtration. The
adduct was slurried in a 1.5 M aqueous acetic acid solution for 1
hour. Upon filtration, THPEThaPrreedurecf Examnpleiowassepantedexscopt that

Example 2 the methanol wasIbfitRid&5d! eecideEMAPE! Wwad tréafed WG Heafl and
wat er uor, f romthe second

crop of cryﬁe&hﬂa"v%%uﬁwﬁ %%FGF%&Fa%\%@'E?me% BYXtyre-whi t e sol i d
which was 20 collected by filtration. The various crops were washed with
wat er, & i ed and conbiThedesults of Examplas ©-53are listed in the following The
procedure of Exan] el was repeated, except that t he net hanol

cont ai ned 0. 05% by Wei ght sodi um borohydri de. 25 Exanple 4

The procedure of Exarrpl e 3 was ate usi ude PE prepared by
t he reaction of pg(n wth ﬁ-ﬁfﬁ ydr oxya@%f\j%0 enone. AP':W

Dle recoverv color no.
10
1 80 99.4 179
2 g5 99.3 176
3 86 99.4 63
4 94 99.5 Light tan
5 94 99.4 Pink

It is apparent that the method of the invention produces
very pure THPE in high yield. Color is substantially improved by
‘using sodium borohydride.



-6 - Exanpl e 5 The procedure of Exanple 1 was

, repeated except that the nmet hanol was omtted and the crude THPE wWas —
treated with neat triethylamne. Cunps of adduct ' m I mm
m xture. 5 The results of Exarrpl es 1-5 aimﬂﬁ (IIIHM I
fol |l ow ng t abl e.

APHA Exanpl e recovery. % purlty- col or no. 10

80 99.4 179 95

99.3 176 -3 86 99. 4

63 4 94 What is claimed i89. 5 Li ght tan 5

94 ' 99. 4 Pi nk i s apparent that

the nmethod of the invention {or qﬁ&ﬁ in high yield.

Color is substanti aI ly i rove'g od for furtY\SF ﬁuﬁ@frfﬁn; 5gh dri de.

- 7- ydroxyphenyl)alkane of at Ieast about 90% by welght punty which
comprises:

forming an adduct by contacting said tris(4-
5 hydroxyphenyl)alkane with a molar excess of a C1.4 primary alkyl
tertiary amine, and |

recovering purified tris(4-hydroxyphenyl)alkane from
said adduct by thermal or aqueous acid-promoted cracking.

2. A method according to claim 1 wherein the tris(4-
hydroxyphenyl)altkane is 1,1,1-tris{4-hydroxyphenyl)ethane.

3. A method according to claim 2 wherein the tertiary
amine is triethylamine.

4. A method according to claim 3 wherein adduct
formation is conducted in a polar organic liquid as solvent.

5. A method according to claim 4 wherein the polar
organic liquid is a C1-4 alkanol.

6. A method according to claim 5 wherein the alkanol is
methanol.

7. A method according to claim 6 wherein the methanol
contains a decolorizing proportion of an alkali metal borohydride or
dithionite. '

8. A method according to claim 7 wherein the alkali
metal borohydride or dithionite is sodium borohydride.

9. A method according to claim 6 wherein the molar
ratio of triethylamine to 1,1,1-tris(4-hydroxyphenyl)ethane is at least
about 1.5:1. |



What is clained is: 1. A nethod for further purifying a
stris(4- hydr oxyphenyl ) al kane of at | east about "90% by wel ght purity

whi ch conpri ses: form ng an- m B{l ng
said tris(4- 5 hydroxyphenyl)al kane with a nol ar ex Hmm ﬂjﬁﬂ

primry al kyl tertiary amne, and * Crécolerf

purified tris(4-hydroxyphenyl)al kane from-8- sai d adduct by ther mal or
aqueous aci d-pronoted cracking. 2. A nethod according to
claiml wherein the tris(4- hydr oxyphenyl ) al kane is 1,1,1

-tri s(4-hydroxyphenyl ) et hand0. A method according to claim© wherain the owiai ng to
claim2 wherein t ne.. h’ﬁéﬂ,@

4. A et hod accorg?hé o frie?ﬁglarrrr'n]me \t/ﬂgm frtlhi(g(m)&BM %th%neolrs] l[|1sth%onduct ed
in a polar organi @W!?%G?é bout 24+2:8h. . 5. A net hod

according to claim4 wherein the polar organic liquid is a (err]

a: Eano: . 14. Arﬁ@thbddao@@ﬂﬂﬁ?it@gldim ?}Mgiéﬁbiﬁ mgl_ﬁpﬁé n thf ,

al kanol is nQjl . met hod according-to claim
6 wherein the ma?%&é% 8* addu%&{gé;langgt%gE%qu 3tg; ng proportion of an alkali

met al bor ohydride or dithionite. 8. A net hod
according to claim?7 wherei 2 h& raéthadi accordingdo glaimot b wrdreide “or

dithionite is sodi .ccordin
to claim®6 wher el %E%ﬂfﬁ/%b%ed bY |a"°W trqeeﬁet?cpg%rﬁ%t Lﬁerg%%i&ﬂﬁ' % ?
-tri s(4-hydr oxyph&Md adevetie standt | east

13. A method according to claim 11 wherein
precipitation is caused by adding water to the reaction mixture
containing said adduct.

14. A method according to claim 3 wherein cracking of
said adduct is effected by heating in vacuum to a temperature of at
least 80°C, whereupon the triethylamine is removed by volatilization.

15. A method according to claim 3 wherein cracking of
said adduct is effected by contact with aqueous acid at a temperature
in the range of about 20-50°C.



about 1.5:1. . : - - 8- 10.
A method according to claim6 wherein thé hplar ratio of triethylanmne to
1,1,1-tris(4-hydroxyphenyl)ethane is in thé range of about 2.4-2.8:1.

11. A method according to claim®6 wherein nultiple crops of adduct are

caused to precipitate. 12. A method according to claim1l
wherein precipitation is caused by allow ndthe reaction nixture containing
sai d adduct to stand. 13. A method according to claim1l
wherein precipitation is caudéBTHORJIFOR RUBIFYINGhd,1daction ni xture

- contai ning said adduct. . rding to claim3
wherein cracking of said adduct":“ssg#f%%?e%éﬁﬁgggtipﬂga?n vacuumto a

tenperature of at |east 80[err]C, vvhere%bMN triethylamne is renoved by
vol atilization. 15. A rret(::&ﬁd accior ding to claim3 wherein
cracking of said adduct is effected by siactyi t h aqueous acid at a
tenperature in the range of about 20-50[err]C

Tris(4-hydroxyphenyl)alkanes such as 1,1,1-tris(4-
hydroxyphenyl)ethane are purified by formation of an adduct with a
molar excess of a C1-4 primary alkyl tertiary amine, preferably
triethylamine. Adduct formation is preferably effected in a polar

5 organic solvent such as methanol. The pure
tris(4-hydroxyphenyl)alkane may be recovered from the adduct by
thermal or aqueous acid-promoted cracking.



