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t et raphenyl phosphoni um phenol ate (TPP-P) with phenol which is liquid at
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crystalline phenol adducts of TPP-P obtai nabl e according to DE-A-197 273 51
and WO 0118606husl pridued ipsuitatiate trpnsasterificatiaf catblysyliniparticular foro ensure

15 the purity of the resultant formul atjoq. a large industrial scale,
nowever i r EONEOHTERGROBMCHANOLIERTblaSHG PRICAISR I h 15 || quid at
roomtenperature and is obtainable in said manner is not feasible in a

continuous nelt transesterification process for the production of
pol ycarbonate due to the el QADKERAMIBIOBETHEANMENTION ons. Furt her

The production of phosphonium phenolates is known from DE-A-197 273
20 51 and WO 01/46100 A1l. Said documents describe processes for the
synthesis of high purity phosphonium phenolates which are obtained in

crystalline form as phenol adducts. Once dissolved in phenol at
temperatures in excess of 45°C, the phenol adducts of phosphonium
phenolates obtained in said manner are used on a large industrial scale

25  as transesterification catalysts in melt transesterification processes for
the production of polycarbonate.



, 20 dilution with phenol is required, which, overall, nmakes this nethod
extrenely troubl esone. Mrreover, it is difficult on a large scale to
"maintain during the various mxing and dilution steps the inert conditions
whi.ch ensure consistent catalyst quality. 25 However, packagi ng and storage
~advant ages woul d be achieved if it were possible straightforwardly and
directly to synthesise the catalyst fornulations, liquid at room
tenmperature, of thePhh&hatidaiic 6 sissphbRkfh bRefblafditartGobusddd afhenol
adducts of phosphoni um phenolates are in fact generally produced in

separ at e faci transestevificatioracatalystsincmkltytrarsestesifidatiom proddsses, catalyst
transesterificatjon ss. . This entails storage of the catalyst -3
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obj ect of 10he posgiblento add the catalyskindthediquic tage mithausorigs exppswredss 15 by

f which,it . is, straightf ible directly .t d
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sur prisingly mphenbeadductsof TPR# obthinablepasxirting tdi DE®-197 233 Blodnde hi gh
purity forrmul ations of tet raﬁhenyl phosphoni um phenol ate with phenol which

are |iquid at WQdh/tedd &avith @ppionriaie quantides phpkenal in Grderio ersiirand
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i n an aqueous-<admdiemperaure @ndtis ohtainableip saidt maesenis rotifeagble, inwhi ch
process is charagterized in -4 that the reactign is perforped at a nol ar
ot o ot phongpriiaeus MepBhnsestestiiRbion arodest ot pOAEHOR OBRG ot pH

val ues of 9.5 t+gh ; i 0 al cohol s are
added in rati ggwﬁéﬂb@%ﬁt‘ﬁ%f@m%@g%‘{?g%?t%@asﬁﬁa@%é@%%@bEuﬁhg& cohol  of
bet ween 220 t dilliti@n wWithwpleermsl s tdpuikade ebiths dvavall, maladsuihid meyhodh pure wat er
of <20 wt.% preferably of < 15 w.% The reaction is preferably perforned
at t enper at ur &tremely froublasomen MoV lits difficals ona kwge sealethe reaction is

20 1; part 1 curtnia, QR ibdehide BE R LuGR SRRBRETRRAT. "D e dbr -

perfornmed at RbBnYRIOHE WHIEh BnSureQohbistent catalyst quality.

25 However, packaging and storage advantages would be achieved if it
were possible straightforwardly and directly to synthesise the catalyst
formulations, liquid at room temperature, of TPP-P which are described
in DE 198 10 745 Al. Phenol adducts of phosphonium phenolates are in
fact generally produced in separate facilities which are physically remote

30 from the transesterification process. This entails storage of the catalyst



.15 After the reaction, sparingly soluble al cohols are added in quantities
of 50 wt.%to 200 wt.% preferably of 55 wt.%to 140 wt.% relative to the
gquantity by wei ght of aqueous reaction solution, wherein the al cohols
preferably have a solubility in pure water of < 20 w.% 20 preferably of <
15 wt.% The liquid fornul ati on of tetraphenyl phosphoni um phenol ate

' produced said manner contains no nore than 0.3 w.% preferably 0.1 wt. % of

hal i de. 25 Th(?)riloqugllﬂefﬁ{B?Hé‘ttb(?ﬁalﬁfalﬁ%bﬁﬁﬂhﬂv ﬁ"prew bry 70 5 pga m of

produced sai d nmanner contains no nore than

al kal i ne sodi storagepasinisle proe&sTwmdpb@pmbpmmn@-eatesb@bssibls: of the
formula (1) are in parti cul gr used for the reaction Ph Ph-P{~ Ph X~ ) tt)~
Ph 5 in whi ch mbergdexsasiniienaes,ifon pagiaging Hig Gta(ysys mcar( ineror Br(-)

Such ¢ et apnePPARE SEhBReT ARG GBECHME of AR CRENGL P BISHARBE R <%icnoun or
obt ai nabl es US'IlQGl&é&Wsﬂﬁrhﬁﬂ@cl&ﬁ%uf@be %&@ém'ageoﬁ@l#p&f‘él‘édﬂmed%hmden der

or gani schen Chem e" vol une /1, pages 79 et 3eq. Wrrall, J. Amer.
Chem Soc. 52 'm'ﬂagcmalysmsi'gndd zwmltanemlqu)haVESth'EmBallesb ppssjblesswfa)cear e

or example bans g ioshad B c%éﬁ@ eB?@&h&Bn«aHﬁye?%%n‘%“ el (R R - Gats
chior e 20" EREh BEsPif é??e P EE MG EIMCHRIIGBAARA BE ) it o
ltoﬂgn]?lj nﬁfawlﬁlqlgr@guhtyﬁp@?m’bﬁnat@aﬂﬁ Idputalrépph@a@éﬁ uﬂdg thenwdis are those of
10  transesterification process, it would furthermore be advantageous to be
able to remove ultrafine particles from the catalyst by filtration. These

problems too may readily be solved with a liquid catalyst formulation.

The object of the present invention is accordingly to provide a process

15 by means of which it is straightforwardly possible directly to produce a
formulation of tetraphenylphosphonium phenolate with phenol which is
liquid at room temperature and which yields phosphonium phenolate of
the highest possible purity.

20 DETAILED DESCRIPTION OF THE INVENTION
It has surprisingly now been found that it is possible directly to produce
high purity formulations of tetraphenylphosphonium phenolate with
phenol which are liquid at room temperature by reaction of phosphonium
halides and phenols in an aqueous-alkaline solution.

The present invention accordingly provides a process for the direct
production of high purity formulations of tetraphenylphosphonium
phenolate with phenol which are liquid at room temperature from
tetraphenylphosphonium halides and phenol in an aqueous-alkaline

30  solution at temperatures of 0 to 55°C, which process is characterized in
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ad-C12 al kyl,
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, RB5in which R to R3 nmutually independently denote H,
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cooling, the pH value is

Prefesalbly oF. S 16ont1%.0 with addition of alkali netal hydroxide
solution. The reaction conponents are here maintai ned, preferably with
ring, at a tenperature of 0 to 55C, preferably of 10 to 50C

S ué geaction is preferably performed at temperatures of 0 to 55°C, in

particular of 15 to 50°C.

The reaction is preferably performed at molar ratios of phenol to
phosphonium halide of > 10:1, particularly preferably of 10:1 to 13:1.

The reaction is preferably performed at pH values of 9.5 to 11.

After the reaction, sparingly soluble alcohols are added in quantities of
50 wt.% to 200 wt.%, preferably of 55 wt.% to 140 wt.%, relative to
the quantity by weight of aqueous reaction solution, wherein the
alcohols preferably have a solubility in pure water of < 20 wt.%,
preferably of < 15 wt.%.

The liquid formulation of tetraphenylphosphonium phenolate produced
said manner contains no more than 0.3 wt.%, preferably 0.1 wt.% of
halide.

The liquid formulation of tetraphenylphosphonium phenolate produced
said manner contains no more than 1 ppm, preferably 0.5 ppm of
alkaline sodium compounds.



,10 last less than 2 hours, preferably Iess than 1 hour. After the reaction,
an al cohol sparingly soluble in water is added to the aqueous reaction
solution in a quantity such that the aqueous phase separates fromthe
organi ¢ phase and the latter is extracted at |east 15 once, preferably 5
times with deionised or distilled water~5Sparingly sol uble al cohols shoul d
be taken to be those having a solubility in water of < 20 w.% preferably
of < 15 wt. % TERRPARAPIPADsHROMURSIRAIREIhE Forv@d (Ty &r8 inhsarbepar ased
organi ¢ phase by vacuumdistillation, such that a colourless formnulation of
t et r aphenyl phdsptienraactiphenol ate 20 which is liquid at roomtenperature is
retai ned. Alcohols which are suitable according to the invention for the
reaction solution are aliphatic alcohols of the fornmula ChnH2~+1-OH, in
which n is an integer frgm4 to 10 inclusive, such as for exanple

n- propanol , 25 isopropan P, n- but anol , isobutanol, n-pentanol,

nmet hyl but anol s, neopgpLa Phanylx(eﬂcohols, branched and unbranched
hexanol s, heptanol s, octgnol's, nonanols (g; decanols. Al cohols which are

sui tabl e according to thep nvention for the reaction 30 solution are al so

cycloaliphatic alcohols of the formula C-H2n_1-OH, in _g_ which n is an
integer frem & -ﬁp i ncl usive, such as for exanple cycl opentanol, .
met hyl cycl opent anol's, cycl opent anenet hanol, cycl opentyl propanol s,

cycl ohexanol , cycl ohexyl et hanol s, cycl ohexyl propanol s, cycl ohexyl but anol s,
met hyl -, ethyl -, propyl- and 5 butyl hexanols, c ﬁl ohe(gt anol s,

cycl ooct anol s XPol yd§mptes ahalisiedoncpesfeply B} Cﬁ afr B¢ ‘al cohol s may al so be
used according to the invention. to Preferred aliphatic al cohols are
propanol s, (iso)butanols, pentanols and hexanols, in particul ar isobutanol
and i sopropan |4 i anol ,

cycl ohept anol qgrr? i@@ﬁ,@? éﬁ%ﬁagé’ﬁe {:}i‘?ﬁsgtreiﬁl)?% gra Q*IEIP g m&g%f)@ﬁgﬁgﬁol . 15
Af t er addildi on of the al cohol, once the reaction to yield the phosphoni um

phenol ate is conplete, the ratio by weight of water to alcohol is between
51 and 1: 2, SuendeiBPhemdphesaRonium ialides and 55e predudtiopHBREEAl GrBe used

phenol  ai'conol R btaRcRE Fafd Rt rE AR bR B on ana
the organi c phgeg, Metisoddre8eb®)edischen Thieede's valgReXIT T epafusernigt phase nmay
accordingly be drained off from beneath, while the organi c phase, which

cont ai ns t he sRgnandiiorrathyl. Panavaihem. EponbR {1880 maged 283t elrsaqn).t he sane
separation_vessel and the washing water may then in turn be drained off
from benedfh. If the al cohol is not added, onl y the salt-containing agueous

solution is h (W=]p hﬂ,@ G i from
beneath. On 32‘1’1;%%5(:8(] erliltn %%%S%g?ﬁeg@fﬁ?ggﬁ%@méﬁg?g{@ ag)gpli(ﬁh%er si on
occurs, the with halpanyls ophakalkyls, for bxemplerbenrgt blumsidegimethiichpreben@gueous

phase. This of metal salts (Friedel-Crafts alkylation) or in the presence of Grignard
compounds and cobalt(II) chloride.
20
Phenols preferred for the reaction are phenol or substituted phenols as

well as bisphenols.

Particularly preferred phenols are those of the formula (II)
25



~working-up nethod is thus nore conplex in that a second working-up vessel
is required. 5 Quaternary phosphoni um phenol at es produced according to the
invention are in particular conpounds of the formulae ( Iv?. 4 Using the
process according to the invention, it is possible to produce a 10
formul ati on of tetraphenyl phosphoni um phénrol ate which is liquid at room
tenperature at high yield and elevated purity. Once isolated, the resultant
formulation, liquid at roomtenperature, of tetraphenyl phosphoni um
phenol at e or ot her phosphoriynpRphenol ates is 15 packaged under inert
conditions in an ine _g%?ﬁﬁ% storage container, provided with a bl anket
of nitrogen or other Thnerjd and seab d. The fornmulation, liquid at
room tenperature, of tetraphenyf"phosphonitm phenolate is stored in liquid
formin sealed containers at°tenperatures of 20 0 to 40C, preferably of 5
to 35C for a period of up to 5 years, preferably of up to 3 years. The
liquid f or mul dRiVeHChf t et raphenyl phosphoni um phenol ate produced and stored
in said manner is particularly suitable as an esterification and 25
transesterification catalyst, in particular for the production of

pol ycar bonat e ug pagnfde@amhaebéﬁd@ﬂﬁyt@éndte%.tcl@@nwmeesscg eyéloalld; A 3 442
854) . - 10 As 1s known, ‘the nelt transesterification process starts, for
exanpl e, fisom ar omeI#+Cycrplateyd Bad Geta@nyle Rado Rsdiraferably temote and
optionally

hydrogen.

Such phenols are known from the literature.

10  Tetraphenylphosphonium phenolates of the formula (III) are preferably

produced
e | R1
|
Ph—Pp"~Ph| | Yo
Ph R2 (m,
| Jd L R3 -

in which R; to R; have the above-stated meanings.

15
Deionised or distilled water is preferably used to produce the aqueous-
alkaline phase.

The pH value of 9.5 to 11.0 is preferably established with the assistance

20  of an alkali metal hydroxide solution, preferably sodium hydroxide
solution or potassium hydroxide solution, while taking account of the
buffering action of phenol/Na phenolate.



. branchi ng agents and/ or nonophenols. 5 The liquid formul ation of

t et raphenyl phosphoni um phenol at e obt ai nabl e according to the invention is
in this case used as a catalyst in quantities of 101 nol to 10-8 nol,
preferably in quantities of 10-3 nol to 10" nol, per nol of diphenol. 10
In an alternative nethod, the liquid ferhul ati on of tetraphenyl phosphoni um
phenol at e obt ai nabl e according to the invention is filtered prior to use as

tal yst i h& b ki A AT AR f er abl
S oL g | pTHIBs ACORIALE NS RN 50 BE R o o 01

absol ute por eosidisgonfinGously, witlediscehtinumis dperationdeiny pfefeabty of 0.5 -~
Further details of the nelt transesterification process are described in
the literature (c.f. for exanple Hermann Schnell, Chem stry and Physics 20

f Pol b t . P ' I 4 44 to 51, DE-A 1
831 g1)2/?aLS?R%S%STQB%%E@@G@BT%fhgﬁgl' @@@@%ﬁé@g‘?!‘“ﬁﬂer nmopl astic
pol ycar bonat efapi@dHE Sehtde BRYINitY! ineBHGedPintd ladidse8l &Y a solution at

t et raphenyl phosphoni um phenol at e obt ai nabl e according to the 1 nvention 25
are sol vent - f 48eC. Witheoptidnahhooling, thepHevalod tuadjastidaioevdlaesef 9.5 toee of

et oy e LS R B0 S O e o o g |
boon used. -1 of STRBfiEHE 1% e rhADERed HrkferBRN AR VRO S R BE R o, as
saf ety gl azi ngempertuePéf Gab 59o¢ 2preferabycoMEt A0 QTR  Asgetien SRolRf er i al .

The invention is further illustrated but Iis not intended to be Iimted
10  last less than 2 hours, preferably less than 1 hour.

After the reaction, an alcohol sparingly soluble in water is added to the
aqueous reaction solution in a quantity such that the aqueous phase
separates from the organic phase and the latter is extracted at least

15 once, preferably 5 times with deionised or distilled water. Sparingly
soluble alcohols should be taken to be those having a solubility in water
of < 20 wt.%, preferably of < 15 wt.%. The alcohol is subsequently
removed from the separated organic phase by vacuum distillation, such
that a colourless formulation of tetraphenylphosphonium phenolate

20 which is liquid at room temperature is retained.

Alcohols which are suitable according to the invention for the reaction
solution are aliphatic alcohols of the formula CyHan+1-OH, in which n is an
integer from 4 to 10 inclusive, such as for example n-propanol,

25  isopropanol, n-butanol, isobutanol, n-pentanol, methylbutanols,
neopentanol, amyl alcohols, branched and unbranched hexanols,
heptanols, octanols, nonanols or decanols.

Alcohols which are suitable according to the invention for the reaction
30  solution are also cycloaliphatic alcohols of the formula C,H2an-1-OH, in



5 by the follow ng exanples in which all parts and percentages are by

wei ght unl ess ot herwi se specified. EXAMPLES 10 The foll ow ng Exanpl es are
intended to illustrate the invention, but without restricting its scope. A
31P-NMR spectrumis recorded to identify tetraphenyl phosphoni um phenol at e.
To this end, the substance is dissolved8hn deuterated 15 chl orof orm and

anal ysed. The content of tetraphenyl phosphoni um cati ons and

phenol / phenol gitficd R i6l8haAtEgae frohy SR rRfusivil-sbbMRas For bRarfiplend. a spect rum
is recorded, the signals for tetraphenyl phosphoni um cations and

phenol / phenol aydopgéntanel, wnebhgkcatlepeata@plmaydaperztedemthmm}’g stated as nol

auant :”E 301 < SRSy RORARGIF v anel, CHERNEAEHRDPR |t in sulfuric and
Boni um Z5aﬁ{9?98§§?¥iﬁ@ﬁ%§?§@€9@§@¢ﬁ°'§bh%sﬁﬁaaét“ﬁ" BV e or i bl o

and the ph9sp@gmﬁe@mgrttydloﬁegmqgncpggoémnml ghing. The brom ne content
i s deternined by combusting a wel ghe guantity of the substance in a

W ckbol d apparatus and absorbi ng the conbustion - 12 gases. The brom de
content is dete romthis ou ans o I on ex

chr omat ogr aphyOYENS Gl GRA< B eeiealiRbalc AP RORAToY 159 BHES & BEGT BnGon

spect roscopy ltsoﬂ?éjlrl\féﬁtloﬁf"‘” Fi scher water content is determned to | SO 760
(Determ nation o

10  Preferred aliphatic alcohols are propanols, (iso)butanols, pentanols and
hexanols, in particular isobutanol and isopropanol.

Preferred cycloaliphatic alcohols are cyclopentanol, cycloheptanol and
cyclooctanol, particularly preferably cyclohexanol.

15
After addition of the alcohol, once the reaction to yield the phosphonium
phenolate is complete, the ratio by weight of water to alcohol is between
2:1 and 1:2, preferably between 1:1 and 1:2.

20 The alcohols to be used according to the invention are added to enhance
working-up, as the phenol/alcohol mixture has a lower density than the
aqueous solution and the organic phase thus lies above the aqueous
phase. The aqueous phase may accordingly be drained off from beneath,
while the organic phase, which contains the phenolate, may be washed

25  with deionised water in the same separation vessel and the washing

water may then in turn be drained off from beneath.

If the alcohol is not added, only the salt-containing aqueous solution is
heavier than the organic phase and can be drained off from beneath. On
30  subsequent washing with deionised water, phase inversion occurs, the



. Wat'er - Karl Fischer Method, 1st ed., 1978-12-01). to The col or val ue was
determ ned as the difference in absorbance at 420 nmand 700 nmin

di chl oronet hane at a concentration of 2.4 g/50 ml and a pathlength of 10
cm. The relative solution viscosity was determined in dichloromethane at a
15 concentration of 5 g/1 and 25C. The-dntent of phenolic OH is obtained
by IR nmeasurenent. To this end, a differential neasurenent is perfornmed. of

a solution of i { i @ﬁgﬁ,r i ¥Rict O pure
di chl or onet haggg%rllééb?ﬂ% %giﬁgiﬁéfégfégr?ﬁg @Es?b@géggm%é et ersﬁr{% 'ZIEISBSBZ

cm 1. Conpar aworkingxagpwiethdd & thaisnmbr camplek in éhateg becordowosiing-upum

phenol ate which is liquid at 25 roomtenperature is produced according to
WO 01/ 46100 aMesseEisikeguired745 Al. 376 g (4.0 nol) of phenol, 800 m of

dei oni sed water, 335.44 g (0.8 nol) of tetraphenyl phosphoni um brom de and
640 g of isobutanol are 3o initially introduced into a 2 L round-bottoned
flask fitted w ¢ i Rie i funnel and
stirred at§20gl{agergg§ bggﬁéwopburg%me%%@49% Eggagomm;l@%)?jog‘?&de solution are
added dropwi s@ventibnrarajmpparicuarmdompamdstdfeéhpiiormllae i s adjusted to a
range from9.5 to 11.0. The mxture is then stirred for 0.5 h at 45C. Once
t he phases have 5 separated, the |ower, aqueous phase is drained off and

t he organi ¢ phase washed three tinmes with deionised water, with the washing
wat er as the heavier phase in each case being drained off from beneath. The
organi ¢ phase is thengconl ed® oG-oonyt elper ature while being stirred, the
product crystalli si . Riter @F @ ising faw)at |east 4 hours, the |10
product is renoved pys®&Ctjon filtratTon. After NVR anal ysis for content of
phenol , isobutanol and tetraphenyl phosphoni um phenol ate, the filtrate is
returned to the reaction. The crystalline residue is rewashed with
2propanol andydin eﬁ.’oroé@@ﬁad@:@ﬁ@ha%‘&ﬁé @ivantiony RGS pELsiBle th roeéakl | ne
product with a TPP-P content of 64.4 w.% and a phenol content of 35.5 wt.%
i s obtaintd. Trewiatien of tetrapienylphosponiamophenalate whishiisdgdidratent bel ow

0.01% and the sodi um content, bel ow 0.5 m _The phosphorus content is 4.6%
20 30 g of cr{RYHILEMPEr &&Blﬂ’i‘dﬂﬁ'&'&ﬂ?ﬁ@'%{a% QHFB:yof 52 ml. A proportion
of the crystalline TPP-P*2PhOH produced in said manner is weighed out with
phenol in a 40:60 nolar ratio under an NZ atnosphere into a 20 m rolled

rimvial w t hOmcaagpiateds tisd resuitant farhallattprgnigutd/atlébom temperature, of
tetraphenylphosphonium phenolate or other phosphonium phenolates is

15 packaged under inert conditions in an inert, opaque storage container,
provided with a blanket of nitrogen or other inert gases and sealed.

The formulation, liquid at room temperature, of tetraphenylphosphonium
phenolate is stored in liquid form in sealed containers at temperatures of

20 0 to 40°C, preferably of 5 to 35°C for a period of up to 5 years,
preferably of up to 3 years.

The liquid formulation of tetraphenylphosphonium phenolate produced
and stored in said manner is particularly suitable as an esterification and

25  transesterification catalyst, in particular for the production of
polycarbonates using the melt transesterification process (c.f. US-A 3
442 854).



~25'and sealed with a septum These vials are clanped in an automatic shaker
and imersed in a tenperature-controlled water bath. The tenperature of the
water bath is then raised in steps (5Ch) until the mxture is in liquid
form while the shaker simultaneously ensures opti num m xi ng. Once nelted,
the sanple is renoved fromthe water =-10:4 bath and cooled to room
tenperature. The sanple remains liquid; the solidification point is -3C

- 15 Exanple 1 209 g (2.22 nol) of phenol, 79 m of deionised water and
83.86 g (0.2 nol) of tetraphenyl phosphonium bronm de are initially

i ntroduced i nAs imkBown|threomett-thansestarifichtias brdddss athnts, tfbr axampte, er ,

t hernonet er and dropping .funnel and stirred at 40C. 25.64 g (0.30 m)l) of
47% sodi um hy §08X pErMalt diphsRolsy earAgRicREd @Ws@tﬁﬁaﬁmoﬁﬁb@?ﬂb{ 5 m nutes,

t he pH val ue 5to 11.0. The mixture is then
stirred for 15%@?"@%5&1%%’”?/%’?’%1%588@%% are then added. Once the phases
have lo separated, the |lower, aqueous phase is drained off and the organic
phase washed five tines with deionised water, with the washing water as the
heavi er phaseThe Ilqalmfaran.daatimi o@teﬂir@heesﬂlpbbi;phomummmate obtainablebut anol

is then renoved fromth ani c phase, by vacuymdisti]lation with
stirring. TheaefUdiNg ook r‘ﬂ %%thrbi%r’rnﬁatslqv@ﬁe&se GEEX] Eﬂyﬂmtﬁ@om um

phenol at e and n f at

obt ai ned. Acc8PE|6n3h?' Eéf“jl(g W@bﬂeﬁékgiﬂbad@g‘%ﬁg ip #‘é&%#gtl has a
TPP- P cont ent pef mb? of dighelfond a phenol content of 57.8 wt.% The water
content is bePow 0. 05% the brom ne content 20 bel ow 0.01% and t he sodi um

content b&dow 0.5 ppm The phosphorus content is 3.3% 30 g of the liquid
L?r T?Jl erantl on O%ﬂl't egagt%p q\%/ecgpw%?:ﬁgu& o?l%lggt%nar}d phenol occupy a vol une
tetraphenylphosphonium phenolate obtainable according to the invention
is filtered prior to use as a catalyst in the melt transesterification
process, filtration preferably proceeding in two stages. The filter for the
15 second stage has an absolute pore size of 3 y, preferably of 1p, most
preferably of 0.5 p.

Further details of the melt transesterification process are described in

the literature (c.f. for example Hermann Schnell, Chemistry and Physics
20  of Polycarbonates, Polymer Reviews, Vol. 9, 1964, pages 44 to 51, DE-A

1031 512, US-A 3 022 272, US-A 5 340 905 and US-A 5 399 659).

Thermoplastic polycarbonates produced using the liquid formulation of
tetraphenylphosphonium phenolate obtainable according to the invention

25  are solvent-free, have a light intrinsic colour and are largely free of
unwanted defects in the polycarbonate.

The polycarbonates produced in this manner may be used industrially in
the form of the most varied mouldings in any applications in which
30 thermoplastic polycarbonates have previously been used, for example in



Exanple 2 225.6 g (2.40 nol) of phenol, 105 m of deionized water and 83. 86
g 30 (0.2 nol) of tetraphenyl phosphonium brom de are initially introduced
- 16 into a 2 L round-bottoned flask fitted with a stirrer, thernoneter and
droppi ng funnel and stirred at 40C. 25.64 g (0.30 nol) of 47% sodi um
hydr oxi de sol ution are added dropw se within approx. 5 mnutes, the pH
value is adjusted to a range from9.5 to 11.0. The mxture is then stirred
5 for 1 h at @&triéﬁ%r@ilﬁerln‘gﬂéﬁqé\"ﬁﬂ!sh@é@ifé@%a@éi?@azi@}i‘@?a&'b‘bti@ﬁlases have
separated, the |ower, aqueous phase is drained off "and 1he organi c phase
washed five tidata starage degdia, foe @xantpde CDwinatertdhe washi ng water as the
heavi er phase in each case being drained off from beneath. The i sobutanol
is then renmoved fromthe organic phase by vacuum |0 distillation with
stirring. The cl eary d J i L 4m
phenol ate and phencﬁh,ecmgﬁﬂé"??ﬁ“{@fu hgsﬁar?%tjor%% %ﬁﬁp@?ﬁ@@éb&pﬁl@ﬁé&
obt ai ned. Fhe HyaheLbdwing dxamplesTinRvificl alliparts 2Pt pefcdntagedartsl weiihenol
content 15 of g(le.hS vvt.%gThe V\p?/;eter contenipgi S belp(?\fv 0.05% the br?ﬁhi@ne
cont ent bel ow Whlessethaovisaspsafiedm cont ent bel ow 0.5 ppm The phosphorus
content is 2.8% 30 g of the liquid formul ati on of tetraphenyl phosphoni um
phenol at e and phenol occupy a volune of 51 nml. 20 Exanple 3 282 g (3.00
nol) of phenol, 105 m of dei onized v%ﬁgd 83.86 g (0.2 nol) of
t et raphenyl phosphoni um brom de are ini introduced into a 2 25 L
round-bottoned flask fitted with a stirrer, thernoneter and dropping funnel
and stirred at_40C. 25.64 g (0.30 nol) of 47% sodi um hydroxi de solution are
added dropfii se'ha folipwingoBxa@nples afe inkeaded tadiystratathginventignubited to a
range from?9.5 . 1.0 . Ihe.m re is then stirred for 1 h at 50C. 160 g
of i sobut anol #I'goqjtl{ggtrgaagdt?%b@g.the phases have 30 separated, the |ower,
aqueous phase is drained off and the organic -17 phase washed five tines
wi th deionized water, with the washing water as the heavier phase in each
case bei ng dr & HeeNMRS spiactmmnb isvemotdedTioeideatifyuetraphengphbsphonéumved from
t he organi ¢ phase E)E%'vacuum di s stirri The cl ear,

n

| tillation wth ing.
col ourless forffQ @ this engs F%ﬁ@bﬁfﬁ%§£§ﬁﬂl\(ﬁﬂ 'ﬂf&@%ﬁ@t% and phenol,
which is ngw%lcg.bfé,gpgh%%ggﬁg@a ure, is then obtained. The formul ati on has

a TPP-P cénten o’and a phenol content of 71.6 w.% The water
content is below 0.05% the brom ne content to below 0.01% and the sodi um
content below 0.5 ppm The phosphorus content is 2.2%

The content of tetraphenylphosphonium cations and phenol/phenolate is

determined by means of *C-NMR. To this end, a spectrum is recorded,
the signals for tetraphenylphosphonium cations and phenol/phenolate
20 are integrated and, normalized to 100%, stated as mol percentages.

The phosphorus content is determined by heating a weighed quantity of
sample with nitric acid and then dissolving it in sulfuric and perchloric
acid. The resultant phosphoric acid is precipitated with ammonium

25  molybdate. The precipitate is collected in a filtering crucible and the
phosphorus content is determined by weighing.

The bromine content is determined by combusting a weighed quantity of
the substance in a Wickbold apparatus and absorbing the combustion



.30 g of the liquid fornulation of tetraphenyl phosphoni um phenol ate and
phenol occupy a volune of 48 m. 15 The solidification point is -21C
Practical exanples 20 Bl) 45.66 g (0.20 nol) of bisphenol A and 46.70 g
(0.22 ol ) of diphenyl carbonate are wei ghed out into a 500 m three-necked
flask fitted with a stirrer, internal thefnometer and Vigreux colum (30
cm mrrored). Atnospheric oxygen is renoved fromthe apparatus by applying
a vacuum and fdagesli Tiee brarhidei donhegstiis datetmihedBdm aigd sbiugion byt tiednss heat ed
to 190C. 0.0082 g (4 x 10-3 nol % of the liquid formnulation of

t et r apheny| phd¥ peid aKChangessiupaaéoqrapy.P) produced according to Exanple 1,
relative to bisphenol A are then added and, once the m xture has nelted,
the resultant phenol is renoved by distillation at 100 nbar over a 30
peri od of 30 T ’ Lok Hiyt i 2y ; =18 and
distillation ?oHr%ﬁﬁ% %Férgﬂ?‘sire t rgﬁlﬁﬁ%%%égﬁﬁé%%#ﬁgt@@gé%&nﬁ% OP Ken

i nproved i 8 stasIGPown to 60 nbar and the tenperature raised in 10 m nutes
to 300C. In another 10 m nutes, the vacuumis adjusted to 0.1 nmbar and the
m xture stirred for 30 5 mnutes. A light-colored, solvent-free

Dsc 5 gy st e (BaBs e baRntaiR R 190 250 peeRifafith 86 5e. "5y
45.66 g (0. 20 ywafer - rPFi§ém§'rMétl'rﬁglg'I§'t é8. 1679-1Qp2p nol) of to diphenyl

carbonate are weighed out into a 500 m fhree-necked flask fitted with a
stirrer, internal thernmoneter and Vigreux colum (30 cm mrrored).

At nospheric oxygen . is renoved, fromthe apparatus by applying a vacuum and
f1ushi ng Wth QGQ%%Y?'%'%qur%?r@ﬁ’@gtq%%ﬁi&!%@@én é@'ﬁ@“géaiéé@. 0.0122

onenol at e (TPATBPNH 90 ARG b Rriahate Bl st hnentr R B B PP B D henol
are then addednangpaghl@tgthitt 10 ehure has nelted, the resultant phenol is

renoved by distillation at 100 nbar over a period of 30 m nutes. The
tenperature is then raised to 235C 20 and distillation continued for a

further 10 m nutes. .The cuum.is.then i,nproved, jn, steps down tqQ 60 nbar

aﬁd t he terrpeﬁ&tetfretl.atw% 'qumuv'f@f)srﬁy%@%lg%“'ﬁvﬂﬁfb{n ‘F'HIE‘IQEQJT'ﬁ@}anf@%rﬁ nut es,

th i j ) dth i Xt ti df 30 m nut es.
e vacuugllsl S ﬂt@ﬁ@@n@ﬁ@z' 5&;{?@5@ e mxture stirre or m nut es

A light-colored, ycarbonate with a 25 rel ative sol ution
viscosity of 1.197 (dichloronethane, 25C, 5 g/1) is obtained. The col or
val ue of the polycarbonate is 0.24 he Exanples clearly denonstrate the

surprisi ng supéid @ntemt @ﬁpﬁwliér@élﬁsgb@mw Ry measureRMEeRt; i@ thiherdr t he
production of a%i(‘f%%ﬂﬂa?%éﬁ%upément is performed of a solution of 2 g of polymer
in 50 ml of dichloromethane relative to pure dichloromethane and the
20 difference in absorbance determined at 3582 cm.

Comparative Example 1

A formulation of tetraphenylphosphonium phenolate which is liquid at
25 room temperature is produced according to WO 01/46100 and DE 198
10 745 Al.

376 g (4.0 mol) of phenol, 800 ml of deionised water, 335.44 g (0.8
mol) of tetraphenylphosphonium bromide and 640 g of isobutanol are
30 initially introduced into a 2 L round-bottomed flask fitted with a stirrer,



30 't et raphenyl phosphoni um phenol ate and phenol which is liquid at room -
19 tenperature, which process is distinctly sinpler than that described in
the literature and can be carried out on a large industrial scale. Using
the formul ati on of tetraphenyl phosphoni um phenol ate and phenol which is
liquid at roomtenperature for the produdt4 on of pol ycarbonates gives 5
rise to polycarbonates which exhibit a good color value. A though the

i nvention hastﬁ@ﬁ‘ibrﬂ@f%‘?ra'nﬂ%’robﬁln@%ﬁhél ant &theed QEQGQE@QZB@C y&g purpose of
illustration, it is to be undersfood that such detail is solely for that

pur pose and t(ﬂ.197vraoi)a:tf|49% sodmntn«hydnm«ada belutiom ate atiged dospwiskivithid i n t he
t without d t t t f th t

"ty be. | i nABBEY D ILITEh e valladS aapta eca‘?m%fr'p%av B ot Boess for

producing a high rﬂq)'&w'@’lattﬁéﬁ QE?HSH%PB%SE’EFQ; fé‘ﬂ%@bﬁa%%%av%t room

tenperature 1s 1n orm co

tetraphenys ph@é{ﬁéﬁatédﬂthé%Wéle ayuebupphase is dTaﬁTédf?@ﬂiGﬂda:hé'df mige sol ution
at tenperatures of 0 to 55C, wherein nolar ratio of phenol fo

t et r apheny| phpbpsewashed dihtegdimes withideionised waten withatheewashing. wateo 11 and,
f ot t f dd t |

rount | sut 1 oPa e Agadep ahass M racruepseding dEdlbed e oD SHGRE: e nase. ¢ he

wei ght ratio QFWQ %L%Eh%gi%{&ﬂ Ho%ﬁw% n Baaiel Rﬂ’é BEl :g”stfr ra.“ge of

2:1to 1;2 an sol u Icoh e watér is < 20

w. % . 2. Thetips prefiet gpstallising oue. Aﬁt@n erystaviisirigefon ath@s@lzlc@dsmt tie a nmenber
sel ected fron1the(£roup consi sting of aliphatic al cohols conforn1ng to

CnH2n+~- OH)  WREQQUGH IS EEMOYes] Imosuetwn 6l§rrat|pnaAfter MM BoRlySiSFAF 6entieny t o _
C-re~_1- Od WhFQﬁﬁg%isp%u&no]r%nd%etrapﬁeﬁylﬁﬁ ssp?\oﬁf:u%)rpﬂ'epxglaﬁze, tHeHifage Wherein

t he al cohol
is returned to the reaction. The crystalline residue is rewashed with 2-

propanol and dried at 100°C under a water-jet vacuum.

15 A crystalline product with a TPP-P content of 64.4 wt.% and a phenol
content of 35.5 wt.% is obtained. The water content is below 0.05%,
the bromine content below 0.01% and the sodium content below 0.5
ppm. The phosphorus content is 4.6%.

20 30 g of crystals of TPP-P*2PhOH occupy a volume of 52 ml.

A proportion of the crystalline TPP-P*2PhOH produced in said manner is
weighed out with phenol in a 40:60 molar ratio under an N, atmosphere
into a 20 ml rolled rim vial with a magnetic stirrer (total quantity 10 g)
25 and sealed with a septum. These vials are clamped in an automatic
shaker and immersed in a temperature-controlled water bath. The
temperature of the water bath is then raised in steps (5°C/h) until the
mixture is in liquid form, while the shaker simultaneously ensures

optimum mixing. Once melted, the sample is removed from the water



sel'ected fromthe group consisting of n-propanol, isopropanol, nbutanol,
i sobut anol, n-pentanol, nethyl butanol, neopentanol, anyl al cohol, branched
and unbranched hexanol, heptanol, octanol, nonanol decanol, cyciopentanol,
nmet hyl cycl opent anol , cycI opent anemet hanol , cycl opentyl pr opanol
cycl ohexanol , cycl ohexyl et hanol , cycl oh'ek‘kli propanol, cycl ohexyl but anol ,
nmet hyl but yl hexanol , et hyl -21 but yl hexanol , propyl but yl hexanol and -
but yl hexanol , bamanmbmmoﬂosroo&ncémpeﬂa@m@ él"h@'éémp'}e rémainy IRffgsthef Caim 2
wherein the aI cohol is selected fromthe group consisting o pr opanol ,
(i so)but anol , splidifieation peipkioot3°Ceycl opent anol , cycl ohept anol and
cyclooctanol. 5. The process of Claim1l wherein the al cohol is isobutanol.
6. The phosphoni um phenol ate prepared by the process of daiml. 7. The
phosphoni um phenol ate prepared by the process of Caim2. 8. The
phosphoni um phenol ate of Caim6 having a halide content of no nore than
0.1 wt.% 9. The phosphoni um phenol ate of Caim&6 having an al kali netal
content of no nore than 0.5 ppm 10. A process of using the phosphoni um
phenol ate of Claim6 conprising catalyzing therewith a transesterification
reaction. 11. The process of Claim 10 wherein the product of the reaction
is a polycarbonate resin. 12. The process of Claim1l wherein the solubility
is <15 w.% 13. The process of Claim1 wherein the tenperature is 15 to
50C. .Ae.A A .A,.AA3 . AAA . AA A . AAT77 AAAAA(.A9 A y=T3, HRV
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at 50°C. 160 g of isobutanol are then added. Once the phases have

10 separated, the lower, aqueous phase is drained off and the organic
phase washed five times with deionised water, with the washing water
as the heavier phase in each case being drained off from beneath. The
isobutanol is then removed from the organic phase by vacuum
distillation with stirring. The clear, colorless formulation of

15 tetraphenylphosphonium phenolate and phenol, which is liquid at room
temperature, is then obtained. According to *!P-NMR, the yield is 94%.

The formulation has a TPP-P content of 42.1 wt.% and a phenol content
of 57.8 wt.%. The water content is below 0.05%, the bromine content

20  below 0.01% and the sodium content below 0.5 ppm. The phosphorus
content is 3.3%.

30 g of the liquid formulation of tetraphenylphosphonium phenolate and
phenol occupy a volume of 47 ml.

25
The solidification point is -4°C.

Example 2
225.6 g (2.40 mol) of phenol, 105 ml of deionized water and 83.86 g

30 (0.2 mol) of tetraphenylphosphonium bromide are initially introduced
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as the heavier phase in each case being drained off from beneath. The
isobutanol is then removed from the organic phase by vacuum

10  distillation with stirring. The clear, colourless formulation of
tetraphenylphosphonium phenolate and phenol, which is liquid at room
temperature, is then obtained.

The formulation has a TPP-P content of 37.6 wt.% and a phenol content
15 of 62.3 wt.%. The water content is below 0.05%, the bromine content
below 0.01% and the sodium content below 0.5 ppm. The phosphorus
content is 2.8%. 30 g of the liquid formulation of
tetraphenylphosphonium phenolate and phenol occupy a volume of 51
ml.
20

Example 3

282 g (3.00 mot) of phenol, 105 m! of deionized water and 83.86 g (0.2
mol) of tetraphenylphosphonium bromide are initially introduced into a 2

25 L round-bottomed flask fitted with a stirrer, thermometer and dropping
funnel and stirred at 40°C. 25.64 g (0.30 mol) of 47% sodium hydroxide
solution are added dropwise within approx. 5 minutes, the pH value is
adjusted to a range from 9.5 to 11.0. The mixture is then stirred for 1 h
at 50°C. 160 g of isobutanol are then added. Once the phases have

30 separated, the lower, aqueous phase is drained off and the organic



109" 10%¢& ()- 9 10%& () -

Lyt 109%0& () - 109%& ()-L10%& ()-! 8&L0YRDRLE () - 2. 35334J4g4dEPE:;
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910%& () - f - 19Wase (Washed five tidEBaNNidMzdd hR¥r&wWith the washing water
10%& () -9ss10%& () - &L0%& ()- LAL0%& () - 910%é& () -88; 999 : Q dEYNC 10
9.s10%¢& ()-9ast ayipr phasd oveaeh §asefbeing drained off from beneath. The

LOY0& () - S&L0UBE fdror is"then sendved from the Grgaic phase by vacuum
distillation with stirring. The clear, colourless formulation of
5 tetraphenylphosphonium phenolate and phenol, which is liquid at room
temperature, is then obtained.

The formulation has a TPP-P content of 28.3 wt.% and a phenol content
of 71.6 wt.%. The water content is below 0.05%, the bromine content

10 below 0.01% and the sodium content below 0.5 ppm. The phosphorus
content is 2.2%.

30 g of the liquid formulation of tetraphenylphosphonium phenolate and
phenol occupy a volume of 48 ml.

15
The solidification point is -21°C,

Practical examples

20 Bl) 45.66 g (0.20 mol) of bisphenol A and 46.70 g (0.22 mol) of
diphenyl carbonate are weighed out into a 500 ml three-necked
flask fitted with a stirrer, internal thermometer and Vigreux
column (30 cm, mirrored). Atmospheric oxygen is removed from
the apparatus by applying a vacuum and flushing with nitrogen (3

25 times) and the mixture is heated to 190°C. 0.0082 g (4 x 107
mol%) of the liquid formulation of tetraphenylphosphonium
phenolate (TPP-P) produced according to Example 1, relative to
bisphenol A, are then added and, once the mixture has melted,
the resultant phenol is removed by distillation at 100 mbar over a

30 period of 30 minutes. The temperature is then raised to 235°C
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B~BBBCKCAEnbC then improved in steps down o 60 mbar and t e temperature
raised in 10 minutes to 300°C. In another 10 minutes, the
vacuum is adjusted to 0.1 mbar and the mixture stirred for 30
5 minutes. A light-colored, solvent-free polycarbonate with a
relative solution viscosity of 1.215 (dichloromethane, 25°C, 5 g/I)

is obtained. The color value of the polycarbonate is 0.25.

B2) 45.66 g (0.20 mol) of bisphenol A and 46.70 g (0.22 mol) of

10 diphenyl carbonate are weighed out into a 500 m! three-necked
flask fitted with a stirrer, internal thermometer and Vigreux
column (30 ¢cm, mirrored). Atmospheric oxygen is removed from
the apparatus by applying a vacuum and flushing with nitrogen (3
times) and the mixture is heated to 190°C. 0.0122 g (4 x 107

15 mol%) of the liquid formulation of tetraphenylphosphonium
phenolate (TPP-P) produced according to Example 3, relative to
bisphenol A, are then added and, once the mixture has melted,
the resultant phenol is removed by distillation at 100 mbar over a
period of 30 minutes. The temperature is then raised to 235°C

20 and distillation continued for a further 10 minutes. The vacuum is
then improved in steps down to 60 mbar and the temperature
raised in 10 minutes to 300°C. In another 10 minutes, the
vacuum is adjusted to 0.1 mbar and the mixture stirred for 30
minutes. A light-colored, solvent-free polycarbonate with a

25 relative solution viscosity of 1.197 (dichloromethane, 25°C, 5 g/I)
is obtained. The color value of the polycarbonate is 0.24.

The Examples clearly demonstrate the surprising superiority of the
process according to the invention for the production of a formulation of
30 tetraphenylphosphonium phenolate and phenol which is liquid at room
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Although the invention has been described in detail in the _
foregoing for the purpose of illustration, it is to be understood that such
detail is solely for that purpose and that variations can be made therein

10 by those skilled in the art without departing from the spirit and scope of
the invention except as it may be limited by the claims.
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aqueous-alkaline solution at temperatures of 0 to 55°C, wherein
molar ratio of phenol to tetraphenylphosphonium halide is > 10:1
and at pH values of 9.5 to 11 and,

(i)  upon completion of the reaction of (i) adding thereto alcohol in an
amount sufficient to separate the aqueous phase from the organic
phase, the weight ratio of aqueous reation solution to alcohol being in
the range of 2:1 to 1:2 and wherein the solubility of the alcohol in pure
wateris <20 wt.% .

2. The process according to Claim 1 wherein the alcohol is a member
selected from the group consisting of aliphatic alcohols
conforming to
CaHan+1-OH, where n is 4 to 10, cycloaliphatic alcohols conforming
to CyHan-1-OH, where n is 5 to 10.

3. The process according to Claim 2 wherein the alcohol is a member
selected from the group consisting of n-propanol, isopropanol, n-
butanol, isobutanol, n-pentanol, methylbutanol, neopentanol,
amyl alcohol, branched and unbranched hexanol, heptanol,
octanol, nonanol decanol,
cyclopentanol, methylcyclopentanol, cyclopentanemethanol,
cyclopentylpropanol, cyclohexanol, cyclohexylethanol,
cyclohexylpropanol, cyclohexylbutanol, methyl butylhexanol, ethyl
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cyclopentanol, cycloheptanol and cyclooctanol.

5. The process of Claim 1 wherein the alcohol is isobutanol.
6. The phosphonium phenolate prepared by the process of Claim 1.
7. The phosphonium phenolate prepared by the process of Claim 2.

8. The phosphonium phenolate of Claim 6 having a halide content of
no more than 0.1 wt.%.

9. The phosphonium phenolate of Claim 6 having an alkali metal
content of no more than 0.5 ppm.

10. A process of using the phosphonium phenolate of Claim 6

comprising catalyzing therewith a transesterification reaction.

11.  The process of Claim 10 wherein the product of the reaction is a

polycarbonate resin.
12. The process of Claim 1 wherein the solubility is < 15 wt.%.

13.  The process of Claim 1 wherein the temperature is 15 to 50°C.



