swxe3edJa(6TJIBH, WO 03/ 018526 -1 Process for the preparation of diaryl

rcar bonat es PCT/ EP02/ 08998 The present application relates to a process for
the preparation of diaryl carbonates (DAC), characterized in that the

hydr oxyar omat | WOUB&E83E t he educt is subsequently 5 metered PRTAPIZEN| n
points of tinme, depending on the reaction.grocedure. The preparati on of DAC
by oxidative direct carbonylation of aromatic hydroxy conpounds in the
presence of CO (QZ and a noble netal catalyst is known (see e.g. DE-CS 27
38 437, US-A 4 ( 1E55n6e7s 336, EP-A 858 10 991, US-A
5,760, 272) . Patrtratturm s et2 efptoyedas—t he noble netal. A

cocatal yst (e.g. salts of nmanganese or cobalt), a base, sources of brom de,

guaternary salts, various_ quinones or hydroqui nones and drging agents can
addi ti onal | y b&heRissesy agplicatien selaes i a prereprefos dhg pispargtion phdiard sathopates 15
However, the k i i I, 3 for
an i ndustri ! NEACH RERRERAER 3nithe BiSHhiPl iR WL BE S iy SLRGhBG P00
It is theSef or mettesi ihabteatdioppnowfdieeadgrendidgonuhe tActich gptédirsed in
respect of yield and product quality. 20 Since these are processes which
are to provide a product on a large industrial scale, snmall optimzations
already nmean argg GloahfiRh WCHAL by AnfERIE Stirdd? SarbBiy BEGD of Attty | OV
a surprising increase in the selettivity of the reaction, i.e. the decrease
i n by- product scathpdunds &i thelpreseacsusl §Oj O rrdiginnble2betpl athlyst iy kedwh (see e.g.

DE-OS 27 38 437, US-A 4,349,485, US-A 5,231,210, EP-A 667 336, EP-A 858
10 991, US-A 5,760,272). Palladium is preferably employed as the noble metal. A

cocatalyst (e.g. salts of manganese or cobalt), a base, sources of bromide, quaternary

AT Y

salts, various quinones or hydroquinones and drying agents can additionally be

employed. The process can be carried out in a solvent.

15 However, the known processes do not give yields which are satisfactory for an
industrial reaction and produce relatively large amounts of by-products. It is
therefore desirable to provide a process which is optimised in respect of yield and

product quality.

20 Since these are processes which are to provide a product on a large industrial scale,

small optimizations already mean a great improvement.

A process has now been found which allows a surprising increase in the selectivity
of the reaction, i.e. the decrease in by-products with a simultaneously increasing

25 product yield.

The invention thus provides a process for the preparation of an aromatic carbonate
of the formula
(H-0)k1-R[-0-CO-O-R]n-(O-H)x 9%
30
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The i.nvention thus provides a process for the preparation of an aronatic
‘carbonate of the formula (HOk-~-RL-OCOOR-n-(OHk-~ (1)~ 30 WO
03/ 018526 PCT/ EP02/ 08998 -2 wherein k represents integers of 1 to 2
preferably 1, WOP318Rbresents integers from1 to 30, prefer 8HT{FEPI298398
particularly preferably I, and R represent9.an aromatic radical, 5 in which
an aromati c hydroxy conpound of the formula R (0-Hk (I11), wherein R and k
are as defined above, 10 CO and 02 and optionally a solvent and vari ous

catal yst conpo t. erl ' - K
subscquent Ly, noPge€ FrboR AR aer B RE o blefFbL 1. plfh Bt Catlifebils from
reaction tine.1te0aprefeibly 1hydiOopyrticolario paetsrably( D-dddkR wpredentsaan drematiact ed
according to the,lE invention are, for exanple, nonohydroxy conpounds (k=1,
n=1 ), such as'™iéhol, o-, m or p-cresol, o-, m or p-chlorophenol, o-, m
or p-ethyl phenol, o-, m or ppropyl phenol, o-, m or p-nethoxyphenol,

2, 6-di met hyl phenol , 2, 4-di net hyl phenol , 3, 4-di net hyl phenol, 1-naphthol or
2- napht hob, or indwhighl an asontadiehydrods corpyundloftheforn®ls preferably 1 < n < 10,
particularly preferably 1 < n < 5) h as resorginol and 20 hydroqui none,
or bisphenols, such as 2,2-bis-(4jh9§T yphenyl)igiopane (bi sphenol A),

2, 2-bis-(3,5-di net hyl - 4- hydr oxyphenyl ) - pr opane,

1, 1- bi s- (4- hydr oxyphenyl ) cycl ohexane,

1, 1- bi s- ( 4- hydwbsigphRapd ka8 & &®fined aeaviey | cycl ohexane or

6, 6' di hydroxy-3,3,3 ,3 -tetranethyl-1,1" -spiro(bis)-indane,

2, 4" - hydr oxybi phenyl or 4, 4' hydroxybi phenyl. R- (O H)k can have vari ous
substitudots oQCt el @ af@toptioMdIBl £4slvest ARd vatiohb@aaBse cthpiiehtst drk bedonsd, of
the aromatic hydroxy, conpound, this.is generally by 1 to 3 substituents
with the defi nfharesierized an that K-(OdDgisubsequsndy metereg into thereasctiongapdpmkyt .
-C ~ g-al koxy, I . i brom ne, wherein the substituents, in
t he case of thgéﬁ§@%%§§?%%ﬁé%&%§§n?ﬁwtheir turn be nono- or pol ysubstituted
again by the groups nmentioned. 30 M xtures of various R (O-Hk can be used,

but the use of si ngl e conpound R- k is preferred. Bisphenol Ais
pref er ab:Jy enp]fsgléépngaﬁﬁélyggg(\yg}pgmqué -(OI-H)kahich can ge ree{cte% according tlo the

15 invention are, for example, monohydroxy compounds (k=1, n=1), such as phenol,
0-, m- or p-cresol, o-, m- or p-chlorophenol, o-, m- or p-ethylphenol, o-, m- or p-
propylphenol, o-, m- or p-methoxyphenol, 2,6-dimethylphenol, 2,4-dimethylphenol,
3,4-dimethylphenol, 1-naphthol or 2-naphthol, or dihydroxy compounds (k=2, 1 <n
< 30, preferably 1 <n < 10, particularly preferably 1 <n <5), such as resorcinol and

20 hydroquinone, or bisphenols, such as 2,2-bis-(4-hydroxyphenyl)-propane (bisphenol
A), 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane, 1,1-bis-(4-hydroxyphenyl)-
cyclohexane, 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane or  6,6'-
dihydroxy-3,3,3',3'-tetramethyl-1,1'-spiro(bis)-indane, 2,4'-hydroxybiphenyl or 4,4'-
hydroxybiphenyl. R-(O-H)x can have various substituents on the aromatic nucleus

25 R. In the case of substitution of the aromatic hydroxy compound, this is generally
by 1 to 3 substituents with the definition of C,-Cjs-alkyl, Cs-C s-aryl, C7-Cs-
aralkyl, C,-C,g-alkoxy, fluorine, chlorine or bromine, wherein the substituents, in
the case of the hydrocarbons, can in their turn be mono- or polysubstituted again by
the groups mentioned.

30
Mixtures of various R-(O-H)x can be used, but the use of a single compound R-(O-

H)x is preferred. Bisphenol A is preferably employed. The abovementioned



WO 03/ 018526 PCT/ EP02/ 08998 -3 rnonohydroxy conmpounds are furthernore
~preferably enployed, particularly preferably phenol or o-, m and p-cresol,
very particularly preferably phenol. The reaction system of the oxidative
di rect car bonyW&{q36’H85@9pi cally conprises several 5 of the fol PEMEREFR8P8 yst
conponents:a)a netal salt of group VIIIB, bgat | east one second netal
salt,c)a source of brom de,d)a base and1l0 e)organi c cocatal ysts. The

plati num netal catalysts a) which are suitable for the process according to

the invention conprise at |east.one ngbl.e netal ou L1l preferably
pal | adium It glgﬁ&g@%%{gdecgrr}pﬁu{}%sr i%ﬁsﬁ’frh?%orlen pf%%rag(yoc%?\s(obée&oﬁﬁﬁﬂgaﬁg t he
invention. Pal hreirdbly phero?br 8 nBrHAH PyRebol VefPhatitiilarly prefarality gherids. pal | adi um
bl ack or on a support, such as Pd/C, Pd/A1203 or Pd/ Si 02, or preferably in
the form of palladi um conpounds of oxidation |evels 0O and +2, such as, for
exanpl e, pall ag L e, 1 I d o

g- car boxylic a??%%gktﬁncgggggéﬁg?égﬁgéﬁc ﬂglséagg%]yzliaﬁg)?ﬁ%ﬁl% cg)%ﬁs%ﬁsf"%tv gr a(I)'r

oxi des, of pal bfute fistlosvng caxlgst aipohetsen conpri se, for exanple, 20 carbon
nonoxi de, ol efins, amnes, njtrit phosphorus conpounds and hal i des.

Pal | adi um br ontlde ah& IS?IEBHL%FHP%giggi acetonate are particularly preferred.
The anount of at &q%s%ﬁ@%ecﬁﬁ(%ﬁi@éﬁali s not limted in the process
according to the invention. Preferably, catalyst is added in an anount such
t hat the conceolrat asourcd oftyominde, metal in the reaction mixture is 1 to
3,000 ppm and concentrati.ons of 5 to 500 ppmare particularly preferred. A
metal of groupg)lllaﬁ?s 8" VA IVB VB I B Il B VI Bor VIl B of
the rare jgart heyret abgahRicopitglysisdmber s 58-71) or of the iron group of the
periodic table of the 30 el enéents (Mendel eev), optionally also m xtures
thereof, is used as the second netal salt b) acting as a cocatal yst for the

rocess accor di the inventiqn,.it.hei / Sk bl r th |, t.o be
Bl oyed i n varnoalipliat A HIGE a) WnicChl SuBRRE 0 Re bifeelsfe Ml e
PCT/ EP02/ 08998invéntionldotn$iie at Wast'ore, ibble @] ofrofip V128 relérdblyEfalladianl 1697,
EP- A 350 700, US-A 5,336,803) Pb, Ti, M, Cu, Co, V, Zn, Ce and Mo are
preferably enpFaykaiaddedinyatoys ferms Hythe peosssoresending todhgiinigntion ¢ halladium
i ti I , 1 I 1),
cobart (15 cofal b4 prRYEEAEatla o B3 ACRALUI bIERRESH( duopSRPRERL )
The metal s canPik, pAbPedr PdBiOexanpmkferabdy ihdle fbem, ofopalldéimm campavngds aff es
of C2-C, g-carboxylic acids, diketonates or nitrates ang as_.conmpl ex
corrpou_ndg whi cﬁf“)éafh%i‘ﬁﬁfsi B eands ¢, éusiznﬁ» Jor BBl r%ﬁ%fﬁvra@}) 8948y fcrtonate,
aromatic and ahhpat teb8BifRes 8F éﬁ%%—%ﬁ?b@ﬁ?ﬁc REAS PSLrbSxyIAE8P VB Bs oxalate,

pyridines, bipyridines, terpyridines, quinolines, isoquinolines, cryptands,
Schi ff s basesn#rate, 0lfatalr deides, oh paliadiunvicomplexenwhich can eomarisd, dor example,

pr ef er abl.y, enpl oyed. Mangane conmpounds.are ver articul arl ref erably
used in tzlbe pr 8%%8% rﬁ%‘l"&‘? ’rf’aeeqlﬁ’ nfisn\PétHltieisor?, O%QBHSciﬂ‘%Hﬂ‘Wd%?ﬁf@}azlSF%
conpl exes of NPARARGSE Brdrhide ARG pAMRAARN AER(IbEdtdnatd/ & paRiRllaklg \Prefedryd. pr ef er abl y
manganese(l 1) acetyl acetonate or nmanganese(lll) acetyl acetonate, and

manganese(l1) brom de. 15 The cocatal yst, which can also be fornmed in situ,
I's added in anTﬁgBHl%hmswaﬁM rdefa? catalyst is not limited in the process according to the

invention. Preferably, catalyst is added in an amount such that the concentration of

25 the metal in the reaction mixture is 1 to 3,000 ppm, and concentrations of 5 to

500 ppm are particularly preferred.

A metal of groups III A, Il B, IV A,IV B, VB, [ B, II B, VI B or VII B, of the rare
earth metals (atomic numbers 58-71) or of the iron group of the periodic table of the
30 elements (Mendeleev), optionally also mixtures thereof, is used as the second metal
salt b) acting as a cocatalyst for the process according to the invention, it being

possible for the metal to be employed in various oxidation levels. (See e.g. US-A



concentration is in the range from0.0001 to 20 wt. % of the reaction
‘mxture, and the concentration range of 0.001 to 5 w.%is preferred,
particularly preferably 0.005 to 2 wt.% 20 The bron de conpounds C%

enpl oyed in th@'%‘@ﬁ’t‘%&g of the present invention are, for ex&fBFEI2A§S

al kali metal brom des or alkaline earth neyal brom des, but preferably the
brom de salts of organic cations. The organic cations can be, for exanple,
anmoni um guani di ni um phosphoni um or sul fonium salts substituted by
organi ¢ 25 radi | \OPb liyeal ' > . ' 3
guani di ni um p?fgg%’ﬁg%ﬁtﬁﬁnAaﬁ’gb g’g ’o[yn§ t;%migg{l’lt)ésq’t%ﬁ%‘h&s@gér?ﬁgf%g 'ég%? (t:))bl’(rzﬂ,'J S-A
g-aryl, C-- t05834,803r bk, g/, Co, V,tZn, Re-aalikylo aedpretdrablasenplgpsd. C
radical s are syi.t abI(le, f.or L%g in the process according to the inventi o)n.
Amoni um sal t s WAHIOBh ligiting, thesproegsscaccorging: { thegnventipng leadglh), anangenessdDor
G- to CZO al kyl ' S anj [ e I e Oin
t he process ac%:ﬁgrrl%ilﬁlg%&?g’ tﬁzp%@e% Oe{r}f’fﬁéz%btﬁlé(?lphgﬁ?@f(gmﬁﬁaﬁﬂm@% glé&;

t et r aphenyl phospladiim(by )b mayi bemantibriedt r Bizumgtatsdhcapbo emphybd ofor deampke, as

R L Rl L
wei ght of the 5@&%&&&6&&&%@&@ c%% %8&5{1\5/\% :fir Rafip®e, 2Blb¥n thoRoxidd 2o1¥fins”o

particularly preferably 1 - 5 o Bases w h can be enployed for the
process accor dinegatio andealiphatie mane- ar epadyaaaings, hesplewirush pempaindes pyridikes, |

| sal al f. k acids, ,.such | kal,i. |
tort- butyl at s RgRuFRAFbyRling. QupdEts, RhSBapRar ol SrigiChles and
hydr oxy donpouhdileef Mi)&d, Md)Hbandl €9 arel partidil 1y fRefeasbly BRpRIYEY.C VRph RS

meani ng. An al kali netal salt or,é‘ﬂuat er narg salt of the aromatic hydroxy
conpound of t heompauRds Arq very pastieHatly pgfergblyoussd inethe tnsecess aggogding e the

ohenol ate. 15 gagoricit e RO brcirl bAR AR SR R MBese D, ca

be salts of |i véryuparticalilympraferablys inmganesd(lDi uoetolacaaesd ush rharfgahessyIll)
sodi um and potassium salts are preferably enployed, particularly preferably
pot assi um sal t%c,etﬂ?ﬂt%Feya?fg’frltap%%ﬁql}/brﬁ%g%r abl y potassi um phenol ate. 15
The quatggnary salts can be ammoni um phosphoni um pyridinium sul fonium or
guani di nium salts which have C6- to C1 g-aryl, C-- to C ~ g-aral kyl and/or
C ~ - to C2oal Kiz¢ cocathlystl whiglk car glambe foraatid ¢ bisu, i hdded anlae aimountucka it ite
identical or different, .and.,m xtures qf veral gu rnary salts ca

opt onal |y al sE°SEn RS Buie s Sioge 0960 Ll 3y Sy lhé PaEtordGirliscihe e
brom de for copnEegidtion)rahge GP0.00NR § Wit Bf ReRREY, RIROHBROpRRESLY 0.005 to

Tet r aphenyl phosphoni um tetrabutyl ammoni umand tetrabutyl’'phosphoni um are
furthernore préMdfped, and tetrabutyl ammoniumis particularly preferred. 25
Al t er nat izy)el y, trial kylam ne bases, such as tributyl am ne,

di i sopropyl et hyl am ne, DBU or DBN, can al so be used. The base d) is added
in an amount i THepeMEaato@polnds cpémploiediiEthe Yontdieoted preséift idleationate) foet al |,
e.g. palladium to base is preferably chosen such that 0.1 to_ 5,000, 30
preferably 1 texampledhe ghalijnegiplaarpmidss of alkgling carth mgtabbromaides, byt wigfezably

base are enpl oyfdyRefiddTedisObt Blghic"dHoAB! Afhe Srgfnic RALLATEM e, for example,

ammonium, guanidinium, phosphonium or sulfonium salts substituted by organic

25 radicals, and optionally also mixtures thereof. @ Ammonium, guanidinium,
phosphonium and sulfonium salts which contain Ce- to Cg-aryl, Cs- to C;g-aralkyl
and/or Ci- to Cyo-alkyl radicals as organic radicals are suitable for use in the process
according to the invention. Ammonium salts which carry Ce- to Cyg-aryl, Cs- to Cis-
aralkyl and/or C;- to Cyp-alkyl radicals as organic radicals are preferably employed

30 in the process according to the invention, and tetrabutylammonium bromide,
tetraphenylphosphonium bromide and tetrabutylphosphonium bromide are

particularly preferred. The amount of such a quaternary salt can be, for example,



WD 03/ 018526 PCT/ EP02/ 08998 -6 Organic cocatal ysts e) which can be enpl oyed
~are 'e.g. various terpyridines, phenanthrolines, quinolines and

i soqui nol i nes, _sem qui_ nones, hydroqui nones and qui nones, or the organic
cocatal ysts me A G gﬂsz?n EP 1024132-A 1 are enpl oyed. 5 Conc PETEPRYIEIA es
are 2,2':6',2"-terpyridine, 4" -methylthio-3,.2':6"2" -terpyridine,
2,2':6',2"-terpyridine N- oxi de, 1,10-phenanthro|ine,

2,4,7,8-tetranmet hyl -1, 10phenant hrol i ne, 4, 7-di phenyl -1, 10- phenant hrol i ne,
catechol, 1,2-gyin y u e u a pone

o 10- i hydr oxy gt hEaaSe SRAT R B cor ARG ey AR SFS MR i

i nventi on, thepﬂeyajaimymrorﬁa\m% Bartlehlhblyptefersubaew@n% y net ered in once or
several times in portions. A start concentration, established within the
first hour of reaction time, of about 10 to 80 w.% of the total anount is
preferably stapjed vVH&lhczﬁPBéaeng)ge& i th@ c@bsnﬂ:céﬂﬁl‘tg] th$ 1ﬁ%ﬁ§n e Eﬁl or
nore intervals. The 15 start c entrati is particularly preferab y about
30 to 70 Wt . % mEtaéhpdtdkidesralliadi mpetaf mﬂtalot yiuatnrnar}esaﬂte ofibeak atids) spch s alkali

Preferably appr ui di terval s time,.are chosen n

R 1 on o P PRt T Bt o Rl Taetal Sl S ustliping ke B roRRc B 006
of the total rgaghd@Rds bf MR RImAMIIBIR w%hq?ﬁ&@tﬂela%vérﬁelﬁfoﬁé&&ﬁe%ﬂmﬁ An
particularly preferably before about 80% he anount of R (O

subsequent | y nalkeli gugtal ﬁalt:amuiiltwrb@alpaﬁ@earomatmdrydrmwmpppnd of thefmpil:e by
sl ow y punpi ng ol. u A start concentpation,. established within the
first hour of ?ﬂ a(‘?f%llcgln % ??é) 10,0 B85 Ed 18 £ eathcy preghiss c?rﬁgnﬁt §1 SRR i s

preferabllyg st aetr@butatrion@h lor sotagdiht pRERILE AWy PaArticRlafy p‘lﬂéfe%}bl}aﬁﬁédt he 25

remai ning anount is then netered in continuously. Various
ti mes/concentration netering profiles can be established here, e.g. a

l'arger amount pgt aﬂ&'h mtalBafi@Ral beBiE" s&cﬂ?ms aESIlEIHa?ut%lgl\ﬁﬁ{ ds the

end of the reaction tinme or vice versa. %hi tion of

R- (O H) k whi chcaesiui. neighiiumi $ddiure apeé pdtatsurh isales are preférably entpgoyidpparticulaidied
per tinme interv mai ns ,approxi mat el y const ant preferred. The 30
addi ti on can bgregqrgﬁy Bﬁtaé%ﬂnlsﬁlﬁseﬁﬁﬁ?re‘éd’a’étcukﬁ]:}’ pa%fgia%sv%p%ﬁsmphw%aﬁ%
during the duration of the reaction or the average residence tine. VO
03/018526 PCT/ EP02/08998 An ending of the netering at a point in tine
whi ch is befor Ehalquatbnﬁt}ﬂ/csadfs tdnebd¢ emaloniwncphaspheiiume, pyridinamagslfoesindence

tinme is preferr articul ar.l referably befgre out 80% (O Hk
can be met er edSfanidigiunm E%‘is"gh fﬁ/h 6P ﬁ‘afﬁw 5dP FB’??lk %EHE; E?Rﬁ”'
optionally be mﬁypfaaﬁalsraswgm&&atc@ré fRRGalicIE Tan EPWBV&ntichingG Bffeliehd, and as a
solution in an inert solvent is preferred. The process according to the

i nventi on can méxtaees rafesgvesak quateraanyosalis ican pptiorallynalow de emploxedi nThe same

di scont i nyous cont (4 e din
at o poi al i n PRADSGieh s BagvSEOR MELRIRIGRRE R ren ot R dul B PRELAY |
the case of a mpbywm.prmﬁﬂ)ﬂé@lp@sb@dﬂﬂi cambhglanheniath iafd tRdbutyl-
exanple, in a cascade of myeaction ap tparat uses, into at |east one of the
2nd to mth reaBhQspRomym; grg furthermore preferred, and tetrabutylammonium is particularly

preferred.

25 Alternatively, trialkylamine bases, such as tributylamine, diisopropylethylamine,
DBU or DBN, can also be used.

The base d) is added in an amount independent of the stoichiometry. The ratio of
platinum metal, e.g. palladium, to base is preferably chosen such that 0.1 to 5,000,
30 preferably 1 to 1,000, particularly preferably 10 to 300 equivalents of base are

employed per mol of platinum metal, e.g. palladium.



the reaction. The process according to the invention for carbonate
-formation is carried out at a 20 reaction tenperature of 30 to 200C,
preferably 50 to 150C, particularly preferably 60 to | 30C, under a_ reaction
pressure of 1 WO BWMBBEr preferably 1 to 50 bar, particul ar F¢TEPAE% y 1
to 10 bar. Hydrocarbons, hal ogenated hydraogarbons and aromatic sol vents,
such as 25 chl orobenzene, dichl orobenzene, fluorobenzene, benzene, tol uene,
ani sol e, cycl ohexane, petrol eumether, nethylene chloride or

1, 2-di chl or oet @?&%}rse ghgaﬁ%l?gtsa _rg[hgc% 30 ‘ﬁ%”"g%glo%&‘ hehré‘se. | UELON AGHTAdhaS:

acetonitrile o r7ol’i dinone, ether such asS®di oxane,

t et rahydr of ur aﬁhenhnthtﬁlklbs,ﬂ’?iihdlinegtehﬂr isafilnélines) bdrhiqdinghess dydrogatines and
optionally al so m xtures of various, solvents can _be used as the inert

organi ¢ 30 sol @eRenesCyn the ergaRiccheatplysty monfiepgdap|BP 1924k32rAbpie carpleYifed. The
reaction m xture can conprise the inert solvent in an amount of 1 to 99%
preferably 20 to 98% particularly preferably 40 to 98% WO 03/018526 g
PCT/ EP02/ 68998Cohacicorpammples oareof2,2 082" Ftegpyridome, géseshylthibdr? .68hexpylelirnd

b ied wthin w ion limts, Co: Q2. mul
T 0o (ot andar 6ok egiter oot TobPhatngiufis abpd: i Bugmetgi-T 1675,
and particul ar Fb{exﬂﬁﬁcﬁfrﬁ@ y 4}7-Qip98n}11q,lj()l'-ﬂae%antﬂ_rdlﬁleﬁxp%ﬁ'ﬂeﬁi&l] y e3Xahbhéoshed.

The oxygen partial pressure at these fnolar ratios Is high enough to be able

to achi eve hi ghydrpawiagnd, np-benedqignonal lanthreqeinend, i gl Oedihpbangimtizagenbe and
contam nated with ippurities fromtheir preparation and storage, but in the
cont ext of thepltbe(ﬂafl TSHYUPR®® end product it is 10 desirable to use

chem cal ggwhi ch are as cl ean as possible. The reaction gases al so are not
subject to particular purity requirenments. Thus, s&nt hesi s gas can be used
as the source ércadingrig the mvartiqryghegpydeapyiaramatichRe(Orxiis sbseqrenth sugtergd t hat

no catal yst pojsons, o SUGh, ot (O SaETRRUIIROL BB e i he

i ntroduced. The gasesS ‘can Egmglslq%tpéglw'th one or nore other gases, suc

ni trogen, ar gofirst haubefireddtivni tilee, @f abbuthhdiodewt.%d of the potelf answen iepiefedabiynt
of the process according to the invention, pure and pure oxygen ar
used. |n anot h&Rrtedahihees and thesiemaiing amgunts, 76 80 OF H10%8 %?rvg\?stT fn

het er ogengous gta&aéoxéérgrraleian WpshchiRgy BrahByMuTRE 30 1070 WPkl ddmoFes al

and/ or the cocatal yst
preferably in one to about ten portions. Preferably approximately equidistant

intervals of time are chosen. An addition of the last portion at a point in time which
is before about 90% of the total reaction time or average residence time is preferred,
particularly preferably before about 80%.

20
The amount of R-(O-H); subsequently metered in can also be passed in
continuously, for example by slowly pumping in a solution. A start concentration,
established within the first hour of reaction time, of about 10 to 80 wt.% of the total
amount is preferably started with, particularly preferably 30 to 70 wt.%, and the

25 remaining amount is then metered in continuously. Various times/concentration
metering profiles can be established here, e.g. a larger amount per unit time can be
metered in at the start than towards the end of the reaction time or vice versa. An
addition of the amount of R-(O-H)k which is linear with respect to time, in which the
amount added per time interval remains approximately constant, is preferred. The

30 addition can be started and interrupted at any desired points in time during the

duration of the reaction or the average residence time.



20 applied to a heterogeneous support are enployed as powders or shaped
-articles. The other conponents of the catalyst system such as the base,
the quaternary conpound and optionally the cocatal yst, are furthernore

di ssol ved hono¥¥h®H18%2¢ in the reaction solution. The propor PCEFPEF8PR
platinumnetal in the total weight of the _heterogeneous catalyst is 0.01 to
15 wt.% preferably 0.05 to 10 wt.% calculated as 25 platinumnetal. At

| east one metal conpound of the abovenentioned type is enployed as

cocatal ysts on t J i .The propottien of the, nt
cocatal yst in ﬁhgﬁfi g@a&%ﬁngeﬁe?l%g% E%l?gi?)r&é? Erﬁlgg‘gﬁ hssbeg%rte fb%{]&q/g %gﬂt?lm%l 15
Wt . % pref er abtagctiorDfimer d¥ertlge Yesidenle it 8 hrafrrediepaiduidrly preehl3/Hef3626
PCT/ EP0O2/ 08998 -9 Suitable catal yst supports are one or nore netal oxides
fromthe groupBh8d%ing of v, Mh, Ti, Cu, Zr, La and the rare earth
metals (atom c nunbers 58-71 ), both in the sense of chem cally uniform
pure substances and as a m xture, as well as iron and cobalt oxides,

ni ckel , abum nifberR-@-H)com Enohetrrginiasis uotidiodas adroid dresolativeh. SRAOME) Tan
charcoals. If the s orted catal yst is_enpl oyed as a powder, for m xing

t he reaction CBPFHBWEQE’E n%%%ﬂim ?Y%ge%ifegaﬁwg ﬁBWB\éeru édglﬁlénéaﬁis%‘ﬁﬂnvw th
stirrers whi chy,CanBe sss&d if plerdrftlys. or are designed as a bubble col um

reactor. |If supported catalyst powders are used as a suspension in stirred
vessel s or bubble 10 colums, anounts of 0.001 to 50 wt.% preferably 0.0l

to 20 wt. % partficul arl referably 0.1 to 10 wt. % of s .t ed cat al yst
powder, based Ehe P??é?e‘f‘fr%ﬁ%fh%ftojﬁ%ﬁﬁf?@%ﬁf&%@x‘iﬁ‘”&%@dﬁﬁyﬁﬁgI%?éﬂf’t“};ﬂ"é‘g
used. | n1pref epicer LdbRtiFRNALSwadnBe het er ogeneous supported catalyst is
enployed in a 15 fixed location in stirred containers, a bubble colum, a

trickle phase reactor or cascades of these reactors. It is then conpletely

unnecessary topse gﬁ&&hlﬁg&{x{lprgpe%u%u ﬁggéﬁﬁﬁs%étgjeﬁ 34 te%%&tﬁggﬁne;%‘?e%}% Sart O

t he process accor di hg e [ nven h™a hono

het er ogeneous ofithaky®tiomirethsréactoed t anks, autocl aves and bubbl e col umms, it
bei ng possible for these to be enployed as individual reactors or as a
cascade. In a cascade, 2 to 15, preferably 2 to 10, particularly preferably

2 to 5 rgactor (o} ' [ ha 0 XL NG - '
componenta, ¢ net SEReRESORRBIAE dhibedfe RIOH5 elbeRioleldul 1 SEREIL By
are equi pped wcdshadetdfim ecastismapmibdteses dntot diilaast Gieadf thé 2iid ermthaescténs adwring o

t he expert. Exagnples. which may be nentioned are: disc, inpeller, propeller,
paddl e, MG angleirﬁqcé‘ioﬂi g stirrers, tubular stirrers and various types of
hol l ow stirrers. Preferred stirrers are those which allow effective m xing
of gases and liquids, for 30 exanple hollow tube gassing stirrers,

propel | er stirdbe pragess according to the invention for carbonate formation is carried out at a

20 reaction temperature of 30 to 200°C, preferably 50 to 150°C, particularly preferably
60 to 130°C, under a reaction pressure of 1 to 200 bar, preferably 1 to 50 bar,
particularly preferably 1 to 10 bar.

Hydrocarbons, halogenated hydrocarbons and aromatic solvents, such as
25 chlorobenzene, dichlorobenzene, fluorobenzene, benzene, toluene, anisole,
cyclohexane, petroleum ether, methylene chloride or 1,2-dichloroethane, dipolar
aprotic solvents, such as dimethylacetamide, acetonitrile or N-methylpyrrolidinone,
ethers, such as dioxane, tetrahydrofuran, t-butyl methyl ether and etherified glycols,
and optionally also mixtures of various solvents can be used as the inert organic
30 solvent. Chlorobenzene is particularly preferably employed. The reaction mixture
can comprise the inert solvent in an amount of 1 to 99%, preferably 20 to 98%,

particularly preferably 40 to 98%.



WO 03/018526 PCT/ EP02/ 08998 - 10 The foll owi ng types of bubble colums can
‘be énployed in the process according to the invention si npl e bubbl e

col ums, bubbl e colunns with inserts, such as e.g.: bubble col ums_ wit
paral l el chamb¥O93/08826 ade bubbl e col ums with sieve trays ofC gﬂﬁﬁ?@”ﬂble
trays, bubble colunns wi th packing, wth stgatic m xers, pulsating sieve 5
tray bubble colums, |oop reactors, such as e.qg.: nannpth | oop reactors,
outflow | oop reactors, jet loop reactors, free jet reactors, nozzle
reactors, bubble colums with liquid imersion jets, outflowinflow bubble
colums and further bubble colum reactors known to the expert CChem Ing.
Tech. 51 ( 1979he o@mpaitidn of2h8 rdobion \Basdd. cafbeakmeroxidReadd 6:0/psh &ah bk lvatied

Bl asensaul en, 0 Salle Verlag 1985), 10 In a preferred enbodi ment
col um reactor %’“L\ Klsnoneentgonlmitss bufcre COiR: aolar ey (Handardizedetont Q) ﬁg

gas and |iquidgg, (ﬁ)‘l'(i@lals eff&ﬁblg’ﬁa@@i fol @%SE@@'Ea:HHHQﬁ}ep{%?ArHﬂg EJP@B
reactors, are enpl oyed strl uting and fedi Spersing organs can
attached Al ongIStebreedlcmbr ¢stedilinlzd. aiiesoxygen hartiblufrbsserecatithese maactatpsisthoghl 5
mai ntai n good thorﬁﬁge qhxi d re t|on gas. Single hole
trays, perforat®yeRiEY%aoEi% QIQVFQ@%’H&C ’E}Fty Sinserts known to the
expert are enployed as fi xed r edi spersi ng organs Conventi onal devi ces,

such as porous sintered plates, perforated plates, sieve trays, inserted
t ubes, nozzl esAllgdzﬂslstﬂglfrg mgmpamﬂsf gart H?@r cdmtsxpmasqdngwdhevmp@stletsn@rm ttheit he

expert can be ed for the in of.. 20 e reaction.gas in
the liquid phagggﬁrgﬁ?rhan% Oé?gehau hn “Zﬁg‘gczs@gé’(‘:‘mr thﬁ ?Ib‘FPWél ftnggﬁti on
can be caori eddésitableRo \u8é bﬂéiﬁlcﬂﬁmﬁtmmtas\b@édnad%t;ﬁ)s&%e PRs@hétidn gakes also
conprises the dlscontlnuou;mprocedure In this, CO and oxygen are passed

into the react§MohPubieHt & Bartipear ptrrrtm@fwlrﬁn@aesr Thys.snthegip gagean; be ttsrr@ a5
case of a stirpedqhaakys @ JhiTau eéafrﬁé}"%t figs té"béteh%d?é’& bR n8rc9t'3a
Wien the optinmim conversion s reac reaction mxture 1's reno
fromthe react poisars, aphiased. bgrlfummrlcedlpupndsnherbﬁ aedatroduced.f Thelgases uhnehé

supported cata S are used, these can be separated off fromth ctlon
m xt ure, @“F ML PReAr MOKg P htgaft‘r‘:oﬁlcg EI)Sc‘i‘ale’é’gfrf’r> GEEAT GRAMD 0‘3016 loxi

03/ 01852@5 11 Eﬁ%gef’o%%a%@feﬁg@%ﬁib%ﬂﬁ&n\mltﬁégwcbis' Z&‘ofd‘ﬁg R@'Elﬁ:”ﬁﬁl@ﬁtﬁm
conpounds, definitions and explanations nmentio as preferred

particul arly ppat&iQ enl purevaygenpee tsedul arly preferred are pref erred,
particularly preferred or very particularly preferred. 5 However, the
definitions, paraneters, conpounds and expl anati ons nenti oned above

general |y or NMBNAroMednibddRhdinkest 6PMEADNHRBNAS CatlysCHRRNNBSeREeRES I ed

catalysts in which the platinum metal or the platinum metal and/or the cocatalyst are

bbl e

20 applied to a heterogeneous support are employed as powders or shaped articles. The
other components of the catalyst system, such as the base, the quaternary compound
and optionally the cocatalyst, are furthermore dissolved homogeneously in the
reaction solution. The proportion of the platinum metal in the total weight of the
heterogeneous catalyst is 0.01 to 15 wt.%, preferably 0.05 to 10 wt.%, calculated as

25 platinum metal.

At least one metal compound of the abovementioned type is employed as cocatalysts

on the catalyst support.

30 The proportion of the amount of cocatalyst in the total weight of the heterogeneous

catalyst is 0.01 to 15 wt.%, preferably 0.05 to 10 wt.%, calculated as the metal.




with .one another, that is to say between the particular ranges and
-preferred ranges. Supported catal ysts used in discontinuous experinments can
be enpl oyed reg}eat edlq%, 10 optionally without purification, with the same
starting subst MBPI8RH t he case of a continuous procedure, PHEELAHIEE ed
catal ysts enployed can remain in the react@r- over a long period of tine and
can optionally be regenerated. A continuous procedure in a single reactor
or in a cascade of several reactors is 15 preferably enployed. If

het er ogeneous f. Ll J 0.1 p the
reactor over agﬁtct)a%é/%téa:l?’% ué#&ﬁ%rrrée&geﬁé rﬁé&g%%ﬁ@ﬁ%s@&ﬁﬁ%ﬂé} E‘u";b ?‘gggs%‘g% 3? ed

t here. WO 03VOMEL 4%, QI TUrERS and) 8123 8re-chth Inxauip  ismidweuniissre 58-0m), bothoaraat s
are anal ysed by gas_chromat ogr.aphy, it being possible for the weights of

t he conponent s54n8e BEChasmigally RaEPEyPYe sHRSIHICERANG AY 8 rpigfure tas el 8 iren apd

sel ectivity i S%&ﬁlt%@és,egicf?éi AddiAgmt Qﬂi@&pg{xd %%ﬁe%@gg&iﬁf zéo?géédeglgldacﬂog nol

contained in the reaction mxture and pheno Into
di vi di ng fhi s thartdats. tIHthelsupprotedtcatatyspisesnglloyedpls aypesdderl fier mpixéngothe mection
included in this has been converted into by-products. 10 Exanple 1 0.03
ol pal | adi Ut TROIPB AR SIS o S Ry SRS OO HiC < B
nmanganese tri sgedty ARchoaedesignd sk wbBReRAImBfactoni tially introduced into
50 m chl orobenzene in an autoclave and the mxture is heated to 80C while
15 passing through carbon nonoxide. 7.5 nmol tetrabutyl anmoni um phenol ate
in 30 mM chlorgbenze re then added. as _m xture.of.carbon. mnoxi.de and
oxygen (97:3 virunpore idh FONGBEIER uaft S50 PO i hirfed W BE Rivete

addi tionab 8. 2Zcqluphgn@hoints $20D0Y ©MNORWLENFEREY ©.MUBPEY WiYoCpattibultys| y
and uniformy in the course of 90 min. After 2 h the reaction is

f

i nterrupted anprefasebly dak o dA wii %t ofr wipperteth caplyptypewdeasy bassd s &F ag@untRé
| t i ] . i le 1 0.03 |

e Lt un( 11y o€ B Ry LSttt cofIBRAL WEMEXER 2 L o280, 7 ol

manganese trisacetyl acetonate and 24.2 g phenol are initially introduced

into 50 mi chlf)rob nzene Ln,an authocl ave and the m'x(} ure is, heated to 80C
whi | e n preferred embodiments, the heterogeneous supported catalyst is employed in a

15 fixed location in stirred containers, a bubble column, a trickle phase reactor or
cascades of these reactors. It is then completely unnecessary to separate off the

supported catalyst.

Suitable reactors for the process according to the invention with a homogeneous or
20 heterogeneous catalyst are stirred tanks, autoclaves and bubble columns, it being
possible for these to be employed as individual reactors or as a cascade. In a
cascade, 2 to 15, preferably 2 to 10, particularly preferably 2 to 5 reactors can be

connected in series.

25 For mixing the reaction components, the stirred containers to be used according to
the invention are equipped with stirrers suitable for this. Such stirrers are known to
the expert. Examples which may be mentioned are: disc, impeller, propeller, paddle,
MIG and intermig stirrers, tubular stirrers and various types of hollow stirrers.
Preferred stirrers are those which allow effective mixing of gases and liquids, for

30 example hollow tube gassing stirrers, propeller stirrers etc.



passi-ng through carbon nonoxi de. 7.5 mmol tetrabutyl ammoni um phenol ate in
30 m chl orobenzene are then added. A gas m xture of carbon nonoxi de and
oxygen (97:3 vol.% is passed through at 90C/ 3 bar. After 2 h the reaction
is 30 interrupVEP3BR20he reaction nixture is anal ysed by meBGEESP2/Q8898 The
results are summari zed in Table 1. ., WO ®3/018526 -13 Table 1:

Ex. | Conp. | Conversi on of phenol [9% 36.935.9Sel ectivity [%487.1

983. 8%space/tine yield [g/1/h]35.133, 5Turn-over nunber Pdl, 2161, 022

PCT/ EP02/ 0899 8The follmirgﬁséyg&sgéfzqugg({o &ﬁ%%?ebm}#%egiq% ?k?e{ %rékef%i% gECO'r%mg '%b

process for the prepar n of an aronatl C ca riu

(H O k- ~- R[ - O e -ifvdation( Sinhl& bublie wohimeisn bkbble goheat with nheeger suchfasle.jo 2
and n represents.integers from o 30 and R represents an aromatic
radical, in whbeible eIt thP laf ghambesmsaisade Bebblecolpmp ity sfevie traply R
carbon 10 nonoxi.ge. ﬂﬁﬁgt'- I ' :

cat al yst corrpoér;ig%t@ sh% awrjt ég})r%ggl%bel%,%c ar glﬁgﬁéﬁnﬁ i“aglt ﬁgtgbt ﬂ%@%‘ﬁg& sieve

subsequenfl y negxebebblé golntrseloopaetdtan, stucktasreeg. amahmasth ooy ecadtord, ngtiidve

reaction tine., 2. Process ?ccordi ngs toclaiml, in vlvhi ch the %nt of
R-(O H k met er W8P TFRCIESqist {9 TAEOR: TS JRRICACRiSy OBAS FFStare UPPISHCqImES | 5
about 10 to 80¥4tRflidi& ihPhésioRTRUNbulIRWRIERYW Bubtle JBTBRARS In@CERARL BELUIO
claiml1, in which the nmetering of R(OHKk is ended at a point In tine
whi ch is bef oreolamoueacgngkadwa tethe oxpert ((dwot. ilag TecheeS 101 929) raw 8r p98-216;
residence ti Tew..D. Deckwer, Reaktionstechnik in Blasenséulen, Otto Salle Verlag 1985).
10
In a preferred embodiment, bubble column reactors and bubble column cascades
which allow effective mixing of gas and liquids, such as, for example, cascade
bubble columns and loop reactors, are employed. Distributing and redispersing
organs can be attached along the longitudinal axis of the bubble column reactors to
15 maintain good thorough mixing of liquid and reaction gas. Single hole trays,
perforated trays, sieve trays and further inserts known to the expert are employed as
fixed redispersing organs. Conventional devices, such as porous sintered plates,
perforated plates, sieve trays, inserted tubes, nozzles, gassing rings and further

dispersing devices known to the expert can be employed for the initial dispersing of

20 the reaction gas in the liquid phase during metering in.

The process according to the invention can be carried out in various embodiment
variants. One possibility comprises the discontinuous procedure. In this, CO and
oxygen are passed into the reaction mixture either through a gassing stirrer, as in the
25 case of a stirred tank, or through other known gas distribution organs. When the
optimum conversion is reached, the reaction mixture is removed from the reactor or
optionally worked up in the reactor. If pulverulent supported catalysts are used,
these can be separated off from the reaction mixture, e.g. by filtration, sedimentation

or centrifugation.
30



4. Process according to claiml1, in which (HOk ~-~-R-OCOOR"(OHk ~is
- dirphenyl carbonate and R-(O-Hk is phenol. 25 5. Process according to claim
1, for the preparation of an oligo- or polycarbonate from bi sphenol A 6.
Process accor dMPP3%8%fai m 1, in which the subsequent neteri RET{E&?&”% ace
in portions in one to ten portions. 30 7..Process according to claiml, in
whi ch the subsequent netering takes place continuously. ~s . W

03/ 018526 -15 PCT/ EP02/ 08998 8. A process for the continuous preparation of
di aryl carbona i i 0 %?E% k n. . and
optionally a s%ﬁ@g%lk& g\r(lg{o}b@g}rl ?téfd%eqég?a ystem& g%@ﬁ%ﬁg&gﬁﬁg@lg%@g%x&?ﬁns
characterized menfidietl, as preferamis gacubirlySpreferedcdi eeryappacalutlg gaefefed @rdd) k
is netered into at |east, qn? of the 2nd to nth reactors during the
reaction. .A Anr.e%r.eﬂsgaw atlypreforred Q1 Xty papionlarly profertag. A0
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continuous procedure, the 'supported catalysts employed can remain in the reactor

over a long period of time and can optionally be regenerated.

A continuous procedure in a single reactor or in a cascade of several reactors is
15 preferably employed. If heterogeneous catalysts of fixed location are used, these
can remain in the reactor over a long period of time and can optionally also be

regenerated there.
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5 The selectivity is calculated by adding together the amount of residual phenol
contained in the reaction mixture and phenol converted into DPC and dividing this
by the total amount of phenol employed. The phenol not included in this has been

converted into by-products.

10 Example 1

0.03 mmol palladium(Il) bromide, 7.5 mmol tetrabutylammonium bromide,
0.7 mmol manganese trisacetylacetonate and 16 g phenol are initially introduced
into 50 ml chlorobenzene in an autoclave and the mixture is heated to 80°C while
15 passing through carbon monoxide. 7.5 mmol tetrabutylammonium phenolate in
30 ml chlorobenzene are then added. A gas mixture of carbon monoxide and
oxygen (97:3 vol.%) is passed through at 90°C/3 bar. After 15 min an additional
8.2 g phenol in 12.3 g chlorobenzene are pumped in continuously and uniformly in
the course of 90 min. After 2 h the reaction is interrupted and the reaction mixture is

20 analysed by means of GC. The results are summarized in Table 1.

Comparison example 1

0.03 mmol palladium(Il) bromide, 7.5 mmol tetrabutylammonium bromide,
25 0.7 mmol manganese trisacetylacetonate and 24.2 g phenol are initially introduced
into 50 ml chlorobenzene in an autoclave and the mixture is heated to 80°C while
passing through carbon monoxide. 7.5 mmol tetrabutylammonium phenolate in
30 ml chlorobenzene are then added. A gas mixture of carbon monoxide and
oxygen (97:3 vol.%) is passed through at 90°C/3 bar. After 2 h the reaction is
30 interrupted and the reaction mixture is analysed by means of GC. The results are

summarized in Table 1.



v

Y "10%& ()- yl0%& ()- @0%& ()-)*- MKYACSY "1"Y "10%& ()- Y "10%& ()-
Y m109%2& ()- Y "10%& ()- "NOFgjuv|u] CCY "1Y "10%& ()- "Y "10%& ()- Y
"10%& ()- "Y " 10%&'5%%- Y "10%& ()- | ,nMC -#10% & ()- - #109%8" 9& () -

-y

SH10% & ()-( SYOOuEs PCT/EP02/089
-13 -
Table 1:
Ex. 1 Comp. 1
Conversion of phenol [%] | 36.9 359
Selectivity [%o] 87.1% 83.8%
Space/time yield [g/l/h] 35.1 33.5
Turn-over number Pd 1,216 1,022
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3. Process according to claim 1, in which the metering of R-(O-H)y is ended at

a point in time which is before about 90% of the total reaction time or

20 average residence time.

4, Process according to claim 1, in which (H-O)-R[-O-CO-O-R]5-(O-H) is
diphenyl carbonate and R-(O-H)y is phenol.

25 5. Process according to claim 1, for the preparation of an oligo- or

polycarbonate from bisphenol A.

6. Process according to claim 1, in which the subsequent metering takes place
in portions in one to ten portions.
30
7. Process according to claim 1, in which the subsequent metering takes place

continuously.
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