W 01/ 16086 PCT/ USOQ 20624 CATALYST COMPCSI TI ON' AND METHOD FOR PRODUCI NG
DI ARYL CARBONATES BACKGROUND OF THE | NVENTION This invention relates to
the preparation of diaryl carbonates by 5 carbonylation. More:- _
particul ar IWOO{6086| ates to the inprovenent of di'aryl cRAFEIBW6M el d in
t he carbonyl ation reaction. D ary) carbonates are val uable internediates
for the preparation of polycarbonates by transesterification with

bi sphenol s I ;zsazfd;‘sy\wCdm"bsﬁ'@%*ggm?%@ﬂsLﬁizéﬁé‘ o Toxic
gas, as :a reagent and Hﬁlﬁgﬁﬁ‘ﬁ@w&fj&‘é ﬁ?gg ’

chlorinated aliphatic
hydr ocar bons such as nethylene chloride as solvents. Various nethods for
the preparation of diaryl carbonates by an oxidative carbonyl ation

( her ei naf t gACcREHIUNDOR THE INVERAMORNY! ation for 15 brevity) reaction of
hydr oxyar omati ¢ conpounds wi-th-carbon nonoxi de-and oxygen have been

ool o e oy 25" s IlhuGA LR 6 B GRA ANabGPbBR R PY L7 240,
in whPch tGREbeRyiations More partigidarly; itcelatas toithe improvement af diard Group VI 1|

met al havi gigbomataliid v the sa®bnylaticH reaeisl. 44, said nmetals consisting of 20
rut henium rhodium palladium osmum iridiumand platinum or a conplex

t hereof . The producty: f ' | ing a
nmet al - base% c?cat al ?éétw'aﬁ%?\% t, ?ﬁ@agﬁ‘ﬁiﬁ@%gwpgkéﬁé@gt al yst.
Al t hough t Heo¥sarRangiesfy tan ?ﬁtﬁf:g%f%“- bgnels iuthe Pekt-SThis | | depend on 25
speci fi ¢ rmethodaf polycarbonata preparatio e ertvironrdental agvantagesawveant s and ot her
menbqps ofmbmd§WWﬁplsg§m%%ne§9mi Cheth r@aefRang can be found in US
Patents 4,187, 242 rﬂd 4 2 7I Fl’f A fHH ert. gﬁgel opnent in the carbonyl ation
reaction, ?WHPUWFH% y gRiimenial shlogpateq afiphatig @Gﬁ&%‘ﬁ&é‘cﬁéscocat alysts, is
di scl osed mathyenpghionide ag@olyealss, 789. Al so required according to that
patent is the use of quaternary

Various methods for the preparation of diaryl carbonates by an

oxidative carbonylation (hereinafter sometimes simply “carbonylation” for

15 brevity) reaction of hydroxyaromatic compounds with carbon monoxide and
oxygen have been disclosed. In general, the carbonylation reaction requires a
rather complex catalyst. Reference is made, for example, to US Patent
4,187,242, in which the catalyst is a heavy Group Vil metal; i.e., a Group VIl
metal having an atomic number of at least 44, said metals consisting of

20 ruthenium, rhodium, palladium, osmium, iridium and platinum, or a complex
thereof.

The production of carbonates may be irﬁproved by including a
metal-based cocatalyst along with the heavy Group Vil metal catalyst.
Although the idéntity of suitable metal-based cocatalysts will depend on
25  specific reaction conditions including the identity of reactants and other
o - ‘members of the catalyst package, _s‘omg'.gen_er'al gu'idan'ce can be found inUS L

" Patents 4,187,242 and 4,201,721.

A further development in the carbonylation reaction, including
the use of specific lead compounds as cocatalysts, is disclosed in US Patent
30 5,498,789. Also required according to that patent is the use of quaternary
ammonium or phosphonium halides, as illustrated by tetra-n-butylammonium
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ammoni um or phosphoni um halides, as illustrated by tetra-n-butylamonium 1
WD 01/16086 PCTI US00120624 bronide, as part of the catal yst package
Compounds - racterized as inert solvents, such as toluene, dieth et her,
di phenyl eﬁﬂé‘l"ﬁ acetonitrile, can also be present. The FIPES ‘él
viability of the carbonytation reaction would be 5 greatly increased if a
| ess expensive conpound could be substituted for the quaternary anmmoni um
or phosphdromidehas pdet of hexsdtalystipagkagy, Conpgounds oharaowsized as irtum br omi de,

hovever, r&aihis spﬂ% Q?tdl@é?leableﬂm 8lhel Mo ﬁgta & atli gééféan-' Jrgpate in low or

i nsi gni fi cant er est, ore op cat al yst
syst ems WD EE?SPHEI ude an inexpensive halide conpound and which can
efficiently produce diaryl carbonates. Some such systens are known.
Reference is nade, The commq:ialeqiahiﬁlyﬂ»h’mamaﬂmnymh réautidh GyciRbe whi ch

di scl gses drEQtMﬁ@reﬁEed’ﬁ'a'lééE éREeﬁQﬁe%an Eodl§ BG%GSMuféB’?&QHBd in

conbi nati on an am de or

al kyl urea.9 %grpﬁ'fyeﬁwmigmg‘ 9’2‘%"%&@%&'{8 ?E?)ec\ nl“kﬁ%? §7'°f'78 716 di scl ose
simlar sycompasnds as/spditim bromides Aawever; tastlt inethevisolatiomofithe desicacal  and i n

whi ch i nerdiagptarsondte itlol dtinsighifiset PRI | oned her ei nabove may be present.
The devel opnent of other systens enploying relatively inexpensive halides,

"vent! on or ovi des. ﬁ%éﬂﬁ*e@ea@%Beé%ﬁﬁ%aﬁ%ﬁ%%&ws Wi ch i ncl udes
a relfti vensluqieneamaewvmaallde@muad &6 arwffl@ﬁn A¥c®es t he
ef f ecti vendiamyl edrbortetels. lsﬂmeia;ch%ysmmwmlmwnl Refereridedik ydde, fopnposi ti on

useful i n S éa gg&ﬁ%sagékgﬁdgg 'v&tﬁcmt?igﬂ%é;sthﬁ% |°|?vent i on provides a

met hod for ar | ondt rise cont acting at
| east one Paig gk@‘é’r E?RJIC‘W'?‘PFWQ@SH‘ °E:X‘f’ halig8oxi de in the
presence (ﬁuchrasamduum bmfrfrm:and'mthcan amidé onglkplurean UK Patent east one catal ytic

15 5,726,340 and Japanese Kokai 9/278,716 disclose similar systems in which
the lead is combined with another metal and in which inert solvents such as
those mentioned hereinabove may be present. The development of other
systems employing relatively inexpensive halides, however, remains
desirable.

20 SUMMARY OF THE INVENTION

The present invention provides a method for preparing diaryl
carbonates which includes a relatively inexpensive halide and a compound
which maximizes the effectiveness of said halide. Also provided is a catalyst
composition useful in such a method.

25 In one-of its aspects, the invention provides a method for
preparing a diaryl carbonate which comprises contacting at least one
hydroxyaromatic compound with oxygen and carbon monoxide in the
presence of an amount effective for carbonylation of at least one catalytic
material comprising:

30 (A) a Group VIl metal having an atomic number of at least 44 or
a compound thereof,



material conprising: 30 (A) a Goup VIII nmetal having an atom c nunber of
at least 44 or a conpound thereof, 2 WO 01/16086 PCTI USO0/ 20624 (B) at

| east one alkali netal halide or alkaline earth metal halide, and.(C) at

| east one sYY@HHE986 N0t her aspect of the invention is cat ECFAIS0020M@40si ti ons
5 conprising conponents A, B and C as descri bed above, and any reaction
products thereof. DETAILED DESCRI PTI ON; PREFERRED EMBODI MENTS Any

hydr oxyar onmati ¢ conp(@)atlleastoriecalictiithetabalice driatkalifs 88@Ninetdl haldd,on.
I\/bnohydroxggaorratl_c conpounds, such as phenol, the 10 cresols, the
xyl enol s and p-cunyl phenol ;” are generally preferred with phenol being nost

preferred. The invention,my, however, also be enployed with
di hydr oxyar omati c cokﬁ)o?r}ﬁ%%e(gﬂ%ﬁ“ € esorci nol, hydroqui none and 2, 2-

bi s(4- hydroxyphenyl ) propane or "bi sphenol A", whereupon'the products are
pol ycar bonate ol i gor@rOAheljas@nsctaf.ﬂamvw@@ns catalyst ¢ampnsitiong of this

| nvents on. cemprising BeMmpanshts ABPA Cas assclibed Whoed) andamy reddtidnt he phenol to
formthe dsgdpggtg&%rﬁl carbonate. They nmaybe enployed in high purity form
or diluted™w ARG Her gas such as nitrogen, argon, carbon di oxide or

hydr ogen WhESiAL N DERTAPIRINVEREFERRECPEMBEDINERR On. 20 For the sake of

brevity, the constituents the catal yst system are defined as

oceurs bt or e or _duri Mg SErRYalNER o8 Flaydl SFPieliePene “caral yor
syst em mayPresentineensigndMepaisiiexyatomatic eompousds.tsush apipband the t hereof . 25
Conporgent  éregbls! ihe xyRINdIsyad Byhyiphériol,Qite geheralhe plefarrad witiPpRendy! | | et al s,
preferably, o3l kst Biterdd. Tne HRRSS ralChéilver, Mk be Brplayed with
dihydroxyaromatic corﬁpounds such as resorcinol, hydroquinone and 2,2-
bis(4-hydroxyphenyl)prdpane or "bisphenol A", whereixpoh' the products are
polycarbonate oligomers. :

15 ~ Other reagents in the method of this invention are oxygen and
carbon monoxide, whi{:h react with the phenol to form the desired diaryl
carbonate. They may be employed in high purity form or diluted with
another gas such as nitrogen, argon, carbon dioxide or hydrogen which
has no negative effect on the reaction. ' '

20 For the sake of brevity, the constituents of the catalyst system
are defined as “components” irrespective of whether a reaction between said
constituents occurs before or during the carbonylation reaction. Thus, the
catalyst system may include said components and any reaction products
thereof.

25 Component A of the catalyst system is one of the heavy Group
VIl metals, preferably palladium, or a compound thereof. Thus, useful
palladium materials include elemental palladium-containing entities such as
palladium black, palladium/carbon, palladium/alumina and palladiunvsilica;
palladium compounds such as palladium chloride, paliadium bromide,

30 palladium iodide, palladium sulfate, palladium nitrate, palladium acetate and
palladium 2,4-pentanedionate; and palladium-containing complexas involving
such compounds as carbon monoxide, amines, nitriles, phosphines and
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palladium materials include el enental palladiumcontaining entities such as
pal | adi um bl ack, palladi unicarbon, -pal | .adi um al um.na and pal | adi um si lica;
pal | adi um-¢o ounds such as pall adi um chl ori de, pal | adi um bro
pal I adi um .‘%‘g? pal | adi um sul fate, palladiumnitrate, gwgﬁ} acet ate
and pal |l adi um 2 4- pent anedi onat e; and pal | adi um cont ai ni ng conpl exes

I nvol ving such conpounds as carbon nonoxi de, amnes, nitriles, phosphines
and 3 || Aldlgfing0°@isriesDisanagTi nSlﬁﬁOéQﬂﬁmllamUEr(il)r&altsﬁf erfgamoeatldm many
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al i phat i ar box salts of R- diketones.

Pal Fadl urr(d':ke} rﬁée%ﬁf@a‘ﬁﬂﬁﬁﬁﬁs\ag%gwagﬂw%mgé@rﬁm ® e generally
nmost pr ef genetilly Most preferres. Mikturesf of thewaforepmantiop®id palladiurd naterial s are

al so gont gRledbRCare@aveoAEmBlatad.at | east one al kali nmetal or al kaline
earth nmetal halide, preferably a brom de such as lithium brom de, sodium

metal - br 0%9522152@@@%% B (% o ARk el ol BN SAMPRER T, Ml
most 10 prhalids.meeferap iy & REsrideuph §Sb§§¥qmb[ﬂf@¢e:sﬁﬂd!%bfqm'§‘9and rel atively
| ow cost. o%mmmmnd‘elcalcidmIbe@ﬁidewmambfsmﬁbromé:mmynaal al i phatic,

aromat ¢ o lEkELPE Gl L HREA A Soh b0 R0 UiBn Bl AL Sl T one

dieth one etr rothlophene 1, 1
- di oig de) prefgmeﬂ bV&?ﬁ,SOF’st('}ﬁtPéﬁlcﬁlaéﬁ@FWHY and relative shlp\gm opt.pref erred

enbodi nent of the invention, there is also present in the catal yst system
(D) at |east one coCampbgent ‘Guisiat fedst ope suifompowhighahajyberaligtiatiot her than a

Pﬁgvlyl CC]TJ ?éﬁ?or?%ﬂé&eomt@ﬂoc diel ffhé&gétﬁb suﬁo%éya%%ﬁ&h lé%!i\‘%né\’fthéth Ih er% {‘2: ein
SEAETICN ot e s s ow A
cocat al ystSuifoland ismoRercprefastedd havi ng such activity nmay be used according

to the present invention provided an inprovenment in diphenyl carbonate
produsti on, usual | yiny kighly prefemredd embedinidrtt bbthe. invention, there is also

present in the catalyst system (D) at least one cocatalyst which is a
compound of a metal other than a heavy Group Vil metal. This metal is
preferably one which is soluble in the liquid phase under the reaction
conditions. Numerous other metal compounds are known in the art to be

20 active as carbonylation cocatalysts, and any compound having such activity
may be used according to the present invention provided an improvement in
diphenyl carbonate production, usually yield, is achieved thereby.

lllustrative cocatalytic metals include titanium, copper, zinc and

lead, which may be used singly or in combination. For the purposes of this

25 invention the preferred cocatalysts are those containing metals other than
Group VIl metals; that is other than iron, cobalt and nickel. More preferred
are compounds of lead, particularly when used alone or in combination with
titanium. It should be noted, however, that component C is not effective to
optimize diaryl carbonate formation for all possible permutations of

30 component D; the combined effectiveness of the two for this purpose may be
determined by simple experimentation.

Examples of lead compounds which may be employed are lead
oxides such as PbO and Pb3Q,; inorganic lead salts such as lead(ll) nitrate;



Il'lustrative cocatalytic nmetals include titanium copper, zinc and |ead,
whi ch may be used singly or in conbination. For the purposes of this 25
invention the preferred cocatal ysts are those containing netal$ other than
G oup VI n¥O&1/4608¢ hat i s ot her than iron, cobalt and ni catiusodioses
preferred are conpounds of |ead, particularly when used alone or in

combi nation with titanium It should be noted, however, that conponent C

per mut at 1 onh ?5'88*‘/""99 suc il e ol i ne%“?'ﬁ&éﬁgbé*%@se 81 " he"tuo {or
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and | ead szﬁ4-pembné§|dnédetones such as lead(ll) 2, 4-pentan. edionate.
M xtures of the aforenentioned | ead conpounds nmay al so be enpl oyed. The

F;g; (elrlr)ed 5 Iead ConpRiHsles aflﬂantﬁﬁPKdnllpoMQQFe inbRARIC thanidmydsMyi des and

d i | tit d
tFtani um s 362 85 R b Birer BRI BiBaron ST ab B RRRR 681 s and O ¢
aryl oxi des titanium@¥) butpxide aoetitaniunyiN)ptienexideicand titaniumrs@ltypf fhenoxi de; and
titanjgim saiketoritls stich Qs ditdfMin®so mﬁsgeu pohtanediondty). MBSURE of the
2

i <o b AR el CoHicEiads ma sﬁﬁé’@@ﬁﬂ%ﬁ‘? bl BR, ot (1)
al koxi des, tlbﬂf@”"bﬁf’ﬂ'@@“@ﬁﬁﬁ@tl!ﬁn'lﬂéﬂv}aﬂw'@ﬂﬁa?%ox'dﬁwqﬂ%ﬂerred conpounds of

ot her net a|p§n‘&hed;oﬁﬁl”esl he nost part, 15 salts of Q diketones and
especially 2,4-pentanedionates.ln addition to the aforenentioned reactants

reseqt 1h thers em“tf‘n “3%'?231 olin & GheFHelad “’a@ O B et ve
Pt or 1 5 stimolEdkplones Aid espasiall 2. Lbsinadbnalssln agisnddte  om
aforementioned reactants and catalyst system, itis strongly preferred fora
desiccant to be present in the reaction system. The preferred desiccants are
non-reactive materials such as molecular sieves, as illustrated by 3-Angstrom
(hereinafter “3A") molecular sieves. They are usually rsolated from the other
20 reactants, as by presence in a basket mounted to a strrrer shaft or the like.

Compo_nent A is most often present in the ar'nount of about 0.1~
10,000 ppm by weight of the appropriate Group Vill metal (usually palladium),
based on.the total of hydroxyaromatic compound and component C, and
component B in the amount of about 1-2 000 mmol per equrvalent of the
25 Group VIl metal of component A. Component D, when employed, is generally
present in the amourit of about 1-200 gram-atoms of total metal per
equivalent of the Group VIll metal of component A.

The role of component C in the composition and method of the
invention is believed to be to increase the degree of dissociation and '

30 ionization of the halide anion of component B, perhaps by forming a complex
with the cationic portion of said component, although the invention is in no
way dependent on this or any other theory of operation. The amount of
component C employed will be an amount effective to i'n'crease the yield of
the desired diaryl carbonate as evidenced, for e'xamp!e; by an increase in
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(hereinafter "3A") nol ecul ar si éves. They are usually isolated fromthe
"ot her 20 reactants, as by presence in a basket nounted to a stirrer shaft

or the like, onent A is nost often present in the a out 0.1-
10, 000 ppm ‘%&’Bht of the appropriate Goup VIII netal %3?’%%%
:palladium, based on. the total of hydroxyaromatic conpound and conponent
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conponent velume Wﬁ,ﬂchﬂﬁb’GsiP'ta eihyarexyatamasie compobad angeemposaM @. bel i eved to
be to increase the degree of dissociation and 30 ionization of the halide
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on this or onent C
ool oyed B! BEsHTe.atSAMON Ronsda ANd HOPR NG REBISCHERG FRATUORT  t he desi T ed

di aryl carmesmrreimost\nfﬁammm théoan@(drqﬂoetﬂfnjwamdrpueﬁem;eabwﬁ n(r)ua WO
01716086 Hgér%’gﬁwé&ﬁ%s ual L@Pkfd ;H{#?&ﬁﬁoné‘b’f%%t 950 &l@%e?éerﬁ" aryl

ca' ?ante f

gram &ﬁsent 'S an%qml i s nost
of t en abolfXYEersY Yan '%%E%fa BH“{"}%' gotnd inAVRYEPL AV HRat i ¢ conpound
and rtOrrportberemDusrc'fneangetfboshfeﬂy reésonsnVesgases may pe afteodabby conducted in a

char ged e R e o oo B0 o e
reaction gé?FFr%""F@ fﬂ)grtdef)%' {Pﬁ"ntt 25 2R a/%ﬁm?gﬂ?rt '$.500 and

pr ef er abl yprefeuad to subitantiallymaiiiainithe ttalgals\pressurs ardipaniapprepeurei ons of

about 1- 5Qf gRILRNIRGHTXIe a anVAstdbsthecb%ﬁéﬁﬁ:ﬁv@ INYUSTRALRAD WDnOXI de, and

may B8 | SR nﬂ'ecﬁéra{s P ifc A a gt crbadl i Kot BRI o ur o5 (1 he

range of about 60- 150'C are t};gl cal In order for the reactjon to be as
rapi d as possibl e, fhe fligrylcarbonates produced by the method of the invention

may be isolated by conventional techniques. It is often preferred to form and
thermally crack an adduct of the diaryl carbonate with the hydroxyaromatic
compound, as described in US Patents 5,239,106 and 5,312,955.

20 The method of the invention is illustrated by the following
examples. Minor variations in reagent amounts from one example to another
are not believed significant from the standpoint of yield.

EXAMPLES 1-4

Carbonylation experiments were conducted in small vials,

25 employing palladium{ll) 2,4-pentanedionate, sodium bromide and sulfolane at
levels of 24 ppm of palladium based on phenol, 270 equivalents of sodium
bromide per equivalent of palladium and 1 part sulfolane by volume per 1.86
parts of phenol. Various cocatalyst compounds which included lead(ll) oxide,
titanium(IV) oxide bis(2,4-pentanedionate), zinc 2,4-pentanedionate and

30 copper(il) 2,4-pentanedionate, employed alone or in combination, were
employed as component D. Each vial was capped with snap caps having a
slit with a polytetrafiuoroethylene septum and the vials were placed in an
autoclave which was pressurized to 81.6 atm with a mixture of 91.7 mole
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preferred to substantially maintain the total gas pressure and parti al
pressure of carbon nonoxi de and oxygen, as described, for exanple, in US
Patent 15 5 <34, until conversion of the hydroxyaromatic nd is
conpl et e. '?ﬁ(ggléll@r%yl car bonat es produced by the nethod of’cflﬁg&gﬁ@gnti on
may be isolated by conventional techniques. It is often preferred to form
and thermally crack an adduct of the diaryl carbonate with the

hydr oxyar orrpefcent casherpmeaoxide and 8& mblegereent/exygeanaaridsheat@Bat 1008Cand
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Car bonyl ati on experinents were condycted in small vials, 25 enploying
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WO 01/ 16086bfeaWdd)S00/ 20614 percent carbon nonoxi de and 8.3 nol e percent
oxygen and heated at 100C for 3 hours. The contents of the vials were

anal yzed for di phenyl carbonate by vapor phase chromat ography. The results

are given in-the follow ng table, as averages for 5 duplicate runs.
Cocat al yst proportions are in .equival ents per equival ent of palladium
and sul f ol ane proportions are in percent by volune based on phenol.
Conparison is made to two controls per exanple: Control 1 in which no
sul f ol ane was used and the proportion of phenol was increased
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Itis apparent that the use of sulfolane affords in each example
an improvement over the control which did not employ sulfolane, with the
improvement ranging from modest in Example 4 to very significant in

Examples 1 and 2. In Examples 2 and 3, turnover numbers were close

enough to those of Controi 2, employing the more expenswe quaternary
ammonium bromide, to invite comparison.



2. A nethod according to claim1l wherein there is also present (D) at A
| east one cocatal yst which is a conpound of a non-Goup VIIIB netal. 3. A
met hod according to claim2 wherein the hydroxyaromatic conpound is
phenol . 15 WOWIMS6hod according to claim2 wherein the GPELHSONRPER net al

I n conponent Ais palladium 5. A nethod according to claim4 wherein
conponent Ais palladiun(!!) acetate or palladiumll) 2,4-pentanedi onate.
6. A nethod according to claim?2 wherein conponent Dis 20 |ead(ll) oxide,
a lead(l1) aryl oxi deWhatliscldifidd)is:2, 4- pent anedi onate. 7. A method according
to claim2.wherein conponent Dis lead(ll) oxide, a lead(ll) aryloxide or
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aryl oxi de anomﬂdqmrthapmeonapéan amount e@cmfoacamndylatjpndatlleasm 2 wherein

conpongnt Qﬂescé;ggﬁ@ﬁ,g{dr ,gg-gj anedionate. 9 1111111112112l TUfil T UL
*t ~Ms is WO 01/16086 PCT/US00/ 20624 10 A nmet hod according to claim?2

wher ei n; conponent B |\l ording to
claim 10 wherein co Anenfb'% \hﬁ n‘xetgﬁ; um rom g-ﬁc H@E&f%‘? ég?ﬂ%ﬁggccordl ng
to clai m1 HRAPROYNAHERSHent D is a heterocyclic sulfone. 13. A method

according to claim 12 wherein conponent Dis sulfolane. 14. A nethod
according to clai m 1(Bjatlesishope dlisali oetethalide of alkaline earth metal halide,

and
10 (C) at least one sulfone.

2. A method according to claim 1 whereih-there is also present
(D) at least one cocatalyst which is a compound of a non-Group VIIIB metal.

3. A method according to claim 2 wherein the hydroxyaromatic
compound is phenol.

15 4. A method according to claim 2 wherein the Group VIiIiB metal
in component A is palladium.

5. A method according to claim 4 wherein component A is
palladium(ll) acetate or palladium(ll) 2,4-pentanedionate. ;

6. A method according to claim 2 wherein component D is
20 lead(ll) oxide, a lead(ll) aryloxide or lead(ll) 2,4-pentanedionate. 7. A method
according to claim 2 wherein component D is lead(ll) oxide, a lead(lt)
aryloxide or lead(ll) é,4—pentanedionate combined with a titanium(iV)
alkoxide, aryloxide or 2,4-pentanedionate.

8. A method according to claim 2 wherein component D is zinc
25 oxide combined with a titanium(lV) alkoxide, aryloxide or 2,4-pentanedionate.

9. A method according to claim 2 wherein component D is
copper(ll) 2,4-pentanedionate.
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10 present. 15. A nethod according to claim2 wherein conponent Ais
present in the anount of about 0.1-10,000 ppm by wei ght of said Group VI
met al based on the total of hydroxyaromatic compound and conpon

conponent BYQ MM anpunt of about 1-2,000 nmmol per equuﬁﬁ‘gﬁ? 4] he 15
‘Goup VIII netal of conponent A, corrponent Cin the amount of 1-60% by

vol unme based on the total of hydroxyaromatic conpound and conponent C, and
conponent D in the aGDAHMethad:nmdmg.!kﬂﬂéngameMInnembnemBﬂs aret al per

equi val enty %l hb& Famige V! 11 netal of conponent A 16. A nethod according
to claim?2 ereln the proportlon of 20 oxygen is about 1-50 nole percent

based on total oxyg ar ban | de met hod ording to claim
2 wherein a pressurgl‘1 'ﬁ %@Oé?%ﬁ?é%n%% B%{’OTZ'?%“Q?WP%? ?Fenperature in
t he range ssdiuthdramige- 150C are nmai ntained. 25 18. A nethod for preparing
di phenyl carbonate which conprises contacting phenol with oxygen and

carbog nonoxi de in uneAmeanmaebo@dmgto clairm ti niheedih €oinpvAeiitd isc&r bonyl at i on

of at |eas t c material conprising: (A) palladiumor a conpound
t her eof %%QHPQ&QS% %‘{'Jém brom de, 10 Il bus Sheet Has Been Repl aced
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PCT/ USOQ 20624 () 13,18 ta%,gcmw%gg‘aw Fé&'iﬂﬁf%&omeaae'ﬁgfﬁound 19. A
met hod accsulfdlamg. t o cl ai m 18 wherein conponent Ais palladiun{ll) acetate
or palladium(ll) 2,4-pentanedionate and conponent Dis 5 diethytene glycol

di nethyl ether or tniehhydtRé®actorging telciami I wWheedih @rdesiccant is also
10 present.

15. A method according to claim 2 wherein component A is

present in the amount of about 0.1-10,000 ppm by weight of said Group VIil
metal based on the total of hydroxyaromatic compound and component C,
component B in the amount of about 1-2,000 mmol per equivalent of the

15 Group VIl metal of component A, component C in the amount of 1-60% by
volume based on the total of hydroxyaromatic compound and component C,
and component D in the amount of about 1-200 gram-atoms of total metal per
equivalent of the Group Viil metal of component A.

16. A method according to claim 2 wherein the proportion of
20 oxygen is about 1-50 mole percent based on total oxygen and carbon
monoxide.

17. A method according to claim 2 wherein a pressure in the
range of about 1-500.atm and a temperature in the range of about 60-150°C
are maintained.

25 18. A method for preparing diphenyl carbonate which comprises
contacting phenol with oxygen and carbon monoxide in the presence of an
amount effective for carbonylation of at least one catalytic material

(A) palladium or a compound thereof,
30 (B), sodium bromide,
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20. A catal yst conposition-conprising the follow ng and any
products thereof: (A) a Goup VIII netal having an atom c nu

reaction
nber of at

| east 44 or ound thereof, 10 (B) at |east one al kal|i Iggﬂto& -hal i de or

al kal i ne ealo™ | halide, and (C) at |east one sul f onkCT

conposition according to claim19 further conprising (D) at

24
| east one

cocat al yst which is a conpound of a non-Goup VIIIB netal. 15 22. A
conposi tion accor di () sufadrs, an@1 wherei n conponent A is palladiun(ll)

acetate or palladiun(ll) 2,4-pentanedi onate. 23. A conpositi

claim 21 wherein cor(gpaﬂghstl_anengad Eétfifddnd. oxi de, a lead(ll)
|l ead(11) 2 4- entanedi onate. 24. A conposition according to

L

2, 4- pent anedj onate co

on. according to
aryl oxi de or
claim 21

igde or lead(ll)
aryl oxi de or

2, 4- pent anBdlagiimd) asejateor pafladium{l]) Z-4-pepianedioRate and campopent ip i e n
conmpoent {lethylerei glycobdimithyl ether oe thietiyldneaglydadl dimathylletferal koxi de, aryl oxi de

or 2,4-pentanedionate. 25 26. A conposition according to cl

aim 21 wherein

conponent D is Cpp@otfa'da)au?saéo:hﬁaéiﬂ&eéérﬁws‘i@thé?ollo%ﬁ@%&lpawiOn'accordi ng
|

to claim?21 erei n conpone B )
O%E‘j‘fqp Qfl?t i's sodium brom de. 17
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(A) a Group VI metal having an atomic number of at least 44 or
a compound thereof,
10 (B) at least one alkali metal halide or alkaline earth metal halide,
and

" (C) at least one sulfone.

21. A composition according to claim 19 further comprising
at least one cocatalyst which is a compound of a non-Group VIIIB metal.

D)

15 _ 22, A composition according to claim 21 wherein component A

is palladium(ll) acetate or palladium(ll) 2,4-pentanedionate.

23. A composition according to claim 21 wherein component D

is lead(ll) oxide, a iead(ll) aryloxide or lead(ll) 2,4-pentanedionate.

24. A composition according to claim 21 wherein component D
20 is lead(ll) oxide, a lead(ll) aryloxide or lead(ll) 2,4-pentanedionate combined

with a titanium(IV) alkoxide, aryloxide or 2,4-pentanedionate.

25. A composition according to claim 21 wherein component D

is zinc oxide combined with a titanium(lV) alkoxide, aryioxide or
2,4-pentanedionate.

25 26.A composition according to claim 21 wherein component D

is copper(ll) 2,4-pentanedionate.

27. A composition according to claim 21 wherein component B

is sodium bromide.
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