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aromatic carbonates and, more specifically, to a method and catalyst system for
producing diaryl carbonates through the carbonylation of aromatic hydroxy

compounds.

2. Discussion of Related Art:

Aromatic carbonates find utility, inter alia, as intermediates in the preparation of
polycarbonates. For example, a popular method of polycarbonate preparation is the
melt transesterification of aromatic carbonates with bisphenols. This method has been
shown to be environmentally superior to previously used methods which employed
phosgene, a toxic gas, as a reagent and chlorinated aliphatic hydrocarbons, such as

methylene chloride, as solvents.

Various methods for preparing aromatic carbonates have been previously described in
the literature and/or utilized by industry. A method that has enjoyed substantial
popularity in the literature involves the direct carbonylation of aromatic hydroxy
compounds with carbon monoxide and oxygen. In general, practitioners have found
that the carbonylation reaction requires a rather complex catalyst system. For
eXample, in U.S. Patent No. 4,187,242, which is assigned to the assignee of the
present invention, Chalk reports that a carbonylation catalyst system should contain a

Group VIII B metal, such as ruthenium, rhodium, palladium, osmium, iridium,



Goup VIII B nmetal, such as ruthenium rhodium palladium osmum iridium
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Joyce et al. report the use of a cobalt pentadentate complex as an inorganic co-catalyst

(“IOCC”). In U.S. Patent No. 5,498,789, Takagi et al. report the use o-f lead as an

IOCC. In U.S. Patent No. 5,543,547, Iwane et al. report the use of trivalent cerium as

an IOCC. In U.S. Patent No. 5,726,340, Takagi et al. report the use of lead and cobalt

as a binary IOCC system. In Japanese Unexamined Patent Application No. 10-

316627, Yoneyama et al. report the use of manganese and the combination of

manganese and lead as IOCC’s.

The literature is silent, however, as to the role of the IOCC in the carbonylation
reaction (i.e. the reaction mechanism). Accordingly, meaningful guidance regarding
the identification of additional IOCC systems is cursory at best. Periodic table
groupings have failed to provide guidance in identifying additional IOCC’s. For
example, U.S. Patent No. 5,856,554 provides a general listing of possible IOCC
candidates, yet further analysis has revealed that many of the members (and
combinations of members) of the recited groups (i.e., Groups IV B and V B) do not
catalyze the carbonylation reaction. Therefore, due to the lack of guidance in the
literature, the identification of effective carbonylation catalyst systems has become a

serendipitous exercise.
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Accordingly, the present invention is directed to a method and catalyst system for
producing aromatic carbonates. In one embodiment, the present invention provides a
method of carbonylating aromatic hydroxy compounds by contacting at least one
aromatic hydroxy compound with oxygen and carbon monoxide in the presence of a
carbonylation catalyst system that includes a catalytic amount of an inorganic co-

catalyst containing copper.

In various alternative embodiments, the carbonylation catalyst system can
include an effective amount of a palladium source and an effective amount of a halide
composition. Further alternative embodiments can include catalytic amounts of
various co-catalyst combinations, such as copper and cerium; copper and chromium,;
copper and nickel; copper and manganese; copper, manganese, and europium; copper,
manganese, and bismuth; copper and iron; copper, iron, and titanium; copper, iron,

and cerium; copper, iron, and europium; and copper, iron, and manganese.

BRIEF DESCRIPTION OF THE DRAWING

Various features, aspects, and advantages of the present invention will become

more apparent with reference to the following description, appended claims, and
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the term"effective anount,"” as used herein, includes
inorganic co-catalyst containing copper. In alternative embodiments, the catalyst
system can include an effective amount of a Group VIII B metal and an effective

amount of a halide composition.

Unless otherwise noted, the term “effective amount,” as used herein, includes that
amount of a substance capable of either increasing (directly or indirectly) the yield of
the carbonylation product or increasing selectivity toward an aromatic carbonate.
Optimum amounts of a given reactant can vary based on reaction conditions and the
identity of other constituents yet can be readily determined in light of the discrete

circumstances of a given application.

Aromatic hydroxy compounds which may be used in the practice of the present
invention include aromatic mono or polyhydroxy compounds, such as phenol, cresol,
xylenol, resorcinol, hydroquinone, and bisphenol A. Aromatic organic mono hydroxy

compounds are preferred, with phenol being more preferred.

In various preferred embodiments, the carbonylation catalyst system can contain at
least one constituent from the Group VIII B metals or a compound thereof. A
preferred Group VIII B constituent is an effective amount of a palladium source. In
various embodiments, the palladium source may be in elemental form, or it may be
employed as a palladium corn;;ound. Accordingly, palladium black or elemental

palladium deposited on carbon may be used as well as palladium halides, nitrates,
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source employed should be sufficient to provide about 1 mole of metal per 800-

10,000 moles of aromatic hydroxy compound. More preferably, the proportion of
Group VIII B metal source employed should be sufficient to provide about 1 mole of

metal per 2,000-5,000 moles of aromatic hydroxy compound.

The carbonylation catalyst system may further contain an effective amount of a halide
composition, such as an organic halide salt. In various preferred embodiments, the
halide composition can be an organic bromide salt. The salt may be a quaternary
ammonium or phosphonium salt, or a hexaalkylguanidinium bromide. In various
embodiments, a.,, w-bis(pentaalkylguanidinium)alkane salts may be preferred. Suitable
organic  halide = compositions include  tetrabutylammonium  bromide,
tetracthylammonium bromide, and hexaethylguanidinium bromide. In preferred
embodiments, the carbonylation catalyst system can contain between about 5 and
about 1000 moles of bromide per mole of palladium employed, and, more preferably,

between about 50 and about 150 molar equivalents of bromide are used.

The formation of diaryl carbonates in a carbonylation reaction can be accompanied by
the formation of by-products, such as bisphenols, in varying proportions. In order to
increase selectivity to diaryl carbonate, various organic co-catalysts may be

incorporated in the carbonylation catalyst system. Depending on the application,
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copper, iron, and europium; and copper, iron, and manganese.

An IOCC can be introduced to the carbonylation reaction in various forms, including
salts and complexes, such as tetradentate, pentadentate, hexadentate, or octadentate
complexes. Illustrative forms may include oxides, halides, carboxylates, diketones
(including beta-diketones), nitrates, complexes containing carbon monoxide or
olefins, and the like. Suitable beta-diketones include those known in the art as ligands
for the IOCC metals of the present invention. Examples include, but are not limited
to, acetylacetone, benzoylacetone, dibenzoylmethane, diisobutyrylmethane, 2,2-
dimethylheptane-3,5-dione, 2,2,6-trimethylheptane-3,5-dione, dipivaloylmethane, and
tetramethylheptanedione. The quantity of ligand is preferably not such that it
interferes with the carbonylation reaction itself, with the isolation or purification of
the product mixture, or with the recovery and reuse of catalyst components (such as
palladium). An IOCC may be used in its elemental form if sufficient reactive surface
area can be provided. In embodiments employing supported palladium, it is noted
that the IOCC provides a discrete, catalytic source of copper in a form favorable for

such catalysis.

IOCC’s are included in the carbonylation catalyst system in catalytic amounts. In this
context a “catalytic amount” is an amount of IOCC (or combination of IOCC’s) that
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or purif ic@)ﬁﬁﬂnﬁﬁs Qf:actor system. Due in part to the low solubility of carbon monoxide in
organic hydroxy compounds, such as phenol, it is preferable that the reactor vessel be
pressurized. In preferred embodiments, gas can be supplied to the reactor vessel in
proportions of between about 2 and about 50 mole percent oxygen, with the balance
being carbon monoxide. Additional gases may be present in amounts that do not
deleteriously affect the carbonylation reaction. The gases may be introduced
separately or as a mixture. A total pressure in the range of between about 10 and
about 250 atmospheres is preferred. Drying agents, typically molecular sieves, may be
present in the reaction vessel. Reaction temperatures in the range of between about

60° C and about 150° C are preferred. Gas sparging or mixing can be used to aid the

reaction.

In order that those skilled in the art will be better able to practice the present invention
reference is made to the FIGURE, which shows an example of a continuous reactor
system for producing aromatic carbonates. The symbol “V” indicates a valve and the

symbol “P” indicates a pressure gauge.

The system includes a carbon monoxide gas inlet 10, an oxygen inlet 11, a manifold
vent 12, and an inlet 13 for a gas, such as carbon dioxide. A reaction mixture can be
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system control, but is typically closed during the gas flow reaction.

In the practice of one embodiment of the invention, the carbonylation catalyst system
and aromatic hydroxy compound are charged to the reactor system. The system is
sealed. Carbon monoxide and oxygen are introduced into an appropriate reservoir
until a preferfed pressure (as previously defined) is achieved. Circulation of condenser
water is initiated, and the temperature of the heat exchanger 33 (e.g., oil bath) can be
raised to a desired operating temperature. A conduit 46 between heat exchanger 33
and reaction vessel 40 can be heated to maintain the desired operating temperature.
The pressure in reaction vessel 40 can be controlled by the combination of reducing
pressure regulator 30 and back pressure regulator 41. Upon reaching the desired

reactor temperature, aliquots can be taken to monitor the reaction.

EXAMPLES

The following examples are included to provide additional guidance to those skilled
in the art in practicing the claimed invention. While some of the examples are
illustrative of various embodiments of the claimed invention, others are comparative

and are identified as such. The examples provided are merely representative of the

8



pressurized. In preferred enbodi nents, gas can be supplied to the reactor
vessel in proportions of between about 2 and about 50 nol e percent oxygen,
wi t h t he weloanesd4 bei ng carbon nonoxi de. Additional gases payussy@sesent in
anounts that do not deleteriously affect the carbonylation reaction. The
gases may be introduced separately or as a mxture. Atotal pressure in

t he range of between about 10 and about 250 atnospheres is preferred.

Dryi ng ag¥Atksthat gentehptey torihecicathang of dheepresentiyphlicatipn edeedrdinglyt hiseseeact i on

vessel . i .1n,the range o et ween abou Q0 C.and about
150°C ar o @hrt SOREAL Gl lediver e Resion IT e alperced e

reacti on. adynmenwter Untesd ofhbesige Spacifiead ail hatbaraipy wiidte, Hfi BebhGLaeke to
practice the present invention reference is nmade to the FI GURE, ich

shows an ¥&&FBIYE 9Paladivmy Reartien predustsovere ygrfiedby gas ghronatographpr Alat i ¢
car bonat T Vi ndi s.a valve e. .sy "P" jndicates
a pr essu?%aaédﬁgé? &%%nggggtu}a%??ﬁgal%%jgjeagﬁare(a,%fp%%%(ﬁfgxﬁ:d’é agﬁg)" ﬂillgtécgo, an
oxygen i nitefosghere at arpopdrating prégate d295-20 add) RAEIn dishel s F%_rl_lgtaa“fl sych as
carbon di oxi de. A reaction m xture can be 7 WD 00/ 66534 I'USOQ 09627

fed into BPWHw pressure reservoir 20, or a high pressure reservoir 21,
whi ch can be operated at a higher pressure than the reactor for the

dur ation i . i es a.reseryoir outl et

25" ant s dhsOBst S Mo odliomiey S FOHE LABbd B aIESo s RRE At Bt &

val ue gr etht enmbbiaef mbles déaromadic cebohae ppodessdipe mbledf Grows ¥IFB Mefegul at or
fed into a nass

30. The . can be purified in a scrubber 31 and then. _
fl ow contglﬁgizle@r ]§2 @8 e lﬁgeef“'luﬁwe?’attgg. ARTRAYCe L3FRANatCe cRfodessdcdh be
heat ed i ndiphenylcarbonate (DPC) and the Group VIII B metal utilized is palladium. For

convenience, the number of moles of DPC produced per mole of palladium utilized is

referred to as the palladium turnover number (Pd TON).

BASELINE EXAMPLE

In order to determine the comparative efficacy of various embodiments of the
present invention, baseline data were produced by adding, at ambient conditions, 0.25
mM palladium(II) acetylacetonate and various amounts of halide compositions to a
glass reaction vessel containing phenol. The reactants were heated to 100°C for 3
hours in a 10 % oxygen in carbon monoxide atmosphere. After the reaction, samples

were analyzed for DPC by gas chromatography producing the following results:

Experiment No. |Pd ppm HegBr Pd TON

Equivalents

1 25 0 823




heat exchanger 33 having appropriate conduit prior to being introduced to a
reaction vessel 40. The reaction vessel pressure can be controlled by a
back pressoo@eesegul ator 41. After passing through a condepgeigsabmosizhe
reactor gas effluent may be either sanpled for further analysis at valve
42 or vented to the atnosphere at valve 50. The reactor |liquid can be
sanpl ed at val ve An additional valve 44 can provide further system
control, but is typically cl®¥sed durif§ the gas|fl5ow reactlion. In the
practice of one efrbodi ment ¢f the invention, the carbonyl gtion catal yst
system and aromai{3 ¢ hydr 0X},5CONPOUNd @ € char gggh3to tre—Ttjeact or system
The systemis sedaled. Carbon nonoxi d¢ and oxygen are intrjoduced into an
appropri at e reser yor—unrt-—a—preferied pressule (as preyi ously defined)

i s achieved. Girclil ati on of |Condenser [2hater is|iMitiated,| and the
tenperature of the heat exchanger 33 (e.g., oil |[bath) can{be raised to a
desired operating|% enperatui2s. A condipsd 46 bet \waen heat exchanger 33 and
reaction vessel 40 can be heated to maintain the desired operating
tenperature. The[Pressure i3 Teactionyesset—4t-can—be—egntrolled by the
conbi nati on of reﬂjuci ng pressure regulator 30 @and back pressure regul ator
41. Upon reachinglthe desiréed reactot tenperatuire, aliquots can be taken
to nmonitor the reaction. EXAMPLES The foll owi ng exanples are included to
provi de additional guidance to those skilled in the art in practicing the
clai red ipwepip g Wile sone of the exanples are illustrative of various
enbodi nents of the clained invention, others are conparative and are
identified as such. The exanples provided are nerely representative of the
8 WO 00/ é¥senyPcavbusge/ wa&6ewduced by adding, at ambient conditions, palladium(II)

acetylacetonate, hexaethylguanidinium bromide (“HegBr”), and copper as an

inorganic co-catalyst to a glass reaction vessel containing phenol. The reactants were
heated to 100°C for 3 hours in a 10 % oxygen in carbon monoxide atmosphere. After

the reaction, samples were analyzed for DPC by gas chromatography. The following

results were observed:

Experiment Pd(acac), Cu(acac), HegBr Pd TON
No.
MM Equivalents Equivalents
1 25 28 120 1320
2 .25 28 30 318
3 .25 20 600 1067
4 .25 20 10 216
5 .20 17.5 750 1993
6 .25 14 600 1850

10



work that contributes to the teaching of the present application.
Accordingly, these exanples are not intended to limt the invention, as
defi ned WOPMM&SHhpended clains, in any nmanner. Unl ess ot hRETIUS®W/0865ci fi ed,
all parts are by weight, and all equivalents are relative to palladium
Reaction products were verified by gas chromatography. Al reactions were
carried out '§ a—gtass+—bhateh—+eactorat 90-100 Cin a 10% 02 in CO

at nosphere at 'an oper af izﬁg pressyre of 95-102 atm Red&¥ion tine was

general ly 2- hours. As discusseéd supra, the economjcs of aromatic
carbonat e prop8uction i$.2dependent 19n the nawber of nobes of aronatic
carbonat e produced per|nole of Gioup VIII B netal wutilized. In the

fol | owi ng exaypl€s, The ;gromatt cgar bonmat e ggoduced g5, tphenyl carbonat e
(DPC) and the Goup VIII B netal |utilized is palladium For cgnvenience,
t he nunber o 6‘\.@! es—ofDRPC produced per nmole of palladiumutilijzed is
referred to a& the pal | &di um turndver number® (Pd TON) 21IBASELI NE EXAMPLE | n
order to deternmine the|conparatiye efficacy of various enbodi nents of the
present invention, baseline data were produced by adding, at anbient
conditions, 0.25 nM palladiumll) acetyl acetonate and various anmounts of
hal i de ¢ ositions to a glass reaction vessel containing phenol. The
react ant ecedure Wes fegeatpd v ihdetrabutylammonium shlpgdgme eyhglide iseurcatbon
nonoxi de RbdRE PReBowiateuldshe reaction, sanples were analyzed for DPC by
gas chromat ography producing the following results: Experinent No. Pd ppm
HegBr Pd TON Equivalents 1 25 0 82.3

Experiment Pd(acac), Cu(acac), TBACI Pd TON
No.
MM Equivalents Equivalents
13 25 18 100 230
14 .25 18 400 273
15 25 50 100 336
16 25 50 400 501

The various reaction conditions show that a Pd TON at least as high as 1993 can be
obtained utilizing copper as an IOCC. Based on the results of these experiments, it is

evident that an IOCC containing copper can effectively catalyze the carbonylation

reaction.

EXAMPLE 2

11



9 WO 00/ 66534 PCT/ US00/ 09627 2 25 30 75.5 3 25 60 50.3 4 25 120 46.3 5
25 240 44.2 6 25 600 38.7 EXAWMPLE 1 Di phenyl carbonate was produced by

addi ng, aoeodssBnt conditions, palladiun(ll) acetylacetongtRusooss27
hexaet hyl guani di ni um broni de ("HegBr"), and copper as an inorganic
co-catalyst to a glass reaction vessel containing phenol. The reactants
were heated to 100C for 3 hours in a 10 % oxygen i n carbon nonoxi de

at nospheifbe gaheral prodedurecaf thxamples drm&aesrepeméd anied %egpﬁpbal%rh Iggas
chromato wer e observed: periment Pd(acac) 2

m(acac)%eﬁ@h% n,sEe 1‘{9\1%5‘%\8%‘% ‘ée Eﬁ%l ®nt dhed emaqfeh%@eﬁlylwn@mmo 1320 2

.25 28 39ro%ihge5 0afﬁd tﬁ@f@@“@@é)lé@@7confb1na¥énzp4 @&)ul%i@nts R cggpe}Zn The/RIm1993 6
.25 14 600 1
of copper(Il) acetylacetonate, 14 equivalents of manganese in the form of

manganese(Ill) acetylacetonate, and 14 equivalents of europium in the form of
europium(IIl) acetylacetonate. The Pd TON was found to be 1186, thus showing that
the IOCC combination of copper, manganese, and europium can effectively catalyze

the carbonylation reaction.

EXAMPLE 3

The general procedure of Examples 1 and 2 was repeated with 25 ppm palladium(II)
acetylacetonate, 60 equivalents of bromide in the form of hexaethylguanidinium
bromide, and the following IOCC combination: 14 equivalents of copper in the form
of copper(ll) acetylacetonate, 14 equivalents of manganese in the form of
manganese(IlI) acetylacetonate, and 14 equivalents of bismuth in the form of
bismuth(II)tetramethylheptanedionate. The Pd TON was found to be 879, thus
showing that the IOCC combination of copper, manganese, and bismuth can

effectively catalyze the carbonylation reaction.

EXAMPLE 4

The general procedure of Examples 1-3 was repeated with 25 ppm palladium(II)
acetylacetonate, 60 equivalents of bromide in the form of hexaethylguanidinium
bromide, and the following IOCC combination; 14 equivalents of copper in the form
of copper(Il) acetylacetonate, 14 equivalents of iron in the form of iron(III)
acetylacetonate, and 14 equivalents of titanium in the form of titanium(I'V) oxide

acetylacetonate. The Pd TON was found to be 812, thus showing that the IOCC

12



10 WD 00/ 66534 PCTI USOO) 09627 7 .25 14 120 1184 8 .25 14 60 707 9 .25 14
30 424 10 .25 2 10 211 The procedure was repeated with tetrabutylammoni um
chl ori de vao o@6d334 i de source to produce the fol |l ow ng resuptsuséodgss ment
Pd(acac) 2 Cu(acac)2 TBACI Pd TON No. MM Equival ents Equivalents 13 .25 18
100 230 14 .25 18 400 273 15 .25 50 100 336 16 .25 50 400 501 The
various reaction conditions show that a Pd TON at | east as high as 1993 can
be obt ai ¢rsebinatian of eappenponr and titniunOCS) efetivdlyoratalee trsearbenytitiohhese
experi man{e cti&nt is evident that an | OCC containing copper can effectively
catal yze e carbonylation reaction. EXAMPLE 2 11 WD 00/ 66534 _

PCTI USOQ' 09627 The general procedure of Exanple 1 was repeated with 25 ppm
pal | adi un(11)

EXAMPLE 5

The general procedure of Examples 1-4 was repeated with 25 ppm palladium(II)
acetylacetonate, 60 equivalents of bromide in the form of hexaethylguanidinium
bromide, and the following IOCC combination: 14 equivalents of copper in the form
of copper(I) acetylacetonate, 14 equivalents of iron in the form of tron(II)
acetylacetonate, and 14 equivalents of cerium in the form of cerium(III)
acetylacetonate. The Pd TON was found to be 1244, thus showing that the IOCC
combination of copper, iron, and cerium can effectively catalyze the carbonylation

reaction.

EXAMPLE 6

The general procedure of Examples 1-5 was repeated with 25 ppm palladium(II)
acetylacetonate, 60 equivalents of bromide in the form of hexaethylguanidinium
bromide, and the following IOCC combination: 14 equivalents of copper in the form
of copper(Il) acetylacetonate, 14 equivalents of iron in the form of iron(I1)
acetylacetonate, and 14 equivalents of europium in the form of europium(III)
acetylacetonate. The Pd TON was found to be 923, thus showing that the IOCC

combination of copper, iron, and europium can effectively catalyze the carbonylation

reaction.
EXAMPLE 7

13



acetyl acetonate, 60 equivalents of bromde in the form of

hexaet hyl guani di nium brom de, and the follow ng | OCC conbi nati on: 14
equi val emcomdessopper in the form of copper(ll) acetyl acep@nasmioode4
equi val ents of manganese in the formof nmanganese(lll) acetyl acetonate,
and 14 equivalents of europiumin the formof europiun(lIl)

acetyl acetonate. The Pd TON was found to be 1186, thus show ng that the
| OCC conBihegeneral procedwp eaf, Examplen d ste waa rrdpaatedo piithn? £ gopme b kadinru@l)y

catal yze rbo ati.on reaction.. . EXAVPLE. 3 Th eneral procedure of
Exanpl es aieaﬂg%?%gla\%agél dr gﬂ'&{{ﬁgﬁtsvﬁ)ﬁ hr%d?);i% ﬁFfPHHi ‘Eferrf‘g’fa)et YRR onat e,
60 equi vatoeiits, #t the GTiokang TOCTecdnibinatdh: Ne¥aatlvhEG WRRbEH N e REAM de, and
the follow ng | OCC conbination: 14 equivalents of copper in the form of
copper (1 P§ 9pper{ilh csetylesetenate 14qequivdients sofofiromain dhe sferinn of Heorf(BHm of

manganes I y].ac n uival epts. of hisnuth i he form
of  bi sngéit%l%l%t%ﬁadr@t %I%Hg%? tﬁﬂ%‘d?foh%ép g Shét Ege ?Wv?glsn?%ﬁ?ﬁseggbbe 879,
thus shavdtylgcdtbrate. tTie POTONONE RAiIndow & 6SOPMAE shHRHBAME Ehe dOACDI shut h
can effectjvely catalyze the carbonylation reacti on. EXAMPLE 4 The general
pr ocedur EOBPIMENChpPle SCOPPEF: wiONy cBiatBENEANESS 28N pshfepayaludratalyrs ) the

acet yl acef 8palSordda & val ents of brom de in the form of

hexaet hyl guani di nium brom de, and the follow ng | OCC conbi nation: 14

equi val ents of copper in the form of copper(ll) acetyl acetonate, 14

equi valents of iron in the formof iron(lll) acetylacetonate, and 14

equi valents of titaniumin the formof titaniuml1V) oxide acetylacetonate.

The Pd TM?LE%UM to be 812, thus showing that the | OCC

The general procedure of Examples 1-7 was repeated with 25 mM palladium(II)
acetylacetonate, various amounts of bromide in the form of hexaethylguanidinium
bromide, and various amounts of copper and iron as an IOCC combination to provide

the following results:

Experiment Cu(acac), Fe(acac); HegBr Pd TON
No.
Equivalents Equivalents Equivalents
1 2.8 14 30 230
2 5.6 28 120 105
3 5.6 28 30 284
4 14 14 60 880
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12 WO 00/ 66534 PCT/ USOQ 09627 conbi nati on of copper, iron, and titanium
can effectively catalyze the carbonylation reaction. EXAMPLE 5 The general
pr ocedur e¥QPU/p5634pl es 1-4 was repeated with 25 ppm pal | adi B@{/UBY0/09627

aceryl acetonate, 60 equivalents of bromde in the form of
hexaet hyl guani di nium brom de, and the follow ng | OCC conbi nation: 14

equi valents pf copperin the form of copper(ll) acetylacetonate, 14
equival ents 0f iron in|the form o8iron(I11)20 acetyl adé®onate, |and 14
equi val ents of ceriumin the formof ceriumlll) acetylacetonate. The Pd
TON was foungdeto be 12444 thus show ng that 3ohe 1 OCC| seonbi natijon of
copper, iron| and ceriumcan effectively catalyze the carbonyl ation

reacti on. EXAWPEHE 6 Thesgenera—procedure—ofsExanptes o wes—fepeat ed with
25 ppm pal ladiun(11) acetyl acetonate, 60 equivalentg of bromde in the
form of hexaethyl guanidinium bromde, andlthe foll ow ng | onbi nat i on:
14 equival enf8 of copper®in the 166m of copPer(11) aé&tyl acetagnate, 14
equi valents of iron injthe formof iron(ll]) acetylacetonate, jand 14
equi val ents of europiumin the Tormof €uropium(ITT) acetylacetonate. The
Pd TON was found to be 923, thus showing that the 10CC conbination of

copper, iron, and europiumcan effectively catal yze the carbonyl ati on
reacti on. EXAMMEE procedure was repeated with bromide supplied in the form of

tetracthylammonium bromide with the following results

Experiment Cu(acac), Fe(acac); TEABr Pd TON
No.

Equivalents Equivalents Equivalents
9 5.6 5.64 80 1019
10 5.6 5.64 159 1192
11 5.6 14.1 80 483
12 5.6 14.1 159 480
13 14 5.64 80 660
14 14 5.64 159 1190
15 14 14.1 80 1093
16 14 14.1 159 1098

The results show that a Pd TON at least as high as 1474 can be achieved using the
IOCC combination of copper and iron; therefore, it is evident that this IOCC

combination can effectively catalyze the carbonylation reaction.
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13 WD 00/ 66534 PCTI USOO' 09627 The general procedure of Exanples 1-6 was
repeated with 25 ppmpalladiun(ll) acetylacetonate, 60 equivalents of
brom de iwotilvessBor m of hexaet hyl guani di ni um brom de, and pheniseddoerd ng
| OCC conbi nation: 14 equivalents of copper in the form of copper(Il)
acetyl acetonate, 14 equivalents of iron in the formof iron(lll)

acetyl acetonate, and 14 equi val ents of manganese in the form of
manganese(l11) acetylacetonate. The Pd TON was found to be 690, thus
showi ng that the 10CC conbination of copper, iron, and manganese can
effectivg&%gﬁgggl ze the carbonylation reaction. EXAVMPLE 8 The gener al
pr ocedur r%l es 1-7 was repeated with 25 nM pal | adi un(11)

acetyl acetonate, various anmounts of bromde in the form of

hexaet hy Tge ahétaNprodedulré QM Ek@mpRadi -8 axd APUWHLS 196 PPl &E}ggron as an
| OCC co)r/rbmihng?i on {)o rovi de {nﬁe foll vasnpl‘r?geresul ts: Bf%er?rreant ' {acac) 2
Fe(acac) 8cqtdaestoraee, TN eqwivalgetsi afabromide Huyuthe dosnt of Eguacthglammhenidm?. 8 14 30

230 2 5bpon%§e,1a%g e ?ollo%vir?g fbéé c%?nb%?aztlion:d' 9.} Aéql}ia\"al%gtségo%ocopg'gf in the form
of copper(Il) acetylacetonate and 9.6 equivalents of manganese in the form of
manganese(Il) acetylacetonate. The Pd TON was found to be 2138, thus showing that
the IOCC combination of copper and manganese can effectively catalyze the

carbonylation reaction.

EXAMPLE 10

The general procedure of Examples 1-9 was repeated with 18.6 ppm palladium(II)
acetylacetonate, 123 equivalents of bromide in the form of tetraethylammonium
bromide, and the following IOCC combination: 9.2 equivalents of copper in the form
of copper(II) acetylacetonate and 8.8 equivalents of cerium in the form of cerium(III)
acetylacetonate. The Pd TON was found to be 1213, thus showing that the IOCC

combination of copper and cerium can effectively catalyze the carbonylation reaction.

The procedure was repeated with 23.4 ppm palladium(II) acetylacetonate, 4.7
equivalents of copper, 4.3 equivalents of cerium and 107 equivalents of bromide to
attain a Pd TON of 334.

EXAMPLE 11
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WO 00/ 66534 PCT/ US00/ 09627 5 14 2.8 120 1363 6 14 2.8 30 678 7 28 5.6 120
1474 8 28 5.6 30 597 The procedure was repeated with brom de supplied in

t he for mweé oobessa aet hyl ammoni um bromi de with the fol | ow ngp¢&eeEbd®e27
Experinment Cu(acac)?2 Fe(acac)3 TEABr Pd TON No. Equival ents Equival ents
Equi valents 9 5.6 5.64 80 1019 10 5.6 5.64 159 1192 11 5.6 14.1 80 483
12 5.6 14.1 159 480 13 14 5.64 80 660 14 14 5.64 159 1190 15 14 14.1 80

1093 16 THe genetallfFBcadds of Elxeampkesul-l(ss waib Q¥ dakalt wath PYS T pdilabRastnas hi gh
as 1474 can | OCC conbi nati on of copper and iron;

t her ef or € acef’itfa‘ie Cng{?revﬁn?qltl}‘?ggm% 19 bromege 1n Shgiterm jof nhexasthplzhewdiniusn y
catal yze gamidah@ e fllo®ihd RIEE BRbinkno A LG8 ggép%%rog 82%8m

of copper(Il) acetylacetonate and 14 equivalents of chromium in the form of
chromium(III) acetylacetonate. The Pd TON was found to be 469, thus showing that
the IOCC combination of copper and chromium can effectively catalyze the

carbonylation reaction.

The procedure was repeated with 18.6 ppm palladium(II) acetylacetonate, 123
equivalents of bromide in the form of tetracthylammonium bromide, 9.2 equivalents

of copper, and 8.4 equivalents of chromium to attain a Pd TON of 1299.

EXAMPLE 12

The general procedure of Examples 1-11 was repeated with .25 mM palladium(II)
acetylacetonate, 60 equivalents of bromide in the form of hexaethylguanidinium
bromide, and the following IOCC combination: 14 equivalents of copper in the form
of copper(Il) acetylacetonate and 14 equivalents of nickel in the form of nickel(IT)
acetylacetonate. The Pd TON was found to be 479, thus showing that the IOCC

combination of copper and nickel can effectively catalyze the carbonylation reaction.

The procedure was repeated with 18.6 ppm palladium(Il) acetylacetonate, 123
equivalents of bromide in the form of tetraethylammonium bromide, 9.2 equivalents

of copper, and 11 equivalents of nickel to attain a Pd TON of 1621.

COMPARATIVE EXAMPLE A

It has been determined that several potential IOCC candidates do not catalyze
the carbonylation reaction and in fact may poison an otherwise effective IOCC

combination. For example, the general procedure of Examples 1-12 was repeated with
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EXAMPLE 9 The general procedure of Exanples 1-8 was repeated with 18.6 ppm
pal ladiun(ll) acetylacetonate, 123 equivalents of bromde in the form of

t et r aet hylagamesaam brom de, and the foll owi ng | OCC conbi ngicrarseo/627

equi val ents of copper in the form of copper(ll) acetylacetonate and 9.6
equi val ents of manganese in the formof nanganese(ll) acetyl acetonate. The
Pd TON was found to be 2138, thus showing that the | OCC conbination of
copper an(i3nanghpdm1imn(ril)eefcéefdztcbmht¢, da1 ahyizelehtoeof wramidnin eiel oAmrsract i on.
EXAMPLE 10 Th eneral procedure of gxarrpl eI's 1-9 was  repeated W|th 18 6 ppm
pal | adi unteiet yg‘H’é‘E%“&Be‘PrGHH %, anfh4.68qeauwvalemt of orangdiym de the feme gfor m of
tetraet hy b a{nanmym a&fﬁé@egﬁatead% rﬁd@&}tfaﬁd)@@‘c?ﬂ?lhg@%ﬁé)ﬁ o bv% foutid?
equi val ents of copper “in the acety acetona e and 8.8
equi val entsbeiere,ghénaby showlhgtlfaoMﬁIDfdoneenowf(dctwely caablzy tieceirbapiaionThe Pd
TON was found to € Zdé hus showi ng that the IOCC conbination of copper
and ceri uFEReR %tft et &“9 al yze the carbonyl ation reaction. The
procedure was repeated with 23.4 ppmpalladiun(ll) acetylacetonate, 4.7
equi val ents of copper, 4.3 equivalents of ceriumand 107 equival ents of
brom de to attain a Pd TON of 334. EXAVPLE 11 16 WD 00/ 66534

PCT/ US00/ 09627 The ener al procedure of Exanples 1-10 was repeated with
.25 mm pappMP‘ﬁﬁf‘l Y EB?%W Btonate, 60 equi val ents of brom de in the
form of hexaet hyl guani di ni um

The general procedure of Examples 1-12 was repeated with .234 mM palladium(II)

acetylacetonate, 107 equivalents of bromide in the form of tetraethylammonium
bromide, and the following IOCC combination: 4.7 equivalents of copper in the form
of copper(Il) acetylacetonate and 4.7 equivalents of vanadium in the form of
vanadium(III) acetylacetonate. The Pd TON was found to be zero, thereby showing
that, in addition to failing to effectively catalyze the carbonylation reaction as a sole
IOCC, V(III) can poison an otherwise effective IOCC (i.e. copper) at the conditions

used.

It will be understood that each of the elements described above, or two or more
together, may also find utility in applications differing from the types described
herein. While the invention has been illustrated and described as embodied in a
method and catalyst system for producing aromatic carbonates, it is not intended to be
limited to the details shown, since various modifications and substitutions can be
made without departing in any way from the spirit of the present invention. For
example, additional effective IOCC compounds can be added to the reaction. As such,
further modifications and equivalents of the invention herein disclosed may occur to
persons skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and scope of the

invention as defined by the following claims.
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brom de, and the follow ng | OCC conbi nati on: 14 equival ents of copper in
the form of copper(ll) acetylacetonate and 14 equival ents of chromumin

t he for mwadoo/esbs4om un{111) acetyl acetonate. The Pd TON wadtousuwl/ovér7be 469,
t hus showing that the |1 OCC conbination of copper and chrom um can
effectively catalyze the carbonylation reaction. The procedure was
repeated with 18.6 ppm palladium(ll) acetyl acetonate, 123 equival ents of
brom de ChAIMS form of tetraethyl ammoni um broni de, 9.2 equival ents of
copper, and 8.4 equivalents of chromumto attain a Pd TON of 1299. EXAVPLE
12 The e{alkgrogedure of Exanples 1-11 was repeated with .25 nM

pal | adi gﬁ@f’ l)SC U §ﬁ acetonate, 60 equivalents of bromde in the form of
hexaet hyl guani di ni um brom de, and the follow ng | OCC conbi nation: 14
equi val ents of copper in the form of copper(ll) acetylacetonate and 14
equi val ents of nickel in the formof nickel(l1l) acetylacetonate. The Pd
TON was found to be 479, thus showi ng that the I OCC conbination of copper
and ni ckbl caft &ptosRYlRGen yeatalyst| sysen CORRFIBHRy RathialyticeaBonpin of Fhe

procedur&nmﬁﬁ?E Qﬁq£ﬁ§mﬁkkgf&§ mQBH#p@%%?ggﬁﬁ&bhhoﬁpetyIacetonate, 123

equi val ents o rom In the formo anmoni um brom de, 9.2

equi val ents of copper, and 11 equivalents of nickel to attain a Pd TON of
1621. COVPARATI VE EXAMPLE A It has been determ ned that several potenti al

| OCC candi dates do not catalyze the carbonylation reaction and in fact may

2oL 90078 0 PERUER S 05) AGUM S F YRR, e R Bbrbsoener

inorganic co-catalysts further comprises titanium.

3. The carbonylation catalyst system of claim 1, wherein the combination of

inorganic co-catalysts further comprises cerium.

4. The carbonylation catalyst system of claim 1, wherein the combination of

inorganic co-catalysts further comprises europium.

5. The carbonylation catalyst system of claim 1, wherein the combination of

inorganic co-catalysts further comprises manganese.

6. A carbonylation catalyst system, comprising a catalytic amount of a

combination of inorganic co-catalysts comprising copper and manganese.
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WO 00/ 66534 PCT/ US00/ 09627 .234 nmM pal |l adiun(l1) acetyl acetonate, 107

equi val ents of bromde in the formof tetraethylamoni umbrom de, and 4. 69
equi val erwe ooéessanadi umin the formof vanadiun(lll) acetytpogipgde as a
potential 1 OCC candidate. The Pd TON was found to be zero, thereby show ng
that V(111) does not effectively catalyze the carbonylation reaction at
the conditions used. COVPARATI VE EXAMPLE B The general procedure of

Exanpl es - 12 Taes carbpmydatach wvathllyst 234entdfaadilnad] witklein thacemplnaget @mat e, 107
equi val ents of. br om'%(ﬂ)gsgig1 Lhe formof tetraethyl anmonium brom de, and the
fol | owi ngPPIERHICEEHFANS HRNCCOMRINES GHPRIMS of copper in the form of
copper(11) acetylacetonate and 4.7 equival ents of vanadiumin the form of
vanadium(111) acetyl acetonate. The Pd TON was found to be zero, thereby
showing that, in addition to failing to effectively catalyze the

carbonyl ation reaction as a sole 10CC, V(IIll) can poison an otherw se

ef fecti ve8.| 00T carbordptpar Fatalyst: systarorodidldiong, whereth the cowmbinatien wfider st ood

t hat each e e t scribed above, or two or nore together, nmay
drfeshisFy SRR RrE ity PRI

also fin | in-applic fromthe types described
herein. Wiile the invention has been illustrated and descri bed as enbodi ed
in a method and catal yst system for producing aromatic carbonates, it is
not intended to be limted to the details shown, since various

nodi fi catjons and r%?b ti.tutions can be nmade w thout departing in any way

fromthe spirif &f atign, LRLYS IS0 SOMPBSING o3 aFRIRIIC JamPYRto RS 2

ef f ect i vednfBiatRAPOHRARNGAR-BRaBIL D RistiBCcdRRE LheT sifiRtaAE rther

modi fications and equi sggll.ent S of@tg%e [ n@erﬁg?%ﬁhere?n %}{%gflosge e?rtég occur

to from the group consisting of cerium; chromium; nickel; manganese; manganese and
europium; manganese and bismuth; iron; iron and titanium; iron and cerium; iron and

europium; and iron and manganese.

10.  The carbonylation catalyst system of claim 9, further comprising an effective

amount of a palladium source.

11.  The carbonylation catalyst system of claim 10, wherein the palladium source

is a Pd(Il) salt or complex.

12. The carbonylation catalyst system of claim 11, wherein the palladium source

is palladium acetylacetonate.

13. The carbonylation catalyst system of claim 10, wherein the palladium source

is supported Pd.
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persons skilled in the art using no nore than routine experinentation, and
all such nodifications and equivalents are believed to be within the

spirit ando9o/e¢ses of the invention as defined by the foll opeh@sel/@ess. 18
WD 00/ 66534 PCT/ USOQ 09627 CLAIMS What is clainmed is: 1. A carbonylation

catal yst system conprising a catalytic amount of a conbination of

i norgani ¢ co-catal ysts conprising copper and iron. 2. The carbonyl ation
catal yst systemof claim1l, wherein the conbination of inorganic
co-catalysts further conprises titanium 3. The carbonyl ati on cat al yst

system of . claigm 1, .wherein the conbi nation [ norgani c_co-catal ysts
further &8mpr ﬁ?&?@&PYe‘aH&m ﬁa.‘tal%ﬁtesyéﬁf’bB ¢lpime %nwbﬁrteéﬂ a@tp%@g‘f-‘@rﬁ‘%&‘fcecl aim 1,
wher ei n {yile@mki Hatdrbeh.of i norgani c co-catal ysts further conprises
europium 5. The carbonyl ation catal yst systemof claiml, wherein the

conbi nati on of inorganic co-catalysts further conprises nmanganese. 6. A
carbonyl ati on catal yst system conprising a catalytic anmount of a
conbi nati on of inorganic co-catal ysts conprising copper and nmanganese. 19

WO 00/ 66534 P S8k | &f i | vst svstem of claim
6, wher e?%’ thgﬁ; égnbi ngtg ?ﬁcacggly“i-gggﬁég(ﬁi%gﬁ%oﬁ%a a "'ggi"éﬁpﬁ% ﬁerehce%tﬁ%ri ses
eur opi umamount of a halide composition.

16. The carbonylation catalyst system of claim 15, wherein the halide composition

1s tetraecthylammonium bromide.

17. The carbonylation catalyst system of claim 15, wherein the halide composition

1s hexaethylguanidinium bromide.

18.  The carbonylation catalyst system of claim 11, wherein the molar ratio of each

inorganic co-catalyst relative to palladium is between about 0.1 and about 100.

19. A carbonylation catalyst system, consisting essentially of:
an effective amount of a palladium source;
an effective amount of a halide composition; and

a catalytic amount of an inorganic co-catalyst comprising copper.
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8. The carbonyl ation catal yst systemof claim®6, wherein the conbination of
i norgani ¢ co-catalysts further conprises bisnmuth. 9. A carbonylation

cat al yst wopab@ssd4conpri sing a catalytic anount of a conbi petr&geede27

i norgani ¢ co-catal ysts conprising copper and a substance selected fromthe
group consisting of cerium chrom um nickel; nmanganese; nmanganese and

eur opi unmt manganese and bisnmuth; iron; iron and titanium iron and cerium

i ron and 20eur obheuearbenytrtionmatadystl sysiergarfetam 19) whEhsin ¢l palindiah isedrceat al yst
system ofi %I@'pgjgt further conprising an effective anmount of a palladium
source. 11! égr%gﬂvp ' on cat al yst system of claim 10, wherein the

pal | adium source is a Pd(l1) salt or conplex. 12. The carbonyl ation

catal yst systemof claim 11, wherein the palladiumsource is palladium
acetyl acetonate. 13. The carbonyl ati on catal yst system of claim 10, wherein
the pal | adi um source s supported Pd. 20 WO 00/ 66534 PCTI USOCQ 09627 14.
The car bohlyl at Tisncasbgnylasion @&&%ﬁi’%@m(ﬂf&iwﬂﬁ, wheegieithe paltadpan Isagticem sour ce

i's pal | adi Yotk a0 cet The carbonyl ation catalyst system of claim 10,
further co#pra:agli1 ng é;gl g?%%é%i ve amount of a halide conposition. 16. The

carbonyl ati on catal yst system of claim 15, wherein the halide conposition
is tetraethyl ammoni um brom de.

22. The carbonylation catalyst system of claim 19, wherein the palladium source

is supported Pd.

23.  The carbonylation catalyst system of claim 22, wherein the palladium source

is palladium on carbon.

24.  The carbonylation catalyst system of claim 19, wherein the halide composition

is tetraethylammonium bromide.

25. The carbonylation catalyst system of claim 19, wherein the halide composition

is hexaethylguanidinium bromide.

26.  The carbonylation catalyst system of claim 19, wherein the molar ratio of

copper relative to palladium is between about 0.1 and about 100.
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17. The carbonyl ation catal yst system of claim 15, wherein the halide
conposition is hexaethyl guani di ni um brom de. 18. The carbonyl ati on

cat al yst wgst/esssof claim 11, wherein the nolar ratio of eapbr/uksapgani C
co-catalyst relative to palladiumis between about 0.1 and about 100. 19. A
carbonyl ati on catal yst system consisting essentially of: an effective
anmount of a palladium source; an effective anount of a halide conposition;
and a catdl ytiA raethodt ofofcarbonylatng anomatio-Iydi@dyy Sbmpouids) Sail QRRET - 21
WO 00/ 66534 PCT/ US00/ 09627 20. The carbonyl ati on catal yst system of claim
19, wher SPTPPREE M §18RP%m source is a Pd(11) salt or conplex. 21. The
carbonyl ati on catal yst systemof claim20, wherein the palladiumsource 1is

pal | adi um acetyhi@asst : : j I Sy st f claim
19, wherein tTﬁe pal Ige)ugjt?lﬁgrﬁtggﬁﬁé@%ﬁ%ﬁg’%%%ﬁ&%@#ﬁ% %@r‘gagﬂr)ﬁ/ ation
cat al yst mgnoxaia iofthe padsen@2of aveanbenylatidrecgallybtadyistem somprising iascapayticadi um on
carbon. 24. T car on‘}/tl ation cat.alﬁ%{sit %stem of. claim 19, wherein the

hal i de cAMISBEY i dgpmyRaton: of ngreenic (AR YRS SPERT SIS COBPErpRE ifORr bony! at i on
catal yst system of claim 19, wherein the halide conposition is

hexaet hyl guani di ni um brom de. 26. The carbonyl ati on catal yst system of
claim19, wherein the nolar ratio of

28. The method of claim 27, wherein the combination of inorganic co-catalysts

further comprises titanium.

29.  The method of claim 27, wherein the combination of inorganic co-catalysts

further comprises cerium.

30.  The method of claim 27, wherein the combination of inorganic co-catalysts

further comprises europium.

31]. The method of claim 27, wherein the combination of inorganic co-catalysts

further comprises manganese.

32. A method of carbonylating aromatic hydroxy compounds, said method

comprising the step of:

contacting at least one aromatic hydroxy compound with oxygen and carbon
monoxide in the presence of a carbonylation catalyst system comprising a catalytic

amount of a combination of inorganic co-catalysts comprising copper and manganese.
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copper relative to palladiumis between about 0.1 and about 100. 22 WD
00/ 66534 PCT/ US00/ 09627 27. A method of carbonylating aromatic hydroxy
conmpoundswosases3saet hod conprising the step of: contacti ngp@t/ukeamk2one
aromati ¢ hydroxy conpound wi th oxygen and carbon nonoxide in the presence
of a carbonyl ation catal yst systemconprising a catalytic anpount of a
conbi nation of inorganic co-catalysts conprising copper and iron. 28. The
met hod of claim 27, wherein the conbination of inorganic co-catalysts
further conprises titanium 29. The method of claim27, wherein the

conbi nat i of 1 _nQr i o-catal ysts .further conprises cerium. 30. The
net hod of%cnl ai’lr‘%lxez%f3 gl\%ﬁeo(r%ecﬁ?{"% E%' ‘gﬁ?{ﬁ’inn%lfiCSHH)&?a“lOHggg‘&ﬂ‘i%“’@&-%%ﬁ%b’?%t s
further cfartherd @amprises @popitin. 31. The nmethod of claim 27, wherein the

conbi nati on of inorganic co-catalysts further conprises manganese. 32. A
met hod of carbonyl ating aromati c hydroxy conmpounds, said nethod conprising

the step of: contacting at |east one aromati c hydroxy conpound w th oxygen
and carbon nonoxide in the presence of a carbonylation catalyst system

Compr 5119 copper And. rangarese. "85 v o0) Lhua. s GalRF egguset < YS!

rther comprises bismuth.

35. A method of carbonylating aromatic hydroxy compounds, said method

comprising the step of:

contacting at least one aromatic hydroxy compound with oxygen and carbon
monoxide in the presence of a carbonylation catalyst system comprising a catalytic
amount of a combination of inorganic co-catalysts comprising copper and a substance
selected from the group consisting of cerium; chromium; nickel; manganese;
manganese and europium; manganese and bismuth; iron; iron and titanium; iron and

cerium; iron and europium; and iron and manganese.

36.  The method of claim 35, wherein the carbonylation catalyst system further

comprises an effective amount of a palladium source.

37.  The method of claim 36, wherein the palladium source is a Pd(Il) salt or

complex.
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33. The nethod of claim 32, wherein the conbination of inorganic
co-catalysts further conprises europium 34. The nethod of claim 32,
wher ei n twe 0eeddB4 nat i on of i norgani c co-catal ysts further pcoABH0/®ES

bi snmuth. 35. A nmethod of carbonylating aromatic hydroxy conpounds, said

met hod conprising the step of: contacting at |east one aromatic hydroxy
conpound with oxygen and carbon nonoxide in the presence of a

car bonyl 38.i onTbat method of stlam cHipwhereing the qallatiyti csousseD i tpatihidiam

conbi nat i on .of ingr gani c co-catal ysts conprising copper and a substance

sel ect ed FYBATEHE S r oup consi sting of cerium chrom um nickel: manganese;
manganese and europi un nmanganese and bismuth; iron; iron and titani um
iron and cerium iron and europium and iron and rmanganese. 36. The net hod
of claim 35, wherein the carbonyl ation catal yst system further conprises
an effective anmount of a palladiumsource. 37. The nethod of claim 36,
wher ei n 8fhe pdhf msithnd ofelaimed 6, svhgreprithe pplladinm source ¢osyppested A WO 00/ 66534
PCTI USOQ' 09627 38. The nethod of claim 37, wherein the palladiumsource is
pal | adi um acetyl acetonate. 39. The nethod of claim 36, wherein the

pal | adi um source is supported Pd. 40. The nethod of claim 39, wherein the
pal I adi um source is palladiumon carbon. 41. The nethod of clai m 36,

wher ei n #fe cdhborephal dfetrimat9avhsteirsthetpeliadiumtsherce is palladium on carbon.

41.  The method of claim 36, wherein the carbonylation catalyst system further

comprises an effective amount of a halide composition.

42. The method of claim 41, wherein the halide composition is

tetracthylammonium bromide.

43.  The method of claim 41, wherein the halide composition is

hexaethylguanidinium bromide.
44.  The method of claim 35, wherein the aromatic hydroxy compound is phenol.

45.  The method of claim 36, wherein the molar ratio of each inorganic co-catalyst

relative to palladium is between about 0.1 and about 100.
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conprises an effective anount of a halide conposition. 42. The nethod of
claim4l, wherein the halide conposition is tetraethylanmoni um brom de.
43. The rE@RYE6S84 cl ai m 41, wherein the halide conpositi onPEEUS00/09627
hexaet hyl guani di ni um brom de. 44. The nethod of claim 35, wherein the
aromati ¢ hydroxy conpound is phenol. 45. The nethod of claim 36, wherein
the nmolar ratio of each_ inorganic co-catalyst relative to palladiumis
bet ween d#tout d. Petind abgatbongting sarpmatio/ BEBIY RCMPOSTEY, 096 methed A

met hod onmﬁﬁﬁgggﬁhgbkggfaronatic hydroxy compounds, said nethod conprising
the step of ‘contacting at |east one aromati c hydroxy conpound w th oxygen
and carbon nonoxide in the presence of a carbonylation catal yst system
consi sting essmntactihg it ehst oneraredhitée hydrexpcompouraf with palypadhntnegbo ce; an
effective anount. of a halide composition; and a catalytic amunt of an
o gant amEBNGR e Bresiin PF & FGDROHA Al YR qarHO R EGE e Al oG,
wherein the palladiumsource is a Pd(l11) salt or conplex. 48. The nethod
of clai mﬁ?effem%Qhauﬁtf@@aggilg@ﬂh@m@@,urce i s palladium acetyl acetonate.
49. The nethod of claim 46, wherein the palladiumsource is supported Pd.

50. The nethod of claim49, wherein the palladiumsource is palladium on
car bon. an effective amount of a halide composition; and

a catalytic amount of an inorganic co-catalyst comprising copper.

47. The method of claim 46, wherein the palladium source is a Pd(Il) salt or

complex.

48. The method of claim 47, wherein the palladium source is palladium

acetylacetonate.
49.  The method of claim 46, wherein the palladium source is supported Pd.
50.  The method of claim 49, wherein the palladium source is palladium on carbon.

51. The method of claim 46, wherein the halide composition is

tetracthylammonium bromide.
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51. The nethod of claim 46, wherein the halide conposition is

t et raet hyl anmoni um brom de. 26 WO 00/ 66534 PCT/ US00/ 09627 52. The net hod

of clai mw6oeésssein the halide conposition is hexaethyl gpapigdigiiogs

brom de. 53. The nmethod of claim 46, wherein the aromatic hydroxy conpound
is phenol. 54. The nmethod of claim46, wherein the nolar ratio of copper

relative to palladiumis between about 0.1 and about 100. 27

52.  The method of claim 46, wherein the halide composition is

hexaethylguanidinium bromide.

53.  The method of claim 46, wherein the aromatic hydroxy compound is phenol.

54,  The method of claim 46, wherein the molar ratio of copper relative to

palladium is between about 0.1 and about 100.
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