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PRODUCTION OF DIARYL CARBONATES BACKGROUND OF THE INVENTION The present
invention relates to the preparation of diaryl carbonates. More
particularly, this invention relates to improved methods for the
preparation of diaryl carbonates by carbonylation of an aromatic hydroxy 5
compound in the presence of a catalyst. Diaryl carbonates are valuable
monomer precursors for the preparation of polycarbonates by melt
transesterification. One route for the synthesis of diaryl carbonates is
the direct carbonylation of aryl compounds in the presence of carbon
monoxide, oxygen, and a catalyst system. The 10 stoichiometric reaction was
discovered in the mid 1970's and is detailed in U.S. Patent Nos. 4,096,169
and 4,187,242 to A. J. Chalk, which use methylene chloride as a solvent.
Subsequent work focused on making the reaction catalytic in palladium, as
well as solventless. See, e.g., T. C.-T. Chang, European Patent Application
Nos. 350,697 and 350,700. 15 Use of a mufti-component catalyst "package",
or system further realized increases in reaction rates. U.S. Patent No.
4,187,242 to A. J. Chalk, for example, discloses a catalyst system
comprising a Group VIIIB element (ruthenium, rhodium, palladium, osmium,
iridium and platinum) or complexes thereof, and a co-catalyst selected from
Group IIIA, IVA, VA, VIA, 20 IB, IIB, VIB, or VIIB metals, together with a
base. Copper is a preferred cocatalyst. U.S. Patent No. 4,201,721 discloses
a catalyst package comprising palladium, a manganese or cobalt complex, a
base and a desiccating agent. Alternative catalyst systems are disclosed,
for example, in U.S. Patent No. 5,142,086 to King, Jr. et al. comprising
palladium, a quaternary 25 ammonium salt, a metallic co-catalyst selected
from cobalt, iron) cerium, 1   18 June 2003 



WO 00l37415 PCT/U599I22839 manganese, molybdenum, samarium, vanadium,
chromium, and copper, and an organic co-catalyst selected from aromatic
ketones, aliphatic ketones, and aromatic polyccyclic hydrocarbons. Further
improvements to catalyst systems are disclosed in U.S. Patent No. 5,284,964
to E. J. Pressman, et al. As disclosed 5 therein, improved carbonylation
yields are obtained with a catalyst system comprising palladium or
palladium complexes, an inorganic co-catalyst selected from cobalt,
manganese, and copper salts or complexes, an organic co-catalyst selected
from certain heterocyclic amines, such as terpyridines, phenanthrolines,
quinolines, and isoquinolines, and quaternary ammonium 10 or phosphonium
halides. U.S. Patent No. a498,789 to Takagi discloses a recent .
development in catalyst systems, wherein the system comprises palladium, at
least one lead compound soluble in a liquid phase, at least one halide
selected from quaternary ammonium halides and quaternary phosphonium
halides, t5 and optionally at least one copper compound. Use of a lead
co-catalyst suppresses the production of aryl aromatic
ortho-hydroxycarboxylates as byproducts. Suitable lead compounds include
lead oxides, for example PbO, Pb3Oa, and PbO2; lead carboxyiates, for
example Pb(OCOCHs)z, Pb(OCOCH3)a, Pb(C20~), and Pb(OCOCzI~)z; inorganic
lead salts such as 2o Pb(NO3)z and PbSO4; alkoxy and aryloxy lead salts
such as Pb(OCHs)z, and Pb(OC6Hs)z; and lead complexes such as
phthalocyanine lead. A11 of the foregoing patents and disclosures are
incorporated by reference herein. As mentioned above, recent research
directed toward improving the direct oxidative carbonylation of aryl
compounds to yield diaryl 25 carbonates has focused primarily on the
catalyst system. Attempts to reduce the cost of commercially implementing
direct carbonylation has furthermore focused almost exclusively on three
areas: minimizing the cost of the catalyst system components; increasing
the efficiency of the catalyst system; and 2   18 Juice 2003 efficient
reclamation and recycling of the various catalytic components. In
accordance with European Patent Application Nos. 3S0,697 and 3S0,700 to
T.C.-T. Chang, U.S. Patent No. 4,096,l68 to Hallgren, U.S. Patent No.
5,231,210 to Joyce et al, and U.S. Patent No. 5,284,964, above, an
optimized catalyst system requires a palladium source (presently palladium
acetate), an inorganic co-catalyst (cobalt
di-(salicylal)-3,3'-diamino-Nmethyldipropylamine, hereinafter CoSMDPT), an
organic co-catalyst (presently 2,2':6',2"-terpyridine), and a bromide
source (generally a tetraalkylammonium bromide or hexaalkylguanidinium
bromide). The catalyst system is stirred in neat phenol at 100 to 200 C
while a gaseous carbon monoxide and oxygen mixture of constant composition
is introduced at elevated pressure up to 11032kPa ( 1600 pounds per square
inch). However, numerous other variables can also affect the cost of
carbonylation of aromatic compounds on a commercial scale, including
reaction pressure. U.S. Patent Number S,399,734 to King, Jr. et al.
discloses that reaction at elevated pressure is required to provide
commercially acceptable rates and selectivities. King et at. discloses that
improved yields are achieved by a mixture of carbon monoxide and oxygen in
the reactor at a substantially constant molar ratio and partial pressure.
The mixture of carbon monoxide and oxygen comprises from 2 to SO mole % of
oxygen (based on total carbon monoxide and oxygen), and is introduced into
the reactor until a pressure of 1379kPa-24132kPa (200 to 3500 pounds per
square inch (psi)) at 2S C is reached. The Examples disclose use of 7.1
mole % of oxygen in carbon monoxide, at total pressures of 1930SkPa (2800
psi). Despite the advantages of this approach, maintaining the reaction at
increased total pressure, e.g., up to 24132kPa (3S00 psi), substantially
increases the installed investment cost for carbonylation on commercial
scales. Advances which permit the operation of this process at reduced
total pressure 3  



l 8 June 2003 without deleteriously affecting diaryl carbonate production
rate and selectivity are therefore clearly desirable. SUMMARY OF THE
INVENTION The above-described and other disadvantages of the prior art are
overcome or alleviated by the improved method of the present invention
comprising producing diaryl carbonates by reacting, in the presence of an
effective amount of a catalyst system, an aromatic hydroxy compound with
carbon monoxide and oxygen under controlled pressure, wherein the partial
pressure of oxygen is optimized to effect comparable yields at reduced
overall pressure. More particularly, the improved method described herein
comprises producing diaryl carbonates by reacting an aromatic hydroxy
compound, in the presence of an effective amount of a catalyst system, with
a gas mixture comprising carbon monoxide and oxygen under an applied total
pressure wherein the mole percentage of oxygen in said gas mixture is as
follows: between 8 and 10 mole percent at a total pressure about 3447kPa
(500psi), between 6 and 12 mole percent at a total pressure about 5516kPa
(800psi), or between 7 and 10 mole percent at a total pressure about 1
1032kPa (1600psi). DETAILED DESCRIPTION OF THE INVENTION Commercial-scale
carbonylation of aromatic hydroxy compounds is ordinarily conducted at high
total pressures, up to about 24132kPa (3500 psi). These pressures are
required in order to produce about one mole of diaryl carbonate per
liter-hour, the reaction rate estimated to be economically feasible. The
present method allows a significant reduction in the total reaction
pressure, from 24132kPa (3500 pounds per square inch) (246.07 kg/cm2) to
about 11032kPa ( 1600 pounds per square inch) ( 112.5 kg/cm2), or to about
6895 kPa ( 1000 pounds per square inch) (70.31 kg/cmz) or even lower, while
maintaining this target diaryl 4   18 June 2003 carbonate production rate.
Optimization of the partial pressure of oxygen allows comparable yields at
total pressures of less than about 24132kPa (3S00 psi), preferably less
than or equal to about 11032kPa (l600 psi), even more preferably less than
or equal to about 6895kPa (1000 psi), 5516kPa (800 psi), or 3447kPa (500
psi). The invention is illustrated by the data shown in the Table below,
wherein optimization of the partial pressure of oxygen at 11032kPa (l600
psi), 5516 kPa (800 psi) and 3447 kPa (500 psi) results in reaction rates
comparable to those achieved at 11032kPa (l600 psi) or higher. Reactions
are run in accordance with the Example detailed below. Table 1Run No.
Reaction Pressure (psi)Percent of OzReaction Rate**Kpain Feed*(2
Hours)A(500) 34476.530.55B(500) 34476.870.64C(500) 34477.540.83D(500)
34479.420.92E(500) 344712.580.49F(800) 55l64.380.54G(800)
55l65.l50.78H(800) 55166.430.95I(800) 55l67.000.98J(800) 55167.150.97K(800)
55169.5l1.18L(800) 55161 l.46l.05M(l600 ) 110327.24l.09N(l600 ) 11
d327.631.22O(1600 ) 110328. l51.22P(1600 ) 1 l0328.l81.06Q(l600 ) 110321
l.700.9l*Balance of gas feed is carbon monoxide 5  



18 June 2003 * *Rate = moles of diphenyl carbonate per liter hour (Assumes
density of the reaction mixture is 1.07 grams per milliliter) The Table
indicates that diphenyl carbonate production at reduced total pressure may
be achieved by increasing the oxygen partial pressure. Thus, the rate of
diphenyl carbonate production at 11032kPa (1600 psi) total pressure using
7.24% oxygen in carbon monoxide is exceeded at 5516kPa (800 psi) total
pressure using 9.51 % oxygen in carbon monoxide. In turn, the rate of
diphenyl carbonate production at 5516kPa (800 psi) total pressure using
5.l5% oxygen in carbon monoxide is exceeded at 3447kPa (S00 psi) total
pressure using 7.54% oxygen in carbon monoxide (based on total carbon
monoxide and oxygen). While increasing the partial pressure of oxygen
generally results in an increase in reaction rate, unexpectedly, the effect
is not constant. Instead the inventors hereof have found that there exists
optimum oxygen partial pressures at each total pressure. Oxygen partial
pressures may be optimized at particular total reaction pressures according
to the Table above. Based on total carbon monoxide and oxygen, the oxygen
is present in an amount of 8 molar % to 10 molar % at a total pressure of
about 3447kPa (500 psi), and preferably in a.n amount of 9 molar % to 10
molar % at a total pressure of about 3447kPa (500 psi). Alternatively, the
oxygen is present in an amount of 6 molar % to 12 molar % (based on total
carbon monoxide and oxygen) at a total pressure of about 5516kPa (800 psi),
and preferably in an amount of 6 molar % to 10 molar % (based on total
carbon monoxide and oxygen) at a total pressure of 5516kPa (800 psi).
Amounts of oxygen (based on total carbon monoxide and oxygen) at about
11032kPa ( 1600 psi) are in the range from 7 molar % to 10 molar %, and
preferably from 7.5 molar % to 8 molar %. Optimal quantities of oxygen at
other pressures are now readily determinable based on the invention
disclosed herein and the above Table. 6   18 June 2003 WO 00/37415
PCT/US99/22839 Carbon monoxide usable in the present invention may be
highpurity carbon monoxide or carbon monoxide diluted with another gas such
as nitrogen, argon, carbon dioxide or hydrogen, which have no negative
effects on the reaction. The oxygen used in the present invention may be
high purity 5 oxygen, air, or oxygen diluted with another gas such as
nitrogen, argon, carbon dioxide or hydrogen which have no negative effects
on the reaction. Preferably, oxygen and carbon monoxide alone are used.
Other components of the reaction include an aromatic hydroxy compound, and
a catalyst system. Suitable aromatic hydroxy compounds to include
monocyclic, polycyclic or fused polycyclic aromatic monohydroxy or
polyhydroxy compounds having from 6 to 30, and preferably from 6 to 15
carbon atoms. Illustrative aromatic compounds include, but are not limited
to, phenol, cresol) xylenol, resorcinol, hydroquinone, naphthol, ~
catechol, cumenol, the various isomers of dihydroxynaphthalene, bis(4 15
hydroxyphenyl)propane-2,2,a,a'-bis(4-hydroxyphenyl)p-diisopropylbenzene,
and bisphenol A. Aromatic organic monohydroxy compounds are particularly
preferred, with phenol being the most preferred. A broad variety of
catalyst systems known in the art are suitable in the practice of the
present invention. Exemplary catalyst systems include 



20 those disclosed in U.S. Patent No. 4,096,168 to Hallgren, e.g., a
catalyst selected from the group consisting of Group VIIIB metal catalysts,
e.g., ruthenium, rhodium, palladium, osmium) iridium, or platinum having an
oxidation state of plus one, in the form of a complex or an oxide, halide,
nitrate, sulfate, or organic salt, and an organic base such as an amine;
and in 25 European Patent Application Nos. 350,697 and 350,700 to T.C.-T.
Chang, which further discloses use of a cobalt (II) or divalent or
trivalent manganese halide or carboxylate salt or amine, diketone, or
carbon monoxide complex, and a quinone, such a 1,4-benzoquinone and
hydroquinone. Preferred 7   18 June 2003 WO 00I37415 PCT/US99122839
catalyst systems are disclosed in U.S. Patent No. 5,231,210 to Joyce et al,
describing a palladium catalyst in combination with a quaternary ammonium
or phosphonium halide and a cobalt (II) salt complexed with a pentadentate
ligand selected from the group consisting of aromatic amines, aliphatic 5
amines, aromatic ethers, aliphatic ethers, aromatic or aliphatic amine
ethers, and Schiff bases. A preferred catalyst system comprises at least
one palladium source, at least one inorganic co-catalyst, at least one
halide source, optionally at least one organic co-catalyst, and an optional
desiccant. Examples of t o suitable palladium or palladium compounds
include palladium black; supported palladium such as palladium/carbon,
palladium/alumina, palladium/siiica and the like; inorganic palladium salts
such as palladium chloride, palladium bromide, palladium iodide, palladium
sulfate, palladium nitrate and the like; and organic palladium salts such
as palladium acetate, 15 palladium oxalate and the like. Palladium (II)
acetylacetonate, (Pd(acac)2), palladium complexes such as PdCl2(PhCN)2,
PdCl2(PPha)2, and others known in the art, or a mixture of palladium and a
compound which can produce the above complexes in the reaction system may
also be used. Palladium/carbon, palladium acetate, and Pd(acac)z are
preferred. An effective amount of the 2o palladium catalyst is, for
example, an amount sufficient to provide about 1 mole (gram-atom) of
palladium per 100 to 10,000,000 and preferably per 1000 to 1,000,000
equivalents of aromatic hydroxy compound. At least one inorganic
co-catalyst is also present.in the catalyst system. Preferred inorganic
co-catalysts include divalent or trivalent 25 manganese halide or
carboxylate salts, or amine, diketone, or carbon monoxide complexes; or
cobalt (II) halide or carboxylate salts, or amine, diketone, or carbon
monoxide complexes, e.g., cobalt chloride and cobalt acetate. Also useful
are cobalt (II) salts complexed with a pentadentate ligand 8 



18 June 2Q03 WO 00I37415 PCTNS99/22839 selected from the group consisting
of aromatic amines such as bipyridines, pyridines, terpyridines,
quinolines, isoquinolines, and biquinolines; aliphatic amines such as
ethylene diamine and tetraalkylethylenediamines, such as
tetramethylethylenediamine; aromatic ethers, such as crown ethers;
aliphatic 5 ethers; aromatic or aliphatic amine ethers such as cryptands;
and Schiff bases, such as
di-(salicylal)-3,3'-diamino-N-methyldipropylamine. An effective amount of
inorganic co-catalyst is an amount sufficient to provide from about 0.1 to
about 5.0, and preferably from about 0.5 to about 1.5 mole of metal per
mole of palladium. 10 At least one organic co-catalyst may optionally be
present in the catalyst system. Organic co-catalvsts, when present,
include, for example, quinones and aromatic diols formed by the reduction
of said quinones, or a mixture thereof. 1,4-Benzoquinone and hydroquinone
have been found to be effective, as well as compounds such as 1,2-quinone
and catechol, 15 anthraquinone, 9,10-dihydroxy anthracene, and
phenanthraquinone. Aromatic organic amines are preferred, for example
terpyridines, phenanthrolines, and quinolines such as
2,2':6'2"-terpyridine, 2,2':6',2"-4thiomethylterpyridine,
2,2':6',2"-terpyridine-N-oxide, 1,10-phenanthrolines,
2,4,7,8-tetramethyl-1,10-phenanthroline, 4,7-diphenyl-1,10-phenanthroline,
20 and 3,4,7,8-tetramethyl-1,10-phenanthroline. An effective amount of
organic co-catalyst is an amount sufficient to provide from about 0.1 to
about 3.0, and preferably from about 0.3 to about 1.0 mole of organic
co-catalyst per mole of palladium. At least one halide source is also
present in the catalyst system. 25 The halide source is preferably a
quaternary ammonium halide or quaternary phosphonium halide represented by
the following formula: RiR2R3RaNX or RIRzI~R~PX 9   18 June 2003 WO
0Q/37415 PCT/US99l12839 



wherein Ri to R4 are each independently an alkyl group or aryl group, each
group independently having a carbon number of 1 to about 24, and X is
halogen. Bromides are preferred, for example tetra-n-butylammonium bromide,
tetraphenylphosphonium bromide and the like. Other halide 5 sources include
hexaalkylguanidinium halides, particularly hexaalkylguanidinium chlorides
or bromides. Hexaethylguanidinium bromide is preferred. Mixtures of halide
sources may be used. An effective amount of halide source is an amount
sufficient to provide from about 5 to about 150, and preferably from about
20 to about 50 moles of halide per mole t0 of palladium. The optional
desiccant in the present invention is preferably at least one material such
as a molecular sieve. 3 Angstrom (A) molecular sieves are presently
preferred. The presence of a desiccant is particularly important over long
reaction times, for example in continuous reaction processes, in t 5 order
to prevent degradation of the diaryl carbonate product. The presence of a
desiccant such as 3A molecular sieves can lead to increases in the
palladium turnover number, which can provide a significant economic savings
for a large-scale process. An inert solvent such as hexane, heptane,
cylcohexane) benzene, 20 toluene, xylene, methylene chloride, chloroform,
chlorobenzene, diethyl ether, diphenyl ether, tetrahydrofuran, dioxane or
acetonitrile can be used. When an aromatic hydroxy compound as a raw
material is used as a reaction solvent, an additional solvent need not be
used, although mixtures of solvents are also suitable for use in the
present invention. 25 The described aromatic hydroxy compound and catalyst
system are charged under .the optimized partial pressure of oxygen and
carbon monoxide and preferably heated. Reaction temperatures in the range
of about 60 -150 C are typical. In order for the reaction to be as rapid as
10   18 June 2003 possible, it is preferred to substantially maintain the
total gas pressure and partial pressure of carbon monoxide and oxygen, as
is described herein, until conversion of the hydroxy aromatic compound is
complete. 



The diaryl carbonates produced by the method of this invention may be
isolated by conventional techniques. It is often preferred to form and
thermally crack an adduct of the diaryl carbonate with the hydroxy aromatic
compound, as is described in U.S. Patent Nos. 5,239,106 and 5,312,955. The
following Example is provided by way of example only, and should not be
read to limit the scope of the invention. Catalyst system activity was
studied using a constant composition gas flow reactor system as disclosed
in the aforementioned U.S. Patent No. 5,399,734. To the reactor at room
temperature were added phenol (60.63 grams, 644 millimoles),
tetrabutylammonium bromide (2.082 gram, 6.46 millimoles), cobalt
di(salicylal)-3,3'-diamino-N-methyldipropylamine (CoSMDPT, 0.126 grams,
0.307 millimoles), 2,2':6'2"-terpyridine (0.0250 grams, 0.107 millimoles),
and palladium acetate (Pd(OAc)2, 0.0636 grams, 0.283 millimoles). Molecular
sieves 3.18mm (1/8 inch) pellets, 3A, 37 grams) were placed in a perforated
Teflon basket mounted to the stir shaft of the reactor. The reactor vessel
was sealed. While heating to 110 C over 10 minutes, a specified percent of
oxygen in carbon monoxide gas was bubbled at a flow rate of 350 milliliters
per minute through the reactor contents, which were maintained al
53785654kPa (780 - 820 pounds per square inch). Gas flow at the
aforementioned composition, rate, and pressure was continued for 2 hours
while maintaining the reaction mixture at 110 C. At this time an aliquot
was removed from the reaction and analyzed by High Performance Liquid
Chromatography (HPLC) in order to determine the yield of diphenyl
carbonate. Results are reported in the aforementioned Table. At an oxygen
18 June 2003 partial pressure of 9.51 %, the yield was 46.5 wt %, and the
phenol selectivity to diphenyl carbonate was 96%. 12   18 June 2003 WHAT IS
CLAIMED IS; A method for the production of diaryl carbonates, said method
comprising reacting an aromatic hydroxy compound, in the presence of an
effective amount of a catalyst system with a gas mixture comprising carbon
monoxide and oxygen under an applied total pressure, wherein the mole
percentage of oxygen in said gas mixture is as follows: between 8 and 10
mole percent at a total pressure about 3447kPa (500 pounds per square
inch), between 6 and 12 mole percent at a total pressure about 5516kPa (800
pounds per square inch), or between 7 and 10 mole percent at a total
pressure about 11032kPa 



( 1600 pounds per square inch). 2. The method of claim 1, wherein the
oxygen is present in an amount of 9 to 10 molar % based on total oxygen and
carbon monoxide at a total pressure of about 3447kPa (500 psi). 3. The
method of claim l, wherein the oxygen is present in an amount of 6 to 10
molar % based on total oxygen and carbon monoxide at a total pressure of
about 5516kPa (800 psi). 4. The method of clairr~ 1, wherein the oxygen is
present in an amount of 7.5 to 8 molar % based on oxygen and carbon
monoxide at a total pressure of about I 1032kPa (l600 psi). 5. The method
of claim 1, wherein the catalyst system comprises a Group VIIIB metal
catalyst; an inorganic co-catalyst; and a halide source. 13   18 June 2003
6. The method of claim 5, wherein the Group VIIIB metal catalyst is at
least one of palladium or a palladium compound selected from the group
consisting of inorganic palladium salts, organic palladium salts, and
palladium complexes. 5 7. The method of claim 6, wherein the Group VIIIB
metal catalyst is a palladium compound selected from the group consisting
of palladium chloride, palladium bromide, palladium iodide, palladium
sulfate, palladium nitrate, palladium acetate, palladium oxalate, palladium
(In acetylacetonate, PdCI2(PhCN)2, and PdCl2(PPh3)2. 10 8. The method of
claim 5, wherein the inorganic co-catalyst is at least one member selected
from the group consisting of lead compounds; Iead oxides, PbO, Pb304, and
Pb02; lead carboxylates, Pb(OCOCH3)2, Pb(OCOCH3)4, Pb(C2O4}, Pb(OCOC2H5)2;
inorganic lead salts, Pb(N03)2, PbS04; alkoxy and anyloxy lead salts,
Pb(OCH3)2, Pb(OCbHS)2; lead 



15 complexes, phthalocyanine lead; divalent manganese halide salts,
divalent manganese carboxylate salts, trivalent manganese halide salts,
trivalent manganese carboxylate salts, divalent 'manganese amine, diketone,
and carbon monoxide complexes, trivalent manganese amine, diketone, and
carbon monoxide complexes, manganese (III) acetylacetonate; cobalt (II) 2o
halide salts, cobalt (II) carboxylate salts, cobalt (II] amine, diketone,
and carbon monoxide complexes; cobalt (II) chloride, cobalt (II) acetate,
cobalt (II} salts complexed with pentadentate Iigands selected from the
group consisting of aromatic amines, bipyridines, pyridines, terpyridines,
quinolines, isoquinolines, biquinolines, aliphatic amines, ethylene
diamine, 25 tetraallcylethylenediamine, tetramethylethylenediamine,
aromatic ethers, crown ethers, aliphatic ethers, aromatic amine ethers,
aliphatic amine ethers, cryptands, Schiff bases, and
di-(salicylal)-3,3'-diamino-N-methyldipropylamine. 14 ,   18 June 2003 9.
The method of claim 8, wherein the inorganic co-catalyst is selected from
the group consisting of lead oxides, divalent manganese halide salts,
divalent manganese carboxylate salts, trivalent manganese halide salts,
trivalent manganese carboxylate salts; manganese (III) acetylacetonate,
cobalt 5 (II) halide salts, cobalt (II) carboxylate salts, cobalt (II)
chloride, cobalt (II) acetate, and cobalt (II) salts complexed with
pentadentate ligands selected from the group consisting of terpyridines,
ethylene diamine, tetramethylethylenediamine, crown ethers, aromatic amine
ethers, aliphatic amine ethers, cryptands, and
di-(salicylal)-3,3'-diamino-N-methylo dipropylamine. 10. The method of
claim 9, wherein the inorganic co-catalyst is cobalt
di-(salicylal)-3,3'-diamino-N-methyldipropylamine. 11. The method of claim
5, wherein the halide source is at least one member selected from the group
consisting of quaternary ammonium halides ~ 5 represented by the formula
R1R2R3R4NX wherein R1 to R4 are each independently an alkyl group or aryl
group, each group independently having a carbon number of 1 to about 24,
and X is a halide; quaternary phosphonium halides represented by the
formula R1R2R3R4PX wherein Rl to R4 are each independently an allcyl group
or aryl group, each group 2o independently having a carbon number of 1 to
about 24, and X is a halide; hexaalkylguanidinium halides;
tetra-n-butylammonium bromide, tetraphenylphosphonium bromide, and
hexaethylguanidinium bromide. 12. The method of claim 4, wherein the halide
source is selected from the group consisting of tetra-n butylammonium
bromide, 25 tetraphenylphosphonium bromide, and hexaethylguanidinium
bronude. 13. The method of claim 5, wherein the optional organic
co-catalyst is at least one member selected from the group consisting of
quinones, 1,4 15 



18 June 2003 benzoquinone, hydroquinone, 1,2-quinone, catechol,
anthraquinone, 9,10 dihydroxy anthracene, phenanthraquinone, aromatic
organic amines, terpyridines, phenanthrolines, quinolines,
2,2':6'2"-terpyridine, 2,2':6',2"-4thiomethylterpyridine,
2,2':6',2"-terpyridine-N-oxide, 1,10-pl~enanthrolines, 5
2,4,7,8-tetramethyl-1,10-phenanthroline, 4,7-diphenyl-1,10-phenanthroline,
and 3,4,7,8-tetramethyl-1,10-phenanthroline. 14. The method of claim 13,
wherein the optional organic co-catalyst is selected from the group
consisting of 1,4-benzoquinone, hydroquinone, catechol, anthraquinone,
9,10-dihydroxy anthracene, and 2,2':6'2" 10 terpyridine. 15. The method of
claim 5, wherein there is also present a desiccant. 16. The method of claim
1, wherein the aromatic hydroxy compound is selected from the group
consisting of monocyclic aromatic monohydroxy compounds, polycyclic
aromatic monohydroxy compounds, ~ 5 fused polycyclic aromatic monohydroxy
compounds, monoeyclic aromatic polyhydroxy cornpounds, polycyclic aromatic
polyhydroxy compounds, fused polycyclic aromatic polyhydroxy compounds,
phenol, cresol, xylenol, resorcinol, hydroquinone, naphthol, catechol,
cumenol, isomers of dihydroxynaphthalene,
bis{4-hydroxyphenyl)propane-2,2,a,a'-bis(4 2o
hydroxyphenyl)p-diisopropylbenzene, and bisphenol A. 17, The method of
claim 16, wherein the aromatic hydroxy compound is phenol. 18. The method
of claim 5, wherein the palladium compound is palladium acetate, the halide
source is tetra-n-butylammoniurn bromide or 25 hexaethylguanidinium
bromide, the inorganic co-catalyst is cobalt
di(salicylal)-3,3'-diamino-N-methyldipropylamine, the organic co-catalyst
is 2,2':6',2"-terpyridine, and further comprising 3-Angstrom molecular
sieves. 16  



18 June 2003 19. A method for the production of diary( carbonates according
to claim 1, said method comprising reacting an aromatic hydroxy compound,
in the presence of an effective amount of a catalyst system with a gas
mixture consisting essentially of carbon monoxide and oxygen under an
applied total pressure, wherein the mole percentage of oxygen in said gas
mixture is as follows: 9-10 mole percent at a total pressure about 3447kPa
(500 pounds per square inch), 6-10 mole percent at a total pressure about
5516kPa (800 pounds per square inch), and 7.5-8 mole percent at a total
pressure about 11032kPa ( 1600 pounds per square inch). 17 .A[.Ayf.A@,E.A
.Aa,R.A3{f%.A,?.Af@.A,e.A;@.AsNy.A(L.A_.AY(r.AuS?.ANye.AN@)YuKu,C " / ; J
f
.#P!{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cZa]ca]ca!P!U!b!""#$$F&K&X&&4)."./.;
.J.070266*666E66&7779b<<>~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca
]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>>)>5>C>@@DO
EhEmEzEEEFG
HHHHI"JEJK)LMMMMOOOTTzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!T"U(U5UIUU}VVVVV;
WWWWWWEXjXXXY\YYYZ[ZaZnZB[W[\aaa|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca!a&dd8e*
gggkhhiiVijjkkkTll(nanunooo6peqqqr
r\rcrfr}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!)YuKuz[9!f"10%&'()-10%:&'()- 



!,g 10%::&'()-m,
10%:&'()-!`#10%&'()-!`#10%&'()-,]C^<!!}`*"10%&'()-!`*"10%&'()-!~`,&"10%&'()
-`, g 10%:&'()-,3g 10%:&'()- "10%:&'()-C    ! " / ;
~_@!!m10%&'()-#f10%&'()- 10: 10: 10:9<M10%:&'()-!l7"10%::&'()-510%:&'()- ;
J {
u}[9~_@!yy-#10%&'()-!yy-#10%&'()-!Pyy-#10%&'()-F#10%&'()-!tF#10%&'()-l"f10%
&'()-f .zodY:!$,m10%&'()- 10 10 10<s10%&'()-!s0-#10%&'()-  



!0-#10%&'()-  !xyy-#10%&'()-.}^SH=! 10 10 109<`10%&'()-!aS@2@ 10%&'()-9@S
10%&'()-!@S 10%&'()-@&, 10%&'()-#dESH=! 109'10%@&'()-!10%@&'()-310%@&'()- F
10%@&'()-9!10%@&'()-$ m10%@&'()-P!R!S!T!U!b!"bC! 10s,
10%4|&'()-#,l10%4|&'()- 10@ 10@ 10@910%@&'()-+!10%@&'()-f )10%@&'()-""#$$$
$$iO5Cf10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-910%4|&'()-T
10%4|&'()-FF ,10%4|&'()-$$,$-$;
$K$L$eA5Cf10#34f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34L$M$Q$Z$d
$e$f$g$dJ0Cf10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f
10%4|&'()-9g$h$i$j$l$w$|$$iJ+Cf10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'(
)-9#34f10%4|&'()-9f10%4|&'()-9$$$$$$$eA+Cf10%4|#34f10%4|&'()-9f10%4|&'()-9f
10%4|&'()-9f10%4|&'()-9#34$$$$$$$$dJ+Cf10%4|&'()-9f10%4|&'()-9#34f10%4|&'()
-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9$$$$$$$eF+Cf10%4|&'(f10%4|&'()-9f10%4
|&'()-9f10%4|&'()-9#34f10%4|&'()-9f10%4|&'()-9$$$$$$$eF+Cf10%4|&'(f10%4|&'(
)-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9$$$%
%%%eA+Cf10%4|#34f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34%%
%%%*%+%-%8%dJ+Cf10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9f10%4|&'()-9f10%4|&'(
)-9f10%4|&'()-98%=%B%C%E%P%U%eF+Cf10%4|&'(f10%4|&'()-9f10%4|&'()-9f10%4|&'(
)-9#34f10%4|&'()-9f10%4|&'()-9U%Z%[%]%h%m%r%eF+Cf10%4|&'(f10%4|&'()-9f10%4|
&'()-9f10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9r%s%u%%%%%eA+Cf10%4|#34f10%4|&
'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34%%%%%%%%dJ+Cf10%4|&'()-9f10%4|&
'()-9#34f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9%%%%%%%eF+Cf10%4|&'
(f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9f10%4|&'()-9%%%%%%%eF+C
f10%4|&'(f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34f10%4|&'()-9%%%
&&&&eA+Cf10%4|#34f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9#34&&B&C&D
&E&F&H&nU4C l;`10%
&'()-f10%4|&'()-9#341f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9f10%4|&'()-9H&I&J&
K&X&&V'4)+vU4 P3 !10% &'()-f 3 !10% &'()- A3 !10%1&'()- K39!10% &'()-
,#f10% &'()-10 10 10 +.. .!."./.;.J.vU4 "@10%"&'()- Y10%"&'()- #10%"&'()-10
10 10  ;s10% &'()- 3 !10% &'()-fJ.j/0700#22|[:vU4  @ y#10%"&'()- O
y#10%#"#&'()- z 



y#10%N"N&'()- @Ly10%"&'()-  9"10%"&'()- 9"10%"&'()-2x3466666*6|obU4
"@10%fr"f&'()-10"10"10" ;10%"&'()- J ,'#10%"&'()- ] ,'#10%1"1&'()-
,'#10%S"S&'()-*666E66&777|[:bU4  10%fr"f&'()- #l "10%fr"f&'()-
10%fr"f&'()- @ 10%fr"f&'()- l",10%fr"f&'()- Sm10%fr"f&'()-789f:;b<<|[:bU4
X y/-#10%r"&'()- T xy#10%r"&'()- J y#10%r"&'()- py#10%fr"f&'()- E
f#10%r"&'()-S J f#10%r"&'()-S<>>>>>)>5>C>vU4 "10%@L"@&'()-  ,10%@L"@&'()-
#,10%@L"@&'()-10fr"f10fr"f10fr"f <s10%fr"f&'()- b
sy/-#10%r"&'()-C>s?@@#BCD|[:vU4  J s"10%L"&'()-S E s"10%L"&'()-S <
s"10%L"&'()-S 10%@L"@&'()- Z"10%PL"P&'()-   Z"10%YL"Y&'()-
DEOEhEjEkElEmEzE|obU4 "@10%"&'()-10@L"@10@L"@10@L"@ ;10%@L"@&'()-
7g10%@L"@&'()- X l1"10%&'()- l1"10%@L"@&'()-zEEEFFG H|[:bU4    10%"&'()-
10%"&'()- yS"10%"&'()- yS"10%"&'()- l"@10%"&'()- f10%"&'()- HHHHII"J|[:bU4
$ 10%"&'()- J "10%D"D&'()-F y"10%"&'()-F  10%"&'()-  y 10%"&'()- 10%"&'()- 



"JEJJK)LMMM|[:-410" <10%"&'()- &6 10%"&'()- l4#10%"&'()-  X )#10%R"R&'()-
()#10%"&'()- y& 10%"&'()- MMMMMOOObA410"  F -10%Ye!Y&'()- !10%Ye!Y&'()-
!10%Ye!Y&'()- s!10%Ye!Y&'()-m #m10%Ye!Y&'()-10"10"OTTTTT"U%U&U'UvUH;" 1010
f:10%&'()- Yf 10%&'()- @#10%&'()-10Ye!Y10Ye!Y10Ye!Y
s!10%Ye!Y&'()-'U(U5UIUUVVVoN-UH 3s10%!&'()- 10%!&'()- 310%!&'()-: `
10%!&'()-  910%!&'()- !m10%!&'()-10V;WWWWWWEX|[:-UH 3s 3% 10%!&'()-
#10%!&'()- 3&! 10%!&'()- l10%!&'()- 310%!&'()- &10%!&'()-EXjXXXY\YY|[:-UH
3s 31F10%!&'()- /10%!&'()- 3L-10%!&'()- 3+ 10%!&'()- )10%!&'()-
3&'10%!&'()-YYZ[Z^Z_Z`ZaZnZ|obU4 @#10%s#s&'()-10!10!10! :10%!&'()-
3710%!&'()- 9610%!&'()- 3&310%!&'()-nZB[W[\]Z_`|[:bU4   oY3S#10%4#4&'()--
z xY3S#10%!#!&'()--  ] xY3S#10%#&'()--  "10%#&'()- &10%s#s&'()-
10%s#s&'()-`aaaaaab&dvU4  "10%%&'()-F   "10%%&'()-F
#S10%%&'()-10s#s10s#s10s#s :10%s#s&'()-  nY3S#10%C#C&'()--
&dydd8eef*g|[:vU4   %10%%&'()-f  %10%%&'()-f  %10%%&'()-f 10%%&'()- %10% %
&'()-F  %10%%&'()-F*gggkhhhhii|[NA410%10%10% ;10%%&'()- Y&6g 10%%&'()-
s19$10%)%)&'()-  



010%%&'()- 3+y 10%%&'()-iiVi5jjjk|[:NA410  10%LX#L&'()- 10%LX#L&'()-
9"10%oX#o&'()- 9"10%\X#\&'()- l 10%LX#L&'()-
#y10%LX#L&'()-kkkTllm(n|[:NA410 "#10%L7L&'()- ] }"#10%X#&'()-
10%LX#L&'()-  f 10%LX#L&'()- 10%LX#L&'()-  l10%LX#L&'()-
(nanunnooooo|[NA410LX#L10LX#L10LX#L ;10%LX#L&'()- ] s@2"10%X#&'()- O
@2"10%X#&'()- 3/10%LX#L&'()- -10%LX#L&'()- oo6peqqqr|[:NA410 F F10%LX
L&'()- ,10%LX L&'()- Y Lg10%LX L&'()-  10%LX L&'()- l 10%LX L&'()- #@10%LX
L&'()-r r\rcrfr||[:NA410 F F10%LX L&'()- ,10%LX L&'()- S,;10%LX L&'()-
10%LX L&'()-  T10%LX L&'()- s10%LX L&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font!TJ#!+3;
lBJQ'R`W^flfotvxz|~P!>TafrKLMNOC; ."$L$g$$$$$$%8%U%r%%%%%&H&+J.2*67<C>DzE
H"JMO'UVEXYnZ`&d*gik(norfrPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6T
imes New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


