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products are chlorophthalic anhydride and chlorotoluic acid. 2 2 JUN 2004
METHOD FOR OXIDATION OF XYLENE DERIVATIVES This application claims priority
of a Provisional Application entitled  "Method for Oxidation of Xylene
Derivatives" by Tohru Takekoshi, Serial Number  60/166,970 and filed
November 23, 1999. BACKGROUND OF THE INVENTION This invention relates to a
method for oxidizing xylene derivatives. More  particularly, the invention
relates to a method for oxidizing a substrate comprising at  least one
halo-ortho-xylene in the presence of at least one metal catalyst and in the
absence of solvent or promoter to provide a product comprising
halo-phthalic anhydride.  In one key embodiment the invention relates to a
method for producing a product  comprising 4-chlorophthalic anhydride.
Methods for oxidizing ortho-xylene are known. Most of these methods  either
require the presence of a corrosive solvent such as acetic acid or the
presence of a  promoter or both. For example, U. S. Patent 3,402,184
describes oxidation of ortho- 



xylene in acetic acid solvent in the presence of a bromine promoter. U. S.
Patents  4,215,053, 4,299,977, 4,322,549, and 4,387,243 describe oxidation
of ortho-xylene in  the absence of solvent but in the presence of a bromine
promoter. Methods for preparing  4-chlorophthalic anhydride are also known.
However, these methods typically involve  aromatization of a Diels-Alder
adduct of chloroprene and a maleic anhydride as in U. S.  Patent 5,322,954,
or chlorination of phthalic acid as in Japanese patent applications
07258152 and 02129143. The latter chlorination process may produce
polychlorinated  biphenyls (PCBs). There is a need, therefore, to provide a
method for oxidizing a substrate  comprising a halo-ortho-xylene which does
not require a solvent or promoter,  particularly a corrosive solvent or
promoter. There is also a need for a method for  producing 4-chlorophthalic
anhydride which does not involve handling toxic  chloroprene or chlorine
gas, and which does not produce PCBs. -1 2 2 JUN 2004 SUMMARY OF THE
INVENTION In an aspect of the present invention, there is provided a method
for  oxidizing a substrate comprising at least one monohalo-ortho-xylene
which comprises  combining the substrate in the absence of solvent or
promoter with at least one metal  catalyst and heating to a temperature in
a range of between about 100C and about  230C in the presence of an oxygen
source to produce a product mixture, wherein the  substrate is oxidized in
the liquid phase. In another aspect of the present invention, there is
provided a method for  oxidizing a substrate comprising
4-chloro-ortho-xylene which comprises combining the  substrate in the
absence of solvent or promoter with at least one metal catalyst which is a
metal compound with a metal selected from the group consisting of cobalt,
manganese,  vanadium, copper, molybdenum, and iron, and heating to a
temperature in a range of  between about 100C and about 230C in the
presence of molecular oxygen to produce a  product mixture comprising
4-chlorophthalic anhydride and monochlorotoluic acid,  wherein the
substrate is oxidized in the liquid phase. In still another aspect the
present invention, there is provided a method  



for producing 4-chlorophthalic anhydride which comprises oxidizing a
substrate  comprising 4-chloro-ortho-xylene, optionally in the presence of
chlorotoluic acid, which  comprises the steps of (i) combining substrate in
the absence of solvent or promoter with at least  one metal catalyst which
is a metal compound with a metal selected from the group  consisting of
cobalt, manganese, vanadium, copper, molybdenum, and iron, and heating  in
the presence of molecular oxygen to a temperature in a range of between
about IO0C  and about 230C at atmospheric pressure, wherein the molar ratio
of substrate to the at  least one metal catalyst is in a range of about
80-180: 1, and wherein the substrate is  oxidized in the liquid phase; and
(ii) isolating product comprising 4-chlorophthalic anhydride. DETAILED
DESCRIPTION; PREFERRED EMBODIMENTS In one embodiment the substrate
comprising at least one halo-ortho- xylene of the present invention
preferably comprises a monohalo-ortho-xylene, more  preferably
4-halo-ortho-xylene, most preferably 4-fluoro-or 4-chloro-ortho-xylene. In
another embodiment the substrate comprises a mixture of 4-halo-and
3-halo-ortho -2 2 2 JUN 2004 WO 01/38280 PCT/US00131719 xylene, preferably
a mixture of 4-fluoro- and 3-fluoro-ortho-xylene or a mixture of 4- chloro-
and 3-chloro-ortho-xylene. When 3-halo-ortho-xylene is present, it
comprises  about 0.001-15 molar percent, preferably about 0.01-12 molar
percent, and more  preferably about 0.1-10 molar percent of total
substrate. 5 In yet another embodiment the substrate comprises at least one
halo- ortho-xylene as described above, optionally in the presence of at
least one halotoluic  acid, preferably at least one chlorotoluic acid (also
known as chloro methylbenzoic  acid), more preferably either (a)
4-chloro-2-methyl benzoic acid or (b) 5-chloro-2- methylbenzoic acid or (c)
a mixture thereof, and still more preferably a mixture of 10 either or both
of (a) and (b) with either (d) 4-halo-ortho-xylene, or (e) a mixture of 4-
halo- and 3-halo-ortho-xylene. Halo-toluic acid may be either added to the
substrate  or may be present as a consequence of partial oxidation of
halo-ortho-xylene. As a  



consequence of partial oxidation the amount of halo-toluic acid in the
substrate will  vary with such factors as reaction temperature, time, and
catalyst. 15 In still another embodiment the substrate comprises a mixture
of ortho- xylene t ither with (d) 4-halo-ortho-xylene, or with (e) a
mixture of 4-halo- and 3- halo-ortho-xylene, or with at least one
chlorotoluic acid, or with a mixture of  chlorotoluic acid with either (d)
4-halo-ortho-xylene, or (e) a mixture of 4-halo- and  3-halo-ortho-xyle
.ie. When ortho-xylene is present, it comprises about 0.001-10 20 molar
percent and preferably about 0.01-1 molar percent of total substrate. An
especially preferred substrate comprises 4-chloro-ortho-xylene, optionally
in  combination with at least one of 3-chloro-ortho-xylene, ortho-xylene,
or chlorotoluic  acid. At least one metal catalyst is used in the present
invention. The at  25 least one metal catalyst comprises a metal compound
with a metal selected from the group consisting of cobalt, manganese,
vanadium, copper, molybdenum, and iron, and  mixtures thereof. Preferably,
a metal compound is a salt of the metal and more  preferably an acetate or
acetylacetonate of the metal. Illustrative metal compounds  which are
suitable for use in the invention include cobalt (II) acetate, manganese
(II) 30 acetate, vanadyl (IV) acetate (VO[OC(O)CH3]2)1 vanadyl (IV)
acetylacetonate, copper -3 2 2 JUN 2094 WO 01/38280 PCTIUSOO/31719 (I)
acetate, molybdenyl (VI) acetylacetonate (Mo02[C5H,0Z]), iron (II) acetate,
and  mixtures thereof. The molar ratio of halo-ortho-xylene substrate to
the at least one  metal catalyst is in a range of about 20-500: 1,
preferably in a range of about 50-250:  1, and most preferably in a range
of about 80-180: 1. In especially preferred 5 embodiments the molar ratio
of halo-ortho-xylene substrate to the at least one metal  catalyst is about
100:1. The at least one metal catalyst may be added in one portion to  the
substrate or in more than one portion during the course of the reaction.
The oxygen source used in the present invention may be high purity  oxygen
or molecular oxygen, air, or oxygen diluted with another gas which has no
10 negative effects on the reaction, such as nitrogen, noble gases, argon,
or carbon 



dioxide. The concentration of diluent gas, when present, in the oxygen
source may  amount to about 1 to about 95 volume %, preferably about 5 to
about 90, and more  preferably about 10 to about 80 volume %. In a
preferred embodiment the oxygen  source is molecular oxygen. 15 Oxygen in
the form of an oxygen source may be introduced into the  reaction mixture
by any convenient means. In one embodiment the reaction mixture  is
agitated or stirred under a positive pressure of oxygen source. In a
preferred  embodiment oxygen source is introduced by sparging or bubbling
into the reaction  mixture at essentially atmospheric pressure. 20 The
reaction mixture is heated to a temperature effective to promote  oxidation
of at least one methyl group of halo-ortho-xylene in the presence of the at
least one catalyst and oxygen source. Preferably the reaction mixture is
heated to a  temperature in a range of between about 80C and the effective
boiling point of the  reaction mixture under the prevailing pressure. More
preferably the reaction mixture 25 is heated to a temperature in a range of
between about I00C and about 230C and  most preferably in a range of
between about 150C and about 180C at atmospheric  pressure. Catalysts
suitable for use in the present invention are typically poorly  soluble in
halo-ortho-xylene. However, as polar oxidation intermediates and products
-4 2 2 JUN 2004 WO 01/38280 PCTIUS00131719 containing functionalities such
as hydroxy, carboxaldehyde, or carboxylic acid are  formed, the catalyst
typically becomes increasingly soluble. For example, suitable  catalysts
may typically dissolve within about 0.5 to 1.0 hours at a temperature in a
range of between about 100C and about 230C, particularly at a temperature
in a 5 range of between about 150C and about 180C. The products of the
oxidation reaction comprise those obtained by  oxidation of at least one of
and preferably both the two aromatic methyl groups. In  particular the
products comprise halotoluic acid and halophthalic anhydride,  



respectively. In a preferred embodiment the substrate halo-ortho-xylene
comprises 4 10 chloro-ortho-xylene and the products comprise chiorotoluic
acid and 4-chlorophthalic  anhydride. In another preferred embodiment the
substrate, chloro-ortho-xylene  comprises a mixture of 3-chloro- and
4-chloro-ortho-xylene and the products  comprise chlorotoluic acids and a
mixture of 3-chloro- and 4-chlorophthalic  anhydride. When ortho-xylene is
present in the substrate, then a small amount of 15 phthalic anhydride and
toluic acid may also be obtained in addition to the oxidation  products of
halo-ortho-xylene. The product halophthalic anhydrides may be used in
processes to make  various types of aromatic polyethers, particularly
polyetherimides. In one  embodiment a product comprising 4-chlor,phthalic
anhydride (or a mixture thereof 20 with 3-chlorophthalic anhydride) may be
reacted with at least one diamine to prepare  bis(chlorophthalimide)
compounds which can serve as monomer for polyetherimide  synthesis. For
example, polyetherimides are conveniently prepared by the reaction of
salts of dihydroxyaromatic compounds, such as bisphenol A disodium salt,
with  bis(halophthalim ides) as illustrated by
I,3-bis[N-(4-chlorophthalimido)]benzene, 25 which has the structure -5 22
JUN 200% WO 01/38280 PCTIUSOO/31719 According to US Patents 5,229,482 and
5,830,974, the preparation of  aromatic polyethers may be conducted in
solution in relatively non-polar solvents,  using a phase transfer catalyst
which is substantially stable under the temperature  conditions employed.
Solvents disclosed in 5,229,482 include o-dichlorobenzene, 5
dichlorotoluene, I,2,4-trichlorobenzene and diphenyl sulfone. In 5,830,974,
monoalkoxybenzenes such as anisole, diphenylether, or phenetole are
employed.  Solvents of the same types may be used for the preparation of
bis(halophthalimide)  intermediates, particularly bis(chlorophthalimide)
intermediates, for polyetherimides. The reaction of diamine with
4-halophthalic anhydride (or a mixture  10 thereof with 3-halophthalic
anhydride) in the presence of any phthalic anhydride arising from
ortho-xylene oxidation may produce trace amounts of the mono-halo  



species. For example the reaction of diamine with 4-chlorophthalic
anhydride (or a  mixture thereof with 3-chlorophthalic anhydride) in the
presence of any phthalic  anhydride arising from ortho-xylene oxidation may
produce trace amounts of the 15 mono-halo species,
1-N-(4-chlorophthalimido)-3-N-(phthalimido)benzene in addition  to
1,3-bis[N-(4-chlorophthalimido)]benzene (optionally in the presence of
3-chloro  species). The mono-halo species may serve as a chain-stopper in
reaction with salts  of dihydroxyaromatic compounds in polyetherimide
synthesis. The process of the present invention mk. i be performed in batch
mode  20 or as a semi-continuous or continuous process. In one embodiment
the products of the oxidation reaction may be isolated by conventional
means, such as one or more steps  of distillation or extraction. In another
embodiment the products are at least partially  recycled into a further
oxidation process to increase conversion of halo-ortho-xylene  or to
increase conversion of halo-toluic acid, or both. 25 The invention is
illustrated by the following examples. All parts and  percentages are by
weight. EXAMPLE 1 In a 50 milliliter (ml) three-neck flask were placed 14.1
grams (g) of 4- chloro-o-xylene and 0.249 g (1.00 millimole) of cobalt (I1)
acetate tetrahydrate. The  -6 2 2 JUN 2004 mixture was magnetically stirred
at 170C and oxygen gas was continuously bubbled  through the mixture using
a capillary inlet tube at a rate of 0.02 SCFH. In 112 hours of  reaction
the yield of 4-chlorophthalic anhydride was 8.3% and the yield of 4-
chlorotoluic acid was 38.7%, both based on starting material. EXAMPLES 2-7
The procedure of example 1 was repeated except that different catalysts
and different reaction times were used. The catalysts used were
manganese(II) acetate; a  1:1 (mole/mole) mixture of manganese(II) acetate
and cobalt(II) acetate; vanadyl  acetate; copper(I) acetate; molybdenyl
(VI) acetylacetonate; or iron(II) acetate. Key  products were
4-chlorophthalic anhydride(4-CIPA), chlorotoluic acid(CITAcid), and
chlorotolualdehyde(CITAldehyde). The results are shown in Table 1. 



ExampleCatalystReactionYield % time hra.4-CIPACITAcidCITAldeh de  2Mn
acetate6614.158.75.3 Co (It) acetate +  3Mn (II) acetate 6417.459.623 1:1
Co(II)acetate +  4Mn (1I) acetate 10736.443.40.5 I:1 5Vt yl (IV)
7221.448.96.5 acetate 6Vanadyl(IV) 9632.547.31.5 acetate 7Cu fl)
acetate760.345.019.6 8Molybdenyl (Vi) 1118.730.010.0 Scetylaclogate 9Fe 1
acetate7012.332.222.1 While typical embodiments have been set forth for the
purpose of  illustration, the foregoing descriptions and examples should
not be deemed to be a  limitation on the scope of the invention. -7 2 2 JUN
2004 CLAIMS 



1. A method for oxidizing a substrate comprising at least one monohalo-
ortho-xylene which comprises combining the substrate in the absence of
solvent or  promoter with at least one metal catalyst and heating to a
temperature in a range of  between about 100C and about 230C in the
presence of an oxygen source to produce a  product mixture, wherein the
substrate is oxidized in the liquid phase. 2. The method of claim 1 wherein
the product mixture comprises  monohalo-phthalic anhydride and
monohalo-toluic acid. 3. The method of claim 2 wherein the substrate
comprises monochloro- ortho-xylene or monofluoro-ortho-xylene. 4. The
method of claim 1 wherein the substrate further comprises at least  one
monohalo-toluic acid. 5. The method of claim 4 wherein the monohalo-toluic
acid comprises at  least one monochlorotoluic acid. 6. The method of claim
1 wherein the at least one metal catalyst is a  metal compound with a metal
selected from the group consisting of cobalt, manganese,  vanadium, copper,
molybdenum, and iron. 7. The method of claim 6 in which the molar ratio of
halo-ortho-xylene  substrate. to the at least one metal catalyst is in a
range of 20-500: 1. 8. The method of claim 1 in which the oxygen source is
molecular oxygen. 9. The method of claim 1 in which the reaction mixture is
heated to the  temperature within the range at atmospheric pressure. 10. A
method for oxidizing a substrate comprising 4-chloro-ortho-xylene  which
comprises combining the substrate in the absence of solvent or promoter
with at  least one metal catalyst which is a metal compound with a -8 2 2
JUN 2004 metal selected from the group consisting of cobalt, manganese,
vanadium, copper,  molybdenum, and iron, and heating to a temperature in a
range of between about 100C  and about 230C in the presence of molecular
oxygen to produce a product mixture  comprising 4-chlorophthalic anhydride
and monochlorotoluic acid, wherein the substrate  



is oxidized in the liquid phase. 11. The method of claim 10 wherein the
substrate further comprises 3- chloro-ortho-xylene. 12. The method of claim
10 wherein the substrate further comprises  monochlorotoluic acid. 13. The
method of claim 10 wherein the substrate further comprises both
3-chloro-ortho-xylene and monochlorotoluic acid. 14. The method of claim 10
wherein the at least one metal catalyst is  selected from the group
consisting of acetate or acetylacetonate salts of cobalt(II),
manganese(II), vanadium (IV), molybdenum (VI), and iron (II), and mixtures
thereof. 15. The method of claim 14 in which the molar ratio of
4-chloro-ortho- xylene substrate to the at least one metal catalyst is in a
range of about 80-180: 1. 16. The method of claim 10 in which the reaction
mixture is heated to the  temperature within the range at atmospheric
pressure. 17. A method for producing a product mixture comprising 4-
chlorophthalic anhydride which comprises oxidizing a substrate comprising
4-chloro- ortho-xylene, optionally in the presence of monochlorotoluic
acid, which comprises the  steps of (i) combining substrate in the absence
of solvent or promoter with at least  one metal catalyst which is a metal
compound with a metal selected from the group  consisting of cobalt,
manganese, vanadium, copper, molybdenum, and iron, and heating  in the
presence of molecular oxygen to a temperature in a range of -9 2 2 JUN 2004
between about 100C and about 230C at atmospheric pressure, wherein the
molar ratio  of substrate to the at least one metal catalyst is in a range
of about 80-180: 1, and  wherein the substrate is oxidized in the liquid
phase; and (ii) isolating product comprising 4-chlorophthalic anhydride.
18. The method of claim 17 wherein the substrate further comprises 3-
chloro-ortho-xylene. 


