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Codes andAbbreviations"appearinga t the begin- ning of each regular issue
of the PCT Gazette_  rl ' (54) Title: METHOD FOR OXIDATION OF XYLENE
DERIVATIVES O (S7) Abstract: Xylene derivatives, such as chloro
-ortho-xylene, are oxidized in a 'solvent in the presence of at least one
metal catalyst  with addition of promoter after the reaction has proceeded
to an intermediate stage of conversion to product mixture. ,The product
comprises chlorophthalic  acid or chlorophthalic anhydride. .. w0 x1/38282
23 July 2004   PCTfUS00!31971 METHOD FOR OXIDATION OF XYLENE   -DERIVATIVE
BACKGROUND -OF THE The INVENTION  This iriventioa n relates to'--a method
for oxidizing-a' substrate  coninprisipg:at  least one halo-ortho -xylene
in . the presence-o f at least one metal  catalyst, at least one solvent;
and a t least one promoter to provide .a product comprising halo=phthalic
acid or lialo-phthalic anhydride. - ln one key  ernbodicrent the  invention
relates to a method for producing a product omprising.4-chlorophthalie
acid or-4=chloi  ophthali o anhydride: - -  10 Methods for oxidizing orth
o-xylene are known.  F exarnpfe, US.  Patent 3,402,184 describes oxidation
of. ortho --xylene in acetic acid solvent,ia the- presence of a bromine
prom  in acetic acid so chlorophthalic anhydride are a, -,o 15 - known uct
of chloroprene  and a matlei  anhydrideas.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
polyclilarinated- b  iphenyls (PCBs): US Patent 5,225,573 discloses the
preparation of tetrabromophthali c anhydride (TBPA) by  oxidizing a
brominated precursor of TBPA. Chemical Abstracts, vol. 101, No 125 (1984)
Abs_ no  230079r discloses the preparation of monochlorophthalic acids by
the liquid phase oxidation of  chloro-o-xylenes in the presence of KBr.
Chemical Abstracts vol 90, NO 5 (1979) Abs no 38640e  discloses the
liquid-phase catalytic oxidation of 4 bromo-o-xylene in the presence of
NaBr. There is a need for a method for producing 4-chlorophthalic anhydride
which does not involve handling  toxic chioroprene  or chlorine gas, and
which does not produce PCBs. SUMMARY OF THE INVENTION In an aspect of the
present invention, there is provided a method for oxidizing a  substrate
comprising at least one halo-ortho-xylene which comprises combining the
substrate in 



23 July 2004 . W-O 01138-282  PCT/US0013197I  a solvent with at least one
metal catalyst and heating in the presence of an oxygen source to  produce
a product mixture, wherein an effective amount of at least one promoter
selected from the  group consisting of  ari~p~ lit;#~a~id~`.3onr:ph~de
:~chlor= .  uYde  .yi aeflfiy~ htEa~ l ;  i 10 .: u N ? y Lazy} litialimi .
4-ch oo-N  yd oiiy ~i
~=firaXhtEia~i~ide~_:diellilaro-~-~jrc~mxyphthaXiimide;<4~~omo-~I :: . - .
iyiicypi#hi~ide;(-bydroxaieiide,  =hydrQxysuecineu-de;   xyphtballrrtide,;3
bwmO ~ i-bydz+nxy~hWalimEXde; da:uo-f= ~ t~.2-cartiaxyetliiane hy4wxanruc
acid; 2-caaxyetl~e  ehydroxamic  acid 2-caihoxypheny  iydroxamicncids-of
forinul af I:. - . 2irid -ti is: "ereia  each R is i dorit  hajogen : chlor
ar bromo;  or.atkyl,  st toted" t fcn=Idetiydes oi. uie raumwa (3i) :. -
O  wherein R! is alkyl-and each V is  independetl#1y. ` hal". cloro. or
20.' ; broaio ;-or amt;  aiid n-is ft-4  -- 2 _ 23 July 2004 I
-~1r~amitianium  tides, ammoniwxx chtad  aZGinlgbl vmaid s;  pho idit iiiei
ides; phosphonium  c oxides; haspboaiumbromud  



- -  {Yid:guitstidin~~n.~lidcs,;gu'ari~du[iuE~orides:grisiiic~st~a  .
=(vil)alkali  metal halides, alkali uietat:ch! oddes, and alkali metal
bcoxiii is added to the reaction mixture after the reaction reached a
35-65% conversion to,  product mixture. An example embodiment is a method
for oxidizing a substrate comprising 4-chioro-ortho- xylene which comprises
combining chloro-Orthoxytene in acetic acid solvent with at least one metal
catalyst which is a metal compound comprising cobalt, and heating in the
presence of an oxygen  source to produce a product mixture comprising
4-chlorophthalic acid or 4-chlorophthalic anhydride,  wherein an effective
amount of at least one promoter is added to the reaction mixture after the
reaction has proceeded to an. intermediate stage of conversion to product
mixture. Another example embodiment is a method for producing a product
mixture comprising 4- chlorophthalic acid or 4-chlorophthalic anhydride
which. comprises oxidizing a substrate comprising.  4-chloro=ortho-x 1ene,
optionally in the presence of chlorotoluic acid, which comprises the steps
of (1) combining substrate in acetic acid solvent with at least one metal
catalyst comprising  cobalt, and optionally manganese, and heating in the
presence of an oxygen source to  a,temperature in a range of between about
100T and about 230T at pressure in a range of between  about 1300 and about
8300 kilopascals, wherein the molar ratio of substrate to the at least one
metal.catalyst is in a range of about 80-250: 1; ' '  (H) adding, after the
conversion to product mixture has reached about 35=65%, an effective.
amount of at least one promoter selected from the group consisting of
N-hydrox),phthalimide, 4- chloro-N-hydroxyphthalimide,  3-chtoro-
Nhydroxyphthalimide,  dichloro-N-hydroxyphthalimide, N- hydroxymaleimide .
Nhydroxysuccinimide, 2 - carboxyphenythydroxamic acid, 4-chloro
methylbenzaidehyde , tetraethylammonium  bromide,  tetrabutylammonium
bromide, and sodium  bromide; 23 July 2004  WO 01/38282 PCT1USOO/3197I
(iii) heating the reaction mixture under pressure of oxygen source to
increase conversion to product mixture; and (iv) isolating product
comprising  4-6hlorophthalic acid or 4- chlorophthalic  anhydride. BRIEF
DESCRIPTION OF THE DRAWINGS FIGURE I is a graph showing normalized mole %
reaction mixture  composition versus time for an oxidation reaction
comprising chloro-ortho-xylene  substrate run at 150C using 30%
oxygen-enriched air with promoter added after 2  hours, wherein the
reaction mixture was dried before -addition of promoter. FIGURE 2 is a
graph showing normalized mole % reaction mixture  



10 composition versus time for.an  oxidation reaction comprising
chloro-ortho-xylene substrate run at 150C using .30%o oxygen enriched air.
with promoter added after 2  hours, wherein the reaction mixture was not
dried before addition of promoter. FIGURE 3 is a graph  showing-normalized
mole % reaction mixture  composition versus time for.an oxidation reaction
comprising chloro-ortho-xylene 15 substrate run at 150C using 30% oxygen
enriched air with promoter added initially. DETAILED DESCRIPTION; PREFERRED
EMBODIMENTS ha 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 20 xylene, preferably a
mixture of 4-flu-oro- 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. In yet another embodiment the substrate comprises at least &6-
halo-25 ortho-xylene as described above, optionally in the presence of at
least one halotoluic  -3 23 July 2004  WO 01/382$2 PCTIUSOO/31971 acid,
preferably at least one chlorotoluic acid (also known as chloro methyl'
benzo;c  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  either or both of (a) and (b) with either (d)
4-halo= ortho-xylene, or. (e) a mixture of 4 5 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. In still another embodiment the substrate comprises a mixture of
ortho- 10 . xylene with halo-ortho- xylene, preferably either with (d)'
4-halo-ortho =xylene, or with (e) a mixture of 4-halo- and
3-halo-ortho-xylene, or with at least one halotoluic acid,  preferably
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-xylene.
When  ortho- xylene is present, it comprises about 0.001-10 molar percent
and preferably about 15 '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. 



The substrate comprising at least one halo-ortho-x ylene is combined in
the reaction mixture with at least one solvent, which preferably comprises
a lower 20 aliphatic carboxylic acid. Illustrative examples of lower
aliphatic carboxylic acids  employed in the process of the present
invention, include, but are not limited to,  acetic acid,  propionic acid,
butanoic. acid, pentanoic acid,. or hexanoic acid Acetic -'  acid' is
preferred 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, but are not limited to, cobalt
30 dibrornide  hexahydrate,  cobalt dichloride, cobalt (II) acetate, cobalt
(II)  -4 23 July 2004  WO 01/38282 PCT/US00/31971  acetylacetonate, cobalt
(III) acetylacetonate, cobalt (II)  hexafluoroacetylacetonate,  cobalt (II)
picolinate, manganese (III) acetate, manganese (II) acetate, manganese (II)
hexafluoroacetylacetonate  trihydrate, manganese .(III) acetylacetonate,
manganese (II)  acetylacetonate, manganese dichloride tetrahydrate,
manganese dibromide, 5 manganese (II) picolinate,.manganese  (III)
picolinate, manganese (III) bromide  .acetylacetonate, vanadyl (IV) acetate
(VO[OC(O)CH3]2)1  vanadyl :(IV)  acetylacetonate, copper (1) acetate,
molybdenyl (VI) acetylacetonate  (MoO2[CSH7O2]),  iron (II) acetate, and
hydrates, and anhydrous compounds, and mixtures thereof  Preferred metal
catalysts include mixtures of cobalt (II) bromide  hexabydrate with .10
either cobalt (11) picolinate,  manganese (II) bromide, manganese (II)
chloride  tetrahydrate,  manganese (III) bromide
acetylacetonate,.manganese (II) acetate,  manganese (III) acetate
dihydrate, manganese (II) acetylacetonate,  manganese.(III)
acetylacetonate, or manganese (II) hexafluoroacetylacetonate  trihydrate;
mixtures of  cobalt (II) acetate with manganese (HI) acetateor  manganese'
(II) bromide; and 15 ternary mixtures of cobalt (11) acetate with manganese
(III) acetate and manganese  (I1) bromide; or of cobalt. (II) acetate with
manganese (III) acetate and cobalt(II)  bromide; or of cobalt (II) acetate
with manganese (III) acetate and iron (II) bromide;'  or of cobalt (11)
acetate with manganese (III) acetate and either copper (I) bromide or
copper (II) bromide. 



20 The molar ratio of halo-ortho-xylene substrate to the at least one.
metal  catalyst is in a range of about 20-600: 1, preferably in a range of
about 50-300: 1,  and most preferably in a range of about 80-250': 1. In
especially preferred  embodiments the molar ratio of halo-ortho-xylene
substrate tcc the at least one metal  catalyst is about 200:1. The at least
one metal catalyst may be added in one portion to. 25 the substrate or in
more than one portion during the course of the reaction. At least one.
promoter may be used in. the reaction mixture. Suitable organic promoters
include, but are not limited to,  (i) imides such as phthalimide,
4-chloro-phthalimide, 3- chloro- phthalimide , dichlorophthalimide,
N-hydroxyethylphthalimide, and N 30 hydroxymethylphthalimide; -5 23 July
2004 WO 01/38282 PCT/US00/31971  (ii) N-hydroxy  imides such as N-
hydroxyphthalintiide, 4- chloro-N- hydrpxyp.hthalimide,'.3-chloro -N
hydroxyphthalimide,  dichloro-  N- hydroxyphthalimide,  4-bromo
-N-hydroxyphthalimide, 3- bromo-N- hydroxyphthalimide,
dibromo-N-hydroxyphthalimide, N- hydroxynialemude, and N-
hydroxysuccipunide ; (iii) hydroxainic acids such as. 2-
carboxyethanehydroxamic acid, 2=  carboxyethenehydroxamic  acid, and 2-
carboxyphenylhydroxamic acids of formula 1: wherein each R is independently
halogen, preferably  chloro or bromo;  10 or alkyl, and n is 0-4; (iv)
arylaldehydes  such as substituted  benzaldehydes of the formula wherein R'
is alk  1 and each R2 is independently halogen, preferably  15 chloro  or
bromo; or alkyl, and n is. 0-4; (v) onium  halides-such  as ammonium
halides and phosphonium halides, preferably chlorides or bromides; (vi)
guanidinium halides, preferably chlorides or bromides; and -6 WO 01/38282
"10 23 July 2004   PCT/US00/31971 (vii) alkali metal halides, preferably
chlorides or bromides.  Preferred  hydroxaniic acids include, but are 'not
limited to,  unsubstituted  2- carboxyphenylliydroxamic acid;  4-chlor6-2 



carboxyphenylhydroxamic.  acid, 3--chloro-2- carboxyphenylhydroxamic acids,
and  dichloro-2-car'boxyphenylhydroxamic  acid. Preferred arylaldehydes
include, but are  not limited to, alkylchlorobenzaldehydes  such as
3-chloro-2-methylbenzaldehyde, 4- chloro-2-methylbenzaldehyde , and
dichloro-2-methylbenzaldehyde.  Preferred oniurn  halides include, but are
not limited to, tetraalkylammonium  bromides such as  .tetraethylammonium
bromide and tetrabutylammonium  bromide. Preferred  guanidinium  halides
are hexaethylguanidinium  chloride and hexaethylguanidinium  bromide. A
preferred alkali metal halide is sodium bromide. Especially preferred
.promoters are N-hydroxyphthalimide  and 4-chloro-N- hydroxyphthalimide.
The term "alkyl-as- used in the various embodiments of the present
invention 'is intended to designate both normal alkyl, branched alkyl,
aralkyl, and 15 cycloalkyl radicals. Normal and branched alkyl radicals are
preferably those  containing from 1 to about 12 carbon atoms, and include
as illustrative  'noz-limiting  examples methyl, ethyl, propyl, isopropyl,
butyl,  tertiary-butyl, pentyl,   neopentyl, and  hexyl . .Cycloalkyl
radicals represented are preferably those containing from 3 to about  12
ring , arbo  atoms. Some illustrative-non-limiting examples of these.
cycloalkyl 20 radicals include cyclobutylc In en 1 l h 1 h phenylethyl.  y
p ty  , c  o exy met  ycyclohexyl, and   cycloheptyl.  Preferred aralky
radicals are those containing from 7 to about 14 carbon  atoms; these
include, but are not limited to, benzyl, phenylbutyl, phenylpropyl, and In
a preferred embodiment of the present invention an effective 25 amount-of
at least one promoter is added to the reaction mixture after the reaction
has  proceeded to an intermediate stage of conversion. The term "effective
amount", as  used herein, includes that amount of a substance capable of
either increasing (directly  or indirectly) the conversion of
halo-ortho-xylene or of halo-toluic acid, or increasing  selectivity toward
halo-phthalic  acid or halo- phthalic anhydride. Optimum amounts of 30
promoter can vary based on reaction conditions and the identity of other
constituents, -7 23 July 2004 WO 01/38282 PGTIUS0013197 1 yet can be
readily determined in light of the discrete circumstances of a given
application. In typical embodiments an effective amount of promoter may
have a  value in a range between about 0.01 mole % and about-20 mole %,
preferably between about 0.1 mole %and 'about 12 mole %, and more
preferably between about  



0.4 mole % and about 10 mole %,'based on halo-ortho-xylene substrate. In
the present context an intermediate stage of conversion represents  about
35-65% conversion and preferably about 45-55% conversion-of halo-ortho -;
xylene (and/or halo-toluic acid and/or halo-phthalide)  to a product
mixture  comprising 4-halo-phthalic acid or 4-halo-phthali  anhydride. The
progress of the. 10 reaction may be measured by any suitable'means,
preferably by measuring at least  one of the concentration of product
mixture, the concentration of substrate, or the  concentration of an
intermediate such-as  halo-toluic acid or halo-phthalide. Following
addition of promoter, the reaction is allowed to continue to increase
conversion to the .  desired product mixture. In embodiments in which it is
necessary to depressurize and 15 cool the reactor before addition of
promoter, then the reactor is reheated under  pressure of oxygen source to
increase conversion to the desired product mixture. The oxygen source used
in the present invention maybe high purity  oxygen or molecular oxygen,
air, oxygen-enriched air, or oxygen diluted with another  gas which has no
nelative  effects on the reaction, such as nitrogen, noble gases, 20 .
argon. '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 volume  and more preferably about 10 to about 80 volume %. In
preferred embodiments the  oxygen source is oxygen-enriched air containing
about 28-30 mole % oxygen. Oxygen in the form of an oxygen source maybe
introduced into the  25 reaction, mixture by any convenient means. In one
embodiment the reaction mixture is agitated or stirred under a positive
pressure of oxygen. source. A preferred pressure  -is in a range of between
about 1300 and about 8300  kilopascals. A more preferred  pressure is in a
range of between about 3.400 and about 7100 kilopascals. In an'  especially
preferred embodiment the pressure is about 6900 kilopascals. a -8 . WO
01/38282 23 July 2004   PCT/US00/3197I The.reaction  mixture is heated to a
temperature effective to promote  oxidation of at least one of and
preferably both methyl groups 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 either the
temperature .at which either catalyst or  promoter.is no longer effective
for promoting  reaction or the effective boiling point of the
reaction-mixture under the prevailing  pressure, whichever of the two is
the lower temperature. More preferably the reaction  



mixture is heated to a temperature in a range of between about 100C' and
about 230C and most preferably in a range of between about 110C and about
'1.50C at the 10 prevailing pressure. 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 acid, respectively.
Halophthalic  anhydride may also be present depending upon the reaction
conditions. 15 It. is to be understood: that product mixtures comprising
halophthalic acid may  comprise up to 100% balophthalic  anhydride assuming
all the  halophthalic- acid'has  dehydrated. In a preferred embodiment the
substrate halo- orthb-xylene comprises 4- chloro-ortho -xylene and the
products comprise chlorotoluic acid and 4- chlorophthalic  acid, optionally
with 4-chloropht.alic  anhydride.' In another. preferred embodiment 20 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 acid optionally with 3-chloro- and
4-chlorophthaii  anhydride.  When ortho-xyIene is present in the substrate,
then a small amount oftoluic acid add  phthalic acid (optionally with
phthalic anhydride) may also be obtained in addition to 25 - the oxidation
products of halo-ortho-xylene. The product halophthalic anhydrides (or
halophthalic acids which may  be-converted to halophthalic anhydrides)
maybe used. in processes to make various  types of aromatic  polyethers,
particularly  polyetherimides. In one embodiment a  product comprising
4-chl6rophthalic anhydride (or a mixture thereof with 3 30 chlorophthalic
anhydride) may be reacted with at least one  diamine to prepare -9 23 July
2004 WO 01/38282  PCTIUSOO31971 bis(chlorophthalimide)  compounds which can
serve as monomer for p olyetherimide  synthesis. For example,
polyetherimides are conveniently prepared by the reaction of  salts of
dihydroxyaromatic compounds, such as a bisphenol A disodium salt, with
bis(halophthaiimides)  as illustrated by
1,3.~bis[N-(4-chlorophthaiimido)lbenzene, 5 which has the structure
According to US Patents 5,229,482 and 5,830,974, the preparation of
aromatic polyethers may be conducted i.n solution in relatively non-polar
solvents,  using a phase transfer catalyst which is substantially stable
under the temperature 10 conditions employed. Solvents disclosed in
5,229,482 include o-dichlorobenzene,  dichlorotoluene,
1,2,4-tichlorobenzene and diphenyl sulfone. In 5,830,974,  



monoalkoxybenzenes such as anisola, diphenylether, or phenetole are
employed.  Solvents of the same types may be used for the preparation of
bis(halophthalimide)  intermediates, particularly bis(chlorophthalir, ide)
intermediates, for polyetherimides, 15 The reaction of diacnine  with
4-halophthalic  anhydride (or a mixture  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  4chlorophihalic anhydride (or a
mixture thereof with 3-chlorophthalic anhydride) in the presence of any
phthalic 20 anhydride arising from ortho-xylene oxidation n=ay produce
trace amounts of the  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. -10 23 July 2004   WO Ol/38282  PCT/USOO/31971  The process of
the present invention may be performed in batch mode  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-xylen e  or to increase conversion of
halo-toluic  acid, or both. Embodiments of the invention are illustrated by
the following  non-limiting examples. When amounts are specified, they
apply to the originally  incorporated components rather than those
remaining after any reaction: Analytical 10 samples in each example were
quenched with  bis(trimethylsilyl)trifluoroacetamide,  diluted with
tetrahydrofvran,  and analyzed by gas chromatography versus an internal
standard- Sample component concentrations, including remaining
halo-ortho-xylene  starting material, were determined using response
factors that were measured using  authentic compounds. Although results are
reported for chlorophthalic acid, it is to be 15- understood that the
sample may have contained at least some chlorophthalic  anhydride before.
quenching and derivatization. EXAMPLES 1-34 Oxidation reactions were
performed at 100` . and 3447  kilopascats  using 28% oxygen-enriched air
and 2 molar ortho-chloro-xvlene (referred to 20 hereinafter as "4CIOX  in
glacial acetic acid-in the presence of 0.5 mole .% cobalt  (II) acetate
hexahydrate and 0.5 mole % manganese (III) acetate  dihydrate, both based 



on ortho-chloro-xylene. ' Different promoters were included in the reaction
mixture at  either I mole % or 10 mole % based on ortho-chloro-xytene . The
promoters used  were N-hydroxyphthalimid e (hereinafter referred to as
NHPI),  4chloro-N  25 hydroxyphthalimide (4CINHPI),  , phthalimide'  (PI),
N-hydroxyethylphthalimide   (NHEPI),  and N-hydroxymethylphthalimide
methylbenzaldehyde  (4CMB). The reactions were  run for 100 minutes
before-sampling. Duplicate reactions were run in every case. A 30 control
reaction run for 60 minutes under the same conditions except without added
-I I WO 01/38282 23 July 2004  PCTIUS00131971 promoter and using 5 molar
concentration of4C1OX  gave. no detectable .atnounts of  diacid. Analytical
results are shown in Table 1. TABLE I 8NHII`~II(10)1005.3 9NHMPI
(10)89:94.2 10NHMPI (10)90.54.4 .11NHMPI (10)91.85.3 12NHMPI 1096.38.5-
13PL-98.59-8 14PI (10)96.27.1 15CPHA (10)'97.623.3 16CPHA 1010025.4 17NHPI
(1)100-32.1 18NHPI (1).10033.5 194CINHPI 1100.32.8 204CINHPI (1)10038.8.
21NHSi 1100. 30.5 22NHSI (1)10030.4- 23NHMi (1)97.414.1 24M M.97:816:0
25.NHMPI (1).97.7.14.2. Example Promoter (mole %)4CJOX  Conversion% Yield
Diacid   I NHPI (.10)10024.6 2 ' NHPI 10.10030.9 3 4CINHPI 1010035.8 



4 4CINHPI (10)100,35.3 5 NHSIz (I010040.3 6 NHSI .1010041.3 7 NHMI
10100.5.1 26NHMPI I0015.7 27N MPI 110015.3 28NHMPI I10016.0 29PI 198.514.6
30PI 1100 '.15.3 31CPHA 1.98.621.7 32CPHA (1)98.026.6 334CMB I100'32.4*
344CMB (1)100,.38.4* *corrected for any product arising from, oxidation of
promoter    4 -12 23 July 2004  WO 01138282 PCT/US00/31971  EXAMPLES 35-76
Oxidation reactions were performed at 150C and 344 kilopascals  using 28%
oxygen-enriched air and 2 molar 4CIOX  in glacial acetic acid in the
presence of 0.5 mole % cobalt. source and 0.5 mole % manganese source, both
based 5 on ortho-chlaio-xylene:  Temperature and pressure were controlled
to remain  relatively constant throughout the reaction., The promoter NHPI
was included in the  reaction mixture at 1 mole .% based on
ortho-chloro-xylene. The reactions were run  for 120 minutes before
sampling. The catalyst sources used were manganese (III).  acetate,
manganese (II) acetate,  manganese.(IU) h exafluoroacetylacetonate
trihydrate, 10. manganese (III) ace'tylacetonate , manganese (II)
acetylacetonate, manganese  dichloride tetrahydrate, manganese dibromde
cobalt dibromide  exahydrate, cobalt  dichloride, cobalt (H) acetate,
cobalt (II) acetylacetonat e, cobalt (III) acetylacetonate,  and cobalt (U)
hexafluoroacetylacetonate Duplicate reactions were run in every case:
Analytical results are shown in Table 2. The,catalyst  combinations of
manganese (II)  15 acetate with cobalt (U acetate; cobalt (II)
cetylacetanate;, cobalt (III) acetylacetonate;   and cobalt (II)
hexafluoroacetylacetonate gave greater than 80%  



conversion of 4CIOX in'th  presence of promoter bu no'detectable amounts of
diacid  oxidation products under these conditions. 0 . 20 25 -I3 23 July
2004 WO 01/38282 TABLE 2 ExampleManganeseCobalt sourcesource 35acetate
3dibromide 36.acetate)3dibromide 37(acetate)3dibromide . 38acetate
3dibromide 39.(acetate )3dichloride 40acetate 3dichloride 41-acetate
3dichloride 42acetate)3 dichloride 43(acetate )3 (acetate)2. 44 (acetate)3
. acetate 2 45 (acetate)2 (acetate)3 (acetate )3 46 acetate 2. 47 (acetate
p acac 2 48 (ace-tate)3 acac)2 49 acetate)3 (acac)2 _ 50. acetate 3 . acac
2 51 acetate 3 Hl~-acac 2 52 '- acetate 3 acac 2 53 acetate 2 dibromide 54
acetate 2 dibromide 55 acetate 2 dibromide 56 acetate 2 dibromide 



57 (acetate )2 dichloride 58 acetate)2 dichloride 59 acetat, 2 dichloride
60 (acetate)2 dichloride 61 (HF-acac)2 dibromide 62 (HF-acac)2 dibromide 63
acac 2 dibromide 64 c)2 dibromide 65 acac 3 dibromide 66' acac 3 dibromide
67 dichloride dibromide- 68 dichloride dibromide 69 dibromide dibromide 70
dibromide dibromide 71 (acetate)3- dibromide 72 acetate 3 dibromide 73*
icolinate)2 . dibromide 74* (picolinate)3 dibromide. 75* Br(acac)2
'dibromide 76* none dibromide + (picolinate)2  PCTIUS00131971 Promoter
mole % none none' I none none 1 none none  1 1 none none 1 



none none none none I 1 1 1 1 none none -none none  4C1OX  Conversion 100
100 100 100  65.4 59.9 94.3 . 100 15.1 12.2  94.6 .96.8' 28:9 19.6 94.3
100  83.0 83.8 100 100 100 100 



54.2 56.4 95.0 95.9 100 100 .100 100 100.. 100 100 100 100 100 100 100 .
100 100 100 100 12.9  11.0  100  '100  100  100  100  100  100  100  100
100 100.  100  50.1  22.9 - 100  



34.2 -14-. 23 July 2004  WO 01/38282 PCT/US00/31971  * sample taken at 60
minutes EXAMPLES 77-83 Oxidation reactions were performed at 150C and 3447
kilopascals  using 28% oygen- nriched air. and 2 molar 4CIOX in glacial
acetic acid in the 5 presence of 0.5. mole %. cobalt source or of manganese
source or of each, both based  on ortho-chloro-xylene..Various  promoters
were included in the reaction mixture at  0.5 mole % based on ortho-chloro
xylene. The promoters used were  tetraethylammonium  bromide,
tetrabutylammonium bromide, and  sodiurri bromide.  Temperature and.
pressure were controlled to remain relatively constant 'throughout 10 the
reaction. The reactions were run for 60 minutes before sampling. Analytical
results' are shown in Table 3. TABLE 3 Manganese"CobaltPromoter 4CIOX.
Example sourcesourceConversion 77(acetate )3(acetate )2none0
78(acetate)3noneNaBr. 6.7 79acetate 3(acetate )2NaBr100 80acetate
3noneTEAB12.4- .81acetate 3(acetate )2TEAB ...100. . 82acetate
3noneTBAB.10.6- 83(acetate)3(acetate)2TBAB100 EXAMPLES 84-93 % Yield
Diacid 100  0 87.6 0 95.5 15 Oxidation reactions were performed at 150.C
and 3447 kilopascals  using 28% oxygen-enriched air and 2 molar  4CIOX in
glacial acetic acid in the  



presence of 0.5. mole % cobalt source or of manganese source or of each,
both based  on ortho-chlbro-xylene .  A third metal compound was included
in the reaction mixture  at 0.5 mole'%    based on ortho- chloro-xylene.
The third metal. compounds-. used were 20 iron (H) bromide, iron (11)
chloride, manganese (11) bromide, manganese (I1) chloride,  cobalt (II)
chloride; cobalt (II) bromide, copper (1) bromide, and copper (II) bromide.
Temperature and pressure were controlled to remain relatively constant
throughout -15 23 July 2004 WO 01/38282 PCTIUSOO/31971 the reaction. The
reactions were run for 60 minutes before sampling. Promoters and
analytical results are shown in Table 4. TABLE 4 Example,Manganese Cobalt
3d metal 4C1OX % Yield sourcesourcecompoundConversionDiacid  84(acetate
PnoneFeBr211.50 85(acetate )3noneMnBr2-26.5'0- 86acetate 3(acetate
)2FeCl214.90 87acetate 3acetate 2 .MnBr2 '10095.0 88(acetate) 3(acetate
)2MnC1242.00 89acetate 3(acetate )2. FeBr210064.6 90(acetate)3(acetate )2.
CbC1284.1,6.9 91acetate 3(acetate )2CoBr2100100 92(acetate )3(acetate
)2CuBr-.89.29.1.. 93(acetate )3(acetate )2CuBr281.6 .'6.2 5 . EXAMPLES
94.96 : A 450 cubic centimeter Hastalloy C Parr reactor equipped with a
magnetically coupled stir impeller, a cooling coil, a pressure transducer,
a  thermocouple, a sample dip tube, and a gas inlet valve was changed with
chioro ortho-xylene (7.03 grams [g]; 50 millimoles  [mrnol] ), cobalt (II)
bromide hexahydrate  10 (81.5 milligrams [mg]; 0.25 mmol)  manganese (III)
acetate dehydrate (67 mg; 0.25 mmol), and glacial acetic acid (50 g).
N-hydroxyphthalimide (0.815 g; 5  mrnol)  



promoter was added either initially or after the reaction had reached about
50%  conversion of chloro -ortho-xylene. The reactor was bolted shut and
charged with  compressed nitrogen to give a pressure of 4826 kilopascals,
then with 30% oxygen 15 . enriched air to give.a pressure, of
68941dlopascal  The reactor was brought to a  .temperature in a range
between. about 110C and 150C and was sampled over time to  measure reaction
progress. In examples which involved drying or late addition of  promoter
the reaction mixture was cooled for 10=15 minutes by passing water through
the cooling coil, and then vented before opening. Afterwards, the reaction
mixture 20 was repressurized and heated to previous-conditions. 4 I -16 WO
01/38282 23 July 2004   PCT/USOO131971 FIGURE 1 is a graph showing
normalized mole % reaction mixture  composition versus time for an
oxidation reaction comprising 4-chloro -ortho-xylene  substrate (Example
94) run at 150C 'using 30% oxygen enriched air with NHPI   Promoter added
after conversion to product mixture .had reached about 50% (about 2 5 hours
from beginning of reaction. under these conditions), wherein the reaction
mixture was dried before addition of promoter. Drying was performed by
distillation.  The reaction was continued under heating and pressure of
oxygen source. The final  conversion to product mixture was greater than
95% at 2.5 hours from beginning of  reaction. 10. FIGURE 2 is a graph
showing normalized mole % reaction mixture  composition versus time for an
oxidation reaction comprising 4-chloro-ortho-xylene  substrate (Example 95)
run at 150C using'30%  oxygen enriched air with promoter  added after
conversion to product mixture'had  reached about 50% (about 2 hours  from
beginning of reaction under these conditions), wherein the reaction mixture
was 15 not dried before addition of promoter. The final conversion to
product mixture. was  greater than about 95%at 2.5 hours from beginning of
reaction. FIGURE 3 is a graph showing normalized mole % reaction mixture
composition versus time for an oxidation reaction comprising
4-chloro-ortho-xylene .  substrate (Example 96) run at 150C using 30%
oxygen enriched air with promoter 20. added initially. The final conversion
to product mixture was less than about 70% at 4  hours from beginning of
reaction. While typical embodiments have been set forth. fur the purpose of



illustration, the foregoing descriptions and examples should not be deemed
to be a  limitation on the scope of the invention. Accordingly, various
modifications,, 25 . adaptations, and alternatives may occur to one skilled
in the art without departing  from the spirit and scope. of the present
invention. 23 July 2004 WHAT IS CLAIMED IS: 1. A method for oxidizing a
substrate comprising at least one halo-  .ortho-xylene  which comprises
combining the substrate in a solvent with at least one  .metal catalyst-and
heating in the presence of an oxygen source to produce a product  mixture,
wherein any effective amount of at least one promoter selected from the
group  consisting of (i) phtizalimide , 4-chlaro-phthalimide, -3-chloro-
phhalimide,  d ichloro- phtbalirnide.  N byaroxyethylphllwlimide ,
N-hydroxymethylphthalimide;  (u') N. hydroxyphthalimi  4- chloro-N
hydroxyphthalimi  3- hloro- N-hydroxyphthaiimide , dichioxo-
N-bydroxyphthalimide, 4- bmmo-N 10 hydroxyphthalimide , 3-bromo-N-bydro  c
yphthalimide, d ibrornaN  hydroxypbthalimide , N-hydroxymaleimide,  N
hydroxysuccinimide;  27carboxyetlLanehydxoxami c acid, 2-carboxye t
enehydroxamic acid, 2-carboxyphenyibydmxamic-acids  of formula 1: H  0
andriis0-4 ;  (R OH wherein each R is independently halogen,  chloro or
bromo; or alkyl, (rv)  substituted benzaldehyde  of the formula (II) :  v
wherein R1 is alkyl and each R2 is independently Mogen, eblord or  20
bromo; or alkyl, and n. is 0-4; _}g 23 July 2004 (v) ammonium halides,
ammonium chlorides, ammonium bromides,  phosphoniw n halides, phosphonium
chlorides, phosphoaium  bromides; (vi) guanidinium  halides, guanidinium
chlorides, guanidinium  bromides; and 



5 (vii) alkali metal halides, alkali metal chlorides, and alkali metal
bromides. is added to the reaction mixture after the reaction has reached a
35- 65010 conversion to product mixture 2. The method of claim 1 wherein
the substrate comprises chloro- 10 oztho-xylene or fluoro-ortho xylene. 3.
The method of claim I wherein the substrate further comprises at  least one
bal -toluic acid. 4. The method of claim 3 wherein the halo-toluic acid
comprises at  least one chlorotohuc acid. . 1 S 5_ The method ofalainm 1
wherein the solvent comprises acetic acid- 6. The method of claim -1
wherein the at least one metal catalyst comprises at least one compound of
cobalt. 7. The method of claim 6 wherein the at least one metal catalyst
further  comprises at least one metal compound containing a metal selected
from the group 20 consisting of manganese, 'van', copper, vanadium, and
molybdenum. 8. The method of claim 7 in which the molar ratio of
halo-ortho- kylene  substrate to the at least one metal catalyst is in a
range of 20-600 ;1. 9. The method of claim 1 wherein the at least one
promoter is selected  from the group consisting of .N-hydroxyphtbalimide,
4-cb1oro N  hydroxyphtbalimxde,  25 3-ebloro-N-
hy&axyghthalimide,*dicb1orn-N-1ydroxyphthalimide, N hydroxymaleimide,N
ydroxysuccinimide, 2-c arboxypheny1hydroxamic acid, 4-' -19 23 July 2004 17
The method of claim 14 in which the molar  ratio'of 4- chlora  artho- .
xylene  substrate tothe. at least one metal catalyst is in a range of about
50-300: L 18. The method of- claiim 12 in which the xectien nn i jum  is
heated-to a  fiemperatur e in -9 range of  between 100C and 23m at pressure
in a range of between 130 and 8300 kiilopascals.  chloro-2-meti2ylbenzaWifc
, teiragfliylauliYtonittII i b[ Orilide;'tet7ai~~lntiit0l11uui  bromide}
and sodium bmmiide . 10, Them,etliod  Qf  CIatin  I in which the reaction
mixture is heated to a  teinperat  i  3 a:xauge  of betweer1100C and_23 0C
at pressure in:a range of between .:10 5 . 1300 aiid   8300 kilopascals.
11. The method of claim I wherein . thepraduct-mixture comprises
halo-phttiaiic acid or Itsla-phthalicai  hydride. 



12. A method according to claim I for oxidizing a substrate comprising
4-ehlora-artlio 4yletie which comprises combining c hlaro of o- xykne in
acetic acid - = solvent withat_leas t one metal catalyst which is a
metalconmpound comprising cobalt,  and heating in the presence of an oxygen
source to produce a product mixture  comprising 4-e1'Iorophthalic  -acid or
4-ehloropbthaiic anhydride. I-3_ he-iiiethod-ofclaixu  t2 wherein tine
substrate further comprises 3- chloro-0xt4o-xylene  15 14. The method Of
claim 12 wherein tine _substrate further comprises  chibrotoluic  acid. 15.
The method of claim 12 wherein the substrate further comprises
botly.3--chkrn-oi#im-x}rleiic  and.chlerotoloic   acid. 16. The method of
claim 12: wherein the at least one metal catalyst  20 : futher comprises at
least one inelal compound containing a metal selected from the  group
consisting of manganese, lino, and copper: 23 July 2004 19. A method
according to-claim lfor  producing a product mixture  -comprising
4-chlorophdWic  acid or 4-chlorophtha1ic '  anhydride:which   coziiprises
oxidizing a substrate Comprising 4--chloro-ord t -xyiez i; optionally in
the presence of  chlarotoluia acid, which comprises the steps of 5)
combining substrate in acetic acid solvent with at least. one metal =
-catalyst comprising cobal  in a range of between-100C and 230C at pressure
in a xange ast one metal Catalystis  -in a range of 80-250. 1 lU  _ (ii)
adding, a8e r thc.coityeasion to product mixture has reached 3- -- 65'(c),
an effective amount of at least one promoter selected from the group
consisting  of N-hydroxyphthalimidc,  4-ch o  o N h dio   ypbthalunidc, 3-
Chlaro-N -hydroacypbtha1uukLe ,. dicldor -N-hydxox  hthalirmde, N
hydroxymaleimide, N- hydroxysucciaimide , 2Lcarboxyphenylhydroxami acid,
4chloro  2 15 methylbeuzaldehyde , tetraethylammonium  bromide, tem
butylammonium bromide,  and sodiurnbmmidc  heating the reaction mixture
under pressure  ofoxygeu source to  .i.0creme,conversion to product
mixture' '.and -20 (iV  isolating product comprising 4chlorophtbalic acid
or 4 du of ophths  lie auhyddid e. 20. The method of claim 19 wherein the
substrate further comprises 3-chloro-ortho- xylene. 21 


