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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 chiorination of phthalic acid as in Japanese patent applications
07258152 and 02129143. The latter chlorination process may produce polychlorinated
biphenyls (PCBs).

There 1s 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.
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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:

(1) combiming 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 100°C
and about 230°C 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

(i1) 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-
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xylene tither 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 (¢) a mixture of 4-halo- and
3-haio-ortho-xyle 1¢. 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-xy1_ene, 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)CH,],), vanadyl (IV) acetylacetonate, copper
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one netal catalyst is used in the present invention. The at
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 atmosp. .eric 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 80°C 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 100°C and about 230°C and

most preferably in a range of between about 150°C and about 180°C 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
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-3 2 2 JUN 2094 WO 01/38280 PCTIUSOO 31719 (1) acetate, nol ybdenyl (V)
acetyl acetonate (MO02[ C5H,0Z]), iron (I1) acetate, and m xtures thereof.
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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(halophthalimides) as illustrated by 1,3-bis[N-(4-chlorophthalimido)]benzene,

25 which has the structure -
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25 is heated to a tenperature in a range of between about 100C and about
230C and nost preferably in a range of between about 150C and about 180C
at atnospheric pressure. Catalysts suitable for use in the present
invention are typically poorly soluble in halo-ortho-xyl ehé@. JHoNer, as
pol ar oxidation internedi ates and products -4 2 2 JUN 2004 WO 01/ 38280
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aromati c pol yethers, par n«:ﬂeh@bhyfmhmebvhamihmogmaahclaﬂhﬁmae (@ahagdirent a

product conprisin alic,a or a mxture thereof 20 with
3-chl or opht'hal i 'g‘?'ﬁ'wg’rq Sﬁﬁ’ﬁl} i{@ﬁ%‘%@%&éﬁ RIFSeRee AL any aﬂBﬁ’él"y i ne to
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 3- bi sS[N-(4-ch] %y&)rpd}gtagg}rllg )‘t;)cp gy gn% oxidatz 10n may p(zz'cr)]durc]ea l"srac}e an%ountg gfctﬁ e -
15 mono-halo species, 1-N-(4-chlorophthalimido)-3-N-{phthalimido)benzene in addition
to 1,3-bis[N-(4-chlorophthalimido)jbenzene (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 mz vy be performed in batch mode

20 or as a semi-continuous or continuous process. [n 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 conveision 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 |

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 (II) acetate tetrahydrate, The
-6-



22 JUN 200% WO 01/ 38280 PCTI USOQ 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, wusing a phase transfer catal yst
which is substantially stable under the tenperature conditi §U§nﬁbpyed.
Sol vents disclosed in 5,229,482 include o-dichl orobenzene,

di chl orotol uene, I, 2,4-trichlorobenzene and di phenyl sulfone. In 5,830,974,
nonoal koxybenzenes such as ani sol e, diphenyl ether, or phenetole are

enpl oyed. Solvents of the sanme types nay be used for the preparation of

bi s(hal ophthal i m de) internediates, particularly bis(chlorophthalim de)

i nt er medi atreiiure was peigpesically stirefbat. 170%@ ancbercsigen gaowasicantinnensiy bubbled

4- hal opht h%h} Fﬁﬂﬂ%ﬂfx‘hﬂ@uélﬁ%? ﬁllﬁg“lﬁ%tfu%g at t@QfOUQSbJFﬁ' B@i%fgﬁmﬁ%fc

anhydri de) e pr esence %/ gl de ari si ng
or t ho- xyl eﬁéacélﬁp Yigld afdychlp @“@ﬁr‘ﬂ@ﬁh 37omditheyiekhef4al o speci es.

For exanpl ehldistohg@adiil oas 98. 7% wlf&smbrhstértﬁglr@it&mt hali ¢ anhydride (or a
m xture thereof with 3-chl oropht hal i ¢ anhydride) in the presence of any

phthalic anhydride arising fromortho-xylene oxidation may produce trace
anounts of the 15 nono-hal o speci es,

1-N- (4-chl AE@RWL% #do) 3- N (pht haI i m do) benzene in addition to

1, 3-bi s N-? orop hal i m do)] benzene (optionally in the presence of
3-chloro species). miesedureifexapplei lewasrgpeated eusepidhat dificrent-cotabysprer i n

r eaﬂ] ion vv'a{:rlh b re&ftlo?'tl?iﬁgwyﬁé’eﬁn'ﬁﬁé @ataﬁ ﬁééﬂ%rb maﬁgﬂlﬂé@%(ﬁ%ééé‘&tgea bat ch
synt hesi s r S 0 esent nven erfofned In batc
e 20" orl RanBleGRdIE e 4k BRRES B A S mﬁ&é@kﬁcq AR dhbodi ment

t he productasctafe; tdpper(X) adatated molwtaiehyIqW naetybaeichalepbeiton{y) acumaterKdyonal ]
means, suc ext.r i, Q | n anot her
enbodi nent q}ﬁém%r\se uct‘gﬂ?(grrggﬁthgpﬁ m’gg{m%ﬁ Eq[gf\?fm tc?@"é? %%d@ﬁécga)’faﬁlgt her

oxi dati on M@@@d@hydﬂéebﬁtﬁew&hgﬂmlféﬂrd@bmonﬂ'lablexlyI ene or to

i ncrease conversion of halo-toluic acid, or both. 25 The invention is
illustrated by the foll ow ng exanpl es. AII parts and percentages are by

wei ght . EXAMPL Bty 5Ottt —t-REee neck-flask-wele.pl aced 14. 1
grans (g) of 4- RArels b- o- nyf’é‘ne a AP-gphop Pll"ﬂ?ﬂ% pey—af—epbal t (I 1)
acetate tetrahydrateTTe—62"27 AT Xt e~ wasS— y stirred
at 170C and ox)ygers-0ds M"ﬁlﬂ}h&ﬂfﬂl MUotgg Y putip £d %] 33
3 Co (II) acetate + 64 174 59.6 21
Mn (IT) avetate
{I:1)
4 Co (II) acetate + 107 36.4 33.4 0.5
Mn {II) acetate
{1:1}
5 Vanadyl (IV) 72 4 4890 6.5
acetate
6 Vanadyl (IV) 96 325 473 1.5
acetate
7 Cu {I) acetats 76 0.3 45.0 19.6
8 Molybdenyl (V1) 111 8.7 300 - 10.0
acetylacetonate
9 Fe (II) acetate 70 12.3 22 22,1

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.



through the m xture 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 ségr‘}ui ng. .
material . EXAMPLES 2-7 The procedure of exanple 1 was repeate eycglﬂlf t hat
different catalysts and different reaction tinmes were used. The catal ysts
used were nmanganese(ll) acetate; a 1:1 (nole/nole) m xture of
manganese(ll) acetate and cobalt(I1) acetate; vanadyl acetate; copper(l)
acet ate; nolybdenyl (VI) acetylacetonate; or iron(ll) acetate. Key

products were 4-chl orophthalic anhydride(4-ClPA), chlorotoluic

aci d( Cl TAci@d)AIMSd chl or ot ol ual dehyde(Cl TAl dehyde). The results are shown
in Tabl e 1. Exanpl eCat al yst ReactionYield % tinme hra. 4-Cl PACI TAci dCl TAl deh

de 2M acetate6614. 1,58. £ + -

6417. 459. 623 1:1_Co( Ijil'.?‘a%‘gr%‘g? g&+"("l“£l%’ﬁ§?’%f‘?§“§f:ee 05‘%%411 @e"’g& %B%S?hﬁ¥°i 5\t

yl (1) 7221thezyless whigh eqnaprises combiging the/substale m the absense of sqlyend ovoy £1)

acet at e760.83diBoRt ¥ith a8 Mostyoind ereydl catdiyst didligailBe1c0d @npeStwe yh acdnggaf e
between about 100°C and about 230°C 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



9Fe 1 acetate7012.332.222.1 Wiile typical enbodi ments have been set forth
for the purpose of illustration, the foregoing descriptions and exanpl es
shoul d not be deened to be a limtation on the scope of the invention. -7
2 2 JUN 2004 CLAIMS 1. A nethod for oxidizing a substrate conp? 2sdUig 20t

| east one nonohal o- ortho-xyl ene which conprises conbining the substrate in
t he absence of solvent or pronoter with at | east one netal catalyst and
heating to a tenperature in a range of between about 100C and about 230C
in the presence of an oxygen source to produce a product m xture, wherein
the substrate is oxidized in the liquid phase. 2. The nethod of claim1
wher ei n t hengalowlectedrfron theegroupmisstsg ofienbelianengsnedeaviradombedppate and
monohal o- t%él'yﬁdéi‘lﬁhfj an&roﬂ_ hﬁd%&th@o@cteﬁi Jékhﬂi'r@mvﬂ"ﬁﬁ 6&' Eéf'@ee?#ﬁ%ﬁf ?GO‘EC

conprises

nono uoQr.o- or .
e g B e APy e L
nonohal o- t slompsisigiddchleroplihaligrenitydrideandmanephlprofeduie peids Weerpwibheubstrate| ui ¢
acid conprllggﬁldmedlﬁﬂ@qiqumag@nochl orotoluic acid. 6. The nethod of claim
1 wherein the at | east one netal catalyst is a metal conmpound with a netal
selected fromthe group consi sting of cobalt, %anese vanadi um_copper,
nol ybdenum and iron.! Wﬂm@tq{@@l@flod’l’@%ﬂ@q Grate Rurthsecomprases Pat i o of
hal o-ortho-oh]dremho&tylmbrate. to the at | east one netal catalyst is in a
range of 20-500: 1. 8. The nethod of claim1l in vvhi ch the oxygen source is
nol ecul ar oxygen. 9. The net hod of claim1l in whi reaction mxture is
heated to the terrper]ér)t {hemzthodiof clape 19&?45@‘3‘%@%9( ?l her pRrERESEe. 10, A
nmet hod f or moenadhloretglua sidst rat e conpri sing 4-chl oro-ortho-xylene which
conprises conbining the substrate in the absence of sol vent or pronoter

\\SVIU}\IhZSE) 4 | east one rrelt'flll"hg %te%o% of cYmunclIa wlisereain rTl!xae: sulbstrzg rcl,lq cgynégsegbo% 22
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(1l), 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 1s 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:

(1) 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



netal selected fromthe group consisting of cobalt, manganese, vanadi um
copper, nolybdenum and iron, and heating to a tenperature in a range of
bet ween about 100C and about 230C in the presence of nol ecul ar oxygen to
produce a product mxture conprising 4-chlorophthalic anhydpidgypgss
nmonochl orot ol uic acid, wherein the substrate is oxidized in the liquid
phase. 11. The nethod of claim 10 wherein the substrate further conprises
3- chloro-ortho-xylene. 12. The nethod of claim 10 wherein the substrate
further conprises nonochlorotoluic acid. 13. The nethod of claim10
wherein the substrate further conprises both 3-chloro-ortho-xylene and
nmonochl or othsiwéen ahoirdl 001d and Reoutr@8Grétatatmedphemne p@ssuine vdierein He molat xatiot one

net ?I | cat ?I df%%lbsltﬁtel t?%@?ttl%g Bﬁ?ﬂbt}ah@at%&lipin%@;ié% mupéo-ggm E’Eai%{i/?r
acetyl acet gnat e of, cobal,. .nanganese , vanadi um :

oty baamam Ptrein te aibe e SRR e HOPABRASP R )c VIR UL of
claim 14 in whi ch t hdibrisplgting pradyclofomprisingst-ehlerophthalix gnhsideideubst rate to
the at | east one netal catalyst is in a range of about 80-180: 1. 16. The
met hod of cl aim 10 | nlSW‘f'hg Ee&ﬂ?)% orf%ﬁ%hlﬁquéré(iyt'ﬁeesu'b&rﬂ m%i\sﬁneﬁr?s% 3;
tenperature within the range at atnospheric pressure. . hod T or

pr oduci ng émﬁﬂﬁﬂﬁ@@ﬂﬁﬁﬁﬁure conprising 4- chlorophthalic anhydride which
conprises oxidizing a substrate conprising 4-chloro- ortho-xyl ene,
optionally in the presence of nonochlorotoluic acid, which conprises the
steps of (i) conbining substrate in the absence of solvent or pronoter with
at least one netal catalyst which is a netal conpound with a netal

selected fromthe group consisting of cobalt, nanganese, vanadi um copper,
nol ybdenum and iron, and heating in the presence of nolecular oxygen to a
tenperature in a range of -9 2 2 JUN 2004 between about 100C and about 230C
at at nospheric pressure, wherein the nolar ratio of substrate to the at

| east one nmetal catalyst is in a range of about 80-180: 1, and wherein the
substrate is oxidized in the liquid phase; and (ii) isolating product
conprising 4-chlorophthalic anhydride. 18. The nethod of claim 17 wherein
the substrate further conprises 3- chloro-ortho-xyl ene.
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