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Liquid phase oxidation, using a cobalt/manganese/bromine catalyst system and a
carboxylic acid solvent, has also been applied to halogenated xylene with some
success. The oxidation of the halogenated xylene is more difficult than the oxidation
of xylene due to presence of a halogen, which is an electron withdrawing substituent,
on the benzene ring. The greater difficulty in oxidation results in a lower reaction
selectivity and a larger amount of partial oxidation and side products than seen in the
liquid phase oxidation of xylene under similar conditions. Additionally, halogenated
phthalic acid is difficult to separate from the partial oxidation and side products, even
by distillation. Thus it is clear that in order for a method of liquid phase oxidation of
halogenated xylene to be commercially successful the reaction yield and the reaction
selectivity must be very high. Optimally, for a useful commercial process, the
reaction selectivity should be high enough to result in only negligible amounts of
partial oxidation and side products thus removing the need for isolation of

halophthalic acid.
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In another embodiment, a method for the manufacture of halophthalic anhydride
éomprises forming a reaction mixture comprising a mixture of about 7 to about 3 parts
by weight of acetic acid to 1 part by weight of a halo-ortho-xylene, about 0.25 to about
2 mole percent, based on said halo-ortho-xylene, of a cobalt source, about 0.1 to about
1 mole percent, based on said halo-ortho-xylene, of a manganese source, about 0.01 to
about 0.1 mole percent, based on said halo-ortho-xylene, of a source of a metal
selected from zirconium, hafnium and mixtures thereof, and about 0.02 to about 0.1
mole percent, based on said halo-ortho-xylene, of a bromide source; maintaining said
reaction mixture at a pressure of at least about 1600 Kpa and at a temperature of about
130°C to about 200°C; introducing a molecular oxygen containing gas to the reaction
mixture at a rate of at least about 0.5 normal m® of gas/kg of halo-ortho-xylene for a
time sufficient to provide at least about 90 percent conversion of said halo-ortho-
xylene to halophthalic acid with less than about 600 parts per million (ppm) of
halophthalide; removing the acetic acid and any water formed as a result of the
reaction by distillation; and dehydrating the halophthalic acid to form halophthalic
anhydride.
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of acetic acid to 1 part by weight of a halo-ortho-xylene, about 0.8 to about 1.2 mole
percent, based on said halo-ortho-xylene, of cobalt acetate or cobalt acetate hydrate,
about 0.4 to about 0.6 mole percent, based on said halo-ortho-xylene, of manganese
acetate or manganese acetate hydrate, about 0.04 to about 0.06 mole percent, based on
said halo-ortho-xylene, of zirconium acetate or zirconium acetate hydrate, less than
about 0.04 mole percent, based on said halo-ortho-xylene, of sodium bromide;
maintaining said reaction mixture at a pressure of at least about 1600 Kpa and at a
temperature of about 130°C to about 200°C; introducing a molecular oxygen
containing gas to said reaction mixture at a rate of at least about 0.5 normal m’ of
gas/kg of halo-ortho-xylene in the reaction mixture for a time sufficient to provide at
least about 90 percent conversion of said halo-ortho-xylene to halophthalic acid,;
removing the acetic acid and any water formed as a result of the reaction by

distillation; separating the water from the acetic acid and recycling the acetic acid; and

dehydrating the halophthalic acid to form halophthalic anhydride.

In another embodiment, a method for the manufacture of polyetherimide comprises

forming a reaction mixture comprising a mixture of about 7 to about 3 parts by weight
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wherein X is a halogen; and reacting bis(halophthalimide) (II) with an alkali metal salt

of a dihydroxy substituted aromatic hydrocarbon having the formula (1V)
OH-A%OH (IV)
wherein A? is a divalent aromatic hydrocarbon radical to form the polyetherimide.

DETAILED DESCRIPTION

A method for the manufacture of halophthalic acid comprises forming a reaction
mixture comprising a mixture of about 7 to about 3 parts by weight of acetic acid to 1
part by weight of a halo-ortho-xylene, about 0.25 to about 2 mole percent, based on

the halo-ortho-xylene, of a cobalt source, about 0.1 to about 1 mole percent, based on
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anhydride is
Using the method for manufacture of halophthalic acid and anhydride described
herein, the high yield synthesis of high purity halophthalic acid and anhydride is
possible on a scale employing hundreds of kilograms of halo-ortho-xylene by liquid
phase oxidation in the presence of about 0.25 to about 2 mole percent (mol%) of a
cobalt source, about 0.1 to about 1 mol% of a manganese source, about 0.01 to about
0.1 mol% of a source of a metal selected from zirconium, hafnium and mixtures
thereof, and about 0.02 to about 0.1 mol% of a bromide source. Applicants have
discovered that in large scale liquid phase oxidations employing halo-ortho-xylene the
amount of bromide can have a significant impact on the amount of impurities present
in the final product. The use of decreasing molar percentages of bromide result in a
product, either halophthalic acid or anhydride, with a decreased level of impurities
such as halophthalide. While the reasons for this phenomenon are not clearly
understood it is contemplated that even lower levels of bromide, molar percentages
less than about 0.02, may be useful in producing high purity halophthalic acid or
anhydride in even larger scale liquid phase oxidations such as those employing

thousands of kilograms of halo-ortho-xylene.

Halo-ortho-xylene suitable for use in the oxidation has the structure (I1V)
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about 3 PgLif&HYhe art. In general, acetic acid with a water content of up to about 3 percent
may be employed. Typically the acetic acid is present in an amount of 7 to 3 parts by
weight to 1 part by weight of halo-ortho-xylene. Preferably the acetic acid is present
in an amount of 5 to 3 parts by weight to 1 part by weight of halo-ortho-xylene.

Suitable molecular oxygen containing gases include gases or combinations of gases
which are a source of molecular oxygen (O;), for example, 100% oxygen and
mixtures of oxygen with inert gas with a sufficient concentration of oxygen to effect
oxidation. Sufficient oxygen concentrations typically are greater than or equal to
about 6% oxygen, preferably greater than or equal to about 15%, more preferably
greater than or equal to about 20%. Clearly mixtures with greater than or equal to
about 50% oxygen may also be used. As will be appreciated by one of skill in the art,
the concentration of oxygen may affect the rate of the reaction. A preferred molecular

oxygen containing gas is air.

Useful cobalt, manganese, bromine, zirconium, and hafnium sources are those sources
which are soluble in acetic acid. As to the cobalt, manganese, zirconium or hafnium
sources these include the metals themselves or any of their salts, complexes or
compounds. These include, but are not limited to, acetates, citrates, stearates,
napthenates, acetylacetonates, benzoylacetonates, carbonates, sulfates, bromides,

chlorides, fluorides, nitrates, hydroxides, alkoxides, nitrides, triflates, hydrates of the
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The manganese source is present in amounts of about 0.1 to about 1 mol%.
Preferably, the manganese source is present in an amount of less than or equal to
about 0.6 mol%. Additionally, it is also preferable for the manganese source to be
present in an amount greater than or equal to about 0.3 mol%, more preferably greater
than or equal to about 0.4 mol%. In a particularly preferred embodiment, the

manganese source is present in an amount of about 0.5 mol%.

The bromide source is generally present in amounts of about 0.02 to about 0.1 mol%.
Preferably, the amount of the bromide source is less than or equal to 0.8 mol%, more
preferably less than or equal to about 0.5 mol%, even more preferably less than or

equal to 0.4 mol%, and most preferably less than or equal to 0.3 mol%.

The zirconium source, hafnium source or mixture thereof is generally present in
amounts of about 0.01 to about 0.1 mol%. Preferably, the zirconium source, hafnium
source or mixture thereof is present in an amount less than or equal to about 0.06
mol%. Additionally it is also preferable for, the zirconium source, hafnium source or

mixture thereof to be present in an amount greater than or equal to about 0.03 mol%,
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are based on the anount of hal o-ortho-xylene present at the begi nning of
the reaction. The cobalt source is generally present in anounts of about
0.25 to awouws/o27mpl % Preferably, the cobalt source is pPezdarsp3/iTi@n
amount of |less than about 1.2 mol% In addition, it is also preferable for
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the art. Useful flow rates are typically greater than or equal to 0.5 normal cubic meter
(m*)/hour per kilogram (kg) of halo-ortho-xylene and preferably greater than or equal
to 1.0 normal cubic meter (m’)hour per kilogram (kg) of halo-ortho-xylene. A
normal cubic meter is defined as cubic meter under standard temperature and pressure
condition. Preferably the reaction mixture is agitated using standard methods such as
mechanical stirring. The flow of molecular oxygen containing gas is continued until
at least about 90% of halo-ortho-xylene has been converted to halophthalic acid,
preferably until greater than 95% has been converted. The amount of conversion
achieved in the reaction can readily be determined through the use of gas
chromatography, mass spectrometry or other methods known in the art. In our
experience, amount of time required to reach 90% conversion of halo-ortho-xylene is

about 3 to about 6 hours.

Additionally, the method to manufacture halophthalic acid or anhydride may include
the optional step of monitoring the oxygen concentration of the off gas. When the
oxygen concentration of the off gas exceeds about 3% by volume that signals a
slowing of the reaction. Once the oxygen concentration of the off gas exceeds about

3% by volume the flow of the molecular oxygen containing gas may be modified so as
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ort ho-xyl ene; the cobalt source; the manganese source; the brom ne source;
and the zirconium source, hafnium source or m xture thereof, in acetic
acid in awp@awmsi’on vessel. The reaction vessel is establ iPEraOR07486
pressure of greater than about 1 600 Kpa at the desired tenperature. The
tenperature of the reaction is typically about 130C to about 200C,
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cont ai ni nfhOAsdified PR dm&@cmatdxlyge@&odtﬁaﬁg g@pma& 12 %eonhAheRr @il BO- Xyl ene
has been converted to hal ophthalic acid, preferably until greater than 95%

has been leasvaboue 0% 1eé hatoorthogyleoe nhasr Béeon conusHed iedhalpphthalicr egiét i on can
readi | yngqrfgragofyy ?Pﬂlegre%t%% h(l; 39% Ghad eer fctgl)gvenedc h?ﬁé@}n%gﬁf’iQPXOn%Fssfén

spectro own 11t n"our “experience, anount
of tinme reaive@dint ¢hd easdiof 08anc aeadlys bendatrniiatd-thrdulgh- el ase Jdfs gaabout 3
to about 6 hours. Additionally, the nethod to manufacture hal ophthalic acid
or anhydr‘ih(ﬂ‘émﬁ‘ﬁgraphblmﬁ?éSPQCH@mSEY PHA%Er BEBRdLkNaYEHingtBE g t he oxygen

concentration of the off gas. Wen the oxygen concentration of the off gas

exceeds aRaut thdeddiol ALAREs ﬁq@%‘ém?édgl@@él%f%om%'l Whn@leqlfaléphaqan@aawrﬁay Once
t he oxygen concentration of the off gas exceeds about 3% by vol ure the

fl ow of tbrercroncesliasalralaphylipdin acsiherdiatonighadia sinhedridse Meni 4ipdidatsnms guch 8
as pharmaceutical applications and polymer synthesis require halophthalic acid and
halophthalic anhydride with a high degree of purity. Such high degree of purity may
be achieved by the method described herein. In fact, halophthalic acid and
halophthalic anhydride containing less than about 600 ppm of halophthalide,
preferably less than about 500 ppm of halophthalide, and more preferably less than
about 400 ppm of halophthalide is readily achievable. Additionally, chlorophthalic
acid and chlorophthalic anhydride containing less than about 1% by weight of phthalic
anhydride and chlorobenzoic acid may also be achieved. Chlorotoluic acids and

dichlorophthalic acids are typically not detected.

Most of the acetic acid as well as water produced in the reaction can be removed by
distillation at approximately atmospheric pressure, typically by heating to about 200°C
at 200 Kpa. The acetic acid and water are removed as a vapor and condensed. The
water may then be removed from the acetic acid and the acetic acid may be recycled.
Some dehydration of the halophthalic acid to form halophthalic anhydride may occur
simultaneously with the removal of acetic acid and water. Furthermore, the removal

of acetic acid and water may be combined with dehydration to form a single step.
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hal ophthal it acid and hal ophthalic anhydride containing | ess than about
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hal opht hal i and re eferably | ess than about 400 ppm of
hal opht haﬁﬁ@“i“é‘“?éﬁ&g‘i‘w%t:hi evabl e. Additionally, chlorophthalic acid and

chl oropht hal i ¢ anhydri de containing | ess than about [|% by wei ght of
pht halic anhydri@e and chl orobenzoic acid may al so be achi eved.

Chl or ot ol ui c.agid6 and i orophthalic acids are typically not detected.
Most of the i Nagtd a Il as ter produced in the reaction can be
renoved by~ | ati op—a jroxinmately atnospheric pressure, typically

by heating to abogt 20 at 200 Kpa. The acetic acid and water are renoved
as a vapor and condensed. The

wherein Y is a divalent alkylene, cycloalkylene, or arylene moiety and X is a halogen.

The bis(4-halophthalimide) wherein Y is a 1,3-phenyl group (II) is particularly useful.

O O
o, .
X X
O )

Bis(halophthalimide)s (I) and (II) are typically formed by the condensation of amines,
e.g., 1,3-diaminobenzene with anhydrides, e.g., 4-halophthalic anhydride (I1I):

)
O
X
)

Polyetherimides may be synthesized by the reaction of the bis(halophthalimide) with

()

an alkali metal salt of a dihydroxy substituted aromatic hydrocarbon in the presence or
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water may then be renoved fromthe acetic acid and the acetic acid nmay be
recycled. Sone dehydration of the halophthalic acid to form hal ophthalic
anhydri devoayg/ogogur  si nul taneously with the renoval of aeetriusoaei4th and
wat er. Furthernore, the renoval of acetic acid and water may be conbi ned
W th dehydration to forma single step. 9 WO 03/082791 PCT/ US03/ 07416

Dehydratign.is & .agé‘ltrla%f?fgpé’h@alglﬂe rqBbabY fhasdirsitdrdr! cf’a‘dlﬁ% M@}E’cﬁ%crl]deééﬁ ygm at an

el evated tenperature allow ng dehydration and isol ation o
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i mul t usly. hy.d i I b i ed b h i cal
Feact i ons AT XKARRRIE S ¢Bels P BtpToindings pte Btiins e SrpiiadWEn: “ai ¢ n
acetic anhydride. After distillation the hal ophthalic anhydride is

typically(ﬁ;ggm@ﬁ{tggn about 95 percent, preferably greater than about 97
percent, and nDst( r'eferably greater than about 99 percent pure.

Hal opht hal i ¢ anhydrides of high purity are used in the synthesis of

pol yet her ivit@m A& ihi ghvane@arengicredidcagbopl radichic . SiPpbkeA herdiciisdieslude e hi gh

heat engineerin? plastics having a variety of uses. One route for the
synt hesi smophegylepet RephicRylaRs Hf obwBEY1§1ss ctighbis BidipethHarhsakiens| Sﬁ’i‘de)

having. . ¢ bl AhdOUHOBr SREUGHYT Sl ol Yo Y Yk ladadfch 1ty gfhOctherei n ¥

is a diva cycl oa ene, or arylene noiety an & is a
hal ogen. fofmaldind(.8- Patrad. HA17#38e) wherein Y is a 1, 3-phenyl group (I1)
is particularly useful. OOJO NN (Il) XX O OBis(halophthalimde)s (1)

and (11 typj.cal |y f d by th d ti f 1 , .g.,
13- i ami A6 AR R O S hal Ophthal Tc amhydride (111): 0
ANQA ()

wherein each of A* and A is a monocyclic divalent aromatic hydrocarbon radical and
Q is a bridging hydrocarbon radical in which one or two atoms separate A’ from A*.
The free valence bonds in formula (V) are usually in the meta or para positions of A
and A* in relation to Y. A’ and A* may be substituted phenylene or hydrocarbon-
substituted derivative thereof, illustrative substituents (one or more) being alkyl and
alkenyl. Unsubstituted phenylene radicals are preferred. Both A’ and A* are
preferably p-phenylene, although both may be o- or m-phenylene or one o- or m-

phenylene and the other p-phenylene.

The bridging radical, Q, is one in which one or two atoms, preferably one, separate A’
from A®. Illustrative radicals of this type are methylene, cyclohexylmethylene, 2-
(2,2,1)-bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene,
cyclohexylidene, and adamantylidene. The preferred radical of formula (IV) is 2,2-
bis(4-phenylene)propane radical which is derived from bisphenol A and in which Q is

isopropylidene and A* and A? are each p-phenylene.

It is clear to one of ordinary skill in the art that any impurities present in the
halophthalic anhydride will be carried through to subsequent steps in the

polyetherimide synthesis. The presence of significant levels of impurities in
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X0 0 (Ill') Polyetherimdes may be synthesized by the reaction of the

bi s(hal ophthalimde) with an alkali netal salt of a dihydroxy substituted
aronmat i ¢ Wodsogdasbon in the presence or 10 WD 03/ 082791 PETTWS0841A76116
absence of phase transfer catal yst. Suitable phase transfer catal ysts are
disclosed in U S Patent No. 5,229,482, which is herein incorporated by

r ef er encesubSetjueabiteps dh mteifens withuhsytridaeidn and oalst disbyldreeab diesfiianc| ude
t hose havin he formula (1V) O+ A2-CH (IV) wherein A2 is a dival ent

aromat i c Prpdriceelpdhenimgiecal . Suitabl e A2 radicals include m phenylene,
p- phenyl ene, 4, 4'-biphenyl ene, 4,4'-bi(3,5-dinethyl)phenyl ene, 2, 3-

bi s(4- phepyl . - S] o i such as those disclosed by
nane or Ifmg %%gs%%gaﬁhéggﬁ@r?ﬁdl{%édEﬁgélfgéh%8 The A2 radical preferably

has the formula (V) _A3-QA4- (V) wherein each of A3 and A4 is a
monocycl i Thalinventemt is durtreatliustritgd by ther foawimedicnaimimg ex@npkes.a bri dgi ng
hydr ocarbon radi cal in which one or two atons separate A3 from A4. The

free vale inh formula (V) are usually in the nmeta or para positions
of A3 angﬁiﬁwg$éﬁ;ti on to Y. A3 and A4 may be substituted phenyl ene or

hydr ocar bon- substituted derivative thereof, illustrative substituents (one
or nore) hed RgoAatdty kcaditkactat 4¥Nygrams JnsGIsinbL) v eblopherlyd-gylend @dhizalrs ar e

b “or m pHEAIEAR iof CUe GRS BRI LAT e e e R pRea§ e, The.
o 9,19 BA0hF e 0y, DSERAfl g ) CL25aly e,
cycl ohexymapgdngbe aeetat@ tetrahydrate, 1.0g (0.06 mol%) zirconium acetate solution, 4.3 g
(1.5 mol%) sodium acetate and varying amounts of sodium bromide were combined.
The reactor was filled with nitrogen, pressurized to 1900 KPa and heated to about
160°C. Air was then introduced to the reactor through a dip tube. Initially, the off gas
oxygen concentration was greater than 0 but less than 1 percent. The reaction mixture
was agitated throughout the reaction time. After about 3 hours the oxygen
concentration of the off gas increased to greater than 3 percent. The flow of air was
stopped. Air diluted with nitrogen so as to have an off gas oxygen concentration of
about 5 percent was introduced to the reactor and the temperature of the reactor was
increased to about 190°C. The flow of diluted air continued for about 1 to 3 hours.
Chlorophthalic acid was determined to be present in an amount of 25 wt% based on
the total weight of the reaction mixture. The majority of water formed by the reaction
and the acetic acid were removed under atmospheric distillation. The chlorophthalic
acid was dehydrated and any residual water and acetic acid were removed under heat
and reduced pressure to form chlorophthalic anhydride. Chlorophthalic anhydride was
separated from the catalyst by distillation under vacuum at distillation temperatures
near 170°C. The isolated chlorophthalic acid was analyzed by gas chromatography.

Results are shown in Table 1.

Table 1.

Example | NaBr mol% | Amount of Chlorophthalides produced

12



(2,2,1)-
cycl ohex

the hal
the pol
i mpuriti
interfer
pr oduct,
ref erenc
non-lim
grans (g

3-chl or oF

bi cycl
yl i dene,

ohept yl met hyl ene,
and adamantyl i dene.
is 2,2- bwe(drgidtenyl ene) propane radi cal
and in which Qis
clear to one of ordinary skil

et hyl ene,
The p

i sopropylidene,
referred radical

whi ch is derived fcorushs/ephenol
i sopropylidene and A3 and A4 are each p-phenyl ene.
in the art that any inpurities present

neopent yl i dene,
of formula (1V)
A
It is
in

opht hal
yet heri n
es in |

c anhydrid

de synt he
WO 03/ 08

bwigl | be carrie
5is. The presenc
P791 PCT/ US03/ 07

e of significant
116 subsequent

dp@hrough to sub

sequent steps in
| evel s of
st eps can

erwWith p
pol yet hq
e, The |

Dl Yyer 1 zat
prim de.
hvention i

Al

pr7and cause di
| patents cited
5 further illust

Semjoor at T on of 1t

ated hy the fal

are herein inco

e final
r por at ed by
ow ng

L2 fig exa
(3.5 m

PI28s.
ﬂ) of cm

EXJ

NVRBES 1-5 In a
Dr 0- or t ho- xyl ene

(a mxture of

a¥r atory scale

react or 492
about 30%

S S
LkLIIU')\

b X Vo WA | [ |
U770 4= CIITU

rtho=—xytene)

, 19259 of

IJ< d.IIU
,b§4 8. 7g
Anganese a

0433 g (
bre conbi n¢
ﬂﬂ I(D:\ ah

to the reactor thP&bh a d
concentrption wa$ greater

m xture Wagy, Lt 8d

aceti c ac¢
09 of m
sl ut i on
rom de W

acetate tetra
ate, |.Qg (0. 06
a0®t at e and var

was filled with
160C Al r

\ADC
E"A"AA

%350t0he of f gas

igbﬁglwa of coba

cetate tetrahydr
LoZ6mol 99 sodi um
ed. The reactor
 _heatedto—about
B3§ube Initial
than O but less than 1 percent. [The reaction
oughout the reactron tine. After about 3 hours the
oxygen concehtration the off gas increased to greater than 3 percent.
The flow of air was stopped. Air diluted with nitrogen so as to have an
of f gas oAyganbesasodytexamplen 1o, chlszlxmlmhagc pahyskide withsvarnsmald ameunts of t he
react or erat e, §9 t or. was ncrease 190C.
The flow %}ﬁor(??ﬁi]}fﬂe or?f?i‘i‘u Pof or Or'attoryl S?ale’ ﬁ%wever qhé %ﬂ%gggr%t hal i c
aci d was ﬁ@hﬁdéﬁe@@ﬂed@gb@td@m&ﬁﬁn@S indlan anount of 25 wt % based on

gl aci al

(0.5 nol
acetate
sodiumb
pressuri

hydrate, 4.3g
nol 99 zirconi um
yi ng amounts of
ni trogen,

t hen i ntroduced
oxygen

EXAMPLES 6-10

In a pilot scale reaction 200 kilograms (kg) of chloro-ortho-xylene (a mixture of 3-
chloro-ortho-xylene and 4-chloro-ortho-xylene), 780 kg of acetic acid, 3.5 kg (1.0 mol
%) cobalt acetate tetrahydrate, 1.75 kg (0.5 mol %) manganese acetate tetrahydrate,
0.4 kg (0.05 mol %) zirconium acetate solution, 1.75 kg (1.5 mol %) sodium acetate
and varying amounts of sodium bromide were combined. The amount of sodium
bromide was varied by example as shown in Table 2. The reactor was filled with
nitrogen, pressurized to 1900 Kpa and heated to about 160°C. Air was introduced to
the reactor through a dip tube at a flow rate gradually increasing to 200 normal m’/h.
Initially, the off gas oxygen concentration was greater than 0 but less than 1 percent.
The reaction mixture was agitated throughout the reaction time. After about 1 hour,
the reaction temperature was increased to 175° C. After about 3 hours the off gas
oxygen concentration increased to greater than 3 percent. The air flow was stopped.
Air diluted with nitrogen so as to have an off gas oxygen concentration of about 5
percent was introduced into the reactor and the temperature of the reactor was

increased to 190°C. The flow of diluted air was continued for about 3 hours. Final
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the total weight of the reaction mxture. The majority of water formed by
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and 4- chl gitglyargyhasiiitRmednder §actigh af daeifihtich aedpdratded nkgr (70°C. NThe %N

cobalt acetate tetrah%‘/d_rate 1.75 kg (0.5 nol 9% nanganese acetate

t et r ahydr eleted abloroRhfhgle aysl vwas amayzed by as ghroraiesnhY s Resglisgie shows kg (1.5

nmol 9% soqliweafet ate and varying anmounts of sodi um brom de were conbi ned.
of sO

The anmount dium brom de was varied by exanple as shown in Table 2.
The reactor was filled with
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ni trogen, pressurized to 1900 Kpa and heated to about 160C. Air was
introduced to the reactor through a dip tube at a flow rate gradual ly

i ncreasi yotos/00B normal m/h. Initially, the off gas oxygensSevementrati on
was greater than O but less than 1 percent. The reaction m xture was
agitated throughout the reaction tinme. After about 1 hour, the reaction

t enper at ufgwas increased to 175 C. After about 3 hours the off gas oxygen
concentration I ncreased to greater than 3 percent. The air flow was
stopped. Air diluted with nitrogen so as to have an off gas oxygen
concent r aEkanplef |ANaBut 5 pémoemt s Chiorepdithedides nt o the reactor and the
tenperat ure of the reactor |was, increased to 190C. | The flow of diluted air
was cont | nued f of agg t 3 hBIWFinal 13 WO 03/0B2791 PCT/ US03/ 07416

wei ght of the reagy’/ycontents was consi stent w th| high conversions of
chloro-ot xylene|based on thwtgpsorpti opp@f 3 noles of 02 to generate the
diacid apd two npl es of ter. The majority of water fornmed by the
reactionland thelacetic aciid were renpved under at nospheric distillation.
The chl of 8pht hal i|d-%ci d was Sdehydr at ed| 4400 any repi dual water and acetic
acid were renoved under heat and reduceéd pressure to formchlorophthalic
anhydri dezx ChiorgghgmarTc Rydrde Was,ggparated fromthe catalyst by
distillation unde¢r vacuum at distillation tenperatures near 170C. The

i sol atedjchl orophthalic aciid was analyzed by gas chromat ography. Results
are shown8*in Tablod02. 14 W01Q3/ 082791 | PZIU US03/ 07416 Table 2. Exanple
NaBr Anount of Chl orophthalji des produ¢ed nmol % (Mm% ppm 6* 1.02 5.4

>4000 9 0.03 0.02 200

10 0.02 0.03 300

*comparative examples

As can be seen in the preceding examples it is possible to produce chlorophthalic
anhydride with very low levels of chlorophthalide in reactions on a large scale. The
overall purity of the chlorophthalic acid produced in Examples 9 and 10 was greater

than 98%.
EXAMPLE 11

In a laboratory scale reactor 40 grams (g) (284 millimole (mmol)) of chloro-ortho-
xylene (a mixture of about 30% 3-chloro-ortho-xylene and about 70% 4-chloro-ortho-
xylene), 160g of glacial acetic acid, 567 milligrams (mg) (0.8 mol%) of cobalt acetate
tetrahydrate, 349 mg (0.5 mol%) of manganese acetate tetrahydrate, 9.1 mg (0.06
mol%) zirconium acetate solution, and 91 mg of 30% solution by weight of hydrogen
bromide in acetic acid were combined. The reactor was filled with nitrogen,
pressurized to 1900 KPa and heated to about 160°C. Air was then introduced to the
reactor through a dip tube. Initially, the off gas oxygen concentration was greater than
0 but less than 1 percent. The reaction mixture was agitated throughout the reaction

time. After 1 hour at 160°C the temperature was increased to about 175°C. After

15



7* 0.14 0.24 2400 8* 0.10 0.12 1200 9 0.03 0.02 200 10 0.02 0.03 300
*conparative exanples As can be seen in the preceding exanples it is
possi bl e wo opiogxdeice chl orophthalic anhydride with very | earisigiaiof

chl orophthalide in reactions on a | arge scale. The overall purity of the
chl orophthalic acid produced in Exanples 9 and 10 was greater than 98%

EXAMPLE 1adout 3 Rourgie Gi)ﬁgeﬁ SRddrRratiBRGI Qhe 49f insaﬁ%reﬁﬁﬁd (02§14at€} khanmp! e
(mmol )) of chloro-ortho-" xylene (a m xture of about 30%

3I chl olr 0- pareers- X dloav efrair w@@aqoprm% Airchilugadowish nifepgen yo emey haveemgrlbt
t f
gl aci al agg éfyﬁggcgﬁceﬁg;@ﬂmf ér@a?t Wi ﬁltrggl%cé%i 8 th%?%% o a%‘aethé‘t e

t et rahydr e nganese ace drate,

(0.06 m{e%pezdmr@%ﬁ HOreeeral & ﬁmdagddom atsgnd 190°010 Tok ﬁ&%omixmddomr by
wei ght of hydr brom de in acetic acid were conbined. The reactor was

filled wie qntlﬂw@g égrenbout pr ésSubewed The 1Q0UOKPXIFR] We aanetyzed bablénid 160C.
AT was t rom'aﬂ)t gﬁ?&l%‘%ﬁ)d t.{)9as fofdt A ‘ tﬁe %?&95‘183%1 Pﬁlé %@ Jn{udt\!vﬁ‘llll y, the

of f gas oxygen 'on was grea er t ess ot han 1 percent .
The react yiend madxmnﬁtymlsa@m}airaﬂe tdtheughhsibf Exeenpleacti on tine. After 1
hour at 160C the tenperature was increased to about 175C. After 15 WO

03/082791_PCT/ US03/ 16 aboyt 3 hqurs the ox n cgoncentration of the off
gas increHsi®d 1§ @thaéeff’r W%W?@t“rﬁéﬁu@ﬁ?p hl‘\ar\’é %%\ﬁnﬁfafgw?“%ée%f%%ed Air
di | uted whéBinNighd AEANyERA tﬁﬁlswﬁlgﬁ%&m ha%ﬁth@zwg@m mﬁﬁw@&u@n of
about 5 percent was introduced to the reactor and the enperature of the

r eact or vva@ssmhtpealsletgetagalab@mlomgm(bundmés pf&wlp@“ammqfdtaédo@hq-xyl@mby nued for
about 1t

oot L BaBAEE A B RS e RS IR A N Bt

formed W tdurce, about 0.1 to about 1 mol% of a manganese source, about 0.01 to about 0.1
mol% of a source of a metal selected from zirconium, hafnium and mixtures thereof,
and about 0.02 to about 0.1 mol% of a bromide source. Applicants have discovered
that in large scale liquid phase oxidations employing halo-ortho-xylene the amount of
bromide can have a significant impact on the amount of impurities present in the final
product. The use of decreasing molar percentages of bromide result in either
halophthalic acid or anhydride with a decreased level of impurities such as
halophthalide. While the reasons for this phenomenon are not clearly understood it is
contemplated that even lower levels of bromide, molar percentages less than about
0.02, may be useful in producing high purity halophthalic acid or anhydride in even

larger scale liquid phase oxidations such as those employing thousands of kilograms

of halo-ortho-xylene.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited to the

particular embodiment disclosed as the best mode contemplated for carrying out this

16



yield and inpurity |evels conparable to the results of Exanple 2. Using the
nmet hod for manufacture of hal ophthalic acid and anhydri de descri bed

her ei n, twe obgg19yi el d synt hesi s of high purity hal opht halPct/uses/er4and
anhydride is possible on a |large scal e enploying hundreds of kil ograns of

hal o- ort ho-xyl ene by |iquid phase oxidation in the presence of about O0.25
to about g.omle 8t ampﬂ{\%nn&?%ﬂ %c]@@%ﬁten%oﬁlé&téﬁﬂﬂ{g \!wtﬁmlt}% &opd
manganese sourcé, about 1 out : % of a source of a netal

sel ect ed of thmappandediclaims. haf ni um and nlxtures thereof, and about 0.02 to
about 0.1 nol % of a brom de source. Applicants have discovered that in

| arge scal e |iquid phase oxidations enpl oyi ng hal o-ortho-xyl ene the anpunt
of brom de can have a significant inpact on the amount of inpurities
present in the final product. The use of decreasing nolar percentages of
brom de result in either halophthalic acid or anhydride with a decreased

| evel of inpurities such as halophthalide. While the reasons for this
phenonenon are not clearly understood it is contenplated that even | ower

| evel s of brom de, nolar percentages |ess than about 0.02, may be useful
in producing high purity halophthalic acid or anhydride in even |arger
scale liquid phase oxidations such as those enpl oyi ng thousands of

kil ograns of hal o-ortho-xylene. Wile the invention has been descri bed
with reference to a preferred enbodinent, it wll be understood by those
skilled in the art that various changes may be nade and equival ents may be
substituted for elenents thereof w thout departing fromthe scope of the
invention. In addition, many nodifications may be nmade to adapt a
particular situation or material to the teachings of the invention w thout
departing fromessential scope thereof. Therefore, it is intended that the
invention not be limted to the particular enbodi nent disclosed as the
best node contenplated for carrying out this 16 WO 03/082791

PCT/ US03/ 07416 invention, but that the invention will include al

enbodi nents falling within the scope of the appended cl ai ns.
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17 WD 03/082791 PCT/US03/ 07416 CLAIMS WHAT IS CLAIMED IS: 1. A nethod for
t he manufacture of halophthalic acid conprising: formng a reaction

m xture cwopsigi7ag: a m xture of about 7 to about 3 part sPoy/uses/giate of
acetic acid to | part by weight of a halo-ortho-xylene, about 0.25 to
about 2 nole percent, based on said hal o-ortho-xylene, of a cobalt source,
about 0.1 to about | nole percent, ppagdson said hal o-ortho-xylene, of a
manganese source, about 0.01 to about 0.1 nole percent, based on said

hal o- ort ho- xyl ene, of a source of a netal selected from zirconium hafnium
and m xt uMHATHE(defIMBEBAB: 0.02 to about 0.1 nole percent, based on said
hal o- ort ho- xyl ene, of a source of brom de; maintaining said reaction

T XUre 24, & REESS SR bbb RS ARANACAB BRATG,al @ tenperature of

about 130 Introducing a nol ecul a gen containing gas to
said reaction mxture at a rate of at |east about 0.5 normal nB8 of gas/kg
of hal o- oférhongy teantori mixgaiedompasingon m xture for a tine sufficient to

provi de at | east about 90 percent conversion of said hal o-ortho- xylene to

hal opht hal i c._acid,. 2. e qmethod of C aim | erein_introducin nol ecul ar
oxygen coﬁtn%f?‘ﬁ\rﬁﬁf ghout ;g%f‘g&rt AN W’&lépuorfeac%lrce%fd;%o QRa‘g%}g”eeﬁg‘ é%ﬁ? ai ni ng
of f gas amglosild-BHa@gen containing off gas oxygen concentration is |ess
t han about one percent by volune of said off gas and further conprising

mai ntai ning said introduction of said npl ecul af oxygen _contai ning, gas
until theabdut 2% ©@Peen’ dﬁﬂem@a&i@ﬁe%ﬁee%tﬂshﬁewﬁwwb@rec@ @ w’gltvol ure

of said off,gas and nodifying the introduction of said nolecular oxygen

about 0.1 to about 1 mole percent, based on said halo-ortho-xylene, of a manganese

source,

about 0.01 to about 0.1 mole percent, based on said halo-ortho-xylene, of a source of a

metal selected from zirconium, hafnium and mixtures thereof,

about 0.02 to about 0.1 mole percent, based on said halo-ortho-xylene, of a source of

bromide;

maintaining said reaction mixture at a pressure of at least about 1600 Kpa and at a

temperature of about 130°C to about 200°C;

introducing a molecular oxygen containing gas to said reaction mixture at a rate of at
least about 0.5 normal m’ of gas/kg of halo-ortho-xylene in said reaction mixture for a
time sufficient to provide at least about 90 percent conversion of said halo-ortho-

xylene to halophthalic acid.

2. The method of Claim 1 wherein introducing a molecular oxygen containing gas
said reaction mixture creates an oxygen containing off gas and said oxygen containing
off gas oxygen concentration is less than about one percent by volume of said off gas
and further comprising maintaining said introduction of said molecular oxygen
containing gas until the off gas oxygen concentration exceeds about 3 percent by
volume of said off gas and modifying the introduction of said molecular oxygen

18



18 WO 03/082791 PCT/ US03/07416 containing gas so as to maintain the off
gas oxygen concentration at a concentration below about 5 percent by

vol une ofweaBaswbf gas and mai ntaining the nodified intredaatSosorsod sai d
nmol ecul ar oxygen containing gas for a tine sufficient to provide at |east
about 90 percent conversion of said hal o-ortho-xylene to hal ophthalic acid.

3. A et heshtdifingtdae soaR Wb amlinthia e ofRdRIXY e EdncamnhiidhiAe ABEtiatbNg .
formng a halophthalic acid by the nmethod of Clains | or 2; renmoving said

acetic achdowngboahy wercent b vaBincasf gaideafd) gasogndt maintaiping e mpydified

di stillation: . . : . . ‘ thal i
o St11 S ind APl SR IRMARIAD B o A5HHL Lanl Rk b qRp bl
hal opht hahtileasaabaht 90 pefeenteavdreiss of bed hglorihartytenges hatophthelic 4qxhm) of

hal opht hal i de 5. The nmethod of any of the preceding clains, wherein the
nmol ecul ar _oxygen .containin as h n. oxygen concentration.of . qgreater
than or edual MemodoBEhemangiay s of GalophBaNCARIASE comprising FEmiket eci ng
cl ai ms, WhApSitRallcRid®Y M6 Weiod i) UsMs CoHM;ai ning gas is air. 7. The method
of any of the preceding clainms, wherein the cobalt source, manganese

source, zirconiumor hafniumsource, and brom de source are soluble in
acetic acfenovig vHe astindgidopndiagy nyater paresi as pheeselo ] thessastion Bvnpri ses
cobal t acglaf ionC?Ipoalt napt henate, cobalt sulfate, cobalt acetyl acetonate,
cobalt benzoyl acétonate, cobalt brom de, cobalt carbonate, cobalt
chloride, cobalt fluoride, cobalt nitrate, cobalt stearate, or a hydrate
of one of d¢HydratiogegdihalppbthbBd tcid corfeomridsaphthalid hehydetdaod of C aim 7, wherein
t he manganese source conpri ses nmanganese acetate, manganese sul fate,

manganese, acetyl acetonat e anese,. brom.de, . manganese,carbonate
mamganese‘l'cﬁ.ﬁ%)r/rf’%éf’(tj ﬁﬁﬁ&'&’né’ggtﬂg | RISFAE © W&a‘ﬁ]éqsr%m%ﬁ'&iﬁa«]:\c,’p%g?a?'caa%gdr ate of
one of theorhpHiRg RisH thaABOQ PRES SerGRIMAUPES) of halophthalide

5. The method of any of the preceding claims, wherein the molecular oxygen
containing gas has an oxygen concentration of greater than or equal to about 6%

oxygen.

6. The method of any of the preceding claims, wherein the molecular oxygen

containing gas is air.

7. The method of any of the preceding claims, wherein the cobalt source, manganese

source, zirconium or hafnium source, and bromide source are soluble in acetic acid.

8. The method of Claim 7, wherein the cobalt source comprises cobalt acetate, cobalt
napthenate, cobalt sulfate, cobalt acetylacetonate, cobalt benzoylacetonate, cobalt
bromide, cobalt carbonate, cobalt chloride, cobalt fluoride, cobalt nitrate, cobalt

stearate, or a hydrate of one of the foregoing cobalt compounds.

9. The method of Claim 7, wherein the manganese source comprises manganese
acetate, manganese sulfate, manganese acetylacetonate, manganese bromide,
manganese carbonate, manganese chloride, manganese fluoride, manganese nitrate, or

a hydrate of one of the foregoing manganese compounds.
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19 WO 03/082791 PCT/ US03/07416 10. The nethod of Caim7, wherein the

zi rconi um source conprises zirconium acetate, zirconiumsulfate, zirconium
citrate, womgsosa7emm fl uori de, zirconi um hydroxi de, zirconPamuabkonide,
zirconium chloride, zirconiumbrom de, zirconium acetylacetonate, or a
hydrate of one of the foregoing zirconium conpounds. 11. The nethod of

daim?7, whersk e SPUEIERN Of, WREGhH Ui CARBRILSE SohtRl NotPris&NLRdrien haf ni um
broni de, hafnium fluoride, hafniumiodide, hafniumnitride, hafnium

sul fate, hedtate.unmconiufil sulfate, hiagamiwrmciiats, airegniem fhiohidelrzatceniom hydeoxade,t he

f oregoi ng_. haf.ni umlﬁ;(onrgounds. nll.gm Th rrgt hog. of .Cl ai m 7...Wherein.the
brom de sGUFERBonPFPEES prERTTHE" ﬁ@SP Gen BrW e, Poldea) A B e sal t
or an or gasit@adyierite]or a hdratthd oRebhod fereg@iny zREorilva cBimpeettisng cl ai ns,
wherein the anount of the cobalt source is about 0.5 to about 1.2 nole

percent, the anount of the nanganese source is__about 0.3 to about 0.6 nole
percent, theThadusthodof tGlain ofir whergin they togrieu At Safmuyn rgomarises halidid 0. 03 to

about 0. 0@, jzpLe gﬁﬂqﬁ@?ttgo%&r ehdiniuff FRIERYAL hQIfniLEgeio Rir %frﬁignbhf?ﬁhé?e s

| ess than or equ about 0.04 nol e percent, sed onh sal

hal o- or t hbafopine nelfatd, hafiiitve trrBatepkhfofumamyratef ot hbydateoddnagf tledorgoingher ei n

t he tenpe ure is greater than or equal to 160C. 15. The nethod of any of
t he preceE]i1 &‘I]&F%‘?“Pr%’,n erein the conversion of said halo- ortho-xylene to
hal ophthalic acid is 95 percent or greater. 16. The nmethod of any of the

precedi ng 12l aheBmethber & Tisa F, hahQeiar tHObrothid EsoutRNMPSmBESest Bidm3nd, somer ,
the 4-isonmer or a mxture of 3- and 4-isoners. 17. The nethod of any of the
pr ecedi nghydragersbroppds; ainpetaliramidecselt or ag peganis brempidel ed to  the reaction

m xture. 18. The method of any of the preceding clains wherein said

hal 0- ort hg3 xythengeth&i of BhPoP Y hliLedidd €ffins, APherein the amount of the cobalt

source is about 0.5 to about 1.2 mole percent, the amount of the manganese source is
about 0.3 to about 0.6 mole percent, the amount of the source of zirconium or hafnium
is about 0.03 to about 0.06 mole percent, wherein the amount of the source of bromide

is less than or equal to about 0.04 mole percent, based on said halo-ortho-xylene.

14. The method of any of the preceding claims, wherein the temperature is greater

than or equal to 160°C.

15. The method of any of the preceding claims, wherein the conversion of said halo-

ortho-xylene to halophthalic acid is 95 percent or greater.

16. The method of any of the preceding claims, wherein said halo-ortho-xylene

comprises the 3-isomer, the 4-isomer or a mixture of 3- and 4-isomers.

17. The method of any of the preceding claims, wherein said acetic acid is recycled to

the reaction mixture.

18. The method of any of the preceding claims wherein said halo-ortho-xylene is

chloro-ortho-xylene.
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WD 03/082791 PCT/ US03/07416 19. The nethod of Cains 2-18, further
conprising increasing the tenperature of the reaction mxture while
mai nt ai niwg oshg27ef f gas oxygen concentrati on bel ow about PCTASVZEnRtc by
vol ume. 20. A nethod for the manufacture of polyetherimde conprising
form ng hal ophthalic anhydride by the nmethod of Clainms 3-19; reacting said
hal opht hah ¢ c TR IddT AMhidy 21 8- fAL RARARARNAck&iI AL temperature of the
bi s(hal ophthalimde) (Il1) OOJONNax x OO (Il) wherein X is a hal ogen;
and react reagtin s{itateophilh alaintpiding the [0ff gast oxygan gpneghiratist b¢lowadbouiof a
di hydr oxy substti tut ed aromatic hydrocarbon having the formula (1V) OH A2
CH (I'V) wREFET r?yAVQ Y% a dival ent aromatic hydr ocarbon radical to formthe
pol yet herim de. 21

20. A method for the manufacture of polyetherimide comprising forming

halophthalic anhydride by the method of Claims 3-19;

reacting said halophthalic anhydride with [,3-diaminobenzene to form

bis(halophthalimide) (II)

O O
Lo
X X
O O (1D

wherein X is a halogen; and

reacting bis(halophthalimide) (IT) with an alkali metal salt of a dihydroxy substituted

aromatic hydrocarbon having the formula (1V)
OH-A*OH (IV)

wherein A? is a divalent aromatic hydrocarbon radical to form the polyetherimide.
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