2 0 SEP 2005 WO 03/08279.1 PCT/US03/07416 LI QU D PHASE OXI DATI ON OF
HALOGENATED ORTHO- XYLENES BACKGROUND OF | NVENTI ON This invention relates to
| i qui d phase oxidation of hal ogen substituted al kyl aronat ild StColififounds. I n

parti cul awo ofig279mnvention relates to |iquid phase oxidati @gTAfsofésss
ort ho-xyl ene to produce hal ophthalic acid which can be dehydrated to
produce hal ophthalic anhydride. Liquid phase oxidation has |ong been used

produce hal anhy . ong
i bor st has BOMID TS, R T O AR TEBRRTEREENERL Dl hat i

acid, especially the oxidation of para-xylene to terephthalic acid, which
is used BAGKGROINNOF NVENTHoNYybut yl ene terephthal ate. The |iquid phase
oxi dation of xylene to phthalic acid requires the use of a catalyst,

typically.a .cobalt/manganese/brom ne catal yst system and i eneral ly
por T or med TS iEVGOUPBARGIEY Lo N Phast GuFiay el eloseh Subitku(EE eloT aRaRGh al vt
Syst em MayoRodds MR R%idar! iR HARnGn rdateP 18 RhAdYHase O lafisn B haR0 um

haf niumor cerium Phthalic acid is an easily isolable solid, which can be
filtered oubo-sylenthdo rpradudeohalophthalic acid which pimbe deliydmtédomty paedusy a

cobal t/ mﬁ%gﬂﬁﬁaﬁl brngggr? 3 catal yst systemand a carboxylic acid solvent,

has al so Eﬁ "hal ogenated xylene with sonme success. The
oxi dation of the hal ogenated xylene is nore difficult than the oxidation

of xyl eneLihued piasporideneehaf loag BadrogR to pRidake diarbbx@iceseidsofondidng awi ng
substituent, on the benzene ring. The greater difficulty in oxidation
resul ts i herzenesweP! pastieularointerast hag beap; the oxiddgtien phdiguathyd bsozane 6xylengdt i al

oxi dati on Si-de.: pr - j i qui X [ i.on of

Wl ene. unpeEie S, o BRARETof BrkFiont IS BLRIRERREMARI T 201 o
is difficufdd inahsppainetien bf polybitglepandrephthalate d athediquid ghasedsxidgutiodoft s, even
by distillation. Thgﬁ‘ai.t i ngl ear .that in order, for a nmethod of |iquid
phase oxi §¥EMonof PhHRIGgesid edegiiteendhe o e @ mer catalysy dRicdbsral ¢ he

reaction yhehfnapdndseBromie ch@yst SRteRE and iid YerldHly JafFoMAEY inY gimally,
for a useful comrerci aIr pr.oce.sgf ?’ﬁe r eaét |¥eon sglpgctoﬁf tly sﬁég‘m}@be hi gh
enough t oagidselventisucload jcetie gtidgi Hieesatalystisstenpmay be augmented by the use of

a co-catalyst such as zirconium, hafnium or cerium. Phthalic acid is an easily isolable

solid, which can be filtered out of the reaction mixture.

Liqud phasc 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
selecuivity and a larger amount of partial oxidation and side products than seen in the
hguid phasc 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
sclectivity 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.



partial oxidation and side ' products thus renoving the need for isolation
of halophthalic acid. 1 20 SEP 2006 WO 03/082791 PCT/ US03/07116 SUMVARY
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conversion of the halo-ortho-xylene to halophthalic acid.

I_n another embodiment, a method for the manufacture of halophthalic anhydride
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 said halo-ortho-xylene, of a cobalt source, about 0.1 to about
I 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
halophthaiide; 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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nol e percent, based on said hal o-ortho-xylene, of zirconium acetate or
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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 0.8 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 dihvdroxy substituted aromatic hydrocarbon having the formula (IV)
OH-A"Ol (jv)

wherein A s a divalent aromatic hydrocarbon radical to form the polyetherimide.
DETAILED DESCRIPTION

A mcthod 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 |
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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XX OO0(Il) wherein X is a halogen; and reacting bis(hal ophthalim de)
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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 (IV)
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| arger scale liquid ase oxidations such as those enploying thousands of
ki | ograns of hal o-ortho-xyl ene. Hal o-ortho-xylene suitable for use in the
oxi dation has the structure (1V) 5 2 0 SEP 2006 WO 03/ 082791
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lower carboxylic acids may be employed, as readily appreciated by one of ordinary
skill in the 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 | 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, suilfates, bromides,

chlorides, fluorides, nitrates, hydroxides, alkoxides, nitrides, triflates, hydrates of the
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m xt ur es &F haped emthe gaionat offalg-ertherxylenp prase at thejbeginningcafithe reagiéance i s
! s POTE( _ .
oo ces oThd Lol SRR Fndlafly RERLETR Binbubl) SrIBASE09S o WBoly S iBPHINCSC

source isiIn I on state. br om de” sour ces
i ncl ude, Breferablg, thetcobalniduext is tpegseltr iarannanouny df legethah abeitde2 md1%. In

nmet al -bromde salt such as,sodi um brom de and., organic brom des. Exanpl es
of organi égcﬁ'r‘%'?ﬁ"(j'ésa?ﬁorﬁff:%&’é’?“t g’_ﬂ'rlggbf’ fetomETdo b@tﬂ_‘i%lem 1B ANt gfeﬁgPrex
broni de, {HaR"BHeQuaN toXaboit 0.5REEACand>bie SeferdbiPH éllﬁaﬁﬂﬁint FAEUhaR or

conprising at |east one of the organic brom des. e nol e percent (nol % of
t he cobal equahieGhous®8 moelbe ot isnpartiedlanly preferred for dhé amount of the cobalt

source to be about 1 mol%.

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 anmounts of about
0.25 to about 2 nol% Preferably, the cobalt source is pré§&ap 208 an

amount of wiegnsian about 1.2 mol % In addition, it is algo,pEkfshabl e for
the cobalt source to be present in an anount greater than or equal to

about 0.5 nol% and nore preferably in an anobunt greater than or equal to

about 0.8 9 ' [ I referred for the amount .of the cobalt
sour ce to"{g;gé é%géﬁ%bl#' %%ME%B%&"%%’%@@ RAffiFarty Bregwgve‘?ﬂ%qdf{“%@ﬁt s of
about 0. lzireonibnyburke,afiffum sSurkair ahikiure tHeeeolMSREDS th HPMH&t bf abdu@sent in
an anount gg)fétﬂlugas than or equal to about 0.6 nol% Additionally, it is

al so pref for the manganese source to be present in an anount
greater than or equal to about 0.3 nol% nore preferably greater than or

equal to BbaExdh &Bh% 4, M@ hBRphihatid & | halo?e
manganese sour}((:e ;Iﬂg rresegn’t I n ah gnﬁuﬁlhﬁﬁ%{)ﬁoag%g%%%mﬁé hgiroom' de
sour ce i sogemaylahd; the celsadintouree; dhourahganese ahiocd; the Bbnhine 3bmut; dhdltheol %

Pr ef er abl é}cthe anou .the bromnm de. sour is less than or equal to 0.8

nt, g e )
nol % nor 8TCYPMER éPﬁ'iﬁFyh?ffﬁ%“ SRYTEE AT ByKiure theregh ditacetic agd) o a deASHORpr e
pr ef er abl yesk&@S Tht R o veROLidlesthaBlihed af@é%&sxﬁ@?f é@ﬁ&r RhFhESRI6¥0 kf)ﬁs than
or equal to 0.3 nol % The zirconlium sourte, hafnfTum source or m xture
t her eof i@ thedesiradl tmporasentThertempemtun¢ of th redoton isdypitallycat@ool30°0.td ol %
pr esent 1 Hbesh A00G reEl FheH G0"Eqambon | ABourng. e REIHPALRET onal | y
it is als f ' [ y fniu r&e m xt ure
ther cof o pecur B8 TAC moldhfiof beAR MR £ is DR NHEER BB M o
mol % 7 & theShbie2@IA6 ox WEnODNEBRING 108 CFédUS0a 0Xyideh condininprdt gaalkhay gr eat er

than 0. 04 nfﬂl %, Ln a particul arI%é1 preferred empodi ment, the_  zirconium
source, hXFRly basipR OXygemegncentationaolalsss than 3% bynvolime aprefemhintesst about

gyogog! (r’{tihgg "R PEBY WMnR OCARS oxJRA EGHRRMINA! b A ofr FRY sy BE Oduced
determined by paramagnetic transduction oxygen analysis or other method known in
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 a reaction vessel. The reaction vessel is established at a
pressure of greater than about 1600 Kpa at the desired tenperature. The
tenperature of the reaction is typically about 130C to &P 28@80C,
preferably about 150C to about 170C, and nore preferably greater than

about 160C. WHg;@plecul ar oxygen containing gas is then jhjspssagd. The
flow of the nol ecul ar oxygen containing gas creates an oxygen containi ng

off gas that preferably has an oxygen concentration of |ess than 3% by
volume, prefghafatn lt})@%)?yéeﬁ F@a@grﬂaﬁ@&{)ofjt?(e &Y b QidWRboul 36, WXWARR. GRECENt ration

of the off gas max e eterm ned by paranmagnetic transduction oxygen
anal ysi s or rtheypplseiter oM RRA cPRaining gasmey bemeditind in seygral wexss Thee typical ly

greater thanm@écufflbdied &n@inﬁm&vr};@i By beCdiicd Wil b nert gam%z LD@\EcrRSE ki | ogram
(kg) of hal o-ortho-xyl ene and preferably greater than or equal to 1.0

nor mal cubi ©*¥BSPSPIERERLIoR Ay, the FBRleqular yss contgping fash thecloyy fafookPPene. A

nor mal cubi GndlRURF ok)‘igeﬁi%ﬁﬁtﬂiﬂﬁﬁagﬁs GRHY Ko BReBled URE Qbursd BNHRN Holb@Mper at ure and
pressure condition. Preferably the reaction mxture is agitated using

st andard neto¥er8 <RI SashBRK A SNBSS $% 2% iRy cmPlox 4 ImplgcHlpT QBYESBuUl ar oxygen

cont ai Ni Ng g3ftainfhg GAWIINI R et ERybén coBtentrRivhior ABRUetHAIMAY bd@hibifeat ho- xyl ene
has been converted to hal ophthalic aci referably until greater than 95%

] cid,  p
has been corf9af loaprintaindhegryeracorpenteasion af e o cashelawebart %nby YliReact i on can
readily be dekedddifieetow B moBEIArRYLES RoMiiniB@Sas ntal IHRABE OEHtiARANNtINRS S
spectronetry or ot hegrama{]hods Enoyn iF tpe art. I(g our experience, anount
of tine requfFed®b P&aeh heaortesryencshsnber Kavegeb e aloprise?dd  about 3
t o about 6 Hhpeeferably Adili greatoirathdny959% hes b&hhoflvehiad. NERUAAGINULE cdiabepht hal i ¢ aci d
or anhydride may .incl.ude the optiqnal s of ni t.oring the oxygen
concent r at i SRM&Ft He M6t eaag’g.ca\ﬂhéﬁgi%ebe gg%g'ﬁd Bk ¢ eagfeor??oifast he of f gas
exceeds abouhrodfsdgyapo massespécirametsy grroeHesmathods koawmig tiefartt he reacti on. Once
t he oxygen concentration of the off gas exceeds about 3% by volunme the

2, 'ngzgg 6t he ARk fUkRlioR Y deMne QBGR VRIS I8RpIBRN, BE naBS4iedcidhags 8 2 0

be recovered as halophthalic acid or halophthalic anhydride. Many applications such
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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WO 03/082791 PCT/ US03/07416 to maintain the oxygen concentration of the
of f gas bel ow about 5% by volune. The flow of the nol ecul ar oxygen
containing gas may be nodified in several ways. The nnlecghqy %gen
cont ai ni ngodRmsiMy be diluted with an inert gas so as to éﬁgg'ﬁ

oxygen concentration in the nol ecul ar oxygen contai ni ng gas ? ow rate
of the nolecular oxygen containing gas nay be decreased, the source of the

nol ecul ar en contai g e ed sp as to. enpl oy

nol ecul arDSI}XfE%H’" E&W&?‘?ﬁ a‘%‘ 'Z‘§"€\?H¥)hglé dl‘%&é OIhH RIGFE YagsHg 8h e Slei"étﬁdor t hese

met hods n@yhge ﬁatmrmlowsw da@d?ailohoarfmisma%n &m% BN g@%ﬁﬁ,&b&’fa@tﬁ&ﬂ of the
0

of f gas bel ow about y volunme. The nodifie ul ar oxygen
cont ai ni n@yg@giamiyg Bertie dgid mwaméuommsimaluanebm@stDallminatncﬁxompalso

hal d ht f bl
unt 11 Cgr o8k SAiER S B affRE hefRe FEasfidns el knoha o it sRbrd iitbercih
achi eved asntrémemea@tw&en@am,ydeﬂel | ARBe dHRNAIH ﬂi\eq]a[ggmuﬁe ahfRiriRGs Of gas

chr omat ogr aph ﬁ mass spectroretry or other methods khown in the art. After
t he reactypeally grsiates thancabgut 9y eercealy prefemhblyqrpdtet thamabau @ 7hetephtandl i ¢ aci d

may be r [ s hal o I|c cid or hal C id ny

appl i cat|'§§§ Sﬁ%ﬁﬂﬁ‘%gﬁg{?&ﬁ'ﬁg@@ cg’Jl PETSBH RUE %Egn'iﬂ‘dc Eﬂ?’&ﬁg %’5‘?1‘# esi s
require hairitpaichakd ¢n teisghthess omﬁilmmrhﬁidhca ﬁgﬁ'lﬁéﬁ%ﬂ%n&ﬂdﬁ;ﬁasﬂbgh degree of
purity. Such hi gh degree of purity may be achieved by the nmethod described
her ei n. n]p ﬁ phthalic acid and_  hal ophthalic anhydride containing

| ess t han"d¥ ?”’B ﬁfﬁrh’gh heat cRgIReIR NG Rigstics hrwinga xisty pEises: Pap retﬁeut 500

ppm of h

ol Opht hal’ s (V2HeRS of PSRRI PLovellt hrauBh ich Mol oMY HRARL 0L, o o

chIorophﬂhaﬁﬂbﬂmngydmnme(bonta|nlng | ess than about 1% by wei ght of

phthalic anhydride and chl orobenzoic acid nay al so be achi eved.

Chl or ot ol ui ¢ aci dg and di chl orophthalic acids are typically not detected.
aC|8)as wel | as water produced in the reaction can be

removed by U qpproxi matel y at nospheric pressure, typically

by heatin 00 Kp@d) The acetic acid and water are renoved

as a vapof and c.‘dens-‘. Xwat er may then be renoved fromthe acetic

acid and the acet

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 (1) is particularly useful.

O O
Cood, 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 (111):

O
O
jos
O
an

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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Some dehydration of the halophthalic acid to form hal ophthalic anhydride
may occur sinmultaneously with the renoval of acetic acid and water.
Furthernore, the renoval of acetic acid and water nay be Q@ndgPrgg, W t h

dehydrati gy §shym a single step. 9 2 0 SEP 2006 WO 03/015(%‘7 0.
PCT/ US03/ 07416 Dehydration is typically done thermally by i"zg"ﬁﬂ"?%{'i on

under vacuum at an elevated tenperature allow ng dehydration and isol ation

of the hal gght hal |,c1 anhydride from anbﬁ remai ning acetic acid and water to
occur si maPreRReOhENgse trammlra calelish Rulable shaseyeansizr catalysts e Bisclgtadein

cheni cal regcph@is N! 42590980 Wlich eSKer 5Ss'tn!c?%ﬂoéaredt Qf r@fe{]eg é(;g hrst%‘g‘ﬁ‘.%

treatment with acetic anhydride. After ation

anhydr i de dihydraxysubstithted graratierhydiarbmbs intchtls tise heving therfofraulalliM) gr eat er
than about 97 percent, and nost preferably greater than about 99 percent
pure. Hal ophthalic anhydrides of high purity are used in the synthesis of
pol yet her iQHad ~@HHiIYh heat engi neeri ng plastic. Polyetherimdes are high
heat engi neering plastics having a variety of uses. One route for the

Vi ng .+ HOFOR o AP oImE Pydroesmescion. %'pﬁé@% 1y radyas ot v s
a di val enty BhdwiRe p-peny RAL KMl L1Ephe§lek, yh%nft,.(gtyn& ghzikyﬁ a 2“?' ogen.

The bi s(4-hal oghthallmde) wherein YTis & 1,3
parti cul abisfd-p @fytﬁne)Pr@aDer(Ddl\lsnm(arIr)xdlca{s asach @s(fh&esdnhdbmdhb)habmm ate)s (1)

- i R B P T 0 el pnchai o anhyclri de (111): o

The A? radical preferably has the formula (V)
ARQA (v

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®. lllustrative 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 carmried through to subsequent steps in the

polyetherimide synthesis. The presence of significant levels of impurities in
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X0 JO4 0 (I'l'l) Polyetherimdes may be synthesized by the reaction of the
bi s(hal ophthalimde) with an alkali netal salt of a dihydroxy substituted

aromati ¢ hydrocarbon in the presence or 10 2 0 SEP 2006 WD 03/082791

PCT/ US03/ 07416 absence of phase transfer catal yst. Suitable phase transfer
catal ysts are disclosed in U S. Patent No. 5,229,482, MMJHPEQ Umfreln

I ncorporated by reference. Suitable dihydroxy substltute ; né

hydr ocar bonsyé iidsede t hose having the formula (1V) CH—@%EQE Yk wherein
A2 is a divalent aromatic hydrocarbon radical. Suitable ra dlcals i ncl ude

m phenyl ene, p-phenyl ene, 4, 4'-Dbiphenyl ene, 4,4'-bi(3,5-di nethyl)phenyl ene,

2,3- bis(4- pﬁfﬂﬁﬁﬁﬁéﬂﬂﬁéﬂ@k%ﬁﬁeﬁﬂdth%lﬁﬂeﬂiat:ﬁﬁdﬂd&@bs‘é duiétaioh of BRIMaldi scl osed
by nane or in U Pat ent No. 4,217,438. The A2 radical preferably

has the fordﬁ? CKV?yﬂhm’ 5%} (V) wherein each of Al and Adis a
nonocyclic divalent aromatic hydrocarbon radical and Qis a bridging

hydr ocar bon Alhgatead citedanstherein imoepoatedtbyoefatenses separate A3 from A4.  The
free val ence bonds in formula (V) are usually in the nmeta or para positions

of A and Afhdlifhehfidndl fflerifhustfated By AP bl ¥ ifiihl Bkt ed phenyl ene or

hydr ocar bon- su tltuted erivati ereo V€ substituents (one
or nore) begag alk and al kenyl . Unsubstltuted phenylene radi cal s are
preferred. AMR hé A4 are preferably p-phenyl ene, although both may be
0- or n}phenylene or one o- or m phenylene and the other p-phenylene. The
bri dgi ng r adnhaadborafiry §caleosuetor 40 A (gP(3ES M6l) bwhlodd-GHIdxyRhefakirtaley one,
separate A3 of about 30% 3-chloro-ortho-xylene and about 70% 4-chloro-ortho-xylene), 1925¢g of
glacial acetic acid, 8.7g (1 mol%) of cobalt acetate tetrahydrate, 4.3g (0.5 mol%) of
manganese acetate tetrahydrate, 1.0g (0.06 mol%) zirconium acetate solution, 4.3 g
(1.5 moi%) 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
scparated 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 | NaBrmol% | Amount of Chlorophthalides produced
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fromA4. Illustrative radicals of this type are nethyl ene,

cycl ohexyl net hyl ene, 2- (2,2,1)-bicycl oheptyl net hyl ene, ethyl ene,

i sopropyl idene, neopentylidene, cyclohexylidene, and adamantyffmdepg. The

preferred j of formula (I1V) is 2,2- bis(4-phenylene)propane radi cal

which is a&(;a(fgi\f@gjwf]r om bi sphenol A and in which Qis i sopr'%fﬂﬁ?"&@ﬁﬂ(’and A3

and A4 are each p-phenylene. It is clear to one of ordinary skill in the

art that apy—i-Apyri-ties pregsent—in-the—halophthalic anhydride will be

carried through tjo subsequeﬁ’t’t"/Steps in the | BP9 yet heri m de|synthesis. The

presence|of signijfficant leJels of inpuritigs in |1 2 0 SEP 2006 WO

03/ 082791 _PCT/ 1US(Q3/. 07416 ubsequent steps jcan interfere wjth

pol yreri 2at% on ard-@ause di|dk®dl orati on of t|Hg00i nal produgt, .

pol yethefimde. All patentd cited are hereijn incorporated lpy reference. The
I

I
i nvent i ofists—fFurtierstHustirated—by—the fullﬂ'gb-ﬁg—nen—l—l—m—ling exanpl es.
EXAMPLES f*g I n a_q?%%oratorﬂszal e reactor 4% grans (g) (3.5 nol) of
chl oro-oft ho-xyl gne (a m xtjure of about 3(% 3-chl oro-orth¢-xyl ene and
about 70¢®4- chl or|ay, pf t ho- x\lgege) , 19259 of |gpacial aceticlacid, 8.7g (|
nol %9 of |cobalt dcetate tetirahydrate, 4.3g (0.5 nmol % of fgmnganese acetate
tetrahydtate | Qg (0 06 mal % zirconium adetate solutjon, (4.3 g (1.5
mol % sodifum acet|&@3 and vdiddhg anounts of| 4668i um br oni de [wer e conbi ned.
The reactor was flilled with nitrogen, presqurized to 1900 KPa and heated to
about  16QG— AT |VEF 4 TeTT T fPduTed—toth a dip tube.
Initially, the of{ff 'gas oxygén concentrati greater than O but | ess
than 1 pércent. The reactidn mxture was gdgitated throughout the reaction
time. Aft é&ronlparativ8ekamplss t he oxygen concentration of the off gas
increased.to greater than 3 percent. The flow of air was stopped. Air

diluted wiith nit to.h ff . trati f
about 5 pAFEaRDeFE PHOPBIISdasbIarARN i Ay iduivith e sl emaunts Gt t he
reactor WaRlordphRiafide GHay BeaiBiiced O a HBBrAdYVcale, Rolwkidnd dm&Rtdrnued for

about | to 3 hours.
bromide required is greater than 0.05 mol%.

EXAMPLES 6-10

Ina 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 solutioﬁ, 1.75 kg (1.5 mol %) sodium acetate
and varying amounts of sodium bromide were combined. The amount of sodium
bronude 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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Chl orophthalic acid was determined to be present in an anmount of 25 w %
based on the total weight of the reaction mxture. The majority of water
formed by the reaction and the acetic acid were renoved under atnospheric
distillation. The chlorophthalic acid was dehydrated and %ny r esi dual

wat er and acetic acid were renoved under heat and reduced rségsiﬂﬂﬁe to form
chl oropht hal i ¢ anhydri de. Chl orophthalic anhydri de was separ ated fromthe
cat al yst by wbsisshjott i on under vacuum at distillation teﬂmﬁfsﬁ%"}h‘é‘s near
170C. The isolated chlorophthalic acid was anal yzed by gas chronat ography.
Results are shown in Table 1. Table 1. Exanple NaBr nol % Amount of

Chl or Opht ha'\lvéjgﬁ d?rtﬂéj%@tgr col&n% Qaﬁ%su&@ﬂﬁwm%/c@ﬁ%&%s q{ﬂlsjt%Q:S/ 07416 wt %
ppm1 * 1.0 0.57 5700 * 25 2500 3 * 100 4 0.03 0.46
4600 5 * 0. vi%e?ass%OQ%@hﬁorPtIO%e%@P!sﬁ plf& teggmteetbe mgcxéemitwe molesn by

exanpl es 1- Sf wdirorpRhhijalids of %M%r’nﬂ@ o chd re¥&lok aﬁme acBiORY Rerf

chl orophthal i de may be produced on a | aboratory scale, however the anount

of brom de 'F@atﬁdr"ééf’r a‘s’“‘@?‘@&t’ distifayan Ghoehlorenhhalicacidmasslshpirates and o pi | ot

scal e reactifg resmalkwd:a%aa&ué k&d wefe CRAbRLEUNG: tHhER a%cy}eaﬁk%d pRsdilebure of 3-
chl oro- or|ho xyl ene and 4-chl oro-ortho-xylene), 780 kg of acetic acid, 3.5

kg (1.0 nol fouf chigwapthaliccanhydride dehlemphiliadic @nhygrides wryseparasd fom o manganese
acetate tet ranwal Bf Eistillaloft ukiddr CRulR ATseiftiof 1 HRMUHY AGLTARPE. SQEULion, 1.75

kg (1.5 mol 9% 'sodium acetate and varying anounts of sodi um brom de were
conbi ned. THeolalehehinrophthalig arid yas analyzed by gas chromatography. Results are shown

in Table 2.
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brom de was varied by exanple as shown in Table 2. The reactor was filled
with nitrogen, pressurized to 1900 Kpa and heated to about 160C. Air was
introduced to the reactor through a dip tube at a flow rate gradually
increasing to 200 normal nB/h. Initially, the off gas oxygen concentration
was greater than O but less than | percent. The reaction niRtS@pggpas

agi tated throughout the reaction tine. After about 1 hour, the reaction

t enper at ur e w@gs/dss¥er eased to 175 C. After about 3 hourspkg%‘ﬁkaugas oxygen
concentration increased to greater than 3 percent. The air ? oW was
stopped. Air diluted with nitrogen so as to have an off gas oxygen
concentrat i ofppfr about 5 percent was introduced into the reactor and the
tenperature of the reactor was increased to 190C. The flow of diluted air
was contin —Fipal 13 2 Q_SEP 2006 WD 03/082791

PCT/ US03/ 0 sNaBE of { REOHYactor Chlgiplihalidesfas consistent with high
conversions| of chl ¢ro-o- xylgregudased on the absgrption of 3 noles of 02 to
generate the diaci ¢imahd twofnoles of water. The jmajority of water forned
by the readtion and the aceH-e-ae-d—were—rempved under atnospheric
distillatidgn. The :hloropht197ﬁg aci d WBRMdehydrdted and any residual

wat er and gqcetic atid were tenoved undgr heat and reduced pressure to form
chl or opht hglé*c anhy#f2 de. Chb.dropht hal | $4080hydri de was separated fromthe
catal yst by distillation unfler vacuum At distillgtion tenperatures near
170C. The ([rgorated ghtorophphgti 1T acT fhpggs amatyjzed by gas chronat ogr aphy.
Results arg shown jin Tablej2. 14 2 0 BEP 2006 W) 03/082791 PCT/ US03/ 07416

Tabl e 2. Exagphe—NaBr Asount-ef Chlorophthalides | produced nol %
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
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(W% ppm 6* 1.02 5.4 54000 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 be2ﬁ§ﬁﬁ g@.the .
precedi ng exanples it is possible to produce chlorophthalic )Z ide with

very | ow {y@yglogzfR§ chlorophthalide in reactions on a larg Jhe
overall purity of the chlorophthalic acid produced in Exa?rrb(?lggé@m%d 10 was

greater than 98% EXAMPLE | 1 In a |laboratory scale reactor 40 grans (Q)

il hl or0- or.t ho- . xy! i f about ,30%
§2 ot or o- Becs DOV e el seHeLaBhidI o, i 5 G adeatstl e Bl o
gl aci al agercem. atiedflow &f aifividsi wipped. (ATBHiRA vitDhitded scRBINavasebAt €

tetrahydrate, 349 ng (0.5 nol 9% of nanganese acetate tetrahydrate, 9.1 ny
(0. 06 ~noBa% oxygeaciongentabien &f abavl §itricorent avad idttodwgedfo BRUesadLandbtheby

wei ght of hydrogen .hronmide in acetic acid were conpj ned. The reactor was
filled vi {%‘Yﬁﬁf‘l“gﬁg%fnﬁ‘e oRelals At Jadedsed 19 ONPﬁ%ﬁdn_ﬁﬁ%f’@H i ‘_HSEP"’%OC.
AL Was™ ! Betiueli '1OF46ER | Qot D houfsPaThe rehdloR iufte Ak hitifhea! BY fibatd! V. the
of f gas oxygen concentration was greater than but 1 ess’tha percent .
The react rlmomatography (&3 andiit wase tbuntrthatghe ehlotdphthatiaatidowas formed witht er 1

hour at 160(C the tenperature was jncreaseqd t boutf 175C. After 15 2 0 SEP
2006 WO 0§'F&8?7€‘TPI9% %@H%FW‘?"?’E%“: 10 (5 FES ‘Swgég‘ém{’ &-oxygen concentration
of the off gas increased to greater than 3 percent. The flow of air was

st opped. Bsingdibeuinethodi fob manufage &0 halophMalidweidathd hhihydide RsYaRA

concentration of about 5 percent was introduced to the reactor and the

t enper at uberer the, dighs Yield, synthests at hisls purityohalephtbalicomsi awd anhydsideots di | ut ed
airr possible on a large scale employing hundreds of kilograms of halo-ortho-xylene by
liquid phase oxidation in the presence of about 0.25 to about 2 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
bromidc 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
cquivalents 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
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continued for about | to 3 hours. The reaction m xture was anal yzed by
liquid chromatography (LC) and it was found that the chlorophthalic acid
was formed with vyield and inpurity |evels conparable to the)gesujpts of

Exanpl e 2wddsiegreihe nethod for manufacture of hal ophthali g
anhydri de described herein, the high yield synthesis of Hﬁaﬁﬁ%ﬁPﬁgg

hal opht halic acid and anhydride is possible on a |large scal e enploying
hundreds of kilo raﬁf %{.halo:ort@?-éyleqs g¥ liquid phase oxidation in
the presenR¥NEPRAS (At fheagveniionyply inslude ald smpodimepis fplling spthin e sgepsut 0. 1
to about lofrgRl 4pehded dBRganese source, about 0.01 to about 0.1 nol%of a
source of a netal selected from zirconium hafniumand m xtures thereof,
and about 0.02 to about 0.1 nol % of a brom de source. Applicants have

di scovered that in |large scale |iquid phase oxidations enploying

hal o- ort ho- xyl ene the anount of brom de can have a significant inpact on
the anount of inpurities present in the final pry duct. The use of
decreasi ng nol ar percentages of bromde result in either halophthalic acid
or anhydride with a decreased |level of inpurities such as hal ophthali de.
Wil e the reasons for this phenonenon are not clearly understood it is
contenpl ated that even |lower |evels of brom de, nolar percentages |ess than
about 0.02. may be useful in producing high purity hal ophthalic acid or
anhydride in even |larger scale |iquid phase oxidations such as those

enpl oyi ng thousands of kilograns of hal o-ortho-xylene. Wile the invention
has been described with reference to a preferred enbodinment, it wll he
understood by those skilled in the art that various changes nay be nade and
equi val ents nmay be substituted for elenents thereof w thout departing from
the scope of the invention. In addition, many nodifications my be nade to
adapt a particular situation or material to the teachings of the invention
wi t hout 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 2 0 SEP 2006 WO
03/082791 PCT/ USCB/ 07416
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invention, but that the invention will include all enbodinents falling
within the scope of the appended clains. 17 2 0 CLAIMS: SEP 2006 1. A

nmet hod for the manufacture of hal ophthalic acid conprising: formng a
reaction m xture conprising: a mxture of about 7 to about 3 parts by

wei ght of acetic acid to 1 part by weight of a hal o-orthd-X$dpe about
0.25 to aduAIMS:nol e percent, based on said hal o-ortho-xyl ene, of a cobalt
source, about 0.1 to about 1 nole percent, based on said hal o-ortho-xyl ene,
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 ? metal selected from zirconium hafnium
and mi xturleémﬁ@f’ééqr,th%lﬁ’@ﬂ?fa@.‘l@zoﬁ}@ 1c@cigl CRPIPESIHET cent, based on said
hal o-ort ho-xyl ene, of a_ source of broni de; maintaining said reaction

m xt ur e atfomnipg egeastion piixtre ¢aap@isinghout 1600 kPa and at a tenperature of
about 130C to about 200C; introducing a nol ecul ar oxygen containing gas to
sai d reaction mimixture ofitbaut 7do ebowsB matts bg aslighilbbatetio adidriod pait byBvedghtgas/ kg
of hal o-ort.hg-xylene in said reaction mxture for a tine sufficient to
provi de anPiﬁégmgﬂﬁﬁpe@ﬁ percent conversion of said hal o-ortho- xylene to

hal opht halic acid. 2, The nethod of Caim1l wherein introduci a. ol ecul ar
oxygen cont ai nid8gughs’ ’g)aq%@ut B ?%?F%%@F?fﬂ%“%?t‘ g"ﬂ%‘é’“ﬁﬂ"‘éﬂ%\?&e‘ﬁ%ﬁhg& ni ng
of f gas ang,sai d oxygen containing off gas oxygen concentration is |ess
t han about on€ percent by volune of said off gas and further conprising

mai ntai ni ng: sai.gol i | QoA gg}}o‘?é p&ELd, %gécggrg%ﬁ& E%Y&EB-@?%%% ng gas until

the of f gas oxygen concentr on- excee percen une of said
of f gas anfhngamscfsyurog t he i ntroduction of said nol ecul ar oxygen 18

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



Z 0 SEP 2006 <containing gas so as to naintain the off gas oxygen
concentration at a concentration below about 5 percent by volune of said
of f gas and nmaintaining the nodified introduction of said nol ecul ar oxygen
containing gas for a tine sufficient to provide at |east abBGEP 9fj5per cent
conversi on of saidhal o-ortho-xylene to halophthalic acid. 3. A nethod for

t he manuf acture of hal ophthalic anhydride conprising formng a

hal opht hal i ¢, aci d by the nethod..of i X i i.d. acetic acid
and_any  wePaRRE o sS T MRLRN o orF b I gl Ans ol O & BB,
dehydr at i nglovaatbub8lperbit®l vatu@e oflsdid offeasmmbmapbdifiag e modified | de. 4. The
met hod of any of the preceding clains wherein said hal gphthalic acid

conpri ses intradystiematsagbmolsarias opeen sPRipingte gasden 2 Bme suifisint lorPHee 8t The
met hod of I%Va%tuﬁ%]ﬁel%rﬁcc%ﬂ{lé}goﬁ Bf‘ka[{@alql’ﬂﬁﬁ&k ehd'® TR SR aciaXY 9en

contai ning gas has an oxygen concentration of greater than or equal to
about 6% oxygen. 6. The nethod of any of the preceding clains, wherein the

nmol ecul ar _oxyge nt ai ni n as is.air..7. The nethod .of .any of the

preceding:%?ﬁ?ﬁ£9§§ﬁé %FﬁngﬁgggaHQPFK%QGPE@#W § SARBHESINg 22 Zi rconi um

or haf ni ”'Héﬁ’gﬂ{hgﬁcaﬁﬁ@?%% Bd P fMsdlog 250l uble in acetic acid. 8. The
e

nmet hod of Im 7/, eln the cobalt source conprises cobalt acetate,

cobal t - napt hengt gyigohalubo @l oy o Akl ro BRI A ARSIIPBRE e AR

benzoyl acet onate, co rom de, car bona t c r%de,
cobal t fl ulistilldéon;@abbalt nitrate, cobalt stearate, or a hydrate of one of
the foregoing cobalt conpounds. 9. The nethod of Caim?7, wherein the

manganese sour GRhedfid SEShAIBpIghiRSRideabah BalophBalgeatyaridal f at e, manganese
acetyl acet onate, manganese brom de, nanganese 19 2 0 SEP 2006 carbonate,
manganese chl ori de, manganese fluoride, manganese nitrate, or a hydrate of

one ot he, 9L GARIAAGIRDIPNLTFaLAIQURAS wiblin LREnIBLARM:LeicRsLs

wherein thé zirconi u urce “conpr Fses zi rconi um ace
less than 600 parts per million (ppm) 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
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zirconiumsul fate, zirconiumcitrate, zirconiumfluoride, zirconium
hydr oxi de, zirconium al koxi de, zirconium chloride, zirconium brom de,
zirconium acetyl acetonate, or a hydrate of one of the foreggiirgfpzigggconi um
conpounds. 11. The nethod of Claim?7, wherein the source of hafnium
conprises hafnium chloride, hafnium bromde, hafniumfluoride, hafnium
i odi de, hahrbonate Thingadese chhfridie Lmmsganeset flyorideahmganesemitkdtetor a hydfatd ofim
nitrate, or a &y%rat e. of one of the foregoing hafnium conpounds. 12. The
met hod of OBF 8f {He70regpiag Manepnfse 6OYRPHESsour ce conpri ses broni ne, hydrogen
brom de, a netal -brom de salt or an organic brom de. 13. The nethod of
claim1l, wherein the brom de source conprises sodium bromde. 14. The
met hod of l@nYhomethhd op Cladmdi, merdimthewzircomigmesionree semprissraircofivmaseishal t
source is.about 0.5 to about .1.2 nole.percen based on.sai . .
nal o or t heRyrenanee) SRR el BRTIN BiERls ARSI BRI dreomiven
wher ei n t hkoRiTRUAkcoRfunt Bidorid® REBREES KoMIdeezit@naodetflacktdmtlbpat 0.6 nol e
percent, based on said hal o-ortho- xylene. 16. The nethod of any one of the
pr ecedi ng hyfmfearf ongtef the faraghngsapmoonpesndsur ce of  zi rconi um or haf ni um
is about 0.03 to about 0.06 nole percent, based on said hal o-ortho- xylene.
20 2 0 SEP 2006 17. The nethod of any one of the preceding clains, wherein
t he anountl10Thd methed vl Caimf7, wWhetsin te sosrck @$ hafhlvancamprésgs dhfnfum allotide,0. 04

al o-ortho- xylene. 18. The net any one

nol e percenf, based on said hod

of the pr i\eévm@r%mém@m ugrides hadnigmioride dyafhinm nisiec fB‘me%%?%Fﬁ’ de is

| ess thanjgfy; tk DafOHnifat@ RELEG of thoR higiph1al 0- or t ho-
xyl ene. 19.9 n%"ﬁg'ﬁ?rﬂé% %’03 o?‘lﬂanrllya of r{ﬁﬁ{ Erece | nog g‘?a?‘%’é’?&v\%rei n the

t enper at ucempsumglseat er than or equal to 160C. 20. The nethod of any of the
precedi ng clai ns, wherein the conversion of said hal o-

12. The method of Claim 7, wherein the bromide source comprises bromine, hydrogen

bromide, a metal-bromide salt or an organic bromide.
13. The method of claim 11, wherein the bromide source comprises sodium bromide.

14. The method of any of the preceding claims, wherein the amount of the cobalt source

is about 0.5 to about 1.2 mole percent, based on said halo-ortho-xylene.

15. The method of any one of the preceding claims, wherein the amount of the
manganese source is about 0.3 to about 0.6 mole percent, based on said halo-ortho-

xylene.
16. The method of any one of the preceding claims, wherein the amount of the source of

zirconium or hafnium is about 0.03 to about 0.06 mole percent, based on said halo-ortho-

xylene.
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ort ho-xylene to halophthalic acid is 95 percent or greater. 21. The nethod
of any of the preceding clains, wherein said hal o-ortho-xylene conprises
the 3-isomer, the 4-isomer or a mxture of 3-and 4-isoners.2&§ _gﬁf met hod
of any of the preceding clains, wherein said acetic acid is é@ Bd to

the reaction m xture. 23. The nethod of any of the preceding clains wherein
sai d hal 0-1gr Thomethodrd any onhdithe preseding clajhs ivéhereid theEnountotibel safrcadai s

2-23, further.conprising increasin he tenperature,of t reaction
et o witnidar ek By L BN D Sa  BRERE s P Frigief B oot 5
percent byyypeune. 25. A nethod for the manufacture of polyetherimde

conprising form ng hal ophthalic anhydride by the nethod of dains 3-24;
reacting said hal ophthalic anhydride with 1, 3-di am nobenzene to form

s & nal ogihinb AGRY ok phd afoCR erEEHFRARmE R 1f dhodt g bl ST BT ¥

salt of a udohyddriokys thatbs tidaliteesboar 0.08mdle PatdemClrasedon kead halg-drthe- f or nul a
(rv) O+A2 OH (1V) wherein A2 is a divalent aromati c hydrocarbon radical to
formthe polspét herinide. 26. A nethod according to claim25, further
conprising maintaining the resultant reaction m xture at 200C under
reduced pressure to renove, as a vapour, said acetic acid and any water

f ormed as 18. Thsmethodfoftahy of thagirdceding 2hims wistréiodhd empetatiresgréaet thare of

hal opht haloir%qgﬁit(c)ilggorg)ri si ng:

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

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

21. 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.

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

the reaction mixture.

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

ortho-xylene.

24. The method of Claims 2-23, further comprising increasing the temperature of the
reaction mixture while maintaining the off gas oxygen concentration below about 5

percent by volume.

25. A method for the manufacture of polyetherimide comprising forming halophthalic
anhydride by the method of Claims 3-24;

reacting said halophthalic anhydride with 1,3-diaminobenzene to form
bis(halophthalimide) (II)
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formng a reaction m xture conprising: a mxture of about 7 to about 3
parts by weight of acetic acid to 1 part by weight of a hal o-ortho-xyl ene,
about 0.8 to about 1.2 nole percent, based on said hal o-orth02>ﬁy§ ?r}ﬁg of a
cobalt source, about 0.4 to about 0.6 nole percent, based on saié b

hal o-ort ho-xyl ene, of a manganese source, about 0.04 to about 0.06 nole
percent, based on said hal o-ortheyxyl ene, gof a source of a netal selected
from zirconium hafniumand i xtygres theregf | ess than about 0.04 nole
percent, based on said hal g Moppvlese rom' de source; 22 2 0 SEP
2006 maintaining said reacki ghJy xﬂnag atya-wL e re of at |east about
1600 kPa and at a tenperature abowA 1C to am 200C; introducing a
nol ecul ar oxygen cont ai ni ng gas tQ) said rédction miWure at a rate of at

| east abouH1Qﬁ5?p05g%# gB,of gas/ kg of hal o-ortho-xylene in said reaction
m xture for s ting st 9%813&% to provide at | east about 90 percent

conversion of said hal o-ortho-. xyle t.o0 hal opht hal i cig. 28. A method
for the manuf actfi 1@%?2@?3‘?@8‘??{‘%%@5@%@% leﬂ??tai q@g‘t rai(g]ilyr‘iigqu fornming a
reaction rgyydtiited SRR HyBbcadolh¥viHg ehedforBRI@ V)7 to about 3 parts by

wei ght of acetic acid to"1 part by weight of a hal o-ortho-xyl ene, about
0.8 to about 1.2 nole percent, based on said hal o-ortho-xylene, of a
cobalt acetate or cobalt acetate hydrate, about 0.4 to about 0.6 nole
percent, based on sai _?@b -ortho-xyl ene, of a nese acetate or
manganese acetate h?yga e,Habout 0.04 to about Ohggaﬁnle percent, based on
sai d hal o-ortho-xylene, of a source of zirconium acetate or zirconium
acet at e hydrate,

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

26. A method according to claim 25, further comprising maintaining the resultant
reaction mixture at 200°C under reduced pressure to remove, as a vapour, said acetic

acid and any water formed as a result of the reaction.

27. A method for the manufacture of halophthalic acid comprising:
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 0.8 to about 1.2 mole percent, based on said halo-ortho-xylene, of a

cobalt source,

about 0.4 to about 0.6 mole percent, based on said halo-ortho-xylene, of a

mangan€se€ source,

about 0.04 to about 0.06 mole percent, based on said halo-ortho-xylene,

of a source of a metal selected from zirconium, hafnium and mixtures thereof,

less than about 0.04 mole percent, based on said halo-ortho-xylene, of a

bromide source;
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| ess than about 0.04 nole percent, based on said hal o-ortho-xyl ene, of

sodi um brom de; nmaintaining said reaction m xture at a pressure of at | east
-about 1600 kPa and at a tenperature of about 130C to about gﬁq}ﬁ)

i ntroduci ng a nol ecul ar oxygen containing gas to said reacti Qm%re at

a rate of at |east about 0.5 normal nB of gas/kg of hal o-ortho-xylene in
said reaction m xt unantamingsaid resctianf mixtire @t a prespire of afdeast abosh 5000 ut 90

percent conversi,0 f sai.d hal p-qr s Xyl e .hal opht hal i ¢ aci d;
removing the a@gflia{:lageéqp&?agﬁr& @ﬁ‘y"\%&?@% foo%lbr?ggfoadg%a result of the reaction
by distillation; sepgiiciiy SRabRcyas &{ygtaﬁ eOAtSiRing %fasﬁi i6d AatkbraRtknireaycl i ng
said acetic acid;, and dehydrating sai'd hal ophthalic acid to form
hal opht hal i ¢ argigraf@eleastzgout 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.

28. A method for the manufacture of halophthalic anhydride acid comprising:
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 0.8 to about 1.2 mole percent, based on said halo-ortho-xylene, of a

cobalt acetate or cobalt acetate hydrate,

about 0.4 to about 0.6 mole percent, based on said halo-ortho-xylene, of a

manganese acetate or manganese acetate hydrate,

about 0.04 to about 0.06 mole percent, based on said halo-ortho-xylene,

of a source 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 said
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 said water from said acetic acid and recycling said acetic acid;
and

dehydrating said halophthalic acid to form halophthalic anhydride.
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