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such as chl oro-ortho-xyl ene, are oxidized in the absence of solvent or
added pronoter in the resence of at |east one netal catalyst. The primary
products are chl or opYEREIQR FERNQHID ATIANOE KN DERIVAJIINES2 2 JUN 2004
METHOD FOR OXI DATI ON OF XYLENE DERI VATI VES This application clains priority

of a Provi sional Appocati n entitled  "Method for Oxidation of Xylene
Derivatives" by Tohru 15atien clajgs prionigy fh Frovesggnab Apphestign gniitigde g
Novenber 23'MdtRé&Pfor BAGHEOOINRyIne Ddn vialildsNbl, Ddhid T fkekdsheHerialNi@bat €s to a
met hod for | G N | derivatiyges. More particularly, the invention
relates to @@fﬁgﬁfi@e@ﬁm% A g?;1i£}sl9‘§bst rate conprising at |east one

hal o-ortho-xylene in the presence of at |east one netal catalyst and in the

absence of solvent or pronoter to provide a product conprising

hal o- pht hal_i ¢_anhydride. In one_key enbodiment the invention relates to a
met hod for %@H@%Q@NQ QFJWMEHH%@NQ ng 4-chl orophthalic anhydri de.

Met hods for oxi di zi nOTHs toRentran elaGsab @ mclieifor Madizist x 1 ARSRrivBERRIMorei t her
require the agtr e e@;& aof a..cor rIOtSI e so&l\é t suchg. as etic acid. or the
presence ofP 10“%1"' CAPVEHOP LFfes fos mg ﬁg?reo,m ZIng a SPO§EAL COMDIIME) 4
descri bes dzastiene¢ alo-ofthonxtylene in the presence of at least one metal catalyst and in the

absence of solvent or promoter to provide a product comprising halo-phthalic anhydride.

In one key embodiment the invention relates to a method for producing a product

comprising 4-chlorophthalic anhydride.

Methods for oxidizing ortho-xylene are known. Most of these methods
either require the presence of a corrosive solvent such as acetic acid or the presence of a
promoter or both. For example, U. S. Patent 3,402,184 describes oxidation of ortho-
xylene in acetic acid solvent in the presence of a bromine promoter. U. S. Patents
4,215,053, 4,299,977, 4,322,549, and 4,387,243 describe oxidation of ortho-xylene in
the absence of solvent but in the presence of a bromine promoter. Methods for preparing
4-chlorophthalic anhydride are also known. However, these methods typically involve
aromatization of a Diels-Alder adduct of chloroprene and a maleic anhydride as in U. S.
Patent 5,322,954, or chiorination of phthalic acid as in Japanese patent applications
07258152 and 02129143. The latter chlorination process may produce polychlorinated
biphenyls (PCBs).

There 1s a need, therefore, to provide a method for oxidizing a substrate
comprising a halo-ortho-xylene which does not require a solvent or promoter,
particularly a corrosive solvent or promoter. There is also a need for a method for
producing 4-chlorophthalic anhydride which does not involve handling toxic
chloroprene or chlorine gas, and which does not produce PCBs.
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xyl ene in acetic acid solvent in the presence of a brom ne pronoter. U S
Patents 4,215, 053, 4,299,977, 4,322,549, and 4, 387, 243 descri be oxi dation
of ortho-xylene in the absence of solvent but in the presence ?f Epm ne
pronoter. Methods for preparing 4-chlorophthalic anhydride are aI so nown.
However, these nethods typically involve aronmatization of a D els-Alder
adduct of chloroprene and a nmaleic anhydride as in U S. Patent 5, 322,954,
or chlorination of phthalic acid as in Japanese patent applications
07258152 and 02129143. The latter chlorination process may produce

pol ychl orinated bi phenyls PCBS} There is a need, therefore, to provide a
met hod for YHIVMARYOR BN&IONonpri si ng a hal o-ort ho- xyl ene whi ch does
not require a sol ventln@h ap;ﬁ@tmfﬁepresér&rlﬁvahﬁbﬁ,rthyreaspr@ﬁrfd@&h\fﬁetﬁai feent or

Ehydr | de T‘t"?&lﬁlngsaﬁb&%&dﬁﬁﬁ %é“ G BB rRlo-oRiEHENd initn @ﬁ?éét‘f e ¢
gas, and whi gﬁ’ 8%&%6@ e

ne or
o spHenbor RRmS 5 i B IR OTEIoHIE
| NVENTI ON | qgtadyst a%cbb@ttmgto ] t@lmatwnn ajrangsrof befween abow 108°Gandldbdetl a net hod
for oxidi Z2308C in thelpsésenderfaaBRYEE 90@rd@tio bRste 9 pRrdaBnakale, whdkiathky| ene

whi ch conpr ate In the absence of solvent or
dup§ate F%&Edrlﬂ tﬁé‘ﬁ%ﬁ&' BRisE:

pronoter with at [ east one net catal yst and heating to a tenperature in
a range of between about 100C and about 230C in the presence of an oxygen
source to produce a pgnedoder sspgeted ghe prpssnbinmentios, therdis pravided asmethpdifared i n

the Iiquid qadimzmg alsnbmoet di:@xﬁprﬁ&igeﬂ;bhl@fo biie>-RylesEwhich Ru@PEERombheAE tHes
provided a tﬁé ab fzsbmmao QﬁB{e Rv?tlﬁ?f@ﬁﬁt'o?f tal catatlyst which is a
4-chl oro-ort ened %‘ gtgfr%i ?F |n|{11*g

absence of IE POBP N(RoINioLk % affoql %"W‘%g ty%‘?“%‘i‘F‘??ﬂ is a
netal conpo@aadivm eeppermalybdeshe anstiren, end heaémgrt@apemmstmmmgange ofobal t,
manganese, benagendibon mt}&pam abo RydPdEinuke presshct bOMoleaiir Beadeh i plodués a

tenmper at ur rb&hc@n‘ﬁ g Rl ABRBARRYTC e]:ﬁ'gjjl d’#ﬁBH chifor3fotil a&ﬁe
i

presence o rmle en-t.0 ure conprisin
4- chl oropht‘ﬂl%ﬁr?E %?FE‘H ?1“&)‘?‘@ c aC| d wher ei n the

substrate is OX|d|zed in the liquid phase. In still another aspect the
present invention, tHekglliaSothérishetthedpreRhhBention, there is provided a method

for producing 4-chlorophthalic anhydride which comprises oxidizing a substrate
comprising 4-chloro-ortho-xylene, optionally in the presence of chlorotoluic acid, which
comprises the steps of:

(1) combiming substrate in the absence of solvent or promoter with at least
one metal catalyst which is a metal compound with a metal selected from the group
consisting of cobalt, manganese, vanadium, copper, molybdenum, and iron, and heating
in the presence of molecular oxygen to a temperature in a range of between about 100°C
and about 230°C at atmospheric pressure, wherein the molar ratio of substrate to the at
least one metal catalyst is in a range of about 80-180 : 1, and wherein the substrate is
oxidized in the liquid phase; and

(i1) isolating product comprising 4-chlorophthalic anhydride.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

In one embodiment the substrate comprising at least one halo-ortho-
xylene of the present invention preferably comprises a monohalo-ortho-xylene, more
preferably 4-halo-ortho-xylene, most preferably 4-fluoro-or 4-chloro-ortho-xylene. In
another embodiment the substrate comprises a mixture of 4-halo-and 3-halo-ortho-
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for producing 4-chl orophthalic anhydride which conprises oxidizing a ,
substrate conprising 4-chloro-ortho-xylene, optionally in the presence of
chlorotoluic acid, which conprises the steps of (i) conbining substrate in
t he absence of solvent or pronoter with at | east one netal %qhgiﬁﬁé whi ch
Is a netal conpound with a netal selected fromthe group d% S of

cobal t, nang@aﬁﬁﬁzqovanadi um copper, nolybdenum and i ron%%@{]%] }1 ing in
L

t he presence of ndl ecul ar oxygen to a tenperature in a.ra ween
about 100C and about 230C at at nospheric pressure, wherein the nolar ratio
of substrate to the at |east one netal catalyst is in a range of about
80-180: 1, and wherein the substrate is oxidized in the liquid phase; and

(ii) isolating rh:Sd - o] Ma)l1] i 1 ' .. DETAlLED
DESCRI PTI ON, PR L O R bl PRI SRR dr il
conprising at |@¥pse- a6 d-chlerqorghortydenex Jihem &-halp-orthe-xpleesie preséntviemtripdses
preferably COW%&Qﬁo@-lmweﬁéﬁrérpﬂfaﬁwaﬁm’O.OerrZ olzﬁ'rpgrfcgr{t?agld%ore

4- hal o-ort ho-xyl ene, nost preferably 4-fluoro-or 4-chloro-ortho-xylene. In
anot her enbodi nispler2blyabayifdr imelarnsrasetiof ofal substtateur e of 4- hal o- and
3-halo-ortho -2 2 2 JUN 2004 WD 01/38280 PCT/US00131719 xyl ene, preferably

a mxture af 4-fluoro- amdreBardottiePEmbdikdd®ths ¥hiRRRe B6mtishd at 1ddk®nOhaig- chl or o-
and 3-chl oro- ortnr%g: Xél ene 3- hal o- 0{1t ho-fze(grl ene 1S present, it

Whe )
conprises aboulPggkRe Federibsy abpxe. optignally jadhe.prassnce of gilgest enegrplotaiuipy)| ar
percent, and nodeRi, piefeedbdy Adayt cab Ghlbrofdlulc &Gk (BL &howaLisGRlto BEth)18dmbic

substrate. 5 In t _anot her, . enbodi t. the s trate conprises at |east one
hal o- ortho- xyl aéf’\;dg’ e HE eéarbﬂ%gg‘e%eﬂgz\;&b%&'?ﬁtﬁﬁﬁﬂe9Z°|‘°rf’°idt% Bredinied- of at

| east one hal otmotthylsenzaic hald opicps mibxalrt thesebf, hadbsill more pehdrabhod Alxirsoaci d (al so
known as | or o.pet hyl be L c. hacid). referab either (a

4- chl or o- IB net h?‘ﬁgrboé)ré tgiog%agéﬁldd(b g‘f"“tg%)l}heg&é%hglrobq 9‘XHJ§¥?1§?T %2?12’8?(“5)3 8t+d or (c)
a m xture ther dalg- amhdthait-oftho-rylere. Hlakf-whidicid maytiexithidraddld 1d Begidstige or bot h
of (a) and (b) with.either (d) 4-hal o-portho-xylene. or (e m xture of 4-
hal o- and 3- hal c\’gﬁ-r%ary tbgtg'%séflﬁlt aesglaeg.onf-?g}’%i-c t p&ft%a?%’g%{atﬁmﬂﬁwag‘?éo‘i}f‘%’ﬁz “afi¥Bd to the
substrate or nayseqeenps efperital addation tesaquent kalofolyiandid althosubstatd witt of

hal o-ortho-xyl iy witlPsiféh factors as reaction temperature, time, and catalyst,

15 In still another embodiment the substrate comprises a mixture of ortho-
xylene tither with (d) 4-halo-ortho-xylene, or with (e) a mixture of 4-halo- and 3-
halo-ortho-xylene, or with at least one chlorotoluic acid, or with a mixture of
chlorotoluic acid with either (d} 4-halo-ortho-xylene, or (¢) a mixture of 4-halo- and
3-haio-ortho-xyle 1¢. When ortho-xylene is present, it comprises about 0.001-10

20 molar percent and preferably about 0.01-1 molar percent of total substrate. An
especially preferred substrate comprises 4-chloro-ortho-xylene, optionally in
combination with at least one of 3-chloro-ortho-xy1_ene, ortho-xylene, or chlorotoluic

acid.

At least one metal catalyst is used in the present invention. The at
25 least one metal catalyst comprises a metal compound with a metal selected from the
group consisting of cobalt, manganese, vanadium, copper, molybdenum, and iron, and
mixtures thereof. Preferably, a metal compound is a salt of the metal and more
preferably an acetate or acetylacetonate of the metal. Illustrative metal compounds
which are suitable for use in the invention include cobalt (II) acetate, manganese (II)

30 acetate, vanadyl (IV) acetate (VO[OC(O)CH,],), vanadyl (IV) acetylacetonate, copper
-3-



consequence of partial oxidation the anmount of halo-toluic acid in the
substrate will vary with such factors as reaction tenperature, tinme, and
catalyst. 15 In still another enbodi nent the substrate conprises a m xture
of ortho- xylene t ither with (d) 4-hal o-ortho-xyl ene, or ggth ﬁeg a

m xture of 4-halo- and 3- hal o-ortho-xylene, or with at 7 JYN e

chl or ot ol ui Cwﬁ%i/ﬂasoor wth a mxture of chlorotoluic acid with either (d)
4-hal o-ort ho° Xyl'8€, or (e) a mixture of 4-halo- and 3- hAFEVHPBHA xyl e
.ie. Wien ortho-xylene is present, it conprises about 0.001-10 20 nol ar
percent and preferably about 0.01-1 nolar percent of total substrate. An
especially preferred substrate conprises 4-chloro-ortho-xylene, optionally

in conbinatio ] f, 3-chl =Qpt.ho-xyl e ort ho- xyl ene,
or chl or ot ol ui gl)vggét?ta%%Wﬁggétgﬂ%ﬁée}ylﬁﬁ%'fmglg{?gﬁ%l?’gilﬁ' *{?&2@’ qegtatenandnr esent
i nvention. The mixtur@3hdreds Thomelanetiabf bt athpsdyleao sybetiraes the 4M8dagd ons ONpound

i th t al t : t Sti cobal t, ,
Vanadi um - coppar i saryBHE R s RS0 3’ bt 188 Phae oL TR A SPar abl y.
a nmetal conpound andmest prefaratdy intalrengeef soubsdld0orie In gpefidlyahdfyoan acetate or

tyl t t { 3 ' t whi ch
Ui t bl o o us oA B Atae o HRIoT Sy IR Bpo e DU Ry Refnese
(1 |% I30 atcet a{ eqata(bawaalgqutéqwﬁ)- Beat ’a@semée\t@ftm@@)ymﬂjehddmhadwid;didg@t?l)
acetyl acet ona =
acet )altte, nol yb%%%%grlagéiﬁ%ﬁf g%ﬁt&é !W%‘é‘%@é&?ﬁgﬁglgﬁﬁl (I'l) acetate,

and m xtures thereof. The nolar ratio of hal o-ortho-xylene substrate to
the at |east one netal G¥tOXYEsoprge vsed i theprgeniinvertionmapbe Heppurity

preferably in %x&@dﬁgﬁnﬁiecﬁlwﬁéx@ain?ﬁgbxygén difiR VRBSAnoESS 8 WAL Yad fb @ Tange
|y preferred 5 enbodi nents the nolar ratio

of about 818 180: 1, | g, es(gl(relgl a % [
of hal o- or'tho- X3FPUE Sepkqnthg eaqtignysheh agmitiogsn floklp gasas azgon, s satheryst i s about
100: 1. The at |d@sde. Ghe citmtatioRbfiMed: siBwhdradslen thd 9P PAt gy to the
substrate or in _nore t}pan1 oorr%g cbrt i ﬁtr']" q/ur [ ng_?t he course of the reaction.
The oxygen sour@UEdRaqEh! ¢ oﬁr 2 alime;7pPEERRI ahps 0 I9eabAwgR: 3dmarg  oxygen
or ol ecul ar oxpreferably abdut 10to ABGO Rolink 95. G a\prdfdreanrabb@mestake Wyk&h has no
10 negative effects. on thle reaction, such as nitrogen, noble gases, argon,
or carbon source is molecular oxygen.
15 Oxygen in the form of an oxygen source may be introduced into the

reaction mixture by any convenient means. In one embodiment the reaction mixture

is agitated or stirred under a positive pressure of oxygen source. In a preferred

embodiment oxygen source is introduced by sparging or bubbling into the reaction

mixture at essentially atmosp. .eric pressure.

20 The reaction mixture is heated to a temperature effective to promote
oxidation of at least one methyl group of halo-ortho-xylene in the presence of the at
least one catalyst and oxygen source. Preferably the reaction mixture is heated to a
temperature in a range of between about 80°C and the effective boiling point of the
reaction mixture under the prevailing pressure. More preferably the reaction mixture

25 is heated to a temperature in a range of between about 100°C and about 230°C and
most preferably in a range of between about 150°C and about 180°C at atmospheric

pressure,

Catalysts suitable for use in the present invention are typically poorly

soluble in halo-ortho-xylene. However, as polar oxidation intermediates and products

4-



di oxi de. The concentration of diluent gas, when present, in the oxygen
source may anount to about 1 to about 95 volune % preferably about 5 to
about 90, and nore preferably about 10 to about 80 volune % In a
preferred enbodi nent the oxygen source is nolecular oxygen? 21LBiNOgingen in
the formof an oxygen source may be introduced into the reaction m xture
by any convqﬂéﬁﬂh ans. In one enbodinent the reaction mxture is
agitated or stirred under a positive pressure of oxygen sBefERI3TE g
preferred enbodi ment oxygen source is introduced by sparging or bubbling
into the reaction mxture at essentially atnospheric pressure. 20 The
reaction mxture is heated to a tenperature effective to pronote oxidation

of at |east on t hyl .oup..of hal 0-ort ho-xyl [n the presence of the at
| east one cat al%?/s lmé'%gmgég}ﬁﬁﬂess% %f’i‘.ygrﬁ‘)éF%’Eé@f‘{}ﬁﬁ‘?eorrcé’é’%ﬂ@ﬁmﬁi% ure is
heated to a t &red.abacaalyshtypicaliyigeornds iketasingly salbl! F&QRamME, sulef f ecti ve

boi l'i ng poi nt reactihon nm xture under,_t revai |l i ng pressure. Mre
pref erably the%‘tr‘t%lggﬁng% 1% ‘fhésrg’]fg “imgmﬁa:?lglgg)ds tf’g%alp"f"é‘r?‘b%?ea’cpﬁﬁa a3 range of
bet ween about Ir@gCofiretiverh aiut 20BC andsboura3StC, patit adbitY térhpetarirafige of
bet ween abgut at .at eric pressure. Catalysts
sui tabl e f%r ui%ggg Qﬁg%gggééi§9§ﬁviﬁPPgﬁﬁ§$e typically poorly soluble in
hal o- ort ho- xyl ene. However, as polar oxidation internmedi ates and products
-4 2 2 JUN 2004 VO 01/ 388 prougsts ofShowddariogresetionaompris thasnobtainedbyi t i es such
as hydroxy, capRi@xfn@eMeRt ofdlor e ;QQPéBéLfy%OQQHéjt\-}%ra omduR} g’ tOLII% atal yst
typically becones increasingly soluble. For exanple, suit bﬁb ¢ Talysts
may typical |y @rEsHantee mpdusistompassthalytatuie acid argl Halophibalictanhydridaper at ure in a
range of betweelpaladly. hQQfreredh AR ACsubRRd afdbiRld. rature
in a5 range of Dbet we%n aggfjt 150C_and abc_)uut 1é‘%)%w§"ﬁg %’rl%gﬁ%[lé&g?ft he
oxi dat i on'¥ eacthBi-¥bApYicarandibrrodisisapmadseishloraiiiig acid end dfhlatophtbaist one of
and pref er abl y afigifidd, hﬁ'aﬁdﬁﬁkrafe@émabﬁbé@h@%khe%w&ﬁé-chﬂo@-%{%%@e%' ar the
ydride,

products conprise halotoluic_acid and hal opht halic an
comprises a mixture of 3-chloro- and 4-chloro-ortho-xylene and the products

comprise chlorotoluic acids and a mixture of 3-chloro- and 4-chlorophthalic
anhydride. When ortho-xylene is present in the substrate, then a small amount of

15 phthalic anhydride and toluic acid may also be obtained in addition to the oxidation

products of halo-ortho-xylene,

The product halophthalic anhydrides may be used in processes to make
various types of aromatic polyethers, particularly polyetherimides. In one
embodiment a product comprising 4-chlor )phthalic anhydride (or a mixture thereof

20 with 3-chlorophthalic anhydride) may be reacted with at least one diamine to prepare
bis(chlorophthalimide) compounds which can serve as monomer for polyetherimide
synthesis. For example, polyetherimides are conveniently prepared by the reaction of
salts of dihydroxyaromatic compounds, such as bisphenol A disodium salt, with
bis(halophthalimides) as illustrated by 1,3-bis[N-(4-chlorophthalimido)]benzene,

25 which has the structure -

\, /
) / \




respectively. In a preferred enbodi nent the substrate hal o-ortho-xyl ene
conprises 4 10 chl oro-ortho-xylene and the products conprise chiorotoluic
acid and 4-chl orophthalic anhydride. In another preferred enbodi nent the
substrate, chloro-ortho-xylene conprises a nixture of 3-chlZosN 280hd

4-chl oro-ortho-xyl ene and the products conprise chlorotoluic acids and a
m xture of 3y6blRk&k- and 4-chlorophthalic anhydride. We %_ l ene is
present in the substrate, then a small anount of 15 phtha |c anhydri de and
toluic acid may al so be obtained in addition to the oxidation products of
hal o- ort ho- xyl ene. The product hal opht hal i c anhydri des nmay be used in
processes to nake various types of aromatic polyethers, particularly

| yetherimd I n one pht hal i c
Bohydri de (or a i xture Crapank EIRS pll 25 SR AN BRI ey be
react ed w t h atarpagfistpobygthersinayibasondyctpd iysalution blrslémhlmﬂiolahailvamtsde)
conpounds whi ch,gan p?l%!ﬁ‘ﬁentnﬂ'& &Bﬁ@%ml‘f@ uRRhYS! g@ﬁéfcwh&le? the%grg z{%?' S- For

eri mdes are conv

exanpl e, polyet eni ent prep
sal ts of di hydr®rgidiperemplayedobaoutsdiisch h53§9,ﬁ$2519ﬁe¢m dlﬁhldmbm:mm sal t,

wi th bis(hal op, .
I, 3-bi s[N—i(34 Ch@%ﬂ?gb%{ﬂﬁgéj:?%k @I)%E]ﬂ%%)hg%%%%gqmm%wlﬂﬂfﬁm Inﬁessg —'r’ucture -5 22

JUN 200% WO 01/ Bematontriaassen e pisplecinhanyigher cor pBemislese smplog@g, 482 and
5,830,974, the m%aaro@me@an@ e RLEG fepéhxstepﬁa&mxls@?aogﬁﬂﬁgﬁ& din

solution in relatively non-polar solvents usin ran cat al yst
which is subst aﬁfeﬁa?qlﬁfesslfaé%ﬂ“@r]mﬁ&é‘rhqu%ﬂlabwﬁé}‘ateﬁﬁ%ﬁlat@ofﬁ’dmlvﬁhﬁfmeﬂml oyed.
Sol vent s dlsclosed in 5,229,482 include o-dichl orobenzene, 5

di chl or ot ol uene, 1, 2, 4- tna:ﬂamb@bﬂmmmewand tﬁloplhtaﬂwlanwnﬁ@(waxﬂxﬂué 830, 974,

nDnoaIkoxy enze ol | et her netol e are
enpl oyed. SoI v %P"Sﬁ‘h’ﬁ?i @ﬁwﬁ @5‘&‘1 FTWQ eﬁﬁg“eﬁd’fﬁ’b"f"mc B‘éﬁleatl on of
bi s(‘hal opht hal i aristhg )froni stthesxyteé a:tlemim naybioaweafabyaxm@(scdﬂkmrmbmml i mde)
i nternedi ates, for. ethe . _The react f
i hal oot hatt e SRt et Egle B fecton PE a8 b FRoRro AT Mo et |
anhydride) in tiixupe tseodeitiol-claoypiphiisahhydrias) vy de pﬂ:@enaé bﬁdnpghthilﬁm
ort ho-xyl ene ox] gla&rg € ansm.t,y fr&h gk‘g gylgr{e%?{%at?oqlor%}; psrochce trace amounts 0 tLe
15 mono-halo species, 1-N-(4-chlorophthalimido)-3-N-{phthalimido)benzene in addition
to 1,3-bis[N-(4-chlorophthalimido)jbenzene (optionally in the presence of 3-chloro
species). The mono-halo species may serve as a chain-stopper in reaction with salts

of dihydroxyaromatic compounds in polyetherimide synthesis.

The process of the present invention mz vy be performed in batch mode

20 or as a semi-continuous or continuous process. [n one embodiment the products of the
oxidation reaction may be isolated by conventional means, such as one or more steps
of distillation or extraction. In another embodiment the products are at least partially
recycled into a further oxidation process to increase conveision of halo-ortho-xylene

or to increase conversion of halo-toluic acid, or both.

25 The invention is illustrated by the following examples. All parts and

percentages are by weight.
EXAMPLE |

In a 50 milliliter (ml) three-neck flask were placed 14.1 grams (g) of 4-
chloro-o-xylene and 0.249 g (1.00 millimole) of cobalt (II) acetate tetrahydrate, The
-6-



speci es. For exanple the reaction of diamne with 4-chlorophthalic
anhydride (or a mxture thereof with 3-chlorophthalic anhydride) in the
presence of any phthalic anhydride arising fromortho-xyl ene oxidation may
produce trace anmounts of the 15 nono-hal o species, 2 5 JUN 2004

1-N- (4-chl oropht hal i m do) - 3- N- (pht hal i m do) benzene in additid% P

1, 3-bi S[ N-(4-chl oropht hal i m do) ] benzene (optionally in the presence of
3-chloro species). The nono-hal o species nmay serve as a chain-stopper in
reaction with salts of dihydroxyaromatic conpounds in polyetherim de
synthesis. The process of the present invention nk. i be performed in batch
nmode 20 ormixéure waemagoeivallystbmed atrl 7680 midhorygsn gevwesenntinmousiebubibbed rrent
the productfgby E&%&&eagmgacagﬁ&y iAfls Y oPE ko O GHEICRHL GPMPRIOHR

means, such as; one qQr_ nore ation or extractl on. [rn anot her

embodi nent rF??él"BrﬂEFdﬂE]@s‘)fér@%’PPh’tB%lé‘% aﬁbﬁ@ﬁk‘a‘f‘fﬁﬁls 3vemnddhesieldeidt-a furt her

oxi dati on PhiEEDRIE Scil RGE 88.9%, bOthRed oM stefindahfer@dlt ho- xylene or to
i ncrease conversion of halo-toluic acid, or both. 25 The invention is

illustrated by the follow ng exanples. Al parts and percentages are by
weight. EXAMPLE 1 In a 50 mlliliter (m) three-neck flask were placed 14.1

granms (Q) Xﬁpgﬁ“lﬁt 9-o0-xylene and 0.249 g (1.00 mllinmole) of cobalt (I1)
acetate tetrahydra The -6 2 2 JUN 2004 m xture was magnetically stirred

at 170C and oxygen gé@l&ﬁ@c@mqu@mw waspeatied exeepith¥t dufierent oataliysts usi ng
?hcapl ! : gr &%nki 'Eﬁl%reﬁt%@z&:ﬁ?% tli?ne'é a&e@% 9§ed0r9e?ca'§§3%§81ek u%;ﬂ weré ?ﬁﬁg&ﬁsggl) aée%etd on

e yield g or.o alic an oan e yield of 4-
chl or ot ol uilg! g’@?lﬁm\?& I§§m¥9 éﬁé%(g(gaffﬁatgﬁﬁff??w Ivan@)(hNPLES 2-7
Thg g_r ?]E:ed wieetatef ceppar(dl aBethte;\lﬁﬁ)lylﬂlaﬁﬁt(E’d) &é@ﬁ&t&lbﬁt oﬁhﬁﬂ(ﬁp atdtate. M Bl yst s
and differ n a s us
manganese( Hcusiapbe S baRRAR Srdtfidcc CIEAT MhrdBhiic MTRER. ndacer at o
and cobal t ( qfo@b@i@héde((im?hydehéﬂleaﬁwlts@tqﬂbew(lln)l Tabletlat e; nol ybdenyl

(V) acetylacetonate; or iron(ll) acetate. Key products were
4- chl oropht hal i ¢ anhydri de(4-Cl PA), chlorotoluic acid(Cl TAcid), and

chl or ot ol ual de ,E';(;%"P% A dt%:‘a‘{;%e). "'Egmifogs H-ts—are chd% .
time (hrs.) 4-CIPA CITAcid | CITAldehyde
2 Mn{IDacetate | 66 14.1 58.7 5.3
3 Co (1) acetate + 64 174 59.6 21
Mn {II) acetate
{1:1)
4 Co (II) acetate + 107 36.4 534 0.5
Mn {II) acetate
{1:1}
5 Vanadyl (IV) 72 214 430 6.5
acetate
6 Vanadyl (IV) 96 325 47.3 15
acetate
7 Cu {I) acetate 76 0.3 45.0 19.6
8 Molybdenyl (VI) 111 8.7 300 10.0
aestylacetonate
9 Fe (1) acetate 70 12.3 322 22.1

While typical embodiments have been set forth for the purpose of
illustration, the foregoing descriptions and examples should not be deemed to be a
limitation on the scope of the invention.



Exanpl eCat al yst ReactionYield % tine hra.4-Cl PACI TAci dCl TAl deh de 2Mh
acet at e6614. 158.75.3 Co (It) acetate + 3Mh (I1) acetate 6417.459.623 1:1

Co(ll)acetate + 4Wn (1ll) acetate 10736.443.40.5 I:1 5wt vyl
7221.448.96.5 acetate 6Vanadyl (1V) 9632.547.31.5 acetate 7Cu

2.2\ %m 204

acet at e760. 345. 019. 6 8Mbvl ybdenyl (Vi) 1118.730.010.0 Scetyl acl ogate 9Fe 1
acetate7012. 332. 222.1 Wil e typical enbodi nents have been set forth for the

purpose of illustration, the foregoing descriptions and exanples should
not be deened to be a Ilimtation on the scope of the invention. -7 2 2 JUN
2004 CLAI M5

CLAIMS

1. A method for oxidizing a substrate comprising at least one monohalo-
ortho-xylene which comprises combining the substrate in the absence of solvent or
promoter with at least one metal catalyst and heating to a temperature in a range of
between about 100°C and about 230°C in the presence of an oxygen source to produce a

product mixture, wherein the substrate is oxidized in the liquid phase.

2. The method of claim 1 wherein the product mixture comprises

monohalo-phthalic anhydride and monohalo-toluic acid.

3. The method of claim 2 wherein the substrate comprises monochloro-

ortho-xylene or monofluoro-ortho-xylene.

4. The method of claim 1 wherein the substrate further comprises at least

one monohalo-toluic acid.

5. The method of claim 4 wherein the monohalo-toluic acid comprises at

least one monochlorotoluic acid.

6. The method of claim 1 wherein the at least one metal catalyst is a
metal compound with a metal selected from the group consisting of cobalt, manganese,

vanadium, copper, molybdenum, and iron.

7. The method of claim 6 in which the molar ratio of halo-ortho-xylene

substrate to the at least one metal catalyst is in a range of 20-500 : 1.

8. The method of claim 1 in which the oxygen source is molecular

oxygen.

9. The method of claim 1 in which the reaction mixture is heated to the

temperature within the range at atmospheric pressure.

10. A method for oxidizing a substrate comprising 4-chloro-ortho-xylene
which comprises combining the substrate in the absence of solvent or promoter with at

least one metal catalyst which is a metal compound with a



1. A nethod for oxidizing a substrate conprising at |east one nonohal o-

ort ho- xyl ene whi ch conprises conbining the substrate in the absence of
solvent or pronoter with at | east one netal catalyst and heating to a
tenperature in a range of between about 100C and about 230C ih2tH& 2004
presence of an oxygen source to produce a product m xture, wherein the
substrate is oxidized in the liquid phase. 2. The nethod of claim1 wherein
t he product m xture conprises nonohal o-phthalic anhydride and

nonohal o-toluic acid. 3. The nethod of claim2 wherein the substrate

conpri ses nonochl oro- ortho-xyl ene or nonofl uoro-ortho-xylene. 4. The

met hod of ahethimelecteddra thet greuscriysisting ef ¢abatthmanganags; vawdiva, coppest one

monohal o- t GhalyBdédah an®irod,Mad Mehhto Afte@bShrdiniahss & iddRedaRIE] ®etol Ui C
acid conprises, at

| | d o6, Th had of cl ai
T wher of n. (8 1pu220% o BesPRE T lrgue oty S pote gD o et o

sel ect ed f reomprisimgdrdilgropbthslicahydrids anbipanechloraiolirie aeid, whereindbi snbstratepper
ol ybdenumyjs axidized ®ithe Tiquidyshag®t hod of claim 6 in which the nolar ratio of
hal o- ort ho-xyl ene substrate. to the at |east one netal catalyst is in a
range of 20-500: 1. 8. The nethod of claim1 in which the oxygen source is
nol ecul ar oxygen. 9. htndheimethod afclaimdiOyhersin thsubpfrate furthenedmprseadxt ure i s
heated to tduorologthpasyiingr e Wi thin the range at atnospheric pressure. 10. A
met hod for oxidizing a substrate conprising 4-chloro-ortho-xylene which
conprises conbining the substrate in the absence of solvent or pronoter
with at |east one netlallhemethodal clggmdl wheremn the substetefuthshoenses -8 2 2
JUN 2004 nehedochkbretolddladid.om t he group consisting of cobalt, nanganese,
vanadi um copper, nolybdenum and iron, and heating to a tenperature in a

range of between abo 0C .and .about, 230C.in th resence of nol ecul ar
oxygen to produce a #’oiﬁ%fnew@t%f’ m g qr%‘}lﬂbes -%EtrE')ﬁt‘B fﬁ‘ﬁ??‘&seéﬁﬂ%dri de
and nonochleeldowterito-gdent, andimorwichlorételus deid.r at e

14. The method of claim 10 wherein the at least one metal catalyst is
selected from the group consisting of acetate or acetylacetonate salts of cobalt(II),
manganese(1l), vanadium (IV), molybdenum (VI), and iron (II), and mixtures thereof.

15. The method of claim 14 in which the molar ratio of 4-chloro-ortho-
xylene substrate to the at least one metal catalyst 1s in a range of about 80-180 : 1.

16. The method of claim 10 in which the reaction mixture is heated to the
temperature within the range at atmospheric pressure.

17. A method for producing a product mixture comprising 4-
chlorophthalic anhydride which comprises oxidizing a substrate comprising 4-chloro-
ortho-xylene, optionally in the presence of monochlorotoluic acid, which comprises the
steps of:

(1) combining substrate in the absence of solvent or promoter with at least
one metal catalyst which is a metal compound with a metal selected from the group
consisting of cobalt, manganese, vanadium, copper, molybdenum, and iron, and heating
in the presence of molecular oxygen to a temperature in a range of



is oxidized in the liquid phase. 11. The nethod of claim 10 wherein the
substrate further conprises 3- chloro-ortho-xylene. 12. The nethod of claim
10 wherein the substrate further conprises nonochlorotoluic acid. 13. The
met hod of claim 10 wherein the substrate further conprises bothjyy so4

3-chl oro-ortho-xyl ene and nonochl orotoluic acid. 14. The nethod of claim 10
wherein the at | east one netal catalyst is selected fromthe group

consi sting of acetate or acetylacetonate salts of cobalt(ll),

manganese(l1), vanadium (1V), nolybdenum (VlI), and iron (I1), and m xtures
thereof. 15. The nethod of claim 14 in which the nolar ratio of

4- chl or o- orhetweenapbankd08C bud plaut 28¢°G dtatmospherics presuee, vdtendin fetradlpstativs i n a

rantge of aQﬁ‘-&hlt)s%ﬁtﬁ]{%Q}:[l% ét-leatﬂsﬁonaﬁettaﬂ@étmgtiﬁin Q{aﬁg@b%ohﬂsqﬁi‘sghl,taﬁﬁ reaction
m xture is ated to .1 enper e..wi.thin the range at atnospheric
pressure. l‘ggerﬂng]é‘? Wg_atr?%?s W@ﬁﬁ%“‘%e Bq‘blflé’h €t “% xture conprising 4-

chl or opht hal i ¢ anhydr(ijsolghing prasuatprompssingd-ehilerophthalie ahydridee conpri si ng
4-chl oro- ortho-xylene, optionally in the presence of nonochl orotol uic
acid, which conprise S (O LN te in t absence
of solvent or pronot erst' \?.\nﬁ? Hl%g}f%aloggisafﬁl %r@%%bg*e %g?%%ﬁ?/@{rﬁn\?ﬁ%rﬁpésggg- met al
conpound wi dfprg-opthoylesigl ect ed from t he group consisting of cobalt,
manganese, vanadi um copper, nolybdenum and iron, and heating in the
presence of nol ecul ar oxygen to a tenperature in a range of -9 2 2 JUN 2004
bet ween about 100C and about 230C at atnospheric pressure, wherein the
nolar ratio of substrate to the at |east one netal catalyst is in a range
of about 80-180: 1, and wherein the substrate is oxidized in the liquid
phase; and (ii) isolating product conprising 4-chlorophthalic anhydride.
18. The nmethod of claim 17 wherein the substrate further conprises 3-

chl or o- ort ho- xyl ene.
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