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-BACKGROUND - OF- THE The .| NVENTI ON . Thi s iriventioa n relates to'--a nethod
for oxidizing-a substrate -coni nprisipg:at | east one hal o-ortho -xylene * :

in . the presence-o f at "['east one nmetal - catalyst, ‘|'east one sol vent;
and a-t- | east -one pronoter to provide .a product conprising hal o= phthalic
acid or lialo-phthalic anhydride. - In one key ernbodicrent .the |nvent|on'

rel ates to.a .nethod - for produm ng a product onprising.4-chloropht halie

acid or-4=ch @(@Qﬁ 1| - .10-Met hods for- oxi di zi ng orth -
0-'Xyi ene are%%ﬁm&?{ np Wogatent 3,402, 184 descri bes oxidation

of . ortho --xylene in acetlc acid solvent,ia the- presence of a brom ne
prem in acetic acid sdhmhhmﬁahﬁekwdsltsa&iﬁwdﬂbﬂexﬁiﬁn xylcm@dérﬁeaﬁv@o"‘“ uct:

of chloropre%r and. &“F anphydri deas.in-U.S at ent 5,322,954, or .
chl orination Eﬁ”ﬁ“‘&gf?lﬁ‘cﬁ@pﬁdﬁé@éd&tmﬂmpﬂa@mtgns 07258152

‘and 0232914 :

' ggl ycl |%ar| ni?ueldggiggh?%%gﬁﬁ}gh%@s ﬁ%émlgat@ni ..ggégglg%ga? gl?f‘%ses t he -
preparation eAtalisty a@mmqtmwn@mwmman@fesmmmc apiodicti Ng a - - ) :

b ted "y I 017 No 125 1984 .
e o 230 L AAS LB oS R SoPdiitr, dione Sk e s by

t he li qui-d pha&mawtehla:smmuﬁ&md ﬁfﬂp@ddﬁcﬁg&)ﬂr@ﬂlﬁﬁ chiplifife ALA&D pinalfic KB

Cheni cal- Abst 0 g%ﬂ 5.(1979) Abs no 38648 %1 scl oses t-he

[ quid- phasé‘ ‘f‘ﬁ'ﬂlf’ P 'dfaﬂhéfﬂ“ * 4 bronp-o-Xyl ehe in the presence of
- NaBr. .There is a need.for-a.method for producing.4-chl of opht hal i ¢. anhydr i de - .
whi ch tpes not-, i nvol vquhaaﬁl;bngad&ﬁ bEhERVRNE BfeBRIwiL Fof DAL s, and

whi ch does notqﬂgroduce PCBs. SUNIVA% TklE I NVENTI O\IFIOn an ‘gggé%? of the

pr esent |nvé)ﬁ‘f A0 ?-H@‘?Q@%b%%ﬂaﬁ@wfa)fﬂ@tmﬁmwcmm@migfmmdubstrate
conpri sing %[—cs[:ﬁ'&séf a%ﬁmmlppon(?&&p%§)ﬂa?&?s %55: gZP %ll E50; and %58 '539 the

substr at ein
) dcscnbc oxxdauon of ortho-xylene in acetic acid solvcnt in the presence of a:

hydroxy:mldc promotcr Mclhods for preparing 4—chlorophthahc achydnde are a:s0-
15 - known :Iowevcr these mcthods typically involve aromauzauon ofa Diels-Alder
' - adduct of chlomprcnc and a maleic anhydnde asinU.S. Patesit 5,322,954, or
chlonnaﬁou of phthallc acxd as in Iapancsc patcnt appllcatlons 07258!52 and
02 129143.. The latter chlormatlon process may preduce polychlonnatcd b:phcnyls

(P CBs): US Patent 5,225,573 discloses the preparation of tetrabromophthalic anhydride (TBPA) by
~ oxidizing a brominated precursor of TBPA. Chemical Abstracts, vol. 101, No 125 (1984) Abs. n°

230079r discloses the preparation of monochlorophthalic acids by the liquid phase oxidation of
chloro-o-xylenes in the presence of KBr. Chemical Abstracts vol 90, N° 5 {1 979) Abs n® 38640e
discloses the liquid-phase catalytic oxidation of 4 bromo-o-xylene in the presence of NaBr. There
is a need for a method for producing 4-chlorophthalic anhydride which does not involve handling
toxic chloroprene or chlorine gas, and which does not produce PCBs.

. SUMMARY OF THE INVENTION

In an aspect of the present invention, there is provided a method for oxidizing a
substrate comprising at least one halo-ortho-xylene which comprises combining the substrate in
. 1




23 July 2004 . WO 01138-282 PCT/US00131971 a sol vent Wlt:}égf one

netal catalyst and heating in the presence of an oxygen sou uﬁofoaoﬁr oduce

a product mxture, wherein an effective-anount of at |east one pronoter

sel ected fromthe group consisting of ari~p~-lit;#~a~id~".3onr:ph~de

:~chlor= . uYde yi aeflfiy~ htea~-1 ; -1 10 .: uN? @ﬂi;xbo;jmtll alim

4-ch GoVMQONARRS |y ~| Y .

~=f i raXht Ei a~i ~i de~ :diellilaro-~~jrc~nxypht haXii-m de; <4~~om)— ~l

iyticypi#hi ~i de; (- bydroxalellde =hydr Qxysueci neu- de; - xyphtballrrtlde,,B

bwnD ~ i - bydz+nxy~hWal i nEXde; da uo-f= ~ t~ 2-cartiaxyetliiane hydwxanruc -

acid; 2-caaxyetl~e ehydr oxam ¢ aC| d 2-cai hoxypheny iydroxam cnci ds- of

for|nuI af 1:. - . 2irid -ti is: "ereia each Ris i dorit haj : chlor
bromo;  GreoERy al et sl crtabetand bealng B BSPsonh of AYARA P90

O V\'hef ein Bl'odl.@e a%rkdﬂctr&ﬂldre&ﬁﬁé’telﬂah sfiectivetepantdal Basf one prombtec sedxilcmd(ﬁ‘omdlne

20..'w ;- broaig : - ant .. aiid n-is ft-4 -- 2 23 July 2004 |

--~1r~am ti ar%]folﬁ'H]co'?S‘Sdegs ammnl V\D(X cht ad azGnl gbI vmsu d S; pho i di t iiiei

|des phosphonl um ¢ %.1 f@ﬂﬁﬁ?ﬂ'}}fgg e

phﬂnlmude N.nyamxycmylph 4idé, N-hydrokymelfiyiphthalimides ;-
- (n')N-_'"'.f h!hilxm‘ide, 4—chlugo—N~hydmxyphtbalumde, 3—chiom~' o
oY Rehyatoxyphitativiide; d.cmm-u iydroxyphthaliniide 4 Bromo . S
. “ydcoxyphthalimide, Fhomo-N: ydroxyphthalimide, dibromo N-
hydmxyphthzllmldc, N-hydroxymalemude N—hydroxysuecuum:de
(i 2-¢arbonyit f“";ehydmxanuc acid, z-cmbaxycthenehydmxamm
- Faceid, Z—Mhomhenylhydmamlc acids of fmmu]a | & :

S ®p. O
n’ S whemu eacthsmdepmdfmﬂy halogen,chlum orbromo,oralkyl,

»andn is’ 0—4‘ : . .
(lv) substlmted bcmldehydes of the fommla (ﬂ)

R whetem Rl alkyl and cachR’ is mdependenﬂy halogen, chlom or”
20 - "‘bmmo oralkyl,andnlsﬂ—4 Col e s
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- - {Yid:guitstidin~~n.~lidcs,;gu ari~du[iuE~orides:grisiiig~st~a,.,
=(vil)al kali netal halides, alkali uietat:ch! oddes, and al2§aﬂy fpé]f‘al

bcoxiii is added to the reaction m xture after the reaction reached a

35-65% conversion to, product mixture. An exanpl! e enbodi nent is a nethod
for OXIdIZIng a substrate conprising 4- chi or o-or t-ho- xyl ene whi ch conpri.ses
combi ni ng chloro-Orthoxytene in acetic acid-selvent with at 1east one metal

catdl yst which is a netal compound conprising cobalt, "and heati ng in_the

presence of an oxygen source to pfoduce a product. mxt ure conprising

‘4-chl orophthalic acid or 4- chlorophthallc anhydrlde wherein an effective

anmount of at 1east one pronotéer is added to the reaction mixture after the

‘reaction has proceeded to an. |nterrred| ate stage- of conversion to product

m xt ure. Anot her. , ﬂmﬁ? ﬁqﬁf&r”g a product
m xture canprisin ch"l orropht:hat e acid or & orop i ¢ anhydri de
whi-ch. cmigmm@ﬁgﬁmmn@hm@ubﬁw@s@hmmmbwg&des4 chloro=ortho-x lene,
optional ly in.the, f |.GiAChd... Wh-ICh conprlsesthe st eps’
of (-1) combi ning s@ggﬁﬁﬂﬁ“@n g@%%& sof‘{;&c He t | east one netal
cat al yst. M‘nidwsndﬁg cobalt, and opti onal y manganese and heating in the
presence of an oxy; U¥ .an of between about
100Tgand about 23%%@% I%@%ﬁf%ﬁ%&% eggout 1300 and about
8300 ki | <t is,addduido Gienedctian mnhwraﬂreaheeeaeﬁon%&ﬁéd @.’sﬁeé%?cc;nbﬁm@ﬁ ol €ast one
metal . ¢catalyst is in a range of about 80-250: 1; ' ng, after the
conver si G¥°Ue Wf¥8uct ni xture has reached about 35:65% an effective.
anount of—at | east one pronoter selected fromthe group consisting of
m—h h)éd r ox), pht bl éxemple pmBediraérit trcomlhbay/fdr mw@@&bsm%mpnﬁnﬁl&m:worltho- -

ydr oxy phRteh | roxynal e e .
Nhydr oxysuc c?hlhﬂ %ﬁnp"sgog@gﬁ%)@%%éﬁhwg@%% gémhcc? 45 qEPgE ﬂ'lﬂi% e matl
met hy! benZRYGEMYIdEs 2 metet FompeuRd compasing seball parhesting mﬂ@tpr%sbme;nlfammmnm
br oni de, m@emﬂmabmmm@&msmg m&opmﬁe%aazﬁand%;m}dm;?&ﬁ

o H

(i) hemeangmeaﬁa%wagr&&w&e%%e %@ﬁ;@ cg?ryﬂ&c&ber ars to

I ncrease  conversion-to ct mxture;

‘conpri si n’@adlﬂnb?ﬂpé?‘@ﬁ?ﬂﬁ‘a‘l”l @teaﬁd@twtaaeofe:mveqs@pmmmmmmwhydu de BRI EF’

DESCRI PTI ON OF THE DRAWNGS FIGURE | is a graph show ng nornalized nole %
oot on 1t o GRS Uil i SabEl Pl S
oxygen- ensEepbtnalic acidgr ﬁﬁ'ﬁ'ﬂ@‘?ﬁﬁ"@ pnhydddedvhidhtcempi@ses xidizisg a substrate conighising
reaction #bh{&rbl-b%dﬂ@l%néi robﬁﬂllalbﬂfl %?)re‘s@l‘i@'oﬁ‘ bt@cﬂot@ltuc%&'g R combiis R s%p§ of &
graph show ng ([} n@nmg su(gs m?e in aget{c%%%tselser}ut m&i( atxt least one metal catalyst comprising
cobalt, and optionally manganese, and heating in the presence of an oxygen source to
- atemperature in a range of between about 100T and about 230T at pressure in a range of between
about 1300 and about 8300 kilopascals, wherein the molar raho of substrate to the at least one
metal catalyst is in a range of abouf 80-250 : 1; ’ i
{ii) adding, after the conversion to product mixture has reached about 35-65%, an effeetive_
amount of at least one prorﬁoter selected frqm the group consisting of N-hydrox),phthalimide, 4-
chloro-N-hydroxyphthatimide, 3-chloro-Nhydroxyphthalimide, dimlorqu—hydroxyphmalimide. N-
hydroxymaleimide, Nhydroxysuccinimide, 2-carboxyphenylhydroxamic acid, 4-chloio
methylbenzaidehyde, tetraethylammonium bromide tetrabutylammonium bromide, and sodium
- bromide;

~2a-



210 conmposition versus time for.an oxidation reaction corrprl Si

‘chl or o- ortho x%/?dene substrate run at 150C using .30% oxy. ¥ air.
with prdfd ded after 2 hours, wherein the reaction %mj @“Wés not
dried bef ore addition of pronoter. FIGURE 3 is a graph show ng-nornalized
‘nol-e % reaction mxture conposition versus tine for.an oxidation reaction -
conprising chloro-ortho-xylene 15 substrate run at 150C usi ng 30% oxygen -
enriched air with pronoter added initially. DETAI LED DESCRI PTI ON; PREFERRED
EMBODI MENTS ha one  enipig heRig théRasibibinhdire tﬁaergrr %hfkgofeé k g |
hal o-ortho xylene of the present ‘invention preferably comg I'ses & nonohal o-
of t ho- xy| enicrease eonvsraigtogspguct mixiuee; erd ho- xyl ene, ‘nost preferably
4-fluoro- or 4-chloro-ortho-xylene. In another enbodi nent the substrate
. conprises a. mxture - ( - preferably a

m xture of 4-flu-oro- ﬁg%#@%?ﬁ%@gg‘o":‘t"#ﬁ Jé%lggrolpgthaﬁp a{?}ﬁPéQaf 4- chl oro-
. and 3- chl or chiawophthakiy beindridehen 3-  hal o- ortho xylene is present, it ,
conprises about 0.001-15 nolar percent, preferably about 0.01-12 nol ar

Sobstrat e PRI DESCRIEHOR R TARHRAWINGT ool r at o' corpri ses at | east a6

hal 0- 25 ortho-xyl ene as described above, optionally in the presence of at

I east ®ne hal ot ol ui ¢ FIGURB 14k graphQGhow iR fdkhaB202mble B HSombs ke Ci d,

.preferably at |east one chlorotoluic.acid (al'so known as -chloro methyl"
benzo; ¢’ adPBPOsHiSRYeRYS fiBICABT 1 exidptign 1?%6“°¥C@mﬂﬂ5m8$hi@9hmh0mm c acid

or (b) 5- c:}gg{t&tgm atngty{,ggétg@%(bﬁggperg{) hﬁ&ll}g@.&xﬂ% ?e(tagﬁéfﬁ er gand still

nore prefe y a mxture -of “elth ther (d)
4:hal.o= or theorsxyherei therreaction mixtirx was drie befors additmnafmﬂoraeteal o-ort ho-
xyfene. Halo-toluic acid may be either added to the substrate or may be

present as a consequ X|dat|on of .hal.o;ortho-xylene.
consequence of partlm%&?%%‘gﬁhg AN Rpragli: Qr"&"‘tf{ﬁas"%%&“m t he

. substyoat e SbinpositioaNvgrsus tifie Soicdn d:adatma&e@:eoheaﬁlbheiﬁgtcﬁlmeronhwx?lenkl e, and -
- catalyst. | till anp# enbodi ment the substrate COITEI’I ses a m xture of
‘ortho- 10 53‘9@913 ‘;Lﬁ%wb}'&ﬂ‘t/ﬁaxysawfeﬁs hed g wash psprpo rtlrirtnda\ﬂetﬁ (dy"
~ 4-hal o-ort hgursxﬁffh@r@ﬁt the tea\eha.ttnﬁa)u@wsg it dFigd BEfotl? Seion Qi;ﬂ'omoter

3-hal o-ortho-xyl ene, or with-at least one halotol uic aci pretferably

chlorotoluic acid, or_with a mxture of chlorotoluic acid with ei.ther (d)
4- hal o- ort ho- xyl ene FIGHRES lséﬁﬂnhw@mnmmdimaMmMO xyl ene.

Wen orth percent
~and pref erg égéng 8fvd %E Iﬁégd%tapo&ﬁ a?Hgéeaﬁég‘?rF&R?H mgg 'QP ,
espedisal | ys@s&ﬁtermedt ESBE tusimig S08H oy gen earickedcdit witbpﬁfrhbler deeﬁﬁﬁnamjat ionally
in combination with at |east one of 3-chloro- ortho- xylene, ortho-xylene,

or chlorot Brip,qy 26 lgESCRIPTION PREFERRED EMBODIMENTS

.

) _ : In one embodxment the substrate compnsmg at Ieast one halo-ortho—
" xylene of the present mventxon preferably compnses a monohalo-ortho—xylene, more
preferably 4-halo-ortho-xylene most preferably 4-fluoro- or 4-chloro~ortho-xylene
In another embodiment the substrate compnses a mixture of 4-halo- and 3-halo-ortho-
20 Xylene, preferably a mixture of 4—ﬂt.oro— and 3-ﬂuoro-ortho-xylene or a mixture of 4-
chloro- and 3-chloro-ortho-xylene When 3- halo-ortho-xylene 1s present, it comprises
about 0.001-15 molar percent, preferably about 0.01- 12 molar percent, and more

preferably about 0.1-10 molar percent of total substrate

‘In yet another embodtment the substrate compnses at Ieast one halo- -

25 ortho-xylene as descnbed above optlonally in the presence of at least one halotolmc

-3-



The substrate conprising at | east one halo-ortho-x ylene is £
the reaction mixture with at |east one solvent, which prefer @%rl ses. -

a l ovverWQG"éBm@hat ic carboxylic acid. Illust rative exanpl
al i phatic carboxylic acids enployed in the process of th@%@éﬂd@ﬁ%
invention, include, but are not limted to, acetic acid, propi oni c aci d,

.butanoic. acid, pentancic acid,. or hexanoic acid Acetic -' acid is
preferred At-least one netal-catalyst is used in the present invention.

. The at .25 l ast taI catal yst conprises a netal compound with a
metal sel ecalc E‘Flgﬁ’l?é s ddpretolyic nglddﬁlsokbabhasﬁﬂﬁﬁﬁﬂ%&gg? yagadi um:

Y,

copper, nola¢klefibr @ggg,b m xt-ures thereof. Prefe a netal
conpound-is ggsa | t po-f theyérleﬁ%al(ﬁwﬁm%o%meﬁlwﬁ’él’% Wld@r@eﬁ—ahlorwz-

tyl t apptldbengpia deid & mikiur whi ch
cuitable prete b ikt et 448 R wore GBSl Y 2101

tabl e f | ude, but are

, CS%(I;I d?gr gr n? exgllélﬂg%l?@/(%g ) ‘l’hgglqgl‘ll'hﬁl@gahoagbae,tor((bj 3 mie@tades. cobal t
I -4 2Bald 20Q-or'o- /31 | t onat bal t

EI I l) acet yl aggm:)nate cobg)l]lfl%@%l?%o-aﬁi[{ %Q z’(?@ltglgc Q?thebéoszbﬁgyalcl) (rry

pi col i nat eP* a¥ 5Hé°§§“t(alslalc}3ﬂmcmee)f paetmj;aﬂﬂaﬁm( bit lial@-%ﬁh@l anese (I1)

hexaf | uor og&gt at e ese . (LLl) ty acet onat e,
" manganese (1| )qﬁegggtay ac@too(tﬁ%‘lm g’r‘lgg’ggg]ioctﬁl%"r sdi H! élersabgtthtaml

manganese YATBMGH sheh f&:tora ng Fraetien (elﬂ;jermu@ol,meaat,ﬁ,m nganese (111)
pi.colinate, manganese (111) -brom de: acetyl acet onate, vanadyl (1V) acetate
(VO OC(O CH3] 2) 1 V)  acetyl acetonate, copper (1) acetate,

- nol- ybdenyl (M) acet{/;lasg%leapl?ﬁ’gfﬁmb f@s [bstiare comprises @imixtae of aitky- and

hydr 8 es, Xyheheanitly Halowsthe Qe t ereof . Preferred netal
Cg.t al ystst{5 clude ni (ﬁxtures of cg%glrf%]? l%'éﬁlﬁéhnfdaé"%aﬂ%ﬁgbwm o with . 10

either co 4balorands3- amrgmqéme( ot \)V:tbﬁ@l&hél%ne RRREANRSR:d )

hl ori d
ol aﬁet"‘éﬁ";‘?ﬁ’ %ﬁ‘é’g“l‘é’s?ﬁ?‘?@ﬁ@a iebre ﬁ&ﬂé@m@ acid with gitberstipd.
-di hydr at e halpaorgaaverleng, or fe) aanixyire o€ 4 Gk and 3%!19 g{eh% %‘ghentqqhq drate:

: t vl anese (J1) hexafl uoroacet -
| ﬁfitér Zii%f:ﬁ%&a?%m?“? Hiihes Shods 001 rl&rrgaaegmmmmmg%oumganese -
S (113bro 1 mvothr pbrcesy €% .0 1 etaté wi th manganese
EI I l) acey, and ﬁn andgggw %I}b%r&gm%%%g&?ﬁg,w Slléla‘ﬁswq $OMBSESs at egvm th
nmanganese” ﬁqur?—o Fhgriese ntionalinin ¢dnbinationoniis s e ofté oPP-Q?lo‘i-o ()ltR) acetate

wi th mangRpess orthbl lgﬁg .. T Ql (II) bromi de;' or of cobalt (11)
(T ford

acetate with nanganése I?af"é’ nd either copper (1) bronide or
copper (I1) brom de.
The substrate °°mPl'lSmg at least one halo-ortho-xylene is combined in

the reaction mlxture with at least one solvent, which preferably comprises a lower

2Q . ahphatxc carboxylxc acid. Illustratlve examples of lower aliphatic carboxylic acids -
employed in the process of the present mventlon, mclude but are not limited to,
“acetic ac:d prop:omc acnd, butanonc ac:d, pentanoxc ac1d, or hexanoxc ac1¢ Acetlc .
ac1d is preferred. o ) ‘
- -Atleast one metal catalyst 1s used in the present invention. The at -
25

_ least one metal catalyst comprises a metal compound thh ametal selected from the .'

group consisting of cobalt, manganese vanadzum copper, molybdenum and iron, and

©.mixtures thereof; Preferably, a metal compound is a salt of the metal and more

preferably an acetate or acetylaeetonate of the metal Illusuatwe metal compounds
which are suitable for use in the mventlon include, but are not llmlted to, cobalt
30 dibromide hexahydrate cobalt d:chlonde cobalt (II) acetate, cobalt (I

-4-



.20 The nol ar rati o - of hal o-ortho-xylene substrate to the at |e
yiel ‘ﬂ'ﬁ%zé) Mnge of

nmet al cwgg%%st- is in a range of about 20-600: 1, preferabl

about ‘507 °1%° and nost preferably in a.range of about PEDUSEW1971. | n
especially preferred enbodiments the nolar ratio of halo-ortho-xylene
Substrate tcc the at | east one netal catalyst is about 200:1. The at | east

‘one. netal catalyst may be added in one portlon to. 25 the substrate or in
“more than one portion during the course of the reaction. At |east -one.

G i e R T

" 4- chl or o- phtdobhlk (diI)jptcoIhatth es@ gllz addtdte, Gangakise 'ﬂilﬁaﬁwﬁé Bﬂ:&dg@gesséﬂj ul'y

-

N- hydr oxyet % thal i m de, droxyrret hyl pht I m
2004 WO 01/ 383 }031@9—7@ Yttrﬁqe,)mwmyeneduy) acamatemnmpmaegan&e (II)

-hydr oxypht hadcé@fabé@ﬂate“maﬁé&h@sre%%[ .ﬁ%ﬂ&@ﬁh}g&ﬁgﬁgﬁp' M deab S- £ 'Or.o -

hydroxnght hal i m de di chlor o-
- N- hydr xypmmmﬁedﬁ) P@Olumtcmmnlyandsqdiloptcphndtalmztﬂgdﬂese (III) bronude '

nyar oxysuc ot Raona ik o se b PO BRBUINES. vasadn v)

car boxyet haawyldcemﬂem: copsdrdl) aZEtateCﬁbi}%éf?rl F&?faeét e g\ﬁ‘é ﬁ%ﬁ‘a@g% den 0 ~y . |

car boxyphen oxani c of forml n -eac
hal ogen, @L‘Fiﬁmﬁ'ﬂpgﬁ‘bﬂ@ﬂesbﬁ‘“@rﬁﬁw draws @mmnkqs andinuixtardsshétedf. (i V)

“arylal dehydpefemeapcsspsg A LI i S S o 1 K

- chlorides or ﬁ?§m des. Preferred hydroxaniic

“is alk 1 and each I S T.ndepen

ent Fogen
br ono}0or afikser COQ%HH(IB nltsihn@teélmaléga)leserﬁml btonhdé inikaandse ITT) sRloAgEONi UM

id d m hal f hl d b d
I L R P AR 3%3%%1@%%2%23&%3015 58)82
10 23 Jul ymﬁﬁglﬁese ﬂ’ﬂ?j’ 4ddt00 dihdArate, fn\'ihgane?é (B abetgﬁt:glmat@lrjna ﬂane%e l@&gr ably

S

I ncl ude ' not

limited to,3 Glenate, B @emgapesed besaflynwagatylagdomatatrihydeae;dnixttesbf or 6-2

cobalt (ID) acetate with manganese (m acetate or manganese (II) brormde and -

' ,' 15 | temary mixtures of cobalt (I) acetate with manganese (III) acetate. and manganese
.(II) bromide; or of cobalt (1) acetate with manganese (III) acetate and cobalt(II)
bromtde or of cobalt (ID) acetate with manganese (HI) acetate and iron (II) bromlde

_ or of cobalt (II) acetate with manganese (III) acetate and either copper (I) bromtde or
copper (IT) bromide.

20 The molar ratio of halo-ortho- xylene substm*e to the at least one. metal
catalyst is in a range of about 20-600 : I, preferably in a range of about 50-300: 1,
and most preferably in a range of about 80-250: 1. In especnally preferred
embodtments the molar ratio of halo—ortho-xylene substrate tc the at least one meta]
catalyst is about 200:1. The at least one metal catalyst may be added in one portion to
25 ‘the substrate or in more than one portion durmg the course of the reaction.

At least one. promoter may be used in the reaction mtxture Sultable
organic promoters mclude but are not limited to, -

(1) mudes such as phthalznude 4—chloro-phthahrmde 3-ch!oro-
phthalumde, dlchloro-phthaiumde N-hydroxyeﬂly]phthahmlde and N-
30 hydrox}nnethylphthalmude

-5-



car boxyphenyl hydr oxam c. acid, 3--chloro-2- carboxyphenyl h;r%r‘&{ 1.C, acids,
and. dichl oro-2-car"’ boxyphenyl hydroxamc acid. Preferred a des
~1incl 'ude:vobm,szg%qe not limted to, alkylchlorobenzal dehydg, ﬁr
3-chl or o- 2- et hyl benzal dehyde, 4- chl oro- 2- et hyl benzal de and )
di chl or 0- 2- et hyl benzal dehyde. Preferred oniurn “halides i ncI ude but are
not limted to, tetraal kyl anmoni um bromi des such as .tetraethyl anmonium - °
brom de and tet rabutyl ammoni um brom de. Pr ef erred guani-di ni um halides

are hexaet hyl guanl di hl.orid | guanl dinium bromde. A~ |
. preferred al kal i F)%V&d’éy ugnfea ‘g’rﬁsﬁﬁ plimidg, fychioretMrred
. pronot er Shydwxyﬁﬂnbﬂlﬁxﬁdyghdmuw% ,@B&h@ﬁm@ hﬂ' /dr oxypht hal i ni de.

The term' ﬁfﬁ' yl -as- used in the variols enbodi nents St t he present
ydro

i nventi on xyrihnlignde, 4-hresiogNdrydraxyphthatimidd, 3 eirépb-N-or anched al kyl |
- aral kyl hed al k di cal
oYLt S BB Mo AHLER Bro BB RN AAER S 9 Nncl ude

~as |Iﬁustr@ﬂkﬂ@ﬁumngnnﬂmn1tlng -exanpl es net hyl , ethyL propyl i sopropyl, -
butyl, " tertiary-butyl, pentyl, neopentyl, and hexyl . Cycloalkyl o
radi cal s represente re.preferahbly t ai ni fron13 to about 12
ring , arbo atons. d@@rﬁ?’dﬁxlaﬂg??%’#w %“qu 1yeHgn amicgrid Rese. o
cycl oal kyl caPbuyestitadlydroxaniced, ayaORS oKy phbRy Lﬁfur&x*mb abidd RIGHALET DY) - Y
pty , c o0 exy net ycyclohexyl and ="cycl’ohepty referred aral ky
radi cal s- are those containing from7 t about 14 carbon atons; these: '
“include, but._are not limted to, benzyl phenyl butyl, phenyl propyl, and In
a preferred enmbodi nent of the presegt pnvention-an effective 25 amount-of -
-‘at | east one pronoter is added to ti¥ reactiOon mxture after the reactlong;,~
has proceeded to an |nterned|ate age of .- /onver5|on The term "effectives
anount", as .used herein, jpcludgs” FAUNt of . a substance capabl e of .
ei t her increasing (directl or |nd|rec ly) he,somver5|on of
‘hal o-.ort ho-xyl ene _or of hal-o-tol @ g, ncreasing selectivity tomard
‘hal o-phthalic acid or halo- pht anhydride. Optinmum anounts of .30 - ‘
pronoter can vary based on reagilon conditiogg and the identity of other
- constituents, -7 23 July. 2004 W %1/38282 PGTI US0013197 1 yet can be
readily deternlned in light of the discrete circunstances of a given

i (
application. In typlxﬁﬁelﬂﬁmmﬂﬁﬁﬁ e%'ﬂeﬁﬂj Eﬂbh&i‘ép?éﬁ’ﬂdﬂfy a‘g{)%r?r@gi%rﬁf)e %

havfel a Valzﬂgyl n e bet ween about .01 nol e % and
pr eftl@r abl §F # 0.1 nol e %and about 12 mole % and nore
pr eferably between ﬁ%laldchydes such as subst:tuted bcnza!dchydes of the formula
1) :
)
wherem R' is alkyl and each R?is 1ndependcntly halogen, preferably

" "15  chloro or bromo; or alk'yl andms 0-4;

(v) onium hal:dcs such as ammonium hahdes and phosphomum
hahdes preferabiy chlorides or bromldcs, -

(vi) guanidinium halides, prcférab‘ly chlorides or bromides; and

-6-




.0.4 mole % and about 10 nole %' based on hal o-ortho-xyl ene %b@#%@o :
"t he present context an intermedi ate stage of conversion rep bout
85- 659 CHAOEIRDn and preferably about 45-55% conver si on-RETHOGISHL ho - ;
Xyl ene (and/or halo-toluic acid and/ or hal o- pht halide) to a product '

=m xture

conprising 4-hal o-phthalic acid or 4-halo-phthali anhydride. The

progress of the. 10 reaction may be neasured by any suitable' neans,
.preferably by measuring at |east one of the concentration of product

.m xture,
i nternedi ate such-as halo-toluic acid or

the” concent r gtii)ankaf metbEalidet q;re@fabtmﬂ%&ﬁééﬁ)?gtmfg n of an

|OWI ng

~-addi-t.i on of pronoter, ggq%?re ction is allowed to continue to increase
d i})’idé‘ﬂi?ét

conversion to the .

lcmﬂsit mChlderutemmllmmdsoJ n which it is

'._necessar‘y t GusdBRIBRAVLEAEBoRRH r.e cb efore addition of
then the reactor@P e|;5eﬁeat un & 2 E’é%’gure of oxygen source to -

_‘pronot er,

, |ncrﬁase cW@Wbﬂﬂﬂbﬁrhmmiosc:deﬂ-chtwdaodarmxypwrgulymagﬁyg(lgﬁs spyrce used
t
e oRygor Sebiotd 2 R CRDpHERY RS i i, Pk aferied Arviaidehides igladovinit o has no

nel ative .

ar gon.

afd: dititedao, dlylchIOmbei AT USSR ol Lo RAED.mARfH: n%??e%%%,égn'

nt ra i on qof dil uent pr esent

The e
source may © %ﬁt“ethé bepzaldehyde andislich gLHE?SZ'!11§=I'it)ﬂt1!>‘:rlpl!leh&ln!jrd@:bP156:fea-b.zfalu:tmd:'m'E 0

about 90 V(Hali@s mé‘lilﬂerﬂﬁiﬁreﬁfo?ilﬁﬁéﬁlté/ By 1d:

n

0. abput .80 vo| u % In

preferred embodi nents the oxygen sgurce i°s :'ﬂoﬂgﬁ“ e Tﬁﬁﬂ‘cé?’f‘ cont ai ni ng
- ‘about 28- 3@6%&@1%1@@9@311&0@@@@ nenabdtytaﬁmcimmﬁ bwmméymtbrwr ce maybe

i nt rogiced rea t|o ni xture b conveni ent- means. I n one
ot g%l %{e r eacgll li'?tcs gg“&ﬁ'fit"é?‘@ M‘ét@ﬁhé@%lﬂdﬂt@lpﬂm tive

ernbodi nent
ptéssure obromidgeA pretaum:ﬂkamn&ta@tﬁﬁa@ﬂ sBARASbORide. | Bspl

P § Al f bet ween
about 1300 and about 8300 ki | opascals. A nore-pre erire ﬁ%P@ eisina

range of bBIGREUFFSAFolrhysirorymheial 4raldoracNHydawgphthalinidan' especial |y
preferred enbodi ment the pressure-is about- 6900 kil opascals. a -8 . WO '

01/38282 23 Jul'y 2004The RERH bﬁ?ﬂ“ét.%z&méﬂsvmgf ‘%“?%edé'g?‘)f%ﬁt |s heat ed to a

‘tenperature effective to prono oxli dation 0
preferabl ymﬂﬁttwnﬂéﬂfﬂ?ﬂdﬂgﬂodpﬁime h@thmn&ltuikylxbﬂaﬁﬂﬁadmﬂcyltmlk?[ gﬁ@nce of the

at | ggst

P bly the re - t
Yty KiCal e N B b R B o S o Pt e bObaFT o1 € hor (Do

I's heated-to'a rrpera ure |n

t enper at urentainingffitoah 1 ¢ bt IE&h@bN%ionW an@hﬁ:lﬂ?ie% il ective
for promotin reac%)é'on of the effective boiling po| nttxgat{éﬁﬁgﬁﬁ“tﬂgf

reacti on- rﬁ

eihRep Papet, d9proRy L, s tatiasy-bitylcpeniyl; nerfpehiyl ahdo i S

the | over Heﬁ?lDGJyanHll@l ralfitfafs repRE&GHAPAN pﬁ'é}@m'i)ﬁ?ﬁlgse containing from 3 to about

20

25_

30

12 nng  arbon atoms. Some 1llustrat1ve non-l:mttmg examples of these cycloalkyl
-radicals include cyclobuty[ cyclopentyl, cyclohexyl methylcyclohcxyl and
cycloheptyl. Preferred aralkyl radicals are those containing from 7 to about 14 carbon

_ atoms: these mclude but are not hmlted to, benzy! pheuylbutyl phenylpropyl and
: phenylethya '

In a prefcrred embodxment of the present invention an effective .

| amiount. of at least one promoter is added to the reaction mixture after the reaction has

» proceedcd to an mtermcdlate stage of conversion. The term “cffecuve amount”, as .

" used herem includes that amount of a substance capable of either i mcreasmg (dtrectly

or mdu‘ectly) the conversion of halo ortho-xylene or of halo-toluic acid, or increasing
selectwny toward halo-phthahc acid or halo-phthahc anhydride. Opnmum amounts of

promoter can vary based on reaction conditions and the identity of other constituents,

.7-



mxture is heated to a tenperature in a range of between ab%l%t ‘12%095 and
about 230C and nost preferably in a range of between about oeY4084about
1.50C O prevailing pressure. The products of the oxidation
reactloﬁoibcégrrp%%se those obtained by oxidation of at |easCih?061%74ng -
preferably both the two aromatic nethyl groups. In --particular the
products conprise halotoluic acid and hal ophthalic acid, respectively.
Hal opht halic anhydride may al so be present depending upon the reaction
~conditions. 15 Iée tQ be understood: that product m xtures conprising-
hal opht haI iY@tﬁ%f} FF&?I*Yé%iﬁmmsfém}pghtefu@@ecnueommmmesoemg.ydm de assuning
all the . t referred enbodi nent the .
AL | Hﬁfy}r()ﬂ:?l EnbEmettS BY SFRLRE e dhnPodi

substrate h ort ene conpri ses waote;maé( Vﬁﬁd t he

product s conaiueuue m@mmﬁuhoua&OdnmaVAmd%bwmh&I@%dﬁe ~ optionally
preferred emb nent 20 the

. th 4-chl th
\smu bst ra’? e %ﬁ&sereg a@:ro%%l %% Pt £7e§'n 'ﬁ*tegrﬁddﬂﬁfed‘refsmblﬂ hntweeraaimblm chl oro
or t hosxyl enes M8tk %4 ¥d- asb@:dmhﬁle@s}%é&e%ﬁ&lb%}mm{yr&% sutfgﬁ]ﬂags and a m xture

~ of 3- chloro- and. 4™ chlorophthalic acrd optiona chloro- and’
4-chl orophthaii anhydride. \Wen ortho-xylene is present in the substrate,
then a small anount dRfl RrEsENheodext@n intprmdsdiate stagmoﬁto@optslonrrep#eyemt h

Droduot s ofoiscon: Ko aRFBREAIP S e 33 Lofilch Farprbes (op |
- hal opht hal xyleae:(ami/onihatmtolmyacrtgend/onhﬂotphdlahdehah e digtusn hyflrl dﬁS) '
- maybe used. in ma v ypes ot aromatic - polyethers,
pa%/t i cul.ar FY™ %%F%gﬁ’ﬁ ﬁlé"sac“fﬂr'g %éﬁ’é@?dﬁcr?élhl'df&le ‘Bhepragress ofithe si ng -
4- chi@r ophieaa:harpma;ﬂwmdaﬁﬁeﬁa ﬂlﬁ%lgrﬁe&ﬂeﬁrsfefmb‘ﬂrféy{%aﬁ&u%ar gfa%ght hal i C e

anhydride) may_ be reacted with at |east one Iam™n pre 23 Jul y;f_ _
2004 WO 019madhe convepsomafpradust g(mmrmdemmbmmmmersummmma whi ch can

F
ol vt her 1 OUMREREa A of A hLSARE Uhctoss IUTIS2 5 o Bile HMRIGR: Fatlowise o
~di hydr oxyauddmdn af pronpe; s rea%ﬂﬁhrs&ﬁlo&eb s dirinak toﬁnehea%dﬁ%érd&to teth

bi-s( hal oph ngl as | ust rated by
1,'3. ~bi s] "(‘H ) SQdHP‘ﬁ'Hﬁ %@H@%wahlshWF BeCeRALY tordepressuizans
Accorsli ng doal S rBaiteBeFors 13331%0&%? pﬁﬂﬁiotér el tl?g feactbP'§ r&gegpet%r i glep n of

aromati c pol yethers may "be conducted 1.n solutioninre y non-pol ar -
sol vent s, PressurepioxyBeesoureetadnerease epuversion whiheldesiredgoducantikairé.y st abl e
under the tenperature 10 conditions enpl oyed. Sol vents dlsclosed in

hl I
T3 e o AP REEERS O e i

‘oxygen or molecular oxygen, air, oxygen-enriched air, or oxygen diluted with another _ ‘

gas which has 1o ney’ ‘ative effects on the reaction, such as nitrogen, noble gases,
20 -argon. Th», concentration of diluent gas, when present, inthe oxygen source may
" amount to about 1 to about 95 volume %, preferably about 5 to about 90 volume %, - 31)
and more preferably about 10 to about 80 volume %. In preferred embodlments the: a

oxygen source is oxygen-enriched air contammg about 28-30 mole % oxygen.

Oxygen in the form of an oxygen source may 'be introduced into the
25 reaction mlxture by any convement means In one embodlment the reactlon mixture
is agltated or sttrred under a posmve pressure of oxygen source. A preferred pressure
is in a range of between about 1300 and about 8300 k:lopascais A more preferred
pressure isina mnge of between about 3400 and about 7100 kxlopascais In an

especxally preferred embodunent the pressure is about 6900 kllopascals

8-
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Jtonoal koxybenzenes such as ani sol a, di phenyl €t her, or phenet

enpl oyedy, E Rhyent s of the sane types may be used for th ﬁqg}ﬁ% (g’n of
bi s( hal opﬂt I'm de) -“internediates, particularly bi s(chl of op i de)
i ntermedi ates, for polyetherinides, 15 The reaction of diacnine W|th o
‘4-hal ophthalic anhydride (or a mixture thereof w th 3-hal opht hal i ¢
anhydride) in the. presence of any phthalic anhydride arising fromortho--
xyl ene oxi dation nay produce trace am)unts of the nono-halo species. For
exanpl e the reaction o SR L.a
m xt ure thereof wth 3%%*%?‘3%‘?%%“?&5 anhy pgg&yﬁ%‘m&e prgé(ke(g rg{rgort any
phthalic 20 @ndwm efeat pastonecpfiand preferably bath mﬂhquroﬂstafmalmmbb-ﬁyleﬂuﬁﬂ
trace ampunt %‘8 stegge of IR ngtc}g%lt gﬂes szt‘%ysei ahd oxygeg%ogrgfle O{;rc? Qalt#nen}eggt%ons N

-pht hal i-m do) wrEhe - T

1, 3- bi s[ N- ( %an@pemwa mﬂ\(ﬁhﬂah&l@ixﬁi\ﬁngé epbdtRea dhbui SoethadrigeaRse of
al o speci es may serve as-a chain-stopper in

e Ch!t O(r)§ SpeCI e clﬂgh{;ﬁno ISRALYSH RERICBIOE ApRsLleager aifechive faspremoting)
react i erjeffec otingle -
synt hesi s. r@Qct%% &%chc boi F?o‘ngggt?nﬁ r%ap gﬁH%E@e%%ZémeE?&aﬂin%cess of

the present invention may be per atc
seni - cont i NUWESSUTs; whmhtevmﬂfmbe twaois dmlowbﬂcmpera&nholﬂimpﬂeférhﬁyph@tweﬁ@ of

-the . oxidati be isol ated onvent such as one .
.or nore step'fs?xuir??scdéég?éaltggﬁ 'BH"’S??“%%%%B%%Y ety een a@ﬂ%‘@ﬁ%g@%m t he
products ar @30tC hedsiostyaeferably i a ﬁé’@ﬂ%ﬂwédﬁtéboﬂt fllt'ﬂ”’@ BRd aboked3DYOR: (RE OCESS
to increase conver5|on of hal o-ortho-xylen e. or to increase conversion of

" hal o- t{fl ui c PreXalNE ESSHR-h.  Enbodi ments of the invention are illustrated by
thg following non-liniting exanples. Wien amounts are specified, they

apply to the origi nal I'the fraGREPS A %a&ﬂﬁﬂ@&&i&h%ﬁ@h&@{m@ﬁ%&%&%

remai ning after any reaction: Analytical 10 sanple$S in eac xarrp?e wer e
quenched wi oKidalips of atilnast Ry of anﬂ preferablylnth thedwanmirategtic miethyt grbups.t In-

-t et rahydr of chro er& S_an i.nter nall

- st andar d- émglaég{b 5 g%{ggo n%ré%th?g?? By eI %@%E’E’Hé nTeﬁEf’c tively.

hal o- ort ho- ﬂald;mdlahstaahydrmmﬁ;tﬁﬁo bé prevent eepéﬁﬁﬁgfﬁpﬂﬂﬁld&hélﬂmr&‘ﬁ@%ﬁ?

fact or tha were neasured usi nguctaut henti.c conpounds. Although resul ts are

reportdd fo “EFHB‘F ¢ thatproductinyixtugescgmpaising halophtbalic agid mayat t he
sanpl e May baMBrisOss Qi 1099 ﬁélo;!,tﬁﬂaﬁrc é.ﬁEg&]d“emsa{xﬁ’iﬂgfah%é Faloftisll dSienhef ore.

- quenchi ng and derivatizati on. 34 Ox1 dati‘on react] ons-were
per f or med adehydmted. Ingprefaned Cmbtbd:lpmst:téc subsu'sﬁcmlce&%aaxylgememnpmmladd air

d 2 nol d f '
o ance P AEHRS IR K BB ARE S0l BRI SR Tpronhaf o
hexahydr at eac&d,cb;ﬂoﬁall;{)ivﬂh%dlﬂtﬁtgpﬁlﬁsl&: dohyiisideldatanber phefutfbidaintbodafbit based

20 the substrate chloro-ortho-xylene comprises a mixture of 3-chloro- and 4-chloro-

ortho-xylene and the products comprise chlorotoluic acids and a mixture of 3-chlor0—
. and 4-chlorophthahc acid optlonaliy with 3—chlor0- and 4—chlorophthal:c anhydnde

‘When ortho-xylene is present in the substratc then a small amoimt of toluic acid and

phthalic acid (optionally with phthahc anhydride) may also be obtamed in addition to
25 - the oxidation products of halo-ortho- xylenc

The product halophthahc anhydndes (or halophthahc ac1ds which may
be converted to halophthahc anhydndes) may-be used in processes to makc various
types of aromatxc polyethers, partlcularly polyethenmxdes In one embodlmcnt a
product compnsmg 4-chlorophthahc anhydnde (or a mixture thereof with 3-
30 chiorophthahc anhydride) may be reacted with at least one diamine to prepare

9.



| ' ] [ ' reaction
on ortho-chl oro-xyl ene. Different pronoters were included j,n
m xture at eithe?/ | mole % or 10 nol e % based on ortho-chl célsdj"ﬁ? ﬁe . The

onot were N-hydroxyphthalimd e (herel'nafter
erle ), wﬁgﬁ?sgrdzo- N 25 hydroxyphthalinde (4C NHPI'), - p&eﬁﬁ’fl m c?g (PI )
N- hydr oxyet hyl pht hal i m de (NHEPI), and N-hydroxynet hyl pht hal i m de

met hyl benzal dehyde (4CMB). The reactions were run for 100 m nutes I
bef ore-sanpling. Duplicate reactions were run in every case. A 30 contro 4
. reaction run.for 60 m nutes under the sane conditions except w thout adde

-1 | WD 01bBgasaropBthdlitaiieP&ifpoud WHRIOEI S04 L R AR %Jrﬁﬁglg@pg?m%;gf’;ﬂ cal

concentrati-on, of 4C1OX gave. no detectable .atnoun

resul ts ar 8heHn 595 example, polyetiagirmides an'amnvemer(ﬂggprbg?gﬂﬁ N%g onof
10) 89: 94. 417 -
(13P)L 98. 5933895%I SJ(dr ‘8%%?%%5‘5%" 3} 3@@@%@19@00@4 17NHPI

“(1) 100-32. bis@aidphthalimides PRI BuStrat QN6 Fﬁ-@ﬂcﬁ%r& %T\/“& 0038. 8.

’816: 0
SL 1100 5 ,22NHSI 1) 10030. 4 23N (1)97./414. 1 I 8 (
%NH I j’%g’a‘?% yCtupe, ( npl e Promoter (nole % 4CIJOX Conversion% Yi el d

Di aci d -I NHPI (. 10) 10024. 6 2 ' NHPI 10.10030.9 3 4C NHPI 71010035."8

According to US Patents s, 229 482 and 5, 830,974, the preparation of
aromatic polyethers may be conducted i in solution in relatwcly non-polar solvents,
using a phase transfer catalyst which is substantxally stable under the temperature

10 B " conditions employed. Solvents disclosed in 5 229,482 include o-dichlorobenzene,

' dichlorotoluene, 1,2,4-trichlorobenzene and d:phenyl sulfone. In 5,830, 974 '
monoalkoxybenzenes such as anisol:, diphenylether, or phenetole are employed.
Solvents of the same types may be used for the preparation of bls(halophthahmxde)

mtermedlates partlcularly b:s(chlorophthahr. ide) intermediates, for polyetherimides.

15 L The reaction of dlan;une with 4-halc)phthahc anhydride (or a mixture
' thereof with 3- halophthahc anhydride) in the presence of any phthalic anhydride

_arising from ortho-,xylene oxidation may produce trace amounts of the mono-halo

species. For example the reaction of diamine with 4-chlorophthalic dnhydride {ora |
, ' mixture thereof with 3-chlorophthalic anhydride) in the presence of any phthalic
| 20 anhydride arising from ortho-xylene oxidation may produce trace amounts of the
mono-halo species, -N-(4-chlorophthalizhidb’)-3-N-(phthéliinid0)benzene in addition
to 1 3-bls[N-(4-chlorophthahmldo)]bcnzene (optlonally in the presence of 3-chloro
spcc:es) The mono-halo spec:es may serve as a cham—stOppcr in reaction with salts

of dlhydroxyaromatlc compounds in polycl:henrmde synthesxs

-10-



4 4CINHPI (10)100,35.3 5 NHSIz (1010040.3 6 NHSI .1010041.3 7 -
10100.5. 1 (26N?-|I\/PI 10015. 7 27N MPI 110015, 3 28NHVPI | 10016. o@gjlglrl\ﬂﬂ% 514. 6
30P 110WO0188283 31CPHA 1.98.621.7 32CPHA (1) 98. 026. 6 334SbB/Uside3R. 4

f
344CMB (1) 100, . 38.4* *corrected for. any product. arising from oxidation o
"pr onot e§ : 4 -12 23 July 2004 WD 01138282 PCT/ US00/ 31971 EXAMPLES 35-76

‘Oxi dation reactions were performed at 150C and 344 kil opascal s using 28%
-oxygen-enriched air and 2 nolar 4CIOX in glacial acetlc acid in the

“presence of 0.5 nole M@éésso?@kl e fvéidn riyﬁ) ﬁf’g"agﬁ sour cgl I 23”1

based 5 on ortho-chl ai o- Xyl ene: nperature and
"to remain reERaR |59‘§¥‘901t§mn9umrtconhnm1glpmues§. heonlitﬁaﬁbodiﬁent t]iéﬁr&{ugﬁ%tf%{e NHP!

| % b do
ortho- ol or R Feach R B2 <8Rtk e iveional Breansuoh a5 e e ptcossps
~sanpl i ng. Trmédzsaﬂaﬂ:qnser EXQUERES [HARBhWESRLIHRNGRIRS ro(ihétk)a{e aﬁ%a%%g?rgauy

manganese (1| etate manganese. (I'U). h exafluoroacetylace
tri ﬁyd at e( r‘i‘%y"fi ﬁﬁﬂg&rfggbcr(qx!qa}ma@éoqegq tadmrmamenvememgﬁhﬂe@r(hbtﬁyéenem
acetyl acetoeagoqncmﬂeégmngmglgqﬂuq&g OII%P drate, manganese di {o e
.cobalt di brom de* exahydrate, e cobalt (H) acetate

cobalt (11) acetylacetonat e, cobalt (I11) acetyl acetonat e, a_nd cobalt (V)
hexaf | uor oacet yl acet. oﬁmbeduﬁpka efithe inventidn ara slhweteedrbyihé folRydhy case:

i.n_Table 2 Th I'yst. caqnbi nati ons of
ﬁgﬁggﬁ,ggi' (W’fm“i@‘ "?‘F@!@W‘FH gta“‘( wegH '@‘85’ 2PRIB 49 the(qriginally -
' cet yl acet anaterppratasbaintpopéhts }atﬁﬂethat% ﬁx@@ét ﬁ:ﬂi&'ﬁxgn% aﬁ&%y“r@&tﬂoﬁ anllrncal
eat er an
hex af |lbl or oacmel;t ésaig %}!c n.‘g[aglp?eav\{/gregc{uenched with bls(tnmethylsxlyl)mﬂuoroacetamlde
:'{.j-‘_ }

diluted with tetrahydroﬁlran and analyzed by gas chromatography versus an mtemal
standard. Sample component concentrattons mciudmg remaining halo—ortho—xylene
starting material, were determined usmg response factors that were measured usmg
- . authentic compounds Although results are reported for chlorophthalic acid, 1t is to be
15 understood that the sample may have contained at least some chlorophthahc

“anhydride before quenchmg and derivatization.
'EXAMPLES 1-34

Ox:datlon reactlons were performed at 100 > and 3447 kllopascals
using 28% oxygen~ennched air and 2 molar ortho-chloro-xwlene (referred to _'
20 heremafter as "4Cl0X") in glacxal acetic acid-in the presence of 0.5 mole % cobalt
| " (ID) acetate hexahydrate and 0.5 mole % manganese (Im acetate dihydrate, both based
on ortho-chloro—xylene Dlﬁ‘erent promoters were included i in dhe reaction mlxture at
either | mole %or 10 mole % based on ortho—chloro-xy[ene The promoters used '
_ were N-hydroxyphthallmlde (heremafter referred to as NHPI), 4—chloro—N-
25 hydroxyphthahmtde (4C1NHPI), N—hydroxymalexmxde (NHMI) N-
hydroxysuccxmmzde (NHSD), phthalumde (PD), N—hydroxyethylphthahmxde (NHEPI)
and N-hydroxymeﬂlylphthalnmde (NHMPI), 2-carboxyphenylhydroxannc acid of .
formula 1(CPHA), and 4-chloro-2-methylbenzaldehyde (4CMB). The reactmns were -
run for IOO minutes before: samphng Duphcate reactions were run in every case. A

30 control reaction run for 60 minutes under the same condmons except without added

-11-



conversion of 4CLOX in'"th presence of pronmoter bu no' detectabl e anpunts of
0. 20 25?3-4“3’%4Ju| y

diacid oxidation products under these conditions.

- 2004 2 TABLE 2 Exanpl eManganeséeCobalt sourceso 3bacet at e

3di br\éﬁ(g@@g%cet at e) 3di brom de 37(acet at e) 3di br ori de ‘.%@ﬁﬁ@%ﬁ’é :

3di brom de 39. (acetate )3dichloride 40acetate 3dichloride 41-acetate

3di chl oride 42acetate)3 dichloride 43(acetate )3 (acetate)2. 44 (acetate)3:

. acetate 2 45 (acetate)2 (acetate)3 (acetate )3 46 acetate 2. 47 (acetate
p acac 2 48 (ace-tate)3 acac)2 49 acetate)3 (acac)2 _ 50. acetate 3 . acac

2 51 acet apeomoter andwsiog 2 niiflar coneendtativr oB48IGK gadvoro A€ a0 Jp[,pm' de ‘54 -
acetate 2 gibapqlgqyéS acet ate di brom.de 56 acet'ate 2 di brom-de :
_ 1ac1d. alytica!l results are shown in Table 1. ‘ :

TABLE 1

Exampie | P.;omqter (mole %) | 4C10X Cbnveréién % Yield Diac.id

NHPI(10) 100 246
- NHPI(10) 100 30.9
4CINHPI (10) . 100 35.8
4CINHPI (10) 100 35.3
NHSE(10) 100 1. 403
NHSI (10) - 100 413
NHMI (10) 100 - - 5.1
NHMI (10) 160 | " 53
NHEPI (10) 899 4.2
10 NHEPI (10) 905 44
11 NHMPI (10) T O1'8 53
12 NHMPI (10) 963 |- 85
13 PI(10) A 98.5 9.8
14 “PI(10) . | 962 .- | . 71
15 CPHA (10) 97.6 233
16 - CPHA (10) _ 100 25.4
17 NHPI (1) 100 321
18 NHPI (1) 100 335
19 4CINHPI (1) 100 32.8
20 4CINHPI (1) 100 388 |
21 | - NHSI() 100 - 305 |
22 NHSI (1) 100 | 304
23 NHMI (1) 97.4 14.1
24 NEMI(1) 978 1 - 160
25 NHEPI(1) 97.7 14.2
26 NHEPI (1) 100 15.7
27 NHMPI (1) 100 ' 15.3
28 NHMPI (1) 100 . .| . 160
29 PI(1) 985 . | - 146
30 PI(1) 100 ~ 153
31 CPHA (1) " 98.6 217
32 CPHA (1)  98.0 266
33 4CMB (1) ' 100 . 32.4%
34 4CMB (1) 100 -38.4*

Wlooid|en|n | ful|ro]—

5 *corrected for any produc‘t arising from oxidation of promoter

-12-



.57 (acetate )2 dichloride 58 acetate)2 dichloride 59 acet at g@:&l oride
(?)'32I i ‘de .63

207

67 di chl ori de ‘di brom de-

hl ori de 61 (HF-acac)?2 di bronide 62 (HF-aca 7
64 c)2 dibronide 65 acac 3 dibronide 66' P&ZABIY3WIbroni de -

68 di chloride.di brom de 69 di brom de di broni de. 70

di br omi de di broni de 71 (acetate)3- dibromde 72 acetate 3 di brom de‘ 73*

i colinate)?2

di brom de 74* (picolinate)3 dibrom de.

75* Br(acac)?2

" di brom de 76* none di broni de + (picolinate)2 PCTIUS00131971 Pronoter

nol e %none rﬁ}ﬁAMRLES)IBﬁ;mone 1 none none 1

1 none none 1

Oxtdatton reactions were performcd at IbO“C and 3447 kllopascals

i usmg 28% oxygen-ennched air and 2 molar 4CI0X in glamal acetic acid in the

" presence of 0.5 mole % cobalt. source and 0. 5 mole % manganese source, both based

5 on ortho-chloro~xyleue Tempetature and pressure were controlled to remain '
' relattvcly constant throughout the reactlon "The promoter NHPI was mcluded nt the
. ‘reaction mixture at 1 mo!e % based on ortho-chioro~xylene The reactlons were run
_ for 120 minutes before samplmg The catalyst sotrces used were manganese (III)
o acetate, manganese (ID) acetate, manganese 1)) hexaﬂuoroacetylaeetonate tnhydrate
. 10 manganese (III) acetylacetonate, manganese (m acety!acetonate, manganese
W . dichloride tctrahydrate, manganese dlbronude “cobalt dlbronrude hexahydrate ‘cobalt |
dichloride, cobalt (ID) acetate, cobalt (II) acetyiacetonate cobalt (III) acetylacetonate :
.and cobalt In. hexaﬂuoroacetylacetonate Duphcate reactlons were run in every case.
' | Analyncal resuits are shown i in Table 2. The catalyst combmatxons of manganese a1
15 acetate with cobalt an: acetate, cobalt an acetylaeetonate cobalt (III)
. acetylacetonate; and coba[t (II) hexaﬂuoroacetylacetonate gave greater than 80%

conversion of 4CI0X in the preserice of promoter but no detectable amoums of dlac1d

ox:datron products under these conditions.

20

25
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111 1 none none -none none 4C10X

ne none none none | _
10 100 15.1 12.2 94.6 .96.8" " 28:

-100-100 100 65.4 59.9 94.3 .

WA L

PCT/US00/31971

100, 83.40033nkkgi00 100 100 100.

TABLE 2

‘E'x‘am'pl'e Manganese Cobait Promoter | 4C10X. | % Yield . ,
Lo source source “mole % | Conversion | Diacid
35 " (acetate)d dibromide Tone 100 100 t

36

. {acetate)3

dibromide

none

100

100

37

(acetate)3

dibromide .

1

100

100

38

(acetate)3

dibromide

100

100

39

(acetate)3

dichloride

none

65.4

0

40

(acetate)}3

dichloride

none

59.9

0

41

(acetate)3

dichloride

943,

5.2

42

(acetate)3

dichloride

100

24.1

43

(acetate)3

(acetate)2

15.1

0

44

{dcetate)3

(acetate)2

12.2

0

£

45

(acetate)3

(acetate)2

94.6

3.0

46

(acetate)3

(acetate)2

96.8

47

(acetate)3

{dcac)2

28.9

a8

{acetate)3

(acac)2

19.6

49

(acetate)3

(acac)2

94.3

50

(acetate)3

~.{acac)2

100

51

{acetate)3

(HF-aca;:}z

83.0

52

{acetate)3

(HF-acac)?

83.8

53

(acetate)2

dibromide

100

34

(acetate)2

dibromide

100

35

{(acetate)?

dibromide

160

36

(acetate)?

dibromide

100

57

(acetate)2

dichloride

54.2

58

(acetate)2

dichlonde

56.4

59

(acetat. )2

dichloride

95.0

60

{acetate)?

dichloride

95.9

61

{HF-acac)2

dibromide

100

62

{HF-acac)2

dibromide

160

63

“(acac)2

dibromide

100

64

(acac)2

dibromide

100

65

{acac)l '

dibromide

100

66

(acac)3

dibromide

100

67

dichloride

dibromide

100

100

68

dichloride

dibromide

100

100

69

dibromide

dibromide

100

160

70

dibromide

dibromide

100

100

71

{acetate)3 -

dibromide

100

100

72

(acetate)3

dibromide

"""'"‘-'F"O'-"—‘l-ﬂl—--n—-._.,_.,_,

160

100

73*

{picolinate)2

dibromide

none

100

50.1

74%

(picolinate)3

dibromide.

none

100

229

75*

Br(acac)2

‘dibromide

none

100

100

76

none

dibromide +

{picolinate)2 |

none

100

343
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54.:2-56.4 95.0 95.9 100 100 . 100 100 100.
100 100 100 100 12.9 11.0 100

100 100

Kl

10

15

20

100 100 100 100
100 100 100 100- 100

00 .
%%oj}qgoﬁ 100
PCT/US00/31971

1 22.9 - 100

* sample taken at 60 minutes

EXAMPLES 77-83

Oxrdatron reactions were performed at 150°C and 3447 krlopascals
usmg 28% oxygen—ennched air.and 2 molar 4CIOX i in glacial acetic ac1d in the
presence of 0.5 mole % cobalt source or of manganese source or of each, both based
on ortho-chloro—xylene Various promoters were included in the reactlon rmxture at
0.5 mole % based ori ortho—chloro-xylene The promoters used were
tetraethylammomurn bromrde tetrabutylammomum brormde and sodrum bromrde
Temperature and pressure were controlled to. remain relatwely constant throughout
the reactlon. The reactions were run for 60 minutes before samplmg Analytrcal

results are shown in Table 3

TABLE 3

Example

Manganese
source

Cobalt
source

Promoter

4CIOX
Conversion

% Yield
Diacid

77

(acetate)3

(acetate)?2

none

0

0

78

(acetate)3

none

NaBr

6.7

0

79

(acetate)3

(acetate)2

NaBr

160

100

80

(acetate)3

none

TEAB

124

0

81

{acetate)3

(acetate)2

TEAB

100.

87.6

82

(acetate)3

none

TBAB

106

0

83

{acetate)3

(acetate)2

TBAB

100

95.5

EXAMPLES 84-93

Omdatron reactlons were performed at 150"C and 3447 krlopascals .
usmg 28% oxygen-enriched air and 2 molar 4CEOX n glacral acetlc acid in the.
presence of 0.5 mole % cobalt source or of manganese source or of each, ‘both based
on ortho*chloro-xylene A thrrd metal compound was included in the reactron mrxture
at 0.5 mole % based on ortho-chloro-xylene The third metal compounds used were
iron (II) bronude :ron (Ip chlonde manganese an bromlde manganese (II) chlondc
cobalt (1) chloride, cobalt (II) bromrde copper (I) bromide, and copper (II) brormde
Temperature and pressure were controlled to remain relatwely constant throughout

-15-



34.2 -14-. 23 July 2004 WO 01/38282 PCT/ US00/ 31971 * sarrpl %@Ig at 60
m nut es EXAMPLES 77-83 Oxidation reactions were perfornmed at™7T d 3447.
Ki | opag/erd #4si ng 28% oygen- nriched air. and 2 nol ar aci al
acetic acl ?i' In the 5 presence of 0.5. nmole % cobalt sou%@%@gﬁlmngane_se- '
source or of each, both based on ortho-chloro-xylene..Various. pronoters
were included in the reaction mxture at 0.5 mol e %based on ortho-chloro
Xyl ene. The pronoters used were tetraet hyl anmoni um br-om de, :

t et rabut yl anmoni um broni de, and sodiurri brom de. . Tenperature and.

pressure mﬁ%eéewm ‘Ohe wactiags wereun forbGminnt¢sbefanesamplingt Rrameibauing 10 t he

reaction. 60 m nutes before sanpling. Analytical
results' are g‘lilow?léslhfril‘p%a\l\ﬁj’e ) U@R&L‘fi 3 Manganese" Cobal t Pronot er 4Cl OX. .
Exanpl e sour cesour ceConversi on 77(acetate )3(acetate )2none0

78( acet at eYARIMMNaBr. 6.7 79acetate 3(acetate )2NaBr 100 80acet at e
3noneTEAB12. 4'— 81acet ate 3(acetate )2TEAB ....100. . 82acetate

3none TBAB4 tat-e)3facetat o)} 2TBABLIOO EXAMPLES 84-93_ 9% Yiel d
Di aci d 10D ﬁxﬁ"’@‘f" W%ages% oxiGPRelton [r éﬁ@fqt@m weh@O0er f joPn¥ieldt| 150. C
and 3447 | |- SOYESeng 250/50WPEen competiad |aConvarsion indDiarid 4CI OX in
gl aci al a_T;ar'ir.arid'i‘n t he : N ~
. : 84 _{(acetate)3 none FeBr2 115 0
S 85 | (acetate)3 _.none MnBr2 26.5 -0
86 {acetate)3 | (acetate)? FeCl2 | 149 0
87 (acetate)3 (acetate)2. | MnBr2 100 - | 950
- 88 | (acetate) .| (acetate)2 | MnCl2 . 42.0° 0
89 (acetate)3 (acetate)? - | _ FeBr2 100 64.6
90 | (acetate)d | (acetae)2 | - CoCI2 |  84.1. | 69
91 (acetate)3 | (acetate)2 | - CoBr2 100 100
92 | (acetate)3 (acetate)?2 CuBr | 892 9.1 ]
93 (acetate)3 (acetate)2 CuBr2 81.6 6.2

5 - EXAMPLES 94-96.

A 450 eubic'centimeter Hastalloy C Parr reactor equipped with a
magnetically coupled stir impeller, a coohng coil, 2 pressure transducer,
thermocouple a sample d1p tube, and a gas inlet valve was changed with chloro-

S ortho-xylene (7503‘ grams [g]; 50 millimoles [mmol]), cobalt (II) bromide hexahydrate
1'_0_ ~ (81.5 milligrams [mg]; 0.25 mmdl),'m'anganese (ITI) acetate dihydrate (67 mg; 0.25 .

. mmol), and glacial acetic acid (50 g). N-hydroxyphthalimide (0.815¢g; 5 rnmol)"

| promoter was added elther mmally or after the reactlon had reached about 50%

£

_conversion of chloro~ortho-xylene The reactor was bol ted shut and charged with
compresseg_i n;tr_ogen to give a pressure of 4826 kxlopascals;_then with 30% oxygen
5 en‘riehed airto givea pressure'of 6894 ldlooascels The reactor was broughttoa -
._temperature in a range between about 1 10°C and 150°C and was sampled over tlme to
- measure reactlon progress. In examples which mvolved drying or late addition of -
promoter the reactlon mrxture was cooled for 10- 15 mmutes by passmg water through' '
the coolmg co:I and then vented before opening. Aﬁerwards the reaction mixture

20 was repressurized and heated to prewous- conditions.

-16-
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.presence of 0.5. nole %cobalt source or of manganese: sourc 3°.fu 00(;,fach
both based ‘.on.ortho-chl bro-xylene . A third metal conpoun Incl uded -
in the r 4032 xture -at 0.5 nole' %  based on ort ho- P&‘H"é?{@f?'k%ﬂllene.
The third netal. conpounds-. used were 20 iron (H) bromide, iron (11)

“chl oride,. manganese (11) brom de, manganese (11) chloride, cobalt (I1) .
chl oride; cobalt (Il) brom de, copper (1) brom de, and copper (I1) brom de.
“Tenperature and pressure were controlled to renai n relatively constant

t hroughout -15.23 Jul yrRE98E 71 ,he react.on Thé_. '
“reactions were run for 60 m%g?‘%&%ﬁ%ﬁ?ﬂ% ?%rf%tr%"’rcg"ﬁﬁﬁxm .

‘anal ytical rexupassicarversih time fonaakitatich reﬁ’dtﬁinféoﬂnplﬁsﬂi@fd-ghl $Elefpbal t

3d net al 4Cl%§&A)Y|§I d. ‘i g&cesoumgon&gé ConversionDi acid 84(a et ate
PnoneFeBr 211588 (Examnie )8R 8h s b gxygee £oEchadaigwith NEPE

) 2Fed 214. 90prBatdt adde] ARE bive

) 2WnC1242: ng 89acet at e, 3( acet at%é&l)tgl\&%%ﬁgﬁg%g%h% %géﬁgg%’géte%ofg@

CbC12847 1, 6. @U@lﬁe@tb&s@ﬂ@e&éﬁaat@n yodes Bheze 000didoR) wheatiaithe yacaept at e
) 2CuBr - . 89. r281. ' EXAMPLES .
94.96 : A 4%@“‘iur |v%§gg§1(ﬁrre er ffqg? %‘?z%f%fﬂ&\gm%%r@ﬁgbﬁﬂéﬁdwm% a
magnet i cal | yl'hccrazmtmd chontmupéhhdﬁr heatmg)a?dd Pressulé bf 0:5gbn SSREE. erel g ducer .
" a thernoco t-ube, ﬂw%%s i nl et val ve was changed wt
I
I

e)2

a
chi oo or ¢ haoRgarsRn KERYSe fifke Vs oaior iinb hed s bpws i byginoigats | I
bromi de hexaddoate 10 (81.5 milligrans [ng]; 0.25 mul)- nanganese (I
" acetate dehydrate (67 ng; .0. 25 mol ), and gl aC|aI acetic aC|d (50 g)

N- hydr%xypht hal i m de 0 815 5 nrnol)
o ‘Aj isa graph showmg normahzed mole % reaction mixture

h
)
)

composmon versus time for an oxidation reaction compnsmg 4-ch[oro-ortho-xylene |
substratc (Example 95) run at 150°C using 30% oxygen enriched air with promoter
added after conversion to product mixture had reached about 50% (about 2 hours
from bcgmnmg of reaction under these conditions), wherein the reaction mixture ‘was
15 not dried before addition of promoter. The final conversion to product mixture was

' greatcr than about 95% at 2.5 hours from begmnmg of reactlon

FIGURE 3 is a graph showing nonnaiized mole % reaction mixture .

. composition versus time for an oxidation reaction comprising 4—chloro-ortho kylene
substrate (Example 96) run at 150°C using 30% oxygen enriched air with promoter

20 added initially. The final conversion to product mlxture was fess than about 70% at 4

hours from begmmng of reaction.

While typical embodiments have been set forth fur the purpose of - |
itlustration, the foregoing descriptions and cxamp!es should not be deemed to be a
limitation on the scope of the invention. Accordmgly, various modifications,
25 . adaptations, and alternatives may occur to one skilled in the art without departing

from the spirit and scope of the present invention.
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~pronoter was added either initially or after the reaction hﬁg%@fa d about
50% conversion of chloro -ortho-xylene. The reactor was bol ¥% and
charged with conpressed nitrogen to give a pressure of 4826 kil opascal s,
then with 30% oxygen 15 . enriched air to give.a pressure,. of

68941dl opascal The reactor was brought to a .tenperature in a range

bet ween. about 110C and 150C and was sanpled over tine to. nmeasure reaction
progress. In exanples which involved drying or late addition of pronoter
the reaction mixture was cool ed for 10=15 ni nutes by passing water through -
t he cool i ng OGHAT IQRUAIMED IS:ent ed -bef ore opening. Afterwards, the reaction
.mixture 20 was repressurized and heated to previous-conditions: 4 | -16 WO
01738262 23 July 2004 1. ARKCHUHFIGAAda S GH ohpkiSngat34aRlhe BN NO
normatized nole % reaction mxture ~conposition-versus tine for an

oxi dati on reauhe-sylenearhich compgses cembining the sutisiwle ja4 sotvent \gisho@ﬂmoee(Exarrbl e

"94) run- at 15QCy . ldSq 9 onr ' it h : ter added
after co-nverE‘%gﬁﬁo*%%b%&ﬁ“%ﬂgﬁfﬁ%hgﬂ@é‘i@"ﬁéﬁ“‘%ﬁ@kﬁ%% out 2 5 hours
f rom begi nni MgceE, Wesrin ppeffectiveagiountnd stleasbentipronontes selestprdfien thetgraupr eact i on

m Xt-ur e gnas’ gg,,gggngtaf.ore addi tion-of promoter. Drying was performed by
distillation. The reaction was continued-under heating and pressure.of
.oxygen ‘source. The final conyersion to product mxture was greater than
95% at 2.5 hours fromGdgiakmide 4ehlorp-ghibatimide, 3 hlorg phibpdimile; dichlorar aph
showi ng nor npxhalinddd ML dRox YRS HIRN mdeX N Gox fiRAtHaligey er sus time for an
~oxidation reaction conprisin 4-.c-rijj@ﬁro-ortho-xyl ene_ _substrate (Exanple 95)
.run at 150C usi ng' 309 &kﬁ{f@%‘ym iy 4ehlorapN pydigrypbalimide ghehloroaf t er |
‘coaversi on tnhpﬂ@ﬁﬂjhﬂ]aﬁﬁiﬂb}ﬂi@ﬁ&i@w.hy’dﬁ%M]mLﬁﬁﬁ%).ﬂ_abOUt. 2 heurs from

begl nni_.ng of, reaction ypnder these conditiogns);, wherein the reaction mxture
was 15 1flot MWF@%&BM&‘WW@’Bﬁ%W@aI conversion to =
product m X thyaexyylslinGdee N frok iRRRUN-h)SURysuckimmizeur s from begi nni ng of
reaction. FIGQURE 3 isﬁ@% h shaow ng norimalized nole %reaction mxture
.conposition versus ti ; yeteeiydiramicagidcd-rabrryehenehyimgmic

4- chl or 0- or tabit; 2 yhBMEphenymydicianidt fidsof &R 196) run at - 150C usi ng 30%
oxygen enriched air wth pronoter 20. Igdded'i nitially. The final conversion
‘'to product mxture was |ess than aboutj70% at 4 -hours from begi nning of
~reaction. Wile typical enbodi nentk e b%en set forth. fur the purpose of

/>//.‘ . }q;f’ﬁ
{ |
15 wherein each R is independsntly halogen, chloro or bromo; or alkyl,

-andﬁisO-ti; ' S . , .
~ (iv) substituted benzaldehydes of the formula (1) :
- . . ) . 0 . "

- . ' r_aﬁu . o
wherein R' is alkyl and each R is independently halogen, chloro or -

- 20 ‘bromo; or alkyl, and njs 0-4;

" - -18-



il lustration, the foregoing descriptions and exanpl es shoul %3n deened
to be a I|mtat|on on the scope of the invention. Accordin yp 1'ous
nodi fications,, 25 . adaptations, and alternatives may occur to one skilled
in the art without departing fromthe spirit and scope. of the present
invention. 23 July 2004 WHAT IS CLAIMED IS: 1. A method for oxidizing a

substrate ‘conprising at |east one halo- .ortho-xylene which conprises.
conbi ni.ng the substrate in a solvent with at least one .netal catalyst-and
heating in the’ presence of an oxygen source QLQroduce. ,a rod ct mxture,
wherei n" any effecti ve GhispfReoiyn b ét ey, SREPIYRS %‘E‘F“’%‘%‘F‘ Sfrom t he

‘group . consi §fadsﬁﬂoz@&nﬁﬂ§do@ hosfﬁdniméiﬁondeélgﬁ&bﬁd i Blofddek; M de, - 3-chl oro-
phhallmde d ichloro- irnid ar ox ethylphllvvllmde ,

N- hydr oxymet hyl pht hal i Hﬁ)&'@m iy pal FGCS%VHH“M‘V'B Hfl¢Spguanidnimy | or o- N
hydr oxypht haHuEdeesasndh' oro- N-hydroxyphthaiinide , dichioxo-
N- bydroxﬁ?;pht hal i m de, ~bnmo- N 10_ hydr oxypht hal j.mi de. , 3-br.omo-N-bydro c

ypht hal-i d ibror r(m alkali et hadideh akkaliigial °h1qﬂ-dﬁ5;6‘|"d(ﬂ'§ﬁm%‘flm de, N

hydr oxysucmg,lom,&gg., 27car boxyet | Lanehydxoxam ¢ acid, 2-carboxye t-
enehydroxam ¢ aci d, 2-carboxyphenyi bydnxam c-aci ds of formula 1: H O

andriis0-4 ; (RO—|Wh each I S. 1. ndependent |, al o chloro or :
bromo; or-al kyl, (rv) lsidgf)‘gtl"l W@H“‘b@ﬁ‘f‘ﬁ?ﬁ%ﬁ%@“@lﬁ E“?%gﬁt?lsé (1) : v
wherein R1 iss@abdxmicrsmdomoﬁuaam i ndependent|y Mbgen, eblord or 20
bronmo; or alkyl, and n. is 0-4; _}g 23 July 2004 (v) ammoni um hal i des

:amoni um chl ori des, a | ML oglo?qaf(jn?fwhmgﬂ%ephgs%Wc%ﬁzgﬁée'agﬁg phosphonll um

chl ori.des, phosphoai um rom gant di ni um guanl d| ni um
,ch'_lt,s)ri dés, gmrdmi-:d!lonn unﬂudw-onhqalxaﬂoneand
_ 3. The method of cla:m i wherem the substrato ﬁuther compnses at
© leastone halo-tolmc acid. ' '

4. The method of cla:m 3 wherein the. ha!o-tolulc ac:ld compnses at

Ieast one chlorotohnc acid.
15 o 5. The method of chﬁn 1 wherein the solv_ent comprises acetic acid.
6. The method of claim 1 wherein the at least one metal catalyst

~ comprises at least ooe"compound of cabalt.

7. The method of claim 6 wherem the at least one metal catalyst further
- compnscs at least oné metal compound cantaining a metal seleoted froin the group
20 consisting of manganese, irom, copper, vanadium, and molybdenum '

s The method of claim 7 in 2 which tho molar fatio of halo-arthio-Xylene
substrate to the at least one meml catalystisina xa:oge of 20—600 1.

_ 9, Thc method of clann 1 whetein the at lcast one promater is selected
- ~from the group cansisting of N-hydrox}lphthahmzde, 4-ch]oro-N-—hydtoxyphﬁmhm1de
25  3-chloro-N-hydroxyphthalimide, dmhlom—N—hydroxyphthalinnde, N-
' 'l_xydmxymalemnde N-hydro:_ncyouocrmrzj_1de, 2-carb0xyphenyll1}'dlommlc acid, 4

9




5 (vii) alkali netal halides, alkali metal chlorides, and Mégﬂg

bromides. is added to the reaction nixture after the reactidh Tds reached a
35- 65010 conversion to product mxture 2. The nethod of claim1 wher ei n
the substrate conprises chloro- 10 oztho-xyl ene or fluoro-ortho xyl ene. 3.
The nethod of claim| wherein the substrate further conprises at | east one
bal. -toluic acid. ‘4. The nethod of claim3 wherein the halo-toluic acid
conprises at  |east one chlorotohuc acid. . 1 S 5_ The nethod ofalalnnll
wher ei'n .t he sol vent. conprises acetic acid- 6. “The net hod of claim-1 -
wher-ein the at | east one netal catalyst conpri ses -at [ east -one. conpound of
cobal t. -7. The_method.of cl: |n16 mhereln the-at -| east. one nefal- catalyst = °
furthér- conpﬁ?§@§'aFﬂW@8§? %vaw@ﬁbme@mﬁﬂdwm@wmmm@ma| sel ected’

fromthe groumr&ﬁdaaﬁassoahﬁnﬂﬁoﬂﬁe m‘alnganese ‘van', copper, vanadium and
nmol-ybdenum 8. .-The rret hod of €laim7 in which the nolar ratio of

-hal o-ort ho- . kyI ene a a e.netal * catal yst |e in a.
range of - 20-600 ;1. 9. q@h'fh"ﬁé”f"ﬁgaf Eﬁ"mgllﬁl ?P{ﬁ%\ﬁm?@"ﬁm’f & igheatedtat one
pr.omot er - s- sﬁmmdemfammgebfmmm%mﬂdﬁﬁmﬁﬁmxﬁﬂﬁgkﬁwm&pa' L i de,

4-cblof.o-N. limxde, 25 3-ebloro-N
hy&axyghthal i ﬁ@éﬂﬁﬁs@ﬁ‘?‘ * lydroxypht hal i m de, N hydroxymal ei m de, N

ydroxysucci ni mde, 2-c.ar boxyphenylhydroxamc acid, 4-' -19 23 July 2004 17
The net hod' of - cl ai m 141k ﬁhmmhdoﬂdamwdmmnh&prmuafmﬂmrdﬂah@ﬁﬁs artho-

xyl ene” - subst ﬁ?] tal catalyst is i.n a range “of ebout '
50- 300: - L 18.£$%§h&r%§%‘:%§g 0 -0"% al |%§T§1‘$h whi ch the xectien nn-i Jjum-is o

heated-to a fi‘enperaélj . °§ % e of _between 100C and 23m at pressure
in a range of between 15 atlrh ABRYYP clelh Lk gridzing 33bsl e comrsishey | benzaW f ¢

Lol ragt | iyl eeliriinh ikl hid et@ﬁsu i TR bbbtz O O de)

and. sedi-um bam i de . . T react’i on

ni xtur.e Ps hé&!veﬂf‘flﬁlaélwsewp@&wlﬂtwhehwmgommnmmmumm and_23 0C
at pressure Jaﬁdaed‘ WE&Tbxy, gcﬁgoﬁwtgéﬁﬁﬁxﬁ?}uﬁuc nﬁ;@tﬁg kil Opascal S.

11. The nethod of clai-m’l wherein ct-m xture corrprl 'ses

hal 0- pht ti ai 1"8“’&8?‘%5‘51‘ QI?W‘W"(\QIF*

B ‘ihe methud ofclaun 12 wherem the substmte further compnscs 3
chlom—ottho-xyleue

15 - . 14 The inéthod of c[ann 12 thmm the mbstmte fuﬂhet compnses
thlorotaluic ac1d.

15. The method of da.un 12 th'rem the substmtn futthc: compnses
both B{hlom—orﬂm-xylcnc and chlurotolmc acld.

16 The method of tlaim 12 whetem the at least one metal calalyst
20 ﬁuther compns& st feast ate metal oompound contauung a fnetal selected from the
gmup consxstmg ofi mangnnese, imn, and copper

17 'Ihe meﬂwd of clalm 14 m w}uch the molar ratio of 4—chloro-orﬂm-
xylcne suhst:atz: fothe at least one meta! catalyst fsina mngc of about 50- 300 i

18 'ch method ofclaim 12 n wlnch thcmcuonmvdm is heatcd toa
25 temperature in a mnge ‘of belween 100“C and 230°C at } pmsum in a rnge. of bEIWeen
1300 aud 8300 kilo;n.fmls

220-




12. A nmethod according to claiml for oxidizing a substrateéﬁ
4-ehlora-artlio 4yletie which conprises conbining ¢ hlaro o o xy ne |n
acetic acid - = solvent withat_|eas t one metal catalyst which is a.

et al conmpound conprising cobalt, and heating in the presence-of an oxygen
source ‘to produce a product nrxture conprising 4-el' |orophthalic” -acid or
4-ehl oropbthaiic anhydrlde | -3_ he-iiiethod-ofclaixu t2 wherein tine .
substrate further. conprises 3- chl oro- Oxt 40- xyl ene 15 14. The nethod'Cf
cl-aim- 12 whérein tine _substrate further conprises chibrotoluic acid

The nethod of claim12 “wherein the substrate further .conprises’

bot | y--3- - chkr n- o] #i m x}y9, Rinkefhod 326r gnphg ‘§"§ c&gagmd%gt[ﬁ,lg’% met hod of L

claim.12: wherein the at.least. one cat'a er - conpri 'ses. at

| east one me?%PW&fb@h#&M@HhﬁMﬂmMamﬁ@ah&uﬁrﬁ&&hiub@ﬁphm gf oup

consi sting of &5buteat 23 Ju od
according to- c| al mglqifor %Ircgkg%%slﬁlﬁg{gf&%?—g G%%c'xoﬁ’ﬁ?ﬂé‘ﬂ %%WF@F?@P

4- ¢hl’ oropdedlloratsﬂldcemd,Mwhbmmmthaﬂtqﬁof anhydrl de:which  coziiprises
oxi di zi ng'a substrate s ---c:hloroo ie . opt naIIyrn

the pr esgnce of chl arﬁ "; P%f’??ﬁ%%%ﬁ”@%ﬁﬁé“ﬁ@ﬁs“ﬁ _
'Con?' Inr n? subssatqiﬁteommm;-geobﬂh.mm@ﬁllyrmﬁgmé bn(ﬂiea%lﬁgﬁﬁ'&he %%%dégq;f?| = . -,
-catal yst co in a.r a pressure
in a xange ‘ast O %c'%ef"%f%éa??f"@ﬁ aeﬁgﬁéﬂgi%gé@ atpregyyre (i) -
addi ng, - a8e rmhhmgeothtmrlmoﬁndsmpdscm Wbk A lhOa66 86kuBstts 65’ (C) ,

an effectlve a f at on.e pr.ono el ected framthe group.
consi sti.ng. - §?8§ %amugg h&{)lﬁso IN'h dio _ ypbthal unidc, 3- h

ﬁhljaro N)l hydr oacypbt hﬁ%uﬂhlgeaﬂe:mdbmvg@rqn ,h&agﬁ&m@hhmgl ;;ﬁ[l?lgg_ N . "

y roxyma ei [ OX iai mi de car boxyphenyl hydr oxam aci

4chl or o ?5‘2"2?‘?‘.%"6 %&“&‘I‘Hﬁﬁ#&@ ?%M%ﬁﬂ%ﬁﬁ#ﬂﬂbﬂpmwwmﬁem ey
but yI ammnl uMﬂrmdwhmewchlmmbﬁmd&phma&dﬁﬂcmhﬁrﬁeaCtl on mxture
_under pressuge of e crerre conversion. to product '
“mxture' ' Wg%@”’%l siglf’%‘f‘f‘ﬂ ‘?‘W&W@ﬁﬁiﬁt bal i ¢ “aci d
or 4 du of ohymbwdd:ﬁnﬂum«dﬂjo@pﬁeny&@dmﬂlﬁcm&hmu@éqcl aim 19 V\/nerel n the

subst r que fugt erfbc My e%ehc&ngiugrbw&&e )l(tg/hlzierplfrlann%l%mum bromadc,
and sodmm bmnudc;

(iu') hcatmg the reaction mixture under pressure of oxygen source to
xncrease conversion fo pmduct mixture; and

(' 1v) 1solatu1g pmduct comprising 4—chlorophthahc acid or 4-
20- chlorophmallc anhydudc

20. The method of claim 19 wherein the substrate further comprises 3-chloro-ortho-xylene

21-



