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- DERI VAT @gg?stND OF THE | NVENTI ON This invention rel ?ﬁﬁq 4rethod -
for OXi dl"\z{lgr?g xyl'ene derivatives Mdre particularly, the' %T P’PW relates -
t0'--a et hod for oxidi-zing-a substrate coninprising at |east one- =
hal o-ortho=xylene in the presence of at |east one netal catalyst, at Ieast- :

Qne sol vent;. and at |east one pronoter.to provide .a product. conprising-
hal o= phthallc acid-.or halo-phthalitc anhydrlde -I'n one key embodi nent" t he’

invention relates to a met haerfoh RHP grﬁ
conpri sing. 4-chl oropht hal i e- -acid or-4= oro;gﬁ?ﬁ Etanhydrl de: - -: _10-_ -

Met-hods for ox1d|21ng ortho-xyl.ene dMEURhﬁWﬁQEFor exanpl e, - US. .Patent
3,402, 184 descri bes oxi dati-on of. ortho--xylene in acetic acid. solve nt,

t he- ‘presence of a brorine pronoter U S. Patents 5,958, 821, 5, 981, 420, and ;
6, 020,522 déscribe oxidation of ort ho- xylene in acetic acid solvent in the :
presence of- a: hydroxyi uiide pronDter Met hods for preparing _

4-chl orophthalic anhydride are a, -,0 15 - known. However, these. . nethods-
typiecal ly |nvolve .aromati zati on -of a Di-ets-Al der. " .adduct of chloroprene

and a- r_natlel d}?ﬁn t 5,322,954, or <chlorination of - -
pht hal i c aC| as T apant SEREM‘S l'ications 07258152 and - 02129143 _,-
The lLatter chlorination: ‘process may produce pol yclilarinated- biphenyls

(PCBS) :--US Pat ent 5, 22m1avedu&c&emsoma:maaﬂmﬂsg Q}lcﬁ@.ﬁ&?‘m&@pht halic-

anhydri de (TBPA ing.a brommnated preeursor of Chem cal
Abstracts, gf‘)’“}: fﬁ‘%’ le‘b%'“(’&‘g@&)“’lﬂﬁ%‘o ‘Higethod forravdiging @ %@e@atc he -

Pr opar a5 on afuRiAE R RO bRARICS bt Bted B A BARSE. B gat I on of -

“chl oro-0-xyl enes in-the presence of stra 90 NO-5-
(1979) -Abs n@@smaémsapw&sesammldasqancq}rma&em:md;ta,ﬁoamdatlon of 4-

br onmo- o- xyl g LERSICS s,a-need for a nethod-for-" - - -

pf oduci ng- 4- c %%5" 8- 1 c ann "go b%,g a&ﬁ&é"%tmlw&’ﬁé"ﬁﬁﬁ’éﬂ'%&w t.oxi c-

chl or oprene mvcmidnuelatte ttgmﬂthadﬁ)mbm@@q:&om c@&@ﬂﬂﬁﬁfl%ﬂﬁﬁo HIRHMYARY OF

THE | NVENTI O\I({ﬁ ‘?‘ﬁ agipﬁélta of 'the present.invention ere i s provi ded a -

‘tet-hod for  &HUPZ nb' P Conprising at” | east one hal o-ortho-xyl ene.
- which .conpri ses. conbi ni ng- the substrate in-23 July 2004 ..\WO- 01/ 38- 282

PCT/ USP/ 31971, a sol vqaamwstmr@ad&ﬁgshh@&ﬂcﬁewhw gaLing in
t he presenc%of an oxggen source tomf&rrgptjce a product mxt re’ wﬁerel n .an
ef fective anglfit3dp2d84 fesgabes onidape xdénednadetic anid slecntgn thep

consi sting ﬁ—cscncc of a brominc promoter. ULS. Patents 5,958, 82[ 5,981,420, and 6 020 523
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
chloanaﬁou 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




(i) phthalimde, 4-chloro-phthalimde, 3-chloro-phthalim de d%Oc%M
pht hal i m.de,” N-hydroxyet hyl pht hal i i de, N- hydr oxynet hyl pht he (ki) -
N- hydr oxypht hal i m de, 4-chl oro- N hydr oxypht hal i m-de, 3-chl oro-
N- hydr oxypht hal i m de, dichl oro- N-hydr oxypht hal i m de, 4-bronp- N 10
hydr oxypht hal i mi de, 3-br ono- N hydr oxypht hal i m de, di-br omopdMrIsenss1oT -
hydr oXy it HEBI&} de, N-hydr oxymal ei mi de, N-hydroxysuccinimde; (iii)
2--car boxyet hyanehydr oxam c aci d, 2-carboxyethenehydroxanic acid,
2- car boxyphenyl hydroxam c -acids of formula |I: wherein-each Ris
i ndependent |y hal ogen, chloro or bronpo; or alkyl and nis 0-4- (iv).
subsi t ut ed .benzal hydes of the formila (11): wherein Rl is al kyl and each
R2 is rndependentl hal o? chloro or brono, or al kx and n is 0-4;
. a solvent Wlth at leasf one metal catalyst and heating in the presence of an oxygen source to’

produce a product mixture, wherein an effective amount of at least one promoter selected from the

group consisting of

- (u') N- iy h!hilxm‘ide, 4—chlugo—N~hydmxyphtbalumde, 3—chiom~' o
oY Rehyatoxyphitativiide; d.cmm-u iydroxyphthaliniide 4 Bromo . S
. “ydcoxyphthalimide, FhromoNeydraxyphthalimide, dibromoN:
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)

L whetemR' alk)hndcachl{’tsmdependenﬂyhalogen, chlom orl o S
20 "bmmo oralkyl,andnlsﬂ—4 Sl . ' T



23 July 2004 | (v) anmoni um hal i des, ammoni um chl ori des, ngghhwqaﬁyon1des
phosphoni-um hal i des; phosphoni um chl ori des; phosphoni um bro (

guani dni um hal i des, guani di ni um chl or.i des, guanldlnlun1 brom des; and
(V||)alkaI| metal halides, alkali metal chlorides, ‘and al kali netal-

brom des is added to the reaction nixture after the reaction reached a

35-65% conversion to,. product mxture. An exanple enbodi ment is a net hod
for ‘oxidizing a substrate conpri sing 4- chl org-ort ho- Xyl ene ‘whi ch conprises
conbi ni.ng chl oro-Orthoxytene in acétic acid solvent.-with at_|-east one netal
catal yst which is a netal conpound conprising cobal t, ‘and heatlng in the
presence of an oxygen source to produce a product nixture conpri sing

'4-chl oropht hal i c aC|d or 4- chlorophthalrc anhydrlde ~wherein an effective

amount of at | easteonec. .05LEQIRLES gmg&xture after the
reaction Has praogeed Ko |nterrre |ate st é[ge cm‘werm on to product
m xt ure. phqaﬂlhmﬁmm}léowhmﬂmdes@hespmmﬂmmprodUC| ng a product

m xture conpri si n 185 a gpht.-hal i ¢ anhydri de
whi ch. corrprl ses 0 1 ZI %‘g@ﬁ@% St e co r| sn "”hl or o=ort ho- xyl ene,

opti onal- I’tyomxdes;hﬁ presence of chl orot ol ui ¢ aCJ d, whl ch conprises the steps

of (%) combining MEt tﬂlﬂgg 15 e at |.east one net al
catalyst conprising“co lﬁffm -an ta‘k%hgl%laaf %ng'élnae d heating'in the

pr esence Yigindeh maygmho feueastort roixiuge dfenie l"e%bﬁ&ﬁedcﬁecﬁa 3@6@? trerg%gﬁ en about
100T and about 230T at pressure in a range of between about and &dbout

8300 kil Qﬁ%’@é‘?‘g”reMerel n the molar ratio of substrate to the at |east one
netal . catal yst is in a range of about 80-250: 1; ' '. (H) adding, after the
conversi on t o Areduplt embodite isagethebohedliRiye SubSeRbiRNpidny SEHREbine

amount of o e Iﬁ«g@sesmqﬂfng iSRRG S O NE0OUP W AORTL S ol bl
3- cht or o- # he el W@@uﬂ%ﬁomﬁnewlhym kpalincHin H*@lnrwpcte ofanoxygen
hydr oxy naéoercmlajaoddshy flioducy sisa Bompriding 4 2h16RPIAAY BHE BY4-BNEHEMRIE hidid

4-chl oro SO AR ro | anmoni um
" bronide," ‘g%&!%'g, um’ %ﬁ-@:ﬁgwﬁ%&(@g}%&g&@%@%%ﬁ@ B@fiﬁ%‘éw?l '
(iii) hea??ﬁ'@“'ﬁ‘??é”?"@é@f’ﬂ%ﬁ‘ 'ﬁi%‘?ﬂ'aéeﬂ?ﬂ?e?f cpversion fapreducmiigen source to

I ncrease conversion to pr.oduct mxture and (iv) isolating product

conpr ising 4- CMeQ QQM]:?@ én%o%l‘r:!{eg\t IbQ a method for producing a product mixture comprising 4-
chiorophthalic acid or 4-chlorophthalic anhydride which-comprises oxidizing a substrate comprising.
4-chloro-ortho-xylene, optidnally in the presence of chlorotoluic acid, which compnses the steps of

(i) combining substrate in acetic acid solvent with at 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 frem 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;
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<chl orophthalic anhydride. BRI.EF DESCRI PTI ON OF THE DRAWNGS FIGURE | is a
‘graph showi ng nornalized nole % reaction mxture conpositi oY tinme
for an S Y452¥n reaction conprising chloro-ortho-xyl ene PGUHORAR7 run at
150C usi ng 30% oxygen-enriched air with pronoter added after 2 hours,
‘wherein the reaction mxture was dried before -addition of pronoter. FI GURE_
2 is a graph showi ng nornalized nole %reaction mxture 10 conposition
versus time for an oxidation. reaction conprising chloro-ortho-xylene
substrate run at 150C{ hg&m%QE{ NEERi [ &csb ,Jg, 0 added
after .2° hours, V\,herel n the rea%)t?gn mxﬁ%}%eﬁh rﬁggPredqflJe gﬁ% eqaddltlon
of pronot ermcrqa@)p@\@rsl@t@ Ryedish i xood; ngdnor mal i zed nole % reaction m xt ure
cohposition versus time for.an oxidation reacti on conprising

. chloro-ortho-xylene 1 ox enriched air

wi th pronoter added |§i|2S f"t‘f‘@%ﬂ’%}t‘ﬁf’%@%@ﬁ@ %@Bfﬁﬁﬁé EMBODI MENTS
. ha one enbodilmphﬁiaﬁeaslqmiﬂe.ate conprising at |east:one hal o-ortho-xyl ene
of the present invention preferably conprises a nonohal o-ortho-xyl ene, nore -

preferably 4z - =¥\l abl'y 4-fluoro- or
“4-chl oro-oré%e&@ﬁgﬁ’g]?%g%?ﬁg%%ﬁmcﬁnt t he substrate conprises a.
m xture of 4-hal o- and 3-hal o-ortho 20 xyl ene, preferably a m xture of

4-flu-50ro- and 3-fl UPIGURE!H®apydphnfoRingmorinklizddemete % redelib® iz uand
_3-chl oro-ortho-xy] ene. When 3 hal o-ort ho-xyl ene is present it conprises

~about 0. 00f°¥5’°ﬁ’(5!°§r"ef§é'1s twsctor g exidation fpactiop pomprisingchl orptasthopelensnt , and
. fg | t
T er "o thy raR U0 il ORI A BRLERAL B o A RS frec s Y

ar:yho- xyl erhouss wiesin ﬂwedacalbomxnmpmdatd before a:dkimanufspemetenf at | east one .
hafotoluic -3 23 July 2004 WD 01/382%$2 PCT/US00/ 31971 acid, preferably at -

| east one chl orot ol ui wn. as _chl.or ] enzo c aci d),
more preferably eit he@#@%gg%%?ﬁg "WE%‘?P"%&?@#@ é%fft?c ,
. 5- ¢hl @-0- 2 compositiby vesng e facamb:adat(oa)re:a;nehebmpﬁstn ehnﬁtmr:aad( yidie! |- mor e

: preferably m Xt ure eit r both of (a). and:(b) wth e|ther (d)
*4- hal.o=or t RBbsEpeym at ﬁ gé PrYgee cgrichedsain with promgter added after 2

- 3-hal o- or t hgarsy&RERIN tﬁ@r&eﬁ&ll HiiEruRCW Sk SRVARE beldkbsd dﬁ&?ﬁﬁpﬁoﬁa&é}e SUbSt rate

or may be present as a consequence of partial . OXI
hal o- ort ho- xyl ene. As_a consequence of partlal oxi dation the amunt of
hal o-toluic acid in fﬁ@@@o%tsrmph\ﬁhqwmﬁaﬁlyﬂm&nmk% feactior mixsrer eact i on

t enper at ur S éesrﬂ??n %}gusctﬁ{l@ k f&ﬂﬂ%h ll'(%ﬂCtl&I;l Qslpﬁ{l%lgggg%g? HHB?( @HS U'bSF ' at €

conprises a rriixture of or ene W

pr ef dSabl ysuhstriaterrumiat T50°Q yuising- m oxygehlmnxbddeﬁlemtb provhbter ﬁ(ﬁﬂedamﬁhﬂj‘( ure of
4-hal o- and 3-hal o-ortho-xylene, or with at | east one hal otoluic acid,

DETAILED DESCRIPT ION; 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.or0— and 3-ﬂuoro-orth0-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 dcscnbed above optlonally in the presence of at least one halotolmc

-3-



preferably chlorotoluic acid, or with a mxture of chl orotoléaa‘ﬁwa%d W th
ei t her- Y(Yd) 4- hal o-ortho-xylene, or (e) a mxture of 4-halo -
3- hal o-WPOtAE8382| ene. When ortho- xylene is present, it Coﬁ;@f out
0.001-10 nol ar percent and preferably about 15 '0.01-1 no r/b %&gﬁt of
total substrate. An especially preferred substrate conprises

4-chl oro-ortho-xyl ene, optionally in combination with at | east one of
3-ch|oro¥ortho- xyl ene, ortho-xyl ene, or chlorotoluic acid. The substrate

. conpri sing ne.hal o-ortho-x ylene is conbined in the reaction

mi xture wit aP’ﬁ%élaBB’aglFéswe\fémrotolm@mdnam &hewh ¥s 5m6mﬁ§&,§m%n%9\@er 20
aliphatic ceoid)onyte frefRed |ve ex l es of | ower  all

car boxylic aéil’ds eﬁ- bg('jelmelr e pr8{:°e%§“°gllrmtbﬁéz°¢‘?é‘§émfb)rﬁfeldbrwm-

i ncl ude, @etbylbem@gc acrldm:t(eﬁlamxnnaﬂﬁl'édf Adisel rﬂérglﬂlél%ﬁl }gm d,. but fan0| C.
Ci

d, t acid Acetic
A eabt o eRror ol or o Piad B Ficiuer lmmncp;@wmm, @ﬂ,m@;@o@ 25

| east Sone hebahncbathaioy@th(p th a netal - sel ect ed
from the oroup Gonsi St ng BfTeAS RS- 0GR TR SHer atlokd Qg ubiratc

nol ybdenun? ©PFESAnt aamonﬁﬂcmmeeﬁpam emidatnﬁli ﬁlﬁlé‘-lél'ﬂio-xglé}@t g5 £onpound
is a salt ednsk &b I refe an acetate or acetyl acetonate
of the net al. Inustfgt I V(eoﬁn%n%r; 85'% alprfoltic 2aid ins thetsabsteaté will use i n-

the .nventvmimﬂrcﬂuahéactmasmaeumotenlpemmduﬁxe arfaQaRliys 30 di brorni de
hexahydr at e, cobalt dichl or| de, cobal t (I I) acet at e, cobal t (Il) -4 23
Jul'y 2004 WO 01/382 Zs[nlll %ﬁS 71 ~acetyl acetonate, cobalt (II1)
.'acetill acetonate, coba l&l’@étl mmm.esambﬁbbféﬂa

pi col@ nat e;ylmngdnhﬂe-oﬁ-dhbl 1EHeChR e efate, manganese (11)
hexaf | uor q e;j%ll acet onat e nyrl h %rgﬁbl%naﬂﬁggﬁ}s@) l%a'l “&E‘é‘ﬁ"lﬂﬂ&c@tmt e,

manganese ‘F1 7 JXtreRiA-bal Omtigaqém o whh af ledgt oh@lhhgil%lﬁ aa>tc?d

LI t
pi ol i nat e“i'“ﬁa*‘ﬁ“’aﬂﬁ?é’ﬁ’ %???%?‘3‘?& & s O el Srotofninerd withaithér (%) acetate

(VO O O) éﬁmm-vﬂnwpr (e)(amw)xm:aoemaﬁﬁ%@aﬁﬁa?o- otRRRG %1 0%5&,@6 -
ol ybdeny . &g&s ce cet onat e (I\/b025CSH7OZ]) I'ron- {ell . and
_hydégt es, & n‘% cl:rngdé ComaARsEtiAkRut 0409 Wm@larwcedlandpfefexﬁb fHoued net al
. cat’ sts&ﬁ‘lelmolm- Poehl 6T t hex dr ate with .10
eit he)r/ ‘co aﬁ é Ip\E:l col | ng?iesmngﬁtgarﬁ(éﬂsée}'ﬁ?l@ %Hl aé Wegl 1)
chl ori de qr W%P‘é‘ty lene pntigaally in ¢dnibihatinnomitslist 184 bis @Pf-l’:ﬂfb?z%.% pjBRNganese
(1'1) acet a¥lene, orthb éeor(cthrlz O?E;et at.e di hydrate, manganese I 51 :
acetyl acet onate, manganese | acet onat e, or manganese (I11)

hexaf | uor oacetyl acetonate trihydrate; m xtures of «cobalt (Il) acetate with
manganese (H') acet 'aEhembSMQameﬂemglat )eaardﬂ@hgﬁmrﬂﬁf-jxylene is combined in

the reaction mixture 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 Illustmtnve 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-



.5 ternary m xtures of cobalt (11) acetate with nanganese (lndg%’ g tate and-

-

nanganes‘gm]‘gl 1)- bromi-de; or of cobalt. (il) acetate with ma % 1)
dcet ate lt(11) bromi-de; or of cobalt (I1) acetatBCHUSH/IEHganese

(111). acetate and iron (11) bromide;' or of cobalt (11) acetate with
manganese (111) acetate and either copper (I) bromide or copper (1)

‘bromi de. 20 The nolar ratio of hal o-ortho-xyl ene substrate to the at Iéast-
-one. netal catal yst is in a range of about 20-600: -1, preferably in a .

range of aboyd refera a range of about 80-250
1. tn especi aI yopre teef %oeg lta@ﬁ)o %gfﬁkgﬁtpgate ﬁ@g‘f%@hrhe?‘%é‘f%o‘éﬁety lacetonate,

“hal o-ort ho- xcpbalhé[l};phehuaéen aid3e (IH) abceas)! Qfg&n@gg out
200: 1. The ast on nmet a:fdgcat al(mgt may o addeg ?nceﬁéé%%i%"%sﬁ ﬁg

t he substr at qrﬂa‘f?'df arefonate laﬁxdrysfmarasanm (Ilﬁgicch'bccmnateemaﬁgdnhﬁe an

LEReton Mk onccshe, BB Pl A b A T

Sui tabl e organic pronoters inclu
such as pht leanganese (H)lplshllmtc;-!mmghmlseﬁiﬂptcoﬁnmﬁlmgmésh e Hhﬁh“e dichloro

555 501 v 26CNANERB i el SruBtiolte) A pEEICES _

N- hy dr oxy phtabetylacitonate, coppetf)aicemy;
hyd?/oxypht haF?y@[ : |(§ﬁ?p gra)?ﬁ hyI(Ijltt:]%)ygf[/phtE‘/ij %’a&tgﬁaw(ﬁog‘t@ipo%

4-brono-N-h Mrtaieang; u&ﬁmnmqummm thereof _
di br ono- N- hPEBT&WEﬁ%dtﬁWﬁ? mc'iﬁd@ﬁﬂiﬁi‘éérgf g&ﬁaﬂﬁﬁ ’bg@n%e hexahydrate with

“hydr oxysucci pun| de; hydroxai ni ¢ aci
tlé b&Bm

-wherein R is alk 1 and each

2 car xyet pithes :@haeiedmaﬁg@ncmﬂbbmﬂﬂmwse{mmoﬁgéd and
sgar boxyph W xam ¢ ﬂ ‘{-ﬂ E 1: wherein each Ris ) '
|n ependent A1 OGN, n%‘l"ﬁ f)ll’r?mé BFY asFlopstenpanganesediD abetpte, and n is

[ e gl e AL el

chloro or HfGHAceanals Rymangangse(ll) bexafluaroagatylacatonate trillyides mireiteast
o bl AP0 GRR RRRIR Ob e B SRR AR BN GRS oo

.(vi) . guanidini umhalides, ori de

.01/ 38P82 1(;texzngrympgtuxgs)gﬂcobalt (I1) acetate with manganese (III) acetate. and manganese

.(II) bromide; or of cobalt (1) acetate with manganese (III) acetate and cobalt(II)
bromxde or of cobalt (ID) acetate with manganese (HI) acetate and iron (II) bronude

_ 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
embodxments 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 phthalzmzde 4—chloro-phthahrmde 3-ch!or0-
phthalumde, dlchloro-phthaiumde N-hydroxyeﬂlylphthahmlde and N-
30 hydrox}methylphthalmude

-5



PCT/'US00/ 31971 (vii) alkali netal. halides, preferably chI ori e\r é

bromi des. Preferred hydr oxani i ¢ aci ds |ncI ude, but are not ub (g)é to,
- unsubstwé pi/srdsR2- car boxyphenyl i ydroxam c "aci d; 4-chlor 6- 1S00/319T1

car boxyphenyl hydroxam c. acid, 3--chloro-2-carboxyphenyl hydroxam ¢ aci'ds,.

and dichl oro-2-car' boxyphenyl hydroxam ¢ acid. - Preferred aryl al dehydes

include, but are not linmted to, alkylchlorobenzal dehydes such as

3-ch|or042-nethylbenzaldehyde 4- chIoro 2-met hyl benzal dehyde; and

di cht or o- 2- net hyl ben h erred rn. halijdes i ncI ude, but are
.not limted to, tetréglrg?w 51“311?5’0182’5’?%15{1’5@3 limyde, ftghiergtNmmoni um_
br oni de -anﬁydwkypﬁﬂ!mhirdﬂmﬂdhleIl@rﬂ} uan| %r o u%rﬂl grr(r;rmu?ehakr des are

hexaet hyl gE}’(ﬂ'l di ni_um c¢hl ori de and hexaet h
preferred 9xYP lgrld%értrfd@orfﬁ-lwdmmhﬂhﬂbmdtﬁ bEmped\T-aI ly preferred

© . Pronot er Spedrgy droxypht hal i m de. The

. ter m " al kylﬁgs-%gseg'm E"é varl og'gmgﬂghtg %‘h‘fs ‘{%@"‘ﬂ?ﬁé@gﬂ? andNrent i on

Ctis bt endbwr@xysuecsmgnd&,e bot h normal al kyl, branched al kyl, aralkyl, and
15 cycloal kyl radi cals. Normal and br anched al kyl radicals are preferably

t hose contai ni ng fr 1°t0o _about. 12 , -and include_ as
illustrative 'noz- |r‘ﬂ‘?y%° xagye Agis su Il‘)ry‘l"?lr ”&a“ hyidsexamiciasish 2opy | | o
but yl , terdart&xxycthaﬁdﬁrdma&mcyécrd %ﬁﬂmwm Befythytrdy; adl cal s
represented are preferably those contai ni ngargr o)}(r]r:rEB At"gcgﬁé& ﬁi@‘b?%g —_—

arbon atoms. Sone illustrative-non- Irnrfrng exanpl es of these. cycl oal-kyl
" 20 radical s include cyclobutyl c In en I h 1 h phenylethyl. y pty , cyc
o exy net ycyclohexyl, and . cycl ptpl . Preferred aral kyl radicals are -
‘those contai ni ng from7 to about 14°yarbon Catons; these include, but aregm
not limted to, benzyl, phenylbutyl enylgropyl, and In a preferred il
enbodi nent of the present jpaventigen - tive 25 anpunt-of at-|east one
pronoter is added to the r¥éactionf m xtuffe af e[,th reacti on has proceeded
to an internedi ate stage of convegsyon.jThe égrnl effective amount", as

‘used herein, includes that anount subst gnce capabl e of either
increasing (directly or indireglly) the conggrsion of hal o-ortho-xyl ene or

: of -hal o-toluic acid, or increastng. selectivity toward hal o-phthalic¢ acid
r hal o- pht hal i ¢ anhydri de. Opti mum anounts of 30 pronoter can vary based

on reaction Condl ti arteréiidadiR id HABHdnld¥n: Mhﬂbﬁ&ip@%%ﬂg%fﬁ&%?rbrg g3 July

2004 WO 01/ CI/ US00/ 31971 yet can be readi rm ne ' ght of
theligl scr & 'L‘ﬁﬁ‘rﬁ‘t Ofces of a given .
- (iv) arylaldchydes such as subst:tuted bcnza!dchydes of the formula
1) :
o
wherem R' is alkyl and each R?is 1ndependcntly halogen, preferably

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

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

(vi) guanidiniurh halides, prcférab‘ly chlorides or bromides; and
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.applicati

have a value in a range between about 0.01 nole % and about® ,
BYQ 013 8%%en about. 0.1 nol e %and about 12 nole % oXEI/HBMBIPHef er abl y

prefera

on. In typical enbodi nents an effective anount of gaggj?}nﬁoéngz

bet ween about 0.4 nole % and about 10 nole %' based on hal o-or.t ho-xyl ene
=substrate. In the present context an internediate stage of conversion
represents about 35-65% conversion and preferably about 45-55%
.conversion-of halo-ortho-; xylene (and/or hal o-toluic acid and/or

hal o-phthal i de) to a fvilkledi meeal WlRles G0MEbR) Oifloladi% Brdligha 1 ¢ aci d or

4- hal o- pht hal i ¢ anhydride. The progress of the. 1

reaction rmy be nmeasured

by any suitable rreans,g)?re.fe ably by neasuring at |east one of the

concentration of produ

eferred hydeoxanyie 2eidninehuide Aot are wit limibsittopt e, or t he

" concent rat i giBéidRdiéLESRANS G hal p-tol-uic acid or B
hal o- pht'hal j de. Fol | ow ng igggllt |)§fg\l i -%Pgﬁb?gf“?”‘r e reaction is allowed to

. continue

t ocarprepyphsrylaydrommicanid 8-chiveo-2-cadesiyphehylydeiGniShilisihgg 1 N

enbodi gent S behwit is necessary to.depressurize and 15 codl the
react o?bef%k@oégc}%%g T’?S%‘Y%‘%enﬁﬁ’aﬁweﬁé ‘f%&’rg{?geﬁ adaldehydes inghdas tad arender

pressure
m Xt ure.
oxygen or
wi t h . anot
ni trogen,
- present,

pref efpbl

ofnovliygeed to culkylehlbbe ALl RAT 8esSABN 8¢ FicBbrd-9-thih ,%gg}ag&ql B gduct

The, oxygen: source used in the present |nvent|oﬁ naybe A %h purity
@E%ﬁé?@ﬁ“’é!&g?g%ﬁ?e*a’ﬂ& angdyehderochrmetindbenaaldehyale. Brefigsn chinkidt ed
heglid Vi _ [ ts on fhe.reactjon, such as

BRI Ty Qﬁo@ﬂnﬂéh%’f%@c r%%’é%"?ﬁﬁ %Wnaﬁesoqup &t gas, when

nobl e gases, 20 . argon. ]
i detragth niugobroptderand tetrabutylaningoriiig brorhideOPRAGH 95 Vol ume

.about. 90 yol ume. . and nore preferably about 10 t
g B ER 3L bora Sl Bt o persetiipmaoiiom.

about 80
o@gen enr e 2A IpreforédalRAIN thetd) AUlid 2B s3uiPing Y%@X%%Eggggﬁ%ﬁ? n the

form of an_oxygen sour.ce maybe :introduced into-t
any conv_enj?"éﬁ’i‘i/oq N

ixture by
e g N-hydroxyphdatimide and 4-chloro-Nelgidraxyphihalintide.i s agi t at ed or

stirred under a positive pressure of oxygen. source. A preferred pressure

-is in a range of betygermatautI~ | ] 8 kil opasgal s.- A nore
‘preferred _pressure is in a rg%g?ggeﬁmggﬂg ,Soﬁggﬁﬂﬁﬁggi&cm{“ 7100

B ke et sy 11 o
1ki’l op, -8 : Y,. : 9/ Tthe
18 maé:gt% Fi IAf@'%%%%oﬁagélgﬁr@ﬂ%?ﬁm:fég/"é‘f"’?%ﬁrﬁp&%fcfabl}bﬁh@%t e oxidation

reaction-

of at |easmonmﬁuingfﬁoanutqomfwnabhmobatdmmﬁ@mclﬁegﬁms%fatibé*h&-%mfg; xyl ene

in the presence of, the | east, one catal yst and oxygen source.

ef erably |

the reacti cd‘ﬁmp-eﬁi'&et_twlee‘?’gﬁ HW&&?‘{P@OHH teatiary uityl, pentyingenpefityhehieen
about 80C A .eJ[yE:laﬁ_lkyI hicalsSepREGirtd ﬁeg,%%f‘téﬁkéhm‘s&é OB NS S 1Ohboue

pr onot er .

20

i.s no longer effective for pr
fing « arbon atoms. Some illustrative non-limiting examples of these cycloalkyl

~radicals include cyclobutyl, cyclopentyl, cyclohexyl, methylcyclohexyl, and

cycloheptyl. Prgfetred aralkyl radicals are those coﬁtaining from 7 to about 14 carbon

_ atoms; these inclﬁde, but are not limited to, benéy!, phenylbuty], phenylpropyl, and

~ phenylethys.

25_

In a prefe;rgd'cmbodiment of the present invention an effective .

~ amount-of at least one promoter is added to the reaction mixture after the reaction has

- proceeded to an intermediate stage of conversion. The term ‘-‘cffét;l:ivc amount”, as .

~ used herein, includes thgt amount of a substéuié_e capable of either increasing (directly |

30

or i'ndir?ct.ly)'the Aconve'rs‘ion of halo-ortho-xylene or of halo-toluic acid, or increasing
selectivity toward hglo-ph_thaiic acid or halo-phtllalic anhydride. Opt_imum amounts of
promoter can vary based on reaction conditions and the identity of other constituents,
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reaction or the effective boiling point of the reaction-mx % r the
pr.evailing pressure whi chever of the two is the |ower terrp"é Mor e
prefera@,k%/ Ssof €action m xture is -heated to a tenperatyre in.a range of -
bet ween  about fOOC and about 230C and nost preferably - i ACIYSORGLTes .
bet ween about- 110C and about '1.50C at the 10 prevailing pressure. The
products of the oxidation reaction conprise those obtained by oxidation of
| east one of and preferably both the two aromatic nethyl groups. In
- part i cul ar th rodﬁcit s.conprise_hal otoluic acid and hal ophthalic acid,
respecti vel¥fte tﬁéﬂ?ﬁ“@ﬁ‘h%ﬁ@!@fﬂmdmr@GJCMnmmemfajgrpeﬁdr ng upon

TR tr i Sttt AR
anhydri de arshwnmagangdbdrweeduﬂoop&Ohatdl@%aﬁld&ohﬁm) msteh)rdgrreteefbr I'n a .
. preferred odi rt ho- xyl ene conpri ses” 4- -

chl oro-ort n%“gﬁ 'éétg "tqi k}s‘?‘@?ﬂ%’8i’§ﬁ:@ﬁ§’r%s@dcfﬁpf6mfgtab yebetwicen st

4- chl a1 ophoheble %AidGbo@Pld ABR! Joybatéd H%g%1§§{r@6§ﬁr&k'§ﬁﬁsﬁa nhydride.* In

- anot’her. preferred énhbodi nent 20 oro-ort o xyl ene
conprises a mxture of 3-chloro- and 4-chloro ortho-xylene and the
- pr.oducts conpri se cHPéhecﬂqunieOwt@slmmqllmmgwefmhv&smlreptesems

and. 4- chl oy t o ro- -and 4-chlorophthaiic
‘anhydr.i de. &%gﬁa@/@ﬁ%&;‘gﬁ%ﬁf@%ﬁb& %‘n‘u‘%qtgééo v cqnyession of hﬂr‘ﬁeﬁg ‘smal |
g arrﬁu St gf ; mylune(alaxdr’qt taﬁxaltohphhhgland/oahald p(m;atme)rtglglpmduﬁt mlﬂhgé”'al ic 4 '
- anhydride) nmay.als L ned. i it to -~the oxi dation products
of Kal o-orf? '“&W%a‘é""ﬁ’rﬂ@‘ %%ﬁ&‘c?rﬁi‘[‘lgﬁm icjaah dﬁ@ﬁ@ﬂ@ﬁoﬁmmght halic
aci dgp wWhi Cleabioh nﬂ?b@%&é&h&&ﬂyhﬂy SatARhEals] ﬁemé?% e ‘brla@ iuﬁs in ey

processes to nmke vari ous pes of aronatic po 9
pol yet her i PRedthe Fﬂ“@ﬁ@a@ﬁﬁéfﬂm mixtupe; &mnmcemmpom efst@s&atehdn&hepht haI i C

anhydri de h hIor al i.c ride). may be :
react éd. wi 2 | eas@%ﬁ@gﬁﬁgﬁtﬁgﬁ% “3’?@%5’ yea QBTRP QYIngg282
PCT/ US00/ maiorms;(mimmr,aaarmhmschemw@a RPN TRhGe Mh%aé‘eaébn%@fs‘i’tﬁz fdgherononer
“for poI yet er| nt he For ‘exanpl e, . pal yet heri m des ar-e :

conveni ent9S qnél’é’éf‘f’%‘ﬁs Brw ’§BF&1§HWSWW¢QPX§&§MMQ

conpunds, o%llﬁﬁ rasct@rtkuf&efaaa% Bf Broasli hthai i m des)
as illust rcat ed by 1, 3. ~bi s[ N-( ﬁ cg oro%lrjrt eﬁ%éreg{% %gﬁlﬁégf\éghﬁggghl ch has the

st ruct ur e PEESBIER rﬂ}yg@ﬂ ts&rtrcatoemrsase CRAGISIOR tathe dbsiRd(hrdubt nikerqr epar at i on
of -aromatic pol yethers may be conduct ed i.n solution in'relatively

non- pol ar sol vents, fer t whi. substantially
stabl e under the tenpera ){3% &Es:'gsr? rP%"S@Hgt“H %WBE‘P&PQ(:I osed in
5, 229 482 ovcmgttmokanoledulahb}q,rgehmz eﬂpgen-ennched air, or oxygen diluted with another

gas which has 1o ney’ ‘ative effects on the reaction, such as nitrogen, noble gases,

20 -argon. The 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: |

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 embodtment 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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«di chl or ot ol uene, 1,2, 4-tichl orobenzene and di'phenyl sul fone. l.f'!5
nonoal kyéﬁz}aﬁﬁges such as anisol a, diphenylether, or phel;’telt g:gq%
enpl oyed. ol'vents of the sanme types nmay be used for the preparation of

bi s(hal ophthal i mide) intermediates, particularly bis(chlorophthalir, ide)

‘i ntermedi ates, for polyetherimdes, 15 The reaction of diacnine with

4- hal opht hal i ¢ anhydride (or a mxture .thereof w th 3-hal ophthalic A
anhydride) in the. presence of any phthalic anhydride arising from :

ort ho- xyl ene oxi dat | ONTHBYeaRG HERuici#REH dERERIL pecies.
For exanple the reaction of diam ne v{/rttﬁa 42@:‘13{:@% |?1J_Ié |,c&§2g;tf;_d]€t!°§1é’t€or a .
m xture t herexfation of 28 least ancoyfland praferablpbythrmethy! groupshuf halosoitins eylefie fny
P o B ehdoriht 30 iadk: BLOMALL 103 X R Sote. SBlerczabi e rehediom °°

1- N- (4- chl ormpittifedk hedtetbjo-teiipéRRirbal 4 AnBOI DR EMHablollt S dodYkher e

1, 3- bi s%)N—(4- chl or opht hal i m do) ] benzene (optionally in:the '%r.resenc_e of
3-chl ord - sfétpeRfure fhwhiey siberfatalys eepregotaays relopgerpflegtivafir prametingr i n

reacti on W ta&ntct thokrraliny 85 ' %legl \ gk de

synt hesi s. -1?) 23 July 20014' %gg‘%?]gg%‘gr : llgxﬁpifl\ég)&prgg&s of the
present i nveprcssore, iaychowennd thotweeid thelowert empamtee. Morapreferablyithe@atbigiious
~or ~conti nuous. I.n _qne enpodi ment ‘the .products. of fhe, oxidation-
reaction rray'g"rj)‘g{r ?gsgﬁczafeedcfog&'gg?f\? ﬂnoaffanerfré}jf‘?E‘Ye?@@ﬂ“ta 0% @Gﬁg%re_ steps
of distill.at2307C afid skt meferadly in NradpOb RiweHRMBLTEIPC LHE b6 RA¥BICARe at

| east l;pqart lally,  recycled into-a further oxidation process to increase

- conver on PrERIMMERIEIHER Xyl en e or to increase conversion of hal o-tol uic
acr)d or both. Enbodi nent s of the inventio_n are illustrated by th_e o
Fof fowing non-1im ti MheadRIESE td BRatRROER BN A ipARCRld SLlairkiBy aPPLY o
the originally incorporated conponents rather thaﬁ those remaining after

any react i oxidagan ¢f atdeast oge efans nreferablyckoth thextwoprematiy methybgonps! Ini t h .

‘bis(trinmethylsilyl hbrifhi et ani . diJut Vi th f.etrahydrofvran; and
B yre by Sadleb iAol Sl e o it Bl ARSI "
conmponent ¢ latophttaticiaohgdridentdy slsabe prosent dépradingupor Hereactidntbaditiohsl t i ng -

e deter Si n'g response factors that were measured using

. materi.al, T, ({nned" ]
aut hedSi-c c Hrip HubendeRyipod,atproduct mixtugss comppising dalophthalie peidapmit hal i ¢ aci d,

Cit is to becdmpristgPlSloooshd 1heand RY: j lnad. at ¢4 east sone
- chl or opht hafi cpnanhydri dgﬁlt‘)é?%%tgél que Chieﬁagﬁgﬁxgﬁgﬂ%&ﬁ’{ﬁa%%%ﬁ

erivati (1 on. - LES
1- 34 i dat fiehydrated:in 8 psefprredepbedimentitic substra@ halo-emith-gyléie komprisesdat s

usi ng 28% o - ' i & | ar._ort.ho- chl oro- xvl (referred to |

50 hor of nat PR k1P s dhe BRufrs TR Blis SRl AE R a0 EBafobBliBIiC 0

mole . % coﬁaﬁiﬂ, optioh3Ihawith dtchidrepihykl aihgdids) 18.ahoter preférfeangiigent | )
et di hydi , _baoth based . o ‘

ace a&s - E‘nc rs:%seuate Shoro-_(?raleo-xylene comprises a mixture of 3-chloro- and 4-chloro-

0,974,

ortho-xylene and the products comprise chlorotoluic acids and a mixture of 3-chloro# ‘
. and ,4-chlo_rophthalic acid opﬁonaliy_ with 3-chloro- and 4;6hlorophthaiic a_phydr‘id'e.

‘When ortho-xylene is present in the substrate, then a small amoiint of toluic acid and

-

phthalic acid (optionally with phtha[ié anhydride) may also be obtained in addition to
25 - the oxidation products of halo-ortho-xylene. ' '

. 'ﬁe product haldﬁhtﬁalic anhydrides (or halophthali_c_acias which may
be converted to hé}'dphtﬁalic é:ihfdddes) may-be used in processes to .n’lra‘kel various
£ypes of aromatic bblj&ﬂ;crs_, particularly polyetherin.lidcs.r In one cmﬁo_dimehi a
product comprising 4-chlorophthalic anhydride (or a mixture thereof with 3-
30 chiorophthalic anhydride) may be reacted with at léast one diamine to prepare

9.



| "D [ tion
on ortho-chloro-xylene.' Different pronoters were included i “B’ ac
m xture at eithe?/ | nmole % or 10 nole % based on ortho-chl c#'o} y%d(’? . The

ronot ¥ oz Wwere N-hydroxyphthalimde (hereinafter rghep 9,3{991 as
ﬂHPI) Qﬁchl oro-N 25 hydroxypht hal i m de (4CIhN:—IPI )d N- %?; oxymal erm d

NHM N_ hydroxysucci ni m de (NHSI), phthalim de’

g\l—hydz oxyet hyl>/pht hal i m de (NHEPI), and N-hydroxymethyl phthalim de (NHI\/PI ),
2- car boxyphenyl hydroxanic acid of fornula | (CPHA), and

. 4-chl or o- 2- et hyl benzal dehyde (4CMB). The reactions were run for 100

m nut es bebm(dﬂmphﬁmhitgxde%p&ﬁagwhe@p&hq vgrn%l{omr ﬁ?&ﬁéﬁﬂ%‘}'@%& A 30

control react on run for 60 m nut.es. under the sane con

wi t hout a CSFS | Weamﬂz@m@hyamnvmmueﬂ%&rawwfﬁa@ﬁﬁ ofand -
[ e C e.anmount s

S?AQ?dS Anal yt I ca li xrﬁ #’g' g?émg%%n% ?'f'f\ﬁ'laélﬁ‘q’é rg'lcnqlpg&%%oﬂmm salt, with

TBNHI L =T (btsgrmmﬂ&hgﬁms i(12€)881 B¢ 1 2-HigNREhlo S@)J‘i%

(10)94.85.3, 12 1096. 38. 5- 13PL-98. 59- 8 14PI ?fg$be. .

(10)" é? 62%hig %@gEH§“¥@T6b25.4 17NHPI (1) 100-32.1 18NHPI (1).10033.5

194CI NHPI- 1100. 32. 8 204CI NHPl (1) 10038.8. 21NHSi 1100. 30.5 22NHSI

(1) 10030..4-- 23NHM (1) 97. 414. 1024M M 97: 81600 25. NHWPI '( 1).97.7.14. 2.

Exanpl e Pronmoter (nole ¢ 4CJO
(.10)10024.6.2 ° “NHPI .

o] ‘ 0O

According to US Patents s, 229 482 and 5, 830,974, the preparation of
aromatic polyethers may be conducted i in solution in relatwely 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-chlorophthalizhide)-3-N-(phtheliinid0)benzene in addition
to 1 3-bls[N-(4-chlorophthahmldo)]benzene (optlonally in the presence of 3-chloro
spec:es) The mono-halo spec:es may serve as a cham—stOpper in reaction with salts

of dlhydroxyaromatlc compounds in polyel:henrmde synthesxs

-10-



.3 4CINHPI 1010035.8 4 4CINHPI (10)100,35.3 5 NHSI z (1010040.
1010041.3 7 NHM 10100.5.1 26NHVPI 10015.7 27N MPl 110015. ?%%%ﬁ

! . OWOIBB82698 514. 6 30PI 1100.'.15.3 31CPHA 1.98. 621. FCBRESRIA971
'(%)8%60(2)‘; 6 334CMVB | 100" 32. 4* 344CMB (1) 100, . 38. 4* *corrected for any
"product arising from oxidation of pronoter 4 -12 23 July 2004 WO
01138282 PCT/ US00/ 31971 EXAMPLES 35-76 Oxidation reactions were performed
-at 150C and 3447 kil opascals using 28% oxygen-enriched air and 2 nol ar

4G OX'in glacial acetiThedftbéksk Bfghgg, ?fgé)ase%ﬁ@n%ay retlﬁ"gp F‘i &»&I}t sour ce

and- 0.5 nol e % manganese 'source
. 2 SeIBkeentisuoRsy or contitvaisipestess I oi@érbodifkl thy l-dﬁu‘éﬂ'?:?rﬂi’e“t
Tenper at ure BAFAP NHP| s included. i ngt he reaction .

L ouanout RREERS: Ao imad B8 EIARRbE b oyl Siers b e e s+ o
for 120 m nufdstilaior @ exaagtidn)dn aﬁbﬁeﬁﬁﬁ@dﬂﬁ&nﬁﬂé’g&?ﬁﬁiﬁéﬂae’i@d’s‘?p [mnganese

t at n ese (l]). acetate, manganes _
E]lei(!enz I L?o?ggéé‘tygteﬁg'gtf’%ﬁf@fﬂ&imﬁ Brecessig mqreasgaoamsl(m bf halearthioytyaéiret onat e,

hl ori de tetrahydrate,
manganese
: manganese Eilbt)broolﬁgfwc%gg% t%gtog;lglﬁet %@(‘?Itﬂggf’g‘f cobalt dichloride,

cobalt (H) acetate, cobalt (I1) acetyl acetonate, cobalt (I11)

eng Hf the ireehtiar 2ra rddlyahe felldwing | cat e
acetyl acetonate, andEewpbdimengs s ihisyta yQare ShOWIé’l Ch Table 2.

eact ] ons R Gl WiRR Sinon A et e 3V by 3 Srson et ¢ o0

h | yst
: -zli-cgt ;? faa ?:/zmgrgomdocmmyﬁemmmmos@mhﬁmg hﬁé:)atnz&eécxioﬁcﬁhmﬁéa‘i and

cobal th( H )qamp)fc%flll légéhofgica:er}p e!v%glg:tq%regtt:h%d%val\t/hebls(nt?r?ttetehgrlsxlyl)mﬂuoroacetanude .
"';'5—-} , 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'the presence of pronoter but no det ectabl e _anounts

of diacid oxidation products under these conditions. . 203y 208453 gy y

- 2004 2 TABLE 2 Exanpl eManganeseCobal t sourceso etate

3di br\éﬁ(g&{@g&gcet at e) 3di brom de 37(acet ate) 3di brom de Eé@ﬁﬁ@%ﬁ '

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 apemoter andigsiog 2 niuflar coneantative 0B4GIGK gavéio aae&:&ﬁlea&oﬁigpbgm de 54
di bronj: de 56 acet’ ate di brom

acetate 2 1br 5.acet at'e
(acet at e ) d?%fﬁyg%al results are shown in ab[e

TABLE 1

Example | Rromoter (mole %) | 4CIOX Conversion | % Yield Diacid

NHPI(10) 100 246
NHPI(10) 100 30.9
4CINHPI(10) . 100 35.8
4CINHPI (10) 100 35.3
NHSI(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) 918 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 NHEPI (1) 100 321
18 NHPI (1) 100 33.5
19 4CINHPI (1) 100 32.8
20 4CINHPI (1) 100 388 |
21§ - NHSI(D) ~ 100 - 305 |
22 NHSI (1) 100 | 304
23 NHMI (1) 97.4 14.1
24 NHMI-(1) 978 1 - 160
25 NHEPI(1) 97.7 14.2
26 NHEPI (1) 100 15.7
27 NHMPI (1) 100 - 153
28 NHMPI (1) 100 . .| . 160
29 PI(1) 985 . | - 146
30 PI(1) 100 ~ 153
31 CPHA (1) " 98.6 217
32 CPHA (1) 980 266
33 4CMB (1) ' 100 . 32.4%
34 4CMB (1) 100 38.4*

Wlooid|en|n | ful|ro]—

5 *corrected for any product arising from oxidation of promoter

-12-



".58 acetate)2 dichloride 59 acetat, 2 dichloride 60 (acetat ez;%\“dléfc%} grl de 61
de 62 (HF- acac)2 di bromi de 63 acac 2 dibr R c)2 .

"(HF- acac 7
E:Ii br omi d%ﬁ%@’%@gﬂg‘ 3 dibronmide 66' acac 3 dibronide 67 di chFEﬂ_IS&&BWbrom de- -
68 di chl ori de ‘di brom de 69 di brom de dibrom de 70 di brom de di brom de 71 _

~(acetate)3- dibromde 72 acetate 3 di brom de 73* icolinate)2 . dibromde
74* (picolinate)3 dibronide. 75* Br(acac)2 'dibronide 76* none dibronide +

(picolinate)2 PCTIUS00131971 Pronoter nole % none none' | none norie 1 none
none 1 1 norﬁ(AMEGLESIBﬁ}ﬂe none :

Oxtdatton reactions were performed at IbO“C and 3447 kllopascals
| i usmg 28% oxygen-ennched air and 2 molar 4CI0X in glac1al 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 N
' relattve!y constant throughout the reactlon "The promoter NHPI was mcluded in 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
o 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.
' Analyt:cal resuits are shown i in Table 2. The catalyst combmatxons of manganese a1
15 ) acetate with cobalt an: acetate, cobalt an acetylacetonate 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

-13-



00 100

none none | 1 1 1 1 none none -none none 4C1OX Conversion 00,308 .

10
65.4 59.9 94.3 . 100 15.1 12.2 94.6 .96.8 28:9 19.6 94:3 ]2%0{5‘3’%)9
100. 100 g3 483,54 2 56.4 95.0 PCTmsoomg_n

TABLE 2

Example

Manganese
source

Cobait
source

Promoter
mole %

4CI10X
Conversion

% Yield
Diacid

35

‘(acetate)3

dibromide

iene

100

100

36

.. {acetate)3

dibrormide

none

100

100

37

(acetate)3

dibromide .

100

100

38

(acetate)3

dibromide

100

100

39

(acetate)3

dichlonide

65.4

0

40

(acetate)}3

dichloride

59.9

¢

41

(acetate)3

dichloride

943

3.2

42

(acetate)3

dichloride

100

24.1

43

{(acetate)3

(acetate)2

15.1

0

{dcetate)3

{acetate)2

12.2

0

£

45

(acetate)3

(acetate)2

94.6

3.0

46

(acetate)3

(acetate)2

96.8

0

47

(acetate)3

{acac)2

28.9

0

48

(acetate)3

{acac)2

19.6

0

49

(acetate)3

(acac)2

94.3

3.2

50

(acetate)3

.{acac)2

100

24.1

51

{acetate)3

(HF-acac)2

83.0

0

52

(acetate)3

(HF-acac)?

83.8

43

53

{acetate)2

dibromide

100

100

34

(acetate)2

dibromide

100

100

35

(acetate)2

. dibromide

160

100

36

(acetate)?

dibromide

100

100

57

(acetate)2

dichloride

54.2

58

{acetate)2

dichlonde

56.4

59

(acetat. )2

dichloride

95.0

12.9

60

(acetate)2

dichloride

95.9

11.0

61

{HF-acac)2

dibremide

100

100

62

(HF-acac)2

dibromide

160

100

63

(acac)2

dibromide

100

100

(acac)2

dibromide

100

100

65

{acac)3

dibromide

100

100

66

{acac)3

dibromide

100

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

'—!—-——n—o—u.—..—._,“'.

160

100

73*

(picolinate)2

dibromide

none

100

50.1

74+

(picolinate)3

dibromide

none

100

22.9

75*

Br(acac)2

dibromide

none

100

100

76*

none

dibrotnide +
{picolinate)2

none

100

34.2
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100
5.9- ' .100 100 100... 100 100 100 100 100 100 100 . JZI. O]OQO |
150 1.0 1 100 100 100 100 100° 100 100 100 1%% fgl% 100

12.9 11.0 100

50.1° 22

Kl

10

15

20

34.2 -14-. 23 July. 2004 WO 01/38282. PCPCUSHOH/3H9T 1

* 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

4CIOX
Conversion

% Yield
Diacid

Cobalt Promoter

source

Manganese
source

Example

77 (acetate)3 (acetate)?2 none - | -0 0

78 _(acetate)3 none NaBr 6.7 . . 0.

79 _(acetate)3 (acetate)2 NaBr 100 - 100

80 (acetate)3 none TEAB 124 0

81 (acetate)3 (acetate)2 | TEAB 100 87.6

82 . (acetate)3 none TBAB - 10.6 - 0

83 {acetate)3 (acetate)2 TBAB 100 95.5

EXAMPLES 84-93 ) S . .

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-



* sanmpl e taken at 60 m nutes EXAMPLES 77-83 Oxi dation react |2g{1@&,w§d% o
perforrred at 150C and 3447 kil opascals wusing 28% oygen-enri % and 2
nol ar. glacial acetic acid in the 5 presence of le. % cobalt
sour ce or of8 dr?anganese source or of each, both based r?%]%sog&&l

ortho-chl oro-xyl ene. Various pronoters were included in the reaction
mxture at 0.5 nole % based on ortho-chl oro-xylene. The pronoters used
“were tetraethyl ammoni um brom' de, tetrabutylamoni um brom de, and sodi um

. brom de. Tenperature and. pressure were controlled to remain rel atively
const ant mﬁrse@mu?hqoa@ms weecmndor 60rminutesceforesampting. Promérers 28@ ni nut es

before sa are shown in Table 3. TABLE 3
Nanganeseg%dbgﬁalgf%ﬁi) 5@“@(‘“6%%&%1 e sour cesour ceConversion 77(acetate
)3(acetate )2none0 78(acet ate) 3noneNaBr. 6.7 79acetate 3(acetate )2NaBr100 1

80acet at'e TABIEIEABL2. 4- .8lacetate 3(acetate )2TEAB ...100. . 82acetate

3noneTBAB. 10. 6- 83(acet at e) 3(acet at e) 2TBAB10O . EXAI\/PLES 84 93 % Yield
Di acid 108 895515 O«i-dati-on—treactions were nerfarned at 150. C

and 3447 K EPBPRLE 41 SagERers  Jo0icobglion] ol ARy Jai ACIGK 2 1o Xicladh O i n
gl.aci_ al apetic—acid i PPHKe prosBWES off cgmpound | ec?ﬂm_gnt dowackle |or of
manganese;saurce or of each, Iboth based op ortHo-chlbro-xylene. A third

met al conipguiﬁ mzaiF i (acetatdl3d il n thwomer eadt i PeBrdi xtfure 118t 0.5 n@ e % based on
ort ho-'chljor 088yl ene. (adétatel3hi | d . nmdnel . ¢oraBidls{. uged werle 2@ rrgn.(H)
brom de, jirod6(11] oataitelde, | mergargse]( 1aCibr om de,14@anganes® (™) :
chl ori de,| c@pal T | (I(adetAtBY30" | Ugace@BRT | WHABLT ¢ U TOPHET 95’0/ grom de,

and coppgr- (BB) DIOMalfate)s | (acetate)2 || MnCl2 420 | o0
o 89 (acetate)3 (acetate)? - | _ FeBr2 100 '64,6
90 | (acetate)3 (acetate)2 | - CoCl2 841. - | 69
91 (acetate)3 | (acetate)2 | - CoBr2 100 100
92 | (acetate)3 (acetate)?2 CuBr | 892 91 |

93 (acetate)3 (acetate)? 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-

L ortho-xylene (7503‘ grams [g]; 50 millimoles [mmol]), cobalt (II) bromide hexahydrate
10 - (8L5 milligrams {mg}; 0.25 ‘mmol),.m'anganese (III) 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

15 en‘riehed airto givea pressure'of 6894 lcilopascels The reector was brought to a
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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..Tenperature and pressure were controlled to remain rel atrvel
t hr oughout -15.23 July 2004 WD 01/ 38282 PCT/ US00/ 31971 t he rea |on The

f eact kon 282un for 60 ninutes before sanpling. Pronot &C/E$N31971

anal yti cal results.are shown in Table 4. TABLE 4 Exanpl e, Manganese Cobal t.
3d netal 4C1OX % Yield sourcesourceconpoundConversionDi acid 84(acetate
PnoneFeBr211. 50 85(acetate )3noneMhBr 2- 26 5' 0- 86acetate 3(acetate

) 2Fed 214. 90 87acetate 3acetate 2 .MiBr2 '10095.0 88(acetate) 3(acetate-

) 2MnC1242. 00 89acet at e t 4.6 ot at e.)3 cet ate )2.
CbCl284.1, 6.9 9lacet at eiﬁ Cé?%?ﬁ?égﬁﬁﬁ%g‘ h@?(g’ﬁég Afecys :

") 2CuBr - 89 zoamposxtm(mam tbsémmadaim ¢Mrob&iprﬁln zﬁcﬂoﬁ,@n@% S
94. 96 : A 450 Parr reactgor equi ed h%

‘magneti cal | ysu&s}ﬂ%fag%’gﬁéll? :ffeiélapgf&a& | ﬁ@xl{ﬂﬁﬂlemﬁh@r%fswthé\fﬁl’hnsducer _
a ther mocougtbiotet a8 fRr BbivelsittBro p%B&hc@nﬂ?t% ﬁi':l potf noﬁ?@&gg&j}t"g?gl Wi th -

chioro ortho-xylene (7.03.granms [g]
br oni de® hexatwmﬁ?@ begimnig pf seaetipn. ugqleartbesp wgidition9 5wherein)the mga;mese (1 | | )7 :

Ny oxy pit RSt g5 oo e RelR, o e hous Gl w e b disdation

N- hydr oxyph
initially orﬂmfremtlonrwsmelanmbdnndimdteawﬁt&tbrM% oﬁ&@ﬁgeﬁ%ﬂf@é Sﬂﬂérﬁ;ﬁi
" chl oro- or ‘was ted shut and charged

orthg-x
conpr cssed RPEVSGRR ' BOGGERE05r wSErea e ensBl bs £ bawedron vesiomingiarh 3056
oxygen 15 . resetibghed air to give.a pressure, of 68941dl.opascals.” The -
" reactor was brought to a ..tenperature in a range bet ween. about 110C and

150C a|]1rbh was sanpl ed over t| Mme to neasure reaction progress. In exanples -
, v\h‘t ch f*hvol ved drying H;UREth'S&@#Rh%\QWg normahzed mole % reaction mixture -

composition 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 reactnon

FIGURE 3 is a graph showing nonnatized 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 the reaction mxture was cooled for 10=15 mi nutes %t@? gi g water
through the cooling coil, and then vented before opening. t he
reaction m xture 20 was repressuri zed and heated to previous-conditi ons. 4
| -16 WO 01/38282 23 July 2004 PCT/US00/31971 FIGURE 1 is a graph show ng
normal i zed nole % reaction mxture conposition versus tine for an
oxi dation reaction conprising 4-chloro-ortho-xylene substrate (Exanple 94)
run—at 150C 'using 30% oxygen .enriched air with NHPI Pronoter added after
conversion to product mxture . had reached about 50% (about 2-5 hours from .
begi nni ng of WHATS 6BAIMEDdS: t hese condi t i ons), wherein the reaction
.m-xture was dried before addition of pronoter. Drying was perfornmed by
distil-lati-on. The reqc?m&mmlh JT=Yo Wt &’CL% Sﬂ%hﬁ&sﬂﬂ:@ hRfcessure of
oxygen source.. The fina conversion o pr-oduct ure was. greater than
95% at 2.5 hewhesxylenswhidromprises cmbnnn&ﬁ@tsmﬁatemsommalMt oae gr aph
"showi.ng- nor ime for an
‘oxi dation rgglgtalgg%l%l#glrl}%ﬁ%g&%ﬁs?fgagnﬁﬁ quéé&b%ggeﬁré EExarrpI e -95)

run-at 150C mE¥tHg: Wl@@ﬁwﬂwm atlgsst wctpmrpm@wdsmd frqudvcgﬂaipt er

conver sison 1t Gy . mixture' had-reached about 50% (about-2 hours . from
begi nni ng of. reactlon under these conditioeons), V\/nerel n'the reaction m xture
-was -15 'not -dried befor dj.t'j.on of pronoter. final conversion to
product ni xture. was @rpg %tﬁ?ﬂ%ﬁ@h@“%@ USO‘WBW&WW@ nning of

reaction. Fllﬁtﬂﬁﬁdd N—l@dﬂi&?&ﬂ@lﬁﬂ&ﬁmﬁt& N%%kﬁie%%dﬂlﬂhﬁm{@er eaction mxture

“conposition versus ti ?:% &%@S’POXI da %(on reacti on conpyi S|dg

-4-¢hl or o- or t ho- xyl ene (@ N- ﬂﬁb\“@‘@é‘yﬁf’@f?h@!ﬂ“ﬁ@@ 'Elﬂ?l'ﬁg 30%

oxygen enri myd@mhmﬁﬁ@rmm niidy, k—'bﬁJn:lcNN— The final conversion
o.pr gﬁctv\myfyl@ V@ A 1_’% t han- abou 0% at - 4 hours from begi nni ng of 7
reacti "?’é\.‘)‘? Aydee W&%ﬂ%‘“ﬁ@b@ﬂ%@ﬁ diremed-t h. fur the purpose of
il ustrati Omydidi?pﬁﬂﬁﬂlﬁﬂm N&yﬁ%ﬁﬁﬁﬂﬁhﬁd&nﬁ-@&dxﬁﬁ&mﬂé shoul'd not be deemed -

to'be a limtation o t he Scope .of the i hvention. Accor di ngly, various
.modi fications,, 25 . stesfiopgriamehydreamicerided-rybaxysHspebYdsaNanis one skil | ed:

inthe art %ﬂhﬂuhbd@ﬁmnymmomhﬁ@mdstwmQumut and scope. of the present
invention. 23 July 2004 WHAT IS CLAII\/Eﬁ) IS 1. A rrethod for oxi di zi ng a

'substrate conpri si ng at Ieast ‘one. hal oj
: 0;

| @& o
_15_ o _ wherein each R is independsutly halogen, chloro or bromo; or alkyl,
' and n is 0-4; o o R :
- (iv) substituted benzaldehydes of the formula () :

| | L ®Y, .
o whetem R' is alicyl and each Rz is mdependenﬂy ha.logen. chlom or-
20 N bmmo oralkyl,andntsﬂ-4 .
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.ortho-xyl ene which conprises conbining the substrate in a th at
Ieast one .netal catalyst-and heating in the presence of a S}eor[P source
to produce a product mxture, wherein any effective anount of at |east one
pronoter selected fromthe group consisting of (i) phtizalimde,

4-chl ar o- pht hal i m de, - 3-chl oro- phhalim de, dichloro- phtbalirnide. N

byar oxyet hyl phl I wli m de, N-hydroxymethyl phthalimde; (u') N :

hydr oxypht hal i m de, 4-chl oro-N hydroxyphthal i m' de, 3- chI or o-

N- hydr oxypht hai i m de, . di chi oxo- N- bydr oxypht h de
hydr oxypht hal i mi de, 3 (B}WFB‘”N!’B }‘%5 nﬁ%qudcs,

‘hydr oxy pbt hab,dbShiuhih4134e€, %s-.gednomrd&meé\l nmuoﬁﬁd‘egm de;.
27car boxyet | Lanehydxoxam ¢ aci.d,  2-car box;,let eneh dr.oxani ¢ aci d,

2- car boxyphenyi bydmxarf¥ geasidig cijucs fralidss, l'1“”‘“!"!1'1"6} neapia - (R OH
wher ei n eachypRBulidesi Adependent | y hal ogen, chI oro’or bromo; or alkyl, (rv)
substituted benzal dehydes of, the formul a %ﬁ v wherein RL is aI kyl and
each R2 3 s i ndependent(¥ii) aliglj amstal Eﬁ}dsrpalkelfme h!ﬂ’@ﬁ%“nwkaé‘lw, and n.is

_109 23 dpliae2004 (v) ammoni um hal i des, ammoni um chl ori des, amoni um
brom des, phosphoni wn hal i des, phosphoni um chl ori des, phosphoai um

broomi des; - (vi) guani dini I des, guani n| um chl o ni di ni um
broni des; -and .5 (vii) ’%ﬂdag‘h‘” D‘F&F’ﬁ“ﬂ'&g °'§elfﬁa}°fm‘h{{9r‘ S‘&ﬁ#%g* des, and

al kal i. net al 5599emﬁe,mopﬁdm-,ddﬁdm&o the reaction mxture after the reaction
has reached a 35- 65010 conversion to product nmixture 2. The nethod of -

:clai'm 1 wherein the sgbﬁﬁ]attﬁodtc%oa ?%ﬁ c.hlﬁg)eIsu the 0zt ho- )éﬁil ene or

fI uor o-ortho.xyl ene. arm ereln mp{"he su%)ét r at e furt her
. UB)I‘I dés atortHoeaktneonﬁudmbnhctxﬂlwc aci d
| _ 3. The method of claim 1 wherem the substrato ﬁuther compnses at
. leastonme 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




4. The nmethod of claim3 wherein the halo-toluic acid conprlégﬁ? Ieast
one chlorotohuc acid. . 1 S 5_ The nethod ofalainm1 whereint vent
conprises acetic acid- 6. The nethod of claim-1 wherein the at Ieast one
nmetal” catal yst conprises at |least one conpound of cobalt. 7. The nethod of
claim6 wherein the at |east one netal catalyst further conprises at |east
one netal conpound containing a metal selected fromthe group 20 consi sting
of nanganese, ‘van', copper, vanadium and nol ybdenum 8. The nethod of
claim7 .in which the nolar ratio of hal o-ortho- kylene substrate to.t-he at .
| east oné nmetal catalyst is in a range of 20- 600 ;1. 9. The mef hod- of clarm

1 wherei-n the at |east one:pronoter is sel ected- fl;om the group consisting.
of . N- fiydr oxy piefigat-{-methgibenza @ﬂ‘l@? Tepmidpistabutylammonion .
3-ebl oro- N hy&aoﬁightahﬁioﬂmaﬂgnudé cblor n-N- 1ydr oxyphthal i mi de, N

hydr oxynal ei.ni de; N hydroxysucci ni i de, 2-car boxyphenylhydr.oxanic acid, 4—
~-19 23-July. 2004 17. Th h |.ai,m whi-ch 'the' inol-ar ratio of )
4-chiloro arthe- . xyl ene s&gﬂi gg{g"t"c}tlﬁgh h&elr@‘étéof‘%f%llﬁpd&% alyst i$
in a range: of taipauiuﬁﬁﬁﬂ@eoﬁcﬁ&cnf@&ﬂﬁthﬂ@@ﬁm&hﬁhﬂéﬁg&&b‘é@e&h t he xe
ctien f’lnlﬁj u %&0 ﬁgscﬁ)}hto a, tenperature in -9 range’ of between 100C and
23m at pressui # bet ween 130 and 8300 kiil opascal S.

chI oro-2-neti 2yl benzaW.fc, teiragfliylauliYtonittlli b[Oilide;
‘tet7ai ~~l-ntiit0l.11uui 1k Hhonmﬂiec}ofahdnicﬂ:mﬂmmdudemﬂnﬂ;cnﬂgmetl i-od Qo

Clatini in s-heated to a “teinperat i '3 o
a: xauge. of bet M&P&t&%é& a%&glﬁ"édgwe |n a range of between .:10 5 .
1300 aiid 8300 kil opaggal s, ‘ﬂ ) f g Iairhl' wherein the )
pr.oduct - mi xt ur e corrprl 589 ﬂf? Ia8°°|5 ISR (ko 5’6% B?Q?f@ﬁ'é?t%mmlﬁ'ﬂﬂai hydri de.
12. Aret hod &emmm&e%%%&ww%m B Cﬁﬁ&éﬁ%&é%ﬁ“smg |

4eh|0ra artllo %Fetle whi ¢h conpri-ses co ar.o of “0-xykne in

aceti ¢ d8j d --solverGyithagleaspa mw%wbﬂzm@lmn@wmmgmm&a

et al Conﬁpow’ﬂd%%éwa{-ﬁn heab| mgﬁﬁnce of an axygen’
source to produce ,a pr.oduct m-xt uor}%&ﬂg%rrprl 2{2’%‘6&3 I'Ji}sﬁ gr.ophthalic -acid or -
4- éhl or opbt h&l"l“’é‘“ﬂ‘l’ﬁf@ﬁ'ﬂ?‘@‘ thalic apid 91 d-ghlorephihelic shydridé. xu t 2-wherein tine :
-‘substrate further conprises 3- chl or-0- Oxt 40- xyl'ene..: - 15 14. The nethod O

claim’12 wherein tine lasﬂiesmmaaf&tuﬁlutzeme&mguﬁﬁaw f&ﬁiepédﬁﬁﬁk&t;c aci d-
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-




15. The nmethod of claim 12 wherein the substrate further coggnmﬁ%%
botly. 3--chl oro-ortho-xyl ene and chlorotol oic acid. 16. The et of clai-m.
12: wherein the at |east one nmetal catalyst 20 Further conprises at |east
one nmetal conpound containing a netal selected fromthe group-consi'sting
of manganese, |ino, and copper: 23 July 2004 19. ‘A nethod according

to--cl aim for produci ng a .product ni xture -conpr|5|ng ‘4-chl orophdWc acid:
ar 4-chl-orophthalic' anhydride:which coziiprises oxi di zi ng- a substrate
Conpr|3|ng 4--chloro-ordt -xyiezi; optionally in the presence of :
chl qrotol uira aC|d whi ch conprises the. steps of 5) conblnlng substrate in

aceti< -aci d _sol vent "wi t{u, AlmciRd Sicordi}Ro ﬁ?ifocpm g %?(;du OI{]TRE,IéSI ng cobalt; -
e

and . optlonal |y manganese,. and hew ng presenc an oxygen source
to-a tenperat mmprrsmwﬂddmwﬂmhe mmmmmmmemchme@me in‘a -

range of bet yher e rat -
ofsubstrate V\Gﬁ t q‘at :east rret gﬁ%&@% a}yy?g,loghoqaﬁygltggﬁﬁgenﬁ %0 250: 1
(i) addﬁhigotoaﬁemd,thbsomgrsesheﬂqis@fproduct m xture has reached 3-.--

65(c) n ef fective a cast er S Iectedfromthe
group co§5| sting of mg@dﬁbdf? ﬂ‘i’ﬂg sikitnien o5 Rﬁﬂi‘fcﬂ ﬁ castpeAthal uni de,
ﬁ (Cj:hl ar.o- IN Wmmbmmma@tﬁmﬂLMdgaﬁ&sé}beuﬁgtm@{d;gmedld g i

ydr oxynal ei. succi ai m de car roxanmi e aci

aonl or o2 15 W e oR e b e o6 bSO b presie

t enbut yl arm‘onnumd@eoﬁhduemlmhnsmmbawlﬁ@h&eatt&eﬂﬁoﬁﬂ%dmb&ﬁ& mxture
under p¥ essure of onverS| on to product g

m xture” 2’6?"?%/‘ QSBPMPE%PI 'si ng 4chl oropht bal-i ¢ acid
or 4 chir oph{ hal ic an(:eydaamgeaﬁezﬂccafmcsm d&fmﬁih&bﬁds]r@acmiﬁ' n the

substrate fur r c ri ses - l-or o- orthox | ene.
Yo, an e 8«:’5’8 ve¢-amount af atqcast one promoter sgllccted from 1hc gmup consnstmg

of N~hydmxyphtbalunide, 4-chloroN- hydmxyphﬂmlmudc, 3-chloro—N—
hydroxyphﬂlahnude dxch!oro—N-hydmxyphthalimide N- hydmx}rmalelmlde, N-
hydmxysuccmumde Zwboxyphenylhydroxamw acid, 4—chlom~2—

15 . mcthylbcnzaldehyde, tetmcthylammomum brmmde tctmbulylannnomum bromadc,
‘and sodxmn bronudc;

(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-





