-1 - METHOD FOR HYDROXYLATI NG

ARQOVATI C COVPOUNDS BACKGROUND OF THE | 'NVENTI ON

"This invention relates to the hydroxylation of aromatic 5 conpounds by
oxi dat i on. The conversion of aromatic conmpounds,
particularly araomati ¢ hydrocar bons, rr'inf, their hydroxyl ated derivatives
is of interest as a process wth co }ci al potential since many

aromatic conmpounds suitab r r r i1y and cheaply

avai l able 10 from petrochem cﬂa‘%ﬁ@ﬁ éé%c‘igbwlﬂ&ﬁ%er sionto

hydr oxyar omati c conpounds SUSROMATIGCCOMPOUNDISOXYI ati on woul d be
advant ageous since the products are useful for nmany purposes,
including, in the case of phenol, the synthesis of bisphenol A or 2,2
-bi s(4- hydr oxyphenyl ) propane by reaction with acetone. m Xyl ene coul d

be 15 simlarly ABSBVBACT to 2, 6-xylenol, an essential intermediate for
t he production of the engineering thernoplastic poly(2,6

Lo various hydroxy corUIRHE GoteidiEh BaRRER, (ibete dfar e o

conpounds as § Xxyleneaamerhydroxytated by reaction with oxxgeniandi padroquisone loe t o
i al f . . . o i |
conmer ci al use ofy SusdliteaH Fcfﬁ%mcz)r;(el ﬁ‘gﬁté S&?gérhéélﬁ d‘@é’ﬁ’a@&mséq?gw&e arge

amounts of netal -containin i use | n hydroxyl n.' It is
known that oxi dattyRigally a peplayalsns vanadiinnayy shelate-with picolinie agid Brene use of

various vanadi Umgubstitub&d preelinie Eewrl! THse vE’ﬁé&Dﬁﬂ@cﬁn%@urﬁ@%yE@ rRiReRl e, to
M moun et al., 25 i} Am &{hemﬂgoc. , 1%05 3103[- 3%&1’% 1983%_i i ch discloses
t he use as an ULy reactionof theshelating.agant witha ietravalent oc . oy ovanadi um
oxypi col i nat ¢0di Ipemtavatentpretmisar eamaditmpecampowmd: acid (i.e., -
pyri di ne-2-carboxylic acid). This conplex is prepared by the reaction
of vanadi um pentoxide with picolinic acid and aqueous hydrogen




3G peroxide sofution. o : nggég'{

. The hydroxyl ation reaction as di scl osed in this and ot her papers
~apparently involves transfer of a peroxy noiety fromthe vanadi um as
an oxidant, and thus requires on the order of an equi nol ar amount of
vanadi um corrpl ex with respect to aromatic_4. conpound being oxidized. In
order to be comercially feasible, a sinple and effective nmethod for
regenerat ion of the vanadi um e re t hus
effectively nmaking the reacti OMET&?@%@%%?%T \/t o vanadi um
A principal problemwith the regeABOMADIC GOMROUNDS y i s that
vanadi um conpounds are nuch nore efficient at deconposing per oxi de
than at hydroxyl ating arorrat iC corrpounds. Thus, attenpts at synt hesi s
of the vanadi um peroxo conpl ex | e addi ti on of peroxide to the
ot her reactants, BACKGERQAY ﬁbl NEMNI um conpound, are

unsuccessful since the perOX|de forned is imediately 15 deconposed by the
vanadi um conpound r at her thﬁﬂs'irﬁ;%?ﬁtbﬁ@elatestotthéw glaanf&rdmmﬁcperoxo
r

conpl ex. Vari ous nmet hods, for ., overcomng thi$§ prdoblem have been
proposed, i ncPudiGRINPPHNS by oxidafigmst er systems, the use of polyneric
~supports and slow or nmultiple . addi ti ons of peroxide. None of these,

however, has succeeded in ZThe pombrsiondfaarontetiti compounids] panigufrynot er

which is effectiv,

. hydroxyl ation pr O%&Eqa?’&h@&rocarb&rﬁ%iéﬁgkm&r%g? l«?Pei%gﬁba{"Reg S gﬁg'ké}gﬁﬁae
degree of effici eagaprocess with commercial potentlai sintenmany ramatigdr ogen
peroxi de can be g@fﬁng%/ Myg] such as
ant hr ahydr oqui noﬁée&‘H unragﬁ]%gQPS ma%i&e aﬁ%;@%dj@%ﬁ lﬂe{;%!)énigéet al .
CEH Product 10 frompetiachemjesl fordistosks,x iTheir csmversm@prtwdrmro
741. 5000HM cdtﬁﬂ&!rﬁis é«%?\ﬁés phE\V@Whydrbk)ﬂaﬁBﬁ\h@ﬁid'tfe @d\?&?ﬂégé{@u&y
reason of the 81 {1 t hra % rn onpounds Fda %)Ilcablllty
of such: since the produc s are useful for many purposes, fclu nal e case

of phenol, the synthesis of bisphenol A or 2,2 -bis(4- ,

hydroxyphenyl)propane by reaction with acetone. m-Xylene could be

15  similarly converted to 2,6-xylenol, an essential intermediate for the

production of the engineering thermoplastic poly(2,6 -dimethyl-1,4-

phenylene ether). Trimethylbenzenes could be converted to various

hydroxy compounds useful as intermediates for such compounds as

vitamin E.

20 A principal obstacle to commercial use of such processes
has been the need to synthesize large amounts of metal -containing
oxidants for use in hydroxylation. It is known that oxidative
hydroxylation may be accomplished with the use of various vanadium
peroxc compounds. Reference is made, for example, to Mimoun et al.,

25 J.Am. Chem. Soc., 105, 3101-3110 (1983), which discloses the use
as a hydroxylation agent of such compounds as peroxovanadium
oxypicolinate dihydrate, a chelate with picolinic acid (i.e.,
pyridine-2-carboxylic acid). This complex is prepared by the reaction
of vanadium pentoxide with picolinic acid and aqueous hydrogen

30 peroxide solution.



reactions to the hydroxyl ation of ,Er",c')'rfat'.i:i_c'fc_orrpounds has apparently 30 not

. been di scl osed. f : - 3-

SUMVARY OF THE | NVENTI ON o The present invention is based
on the discovery of a met hod by whi ch hydroqui nones nmay be enpl oyed as
agents for effective generation of petroxide species and their fornal
transfer to 5 vanadi um conpl exes, Wnere'u%(')n such conpl exes becone active
as hydr oxyl ati on reaggnts for aromatic, conpounds. The active vanadi um
speci es may be conti nuousl ?BMQFR?W lop reagtion a$ digcioseddn this @adyothegh
turnover of hydrpapyerscipparentlydinvoives sransfap o d yriréxy moiety from the The

I nvention, accordingl is_a nethod for. converting,an romati ¢ conpound
to a hydroxyaron’é?’?%'%g o%'ﬁﬂx\ﬂ%f‘gl?@hﬂﬁirg%@res orgth@o?ﬁ%&&ffﬁﬁ said aromatic
g (r)1 gpﬁugﬁiovmu} h Hgéqmmodar amygltatmfl vanakem comrnlemiaiﬂm cespeict o ammdﬁiclu mEE) onpound
DESCR PTI O %M@%@l isfed. jnofietigBy @m‘ﬁem'aﬁwefegﬁﬁﬁ c
conpounds whi ch $inypleandeliestive mathod for regenenafionsf thevartadiums i nvent i on

| ncl udear omat i Cobpgb@d WRRRFLS EHuIRY, thus eREARBHAMARTGTHEFbALM P

derivatives of such hydrocarbons. . preferr bstituents are al kyl
groups, al t houghCalglytigsdthoiespesttgrvanadium. conpounds with ot her substituents
such as halogen is also 20 contenplated. Illustrative substituted aromatic

hydrocarbons are t ol UARincigH problemasitiatie fegenérationtdl thd eathysts .
R, AT T I ST e S
peroxide than at hydroxylating aromatic compounds. Thus, attempts at
synthesis of the vanadium peroxo complex by simple addition of
peroxide to the other reactants, including at least one vanadium
compound, are unsuccessful since the peroxide formed is immediately
15 decomposed by the vanadium compound rather than reacting
therewith to form the peroxo complex. Various methods for
overcoming this problem have been proposed, including phase
transfer systems, the use of polymeric supports and slow or muitiple
additions of peroxide. None of these, however, has succeeded in
20 producing a vanadium-containing promoter which is effective over a
relatively long period in producing a hydroxylation product at a
reasonable rate and with a reasonable degree of efficiency.

it is known that hydrogen peroxide can be produced by

oxidation of hydroquinone homologs such as anthrahydroquinone.
25 Reference is made, for example, to Heydom et al., CEH Product

Review - Hydrogen Peroxide, SR! International, pp. 741.5000H-M

(August 1996). However, this method is expensive by reason of the

cost of anthraquinone compounds, and any applicability of such

reactions to the hydroxylation of aromatic compounds has apparently
30 not been disclosed.



are those conprising principally nitrogen and oxygen, includi.ng air and 25
. "enriched air" typically conprising 28% oxygen and about 72% ni trogen.
"I n general, nitrogen-oxygen nixtures containi ng about 15-40% oxygen by
wei ght are particularly suitable. As a pronoter, any )
vanadi um conpound known to be convertible by peroxidation to a

hydr oxyl ati on reagent may be 30 enployedTSFbr the nost part, the preferred
conpounds are conpl exes : -4 -

of pentaval ent Vapadi Especi al | referred are vanadi um oxy

chelates with suéﬂﬁ\d%ﬁ\égﬁﬁﬂﬁ %@TQNM colinic acid and substituted
derivatives thereof such as 4-chloropicolinic acid. . oIt
is within ]'Ehehscope_ of ;he?gmgém?zmtwmmeamthé dis Bfai N si tudby
reaction of the actjvating.ligand wi. a precursor vanadi um conpound.
The preferred pr&?}hggﬁyﬁﬂﬁ%&ﬁ?%‘@n‘” l%ay rSRlP¥ed 25,79 val ent
vanadi um oxy sal effecfivérgeneration ofipermdde species apd theif formall ransférto and
[err]-diketo anl : | < t i_gne. 10
The. hydr oqui rone BAagut S fxEs whERUDER s chBimplexesbdadiil 68 28

i nventi on i ncl ud8ydraxylationtraagentsyfar atpmatioreorppounds. The active vanadium

p- di hydr oxybenze ' é@éﬂei fe LR hi
substituents areggkﬁﬁlgqg d‘9 gf’m@ﬁgﬁﬂ’ﬁﬁs ar%@gh‘te&ggﬁ%?erg%gl vglgcrﬁgh
substituents nay @8O ?’e%:ﬁ:{‘j.qurem'ﬁm%mtﬁstﬁﬁg‘ddﬁydr oqui nones 15 are
met hyl hydr oqui none, t-butyl hydroqui none, chl orohydroqui none ©and
tetrafl uorohydroqui none.  The invention, accordingly) is almethbdifer ebmeriinglapr abl y

enpl oyed in e A ' ion. ..Prefer alyvents 1 ncl ude

pol ar~ aprot i 1830%‘2'%@0 §é@ﬁound tg%s“%&%ﬁ%"?@fg%ﬁphﬁgﬁ%'cg GPIMBISEE and

N- et hyl pyrrol i deastacting lsailbarqmatimmpwrm withenoleatilagoxygereinrthe by reason

of its effectiveprssere®bf a vanadium compound and hydroquinone or a substituted -
hydroquinone. '

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

15 - The aromatic compounds which may be hydroxylated by
the method of this invention include aromatic hydrocarbons such as
benzene and substituted derivatives of such hydrocarbons. The -
preferred substituents are alkyl groups, although the use of aromatic
compounds with other substituents such as halogen is also

20 contemplated. lllustrative substituted aromatic hydrocarbons are
toluene, the xylenes and the trimethylbenzenes.

Molecular oxygen may be employed as pure oxygen or
as mixtures containing oxygen. Preferred mixtures for many purposes
are those comprising principally nitrogen and oxygen, including air and

25 ‘“enriched air” typically comprising 28% oxygen and about 72%
nitrogen. In general, nitrogen-oxygen mixtures containing about
15-40% oxygen by weight are particularly suitable.

As a promoter, any vanadium compound known to be
convertible by peroxidation to a hydroxylation reagent may be
30 employed. Forthe most part, the preferred compounds are complexes



retatively |ow ¢cost. Reaction tenperatures are not critical;

_tenperatures in the range of about 30:120 [err]C are often beneficial.

* The proportion of vanadi um conpound enpl oyed i s not critical. It is
typically in the range of about 10-7,500 ppm by wei ght 25 based on
aromati c conpound. Proportions in the range of about 10-50 ppm
frequently afford excellent turnover as defdmed hereinafter.

| f the vanadium pronmoter is prepared in situ, the weight rati o of
activating |i ganofpentavatahtvanadimr Especiallyprefervéd are vanadiem oxy range of

about 0.8-5.0:1, jr Ve, 2ROUL: 1025 : i aht. rati

hydr oqui none conﬁgﬁaﬁc&g% g}i\basrli%g'léu%"é%ﬁ%ﬁ%%@a?%’&é%?3?(‘{/g$q1g{“ﬂéﬂmed range
of about 40- 1, 00@tetivatives thereof such as 4 -chloropicolinic acid. -5 -

- The method of the invention may be perfornmed by sinply m xi ng the

non-gaseous materials and pf @S§itihihe Scdpd Bf thBGnventiondS#68u&LHe! NI Ng gas,
typically to g pressure .in_the rﬁ%Ege o£ abouyr ..  2- [\/ga. It 1s within
the scope of Phe RFATMOHRS B SitudY reaction ottha activating ligand with & PTESHESA orpound
?th t he btegI nni ][lg vtahat'lhml\bemp*duﬂﬂhqfhﬁpreferred pwcumdsueemﬁotg?ﬁa@ﬁehl y d:ﬂ{ ng
e reaction, for,_gxa via | Dressur unp, e roxyl at e
products may be ﬁﬁ@ﬁ@gggampeﬁm"amV@H?ﬁ"ﬁﬁ‘a&%ﬁﬁ%ﬁ?ﬁﬂ%?ﬁ'&@uch
art-recogni zed r @speeially alkoxidegscand iBediketane @niarisl sughiasnthat dedvedfram

crystallization } %{%ﬁﬁﬁ aphic 10 separation. The
I nvention is ill ?;?Ip;e{ﬂé y the follow ng exanples. All per cent ages
are by weight. Various conpounds used in the exanples are identified
as follows: 10 The kyydsoquinghgsomraupds which may be employed

oxybi s( 2, 4- pent anpebpdiag %3 thelimvention include unsub¥iidted NypdragLinenk)(i.e.,
oxytris(isopropoxi , . Pl % - gl.col hnl C acr| d
CPl C - 4-chl or Opiq:-gﬁygrqgtyggpagne) and substituted derivatives thereof.” Typical
' substituents are alkyl and halide groups, and one or more of such
substituents may be present. lllustrative substituted hydroquinones
15  are methylhydroquinone, t-butylhydroquinone, chlorohydroquinone

and tetrafluorohydroquinone.

A solvent is also preferably employed in the method of
the invention. Preferred solvents include polar aprotic solvents such
as acetonitrile, dimethyl sulfoxide and N-methylpyrrolidone, with

20 acetonitrile often being preferred by reason of its effectiveness and
relatively low cost. Reaction temperatures are not critical;
temperatures in the range of about 30-120°C are often beneficial.

The proportion of vanadium compound employed is not
critical. It is typically in the range of about 10-7,500 ppm by weight
25 based on aromatic compound. Proporttions in the range of about 10-50
ppm frequently afford excellent turnover as defined hereinafter.

If the vanadium promoter is prepared in situ, the weight
ratio of activating ligand to vanadium precursor is most often in the
range of about 0.8-5.0:1, preferably about 1.5-3.0:1. Weight ratios of

30 hydroquinone compound to vanadium compound are generally in the
range of about 40-1,000:1.



BZ-- benzené, ~ TL - toluene, 20 oX -

. 0-xyl ene, MX - mxyl ene, PX -
" p-xyl ene, TMB - 1, 2, 4-tinmethyl benzene,
HQ - hydroqui none, 25 CHQ - chl or ohydr oqui none,
FHQ - perfl uorohydroqui none, VHQ - net hyl hydr oqui none,
BHQ - t-butyl hydroqui none. 30 EXAMPLES 1:8- A
stai nl ess steel autoclave was charged with 20 ni (17.69) of benzene,

40 m of acetonitrile and vdhesusthedsidne iftYﬁstlm may be perbormed by siriplyar i ous
hydroqui nones. ThﬁwlﬁHthﬁé ROR- #%%oﬂrﬁzﬁ%tghglé ressunzm with the

- 6- to 3.45 MPa“w t en an onltrogen and

mai ntai ned at a té’?ﬁﬁ@‘?‘&‘f’g?'@"ﬁﬂg gesclypice! WFQ?@" @i ih &t‘"laﬂge s @boukg.

Wen the reactlonz\I@MmeI@mmﬁh&@ eWtr@meéﬁﬁmoqﬁtradua@authe upt ake,
t he autocl ave

gol ed and o ened a ﬁ ' g ? yzed.
The results ar gW F?qUH‘GFC?o*F pounq-a mrpggp q,rggp O%Pr o nol es of
hydroxyl ated pr odinttoduzedt gradaatyrsurifg therediction,for examplenda a highof

gorrpl eti o of t hepF@@s‘ffré Plimp. The hydroxylated products may be recovered Bp-E | 10
conventional methods including such art-recognlzed recovery
operations as distillation, fractional crystallization and chromatographic
10 separation.

The invention is illustrated by the following examples. All
percentages are by weight. Various compounds used in the examples
are identified as follows: |

VPD - vanadium(lV) oxybis(2,4-pentanedionate),

15 VPR - vanadium(V) oxytris(isopropoxide},

PIC - picolinic acid,

CPIC - 4-chloropicolinic acid,

BZ - benzene,

TL - toluene,

20 OX - o-xylene,

MX - m-xylene,

PX - p-xylene,

TMB - 1,2,4-trimethylbenzene,

HQ - hydroquinone,

25 CHQ - chlorohydroquinone,

FHQ - perfluorohydroquinone,

MHQ - methylhydroquinone,

BHQ - t-butylhydroquinone.

30 EXAMPLES 1-5

A stainless steel autoclave was charged with 20 mi
(17.6g) of benzene, 40 ml of acetonitrile and various proporttions of
VPD, PIC and various hydroquinones. The autoclave was pressurized



VPD, ny 100 100 110 110 110 . PIC ny

450 55 100 110 90 Hydr oqui none: I'dentity
"HQ CHQ FHQ BHQ VHQ Wi ght 10. 00 13. 16
4.90 15. 45 12. 80 Phenol - f or med, ngy 1, 610 280 840 713
208 Tur nover 45 . 7.8 21.5 18. 3 4.9

EXAMPLES 6-8 The autocla@e of Exanples 1-5 was charged
W th benzene, acetonitrile, vanadlun1conpound and activating |igand

and pressur 48 34p M Rewiba miXtyre 9f 8% PR¥IRMARd dgemniticgenyand 15
Hydr oqui none (unswdiptdihed atia tampemidmbfsam whnellaym@xylatiogrocpucréaur e

punp. As shown b ri ence reactlon sen i nst ant aneous
upon hydr oqui non&vﬁﬁ'gﬁ? RR YRS cgor\r,!B F\gwetbytqgé\éatlon FPXYIRRS wer e
anal yzed and t he uptakd, ttlse aumomwaanas no&leulaﬂdldpened and the mixture was

-7 - TABLE 11
6 % analyzed. 8 Benzene, ¢ 17. 6
17.6 44.0 Acetonitrile, m
61 Vanadi um conpound: The resulie are giyen in Table . “Tumoyer' is the ratio of | P
VPD Viéi ght méfds of hydroxylated prétict to gram-atorﬁQ of f vanadium at]ih% Jime
Activating |igand: 1¥h é
Pl C Vi ght Ofﬁsmp‘etlono the reaglig. 970 2 3
Hydr oqui none, g 0.50 15. 45 2.00 Phenol forned,
ny 150 580 17TABLE
10
_ 1 2 3 4 5
VPD,mg 100 100 110 110 110
PIC, mg 450 55 100 110 90
Hydroquinone: '
Identity HQ CHQ FHQ BHQ MHQ
Weight 10.00 13.16 4.90 15.45 12.80
Phenol formed, mg | 1,610 280 840 713 208
Turnover 45 7.8 215 18.3 4.9
EXAMPLES 6-8 |

The autoclave of Examples 1-5 was charged with
benzene, acetonitrile, vanadium compound and activating ligand and
pressured to 2.45 MPa with the oxygen-nitrogen mixture.

16 Hydroquinone {(unsubstituted) was added slowly, using a high pressure
pump. As shown by experience, reaction was essentially
instantaneous upon hydroquinone addition; when it was complete, the
mixtures were analyzed and the results are given in Table (.



Turnover 4.1 21.5 400

While a turnover greater than 1 was obtained in each exanple, it is
“apparent that Exanple 8, in which only 27 ppmof 5 vanadi um conpound were
enpl oyed relative to benzene, afforded the hi ghest turnover.
EXAMPLES 9-11 The procedure of Exanples 6-8 was repeated,
substituting toluene for the benzene and e'n7p'r oyi ng unsubstituted 10
hydr oqui none, VPD and various picolinic acids. The results are given in
Table I'll. In each exanple, the weight ratio of o-, m and p-cresof
obt ai ned was 48: 20: 32. TABLE |l TABLE 111
9 10 11 Tol uene, g 34.6
43. 3 44. 2 Acetonitriley m 6 20 7 318
31 VPD, ny — 1p0 T5 T
Activating |i gamﬁggéenr;gﬁegl fAgntity 1;66 PI1§66 %3%
CPI C i ghtva iu ! ound: 179 2. 2.
Hydr oqui none, g umcorpe 1 0.7 0. Cr%:q]J f or ned,
635 Identity > 8‘%’0 T \3%
ny \ ur ngver
31.2 410 Weight, mg ;g4 00 1.2 - 8-
The particularly Aﬁ!"@ﬁ{“ﬂd‘ﬂﬁﬂ@ér vajues in Exanples 10 and 11, where the
amount s of vanadi uldendipound were B5 anBIQ@7 ppm CHIGspectivelRICi s
appar ent . Weight, mg 200 970 2.3
Hydroquinone, g 0.50 15.45 2.00
Phenol formed, mg 150 580 170
Turnover 41 21.5 400

While a turnover greater than 1 was obtained in each
example, it is apparent that Example 8, in which only 27 ppm of
5 vanadium compound were employed relative to benzene, afforded the
highest turnover.

EXAMPLES 9-11

The procedure of Examples 6-8 was repeated,
substituting toluene for the benzene and employing unsubstituted
10 hydroquinone, VPD and various picolinic acids. The results are given
in Table lil. In each example, the weight ratio of o-, m- and p-cresol

obtained was 48:20:32.
TABLE it
9 10 11

Toluene, g 34.6 43.3 442
Acetonitrile, ml 20 . 31 31
VPD, mg ' 100 1.5 1.2
Activating ligand:

Identity PIC PIC CPIC

Weight, mg 179 25 2.2
Hydroquinone, g 10.00 0.74 0.56
Cresol formed, mg 635 250 88
Turnover 31.2 410 180



EXAMPLES 12-16 5 - The procedure of Exanples 6-8 was repeated,
substituting various xylene and trinethyl benzene conpounds for the

‘benzene and enpl oying VPD, picric acid, unsubstituted hydroqui none and
25 m of acetonitrile as solvent. The results are given in Table IV.

TABLE |1V 10 _ 12 13 14 15 16
Hydr ocar bon: | dentity . PR- PX MX OX TVB
Wi ght, g 43.1 43.1 43.4 . 44.0 43.8 VPD, ny

100 100 100 100 Th%artuculhrl?lh@h twnover values in Examplé9a0 and200

5?820 200 Pr odui1 %‘\eﬁ%é gﬁ‘ un?sn&év%pdgmg HS%%%und v?ere % %'%& 59 o i

--- --- 2espedtivelypis apparent. --- ---

2, 6- Xyl enol 30 - 3 5- Xyl enol

--- --- 9 EXAMPLES 12-16 2, 3- Xyl enol --- ---
24 3, 4- Xyl enol -- 43
2,3,5-Trinet hyl phenol - _

"9 ! hy What iSTh procegure of Examples 6-8 wal fe%eat d for

converting an ar Gubstitutiog vadaus xyleng angdrimefhaploenaane quﬁmndf fan then
conprises cont aCtHe'i\Qeﬁé'a‘i'\daérﬁEBSdn@ Wnpﬁiéﬂé adid; hnambé%wba tyaa‘d@ﬁﬁohé\ the

ﬁ;ﬁfggﬁ?ng‘;ea VR 2l oY Bstonitile as Solvent. %nr%sglrts are glven in fable 1v.

TABLE IV
10
12 13 14 15 16
Hydrocarbon: , '
ldentity PX PX MX OX T™B
Weight, g 43.1 43.1 434 440 43.8
VPD, mg . 100 100 100 100 101
PIC, mg 200 200 200 200 201
Hydroquinone, mg 550 970 1,170 1,040 1,020
Product tumovers:
2,5-Xylenol 48 104 - - --
2,4-Xylenol - - 115 - e
2,6-Xylenol - e 30 - e
3,5-Xylenol - -- g == -
2,3-Xylenol - - - 24 -
3,4-Xylenol - - - 43 -
2,3,5-Trimethylphenol --- - - --- 30




2. A nethod according to claim1l wherein the nol ecul ar oxyge

,form of a m xture conpri s! ng principally nitrogen and oxygenI ym U\In nllwilm

about 15-40% oxygen by wei ght. 3. A nethod acc

2 wherein the vanadi um conpound is an oxy conpl ex of pentaval ent vanad| um
wi th an activating |igand. 4. A nethod according to claim3
wherein the activating ligand is picolinic-8id or a substituted picolinic
aci d. 5. A nethod according to claim3 wherein the vanadi um
conmpound is produced in situ by reaction of the activating ligand with a
precursor tetraval ent or perWhahisalimestiadi um conpound. 6. A

met hod according to claim5 wherein the precursor vanadi um conpound is a

2, 4-pentanedi onate of an al kpX ffthod for converting an‘ar ﬁia‘i‘ﬁtc'% GRifPloE N9 Lo
cI aim 3 wherein the hydroquinone 1s an unsu% ? 8

hal ogen- subst i t ut dWdigxiasematie sempound which compnees mﬁéﬁmsw&fpmaﬁg to

claim7 wherein ”&rﬂﬁ&m&wmmedzlﬂaﬂ lih iy pﬂasence of a vanadium 9. A
met hod according to clai r esent

t
10. A net hod accor‘?ﬂm%o'{'{a gmi’ﬂ%r&%n%?q{vafﬁébsgﬁ{tggﬁydﬁpqgug!% ar aprotic

sol vent . -10 -
2. A method according to claim 1 wherein the molecular

oxygen is in the form of a mixture comprising principally nitrogen and
oxygen and containing about 15-40% oxygen by weight.

3. A method according to claim 2 wherein the vanadium
compound is an oxy complex of pentavalent vanadium with an
activating ligand.

4. Amethod according to claim 3 wherein the activating
ligand is picolinic acid or a substituted picolinic acid.

5. A method according to claim 3 wherein the vanadium
compound is produced in situ by reaction of the activating ligand with a
- precursor tetravalent or pentavalent vanadium compound.

6. A method according to claim 5 wherein the precursor
vanadium compound is a 2,4-pentanedionate or an alkoxide.

7. A method according to claim 3 wherein the
hydroquinone is an unsubstituted or alkyl- or halogen-substituted
hydroquinone.

8. A method according to claim 7 wherein the
hydroquinone is unsubstituted.

9. A method according to claim 3 wherein a solvent is
also present.

10. A method according to claim 9 wherein the solvent is
a polar aprotic solvent.



12. A nethod according to claim3 wherein the reaction tenper mj“!w"l"l“l
t he range of about 30-120 [err]C. 13. A net hod

claim 3 wherein the aromati c hydrocarbon is benzene.

met hod according to claim3 wherein the aronatic hydrocarbon is tol uene.

15. A nmethod according to claim3 wherei n-t¥e- aromati c hydr ocarbon is a

xyl ene. 16. A method according to cl al m 3 wherein the

aromati c hydrocarbon is a trinethyl benzene. 17. A met hod
according to clai m3 wherei i1t femsthgshaceasdingftoaiaian] wheseipdbegolventn t he
range of about 10ig/aQi48niig) by wei ght based on aronmatic conpound.

18. A net hod accordl ng to claim 17 wherein the proportion of vanadi um

conmpound i s about 10-50 ppm.,hy wei ght base arqQ
19. A nmethod according to clg amr}ﬂ gﬁé@’%e'ge'mﬁ?ﬁ%a?t%e of

about 2-5 MPa.  temperature is i2the vangetdfcatboacaonmﬁ@ to claim19 wherein the
wei ght rati o of hydroqui none or substituted hydroqui none to vanadi um

compound is in the range of 1§P %heﬁo&aggoqd&'ng to claim 3 wherein the aromatic
hydrocarbon is benzene.

11. -A nmethod according to claim210 wherein the solvent is acet mtw

14. A method according to claim 3 wherein the aromatic
hydrocarbon is toluene.

15. A method according to claim 3 wherein the aromatic
hydrocarbon is a xylene.

16. A method according to claim 3 wherein the aromatic
hydrocarbon is a trimethylbenzene.

17. A method acéording to claim 3 wherein the
proportion of vanadium compound is in the range of about 10-7,500
ppm by weight based on aromatic compound.

18. A method according to claim 17 wherein the
proportion of vanadium compound is about 10-50 ppm by weight
based on aromatic compound.

19. - A method according to claim 3 wherein the pressure
is in the range of about 2-5 MPa.

20. A method according to claim 19 wherein the weight
ratio of hydroquinone or substituted hydroquinone to vanadium
compound is in the range of about 40-1,000:1.



