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The present
trimet hyl benzoqui none (TMBQ by oxidizing trimethyl phenol (TMP). It
nore 5 parti culwey lowg A1@7aeor ocess for oxidizing trinethyl poayeRosy 01689
catal yst system nmade up of heteropolyacids. It has | ong been known i
accor dance,
Conmpany (EP 127 888 or EP 167 153) to oxidize TMP to 10 TMBQ the latter
nol ecul e bei ng an i nport &ie ipresyerdiiatwentnidrhereshatideedics aofnoarelam n E.
According to the abovenenti oned patents the TMP is oxidi zed by
oxygen- enri chegpraiagsst Heorr garsriagm ngei gl meithat hrgetr dou icupper (B2 b a
t hree-phase 15 gas/al cohol /water system The nelted TMP is run in
continuously. Axidigiaw tefimetdhylahancn, (A oithgelaket MITmM, the
cat al yst |n the a ueous phase I's recycl ed and the TMBQ in the aI coholic

phase is i
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possible to obtain a de ee of conversjon of TI\/P of 100% and a TMBQ
yield of 95% Ltéf @ .cat a%ﬁ'sat PREEES “I?éie Lﬂ'ﬁ)g} *since the
catal yst systemis parti sol.uble.in t a.n| c has made of
TVBQ And the sol vent . To Mo lEoriis HOwh dHPE ORI Hrer O

organic
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example, with the patents of Mitsubishi Gas Chemical
Company (EP 127 888 or EP 167 153) to oxidize TMP to
TMBQ, the latter molecule being an important
intermediate in the synthesis of vitamin E.

According to the abovementioned patents the
TMP is oxidized by oxygen-enriched air, the reaction
being catalysed by copper salts in a three-phase
gas/alcohol/water system. The melted TMP is run in
continuously. At the end of the reaction, following
decantation, the catalyst in the aqueous phase is

recycled and the TMBQ in the alcoholic phase is

t he
t he

isolated after various treatments. With this process it

is possible to obtain a degree of conversion of the TMP

of 100% and a TMBQ yield of 95%.

o)
CuClZILiCl
mammng
Oz-ennched air : s

T™P | T™MBQ

This process has a number of drawbacks, since
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5 phase for quantitative recovery of the catalyst. This type of catalysis
necessitates the use of special materials in order to avoid the corrosion
which is due essentially to the use of chlorinated derivatives fromthe
Catal ysis. CORMECEEYIBHES (RULE 91) | SA/ ER 2 the cat HQTAFRBGACIESS
partially soluble in the organic phase made up of the TMBQ and the sol vent.
To regenerat e ithe etplialasstaciystven riemtpant ially heobulghai in ptlaseotganic
guantitative recovery of the catalyst. This 5 type of catalysis
necessitates tihasgs dspueicl the GNBQ sand thelesolvertoiTot he corrosion
which is due essentially to the use of chlorinated derivatives fromthe
catal ysis. The ZRIGHRIALE oft trrEL e Aeldiy ctrraimant of othe eprgaBIC usi ng
specific catal ysts fq@ﬁghis oxj dat j on (heteropg%gacid catal ysts) and a

[

sol vent medi umBRRSHI*AF (FRAP IR 438 LARITPEY ik sthe caeabrslbl Bisr the
(PR 15 miant THRE S0 FRGTHNS DORRTS UTHS o Ut hed hERRGISL yan, ons. ar o
S Torr] . ol or ARttt T ToitrdTa e Eoddtton i ofs due
coordinating atqUen UMY B e  JedVof chlorinated derivatives from

the catalysis.

The drawbacks of this process have been

10 countered by using specific catalysts for this
oxidétion (heteropolyacid catalysts) and a solvent
medium in which the partition coefficients are
favourable for the recovery and recycling of the
catalyst.

15 By heteropolyacid (HPA) is meant the acid
form of a heteropolyanion; the heteropolyanions are
oxoanions containing 1 or 2 central atoms, heteroatoms
X (X = B¥*, si%, ge?*, P°*, As®*, etc.), and 4 to
18 peripheral coordinating atoms, polyatom Y (Y = W,

20 Mo, V).

Within the heteropolyacids it is also
possible to include the heteropolyanion or one of its
salts. In the solid state, the HPAs or their salts are
made up of a heteropolyanion, counterions (H* ions or

25 metal cation) and moleéules of water of
crystallization.

A distinction may be made between two main

structures of heteropolyanions:



20 M, V). Wthin the heteropolyacids it is also possible to include the
het er opol yani on or one of its salts. In the solid state, the HPAs or their
salts are nade up of a heteropol yanion, counterions (Herr] ions or 25
metal cation) aywgl gepxEades of water of crgstallizati on. pET/ERINUIERY MaY
be nmade between two main structures of heteropol yanions: 3 [err]

KEGA N s structure for heba{mmtw'amimmuf®rfmutahe&@mp¢l7_{rmic]>ﬁ$eof] The
structure nost often described in the literature is the KEGA N structure,
for which the nismiuEaatfihedgr'8at’omratio is 12/1. In this structure, the
nmetal atons Mof group VI (Mpreferably represents M or can be
substituted to a greater The|stseetuwse amesthyobtersdescyt in(she= v, Co,

etc.). The resultant HPAs of the t Xerr]Merr] rlderr [err]) are
referred to as hiFerafuzs| Ja‘imthﬁllﬂ%/ Nt ricere] %@W%C%t%@%tlﬁ?%a}r

het er opol yam ons of formula: (Xerr]).[err]Merr] In this structure
the netal at omaHARihekerrazem IF%’H%) %é }1 T:Fﬁ‘st%’t? 1E"El‘rl"ét‘llﬁ"z‘'maEI]%eup of

oo Tragrents eI Mert] QRest 1o s Ve fe' bbedeaty ' 2o LhEs 0T 01
or W) can be substituted to a greater or lesser extent
by atoms of group V (M' = V, Co, etc.). The resultant
HPAs of the type XP'M;, M’ 0,,®P*™) " are referred to as

10 mixed and written HPA-n.
— DAWSON's structure for heteropolyanions of
formula:
(XP*) ) g0g, (167290
In this structure the metal atom/heterocatom
15 ratio is 9/1. This structure is made up of two
fragments XP*My05,(14 P~ which are linked.

As far as the various processes of preparing
HPAs are concerried, in general, the heteropolyanions
are synthesized in acidic medium by condensing metal

20 oxides and oxoanions containing the heteroatom X.

In order to synthesize mixed-type
heteropolyanions of KEGGIN structure it is possible to
use certain syntheses which are described in the
literature and which enable mixed-type heteropolyanions

25 to be obtained directly.

a) Case of HPA-ns of type H;,,PMo,, . V,04,

where 1 < n < 6:

In the literature, three conventional methods



HPAs are concerned, in general, the heteropol yanions are synthesized in
aci di ¢ nmedi um by condensi ng netal 20 oxi des and oxoani ons containing the
het eroatom X. I n order to synthesize m xed-type heteropol yani ons of KEGA N
structure it i wopogyiehaet 0 use certain syntheses which rce®/HER9670MEE9I N
the literature and which enabl e m xed-type heteropol yani ons 25 to be
obt ai ned dir ectrp. depcdbedopluEAanseakntty paidimal] Rethed PY err] J err]
where 1 < n < 6: Inthe literature, three conventional nethods 4 are
descri bed pl usedecérediadyisdgisnal method by el ectrodialysis. The earli est
met hod, described by P. COURTIN, F. CHAUVEAU, P. SOQUCHAY in a Conpte-rendu
5 de |' Acadeni e des Sci enc8he 2881iestamethorl, 1 degomiled by possibl e
readily to obtain HPA-ns for which n < 3. It consists in treating an
aqueous sol uti & EPUREENuMEnD CHRINERU . pFos PPRICEAINd 1y an SPFRE e -Handdu

di ssolution has been effected by heating at refl ux followe y. 10
cooling, wPth E6ndéRCASCEY SsGesh SCenssSd. 2PRe HPR% f]&%g-%%é) dakescted

[rom ihe, 20ucous oo, uLign WSy sk Wl myaporalign o e
hoveve o™ Binsdshd . BIRREAY A MRS UG o RSN vher
molybdate, phosphate and vanadate, after dissolution
has been effected by heating at reflux followed by
10 cooling, with concentrated sulphuric acid. The HPA-n
formed is extracted from the agqueous solution with
ether, after which evaporation of the solvent is enough
to give the HPA-n in crystalline form. The yields,
however, remain low, a large excess of vanadate must be
15 employed when n increases, and numerous by-products are
obtained.

It is also known in accordance, for exampie,
with the patent JP 77138499 to prepare the
heteropolyacid of formula HgPMo,,V,0,, from molybdenum

20 oxide (MoO;) and vanadium oxide (V,05) and phosphoric
acid. The three species are dissolved in water by
heating at reflux for 20 days. The solution is
-subsequently concentrated to induce pure crystals of
HPA-2.

25 - It is also known, in accordance with
ODYAKOV et Al., Kinetics and Catalysis, 36, 1995,
733-738 to prepare HPA-ns for which 1 < n < 6 from

H3;PO,, MoO; and a solution of decavanadic acid HV,,0,g-



obtained. It is also known in accordance, for exanple, with the patent JP
77138499 to prepare the heteropolyacid of formula Herr]PMerr]Vierr]O[err]
from nol ybdenum 20 oxide (ModJerr]) and vanadi um oxi de (V205) and

phosphoric aci dgo Tog/i8y£e speci es are dissol ved i n wat erpdip/iwsé 7 06 89
reflux for 20 days. The solution is subsequently concentrated to induce
pure crystal s ofhéP&mdun®?50f the three spéties B| sMokandny ta becor dance
wi th ODYAKOV et Al., Kinetics and Catalysis, 36, 1995, 733-738 to prepare
HPA-ns for whi cimfireduced 6i$radjtfeed] #8pendinghon] the] shaichismebrion of
decavanadic acid Herr]V[err]O[err]. 5 The amount of the three species
P, Mo and V to &£ therBBdcedwhichd}ltsiedddepeadi hg synthesieei cEhenetry of
the HPA-n which it is desired to synthesize. The decavanadi c acid sol ution
i s obtai ned by decavinadicsagidagplntbgndés\wbbained byofégsadvends
solution containing_4 to 6% of hydrogen peroxide. To synthesjze the HPA-ns
where n = 154 tVenadiwh oxide VirlnidhfHitouksd dTeRRRe FYY MR |y to a
dilute m xture of Mo err] and %%erg]gcaerrL whi ch has been brought 10 to
boi ling. StirrifgREAIERYI£nECaPE CONEYHHERESRNPEFO¥EEol uti on of MO err]

5 complete, alter which el testochll heacts JHecLlhiLated! grgccovered
solution of decavanadic acid is added gradually to a
dilute mixture of MoO; and H3PO, which has been brought

10 to boiling. Stirring and boiling are continued until
dissolution of MoO; is complete, after which the
mixture is filtered. The filtrate is recovered and is
an aqueous solution of HPA-n.

To synthesize HPA-ns where n > 4 use is made

15 of solutions of HPA-n’ where 1 < n’ < 4 instead of
MoO;. The solution of HPA-n’ is mixed with H3PO,, the
mixture is brought to boiling, and then the slow
addition of the decavanadic acid solution is begun. The
water is evaporated, the mixture is filtered and the

20 residue is dissolved in a 5% solution of hydrogen
peroxide and added to the filtrate again.

- In 1995, KHOZHEVNIKOV Catalysis Reviews-
Sciences Engineering, 37, 1995, 311-352 proposed a
novel method of synthesis by electrodialysis. The HPA

25 is formed at the anode in aqueous solution while
electrolysis of water takes place at the cathode. The
two electrodes are separated by a cation exchange

membrane. No by-product is formed. The yields approach



To synt hesi ze HPA-ns where n > 4 use is nade 15 of solutions of HPA-n'
where 1 [err] n'[err]4 instead of Mo err]. The solution of HPA-n'" is m xed
with Herr]PJerr], the mxture is brought to boiling, and then the sl ow
addi tion of theyslepgpegag ¢ acid sol ution gs begun. The \WITFRI6/01689
evaporated, the mxture is filtered-and the 20 residue is dissolved in a
5% sol uti on of Jook.ogen peroxide and added to the filtrate again. In 1995,
KHOZHEVNI KOV Cat al ysi s Revi ews- Sci ences Engi neering, 37, 1995, 311-352
proposed a novel nethod dfhe\HRA®sarse bymelapdd ath dhgmogenddmes HPA 25 s
formed at the anode in aqueous solution while electrolysis of water takes
pl ace at the catdtalkysiFheas wekl exs riotdsetexogeperus echbylys bat i Bae¥xchange
menbrane. No by-product is formed. The yields approach 100% The HPAs
are enpl oyed i redrorkgamedissurper ted onssiklta asathl et @@demednsion
catal ysis. They can be used supported on silica, active carbon or ion 5
exchange rexsi n.e¥EhangecieRiNappl i cati ons of HPAs in acid catal ysis nention

may be made of condensations, hydratjons and dehydrations, esterjfications
and etherifications, nitrfi 1CIRZ t F RISt tje‘b%&i?i%sgpﬁ% 10 Ret9l yses,

Carpory o o0, A S E AL Ren Sl IBEALSL 9P o2l L0
hydrations and dehydrations, esterifications and
etherifications, nitrations, reactions on epoxides,

10 acetolyses, carbonylations, isomerizations,
oligomerizations, alkylations, dealkylations and
transalkylations of phenol.

As far as oxidation is concerned, the most
commonly used HPAs are the molybdovanadophosphoric

15 acids, owing to their high oxidation potential and good
thermal stability. These HPA-ns catalyse oxidation
reactions of both organic and inorganic substances. In
this case the oxidant in the reaction may be 0, or H,0,.

The reduced forms of these HPAs can easily be

20 reoxidized by O,.

The principal applications in redox catalysis
are the oxidation of alkanes (preparation of maleic
anhydride, oxidation of cycloalkanes to alcohols and
ketones, oxidative dehydrogenation, oxidation of

25 methane, etc.), alkenes, alcohols (primary, secondary,
etc.), aldehydes, and inorganic substances (N,H,, NO,
H,S, etc.).

Various authors have envisaged the



As far as oxidation is concerned, the nost commonly used HPAs are the

nol ybdovanadophosphoric 15 acids, owing to their high oxidation potenti al
and good thermal stability. These HPA-ns catal yse oxidation reactions of
bot h organi c amg iogyri@daec substances. In This case the PCTIERO6/016180
reaction may be O[err] or Herr]O[err]. The reduced forns of these HPAs can
easily be 20 poaxibdildey wf Harallysiey phHen cixialatappl icatT™MIhsa MTMBQI0X
catal ysis are the oxidation of al kanes (preparation of maleic anhydride,
oxi dation of cyuyt owatened teo sytstswlcomhad kgt RAS ol datliomogeneous

dehydr ogenati on, oxidation of 25 met hane, etc.), al kenes, alcohols
(primary, secomPQAACQH sYStem .dataniess mqm&fgéﬁipc hauss therregatad, NO
H2S, etc.). Various authors have envi saged the

PCT/ FRO6/ 01689 ithraserdange vidht difherenyy ﬁé}ﬁ?@%e% HPA of fornul a
Herr]PMerr]O[err] and dr ogen per.oxi de. The yield of TNB t ai ned
reaches 78.3% R NEUMANN){} rih AL L 6Tt ACOTFRNSRHGHLE bhe1795- 1798

descri bes the oxidation of 2, t hyl p enol to.T cat al ysed by

H err] PV[ err] M %éﬁﬁ #Mﬁ%d&é At m?@% 5&3%%5 t
60[err] C for 4H f / r.at | f S I of 73%
for a degree of Tt SR &nsﬁlxgr?légﬁl uqf% (’Saq:allik;s er%%f;l g’} ‘M/ st udi es
whi ch have enabhfd 5 molar ratio of 20 = TMP/HPA (H,PMogV,0,, KEGGIN

structure) enables a TMBQ yield of 86% to be obtained.
10 It is also known, in accordance with the |
article by SHIMIZU et él., which appeared in
Tetrahedron Letters, 30, 1989, 471-474, that the
oxidation of TMP to TMBQ can be carried out in the
presence of a HPA of formula H;PMo,,0,, and hydrégen
15 peroxide. The yield of TMBQ obtained reaches 78.3%.
'R. NEUMANN in Tetrahedron Letters, 33, 1992,
1795-1798 describes the oxidation of 2,3,5-
trimethylphenol to TMBQ, catalysed by HgPV,Mo,,0,, in
hexanol under 1 atmosphere of oxygen at 60°C for 4H for
20 a TMP/HPA ratio of 50. He obtains a selectivity of 73%
for a degree of conversion of 75%.
There exist other studies which have enabled
TMP to be oxidized to TMBQ by means of HPAs supported
on carbon; mention may be made in this category of the
25 studies by JANSEN and co-workers, which have appeared
in Journal of Molecular Catalysis A chemical, 107,
1996, 241-246.

No article describes the realization of this

e — e e
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TMP to be oxidized to TMBQ by neans of HPAs supported on carbon; nention
may be made in this category of the studies by JANSEN and co-workers, which
have appeared in Journal of Mol ecular Catalysis A chem cal, 107, 8 1996,
241-246. No ar Wocio8 M8k&8 bes the realizat8on of this oxPEN/FRY6/NUE68Sasy
recycling of the catalyst. The present invention has achieved this
obj ective. It oxidatien twith mamesedyrl e pef i the tedtmtyst bePzequi none by
oxi di zing trinethyl phenol in the presence of an oxidizing agent selected
from oxygen anduesRdydmvsntehondashhdiievektdrichIBERGELVE helt eact i on
bei ng characterized in that it is carried out 10 in a two-phase liquid
medi um The trineidBaHHend BEPGRSH GUDIBEERaX NI tri net hyl phenol and t he
tri nmet hyl benzoqui hone obtained js, in partjcul ar, ) )
2,3,5-trinet hyﬂva@rwmmowm 6 RBFEG Y SHRAhRkRReRRt et ed 15
from Keggi n-strycture heteropol yaci ds_or, Dawson-_structur et er opol yaci ds,
[t bei ng-uritler o PHERANG S5 AT OHIRUITEIG T T TRERER A K1 1
within the context ,of.the present, i nvention. The reactjon di um consi sts
of an aqueous iﬁ"é W@mﬁ%{)aﬁﬁ%ﬁ%@’ﬁ <?/gtaer %?EF%P?P'D\FPOQ{% Pasic
organic car box%éa?ctaigﬁ d ot al BING & 4.0 S FALALA O 3 LT ELSL AR Yogeeti
acid. It is preferre 0 € oy a
in a two-phase liquid medium.
The trimethylphenol is preferably 2,3, 6-
10 trimethylphenol and the trimethylhydroquinone obtained
is, in particular, 2,3,5-trimethylhydroquinone.
The heteropolyacid is preferably selected
from Keggin-structure heteropolyacids or Dawson-
structure heteropolvacids, it being understood that the
15 salts of heteropolyacids can also be used within the
context of the present invention.
The reaction medium consists of an aqueous
mixture consisting of water and a mono- or dibasic
organic carboxylic acid containing 2 to 6 carbon atoms,
20 preferably acetic acid. It is preferred to employ a
volume ratio between the organic acid and the water of
between 95/5 and 20/80; very particularly it is
preferred to use a volume ratio of between 80/20 and
60/40.
25 The water-immiscible solvent which makes it
possible to obtain the two-phase system with the

aqueous phase is selected from aliphatic or aromatic

hydrocarbons and from their halogenated derivatives,
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CORRECTED SHEET ( RULE 91) 9 preferably their chlorinated derivatives.
Very particular preference is given to using ortho- dichlorobenzene. The
vol une ratio between the solvent and the 5 aqueous system (water and
organi ¢ acid) we psgfieralsl y bet ween 30/ 70 @and 90/ 10 and PROTZFRPEYOLE&BBY
still between 30/70 and 50/50. The nolar ratio between the trinethyl phenol
and the het er oprefarathlys tiedfre chiloy inattese de2(s/at imes .1¥ery5/ 1 and nor e
preferably still is approximately 10/1. The weight ratio between the HPA
and TWP assenbp}rrtelcattlla\repnf@fHI@mCleqtySdg'rm'@mmorm@éngpOéfthche sol vent and
the aqueous nedi um.is preferably between 0.1% and 15% and nore preferably

still is approsighilerpbenzengreferably 6% As far as the reaction
conditions are concerned it is _preferred to operate at a tenperature
greater than 30[err]C an@hsr ¥Cdums yadiophakuisens &-hgh $oAyedt pad B oxygen

Crbodi ment Sof  PRESORFLTVRSRR dPPEEL; SRS (GARNE PEIeD! o db&%%m%lpéiiiﬁi cd
cont ai ni ng-t he BRReoma0/gD 4 SHVA AR her s mieRrar, et or ed, (he
solvent is between 30/70 and 50/50.

The molar ratio between the trimethylphenol
and the heteropolyvacid is preferably between 200/1 and

10 5/1 and more preferably still is approximately 10/1.

The weight ratio between the HPA and TMP
assembly relative to the liquid medium made up of the
solvent and the aqueous medium is preferably between
0.1% and 15% and more preferably still is approximately

15 preferably 6%.

As far as the reaction conditions are
concerned it is preferred to operate at a temperature
greater than 30°C and preferably of between 50 and
70°C. The oxygen pressure is preferably between 0.2 and

20 1 bar.

According to a preferred embodiment of the
invention, after reaction the reaction medium is
decanted in order to separate the solvent containing
the TMBQ from the agqueous phase containing the HPA. The

25 organic phase is subsequently dewatered, the solvent is
distilled and then recycled to a new oxidation stage,
and the TMBQ is distilled. The aqueous phase is

optionally treated with ortho-dichlorobenzene in order



distilled and then recycled to a new oxidation stage, and the TMBQ i s
distilled. The aqueous phase is optionally treated with
ort ho-di chl orobenzene i n order 10 to renove the dissolved TMBQ and t hen

optional |y conggntggigghgeef ore being recygleed to the oxi gy /kes/AA%898Y
virtue of this process, no saline aqueous 5 treatnment is required and no

mneral salts a¢ funSkeathe AisH1vdE BEY S tisat apeideeyryed, and the
TMBQ prepared is of high purity. OMng to the nature of the reactants

enpl oyed, the dwicentfataimsdidde baims irdcydleditpltie eskidatient he

probl em 10 of corrosion described above with the chlorinated catal ysts

di sappears. Thestrgssent invention will be described nore conpletely with
the aid of the foll ow ng exanpl es. EXAMPLES 15 1) PREPARATI ON COF
HETEROPOLYACI DS Pr epar at iBwn wifrttiPvef erhdla/[rrodef<r rfjo aaxbink eauecuse
procedure described by ODYAKOV et Al, Kinetics and Catal ysis, 36, 1995,
733-738. 115 Gaeshnest dfs mEtired/Bod o mineral salpred¥&peri nents were

carried out BATCHwi se,_with all of the reactants_being introduced at the
begi nni ng of tRFIRRAG oRrlbtHerth& i HRnRS YRed LR rreotrd, and

EM BATCHw ith_ar | in | Qn, Qf
S € t'),}rlllet TNHBQa%uraepal.reté Oifjsucéf ci’llgci'l purity. Owing to the

nature of the reactants employed, the choice of
. compatible materials is simplified, since the problem
10 of corrosion described above with the chlorinated
catalysts disappears.
The present invention will be described more

completely with the aid of the following examples.

EXAMPLES
15 I) PREPARATION OF HETEROPOLYACIDS
Preparation of H;PMogV,0,, according to the
procedure described by ODYAKOV et Al, Kinétics and
Catalysis, 36, 1995, 733-738.
ITI) Oxidation of T™MP to TMBQ
20 Some experiments were carried out BATCHwise,
with all of the reactants being introduced at the
beginning of the reaction; other experiments were
carried out SEMIBATCHwise, with gradual introduction of
the quantity of TMP to be oxidized.
25 a) Assembly
The reactions were carried out in a 250 ml

four-necked round-bottomed flask equipped with a



the quantity of TMP to be oxidized. 25 a) Assenbly The
reactions were carried out in a 250 m four-necked round-bottoned flask
equi pped with a 11 condenser, a frit and a nechanical stirrer. The
reacti on nedi uMONSB MBTM46d usi ng a thernodtlati ¢ bat h. TheCoT/FRE /01E8SUr e
of 1 atnosphere above the reaction nmedi um was obtained by circul ating pure
oxygen withi n Tondemsamact dritAdndhe mechardaowest itwer atBeof circul ation
flow of the oxygen to be regulated. In the case of a sem -batch experinment
the TMVP di ssol vedatdarhaeskiganivwass depdind wesinaty dhwsapshalpit seatint o t he
reaction nedi umW|th the aid of a 10 _ syringe and a syringe punp.. Since
the speed of t esﬁw RARS s &f GstaézlﬂQ?Phqu%strlkﬁ &£earkian t he
rate of addition. Proce ure A%{:of the experinments were conducted in a
15  bath therm M RYTSy PHILHW DG b Case

of the exp nt s carrled ut_.bat chw se: MP were charged to the
react or %rzom%' N6 IH8RF 65 m% iETow ét}ett@rr ﬁé&%éoetg}? Hf\(,.\;:;tt o 70[err]Cin

an oven. 15 m al an PMb8V4Q40) mnth a concentration
of 0.15 nol /| vvere agl‘éﬂg)% EP)%W(S)V\B% ¢l ST B r b ed.

In the case of a semi-batch experiment the
TMP dissolved in the organic solvent was introduced
dropwise into the reaction medium with the aid of a
10 syringe and a syringe pump. Since the speed of the
syringe pump was adjustable, it was possible to set the
rate of addition.
b) Procedure
All of the experiments were conducted in a
15 bath thermostated at 50°C with an oxygen flow rate of
12 1/h.

- Case of the experiments carried out

batchwise:
3 g of TMP were charged to the reactor in

20 melted form, i.e. after having been heated to 70°C in
an oven. 15 ml of agqueous HPA solution (H7PMo8V4040)
with a concentration of 0.15 mol/l were added, followed
by 55 ml of acetic acid and then 50 ml of ortho-
dichlorobenzene.

25 Stirring and oxygen circulation were
commenced. The reaction medium was placed in the water
bath at 50°C.

After reaction for 2 hours, the reaction



By 55 m of acetic acid and then 50 m of ortho- dichl orobenzene. 25
Stirring and oxygen circul ati on were commenced. The reacti on nedi um was
placed in the water bath at 50[err]C. After reaction for 2 hours, the
reaction 12wWa SeIs872d6s enptied into aldecanting funn@CTYFRIAEYOIE83Ct OF
was rinsed with 30 ml of ortho-dichlorobenzene. The aqueous phase recovered
was washed tw odxtiude 3@&srengtimd Hoth ehldeaaranizeneiimel dend ttthext r act
the TMBQ 5 dissolved in the catalyst at the bottom All the phases were
recovered and WSEaftar awe tHdgiged aligth 20 vel e arthoredischkerolerzeng . t he
experinments carried out sem_- batchw se: 10 The procedure
descri bed abov&hfaddusqusnenasg meagienast (WaG mpshrf iwiae onkth THe ml g of
TMP were dissolved in the qorganic solvent (50.m) and the solution was fed

in over 1 hour Sh®TRandirtdorgRenzsne 4 pder &7 isierarid BheyiBRe 15

punp; at the e of .addjt.i o a finishing ti f 30 m nutes was .all owed,

with stirrEhg gﬁﬁ%ﬂky d%&ggﬁaﬁ?ﬁ?g&ﬁ§5%¥hégﬁ?%ﬁﬁﬁﬂﬂs;% .r¥ﬂﬁmﬁha§?% TVBQ

and the catal yglo,at 1 0e ROIPDA §d 1At SBla {hdfie FATGHN S, 3me PT OCESS:
was measured.

- Case of the experiments carried out semi-

batchwise:
10 The procedure described above was followed,
with the following modifications:

The 3 g of TMP were dissolved in the organic
solvent (50 ml) and the solution was fed in over 1 hour
and 30 minutes with the aid of a syringe and a syringe

15 pump; at the end of addition, a finishing time of 30
minutes was allowed, with stirring and under oxygen
pressure.

The treatments to recover the TMBQ and the
catalyst at the bottom are identical to the BATCHwise

20 process.

c) Results

The two phases,_aqueous and organic, are
analysed by HPLC:

The degree of conversion of the TMP is

25 DC=100% and the yield of TMBQ, i.e. the amount of TMBQ
obtained over the TMP introduced, is RY=84%. The major
impurity is hexamethyldiphenol (HMDP), which is well

known as a by-product of the reaction, in addition to



c) Results The two phases, aqueous and organic, are analysed by HPLC. The
degree of conversion of the TMP is 25 DC=100% and the yield of TMBQ i.e.
t he amount of TMBQ obt ai ned over the TMP introduced, is RY=84% The nmajor
Fmpurity i s heorS@Al8Nn4ghencl (HVDP), whiléh is well knoRCTYFRSEAOLE8SIUCT
of the reaction, in addition to 13 heavy products which are not assayed.
The BATCH and $E@veOprdduals ndsidh are eiculmssaned) |'The BABCHwEndne of the
most interesting results is that the catalyst remained quantitatively in
aqueous phase ONTENUQUS\aee Wit |aste Bubps tapisiag khothe s#ame i onal
treatnment. 111) STUDY OF THE RECYCLABI LI TY OF THE CATALYST SYSTEM

Recycl abi l ity experiment Ong aft diediaste idksxesbing txesilinceatkayst 10

systemin the st hi ghl erform ng two-phase, system i.e. in the nmedi um
ort ho-di chl or ogg’r?z&?é%gé’étrpd’%’d? {PRNL SR VS G BAYROUS\PRRT % ed

BATCHwW se. a) As |y The assenbly used for_ the recyclin .. eXperinments
is iolenticarﬂa tc?riscﬁzra{;?‘%s "5 t’?fec%" a8 e i“FPe%t"%l‘%(*fPthet %gre’rfé"b‘gﬁ
medi um b) Pr 0%%%%%%&?@. aqueous phase containing the catal yst

III) STUDY .OF THE RECYCLABILITY OF THE CATALYST SYSTEM
Recyclability experiments
We studied the recyclability of the catalyst
10 system in the most highly performing two-phase system,
i.e. in the medium ortho-dichlorobenzene/acetic
acid/water = 50 ml/56 ml1/14 ml. We worked BATCHwise.
a) Assembly
The assembly used for the recycling
15 experiments is identical to that used for the BATCH
experiments in heterogeneous medium.
b) Procedure
The aqueous phase containing the catalyst
obtained at the end of the first catalytic cycle
20 described in the preceding paragraph was evaporated on
a Rotavapor until a blackish oil was obtained. This was
then made up to 56 ml with acetic acid, after which
14 ml of water were added.
The TMP (3 g) was charged to the reactor in
25 melted form, i.e after having been heated to 70°C in an
oven. The above catalytic solution was added, followed

by 50 ml of otho-dichlorobenzene.



obtained at the end of the first catal ytic cycle 20 described in the
precedi ng paragraph was evaporated on a Rotavapor until a blackish oil was
obtained. This was then made up to 56 nl with acetic acid, after which 14
m of water werwo 29glerB74ée TVMP (3 g) was Tharged to the per/ERI6 /018D
nelted form i.e after having been heated to 70[err]C in an oven. The above
catal ytic solution was adtee,pfotédure Hylbowed vhenehbteircwbsrbhenzene.

14 The procedure followed thereafter was the sane as in the first catalytic
cycle. c¢) Resulsamevasain|tdee ofirstireatalytic cyelteing fromthe 5 sane
catal yst system Each oxidation took place under the same operating

condi tions. HPA used: H7PMJRe$3M*rr]O[err] T = 50[err]C P = 1 atm of
oxygen 10 Nunber of poles of TMP/ nunber of noles of HPA = 10
Conposi tion of the organi%e stAveied L& i ehiee drveles seartingsbrem/ then /14
m Duration = 2 h electivitgm 1st catal ytic

DC RY TN§§%H§Y HVDP 15
cycle 10 samgcatalyst gystem. Each et AR yEoek Htaee under
86 86 the saﬁé operating conditions.
HPA used: H7PM08V4O40
T = 50°C
P =1 atm of oxygen
10 Number of moles of TMP/number of moles of
HPA = 10
Composition of the organic solvent/acetic
acid/water medium: 50 ml/56 ml/14 ml
Duration = 2 h
DC Selectivity | RY TMBQ RY HMDP
% % % %
15 1st catalytic cycle 100 84 84 0.2
2nd catalytic cycle 100 86 86 1
3rd catalytic cycle 100 85 85 2

The activity of the catalyst system did not

decrease between each cycle.




3rd catalytic cycle 100 85 85 2 The activity of the
catal yst system did not decrease between each cycle. 15 CLAIMS 1 -
Process for preparing 2,3,5- trimethyl benzoqui none by oxidi zing 2, 3, 6-

t'ri met hyl phenolwo mgsBraesence of an oxi diszi ng agent 5 pcyyirmeieydfessm

oxygen and hydrogen peroxide and of a heteropolyacid, the reaction_being
characterized in that it is carried out QUAIMSO- phase |iquid nedium 2 -
Process according to Gaim1l, characterized in that the het emhRBRe)i2GiBeenReplaced

sel ected 10 from Keggi rl- st rRstaess e mmparisigl 2 m,%monamwam&wlw |

het er opol yacids. 3 - Process according to Claim1 characteriz

reacti on nedi urhrdaefinvlhvsirooyigane by mxddirzainoidisténg of

nono- or 15 di aci d organic carboxylic acid of type C2 to C6 and of a
wat er - i i sci bl iG]EHIIPhaRckedn thie presqnce R dionidizinaisgent i
characterized in_that vol une rati o, hetween the acetic acid and the
water is b meﬁ?lsﬁfn’t?él%%/%@’%ﬁ{ﬂ %Yé%%tﬁ%?%&%ﬁ%cﬁfzoa and

et er i i sci bEE SRS e R PR R TR | PFA b et 1n
hydrocarbons a%%at it is carried out in two-phase liquid medium.

2 - Process according to Claim 1,
characterized in that the heteropolyacid is selected

10 from Keggin-structure heteropolyacids or Dawson-
structure heteropolyacids.

3 - Process according to Claim 1
characterized in that the reaction medium consists of
an aqueous mixture consisting of water and a mono- or

15 dibasic organic carboxylic acid of type C2 to C6 and of
a water-immiscible organic solwvent.

4 - Process according to Claim 3
characterized in that the volume ratio between the
acetic acid and the water is between 95/5 and 20/80 and

20 preferably between 80/20 and 60/40.

5 - Process according to Claim 3
characterized in that the water-immiscible solvent is
selected from aliphatic or aromatic hydrocarbons and
from their halogenated derivatives.

25 6 - Process according to Claim 5
characterized in that the water-immiscible solvent is
ortho-dichlorobenzene.

7 - Process accofding to Claim 3

KR O A6 g




fromtheir hal ogenated derivatives. 25 6 - Process according to
Claim5 characterized in that the water-imm scible solvent is

ort ho-di chl or obenzene. 15a 7 - Process according to Caim3

Characteri zed WO 9818746 vol-une rati o bethéeen t he sol ve PCTAFRAGT® 16BFc0ouUS
systemis between 30/70 and 90/ 10 and preferably between 30/70 and 50/ 50).
5 gharpatexdgzest doy dihaf ttheCvwdlume oradviar thatiwesn ithe hat t he
nmol ar ratio between the trinethyl phenol and the heteropolyacid is_between
200/ 1 and 5/1 &dvieRtpEarck s BRI sHRtEy 1p/betwagR SUEET (RULE
91) I SA/EP 16 characterized in that the volune ratio between the sol vent
anZ:I the aqueou® Wy &Rd PUsdisradvaderyvest /1D and 3et®rabl y bet ween
30/ 70 and 50/50). 8 - Prqcess _according to..Caim 5.chg:acterized i n that
the nolar ratio between t é'?Pﬁ I 108 &2 Het3et er opol yacid i s

bet veen 200/ 1 A Bk ML 4P B ehRlite AR I Yodleen Sie P 0005
trimethylphenol and the heteropolyacid is between 200/1
and 5/1 and is preferably approximately 10/1.
9 - Process according to Claim 1
characterized in that the weight ratio between the HPA

10 and TMP assembly relative to the liquid medium made up
of the solvent and the agqueous medium is between 0.1%
and 15% and is preferably approximately 6%.

10 - Process according to Claim 1
characterized in that the reaction temperature is

15 greater than 30°C and is preferably between 50 and
70°C.

| 11 - Process according to Claim 1
characterized in of that the oxygen pressure is between
0.2 and 1 bar.

20 12 - Process according to Claim 1
characterized in that after reaction the reaction
medium is decanted to separate the solvent containing
the TMBQ from the aqueous phase containing the HPA, the
organic phase is subsequently dewatered, the solvent is

25 distilled and then recycled for a new oxidation stage
and the TMBQ is distilled, the aqueous phase is
optionally treated with ortho-dichlorobenzene to remove

the dissolved TMBQ and then is concentrated and

R R O



characterized in that the weight ratio between the HPA 10 and TMP
assenbly relative to the |iquid nedium nmade up of the solvent and the
aqueous nediumis between 0.1% and 15% and is preferably approximately 6%
10 - Process adiOB/IBMS Cl aim 1 charact érli zed in t hat POF/FRIE/0L689
tenperature is 15 greater than 30[err]C and is preferably between 50 and
70[err]C. 11 - mayeded fcdhs mridrtdan mtegsaracterized in of that the
oxygen pressure is between 0.2 and 1 bar. 20 12 - Process
according to Claim1l characterized in that after reaction the reaction
mediumis decanted to separate the solvent containing the TMBQ fromthe
aqueous phase containing the HPA, the organic phase is subsequently

dewat ered, the solvent is 25 distilled and then recycled for a new

oxi dation stage and the TMBQis distilled, the aqueous phase is optionally
treated with ortho-dichl orobenzene to renove the dissolved TMBQ and then is
concentrated and 17 recycled to the oxidation stage.
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