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< (57) Abstract: The invention concems a method for oxidising hydrocarbons. in par-icular sarerated aliphatic hydrocarbons, whether
e~ §mnchcd or not. cycloaliphatic and alkylaromatic hydrocarbons into acid or potyacid compounds. More particularly. the inven-
o xfon ccfncems oxidation of cyclohexane into adipic acid with an oxidising agent containing molecuiar oxygen, in the presence of a
uw hppphﬂic organic acid and in the absence of adipic acid. The separation and recycling of the non-oxidised cyclohexane from the
oxidation intermediates and the catalysts are made easier than in the presence of acetic-acid.

~~ .

; (57) {kbrég.é : La présente invention conceme un procédé d' oxydarion d"hydrocarbures, notamment d'hydrocarbures aliphatiques
saturés ramifi€s ou non. d'hydrocarbures cycioaliphatiques ou alkylaromatiques en composés acides ou polyacides. Elle se rapporte
plus particuligrement a I'oxydation par un agent oxydans contenant de "oxygéne molécnlaire de cyclohexane en acide adipique, en

3 présence d’acide crganique A caractére lipophile et en I"absence d’acide adipique. La séparation et le recyciage du cyclohexane non
oxydé. des intermédiaires d’oxydation et du catalyseurs sont plus aisés qu'en présence d'acide acélique. .




“("@ui dance Notes on Codes and Abbreviations") at the beginning of each
regul ar edition of the PCT Gazette. As printed (54) Titl &S 2008
OXI DI SI NG HYDROCARBONS | NTO ACIDS (54) Titre : PROCEDE D OXYDATI ON
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catal ysts are made easier than in the presence of ace is acid. (57) AbrEge
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FRO1/ 00686 METHOD FOR OXI DI ZI NG HYDROCARBONS TO ACI DS Di scl osed herein is a

process for-oxidizipg‘qh*gkgggggg@h_aﬂ1dy@ﬂaﬂgﬂéyé kanehed 0% Mgbr anched
saturated 5 aliphatic hydrocarbons, cycloaliphatic or alkylaromatic
“hydr ocar bons is0 :agis-ceds RYIYACHES. been studied for many years.
Specifically, adipic acid is an impoftant chemical
compound used as a starting material in many

15 manufacturés, such as the pféduétion of polymers, for

| instance polyamides, polyesters or polyurethanes.

Several processes for manufacturing adipic
acid froﬁ hydrocarbons such as benzene, rhenol,
cyclohexene énd cyclohexane have been proposed.

20 - The oxidation of cyclohexane either directly
or in two steps are.the routes that are most
advantageoﬁsrﬁof producing adipic acid.

Thué, patent.US—A+2 223 493.pubiished in
December 1940 diséloseS‘thé oxidation of cyciié

25 hydrocarbéns:to.fhéAcorrespoﬁding:diacids{Iiﬁ alliquid

phase generaily compfising acetic acid,‘at a

temperature of at least 60°C, using a gas containing



Further disclosed herein is the oxidation, with an oxidizing agent
cont ai ni ng nol ecul ar oxygen, of cycl ohexane to adipic ad Septdrobai04
oxidation- of cyclohexane to adipic acid is a process which has bee n
studied for many years. Specifically, adipic acid is an inportant chem cal
conpound used as a starting material in many 15 manufactures, such as the
producti-on of polyners, for instance popyam des, pol yesters or

pol yurethanes. Several processes for manufacturing adipic acid from
hydrocarbons such as benzene, phenol, cyclohexene and cycl ohexane have
been proposedRfyen Tred ai datd @redfernyc|dFhexansitidtien datgat)sr Or in two
steps are the routes that are nobst advantageous for producing adipic acid. .
Thus, patent USA-as 223-olgd thuduimpstvedi.i N Decenber 1940. di scl oses the
oxi datjon of cyclic 25 hydrocarbons to the corresponding diacids, in-a
liquid phase general | YMabhmthsmpagesttisc aad drticlaes td&m&b&buﬂ:h:.@f at

| east 60C, using a gas containing 8 Septenber 2004 2 oxygen and in the
presence of HFARGFR ifaF dheadisects getidasiancofakycdoteaand. thhny ot her

pat ents agg E%#loles disclose this reaction for the direct oxidation of
cycl ohexare t cﬁ@weﬁﬁﬁévéP orResr der obsaspt Aipldsektstt hat are

iee of aceti Ersoir RE e eter. Erfp ?aéu%%é%gn%Ee%SwS‘écég‘i’ét hehegencous
T L o A RIERS 6L P MERLLENTRY B R Y 10
1nAthe‘p;o§enco either of a homogenoous catalyst or of
a heterogeneous catalyst. Meﬁtion may be made, by way

iOA of iilustrétion; of the'articie published in the
journal --Chemﬁécl_a-', 555-559 (September 1974), in which
the author K. Tanaka Sﬁmmarizes and discusses the
process for the direct oxidation of c&clohexane.

Mention may also be made of patents US-A-3 231 608,

15 US-A-4 032 569, US-A-4 158 73 [lacunal, US-A-4 263 453
and US-A-5 321 157 and patent EP-A~0 870 751 which:
disclose various homogeneous catalyﬁic systems.

.Processes haﬁeralso been proposed for the
direct~oxidation'df cyclohexane in the présence of a

20 heterogeneous catalyst.such as olumihophosphates
substituted_with cobalt, for instance iﬁ European
patent No. EP-2-0 519'569.

| The choice of solvent, oamely acetic acid, is
oan 1mportant characterlstlc for obtalnlng an acceptable
- 25 .degree of conver51on of cyclohexane and an acceptable
| production of adipic acid. The use of such a solvent

has many drawbacks brought about, for example, by its



journal "Chentech", 555 559 ( Sept enber 1974) in which the author K
Tanaka summari zes and .discusses the process for the di Beapiembera008n of
cycl ohexane. Mention may al so be nade of patents US-A-3 231 608, 15 US-A-4
032 569, US-A-4 158 73 [lacuna], US-A-4 263 453 and US-A-5 321 157 and
patent EP-A-0 870 751 which dlsclose vari ous hoaneneous catal ytic
systens. Processes have al so been propos®gd for the direct oxidation of

cycl ohexane in the presence of a 20 heterogeneous catal yst Such as

al um nophosphates substituted, with cobalt, for instance in European
patent No. EROMDENE 56EurEhenceni theof chplorentiur < ame Yragghire acid, is an-
i mpor t ant characteristic for obtaining an acceptable 25 degree of
conver si on ofcoEA|tiRnsams esnd Farr thegepirah| ¢her adecbifonhik adilpiegtaci d. The
use of such a solvent has nmany drawbacks brought about, for exanple, by
its 8 Septenﬁ@ﬁefoﬁﬁng'@6PP6§Fﬁef@§t@b@ shéps Dlie sepapetdngr euandngr €ssur e
condi tions use Fur.t her re the use of this solvent ..poses nany probl ens
for the step&Xbfras EﬁaF ga§6915n301@xpréévpﬁé ehd éérptbea0|d produced
and for the _rec f various conpounds. Specifically, in the presence
of acetlc@30| y%ﬁﬁnﬁg % FFF&BFF £6"Bepafst e out and extract from the

reaction medi um t he co y % ialned gﬁ bé groducts of the oxidation
such as the cyclohexano e aca g C§BI Ex ﬁ Penfgr REgacehigdaridon, the

PR e L A T
acetic acid @@Qck@@ﬁrméalﬁﬁﬁiha éﬁﬁbbﬁn&g'gbtalned as by-products
of the oxidation such as the cyclohexanone and
iO cyclohexanol formed
In addition, the ektraction of adipic acid by
crystallization and its purification.are-made difficul£
‘because the cold sclubility of this acid is higher'ét
25°C in acetic acid and iower at 80°C in acetic aéid
15 than in water. :
The separation and recycling of the
.homogeneous catalyst are alsd difficult in the pfesénbe
of écetic acid. Specifically, firstly, recycling the
catalyst without éxﬁracting it does not make it
20_ pbssible to maintain a sufficient catalytic activity,
and secondly, the operations for sébafating out the
égtalyét before'reéycling as disclosed in particular in
 French patents Nos. 2 722 783 and-2 746 671 aré,cbmplex-
'~ and expensive.
25 o -Furthermore, this solvent demands the
implementation of a difficult and expensive dehydration

of the reaction medium.



15 than in water. The separation and recycling of the honbgeneous catal yst
‘are also difficult in the presence of acetic acid. Specid $eptémber 200dst |y,
recycling the catalyst without extracting it does not nake it 20 possible
to mintain a sufficient catalytic activity, and secondly, the operations
for 'separating out the catalyst before recycling as disclased in
particular in French patents Nos. 2 722 783 and 2 746 671 are conplex and
expensi ve. 25 Furthernore, this sol vent %denands t he i npl enentation of a
difficult and expensive dehydration of the reaction nmedium 8 Septenber
2004 4 A nunber of processes have.al so been proposed for the one-step
oxidation of cycl ohexafte™ -SHiB%cPEEFﬁsﬁFEh fveuding haeeri erappdedSone of
’ then1prop03ef8%r£ i action in thf . absence of' solvents, 5

¥ ngnout this r k . S¢
‘whi | e ot hers™are per o?ﬁ%ﬁeﬂj?ﬁlgaF%gﬂt%,sﬁﬁﬁ QReXFRYahP c28LPEFS, for .
- inst . : - A 8_817 t US: A-2 589 648)' or'
al'conol s, , 1 6 Pndt R BEHARCR Rkt naRR: orons cPbnEagRaboBree
-acetonitril eqcafERs AgO0od84:049) rod0r FHESEL PLRSESSES, eq;ga%%%ﬁ%igd to very
( 0

| ow ~selectivities Towards -adi pic acid. reover, e’s TUsed are

usual |y of | gmMisbabihily aageﬁefb@mé@wéﬂogmég{t%ﬁﬁw@ the
|

- hydrocarbon such as cyclohexane. This low stability results in llarge. 15
;gnsunpti on otghhfcsesvens, Ibi CindBiese S DO CRFRS-4NRyPl 9 Fabl e. 20
: ' aCétone (US-A-2 585 648)'orralcoholsq for inétaﬁce
bﬁtanol,_mgthaqol.or cyblohexanol, or acétanitfile
(EP-A-0 784 045). | |

10 - These-proéesses gengrally leaa'to very low
sélectivities towards adipic.acid. Moreover, the
éolvents‘used aré-usuaily of low stabilify:undgr the
conditions for oxidizihg the hydrocarbon such as
cyclohexane. This low étability results in 1arg§

15 .consumption of the solvent, which makes such-procéssés

unexploitable.

One embodiment may relate to a process for the
one-step oxidation of hydrocarbons to produce acids or
polyacids, in a medium which is liquid under the conditions

- 29 ©f the oxidation reaction and which may allow a separation of
the acid produced and a récycling in particular of the
catalyst by simple operations.

In one aspect of the dinvention, there is a
process for oxidizing substituted or unsubstituted,
saturated aliphatic or cycloaliphatic hydrocarbdns or

- alkylaromatic hydrocarbons to acids or polyacids in a
25 '



One enbodinment may relate to a process for the one-step oxidation of
hydrocarbons to produce acids or polyacids, in a medi umdnbenieémber 2004ui d
under the conditions of the oxidation reaction and which may allow a
separation of the acid produced and a recyclingin particular of the

catal yst by sinple operations. In one aspect of the invention, there is a
proocess for oxidizing substituted or unsubstituted, saturated aliphatic or
cycl oal i phatic hydrocarbons or alkylarogmatic hydrocarbons to acids or

pol yacids.in a 8 Septenber 2004 .5 liquid nmedium by an oxidi zi ng agent
conprising nolecul ar. oxygen, characterized in that one of the

,'constituents]gkpﬁmpnkﬁg@hpbgeghugkiagzggga ehe Qb%ﬁ?&%in onpound whi ch i-s

of lipophilic nature. Another enbodi nent “may be the Tipophilic acidic :
“conpound -whi ato lrmyr e Bixygeaer chieatesperatiuhe aRdr BhHESs4r encconditions of
~the oxidation reaction, at |east one honobgeneous |iquid phase with the :
hydr ocar bon( Sprist ibeeh® sovitdiched1idhid, mbhieuhi Repbhl heiagkdbeggpuROUNd MYy
advant ageously be at |east partially mscible with the hydrocarbon(s) to
“be oxidi zed gndpeundettichpes atfurddpandilipr edure- conditions used to carry
out the oxidation reaction. 15 The expression "at |east partially m scible"
‘nmeans that, under the conditions of the oxidation reaction, the solubility
of one compound in the other is at least greater than 2% by weight, and in
‘that at | east one honobgeneous |iquid phase conprising at- |east 20 sone

by " e bons ! oale i hisdaad ol il | pREPIL e cqupaind I
compound which may form, under the temperature and pressure
conditions of the oxidation reaction, at least one
homogeneous' liquid phase with the hydrocarbon(s) to be

10 oxidized. Thus, the lipophilic acidic compound may
advantageously be at least partially miscible with the
hydrocarbon(s} to be onidized under the temperature and

pressure conditions used to carry out the oxidation reaction.

15 : Tﬁe expréssion "at least partially misciblé"
means ;hat, under the conditions of the oxidation
reaction, the.solubility of one cbmﬁound in the other
is at least greater than 2% by weight, and in that at
leastlone hombgenéous ;iqﬁid phasgiéomprising atjleaét‘

20 SOmé of the hydrocarbons to bé o#idiied'and 6futhe
lipophilic acid éompéundxis-férmed.

One  preferred embodimént may be  that the
miscibility between the hydrocarbon and the lipophilic acid

compound, under the conditions in which the invention is

o5 carried out, these two cdmpounds may form a single

homogeneous liquid phase.



m scibility between the hydrocarbon and the |ipophilic acid conpound,
under the conditions in which the invention is carried &u3¢eplernkere00do
conpounds may forma single honbgeneous |iquid phase. 8 Septenber 2004 6
The expression "lipophilic acid conpound which is suitable for the

I nvention"” neans aromatic, aliphatic, arylaliphatic or alkylaromatic
organi ¢ . conpounds conprising at |east 6scarbon atons, which may conprise
several acidic functions and which are of low solubility in water, i. they
have a solubility of less than 10% by wei ght at room tenperature :
(10C-30C). However, it The pogsiddsel o thiodpitepor tadid dfndd@ig t he cont ext

of the invention, to use organic conpounds whose solubility in water is
great er than Whigt }hoiwliael abfove titfe tinerepoeifdn Cinertnofanumidtitd, on of this
conpound between _t he organic phase(s). of the reaction nedi um which consi st
essential |y GL¥RRaYS hyrmdedimhatis ve edklilaabmatie odgaticon
I nt ermedi ates_ _and the non-organi ¢ phase conprising the water forned
during the oXTURIBINT CEWGHFIRKES ileasds$i aahan adismsi,n whichneegt r at i on
of the i 'opchci I ir(;__L or gani c (i(c)rrpq'nd in the' said aqueous phase of ‘| ess than
10% by 20 weight--a% pspiaa i EUBGTRIGES £1%h 81 SPaarise ofmdnwi oned,
for exanple, &1e%aneie acid,  heptanoic cid, octanoic acid, o
2- et hyl hexanoslq:{: a?'fSL : l(rfl-lor‘fglﬁ(%’rc , 1a(?i‘d;%"§é’cg‘ﬁé’ﬁca Solybiddd¥cadoic acid,
ddy' s 29551 ' ' , d N i d dth t hyl
odecanoi ¢ agidlg q¥al ¢ W(fj‘gél ctadecanoi'c_aci % an e pernethy
derivatives thereof a?‘t ot al gﬁbgi gt %%nrcc))]omt NETRYAPSYER
- (10°c-30°C) . ' - . E
However, it is possible, withoﬁt deparﬁing
10 from the context of the invention, to use organic
compounds whose ‘solubility in water is greaﬁer than
"that indicated above if the cpefficient.of partifion of
this compound between the organic phase(s) of the:
reaction medium which consist essentiélly of the -
15 hydrocarbon to be oxidized, the oxidation intermediates
- and the non-organic phase comprising the water formed
during the oxidation reaction makes it possible to
obtain a concentration of the lipophilic organic
| pompouhd in the'Saidfaquééus'phaSE of less than 10% by"
20 weight. |
Lipophilic organic compounds which may be
‘mentioned, for example, are hexanoic &cid, héptanoic
acid, octanoic acid, 2~ethylhexanoic acid, nonanoic
acid, decanocic acid, undecanoic acid, dodecénoic acid,
25 stearic acid (octadecanocic acid) and the permethyl

derivatives thereof (total substitution of the hydrogen

atoms of the methylene groups with methyl groups),



atons of the methylene groups with nmethyl groups), 8 Septenber 2004 7

- 2-octadecyl succinic acid, 2,5-di-tert-butylbenzoic aci @ September2004
4-tent-butyl benzoic acid, 4- octylben20|c acid, tent-butyl hydrogen

or t ho- pht hal at e, naphthenlc or anthracenic aC|ds substituted with aIkyI
groups, 5 preferably. of tert-butyl type,. substituted phthalic acid
-derivatives, -and fatty diacids such as ;atty acid diner..Mention may

al so be made of acids bel ongi ng to the Above fanmilies-and bearing vari ous
el ectron-, donatlng substituents (groups containi4g a- hetero atom 10

‘ h O .t hd t t al
:3ffo§2nldg; nltro 5$ﬁ' Q?H%%F a%? p% §u 1th§gfn%3fy&%§ %gﬁcanother
~ enbodi ment ”%MuQP %h%é&%ngﬁﬂéﬁiEh%%l%faCld abngxl chgbgfcgggaund in the

" reaction medium may be determ ned S0 &s 0 0 between

the nunber &ferrigs Ek@g@@hlbg I ] Ies of neta
formng the céialystygT etween O g%%nghloolégg ggﬁ%Pg eraBFy bet ween 1
and 1. 000. 2@ntheaeendentcatisoRudktiltubaBhikiits- a¢kgh' grﬁﬁﬁgpound in the

-li-qui-d-oxidation nmediummay vary within a w de range. it my be

bet ween 1% amdeFe¥abily wei ghirt-bhayiveype,t Babket altugi ghtneiithe 1iquid
.medi'um and nore advant ageously it may be between 10% 25 and 80% by

wei ght . of .t Aeiki qeird veedivem, -bhdmiptalsdiabedpossihl &s ﬂbtﬁ?uécﬂépart|ng
from the context of the invention, to use the |lipophilic 8 Septenber 2004
acidic conpoﬁéﬁ?rlnM€6ﬁBPﬁamhﬁna&ﬁphbanm@ﬂerofoaondndbehbmghn@BuOespe0|aIIy

have the effe%; of inproving the
e above families" and bearing various electron—'

donatlng substltuents (groups contalnlng a hetero atom-
10 such as 0 .or N) or electron—w1thdraw1ng substltuents

{(halogens, sulfonlmldes, nitro or sulfonato groups or

the like)}.

<15 Yet another embodiment may be the concentration of
lipophilic acidic compound in the reaction medium may be

determined so as to obtaln a molar ratio between the number

of moles of lipophilic acid and the number of moles of metal

forming the catalyst of between 0.5 and 100 000 and
‘preferably between 1 and 1 000. |

20 The concentratlon of lipophilic-acidic _
compound in- the llquld ox1datlon medium may vary w1th1n .
a wide range. Thus, it may be between 1% and-99% by
weight relatiye toofhe toﬁal‘weiéht of-the'liquid
medium and mofé advaﬁtageouély it may bé between 10%

25 and 80% by wgight_quthe liguid medium.

It may also. be possible, without departing from

the context of the iﬁvention, to use the lipophilic



productlon efficiency and/or the selectivity of the reaction for the
oxidation to adipic acid, and in 5 .particular the di ssol%qurwﬁﬁgon

Exanpl es of such conpounds whi ch may be nentioned in particular are
nitriles_, hydroxyimde conmpounds. and hal o conpounds, nore advantageously -
fluoro conmpounds. As conpounds that are nore 10 particularly suitable,
mention may be made of nitriles, for insgance acetonitrile or
benzonitrile, imdes belonging'to.the fam |'y disclosed in patent
application EP-A-0 824 962, and nore. particularly N-hydroxy- succininide

(NHS) or-N- teyairdiey i aritdeix( NI inakS dinhaognaArRE S idbovgd Such as.
di chl or onet hane, fluoro conmpounds -such. as.: cyclic or acyclic

fluoroali phatht:lQi? mayp egsfpamiredaly jleate ctﬂqwﬂf@axtb@rfs iapaoviingokgar onati c
hydr ocar bons, such as .20 perfluorotoluene , perfluoronethylcycl ohexane ,
perfluorohex&ﬁ? Hﬁ%ﬁqquﬁ' Yy andienf [ther cedeandyviper bifuekenonane ,
per fl uorodecalin, , erfluoronethyldecalln a, a, a-trifluorotoluen or
1,3-his- 25 (rteﬁcftl:‘l?g‘r A9 Karfatdon 8'—08@§tl@m§e|aczdo4aﬁdf Enoro. or
perfluoro ster %%' erfl uorooctanoates and al kyl
perfluorononéﬁ%%ﬁ aﬁ dfb ﬁsﬁ§P¢P98r8 fkeryHe8 -such as perfluoroacetone
, - fluoroal cohols erfluor Ico ol s such as erfluorohexanol

per f | uor ooct anol , per 06N & ﬁucg EPWPBBPQﬂeHBHSP may be

mentloned in particular are nltrlles, hydroxylmlde
compounds and halo compounds, more advantageously
fluoro compounds As compounds that are more
10 partlcularly sultable, mention may be made of nltrlles,
for instance acetonltrlle or benzonltrlle, imides
'.belonglng to the famlly dlsclosed in patent appllcatlon
EP-A- 0 824 962, and more partlcularly N-hydroxy—
succinimide (NHS) or N-hydroxyphthalimide (NHPI),
15 ha;ogenated-derivatives such as dichloromethane, fluoro
compounds such as: | |
- cyclic or acyclic fluoroaliphatic_or
perf1uoroaliphatdofhydrocarbons.and
fluoroaromatic hydrocarboas,-such as
- 20 perfiuorotoluene, perfiuotomethyicyclohexaneL
perfluorohéxane,'perfluoroheptana,,
perfluorooctahe, perfluorononana,.
perfluorodecalln perfluoromethyldecalln,
o, o, o trlfluorotoluene or 1, 3-bis-

25 . (trifluoromethyl)benzene;



10 15 perfluoro-t-butanol, ., perfluoroisopropanol or
1,1,1, 3,3, 3-hexafl uoro-2-propanol, fluoronitriles or p &$¢rRiPLEI2A0A es

such as perfluoroacetonitrile, fluoro aci ds- or perfluoro acids'such as
trifluoromethyl benzoic acid, pentafluorobenzoic acid, perfluorohexanoic
aci d, perfluoroheptanoic acid, perfl|luorooctanoic acid, -
perfluorononan0|c aci d or perfluoroadippc acid, fluoro or perfluoro
hal i des such as 20 perfl uoroi odooctan e and perfl uorobronooctane,

fl uoroam nes or perfluoroanm nes such as -perfluorotripropyl am ne,
perfluorotri-. butylam fdumropenf [psorfihrdree ristiean rrich He.zaxydation is
generally carried.out in the 25 presence of a catalyst. This catal yst :
advant ageously conpri & fEHummdlctenoatss amndselkirlom t he group conpri sing
Cu, Ag, Au, M, Ca Sr, Ba, Zn, Cd, Hg, Al, 8 Septenber 2004 10 ..Sc , In,
T, Y, Ga, Ti, HfPerééuos@nom@noateﬁb Ta, O, M ,..W M , Tc, Re,
Fe, Ru, Gs, Co, Rh Ni, Pd, Pt, lanthanides such as Ce and conblnatlons
thereof. These catalyFﬁ@oépeﬁén@?réﬂ@°ﬁ§e&eéppﬁérSuﬁhSaShe f orm of

conpounds  hat -are advant ously at least partially soluble in the
li quid oxi'dation medi uRd ggproﬁﬁg tOBSndi ti ons in which the oxidation
Sbaor bed o bound o af FREPOLSARBAR: CEubRTAL oRO81 FPEGL, SHPBnRRa, for
exanpl e (heterOgenepusperfluorohexanol, perfluorooctanol, ‘
| Qerf;uorononénol, perfluorodécanol,
‘ perfluoroft;butanol,_perfluoroisoprppanol or
10  _ : 1,1,1;3,3,3-hexafluoro;2-propanol,
- flﬁoronitriles or perfluoronitriles such as
perfluoroacétonitrile, .
- fluoro‘acids.or'pérfluéro acids‘such as
_trifluoromethylbenzoic acid, |
15 ' péntaﬁluorobenzoic acid, perfluorohexanoic
acid,.perfluorohep;anoic acid,
perfluorooctanoic acid, rerfluorononancic
acid or perflﬁoroadipié acid,
-, fluofo or peffluoro halides éuch és
20 ' . perfluor01odooctane and perfluorobromooctane
- fluoroamlnes or perfluorocamines such as
7‘perfluorotrlpropylamlne perfluorotrl-
butylamlne or perfluorotrlpentylamlne'
The‘oxldatlon is generally qarrled.out in the
25 ‘presence of a éaﬁalysti This catalyst advantagéoﬁsly
comprises a metal element chosén from the group

comprising Cu, Ag, Au, Mg, Ca, Sr, Ba, %n, Cd Hg, al



catalysis). The catalyst is preferably, especially under the conditions in
which the oxidation reaction is carried out: 15 - eitherd Sentember 3094t he
hydr ocarbon to be oxidized, or soluble in the |ipophilic acidic conmpound,
or soluble in the hydrocarbon/lipophilic acidic conpound m xture formng a
l'iquid 20 25 phase which is honbgeneous under the conditions in which the
_reaction is carried out. According to e preferred enbodi nent the _
catal yst used may be soluble in one of these nedia at room tenperature or
at the tenperature at which these nedia nmay be. recycled into a further

oxi dation. 8 eptepbers 2Q04 L1 The m..sol.ubl ¢" ns_that the catalyst
S e ¢ 6%3 b Pl it o g@rn$ Xii§%¥agpon

is at least partially' 'sol'u i'n "t hé ‘medi‘'umun =cor In-the
case of a hetear ogrneqys gt Ay Sk, e gy cg%al&gicihﬁyl%ctkve ta

el ements are supported. on.or.incorpofated info;a'n1cfopofou§’o 'TESOpPOr Ous
mneral  mat X QladdHe iAeROlB sREd 40l BhBihAtiRgs %@F%f.
organonetal |l ic- conplexes grafted onto an organic-or m neral ‘support. The
“term"incorporated' neakesthabtbletiltleTeimdhtsSagl gbeaent +Akt hg support
~or that the process is performed with conpl exes that are
sterical | b ttagpddrm wipeoopsustisuchateareundeantigeoasnyi hkongaef t he'
oxi dati on ‘ . ‘ ‘ : ' L : |

, . partially soluble in the liquid oxidation medium under

"the.cqnditions in which the oxidation reaction is
carried'qpp'{hqmoggneous catalysis), or are Supported

on, absorbed or bound to an inert support'sﬁch-as

10 silica or alumina, for example (heterogeheous

catalysis).

The catalyst is preferably, especially'undef
the conditions in which the oxidation reaction is‘
carried out:.

15 - either soluble in the hydrocarbon to be
oxidized,
- or scluble in the lipophilic acidic compound;
- oxr soluble‘in the hydrocarbon/lipophilic
‘acidic. compound mixture forming a liquid
20 _ phase which is homogeneous under the

conditions in which the'reactionJis_éarried

out. .

According to one preferred embodiment the
catalyst used may be soluble in one of these media at room

25 temperature or at the temperature at which these media may be
-+ recycled into a further oxidation.



.15 One preferred enbodl ment may be the honbgeneous or heterogeneous

catal yst consisting of salts or conplexes of netals from&pPerigabendd0d: he Ti
group), Vb (the V group), VIIb (the C group), VIIb (the M group), VIII
-(the group of Fe or Co or Ni) and Ib. (the Cu grbup)- and cerium alone or
-as a mxture. 20 The preferred elenents are, in particular,-Co and/or M
and/or Cr and/or- Zr, Hf, Ce and/or Zr, Hf.. The concentration of netal in’
the liquid oxi dat i on nedlunt ranges betmeen 0'-. 00001% and 5% (% by wei ght)
and: preferably between 0.001% and 2% 25 The invention applies nore.

particularly to the oxi J pf Q uch as 8

Sept ember 2004 12 cycldﬁﬂiane E%X%yc odo%%@‘ng %%‘ dﬁfééﬁﬁhdﬁng

“linear-diaci g8 ,1e8H &iérﬁ%lqlﬁ%lq&ﬁ%cﬁ_ 01§ G ?1 é’ﬁceml preferred
yc

enbodi ment may relate to the “direct oxidation o exane to adipic

acid, by a gasrodmrdeidiiig oxygen, in a lLiquid-mediumand in the presence of
a catalyst. ‘The catalyst preferentially conprises cobalt. The oxidation

‘reaction is carried outTmatthe deeRperatuhetelobehweas 50€a2 14’ 0Qf.and
preferably .10 between 70C and 180C. It may carried ouf at "atnospheric

~ pressure. %\N@\torlytllsagétyevaa:ltllwecmeua&dettetneulaéearsr e6ppbeted ofrdgr to
keep the conponents of the reaction nmediumin liquid form-'The-pressure
“may be bet wedRCPODRAtEC inar B aidr2PodOAsKBa (né@ﬁpbﬁb])tsaﬁﬂneirélpref erabl Y
bet ween 100 KPa (1 bar) and 10 000 KPa (100 bar).
matrlx o 1nt0 a polymer matrlx or are in the form of '
organometalllc complexes grafted onto an organic ‘or
mlneral support The term incorporated" means that the
10 -metal is an element of the support or that the process
is performed with complexes that are sterlcally trapped

in porous structures under the condltlons of the

ox1dat10n-

One preferred embodiment may be the homogeneous or

15 heterogeneous catalyst consisting of

salts or complexes of metals from groups IVb (the Ti
group), Vb (the V group), VIIb (the Cr Qroup), VIIb
{the Mn group), VIII (the group of Fe or Co or Ni) and
_ Ib (the Cu group) -and cerium, alone or as a mlxture

20 ,The preferred elements are, in partlcular ‘Co and/or Mn
and/or Cr and/or Zr, HE, Ce and/or ir, Hf The
concentratlon of metal in the llquld ox1dat10n medium
ranges between 0. 00001% and 5% (% by welght) and
preferably between 0. 001% and 2%

25 : The 1nventlon applles more partlcularly to

the oxidation of cycloallphatlc compounds such as



The oxygen used may be in pure formior as a mxture with-an inert
"gas-such as-nitrogen or helium- Air which is nore or | eskSepieinbacd004i t h
oxygen may al so 20 be used. The anount of oxygen fed into the mediumis
.advant ageously between 1 and 1 000 nol per nole of conpounds to be
oxi di zed. The oxi dati on process may be perforned - eontinuously or according
-to. a batchw se process. The 25 liquid reaction mediumleaving the ' '
-reactor.is advantageously treated accor&?ng to known processes for,
~firstly, separating out and recoveéring the acid 8 Septenber 2004 13

produced and,_ secondly, recycli t he unoxidized or ~.partially oxidized
.organic conp6§ﬁ§§ﬂ§ﬁ%%“%§#ﬁiéﬁﬁﬂgQQQ@Fan@yGPoﬁ@?aﬁBFr§ﬁEP§ﬁl@9CIohexanone,
the, catatysﬁx%&%'tgﬁ | i.pophi_lj.c .aci di, cogpgggq. 5 The amunt of catalyst, -
expressed as "4 per Centage by WMELGhET EBFaPPIPERRPEGe@Fd% he reacti on
~mxture, is generally between 0.00001% and 5% and preferably between
0.001% and 2% without fRekRexaPgeserraski AgPetinengal maHowedeke jto i she

matter of havingear Mkisuifibgient activity while at the same time not using
excessively | arge anmobunts of a catal yst which nust then be separated from

the ' fina' RAGHSANE ¥oULEigRe aE8QYCHE, gggsagﬁéa%f??ﬁ t ol g, cat al yst
.may also 15 conprise other conpounds based on netals chose ?r AT he group
‘conpri si ng NMARMyanasemuiGopRER urC &RV tMaNadbNBh-ENeONk Umy L ZifEoNi umand -

: haf ni um or a conbi nation of sone of . these elenents. It is advantageous al so
to use a confbencdataQyshi phefarehai 881y heomyidoés opobaract i on, such as, for
| | _ The éxi&atipn reaction is-carried.out at a |
| teméérature'of'getween 50°C and 200°C and preferably
. iO betwéen 70°C ana iBOAC.-It may be carried out at
atmospheric-preééﬁre; However, it is generally carried
~ out under preésufe:in order to keep the components of
the reaction medium in iiduid form;'The.préssure may be 
between 10 KPa (0.1 bar) and 20 000 xPa (260 bar) and
15 preférably-between 100 KPa (1 bar) and 10 000 KPa
(100 baf). |
The éxygen used may be in pure form or as a
mixture with-an inert gas such as. nitrogen or helium.-
Air which is more or iess en;iched with oxygen may also
20 be used. The amount 0f oxygen fed iﬁto the @edium is
advantageously between 1 and 1 000 mol per mole of
compbgnds to be oxidiied. | |
Thé oxidation process may be ﬁerformed
éoﬁtinuously oi acéordiﬁg to a batéhwise process. The
25 liQuid reaction medium leaving the reacto#.is
advantageously Ereated accordingﬂtorkhown processeé

for, firstly, separating out and recovering the acid-



exanpl e, a ketone or an al dehyde. Cycl ohexanone, which is a reaction
intermediate in the case of the oxidation of cycl ohexan® Sepiemesrt2004
particularly indicated. Generally, the initiator represents fromO0.01%to
20% 25 by weight relative to the weight of the reaction mxture used,

w t hout these proportions having a critical value. The initiator is
especially useful 8 Sept enber 2004 14 ddBing the start of the oxidation and
when the oxidation is carried out at a tenperature below 120C. " It may be
i ntroduced fromthe start of the reaction. The oxidation may.al so be
carried out Q¥Qﬁ%§ aﬁﬂeséﬁ@@néﬂYMaF@ﬂypﬂungdmbedUhoanﬂnhedlnrtlal st age
of the process. I ndi_cat ed. above, the reaction m xture obtained
after. the o%@&&ﬁ?&ﬁyiQxéébFéétQggﬁﬁlﬁaFP@9§U6§§répﬂanSto separate out
sonme of its- conigbtuents | rder, for exa to. allow themto be

recycl ed i nt §¥fnE 5%PRS i SHC%ﬁée?‘BUSFLI 8 RE SEEEI@hS?{éEG@@d thebe

recover ed. t va nt of rocess the crude reaction
mxture is f%%géggggj geEL? igoggbiﬁﬁgafb éctgﬁﬁEPﬁPﬁre of from 16C to
30C, for xanpl e, whi b ahou Illzatlon f at | east sonme of
t he -aci d Fﬁrned A ned?§ﬁ1%§ Esggb% Coﬁﬁ?F?Fﬁﬁg a®8ofi d phase

consi sting: egé%éhéhb& B w Ebﬂt gk %8%211:0981%&}95'% O%}%g‘glr%% h:?osf

essentially 20 containi ng t e unreac conmpoun possibly

t he. | i pophi | mgxtagkdi Qscgaﬁ@yaﬂlﬁnﬂew@enoé' dgbboe inkesgedigtes (or
several - organi ¢ phases i the 11pophilic acidic conpound and the
hydr ocar bon prefenably Ubbywees CoDOE1Bt ah@V2$ SIPLERGYE Snadd Fh gy d
'belng crltlcal However, it is a matter of having a
iO suff1c1ent ect1v1ty while at the same time not using
excessively large amounts of a catalyst which must then
be separated from the'final‘reaetion ﬁixture.and
recycled.
Besides cobalt, the catalyst may also
15 comprise other compounds based on metals chosen from
the group comprising menganese, copper, cerium,
vanadium, chromigm, zirconium‘aﬁd hafnium or a
cemﬁination Qf some of these-elements.
Iﬁ is advantageous also to use a compoﬁnd
20 which initiates the okidation‘reaction, such as, for
_example,.a ketone or an aldehyde. Cyclohexanone, which
is a reaetion.intermediete'iﬁ‘the case of the oxidation
-of cyclohexane, is most particularly'indieated
Generally, the initiator represents from 0. 01% to 20%
25 by welght relative to the welght of the reactlon

mixture used, without these proportions having a

critical wvalue. The initiator is especially useful



25 aqueous phase essentially containing acidic oxidation by-products and
the water formed. The catal yst may be 8 September 2004 1% $epteypleercd00dhe
organi c phases if it is soluble in the said phase, or in the | ower’
aqueous .phase. After filtering off or centrifuging_the solid, the organic
and aqueous |iquid phases consisting 5 of the filtrate or the centrifugate
are separated by settling, if- need be: tlde organic phase(s) may be '
recycled into a further oxidation reaction. It may be; advantageous, prior
to the operation to crystallize the acid, to. carry out a 10 concentration.
of the reacti G HKtthe. stacoref e e=xidecion arst iviren dhhet he process, the
final Crude'regg%ion m xture may_be renoved while hot., for exanple at a

t enper at ur e P e fREGed st fife & dRMmeNRtMoa ted owhdB 08€par at es by

settling 15. Jnto at |least t | j qui d phases: one or _nore organic ‘phases
essenti gl ly ciotnt“éa%itbneg %Wo‘ﬁ%eé%%]réﬁ“ B:I‘\"fdrstf@é'rboé’hf, tﬁ’lﬁerleiaﬁégﬁnl-i c gci di ¢
compound and the oxidation i. r.nedi at es,. and an aquequs |iquid phase
essentially 'contajrnrfﬁ%f!%%4a§iﬁﬂnﬂgﬁﬁbfﬂﬁﬁ’ cﬁﬁglﬁQtQPtZanéhﬁed.

Dependi ng ©n dhe Sl i e.of the .catalyst,.it may be present
in the organic phase(s ,“k¥§%235$%%%%%egbﬁﬁgf\téﬁi&nggba}afFﬁﬁ before .
precipitati oy groedsal | i zation of the acid formed in the case of a -
het er ogeneous catalysis, or, if it is 25 soluble in the aqueous phase,.it

maybe extracted by || g drldiaWedceubiodel| R QRAEESLA Alceghgct rodialysis.
8 Septenber 2004 16 As in the first variant, the liquid pﬁases_
: obtained_aﬁter:the oxidation is subjected to various
‘operations to separaté-;ut some of its constitﬁeﬁts in
'io ‘ordef, for_gxamble, to allow them to be recycled into
the_oxidation and to allow the acids produced to be
recovered. |
| According to. a first variant of the process,
' the crude reaction mixture is first subjected to |
.15 _éooling'to a temperature of from 16°C-to 30°c, for
example,‘which~brings abbut crystallization of at least
- some of the acid formed. A medium is thué obtained
qomprisiﬁg é solid phase consisting esséntialiy of
_gcid,lat least bnefliquid organic phase‘eséentiéllyr-
20'-containing the unreacted c¢ompound to be oxidized,‘
poSsibly‘the.lipophilic‘acidic compound and the
oxidation ihtermediates (or sévéfal organic pﬁases if
the lipophilic acidic compound and the hydrocarbon are
nét fully miscible at lOw_temperaturé) and a liquid
- 25 aqueous phase essentially containihg acidic oxidation

by-products and the water formed. The catalyst may be



afe separated by settling: the organic phase(s) may be recycled into a
further oxidation reaction. In these enbodi nents, the |i Sopgntemer290dic- 5
conpound used may be contained in or forns an essential elenent of the
organi ¢ phase(s). Consequently, after separating aut the acid forned-and
optionally the liquid phase containing the water-forned, the oxidation
by-products 10 and the catal yst, the | i pdphilic acidic conpound may be
recycl-ed into- the oxidation step with the hydrocarbon which has not been
oxi di zed and .t he_oxi atb%n i nternedi ates. Mreover, if the |ipophilic

aci di ¢ conpodfid °5 OFs Y061 PFIeR1GnBheRESe16f 1kr b8t mehubde thetheaction
medi um it will -b dvant ageou eparated out and recovered by carrying
out-solid/li&&#g ?@%&FatPEnlnp%g%eiQ §¥efIHRPUBePBRECt r eati ng t he reaction
mediumto recover the,agi roduced, or_with the acid produced. 20 In this
latter case, the acid S?gggcgéggﬁ§lﬁg ?£509Er%ﬂ3t5§%%&%?%th%n with water.
I n. these. enbadh rant -gXappPLES r. be added.ta the reactjon nmediumin
order to obtain bettergFésgﬁﬁr?%ﬁ %$§¥%%sa +ﬁ?%d2§h%&?%wﬁ??ﬁﬂ¥ﬁ4%ﬁoducts

and bettes F'aﬁo‘tﬁéYEQfltEBEeaGEdthéQ&tgﬁgr'if%%gtéeg{%?%%%$%%dI%\%nt The aci d

I's generally recovered .by precipitation r1ng ‘
reaction nedetglidge 2€i debUBet eLRYEHAELIRY of i ccording to
pat enté}?a{i{#t ) r%&' Be

usual techni ques disclosed in nunmerous i on may be nade, for
exanpl e, of Fpenched intp a further oxidation reaction.,

) ;t may be advantageous, prior to the
operation to,érystalliie the acid,lﬁo.carry éut a

10 concéntration of the reaction mixture.

'According to a second variaﬁt of thé process,
the final crude reaction mixture may be removed while
hot, for example at.g témperaturelwhich may be up to
75°C. The reactidn mixture then separates by settling‘

15 into at least two liquid ﬁhases: one or more organic
phases essentially cbntaining the unreacted
' hydrocarbon, thé 1ipophilic acidic compound-and the
oxidation intermediates, and an aqueoﬁs liquid phase
essentiaily'cgntainiﬁg:thé:acids:formed.and the water
20 formedi Depending on the solubility and nature of the
catalyst, it may be present in ﬁhe organic phase(s),
- recovered by solid/liquid separaﬁicﬂ before
: preéipitation or crystallization of the acid formed in
the case of a heterogeneCﬁs cagalysis, or, if it is
25 soluble in the agueous phase, it may be extracted by

liquid/liguid extraction, on resin or electrodialysis.



-patents Nos. 2 749 299 and 2 749 300. If the non-organic or aqueous 'liquid
phase contains the catalyst, this catalyst is extracted S%Pemenbecitfde
crystallization of the acid formed by 10 precipitation or extraction
~according. to known processes such as liquid/liquid extraction, B
el ectrodialysis or treatnent on ion-exchange resins;- for exanple, or after
crystallization of the acid fornmed by %ﬁgraction t echni ques descri bed-
~above or the 15 like. OQher advantages ‘and details. of the invention wl]l
energe nore clearly in the light of the exanples below, which are given.

purely for indicative - g t J I poses,.. 20 Exanple 1: Preparation
of cobalt(l1). 3,5-di te}?%]dlbﬂlljt%#%e%%%élgv%l%%g 9. ‘F?ﬁﬁ)P S&S 5-di-tert
but yl benzoi ¢ aed i i m | e _at, room '
tammaune(Mﬁ%%ﬁ%ggﬁﬁ¥%%#%%%mﬁie§¥$%?§$§ﬁ§%§%%ﬁﬁnm
consi sting of rdéydme®fiies & AN e 3000 wdi,pxi de (10.5 mml ) is

prepared and 1.28 g (5.13 nmmol ). of cobalt acetate tetrahydrate 8

-Sept enber 2004 18 di ssaiveathdde npBdiatetat, ereHPi kot Ut O)c ; Are added
-thereto.. The aqueous solution is added to the cyclohexane solution with .

stirring, at cogmhd ergeet ature. After 3 h, the aqueous phase is colorless
.-and the cycl ohexane phase is blue. After separating the two phases by
~settling andMREn®vityptehaedyi giyefanes B coserbizhtdlemen?. 69 g of bl ue
‘crystals of cobalt 3,5-di-tert-butyl benzoate
: ;he organic phase(s). Consequently, after separating
- out the éc%d fomed_and optionally the liquid phase
containing the water. formed, the oxidation by-products
iO and the_catalyst, the lipéphilic acidic compound may be
recycled into  the oxidatién step witﬁ the hydrocarbon
which has not been oxidized_and the oxidation . |
ihtermediatesi |
Moréover, if the lipbphilic acidic.compoﬁnd.
15 is solid in one phase of treatment of the reaction
medium, it ﬁill be advantagequsly separated out and
recpvered by carrying out solid/liquid separatioﬁ
processes either before treating ‘the reaction medium to
recover the acid produced, or with'ﬁhe acid produced.
20 In this latter cése, ﬁhe acid produced may be récovered
by extractidn with-water;
In,thesé,eﬁbodimént,exémp;es,
water mayrbé added to the reaction medium iﬁ
order to obtain Better_dissolution of the acidic
25 6kidation-by—products andrbetter fecovery ofrthe acid

formed.



.10 are recovered (M525.5). Exanple 2: The following are |oaded into a 125
nl titaniumautoclave fitted with means of heating via & Sentenberg088! | ar,
a turbom xer and neans of introducing 15 gas and of pressure regulation: -
40.68 g (484.3 nmmol) of cyclohexane - 4.87 g (33 col) of 2-ethyl hexanoic
acid -,0.4811 g (4.91 nmmol) of cycl ohexanone 0.42 g (0.80 mmol of Co) of
cobalt 3,5-di- 20 tert-butyl benzoate of MExanple 1. After closing the _
reactor, the mxture is stirred at 1 000 rpm an air pressure (100 bar at ..
20C) is created and the m xture is heated. The tenperature reaches 105C
in the bulk in 10 min Eﬁ& fRiE 25 gemsErdiir aecovieredt dyned for a further 3

hours. 8 Sept%%ggr. 004 19dAfter cooling_and depressurization, the
reaction m-xture €ampri-§8s WHrphgsEheorprildngg ofcrBrokerahéoand . a -

precipitate. Afi. S rati.ng,out the cycl ghexane phase, 5 the.precipitate
i s dissolvednégaggétﬁggagfaa ?ﬁ Sc§8F8ﬁé§§ eT3Kab€ BHEifREdacetic sol ution

AR L R R R R
TABLE | C£C|93%éﬁﬂg.AﬂghE§ogoﬁQ§ be made, for example, of French ' -
pafents Nos. 2 749 298 and 2 749 300. |
If the non—ofganic_or aqueous 1iquid phase
contains Fbg cétélyst, this catalyst is extracted
.either befdre crystallization of the acid formed by
iO precipitation of extfaction according to known
processes such as liquid/liquid extraction,:

, electrodialysis-or treatment on ioh4exchange resins,
for example, or after crystaliizétion of the acid
formed by extraction techniques described above or the

15 1like.

Other advantages and detailé of the invention
will emerge more-clearly‘in the 1ight.of the examples
below, which are given-pﬁrely for indicative-and = .
illustrative purpoées. | | |

. 20 Example 1: Preparation of cobalt(II) 3,5-di-tert-

“butylbenzoate

2.42 g (10.3 ﬁmoi) of 3,5—di-£ert—
.butylbenzoic acid are dissol§ed iﬁ 60 ml of cyclohexane
at room temperature (colorless solution). In parallel, -
- 25 an aqueous solution consisting of-lo ml of water and
0.42 g of sodium hydroxide (10.5'mmoi)Ais prepared and

1.28 g (5.13 mmol) - of cobalt acetate tetrahydrate



Product sphase sol uti on mml CS% nrnol mmol Cycl ohexanone*

6. 130. 211. 42*14. 3 Cycl ohexanol 5. 450. 195. 6457. 0 But yr ol acBorrpterotsy 20841

Val er ol act one0. 050. 05<1 Succinic acidtracestracestraces<l Jutaric

aci d0. 170. 240. 414. 1 Adi pic aci d0.381.922.3023.2 7.*cycl ohexanone assayed -
initial cyclohexanone = cycl ohexanone forned. 15 CS% = selectivity towards
t he conmpound indicated in the 1st col ud® rel ative to the cycl ohexane -
converted. 8 Septenber 2004 20 COVPARATI VE TEST 2 Exanple 2 is repeated. in

t he same appas.atu d_under the sane operating _conditions, except-that- no
2-ethy|hexan%ﬁ Séiﬁ%?ﬂ%¥'F&a&@d°§h&a§ﬁrad§&ﬁ$ sPlagiop)gars ed@edmml ) of
cycl ohexane tE%r%%%g' The following results (Table Il) are obtained: 10
Degree of ‘conversion (DC) of the cycl ohexane: 0.55% TABLE Il ProductsTot al

mol CS% Cycl ohexanone 3* 31.4 Cyclohexanol 1..6161.0 Butyrol actone0.072.7 )
Val er ol act one0. 062. 2 83%%iﬁ98e§ FS%PEE&%Qn ls.adgeg to the

cyclohegane solution with stirring, at room
5 temperature. After 3 h, the agqueous phase is colorless
--and the cyclohexane phase is blue.
- After separating the two phases Ey'settling
and remov;qg fhe cyclohexénerby concentration, 2.69 g
of blue Crystéls of cobalt 3,5-di-tert-butylbenzoate
10 are recovered (M=525.5). |
-Example 2:
The following are loaded into a 125 ml
ti;aniﬁm autéclave fitted with means of heéting via a
heating collar; a turbomixer.énd means of introducing
15 gas and of pressure regulation:

- 40.68 g (484.3 mmol) of cyclohexane

4.87 g (33 mmol) of 2-ethylhexanoic acid

0.4811 g (4.91 mmol) of cyclohexanone

1

0.42 g (0.80 mmol of Co) of cobalt 3,5-di-
20 tert—butylbenioate of Example 1. |
_ After clésing phe feacto;, the mixtufe is
Vstirred at 1 000 rpm, an air pressure (100 bar at 20°¢)
is ;reated and the mixture 1s heéﬁed. The temperéture
reaches 105°C in the bulk in 10 min and this

25 temperature is maintained for,é fﬁrther 3 hours.



GI utaric acidtraces Adipic-acid0.072.7 *cycl ohexanone assayed - initial

cycl ohexanone = cycl ohexanone forned. Exanples 3 .to 5 EB«@gRieeber 3094
repeated, but with variable 15 anobunts of 2- ethylhexan0|c acid. Table
11l bel ow gives the amounts of products used in each exanpl e, and Table IV
collates the results obtained by analysis of the oxidation nediumafter 8
Sept ember 2004 21 reaction, -according t® the nmethod described in Exanple
2. TABLE Il (expressed in g) Exanple 3Exanp|e 4Exanpl e 5

c1Co- oneci ¢l Co- oneci cl oCo-oneAci d

40. 360. 10360. 503 040. 1AL tEYT7 Grol593 mﬂ@@r&%ﬁ—ﬁ%&&lﬁ; 9&He Cyclo =

cycl ohexane Co = catal yst expressed as g of catalyst of. Exanple 1 -one =
cycl ohexanonée@tlﬁwwm@mmrlﬁ@w a= pierszen @iotpadisd nt0 The degr ees of
conversion of the_cycl ohexane are: - Exanple 3: 0.52% - Exanple 4: 1.85%
- Exanpl e 5: EHKEIEABLE [V PREsdREtSERanpl e 3Exanpl e 4Exanpl e 5 Total

CS%lot al CS%lot al _
, After‘separatlng out the cyclohexane phase,

5 the precipitate is dissolved in acetic acid. The
cyclohexane phase and the acetic solution are analyzed
by gas chromatography, and the reéults are collated in
Table I below.

The degree of conversion (DC) of the

10 cyclohexane is:-2.0%.

TABLE T
Products -Cyclohexane Aéetic To£a1 CS%
phasé- solution .'mmol
mmol : mmol-
Cyclohexanone* 6.13 | 0.21 1.42=* 14.3
Cyclohexanol - 5.45 0.19 | s.ea 57.0
Butyrolactone .08 0.08 <1
Valerolactone" _ 0.05 | Q.OS ' <1
Succinic acid - traces . traces | traces | <1
[ Glutaric acid 0.17 . 0.24 - 0.41 4.1
Adipic acid 0.38 1.92 2.30 23.2

*cyclohexanone assayed - initial cyclohexanone =
cyclohexanone formed.
15 CS% = selectivity towards the compound indicated in the

lst column relative to the cyclohexanelconverted.



CS% mmol mmol nmol Cycl ohexanon. e* 0. 6*23. 81. 56*17. 60. 16*2. 7

Cycl ohexanol 1. 7971. 05. 1257. 92. 7446. 1 Butyrol act one 0. 06<BdSeptamier 2004

Val erol act one 0. 06<1 Succinic acid0.183.0 8 Septenber 2004 22 Jutaric

aci d0. 333. 70. 7512. 6 Adi pi ¢ aci d0. 135. 21. 7119. 32. 0033. 7 *cycl ohexanone -
assayed - initial cycl ohexanone = cycl ohexanone forned. Exanple 6: Exanple
2 is repeated, but using the 5 followi n@g&tarting materials: 40.34 g
(480.37 nmmol ) of cycl ohexane, 0.4688 g (478 nmol) of cycl ohexanone, 2.67
g (11.4 mmol)_of 3,5-di-tert- butylbenzoic acid, 10 - 0.1078 g (0.205 nmol
of Co) of coHZMPARATIVE yBBST it y| benzoate. The degree of conversion (DC)
of the.cyclohexark e-is 1.26% The results of the analysis of the reaction
15 medi um are given i n RS/ Dl v ererpiasl \irPriduh ctesiko e pananrhusCS%

cl ohexanone* 1, 423, 2 . cl ohexanol 3. 7662. 4 Butyrol act one Val erol act one
gﬁccinic aCi(Fnd under tﬁ%’same operating COnditfgns, except that no

2-ethylhexanoic acid is loaded and an amount of 40.2 g
5 (479 mmol) of cyclohexane is~used.
The following resulté {(Table II) are

obtainéd:

begreg of qonvgréion (DC) of the cyclohexane: . 0.55%
TABLE IT
10
Products Total mmol CS%
| Cy¢clohexanone 0.83*l 31.4
j Cyclohexanol 1.61 61.0
: Buﬁyrolactone .0.0fl 2.7
| Valerolactone 0.06 2.2
| Succinic acid traces
Glutaric acigd@ - traces
Adipic aeid . - ‘ o 0.07 2.7

*cyclohexanone assayed — initial cyclohexanone =

- cyclohexanone formed.

Examples 3 to 5
Example 2 is reﬁeated, but With variéble
15 amounts of 2-ethylhexanoic acid. |
Tablé_III below gives the amounts of-products
used in each example, and Table IV collates the results

- obtained by analysis of the oxidation medium after



Gutaric acid0.111.8 Adipic acid0.7612.6 8 Septenber 2004 23 *cycl ohexanone
assayed - initial cyclohexanone cyclohexanone formed. SESapifmiesr 2p0¢o 14
The procedure of Exanple 2 is repeated. The 5 tests bel ow were carried out
using 0.39'g (4 mol) of cyclohexanone and a wei ght of catal yst
consisting of the acetyl acetonate of cobalt in oxidation state 3 to have a .
concentr.ation, expressed as cobalt, of 2f 500 ng%g of reaction medium 10
The anounts of cycl ohexane and. of |ipophilic -acidic conpounds used are

i ndi cated in Table VI bel ow,  which also collate the results of the

anal ysis. of HFRFtIneaePLdingit® dlh%lnﬁdlocgmhe@r i2004 aR U) N r-|
Ln-ql\/DcoI}éNNLi) (gNLO_Ur r)NNI o

TABLE III (expressed in g)

Example 3 Example 4 ' Example 5

Cyclo Co |-onepcidCyclo Co |-one[acidCvelel Co —ene Acid

40.36/0.1036/0.503] 0 40.170.10700.4593.7022.070.10360.496319.96

) 5- Cyelo_= cyclohexane
Co = catalyst expressed as g of catalyst of Example 1
-one =,cyclohexanone
-ol = cyclohexanol
Acid = hexanoic acid
_10 : - The degrees of conversion of the cyclohexane
are: | |
- Example 3: 0.52%
- Example 4: 1.85%
- Example 5: 2.26%

15 ‘ TABLE IV

Products Example 3 | Example 4 Exemple 5

Total CS% | Total | CS% | Total cs%

mmol mmol |l - -mmol

Cyclohexanone* | 0.6* | 23.8 | 1.56* | 17.6 | 0.16% | 2.7

' Cyclohexanol 1.79 | 72.0 | 5.12 |- 57.9 | 2.74 | 46.1
Butyrolactone - 0.06 sl : 0.11 1.9
Valerolactone : 0.06 | <1
Succinic acid 0.18 3.0




' NNo a) OUO 1rnMcoNU r' | NIVhHC)OOUU.OU-d_dP u)44 aQ -r-1 ,
l1JQ)r M.n Zno Qr-1 UNLALfLrnr--1r 0 ADr1 rf r-1 L8 Sepismberd084 o

Q) .

o OLn Ma) Uco Nco co
22
| clutaric acia 0.33 3.7 0.75 12.6
Adipic acid 0.13 | 5.2 1.71 19.3 2.00 33.7

10 -

15

*cyclohexanone assayed - initial gyclohexanone =
cyclohexanone form;d.
Example 6:
Example 2 is ;épeatéd, but using the
following starting‘materials:i
- 4b.34.g.(480.37 mmol) of cyclohexane,
- 0.4688 g'(47é mmol) of cyclohexanone,
— 2.67 g (11.4 mmol) of 3,5-di-tert-
butylbenzoic acid, ' |

- 0.1078 g (0.205 mmol of Co) of cobalt 3,5-di-

-tert—butylbenzoate.

The degree of conversion (DC) of the cyclohexane is
1.26%.

The results of the analysis of the reaction
medium are given in Table V below.

' TABLE V

Products Total mmol CS%

Cyclohexanone* 1.4 23.2

Cyclohexanol 3.76 . - 62.4

Butyrolactone

Valerolactone

Succinic acid

Glutaric acid ' o 0.11 ' 1.8

Adipic acid 0.76 12.6

-rilr-1to U
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- *cyclohexanone assayed - initial cyclohexanone =

cyclohexanone formed.

Examples 7 to 14

The procedure of Example 2 is repeated. The

‘tests below were carried out using 0.39° g {4 mmol) of

' cyclohexanone and a welght of catalyst con31st1ng of

the acetylacetonate of cobalt in oxidation state 3 to
have a concentratlon, expressed as cobalt of‘ .
1 500 mg/kg of reaction medium.

The amounts of cyclohexane and.of lipophilic -
ac1d1c compounds used are indicated in Table VI below,
Wthh also collate the results of the analy51s of the

reactlon medla obtalned.

4)



to M MNNM r-1 8 Septenber 2004 25 .Exanples 15 to 20 . The procedure
of Exanple 2 is repeated. The tests bel ow were carried Su$eriembe 29049 g (4
mol ) of .cycl ohexanone and a wei ght of catal yst, consisting of 5

acetyl acetonate of cobalt in oxidation state 3, to.have a concentration,
expressed as cobalt in ng/kg of reaction nmedium indicated in Table VI

. Thi yunt srof—cyqtofexane—anrg—et——H-pephilic idic c
bel ow. The ampunts yqt g—ot—T—Hppphitic acidi ¢ conmpounds
(octa_noiC'acid)'usec(,jJ ®ar ¢ Al sp :-gowingi catted ip Tahl e V|| bgl pw, which al so
collate the resul tisyof tre-ana?lsas of. the [rBact Mon [iddi a<Hbe ai -n%d. The
reaction tenperature its 1¢3C [BI Sl || 9t hesd Tesi & Irgea:l;:gt%st,g an
addi tive'- conpri sig—hydiroxyl —ara—ri-ded f Urel | phs vas, a*dc(ﬁi n & anount
indicated in 15 Tabl e VIl {be aw. These addi tj ves|arle:| N h)cﬂoxygucci ni m de
(NHS) .- N hydroxy|pit Bakeai|de| ©( NHPI)™ 8| Sdptlenperr 2004 Eri WO MGCo to al r
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Examples 15 to 20

The procedute.of-Exampie 2 is rebeated} The
tests below were eatfied out usiﬁgt0.39 g (4 mmel) of
. cyclohexanone and a weight of cetalyst con51st1ng of

5 acetylacetonate of cobalt in oxidation state 3, to have

a concentration, expressed as cobalt in mg/kg of
reaction medium, indicated in Table VII below.

_ The amounts of eyclohexane and of lipophilic
. acidic compounds (octanoic acid) used are also -

10 indieated in Table VII below, which also'collate the
results of the analysis of the reaction medla obtalned
The reactlon temperature is 105°C for all these tests

In each test an addltlve'comprlslng hydroxyl
and imide functions was added in an amount indicated in

15 Table VII below. These additives are

- N-hydroxysuccinimide (NHS)

- N-hydroxyphthalamide (NHPI)
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10 t Mto eon coal COr-1 corl COrl 00 4 %1 Co r-i r-1 UCo (9 8
Sept ember 2004 27 Exanpl e 21 Exanple 8 was repeated,. butd $eAtembers2004
| i pophil'ic acidic conpound palmmtic acid instead of octanoic acid. 5

Table VIII collates the anobunts of cycl ohexane and..of acidic conpounds
used and the analysis of' the nmedium obtained after oxidation. 8 Septenber
2004 iH. OdP | Una) MQOI NMdP 2ZArn () U 'OUH WN

Example 21

- Example 8 was répeated,,but using as
lipophilic acidic compound palmitié,écid.instead of
octanoic acid.

5 ‘Tablg VIII collateé the amounﬁs of
icyélohexane and of acidic compounds used and the

analysis of the medium obtained after oxidation.
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EXaane 22 Test- 8 is repeated, but adding ferric acetylacetonate to the
cobalt conpound in order to obtain 250 ppm of Fe in the SRantember208he

anounts of products and the results of the analysis of the reaction medi um
obtained are collated in Table I X. 8 Septenber.2004 u uu- uUu -1 0 U

O HOdP'0Oa) dPO Ornra U to U Pn- -59

Example 22
| | .Test 8 is repeated, but adding fefric
aCetylacetonate to the cobalt compound in order to
obtain 250 ppm of Fe in ﬁhe medium.
5 The amounts of broducts and the results of
the analysis of the reaction medium obtained are

collated in Table IX.



to N cn

Ur-lI
8 September 2004

ORba UNVDO

r-1

Ur-i

of md- a)N :>ri

r Ma) Co
to UN (O

P4

udd
psz={[{=4]
9 T°0¢ 6°8T "GE°E (A Y S ZEV gL ‘g (oeoe) o4 ZZ
% % % Towu (Toun)
10~ suo- PToe oTdipe | sueXayoTOAD pPa3lIsAuOD HOEE pesn 0D/PIDE
£ 50 S0 B Yo'e JUBXAYOTIA) | dUuLXaYOTIAD oTOouUR1DD umhaﬂnﬂu:ou *Xq
XTI qTHVL
0t




Il © rroawN N 8 Sept enber 2004 31 Exanple 23 Test 22 was repeat ed,
but replacing the ferric acetylacetonate co-catalyst w &HeRRBpen 2904
acetyl acetonate in order to obtain 53 ppm of O in the nedlunl The
reaction time was increased to 6 hours. The anounts..of products and the
results of the analysis of the reaction nedium obtained are collated in
Tabl e X .bel ow.- 8 Septenber 2004 co -4 3 od PO U d Prd 00o0 M10 N

N
Example 23

Test 22 was repeated, but replacing the
ferric acetylacetonate_co*catalyst with .chromium
acetylacetonate in order to obtain 53 ppm of Cr in the

5 medium. The reaction time was increased to 6 hours.

The amounts of products and the results of
the analy31s of the reaction medium obtained are

colla;ed_ln Table X below:



NO MUO-'" 1UO RO "HO OU x~co00 NN CoM >'" Or'uLO rtll ~s.rQ rdE
u)aUPi OUPL N 8 Septenmber 2004 33 Exanples 24 to 26 Exam$ eptembg{£2004
repeat ed, but using as |ipophilic acidic conmpounds p-- chlorobenzoic. acid
or a mxture of this acid-with octanoi c acid. 5.The anounts of- products
and the results of the-analysis of: the reaction nedia obtained are '

collated in Table X pbetrow T8 $eptenber—2004 U U
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Examples 24 to 26

'Eﬁamplé.B was repeated, but using as.
lipophilic acidic cémpopnds_p—chlorobenzoic.acid or a
mixture of thié acid with octanoic ééid.
5 The amounts of products and the reéults of
-the.analysis pf the:feaction media obtained are

“collated in Table XI below.
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conprising nol ecul ar oxygen, characterized in that one of the constituents
of the liquid mediumis an acidic organic conpound whi ci§ $epterberZ®8Ai | i c
nature. 10 2. The process as clained in claiml, - characterized in that.

t he hydrocarbon to be oxidized is at |east partially mscible with the

l'i pophilic ac¢jdic , conpound, under the conditions in which the oxidation
reaction.is g@&rQ¥ﬁf 15 3. The procéss as clai med PRTEFRA&r00E86c! ai s
1 and 2, characterized in that the |ipophilic acidic conpound is chosen
fromthe group conprising aromatic, aliphatic, arylaliphatic or ,

al kyl aromati ¢ organi c conpounds. coffi%idgrat | east 6 carbon atoms. 20 4.
The process as clained in one of' the 25 preceding clainms, characterized in
that the weight percentage of |ipophilic acidic conpounds. in the liquid.
medi umis between 1% and 99%)b wei h% reIatEye.to the total weight of the
liquid medium 5. The processPaSCEraitttd FnocraPh FubsthbrbetePrzed in

that the ab i:aned wei reent. is _between. 109 d, .80% by
Wi ght. 6 SonteNERr 00T o B TREeS AssBaaEc Py TUALPAL SRESbiC he |
pr ecedi ngscl aj Cherl 1 .t j L Li i di.c_conpound
IS chosen5fr§¥?§ﬁgagggﬁg %%n%??g%ﬁ§°hﬁg§§ngﬁgrééggggﬁ%pg%ngfﬁgﬁc?ﬁ,

octanoi ¢ aci oi1gaek byl hexanek o6;ackdd: BANBYOLS %%&iz{jlg%aéﬁéﬁt aci d, |
undecanoi ¢ aci d, dodecanoi acid, stearic acid oct adécanoil ¢ acid) and
the pernmet hykomertigahigvasletiekeobxydenCt AGHEENEBHECLOH Cin aChgy Snd-di- tert
but yl benzoi c acid, 4-tert=butyl benzoic acid, .
of_the_copspitqents of the liquid medium'is an acidic
orgamnic cbmpound which is of'lipophilic nature. |
iO | 2. The procesé as claimed in claim 1,
éharacterized in that.the hydrocarbon to be oxidized is i_
at least partially miscible with the lipophilic acidic
"compound, under the‘conditioné in which the oxidation
reaction is carried‘dut.
15 3. The process as claimed in either of
claims 1 and 2, characterized in thét the lipophilic
acidic compound is chbsen from the group comprising
aromatic, aliphatic, érylaliphatic or alkylaromatic
organic compounds. comprising at least & carbon atoms.
20 | .'4.' “The process'as_claimed in one of the
preceding claims, chafacterized in that the weight
percentage of iipophiiic aqidic compdunds_in the liquid
medium is between 1% and 99% by weight relative to the
total weight of‘the liquid medium. |
25 5. The process as,claimed in ¢1aim 4,

characterized in that the abovementicdned weight

percentage is between 10% and 80% by wéight.



10 octyl benzoi.c acid, tert-butyl hydrogen o ttho-phthal ate, . naphthenic or
ant hraceni ¢ acids substituted with alkyl_  groups; prefer&Septemibar€004but yl
type, fatty acids and substituted phthalic acid derivatives. 7. The
process as clainmed in one of the 15 preceding clai+s, characterized in
that the oxidation is carried out in the presence of a catalyst. 8. The
process as claimed in claim7, char act éPi zed in that the catalyst is

soluble in the I|qU|d nedluntunder the conditions in which the 20

oxidation reaction is rr| out. 9. The process as clainmed in claim?7,
characteri zed in that t F§P°e§slﬁ?oF&BF@eﬁnlph@nelPéuﬁhenedluntunder'
the conditio | 1ms othatlgn reacti,on |s. carried out. 25. 10. The
process as. alne n c A5 o CREERSFEELEPF &R thatnkPet hePPRRALYSt is a
supported c I g r r-polyneric s ort. 8 Septenber
2004 .37 1.1. %#ﬁgM%%S% sﬁgg'c a%hg‘ gn%oﬁgl g éﬁouﬁr88@§$ﬁ§ 1BPai s,

char act er | zetheh@rld1d! othg OKLARLLER. beSaCapELalofHlabiql he presence of

aconpound chosen, fromthe famly conprisi-ng €S, ’hydroxylntde 5

conpounds san@-@hgggaaagaleoaegandﬁona301€h§c9aoca§éaﬁé g aLygd 1n claim
11, characterized in nitrile conpound acetonitrile and t he

abovenentlonaﬁd@&ﬁhemﬁdabSda 368088AcIFOREIAE SEELB; SONPLHSI NY
benzonitrile 10 13. The process as clained in claiml1l,
(octadecanocic acid) and the permethyl derlvatlves
thereof, ?jpctgdecylSuécinic acid, 2,5-di-tert-
butylbenzoic,acid, 4;tert4but¥ibepz§ic acid;.ﬁrj
10 octyibenzoic acid,'tért;butyl hydrogen ortho—phthalaté,t
' naphthenic. or anthracenic acids substituted with alkyl
groups, preferably ofitert—butyl type, fatty_acidé ahd
substituted phthalic acid derivatives. |

7. The procesé.as'claimed in one of the

15 preceding claims, characterized in that-ﬁhe oxidétion
is carried out in the presence of a catalyst. |

8. The process as claimed in'cléim 7,
characterized in that the catalyst is soiuble in the
liquid medium under the conditions in which the

. 20 oxidation reaction is carried out.

9. The process as claimed in claim 7,
characterlzed in that the catalyst is insoluble in ﬁhe
liquid medium under the conditions in which the |
oxidation reaction is carriéd_out; |

- 25 | 10. The process as claimed in‘glaiﬁ g9,
characterized in that the catalyst is a supportea

catalyst comprising a mineral or polymeric support.



characterized in that the abovenenti oned conpound is a hydroxyi m de
conpound ' chosen fromthe group conprising N hydroxysuccidrenieraber2984 N
hydr oxypht hal i mi de. 14. The process-as clained in claim11, 15
characterized in that the abovenenti oned conpound.is a hal ogenated conpound
chosen from the group conprising. cyclic_or acyclic fluoroaliphatic or
perfl uor.oal i phatic hydrocarbons and f$%or oaromati c hydr ocar bons, such as
perfl uorotol uene, perfluoronethylcycl ohexane, 20 perfl uorohexane, ,
per f | 'uor ohept ane, perfl yorooctane, perfluorononane , perfluorodecalin,

per f I uor omet hyl decal i ntta, ZPeaP¥PreFdorst 6LaéMedoinione of the :
bis(trifluorogethéLkbenEene"flgoro or gerfluoro esteﬁs such as al kyl -
per f I uor ooct BRSSESENENGIAI R SBATRTFEILFBRonRnbRREsthe PHERABEBPR per F | uor o

ket ones such,_a -fl-ugroacet pne, _fluoroal cohols or perfluoroal cohols
such as per%ﬁu%ﬁ%géégng ? %gsg%géﬁﬁ%?e§664° 8ap§??Pﬂﬁ?§oﬁ?%ﬁ%?;

per fluoronon , egfl woro : ‘o P
perfluoro-t-ggﬁgngF?pE%#Fg%rg?@%%?%%%%d?ltg%%es’ hydroxyimide

1, 11,3, 353 hewabliasouRaPhoPaRehas L4 uaLABL LAAL eS OF perfluoronitril es

such as perfluoroacetonitrile, fluoro 5 aci perfluoro acids such as

trifluoronet hyl benzoi c12aci fhe PER6@ES$1059DETZ DhEA Bk Ox1 P8 1107 ohexanoi ¢
acid, perfluoroheptanoic acid, perfluorooctanoic acid, perfluorohoxanoic

acid or perftharaatepizedcid, thadtiotife GibPeshdnol Snddl d&RSosue i A5
per fl uoroi odooct ane-and. 10 perfl uorobronooctanhe, fluoroam ne s or

per f | uor oam niétsi$actormpowed f ¢hoseat rfpsonpyhangneus , comprising _

perfluorotributyl aiaine or perfluorotripentylam ne. -15. The process as

clai med in oreebPniprileranddrenzeniinsle characterized in that the )
hydr ocar bon : : : _ _
1Q 13. The process as claimed in claim 11,

characterized in that the abovementioﬁed compound is a

hydroxyimide compound'chosen-from the-group éomprising

N-hydroxysuccinimide and N-hydroxyphthalimide. .

14.  ‘The process 'as claiméd in claim 11,

15 characterized in that the abovemenﬁioned compound is a
halogenated compound chosen from the group comprising
cyclic of acyclic fluorocaliphatic or perfluoroaliphatic
hydrocabensﬂénd-flﬁdfoa}omﬁtid-hydrocarbons! such as
perfluorotoluene, perfluoromethylcyclohexane,

20 .ﬁerfluorohexane,.perfluorohéptane, pérfluorodctane,
perfluordnonane, perfluorodecélin,
perfluoromethyldecalin, a,a,a—trifluorotoluehe or 1,3-
bis(trifluoroméﬁhyl)benzene; fluoro or pérfluoro:esters
such as alkyl pe;flubroéctanoateé and alkyl

25 perfluorononéﬁoates; fluoro or perfluoro ketones'such

as perfluorocacetone, fluoroalcohols or

perfluoroalcohols such as perfluorchexanol -



15 to be oxidized is chosen fromthe group conprising cycl ohexane and "~
cycl ododecane. 16 The process as clained in claim15, cBapeptensber2884n
that the acid produced is adipic acid or dodecanedioic acid. 20 17. The
process as clainmed in one of the preceding clains,-.characterized in that,
after oxidation, the phases of the liquid nmediumare separated by settling
into. at |east one organic phase f ormed3By the unoxi di zed hydrocarbon, the
|'i pophilic 25 acidic conpound, the said organic phases being recycled
REPLACEMENT  SHEET (‘RULE 26) 8 Septenber 2004 39 into_a further oxidation
and the aci dPSEXLPREPEGERREN t REY fhynEensnpRade. Pesiluchodacarplzed 5
aqueous phase 1 9, 17'gnd 18, recycled with produced being The process as
clai med in cPSFATEPTOr f~PHERNPhe BEFGINSTRXFPREPRANPLOPT the by -
crystallization. ,The progcess_as clainmed in one iﬂclains . Characterized in
that the cat %r;}s%'?s:”'%h@%ﬁﬁiﬁ?ﬁ%%é%’é?@?‘?"go,g %r?)?b‘é’é%ie%so’élai med in
one of claim %g é? 1{,-¢ 1 haracterized in hat'thg catal yst is
separated fr ﬁf _8 P&u?5§§§3i§%$§yg%e%%F% YOh°d e%%%ltﬁh %ES£€ Rttling
or by solisd/ Lpgekdoseparaitiflo acids such as trifluoromethylbenzoic
acid, pentafluorobenzoic acid, perfluorchexanoic acid,
perfluoroheptanoic acid, perfluorooctanoic acid,
perfluorononanoic acid or perfluorocadipic acid, fluoro
or perfluoro halides such as perfluoroiodooctane -and
10 perfluorobromooctane, fluorocamines or perfluoroamines
such as perfluorotripropylamine, perfluorotributylamine
or_perfluorotripentylaﬁine. |
15. The process as claimed in one of the
preceding claims, characterized in that the hydrocarbon
15 to be oxidized is chosen from the group comprising
cyclohexane and cyclododecane. |
16. The process as claimed in claim 15,
'characterized in that the acid produced is adipic acid
or dodecanedioic acid. |
20 17. The process as claimed in one of the
preceding claims, characterized in that, after
oxidation, the ﬁhases-bf the liquid medium are
separated by settling into at 1eaét one organic phase

formed by the unoxidized hydrocarbon, the lipophilic

25 acidic compouhd, the said organic phases being recycled

REPLACEMENT SHEET (RULE 26)



21 The process as claimed in either of clains 17 and 18, characterized in
t hat thepcatalyst 15 which is soluble in the agueous phé%%ﬂ?gma%ﬁgﬁﬁted by
liquid/liquid extraction, separation on resins or by electrodialysis. 22.
The process as cl ai ned in one of the preceding clains,, characterized.i-n
that the catal yst 20 conprises cobalt gg catalytically active el enent.
REPLACENENT SHEET (RULE 26)

.into a further‘oiidetion.and the acid produced being -
extracted from the aqueous phase.
18. The process as claimed in claim 17,
characterized in that the acid is extracted from the
‘5 agqueous phase by crystallization.
19. ‘The process'as claimed in one of claims
9, 17 end 18, characterized in thet the catalyst is
‘recycled w1th the organlc phase(s).
| 20. The process as clalmed in one of clalms
iO 10, i? and 18, characterlzed in that the catalyst is
separated from the liquid medlum by separation of the
phases by settllng or- by solid/liquid separation.
21. The process as c¢laimed in either of
claims 17 and 18, characterized in that the catalyst
15 which is soluble in the-aqueous phase is extracted by
iiquid/liquid extraction, separation on resins or by
electrodialysis.
22. The process as claimed in one cf the
preceding claims, chafacterized,in'that the-catalyst-

20 comprises cobalt as catalytically active element

REPLACEMENT SHEET (RULE 26)



