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%y%rocarbons to acids or polyac1ds.
Further disclosed herein is the oxidation, with an

oxidizing agent containing molecular oxygen, of cyclohexane

to adipic acid.

T - S
| ‘The okidation-of cyclbhexane to adipic acid
is a process which has 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 - Thé 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.pub1ished in
December 1940 diséloseS‘thé oxidation of cyciié

25 hydrocarbéns:to.fhéAcorrespoﬁding:diacids{ iﬁ alliquid

phase generaily compfising acetic acid,‘at a

temperature of at least 60°C, using a gas containing
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HYDROCARBONS TO ACI DS Di sc¢l osed herein is a process for oxidizing
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agent containi ng nol ecul ar oxygen, of cycl ohexane
. _ process for the direct oxidation of cyclohexane.

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-A-0 519'569.

| The choice of solvent, oamely acetic acid, is
oan_important charaoteristic for obtaining an acceptable_
- 25 . degree of convérsion of cyclohexéne andran acceptable
| production of adipic acid. The use of such a solvent-

has many drawbacks brought about, for example, by its



to adipic acid. 10 The -oxidation- of cyclohexane to adipic acid is a
process which has bee n studied for many years. Specifi &aP3pjembefi380d aci d
is an inmportant chem cal conpound used as a starting material in nmany 15
manuf act ures, such as the production of polyners, for instance polyam des,
pol yesters or pol yurethanes. Several processes for manufacturing adipic
acid from hydrocarbons such as benzene, phenol, cyclohexene and

cycl ohexane have been proposed 20 - The oxidati on of cycl ohéxane either
directly or in two steps are the routes that are nobst advantageous for
produci ng adiqsimrosdive nEtuse patdert tHS A<tp223t49% puld ipthedura Decenber
1940. di scl oses the oxidati-on of cyclic 25 hydrocarbons to the

cor r espondi nFoHdEEIPRS used.| Fyaitherpivase ghrenald yfcelfs Solgeaget i ¢ aci d,
at a tenperature of at |least 60C, using a gas containing 8 Septenber 2004 -
2 oxygen andBOFSShESsYePERbd e dproxiheasitepsc afalspphrasink astaaqgbal t
conmpound. Many other, patents and articles disclose this reaction for the

di r ect - oxi datFoha6E18¢c thfe REA®1ICoacAdi preduced. andwéver then order to
obtain yi%]d§_thag.are ccept.abl e for the production of adipic acid, these

docunent s “di SEFESe e Cds &G CHEeFPEPRERESas sol vent,. in the presence

ei ther of a honobgeneou catal .or.of _a heterogenegus catal yst. Mention
may be nade, by way 10§8Fcﬁﬁﬁﬁéiﬁ¥tiéﬂ,tBF PRESSRERCPE PEBFisheaidn the

Ul | Cheskeel” e sHSLEE0cLoRRbRIREL A0 Yhogl P HLERHAI o o
CyC|Ohexane-reactipn_mgdium‘the compounds obtained as by-products
' of the oxidation such as the cyclohexanoﬁe and
iO lcycléhexanél fofmed. | |
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.



Mention may al so be nmade of patents US-A-3 231 608, 15 US-A-4 032 ‘569,
"US-A-4 158 73 [l acuna], US-A-4 263 453 -‘and US-A-5 321 157Septempern 2094

EP- A-0 870 751 which disclose various honbgeneous catal ytic systens.
Processes have al so been proposed for the direct oxidation of cycl ohexane
in the presence of a 20 heterogeneous catal yst such as al um nophosphat es
substituted, with cobalt, for instance in European patent No. EP-A-0 519
569. The choice of solvent, nanely acetid acid, is an i nport ant
characteristic for obtaining an acceptable 25 degree of conversion of

cycl ohexane and an acagptﬁgke producti on of adipic_acid. The use of such a
sol vent has many dr awga®t -SFoﬁghPraﬁﬁﬁ§?sfBﬁvgx%ﬁﬁPe?eﬁy‘P¥§P8$€@ptenber

''2004 3 corrogive,pature under the tenperature. and pressure_ conditions
‘used. Furthe?ﬁ%rggetﬁgeﬁ§ge8fofﬁ§§t§gﬁv8 t CYShoR gﬂ%nEOp?ébPéﬁs for the

- steps of se i . eXx ctiong the adipic i d produced and for
thep recyclPﬁéﬁgfQgggygﬁgﬁg%ﬁgoéégg%cS%%%?fi@%?%y?fiﬁh?ﬂgpﬁ?%%%%ce of
et ST ArI s , _ C o
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such as the ﬁuﬂeh@xaa@geaﬁ@dperégnﬁa&'@fﬁ%asf@iv%{eé By | L addition, the

- extraction of adipic acid by ~crystallization and its purification-are nade
difficult beesgysgitheseetd, Spbubihétaned ddisamed dius Nigheys a17,25C in
‘acetic acid and lower at 80C in acetic acid 15 than in mater.'#%é
- separ ati on andetesgclVserel 8% cdmgencotshaiod alfest s algo difficult in
the presence -of acetic acid. Specifically, firstly, recycling the
, butanol, methanol or cyclohexanol, or acetonitrile

(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 '



catal yst w t hout extractlng it does not nmake it 20 possible to maintain a
sufficient catalytic activity, and secondly, the oper at iorptéraper 2004
"separating out the catalyst before recycling as disclosed in particular
in French patents Nos. 2 722 783 and 2 746 671 are conplex and expensive.
25 Furthernore, this solvent demands the inplenentation of a difficult and
expensi ve dehydration ‘of the reaction nedium 8 Septenber 2004 4 A nunber
of processes have al so been proposed fof the one-step oxidation of :
cycl ohexane to-adipic acid wthout using acetic acid. Sone of them propose
carrying out this reaction in the .absence of' solvents, 5 mhlle others are

performed wi tli fald @RS US) a8 o9k danie % ; acetates
(US--A-4.098 817), acetong@(US-K-Z 589 64 hi Cgﬁ%g%%ﬁh for instance

“but anol , ﬁEth&ﬂ@cuabxcwﬁkgbﬁxa&ﬁhra@ter@%@ﬁoEhtEhh@ oﬁgpoé @n&84 045) _
.~ These -processes generally lead to very low selectivities towards adeIC

aci d. Moreoveonsthieusaiteents theelignédumaailon 95 havwastabi! biyagpder the
conditions for oxidizing the hydrocarbon such as cyclohexane. This | ow
‘stability resehpgund Whdcheis 16 ddpsphptiomastirehe sol vent, whi ch nmakes such
_processes _unexploitable. 20 25 One enbodinment may relate to a process for
t he- onefétep oXi dati on of hydrocarbons to produce acids or polyacids, in
a mediumwhich is liquid under the conditions of the oxidation reaction
-and which may allow a separation of the acid produced and a recycling in
Part'_CUIaT of the Another embodiment may be the lipophilic acidic
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 oxidized 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
least one hombgenéous ;iqﬁid phaseiéomprising 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.



catal yst by sinple operations. In one aspect of the invention, there is a
process for oxidizing substituted or unsubstituted, sat &r3apéemberi2084tic or
cycl oal i phati ¢ hydrocarbons or alkylaromatic hydrocarbons to acids or
polyacids in a 8 Septenber 2004 .5 liquid nedium by_an oxidizi ng agent
conprising nolecular oxygen, characterized in that one of the .
constituents of .the liquid nmedium'is angacidic organic conpound which is
of lipophilic- nature. Another enbodi nent nmay be the lipophilic acidic '
conpound which may form under the tenperature and- pressure conditions of
the oxidation reaction,The dxqastscimn tomeencaois ddouicbmhmss With the
hydrocarbon(s) to be 10 oxidized- Thus, the |ipophilic acidic conpound may
advant ageous|Whih aits | suistalpar ticyt |theriigoidyite om 't nddres dvaiizagar,bon(s) to
be oxidized under the tenperature and pressure conditions used to carry
out the oxi déttdhateliot sy lalsiphed iox pire sdikyl dramd teas tongatsical |y ni sci bl e”
means that,. under the conditions of the oxidation reaction, the solubility
of one conpouﬁ?d“ﬁ%l}cf‘?e PRI SR @Y eststyte mpaoorhat oass, byhieihghty and in
that at |egast _one honogenequs l.iquid phase conprising at- |east 20 sone
of the hydlfocéaornf?érr?‘ss% oseg?rdagli ﬁ“%@gcaﬁdm&ftltoﬁ’@ BEyso piiiicahc axel @fcdmpound i s
formed. 25 yf,arr ed _enbaedi nment may.be that the _mscibility between
t he hydrocafﬁ%ﬁR%ﬁagfﬁéqﬁ PO & - Sei FRC¥ORBIENE. SOAYELLERY €6nditions in
which the.in j i j .out, _these two conpounds may forma single
honogeneous ?{L:%ég]_;tlﬁ g%&&ggg%aéysg%ﬂg%eratt2682m6\é%me?a%pre ]

' (10°C-30°C) . - ‘

| ﬁowever, it-is possible, withéﬁt deparﬁing
10 from the cbntexf of the invention, to use orgénic
compounds Whose-sdlubility~in water is greaﬁer than
'that.indicated above if the cpefficient.of partifion of
_this compound between the organic phase(s) of the-
;eactionAmedium which consist essentiélly of the -
15 hydrocarbon to be oxidized, the oxidation intermediates
- and the ndn—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 thaﬁ"io% by"
20 weight. |
Lipophiliclorganiq compounds which may be
‘mentioned, for'exaﬁple, are hexanoic acid, heptanoic
acid, octanoic acid, 2—ethy1hexan§ic acid, nonanoic
acid, decanoic 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),



The expression "lipophilic acid conpound which is suitable for the
“invention" means aromatic, aliphatic, arylaliphatic or & RSniemberddd
organi ¢ compounds conprising at |east 6 carbon 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 o

- (10C-30C). However, it is possible, withput departing 10 fromthe context
of the invention, to use organic conpounds whose solubility in water is
greater than that indicated above if the coefficient-of partition of this

cocontial Iy o TR 8 Safssat bhdabraaein

i ntermedi at eg,.;and 4.he. non- i ¢ phase.conprising.the water .formed -
" during the oi?ﬁg?ié%qﬁggb??ﬁﬁgﬁgkggagtggégégglQCFXngﬂngﬁ 8%Gncent rati on

of the Iipo&@ﬁd4hﬁ5ga@%@r% 0 LN .§al UE ‘phase of |ess than
10% by 20 wei ght. Lipop iIi%%%kgggﬁg-gggggaﬁggfwﬂ?gﬁgﬁéyggegrnentioned,

for exanpl e; aan@uleenicl @cadsdsubeptenees wathda1Retagehapaci d, .
- 2-ethyl.hexanoic acid, nonanoic acid, decanoic acid, unhdecanoic acid,

dodecanoi & agir¢fe2Bbiyealfi terei-tbutott agpeansibsactdteangnthgy i per net hyl
derivatives thereof (total substitution of the hydrogen atonms of the
met hyl ene gr 6gpd @Werhvastings, gandpSptrtd Septeabesu@A04s Tfatty acid
2-oct adecyl succinic. acid, 2,5-di-tert-butyl benzoic - acid.,
4-t ent - but y| BéRe&i-cMgptdonimgrt glbenkei wadei df aeids bie Ybndiy ogen
ortho—phthalake, napht heni c or anthracenic acids-substituted with al kyl
groups, . . the abpve_ﬁamllleS'and bearing various electron- -

' rdonatinQVSubStituents (groups contéiniggfafhetero atoﬁV

10 such as O or N) or electron-withdrawing substituents
{halogens, sulfonimides, 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_i and 1 000. B

20 The conéenération of lipophilic-acidic
compound‘in‘the‘liqgid o#idation medium may vary within i
a wide range. Thus, it may be between 1% and 99% by
weightrrelatiye to £he toﬁal‘weiéht bf-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



5 preferably. of tert-butyl type,. substituted phthalic acid derivatives,
-and fatty diacids such as fatty acid diner..Mention ndySopteaba@0fdde of
acids belonging to the above famlies-and bearing various electron-, -
donating substituents (groups containi4g a- heterog atom 10 such as O or
N) or electron-w thdrawi ng substituents (hal ogens, sulfonanides, nitro or
sul fonato groups or the like). 15 Yet agother enbodi nent may be the o
concentration of |ipophilic acidic conpound in the reaction nedi um may be
determined so as to obtain a nolar ratio between the nunber of noles of '
li pophilic acididind edmpamarberirofcomiamtdfonetialh feiorhee apeahal yst of .
between 0.5 and 100 000 and preferably between 1 and 1 000. 20 The
concentr at i oivhgfch [nigyo Rneciadivliiave ainpefifedtn ofhemprgwtiggoxhdat i on
medi um may vary wWithin a wde range. Thus, it may be between 1% and 99% by
vei ght rel at RFOGE iR &ftfdicigsightanst/ crhghiel geilectivdicymodndheor e
advant ageousl. it,ney be between 10% 25 and 80% by wei ght.of. the liquid
medi um |t AEEN FOTddE sredatiitmokeo adamici Bgifl oandt he context of -
the inventdon, tq use the lipophilic 8 Septenber 2004 aci dic conponent in
conbi nat i ogn R Ao efer or?ﬁ&fﬁc}chlﬁ’fnﬂWé‘?ﬁeci ally have the effect of
i nprovi ng the producti eijcie cy -and/or the selectjivity of the reaction
for the oxidation to adipre aci & éH&%fﬁogppﬁﬁﬁﬁiHhPah PA¥ Bfssolution of -
oxygen.. Exa f h which. be - tioned,in particular
are 'nitrileg%%%ﬁf nggganqu%g%%%uﬁag.néggxﬁgﬁo ggﬁﬁﬁﬁﬁﬂgfdﬁnre '
advant ageous lkpmpbluheiso d o] re nore 10
particularly suf%ablg;gﬁgg??g% %gy gﬁﬁ%@eﬂggén%?§| §%9?°“Sfy
S fluoro compounds. As compounds that are more

10 particulariy suitable, mention may be made of-nitfiles,
-for instance acetonitrile or benzénitrile,uimides
'.belonging to the family disclosed in pateﬂﬁ appiication
EP-A—O 824 562, and more,particularly N-hydraxy—
succinimide (NHS) or N-hydroxyphthalimide (NHPI),
15 ha;ogenated-derivatives such as dichloromethane, fluoro
compounds such as: | |
- cyclic or acyclic fluoroaliphatic_qr
perf1uoroaliphatiéfhydrocarbons.and
fluorbaromatic hydrocarboﬁé,-such és
- 20 perfiubrotoluene, perfiuoggﬁethyicyclbhexaneL
perfludrohéxane,'perfluoroheptane,,
perfluoréqctahe, perfluoronohané,.
perfluorodecalin, perfluoromethyldecalin,
o, &, a-trifluorotoluene or i;B-bis- |

25 . (trifluoromethyl)benzene;



for instance acetonitrile or benzonitrile, imdes beloggln to.the famly
disclosed in patent application EP-A-0 824 962, and nor %g?mP@UKQﬂIy

N- hydroxy- succinimde (NHS) or-N hydroxyphthalimde. (NHPI), 15

hal ogenat ed derivatives such as dichl oronethane, fluoro conpounds such
as.: cyclic or acyclic fluoroaliphatic or per fl uor oal i phati c- hydr ocar bon$
and fluoroaromatic hydrocarbons, such ag .20 perfluorotol uene ,

per fl uoronet hyl cycl ohexane , perfluorohexane, ' perfl uoroheptane ,

perfl uorooctane, perfluorononane ,  perfluorodecalin; :

per f 1 uor onet hyl decal i n,fluwrca,omferiflumaroteaitiess wichl a¥ Rils,125
(tri-fluoronet hyl)benzene; 8 Septenber 2004 5 fluoro. or perfluoro esters
such as al kyl perf| uorRssdilavesicss save talsk wind pdikiiluor ononanoat es; fl uoro
or perfluoro ketones such as perfl uoroacetone , - fluoroal cohols or

per f | uor oal cohol s such P& flyeronesmesieestsscl , perfl uor ooct anol,

per f I uorononanol p erfJ.uorodecanol, 10 15 perfluoro t- butanol

., per fi.uor oi sopr opanol fdHOTP, Pr1 PErElvckex kereses. sushopanol

fluoronitrdles or p erflu%ronltrlles such. as perfluoroacetonltrile

fluoro acids-or perflu&™s 88F8§C§Geﬁeas trifluoronethyl benzoi ¢ aci d,

pen?afluorobenZOFQ aCigq 0B84 HpEOhgéaBg%%luoroalcohols such as

perfluorohexanol, perfluorooctanol,
Qerf;uorononénol, perfluorodécanol,
‘ perfluoroft;butanol,_perfluoroisoprppanol or
10 o 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,
-, fluoro 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



acid, perfluoroheptanoic acid, perfluorooctanoic acid,

perfluorononanoic acid or perfluoroadipic acid, fluoro Sobepenbendild
hal i des such as 20 perfl uoroi odooctan e and perfl uorobronpoctane,

fl uoroam nes or perfluoroam nes such as perfluorotripropylam ne, "
perfluorotri- butylam ne or perfluorotripentylamne: The,oxidation is

. generally carried.out in the 25'presencioof a catalyst. This catal yst _
advant ageously ' conprises a netal elenment chosen fromthe group conprising
Cu, Ag, Au, My, Ca, Sr, Ba, Zn, Cd, Hg, A, 8 Septenber 2004 10 ..Sc , In,

T, Y, G He Zy My, v.SNe:Pb., V, No, Ja, . O, M., . M1, Tc, Re,
Fe, Ru, Os, Co. Rh' Irl,’ I$eGI§d B, FantBan® éssguclrﬁpbasVCel‘]ﬂidTéonbi nations .
~thereof. These off alwt g, elgierts e ysedogithar in 5.the formof -
conpounds that -are advantagedugly af“|g§§FO§paF?raFﬁy ggrugFé_'ﬁfphe'

| quid oxi datiton medin#miRECEuchNas edhl e Rathboll the exirdation
reaction is carried out (honogeneous catalysis),. or are supported on,
~absorbed or bound to arrheser casuppetitc sueheatslOrsi Lkea akrabynipa, for

~exanpl e (heterogeneous catalysis). The catalyst is preferably, especially
under theé céidi tficoms oifn cohipohntise thxitdarcondreackbebuksy &artbgdiout: 15 -
either soluble in the hydrocarbon to be oxidized, or soluble in the
| i pophi | i c a®edité addipsgdableoinsshebleéqindt heidytionambanihi pagst! ic
acidic conmpound m xture formng a liquid 20 ‘
_ the.cqndltions in which the oxidation reaction is
carried'qpp'{hqmoggneous catalysis),'or afe‘Supported
on, absorbed or bouﬁd to aﬁrinert support'sﬁch-as
iO _siliéa or'alumiﬁa, for example (heterogeheous.
catalysis). |
The catalysﬁ islbreférably, especially'undef
the'conditions in which‘the oxidaﬁion reaction is‘
carried out:. | | |
15 - either soiuble in tﬁe hydrocarbon to be
gxidized,
- or soiuble in the lipophilic acidic compound;
- oxr soluble‘in the hYdrocarbon/lip&philic
_acidicicqmpound ﬁixtnre formingia liquid
20 _ phase which is homogeneoﬁs ﬁnder 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.



.25 phase which is hoaneneous under the <conditions in which the reaction
is carried out. According to one preferred enbodi nent tHeSeplamhes2304used
may be soluble in one of these nedia at room tenperature or at the
-tenperature at which these nedia may be recycled into a further oxidation.
-8 Septenber 2004 11 The term "sol ubl e" neans that the catalyst is at |east
partially' soluble in the mediumunder .-consideration. In the case of a
het erogeneous catal ysis,, the 5 catalytically active netal elenents are
supported on or-incorporated into a nicroporous or nesoporous m neral

matrix or into a polymeg, gt rix . .cgolq{bel i.n ”E—m QK mt?fth%ag:ar’\:grnlgﬁt al | | c

conplexes grafted onto ‘an organi c-or mneral

"1 ncor por at ed nRA: e ey 10 B mstm Glemel uBgdhe support or

that the process is perforned ™w th conplexes that are erlcally trapped

in porous strdeddirRs-atdr@der the. conditions of the' oxidation 15 One
preferred embodi nent may be the honpgeneous. or het er ogeneous cat al yst

‘consisting of salts or monpleexeseobmat akscirbgenabadPsak Yl Lhhe Ti,. group),
Vb (the V group), VI1b (the Cr group), Vilb (the M group), Vi1l (the |
group of Fe @ﬁﬂ@iymldﬂlﬂyaa@tlbh.mémh& Gue@ehuﬁ)arénduppbkEGH ghopg or as a
m xture. 20 The preferred elenents are, in particular,-Co and/or M _
-and/ or Cr andfgorporaged @@t@nd/macZDppousTbe mesopepbuat ndheehnetal in
t he I|qU|d oxi dati on nedi um ranges between 0'.00001% and 5% (% by wei ght)
and - matrlx o 1nto 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



preferably between 0.001% and 2% 25 The invention applies nore

‘particularly to the oxidation of cycloaliphatic conmpoundsd Sepiamher 2004

Sept enber 2004 12 cycl ohexane and cycl ododecane to the corresponding

.linear-diacids,, adipic acid and dodecanoic acid. Another preferred

enbodi nent nay relate to the direct oxidation of 5-cycl ohexane to adipic

-acid, by a gas containing oxygen, in a lLiquid-mediumand in the presence of

—-a catalyst. The catalyst preferentLaII}2conprises cobalt. The oxidation

" reaction is carried out at a -tenperature of between 50C and 2' 00C and
referably .10 _between 70C and_180C It may be carried out, at atnospheric

_‘Bressure.-Fb%évgfﬁu?ggﬁ% : Iqxf%EgpgﬁgénSUFouﬁB@rCBF€§§QP§dFﬁg order to.

keep the congpnentsépf the reaction nﬁgiuglin'liguid form-'The-pressure

may be bet ween T KPA IF L b A PATd 258 F0 68 KPRIESFHOBSr RCaAd 15 preferably

- between 100 KPa (1 bar) and 10 000 KPa (100 bar). The oxygen used nay be

inpure formor as a A'REA%e RFEReEPd nerbodjdensucmas Iailetogd® othe

helium- Ar whiéebr IS iREERIof €SS enriched with oxygen nay al so 20 be
used. The anobunt of oxygen fed into the mediumis advantageously between 1

and 1 000 5lcyRabhEeeoto GATPOUNdS k0 BE Qxi_qgiszggntghéiﬂéi&%g on process

-may be performed continuously or accordinhg to a batchw se pro_%s%f The 25
liquid reactiionamediquind geviog bHE 1heBRLOprbSeAdNagE ageoysly, LLeated

: according to known processes for, firstly, separating out and recovering
the acid 8 S&b&emb£312@ﬁ4preferentially comprises cobalt.
| | _ 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-



13 produced and, secondly, recycling the unoxidized or .partially oxidized
organi ¢ conpounds such as cycl ohexane, cycl ohexanol andBorerigrebesZ&4none,
the . catalyst and the l|ipophilic acidic conpound. 5 The anmount of catal yst,
expressed as a percentage by weight of cobalt relative to the reaction

m xture, is generally between 0.00001% and 5% and preferably between
0.001% and 2% without these values. béBng critical. However, it is a
matter of having a 10 sufficient activity while at the sanme tinme not using
excessively large anpunts of a catalyst which nust then be separated from
the ' finaIVgﬁgéﬂﬁeénaﬁﬁxt§ﬁ€0§ﬁéy'ré@FNbddng Bbei deexddbakt], okhe catal yst-
may al so 15 conpr,i ot her_ conpounds based on netal s chosen from the. group
conpri sing nﬁﬁ%&ﬁ@i@? OSpPéredcerpamic ¢arReBas sbebrasm  zi rconi um and
haf nium or a _conbination of sope of these elenents, It is advantageous al so
to use a conpsdnd efﬁnﬁhiEHciﬁggF§P8§ BRE/8%i G¥Cil6RexpBABEI oRhesuch as, for

cxamle. & KeLang gt aaalfehyds,, o1l oheranone, i chols @ Teact on
0% 25 by i ght. 1ol at TS FHOPRE 61 BRESGYoEheoPRRECRBH “hi %t ure used,
especi al |y useror g aenPL Rero g 0t | Shht e RE e art "o He R Wt on and
when t he. OXhlﬁlﬁE{iQ@,i§SC§éﬁé§Ql9§'tbéﬁw;@eﬁeﬁrpﬁ@@@i'%eaili)&l§¥V 2eC. It may be
introduced fromthe start of the reaction. The oxidation may also be
Carrfed_Qut‘bﬂefbﬁab}y;between 0.001% and 2%,rwithout these values.
'béing'critical. However, it is a matter of having a
iO sufficient'aéfiéity while at thersame time not using
excessively large amounts of a catalyst which must then
be separated from the'final‘reaétion ﬁixturé.and
recycled.
Besides cobalt, the catalyst may also
15 comprise other compounds based on metals chosen from
the group comprising ménganese, copper, cerium,
vanadium, chromigm, zirconium‘aﬁd hafnium or a
cémﬁination 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 readtion.intermédiate'iﬁ‘the case of the oxidation
-of cyclohexane, is most particulafly'indiéated.
Gene;ally, the initiator-represeﬁts from O;OI%Vto 20%
25 by ﬁeight relative to the weiéht of the reaction

mixture used, without these proportions having a

critical wvalue. The initiator is especially useful



5 presence of water introduced fromthe initial stage of the process. As
indicated. above, the reaction nmixture obtained after. @rﬁen&s«n@%rtmﬁ is
subj ected to various operations to separate out some of its constituents in
.10 order, for exanple, to. allow themto be recycled into the oxidation
and to allow the acids produced to be recovered. According to a first
variant of the process, the crude reactli4on mixture is first subjected to-
15 cooling to a tenperature of from16C to 30C, for exanple, which- brlngs
about crystallization of at least some of the acid forned. A nediumis . o
thus obt ai nedUITHMprike farts ot d-hgh sl dedrigins tand wesertdieal |y of acid, at

| east one-, lltfg’“ogﬁ or(g_gm c phase essentially 20 containing the unreacted
conpound to ¢S Ca&b@sqdol%llttr?é'- 1§ gepmanaturge bdgilowcd2Psand and t he

oxXi (cjiatl on i ntftdnr'gcri%a}% es. (.or %‘fc\g%% %ﬂl oﬁt%slecfﬁ H‘}%;ggéltlagglphl I'i ¢
aci di ¢ conmpoun ow
tenperature) and a i q d ous ase essential l,y .cont ai ni acidic
oxi dation by-products and%t;"'r‘iL “%g r‘?g'rf %%Cé&tf& Puﬁaﬁl‘nbégB

Sept enber 20 Adk Y f I p ses oluble in the -
sai d phase, %?]Sn% the ov\% egé%&%&%?&"%ﬁ Q:a r l1nilltf"§‘rSL AG2gefodr

centrifugi ng dee pgqjdéjjs the organic. and aqueous | i qui d phases consisting 5
of the filtrate or the centrifugate-are separated by settling, if need be:

the organic phase(s) maw bedicerkel Gl 0 chel WChBES oL, p0 reaction. Tt -
may be; advantageous, prior to.the operation to crystal e acid, to.
carry out a OH&aMMG@EmEt&&IQheOBxhﬁgtﬁéﬁCEBOBuﬁbéEHé@ to various
‘operations to separate out some of its constltuents in
'iQ order, for_example, 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 _eooling'to a temperature of from 16°C-to 30°c, for
example,‘which~brings about crystallization of at least
- some of the acid formed. A medium is thue obtained
comprlslng a solid phase consisting essentlally of
acid, at least one: 11qu1d organic phase essentlally :
20'-conta1n1ng the unreacted compound to be oxidized,
p0531bly the. llpOphlllC acidic compound and the
oxidation 1ntermed1ates (or several organic phases if
the lipophilic acidic compound and the hydrocarbon are
not fully miscible at lOw_temperature) and a liquid
- 25 aqueous phase essentially containihg acidic oxidation

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



Accordlng to a second variant of the process, the final crude reaction
mxture may be renmoved while hot., for exanple at a tenpdr3aniembeiti0fh may
be up to 75C. The reaction m xture then separates by settling 15. into at
| east two |iquid phases: one or nore organic phases essentially containing
the wunreacted hydrocarbon, the |Ip0phI|IC aci di ¢ compound .and t he
oxidation‘internedlates and an aqueousiPi qui d phase essentially
‘containiri:g : .the acids forned and the water 20 formed.” Depending on the
solubility and natur% t he - catal it may be present in the organic
phase(s), ré&folEFed by SorFEPFGuP! a§§5a#£tFﬁnlﬁeﬁeieblprenlphEatlon or
crystalllzatlggdpgh%he acid. forggd in the case of a heterogeneous

catal ysi s Ps 95 4B & elPWthéqHﬁﬁeﬁug BRBse, . it maybe extracted
DY ol LU,/ 00 ext 1 AStiane 90t egbn Pt o sctiofal ysio, 8 Sept e
Ceaction I n ihoes shpoarnantt TRH BRneBERY T Eiq et %”%%%ﬁ?@honmy
Consoquant Ty Carhe E2108aa, 8SEAL) hp Bl PRI Oond KGR RIPSC P

| i qui d phasesetebiaghi N héédvﬁéertﬁgr%{@%ﬁ%g@g y)prbeproduct s 10 and
récyc

the catalyst, the lipophilic acidic.conmpound: ra |I"ed into- the
oxi dati on steecwclédt hetbydr paathen oﬂ&&éﬂh&ﬁﬁ%éﬁﬁtiﬁﬁﬂﬂ oxi di zed and the

oxidation internmediates. Morreover, if the lipophili-c acidic conpound 15
is solid in.one phase Bt ma:eabeeanﬂvmitagi‘seaﬂsaaqmm msedmgn it wll be
advantageously separated out and
operation to crystallize the acigd, to carry out a
10 coneentratlon of the reaction mixture.
'According to a second variaﬁt of the process,
the final crude reaction mixture may be removed while
hot, for example at a temperaturelwhich may be up to
75°C. The reactlon mlxture then separates by settllng‘
15 into at 1east two liqguid phases: one or more organic
phases essentially contalning the unreacted
' hydrocarbon, the 1ipophilic acidic compound-and the
oxidation intermediates, and an aqueoes liquid phase
essentiaily'centainiﬁg:the:acids:formed.and the water
20 formedi Depending on the solubility and nature of the
catalyst, it may be present in the organic phase(s),
- recovered by solid/liquid separaticﬂ before
: prec1p1tat10n or crystalllzatlon of the acid formed in
the case of -a heterogeneous cataly51s, or, if it is

25 soluble in the agueous phase, it may be extracted by

liquid/liguid extraction, on resin or electrodialysis.



-recovered by carrying out solid/liquid separation processes either before
treating the reaction mediumto recover the acid producddSeriempendPOdhe
acid produced. 20 In this latter case, the acid produced may be recovered
by extraction with water. In.these. enbodi nrent exanples, water may be added -
to - the reaction mediumin order to obtain better dissolution of the acidic
25. oxi dation by-products- and better recavery of the acid fornmed. .- 8
. Septenber 2004 | 17 The acid is general I'y recovered .by precipitation
during the cooling. of the reaction nedlun1 ‘The aC|d thus recovered may . be

purified according to gHE sclos i N, NuUNer ous atents.
Mention may be nade, fo&tﬁ%r%fg ?‘éagzt:lharbate %njr\fo %%9 and 2~
749 300. |f thes noksOF Hadk Mg ins_the catalyst,
this catalyst is extracted )gl ther be orﬂé{égk%/%ﬂhlaé%}fl%én?o)f I?%eiéecl d-

forned by 10 féé¥&1&dfﬂﬂﬂ61é"f&?@ﬂéﬁ*dﬁ¥&é%¥3ﬂ“¥é&btfdh"”0““ processes
such as liquid/liquid extraction, electrodialysis or treatment on .

-i on- exchange resi ns, flﬂ'ﬁﬁgggﬂémbdaiﬁgd@g Qﬂ%§ﬁ§ﬂdﬁﬁ¥lfy1égléﬁ@ aci-d
-formed by extraction techni ques described above or the 't ke.” O her

advant ages> ancbmshaid sasefd t he i nvention wll energe. nDre clearly in the
light of the exanples below, which are given purely for indicative -and
~illustrative ﬁayd@§é§mt2@nEﬁawpKé‘for@$epaﬁaﬁeohl@ﬁ depaht(df) 3,5-di-tert

Tbutylbenzoate
the organic phase(s) Consequently, after separating
- out the éc%d ermed_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 oxidation step w1th the hydrocarbon
which has not been ox1dlzed and the oxldatlon_
1ntermed1atesi
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
recovered by carrying out solid/liquid separatioﬁ
processes either before treating ‘the reaction medium to
recover the acid produced, or with the acid produced
20 In this latter case, the acid produced may be recovered
by extraction with water
In these embodiment examples
water may be added to the reaction medium in
order to obtain better dissolution of the acidic
25 oxidation by-products and better recovery of the acid

formed



2.42 g (10.3 mol ) of 3.,5-di-tert butyl benzoic acid are dissolved in 60 m
of cycl ohexane ~at roomtenperature (col orless sol ution).83eptemaberaogn, 25
an aqueous solution consisting of 10 mMl of water and 0.42 g of sodi um
hydroxi de (10.5 mml ) is prepared and 1.28 g (5.13 muol). of cobalt
acetate tetrahydrate 8 Septenber 2004 18 dissolved in 10 ml .of water (pink
solution). are added thereto. The aquedds solution is added to the

cycl ohexane solution with stirring, at room5 tenperature. After 3 h, the
aqueous.phase i.s colorless .-and the cyclohexane phase is blue. After
separating the two phadé€ Bfideffl orgeraddyr apsevegedhbycycl ohexane by
concentratio ré%”69§%§'0f %Iuecr %éals-ot cobalt 3,5-di-tert-butyl benzoate
.10 are recovéredPNES2575 PrEQQW% SOOFRBYf G| SWengeacsiboaded into a 125
nl titaniu .ocl aye fitted wth neans of heatjng via a _heating collar,
a turbonixe?h%g% ﬁegﬁf 8ﬁlgnfﬁ%ﬁuEﬁﬁﬁvfgeﬁa?aﬁnﬁeoPuﬁi§§§Gre regul ation: -

40. 68 484 ; h - 4.87.9 (33 gol) of 2-ethylh '

acia .0 anrroprrd 5 PRttt oPeRRE nerafils 608 1A Semerel of o) of
balt 3, 5-di =Ryt ¥hb Exanpl e 1. Aft ' th

?gagtor, ?%ebﬁfégﬁ%gr?§HHE¥#r§§%Og%eT8§SO ?gﬁlgéﬁmﬁf?'§$£§ ggéc 1ooebar at

200) is creghednaBdNbhe §i%hor gobSahgabedaoThgot enperature reaches 105C
in the bulk in 10 mn and this 25 tenperature |s'naintained for a further 3

hours; 8 Septenber 2004f the non-organic or aqueous liquid 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 like.

Other advantages and detailé of the invention
will emerge more clearly in the light 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



19 After cooling and depressurization, the reaction nmixture conprises a
phase conprising cyclohexane and a precipitate. After s&papiambey280¢ the
cycl ohexane phase, 5. the.precipitate is dissolved in acetic acid. The
cycl ohexane phase and the acetic solution are analyzed by gas

chromat ography, and the results are collated in" Table | below The degree
of conversion (DC) of the 10 cyclohexaR is: 2.0% TABLE | Cycl ohexane
Acetic Total Productsphase solution mmol CS% nmrnol nmol Cycl ohexanone*

nol 5. 450. 195. 6457. 0 But yr ol act one0. 080. 08<1

6.130. 211. 42*14. 3 .Cyc] qhex > .
Val er ol act on ?@§6§%§Lfﬁ5&%EFHi@fa@ﬁ&FFad@épkaéééﬁﬁa@@é<§ne eddeidc _
aci d0. 170. 24 %%%t% Adi pic acid0.381.922.3023.2 7 *cycl ohexanone assayed -

initial cyclohiexanorie = cycl ohexanone forned.. 15 CS% = selectivity towards .

e oo L cat e Kok Rk The Secyafia’Bot DRVl enane
L 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:
- 40.68'9 (484.3 mmol} of cyclohexane

-~ 4.87 g (33 mmol) of 2-ethylhexanoic acid

0.4811 g (4.91 mmol) of cyclohexanone

0.42 g (0.80 mmol of Co) of cobalt 3,5-di-

1

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.



Exanple 2 is repeated. in the sanme apparatus and under the sane operating
condi tions, except that no 2-ethyl hexanoic acid is | oad&dSemtember unt of
40..2 g 5 (479 mmol) of cyclohexane is used. The following results (Table
1) are obtained: 10 Degree of conversion (DC) of the cycl ohexane: 0.55%
TABLE Il ProductsTotal nmol CS% Cycl ohexanone 0.83*.31.4 Cycl ohexanol
1.6161. 0 Butyrol actone0.072.7 Val erol acti@ne0. 062. 2 Succi nic aci dtraces

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

cycl ohexanone = cycl ohexanone forned. Exanples 3 .to 5 Exanple 2 is
repeated, but with varifiler ctoldmurisl depesstiiildaiangi cheaci d. Table
11 bel ow gives the anpbunts of products wused in each exanple, and Table |V
col | at es t he Haaghiop Hémtalrrﬁed:dnpramsya phefset mompriiddnigon nedi um after 8
Sept enber 2004 21 reaction, -according to the nethod described in Exanple
2. TABLE ||| PE{Ghessas andyp prasspd teeeanpl e 4Exanpl e 5

c1Co- oneci.cl Co- onecicI#gD oneAci d
40. 360. 10360. 503' 040. 1 tf@?@t?P&’g%leO@Foti}@ssa’cﬂf%@xgn%p@aeyal 0=

CyCthe*a%F the. prec1p1tate is dlssolved in acetlc 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.



Co = catal yst expressed as g of catal yst of Exanple 1 -one = cycl ohexanone
-ol = cycl ohexanol Acid = hexanoic acid 10 The degrees 80$9R§Qm r2008n of
the cycl ohexane are: - Exanple 3: 0.52% - Exanple 4: 1.85% - Exanple 5:
2.26% 15 TABLE |V Product sExanpl e 3Exanpl e 4Exanpl e_5 Total CS%otal
CS%otal CS% mmol nmol mol  Cycl ohexanon. e* 0. 6*23. 81. 56*17. 60. 16*2. 7

Cycl ohexanol 1. 7971. 05. 1257. 92. 7446. 1 But3fr ol act one 0. 06<10.111.9

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

aci d0. 333. 70. 7512 6 AdIlIC aci d0. 135. 21. 7119. 32. 0033. 7 *cycl ohexanone
assayed - i ni $YREARAEY i £BE ® = cycl ohexanone forned. Exanple 6: Exanple

2 is repeated, but using the 5 following starting materials: 40.34 g
(480.37 nmmol ) of cycl d%%ﬂ%?ﬁ'ee 2 iy opep ey ginmtle Sive appehetanone, 2. 67

11. 4 nnnl 0 di~tert- butyl benzoic acid,
g ( ) é uﬁé% the same ¢ eratlng condltlons, except that no

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

obtained:

begree of eonvereion (DC) of the cyclohexane: . 0.55%
TABLE IT
10
Products Total mmol CS%
| Cy¢clohexanone T 0.83*l | 31.4
j Cyclohexanol : - 1l.81 - 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 repeated but w1th varlable
15'.amounts of 2-ethylhexanoic acid.
Table_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



10 - 0.1078 g (0.205 mml of Co) of cobalt 3,5-di tert-butyl benzoate. The
degree of conversion (DC) of the.cyclohexark e is 1.26% f%@“ﬂ@%ﬁ@p94of t he
anal ysis of the reaction 15 nediumare given in Table V bel ow. TABLE V
Product sTot al . nmol CS% Cycl ohexanone* 1. 423.2 . Cycl ohexanol 3. 7662. 4

But yr ol act one Val erol actone Succinic acid Qutaric aci'd0.111.8 Adipic

aci d0. 7612. 6 8 Septenber 2004 23 *cycloﬁ@xanone assayed - inittal
cyclohexanone cycl ohexanone fornmed. 'Exanples-7 to 14 The procedure of

Exanple 2 is repeated. The 5 tests below were carried,out using 0.39'g (4
mol ). of cyﬁ?%egéaﬁfbnea%dal%l%tﬂtﬁ nefthald) stessoridiest iimg of the -

acetyl acetonate of. ¢ aIt in oxidation state . 3 to have a concentration,
expressed as” % -1 500 ng%g of reaction nedium 10 The anmpunts of

cycl ohexane and. of I|p0ph| aci_di ¢ conmpounds ;used are indicated in
Tabl e VI below, which alsomééﬁﬁaéé— HEXPEESFES &P Ehe analysis. of the
reaction - nedia obtained. 8 Septenber 2004 aR U N

Example 3 Example 4 ' Example 5

Cyvclol Co |-onelfci clof Co |-onelacidCycle Co —6ne Acid

40.36/0.1036/0.503] 0 40.170.10700.4593.7022.070.10360.496319.96

. 5 Cyclo = 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 Example 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 <‘1 0.11 1.9
Valerolactone : 0.06 | <1
Succinic acid 0.18 3.0
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| Glutaric acid 0.33 3.7 0.75 12.6

Adipic acid | 0.13 5.2 1.71 § 19.3 | 2.00 | 33.7°
*cyclohexanone assayed - initial gyclohexanone = |
cyclohexanone form;d.
Example 6:
Example 2 is répeatéd, but using the
'8 following startlng materials:
- 40 34 g (480.37 mmol) of cyclohexane,
- 0.4688 g (478 mmol) of cyclohexanone,
— 2.67 g (11.4 mmol) of 3,5-di-tert-
butylbenzoic acid, |
10~ - 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
-15 medium are given in Table V below.

TABLE V

Products Total mmol CE%

Cyclohexanone* 1.4 23.2

Cyclohexanol 3.76¢ . €2.4

Butyrolactone

Valerolactone

Succinic acid

Glutaric acid ' o 0.11 ' 1.8

Adipic acid 0.76 12.6
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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.

- UNT 10r4
S) 8) September 2004
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NM w NODMMNCc Ulto M MNNM r-1 8 Septenber 2004 25 . Exanpl es
15 to 20 .The procedure of Exanple 2 is repeated. The t&s$eptemabeydifdr e '
carried out using 0.39 g (4 mol) of .cycl ohexanone and a weight of

catal yst, consisting of 5 acetylacetonate of cobalt.in oxidation state 3,

to have a concentration, expressed as cobalt in ng/kg of reaction nmedium

i ndi cated i n Tabl ervH—bgtrow—TFhe—arpurts—ei—eyclahexal d of
| i pophilic! 'acidiqwcﬁanQAds gpctan éc aciq% used jarp al 0,10 indicated
in Table VII belom,omgicr Al sp™¢lol 1 a8 t he [r'8pul £ af 't he Hnal ysi s of the
reacti on nedi a obtlai néd. { Jthe| Re&bti tendelpt uke 1|00 fBr afl. these
tests. In each tests—antaddi Hye—eerprH] sitg hjaq oXy & d@ functions
was added in an adounm indijcated in | 15 Tahl e V|| |bgl ow. | TheSe aglditives
ar e , mog @ o~ ~ o~ 0 S
. . OO . s| . -
: I o~ ol m © o~ 5’ ~
™ il o o — o o ol g
A It et S Ml D 5
v : o
. "
&dp g )
'Ufg — 0]
T o e~ e © 0 o ol g o
2 % 2 oy |w |l (9 g |ale @
O 0 — — N n iy ﬁ“g =
3 1 — L
o H 0
g o
M
o B B 0
=
D - o 'g
Q'E){ =
: n , )
g o0 ™| oo fae} ™ w — g’qﬁ $
o o ol ™ <t ™ " o w 4
L L LT e o
4
o]
. Q
£ T o D
= | @ - v -
>l 15t 5 3
S S0 8 s 0
o~ o G > E v ©
2 ol g
B ™ U o kc:m i = n N g EIJ
U - - - -s:
. O| WO ]
- | o] 3 2 S 20 —
= g
@ % o
e~ @ b
@ 0 g .0
X E o s
aQ —t [e)
S S 9
3% INEEE al e [= 53
’ v OO [20] 8]
el ~ ~! e ™ g o & o @
&) < < | < <t ) ™ ™ —| G n
KU LA
5 g E 5 £
I'_t
v O ol .5 L o
o B o) o, o L
Q o o o Sy
£ o o o ! D
3o ol .o >
~ - >
O g n 0 © N o] -
o 5 r“!l"-o_ ] o .| -g ﬁ
e «f « 0Ol C O . ~f
[t wim U o0 o] ~ i ?'\'-* o
o N |~ = 0 ~ — ~ 2 .3
0 — -1 1 ™ " wwg
Q - U Q
i O L - p
o g M+ N
L 0 0 0 0
o . T
L o o] (48] Q'U)gwg
L1 r~ ol Oy — — — 0O U DU




N- hydr oxysucci ni mide ~ (NHS) - N- hydroxypht hal amide (NHPI) 8 Septenber
ZOOZ Cri yO Mco toal r .U 10aPr-lal coO ONN Nr-IN co Cr)S%entefOb%f(ioﬂ“u
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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)



N 7

1
M&Sepjgmier2904. 134

| 10

1-4

r-1

co Mco CD

to
In Hen Hin Hin

H co

ar

O Uco a%

_dr

}

to

a)

Ea al
Min ma'

r-1

w4zzzNzzM2MC wOO O

H Ha)
in co co

w fl,

8D
wdd 080T
59°8 00ST
L2 | L-s¢g 9'6C S8 BE 0p T4dHN 9Py 8°98 0z
. - 99°'8
6°6 8°6S €12 S ¢i T°S¥ e - IdHN 19¢ 9°BET 6T
| o GL'8 _ 09¥T
9°0T 65 2 €2 S 0T 6°9% ov IJHN LY¥ 698 8T
, . T°C . 0EPT
8 12 I8 78T S°g BE 081 SHN - 8¥%7% - 6798 LT
<L 097%T
8'6C| €°€9 LTLT 2°8 6°9¢ 081 SHN IS¥ 6798 - 9T
- BS' ¥ 09%T
9°'¢l| ¥°8% £°1¢ 7'T1 9°TS 081 IdHN 0s¥ "6°98 ST
% ' ' (udd)
% % proe | _ TounI Tount 0D/ ( ToumI)
To-~ auo- o1drpe - BUBRXIYOTLAD @wunwhnoo ﬁﬂﬂEv ( Toumu) pasn . Uwum.
8D 200] 8D $0a BuUeXaYoTaAD | swIy SIATITPPY mﬂmﬁmﬂ@avhu DTOouRlDp | sayduexy
. ITA STqRL ,




010 l~wCv UO _04- 04 .ULLIOOa0) oa~0oCAwo0. 0 Omtowyv
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Sept enber 2004 27 Exanple 21 Exanple 8 was repeated,. but using as

| i pophilic acidic compound palmmitic acid instead.of octanoic ~acid. 5

Table VII| collates the anounts of cycl.ohexane and of acidic conpounds .

used and the . analysis of' the nediun1o@ﬁained after oxidation. 8 Septenber

2004 iH OdP. 1 Una MQOI NMdP A ' :
Example 21 o

- 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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rd" -1 a U 8 Septenber 2004 29 Exanple 22 Test 8 is repeated, but adding
ferric acetylacetonate to the cobalt conpound in order BoeRinken20940 ppm
of Fe in the nedium. 5 The anmounts of products and the results of the

anal ysis of the reaction nmediumobtained are collated in Table I X. 8
Septenber 2004 U UU UU -1 0 U %SH 0dP 0 a) dPO- Orn.ra U to

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.
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UN(OII © r roaw N N 8 Septenber 2004 31 Exanple 23 Test 22 wa

repeated, but replacing the ferric acetylacetonate co-c %ﬁ@@mb9r2004

wi th, chrom um acetylacetonate in order to obtain 53 ppm_ of C 1n the
medium The reaction tinme was increased to 6 hours...The anbunts of products
and the results of the anal y5| s of the reaction medi um obtai ned are
collated in Table X below. 8 Septenber 2304 co -4 ty edPOUdPTrd O

0 o, M 10 -

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:
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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 Tabl e X pberow T8 Peptenber—2004 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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oxi di zing substituted or unsubstituted, saturated aliphatic or

cycloal i phatic 5 hydrocarbons or al kyl aromati ¢ hydrocarbons to acids or
polyacids in a liquid nediumby an oxidizing agent conprising nolecul ar
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of the constituents of the liquid nediumis an acidic organic conpound
which is oflipophilic nature. 10 2. The process as cl ai m8dSenterapefiao04,
characterized in that. the hydrocarbon to be oxidized is at |east
partially mscible with the Iipophilic acidic conmpound, under the
conditions in which the oxidation reaction is carried out, 15 3. The:
process as cﬁQnﬂ%fQQ$Q§ther of clainms3P and 2, charaBf&/FROd/DA6BEat the
| i pophilic racidic conpound is chosen fromthe group conprising aromatic,
al i phatic, arylaliphatic or alkylaromatic organic conpounds. conprising at
| east 6 carbon atons. 20-4. The prd#@sElaidic| ained in one of' the 25
precedi ng clainms, characterized in that the weight percentage of

| i pophilic acidic compounds.” in the liquid nediumis between 1% and 99% by
weight relative to the, toti! wei ght af the.IL%uid medi um 5. The process:’
as. claimed in claima " chir BEPEFSTe&OFn FASE A8 SUBSYLRBREAORAEd wei ght

pecentage | bebsbinstul g ud U Ry SRR ETLET 2000 20 6, e

process as clainmed in one’o precedrng clra

e oy LB biverodtirlonsCTPauRg1Ls 009 NnlhagLLIRLALON COTRL! St N0

hexanoi ¢ aci d, heptanoic acid, 0Octanolc aci exano

nonanoi ¢ aci go1¢aeansi ¢naei 4i quyRIREARNANCHLACEE, oLPASLARY! Id, stearic
acid (octadecanoi c acid) andq?he.pernethy der?vat?vggg ? %?gof,‘ —

2-oct adecyl suomppisingCidledudadi oxirgeh, buhilBepaLi £e@CiM that one
4-tert=butyl benzoic acid, 10 octyl benzoic acid, tert-butyl hydrogen o
ttho- pht hal abé, theaphnkentoentsaoththeebi quadi deasuhsis tak escamtdh al ky
' organic 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,
charactéfized in that the abovementioned weight

percentage is between 10% and 80% by wéight.



groups; preferably of tert-butyl type, fatty acids and substituted
phthalic acid derivatives. 7. The process as clainmed in &rieepdmiper20045
preceding clains, characterized in that the oxidation is carried out in

the presence of a catalyst. 8. The process as clained in claim?7,
characterized in that the catalyst is sgluble in the 1iquid nmedi um under
the conditions in which the 20 oxidatio 8reaction is carried out. 9. The
process as claimed in claim?7,. characterized in that the catalyst is

i nsoluble in:the [|iqui neg;un1under the conditiions in which the _
oxi dation reaction is Carri éeo§F9°?§? 26. ctRrdmsAodBsengs ofcithened in clai m

0. haractetlagaig bt e SRbalyat.lon supbRrted catalyat comri i no

a mneral or-pol'ymeric suppo

clained in 9%%i9ﬁ1?Eﬁg@Bﬁﬁﬁ?ggP%h%%%h”%ro%hg%@g%gé%éﬁgakgﬁ%gg%gthe

oxidation i.s.carried out I e presence fromthe

fam |y conpr igiagioi beilesneydnpiyl 0L, Sotpopgypdg ad hal.ogenat ed

conmpounds. 12. The process as clained 1n clarm aratterized in

nitrile cqnpqu@@hya@gkgﬁbgaiggiapdngﬂghoigea@pgveggggﬁgggdagggpound Is a

chosen fromthe group conprising benzonitrile 10 1 € process as
claimed in chaideckheicchatact abéednbict 8atat herabpyengpijoned conmpound is

a hydroxyi m de conpound 'chosen fromthe group conprising
N- hydr oxysucdpricaiideanand akeillydandyphéhabimeeeyl derivatives

thereof, 2-octadecylsuccinic acid, 2,5-di-tert-
butylbenzoic,acid, 4;;ert4but¥ibepz§ic acid;.ﬁrj

10 octyibenzoic acid,'tért;butyl hydrogen ortho—phthalaté, 
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. Therprocess as claimed in claim 7,
characterized in that theléatalyst is insoluble in ﬁhe
liquid medium under the conditions in which the |
oxidation réaction 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.



14. The process-as clainmed in claim11l, 15 characterized in that the
.abovenenti oned conmpound i s a hal ogenat ed conpound chosen S$episrobrs 28Pdup
conprising cyclic or acyclic fluoroaliphatic or perfluoroaliphatic
hydrocarbons and fluoroaromatic hydrocarbons, such--as perfluorotol uene,
per fl uoronet hyl cycl ohexane, 20 perfl uorohexane, perfl uoroheptane,

per fl uor.ooctane, perfluorononane , per??uorodecalin,

perfl uoronet hyl decalin, a, a,-a-trifluorotoluene or 1, 3- ,
bi s(trifluoronethyl)benzene; fluoro or perfluoro _esters such as alkyl
per f | uor ooct anoat es” andal kyPe2BTBEPFFuBF oRbAAMEEL €8; onfe| 96rBher perfl uoro
ket ones such__as QgrflugroaCeto e quorOgIcohgﬁs or. perfluoroal cohol's

such as per PFEGPoRBRafioRim8- ScRREABEFI 2084 38 bBRF| hBRoSEidAblon
per f | uoronon BOEarFES&f§ﬁ9r99¢8329%%%ﬁ% ceo?§ a-comppund chosen .

per fl uoro-t-butanol; perfluoroi Sopr

1,1, 1, 3, 3, 3- hexaf _ or- Y .
such as perf?Sgﬁbggg[gﬁﬁ%??F§$H§+151£§gﬁgg#%gé%$8%§§¥?%§{mlggrOn' Files

uor o _ ro acids such as

trifluoroget BykBeRAALCan@ChE] oPERh BEd UOsARERZELC aci d, perfl uor ohexanoi ¢
acid, perfluoroheptanoic acid, perfluorooctanoic acid, perfluorohoxanoic

acid or_perfluoroadipimzaciﬂhefﬁfgﬁéggrageéiéﬂﬁé@ ﬁg]&f@@msyfp as
per f I uor oi odooct ane-and. 10 perfl uorobronooctane, fl.uoroam ne s or

per f | uor oani abkasastehiasdpei f thot otlié PuIOPydmdhNEoned compound is a
perfluorotributylaiaine or perfluorotripentylamne. -15 The process as

claimed in onétoileheompoenddrimysed afmem tiargeows | gedprisidmt t he
hydrocarbon 15 to be oxidized is chosen fromthe group conprising
cycl ohexane -afgtentFoibe cznmdrensomierbtocess as claimed in claim 15
characterized in-that the acid produced is adipic acid _

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 -



or dodecanedioic acid. 20 17. The process as clained in one of the S
preceding claims, characterized in that, after oxidation38 $¢pepbri#840f the -~
liquid nmediumare separated by settling into at |east one organi c phase
fornmed by the unoxidized hydrocarbon, the lipophilic 25 acidic conpound,

t he sai d organi c phases being recycl ed REPLACEMENT SHEET (RULE 26) 8

Sept ember 2004 39 into a further oxidatP®n and the acid extracted fromthe
.aqueous phase. 18. characterized 5 aqueous phase 19. 9, 17 and 18,
recycled with produced being The process as claimed in claim 17, in that
the acid i s BREFFALPEROFEBRPLnePEEYlupyonanened: i BAY{nerpdecarslas cl ai ned

i n one of clai charaCéerize in that the catalyst_is the organic .
phase(s). 20Pe¥%éUBFBEE§ ubangf o RRYLLHOBALSEPTEPARGE ©10 10, 17 and 18,

o o2 Jon oGRS SBRRE AL Sl om b L & mech o
The Brocess Beseha s s Lk TGhef o6 BLPRLpaldpaRy Bhel gt e ) (ha
i qui d/1igui deeXtr 8¢t haps156P8 4L18Y et 83k NS OF1 Yokl 81941 AL YST S
| acid, pentafluorobenzoic acid, perfiuorohexanoic acid,
perfluoroheptanoic acid; perfluorooctanoic acid,
perfluoroﬁqnanqic acid or perfluoroadipic acid, ﬁluoro
or perfluoro halides such as perfluéroiododétanezahd
iC perfiuorobromooétane, fluoroamiﬁés or perfluoroamines
such as perf;gorotripropylamine; perfluorotributylamine
or_perfluorotripentylaﬁine. |
15. The process as claimed in one of the
precedipg 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 processlas claimed in oﬁe df the
preceding claims, characterized in that, after
6xidation, the ﬁhases:bf the liquid-medium are
separated by settling into at 1eaét oné organic phase
formed by the ﬁno#idized hydrocarbon, the lipophilic |

25 acidic compouhd, the said organic phases being recycled

REPLACEMENT SHEET (RULE 26)



22. The process as claimed in one of the preceding clains,,
characterized.i-n that the catalyst 20 conprises cobal t &3eRtamaeRA0a) | y

active el enment. REPLACEMENT SHEET ( RULE 26)
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into a further oxidation 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
agqueous phase by crystallization.

19. ‘The process'as claimed in one of claims

9, 17 and 18, characterized in that the catalyst is

‘recycled w1th the organlc phase(s).

20. The process as clalmed in one of clalms
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
which is soluble in the-equeous 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-catelyst-

comprises cobalt as catalytically active element.

REPLACEMENT SHEET (RULE 26)





