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I NTO ACI DS The present mven\\mmm‘m&“\w to a process for oxidizing
" hydrocarbons, in particular b unbranched saturated aliphatic
hylclroca(rjbons,h cycl oal i phatic or abkksyi aromati c hydrocarbons to acids or
pol yacids. The invention relates nore particularly to i Lon, with
an oxidizin@oaaéZFGEBﬁtaining mol ecul art 10 oxyge%, o?&£5%$§ﬁé€§%égto
adi pic acid. The oxidation of %gclohexane to adipic acid is a process
whi ch has been stYfBeD f BHPR n@hIDLSENG HYIGHACARBONS | INTQAHRGIES acid is an
i nportant chem cal conpound used as a starting material in many 15
manuf actures, such as the production of polyners, for instance pol yam des,
po!ée?tershoa poryﬁrpfhaees.inSeneiah pebeessesof arpmanasacfari ng adi pic
aci rom hydrQcar bons such as benzene, pheno cycl ohexene and
cyclohexaneoﬁééézBﬁﬂnh§§6BS§E§9n§0 ?ﬂepagFﬂﬁPﬁéﬁ %F38§E? h8kane either
directlysor }By b WReat 8RBuRLElNE1  pHE LSt Halir8k8rBBSE  advant ageous for
produci ng adi pic acid. Thus, patent US-A-2 223 493 gublished i n Decenber
1940 di scl osgslohdipkhtaci on alkrysrpPoahydr brarpeasoeps pg apeds
correspondin? dgfcig§ Sin a liquid phase generally conprising acetic acid,
at a tenper% up 8- 4t a? f'east 60C, using a gas containing oxygen and in the
presence of an oxedahirentt¢aharysttsbcihoas pacobalilacdppoantdheMany ot her
patents and articles disclose this, 30 reaction for.the direct ?xidation of
cycl ohexaneC¥é32hdPPr cWAERd2HBWRGAE 1 PP n28F BEr CPBTBbEAPR W?g?ﬁg fhat are

accept abhe £Qpqkhe BEOPYEt bARxAheadbphgipetdacthese docunents disclose the
use of acetic acid as solvent,
The oxidation of cyclohexane to adipic acid is a

process which has been studied for many years.
Specifically, adipic acid is an important chemical
compound used as a starting material in many

15 manufactures, such as the production of polymers, for
instance polyamides, polyesters or polyurethanes.

Several processes for manufacturing adipic acid
from hydrocarbons such as benzene, phenol, cyclohexene
and cyclohexane have been proposed.

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

Thus, patent US-A-2 223 493 published in December
1940 discloses the oxidation of cyclic hydrocarbons to

25 the corresponding diacids, in a liquid phase generally
comprising acetic acid, at a temperature of at least
60°C, using a gas containing oxygen and in the presence
of an oxidation catalyst such as a cobalt compound.

Many other patents and articles disclose this

30 reaction for the direct oxidation of cyclohexane to
adipic acid. However, in order to obtain yields that
are acceptable for the production of adipic acid, these

documents disclose the use of acetic acid as solvent,
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*@0002* WO 01/ 66502 2 PCT/ FR0O1/00686 in the presence either of a
honogeneous catal yst or of a heterogeneous catal yst. Mention nmay be nade,
by way of illustration, of the article published in the journal

"Chenmt ech"”, 555-559 (Septenber 1974), in which 5 the author K. Tanaka

summari zes and di scusses the process for the direct oxidation o
cycl ohexane. WEnOild§6%Qy¢ al so be made ?f patents LE}QQEi%Eé}ékﬁéBGLB-A-4

032 569, US-A-4 158 73 [IacunaL, US-A-4 263 453 and US-A-5 321 157 and
patent EP-Ai0 876 psesanteheibharsefosdehomPrBnSORBnBgEALYES €At aFytic

systens. Progce h I pr f t Lecty,oxLgdati on of
cyclphexaneaiﬁegﬁggﬁ?gégﬁgeé%Fggsgﬁétgggggggoﬁéycggaﬁégg'sﬁgh%%g

al um nophosphat esussubstohyut ed whehatcobale, pfibtishstianvetha Eur opean 15
patent No. EP-A-0 519 569. The choice of solvent, n y acetic acid, is an
i nportant charaegeér i SEPEERER " obPaPAPAgG éﬁeBEEQE?EbﬂggELeg?gew%%cgonversion

of cycloBexane andnap RccephakhesuRhaductsonnal aadenkseacttde The use of
such a solvent 20 has many drawbacks brought about, for exanple, by its

corrosi ve nptacesanfler the ténmperapuidabhdnppésSyUFéchesatfti ons used.
Furt hernore

t f_thi I t I
eparating ACCSRH @i PACCI R HACaBf pPA-BEI Y RPoAdea and Por the 25

recycling ofigvariogszcespoundsa-spessf 7eallllycuhalt hbspresencd ob3acetic
acid, it is difficult to separate out and extract fromt reaction

nmedi um t he @BApBEndsSoBRai ke a§db9§EF88u5P§A‘8f8F3e75}iHE?FBn such as the
CVC'°heﬁ%ﬂOBE§8@8s§0v8¥959Ee%8H85eBe6H§dcak819gébt§9Btehﬁe extraction of

adipic acid
Processes have also been proposed for the direct

oxidation of cyclohexane in the presence of a

heterogeneous catalyst such as aluminophosphates

substituted with cobalt, for instance in European
15 patent No. EP-A-0 519 569.

The choice of solvent, namely acetic acid, is an
important characteristic for obtaining an acceptable
degree of conversion of cyclohexane and an acceptable
production of adipic acid. The use of such a solvent

20 has many drawbacks brought about, for example, by its
corrosive nature under the temperature and pressure
conditions used. Furthermore, the use of this solvent
poses many problems for the steps of separating out and
extracting the adipic acid produced and for the

25 recycling of various compounds.

Specifically, in the presence of acetic acid, it
is difficult to separate out and extract from the
reaction medium the compounds obtained as by-products
of the oxidation such as the cyclohexanone and

30 cyclohexanol formed.

In addition, the extraction of adipic acid by

crystallization and its purification are made difficult

because the cold solubility of this acid is higher at



crystallization and its purification are made difficult because the cold
solubility of this acid is higher at WO 01/66502 3 PCT/FRO1/ 00686 25C in
acetic acid and lower at 80C in acetic acid than in water. The separation
and recycling of the honbgeneous catalyst are also difficult in the

presence of acetic 5 acid. Specifically, firstly, reg i e tal yst
§1/ e 3 %ﬂﬂé{}% A aotbs6u Efa

wi t hout extractn 88és not make it °possible to i ci ent

catalytic activity, and secondly, the operations for separating out the

cat al yst be?d?@ ime@@%tiﬁga@sdd@%@lb@%ﬂri%tp%9f¢chma?c?ﬁlﬁr%ﬁtﬁ patents 10

Nos. 2 722 ﬁg%na?ﬁ 2.446 671 are conplex and expensive. Furthernore, this
S e

sol vent den%n impl ementation of a difficult and expensive

dehydration of the seastiobonmeahdnredyaliherobf tipe otcessesndave al so been

proposed for 15 the one-step.oxidation, of cycl ohexane tp adipic acid
wi t hout usiﬁ@t%%%?FcaEEiﬂfs%oﬁé§t?c? En%%r%ﬁ%s%re%%??ﬁi%g %%?P%ﬁis reaction

in the absegeeyof ssokyentsi1yWhil espiher seayel pegf onaedavbifissol vents such
as organic esters, for instance acetates (US-A-4 098 817), 20 acetone

(US- A- 2 589wbdBdubreatrahoing fordoastaaeenakat AhoPoSHEPhANEP or
cycl ohexanol , .or _acetonitrile EP- A These o] ener al

lead to ver@ rvities toward C acl reover, t
sol vents useHe abpedstiabhy 0br| sgpstabihgtyuuntdee thealgsndbefons for

oxi di zing the hydrocarbon such as ,cyclohexaﬁg. Thiﬁ Iom&sta iléty results
in large CcBASUAPENGN28f IEAEISBPYeht, PRAF EhMBke3  SUER" PP oBB55RE®
unexpl oh habigs 30,60e,8% Lhe ai ﬁ@60§7%h§r8r8§@ﬁlekné{ﬁﬂtéﬁﬁei@i{r@. propose

a process for the one-step oxidation o
Furthermore, this solvent demands the
implementation of a difficult and expensive dehydration
of the reaction medium.
A number of processes have also been proposed for
15 the one-step oxidation of cyclohexane to adipic acid
without using acetic acid. Some of them propose
carrying out this reaction in the absence of solvents,
while others are performed with solvents such as
organic esters, for instance acetates (US-A-4 098 817),
20 acetone (US-A-2 589 648) or alcohols, for instance
butanol, methanol or cyclohexanol, or acetonitrile
(EP-A-0 784 045).
These processes generally lead to very low
selectivities towards adipic acid. Moreover, the
25 solvents used are usually of low stability under the
conditions for oxidizing the hydrocarbon such as
cyclohexane. This low stability results in large
consumption of the solvent, which makes such processes
unexploitable.
30 One of the aims of the present invention is to
propose a process for the one-step oxidation of
hydrocarbons to produce acids or polyacids, in a medium

which is liguid under the conditions of the oxidation



hydr ocarbons to produce acids or polyacids, in a nmedium which is liquid
under the conditions of the oxidation WO 01/66502 4 PCT/ FRO1/ 00686
reaction and which allows a separation of the acid produced and a
recycling in particular of the catalyst by sinple operations. To this end,

the invention proposes a process for 5 oxidizing su | fut ed
unsubstituted,%gapé/éééa2 ali phatic or4cycloaliphati2§ﬁyﬁﬂ%§ﬁyﬁgﬁ%§ or
al kyl aromati ¢ hydrocarbons to acids or polyacids in_a _ liquid nmediumby an

?Eidaéing ag§ﬁ¢tt@mp@m@i%@iChnﬁk%%W%r?0§?@®ﬁ?t%%%y%ﬁt%?$z%ﬂ}@n t hat ong of
e 10 consi ] e e
hég%%%?éé.gﬁd h réé%?igﬁggﬁh$§é£§1@uléflgfctgég@@tglygenpoun

which is i e in water, of I'itpophilic nature. According
to the i nvenyi®hmpideopepophohsc acidic conpound is a conpound whi ch nust
form under the 15 tenperature and gressure conditions_of the pxidation

reaction, at |ea5? ©he®heRdDgehBous™ YT bt O phadR wit h® Pha“RYdr 0darbon(s) to

be oxi di zedy JHUSi ng heubsPOPhE i Cor aghdibscorposad sayuadvaat ageously be at
| east partially mScible with the hydrocarbon(s) to be 20 oxidized, under
t he t enper adLiehantic ppessyseoebhdhat bashydsedat®oear?y out the oxidation

reaction. The expression . a rfia 1 SEi cadBans; nthat, under

the conditid Sy%%r?%% 6%i%%§?%§§$%%§?i%%,éé¥%£1§%I€%?Y?€§ ofl%ne conpound

in the otherigsiatmé@ast Bp gheakeditbhag 28eby wenghtsiagd in that at |east

one honpbgeneous |iquid phase co rising?gt, a%t SONe O B%he hydr ocar bons
r

| e
to be oxi di BeHCERHRBf OXYEST i pOPRTAFEST Y tOnpodhdPE ¢ . In one
preferrgg enhodi fentnef Lhec haventi 08, mtAeun3Ps Mischbibiiéyobgineen the

hydr ocarbon and the |ipophilic ac¢id conmpound is such that, under the
condi ti ons ¢pmpound which is insoluble in water, or which 1is of
lipophilic nature.

According to the invention, the lipophilic acidic
compound is a compound which must form, under the

15 temperature and pressure conditions of the oxidation
reaction, at least one homogeneous liquid phase with
the hydrocarbon(s) to be oxidized. Thus, the lipophilic
acidic compound may advantageously be at least
partially miscible with the hydrocarbon(s) to be

20 oxidized, under the temperature and pressure conditions
used to carry out the oxidation reaction.

The expression "at least partially miscible" means
that, under the conditions of the oxidation reaction,
the solubility of one compound in the other is at least

25 greater than 2% by weight, and in that at least one
homogeneous liguid phase comprising at least some of
the hydrocarbons to be oxidized and of the lipophilic
acid compound is formed.

In one preferred embodiment of the invention, the

30 miscibility between the hydrocarbon and the lipophilic
acid compound is such that, under the conditions in

which the invention is carried out, these two compounds

form a single homogeneous liquid phase.



whtch the invention is carried out, these two conpounds forma single
honogeneous |iquid phase. WO 01/ 66502 5 PCT/ FRO1/ 00686 The expression
"lipophilic acid conpound which is suitable for the invention" neans

aromatic, aliphatic, arylaliphatic or alkylaronatic organic conpounds

conprising at |least 6 carbon atoms, which may conpri eve idic
functions and Wai OR/&F&08f |ow sol ubiPity in water, %?i§§RQﬁ[ B2 a

solubility of less than 10% by wei ght at roon1tenperature (10C- 300 .
However, it is pB&eidrereapitout ldepahiihg fFoM C2OPPRRICERLeRt 18 the

i nvention, 1. use 10" 98! CneOIROLRMLon 098, SOLEDLELY | 1 YBhet ibs oreater

than that 1n |ca ed above i e coefficient of partition of thi
conpound be&mpealibﬁaﬁﬁgaofCaphakatemaoicthegaeactcompouedﬂun1mhlch consi st
essentially of the hydrocarbon to 15 be oxidi zed Qe oxi dat i

i nt er medi at 8S"BRYSERE Abnd e%?baﬁlEaﬁﬂageaE8W§r|¥Pﬁ§ tﬂ%ym%?e?r%orned duri ng

the oxidat ;@pteachion; FBkESCEIoRESEhE! @ht enobtai Bralowoncentration of the
| i pophilic organic conmpound in the said aqueous phase of |ess than 10% by

wei ght . 20 Eobophlhtz @nguﬂt@rconp©un§bemhh@ﬁenﬁys%éUbh%hFYoﬁgd for
exanpl e, g?EEXQEOIC clg pLAapoLc §8hdte8§&999%£eac'd 2- et hyl hexanoi ¢
un

aci d, nonan eca 0| Cld ecanoi c acl dodecanoi ¢ aci d,
stearic aci difectadecanoi c acid) and t he pernethyl 25 derivatives thereof
(total substitution of the hydrogen, atons OL nethglene roups with
net hyl groups), H9W68?§deé9léﬁcEPﬁFébéﬁrdWlE %uald?B?F bﬂ?ng8W20|c aci d,

4'tert'ﬁthF98n€BhEe§E'gf #noct ¥l .bgpzehe a6l dse begHhnbdt ¥bmpydnagen
ort ho- pht halate, naphthenic or 30 anthracenic acids substituted with al kyl

groups, prehesabbylobiléry- botyhteypes gupsterutbdnphiablic

indicated above if the coefficient of partition of this
compound between the organic phase(s) of the reaction
medium which consist essentially of the hydrocarbon to

15 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 compound in the
said aqueous phase of less than 10% by weight.

20 Lipophilic organic compounds which may be
mentioned, for example, are hexanoic acid, heptanoic
acid, octanoic acid, 2-ethylhexanoic acid, nonanoic
acid, decanoic acid, undecanoic acid, dodecanoic acid,
stearic acid (octadecanoic acid) and the permethyl

25 derivatives thereof (total substitution of the hydrogen
atoms of the methylene groups with methyl groups),
2-octadecylsuccinic acid, 2,5-di-tert-butylbenzoic
acid, 4-tert-butylbenzoic acid, 4-octylbenzoic acid,
tert-butyl hydrogen ortho-phthalate, naphthenic or

30 anthracenic acids substituted with alkyl groups,
preferably of tert-butyl type, substituted phthalic
acid derivatives, and fatty diacids such as fatty acid

dimer. Mention may also be made of acids belonging to



acrd derivatives, and fatty diacids such as fatty acid diner. Mention may
al so be nmade of acids belonging to WO 01/ 66502 6 PCT/ FR0O1/ 00686 the above
famlies and bearing various el ectron- donating substituents (groups
containing a hetero atom such as 0 or N) or electron-w thdraw ng
substituents %halogens, sul fonimdes, nitro or sulfonat I%ﬁg%fs or 5 the
like). Accordi H§ P878R6CRer characteri§tic of the i Rentifh/ 446
concentration of l|ipophilic acidic conpound in the reaction nmediumis
det er mi ned sloe agbooe Dighadl hea apflapeaning Worwwed ¢hechueber of noles of 10

l'i pophilic acid and the nunber. of I o] ._form e al yst of
bet ween 0.55l AAC 109 S%ﬁ%ue%F%fggg%ﬁésb% ﬁgéﬁéﬁn%n%n%gg%%g %ﬁg%

concent r at i oacefaki pophi kj conct Ué et conpolinddawihdeshbgui duextdat i on nmedi um
may vary within a wide 15 range. Thus, it nmay be_ between 1% and 99% by

wei ght rel 8824@3eBSt heut BPRF MhWeeght RHEre net | $i¢bf ePakdi SFP'ERd Cfore

advant aggousy y }ikgpy be between 10% and 80% by weight of the liquid
medium Tt s also possible, without departing fromthe 20 context of the
i nvention, to uskctbedinpopbi éncther dicarzonponeniciaf condi nati on with

anot her conpound_which_ . may especially have the effect_of .inproving the
producti on €F¥FEFERRBy 5%%/%?n?%%t§%T%% iV t%l%ﬁp?hélc agtiion for t

reactron for the

oxi dati on t@omgbPh& 281 the andati@h padiueul araéberdissal sbian b oxygen
Exanpl es of such conpounds which may be nentioned in particular are '
nitriles, hyBFakyiai delebnpothasPandccnale conpoendl Wotes aghant ageous!y

fluoro ¢omppydsn;1 A9 GOTROUNASLRYAL. AL, MOF EnREL | SHl fetyy sui tabl e, 30

mention may de of nitriles, for 1nstance acetonitrile or

benzoni tri |l Borinhhdeshbetanglyngttof thetween 0.5 and 100 000 and
preferably between 1 and 1 000.

The concentration of lipophilic acidic compound in

the liquid oxidation medium may vary within a wide

15 range. Thus, it may be between 1% and 99% by weight
relative to the total weight of the liquid medium and
more advantageously it may be between 10% and 80% by
weight of the ligquid medium.

It is also possible, without departing from the

20 context of the invention, to use the lipophilic acidic
component in combination with another compound which
may especially have the effect of improving the
production efficiency and/or the selectivity of the
reaction for the oxidation to adipic acid, and in

25 particular the dissolution of oxygen.

Examples of such compounds which may be mentioned
in particular are nitriles, hydroxyimide compounds and
halo compounds, more advantageously fluoro compounds.
As compounds that are more particularly suitable,

30 mention may be made of nitriles, for instance
acetonitrile or benzonitrile, imides belonging to the
family disclosed in patent application EP-A-0 824 962,

and more particularly N-hydroxysuccinimide (NHS) or N-



famly disclosed in patent application EP-A-0 824 962, and nore

particul arly N hydroxysuccinimde (NHS) or N WO 01/ 66502 7 PCT/ FROL/ 00686
hydr oxypht hal i m de (NHPI), hal ogenated derivatives such as

di chl oronet hane, fluoro conpounds such as: - cyclic or acyclic
fluoroaliphatic or perfluoroaliphatic hydrocarbons and 5 fluoroaromatic

hydr ocar bons, §ﬁ§ﬂ6qﬁ%6§%%rfluorotoluen%, per f | uor onet iy cyied ohexase,
per fl uor ohexane,” perfluoroheptane, perfluorooctane, perfluorononane,

I uor odecal i n, | t Iin, 10 _Lrifl
3 bi o (t FURFOSYBRECRYF T endkREL 11 U0 80P ShaPr FLbr G ber or sPbidn as

al kyl  perflLyopoest apreatesnaand ahkylo pempbunsenenahoases; 15 - fluoro or
perfluoro ketones such as perfluoroacetone, fluoroalcohols or

per f | uor oal cohol s sucHY&$icperf RaBFSREXARBPIOPeIPRABEB0EF anol ,
per fl uorononanol , per%%H?%8§?§§g9§h§?Ecpﬁ%ﬁkHQQQthQUBQHO"

per f | uor oi sopr opanol exafluoro-2-propanol, fluoronitriles
or perflgoronitriles slobrasropetfbubydacetnohptisi | epchf hgoro aci ds or

perfluoro acids such as 25 trifluyoronethyl henzoic i ent af L uor obenzoi c
acid, perfluorohexanoPErfiBPHPthPﬁpﬁorB%EBEHHSP@egng?YCg E?f38§000tanoic

acid, perf'UOFOnonanogﬁrfﬁgbgoﬁéxﬁﬁét|ﬂgkgadb@bﬁegﬁbﬂe,30 - fluoro or
perfluoro halides such as perfluoroi odooctane and perfl uorobronooct ane,
perfluorooctane, perfluorononane,

perfluorodecalin, perfluoromethyldecalin,
10 o,o,u-trifluorotoluene or 1,3-bis-
(trifluoromethyl)benzene;
- fluoro or perfluoro esters such as alkyl
perfluorcoctanoates and alkyl

perfluorononanoates;

15 - fluoro or perfluoro ketones such as
perfluorcacetone,

- fluoroalcohols or perfluoroalcohols such as
perfluorohexanol, perfluorooctanol,
perfluorononanol, perfluorodecanol,

20 perfluoro-t-butanol, perfluoroisopropanol or
1,1,1,3,3,3-hexafluoro-2-propanol,

- fluoronitriles or perfluoronitriles such as
perfluoroacetonitrile,

- fluoro acids or perfluoro acids such as

25 trifluoromethylbenzoic acid,
pentafluorobenzoic acid, perfluorohexanoic
acid, perfluoroheptanoic acid,
perfluorooctanocic acid, perfluorononanoic
acid or perfluorocadipic acid,

30 - fluoro or perfluoro halides such as

perfluoroiodooctane and perfluorobromooctane,



ti* WO 01/ 66502 8 PCT/ FRO1/ 00686 - fluoroam nes or perfluoroam nes such as
perfluorotripropylam ne, perfluorotri- butylam ne or
perfluorotripentyl am ne: The oxidation is generally carried out in the 5
presence of a catalyst. This catal yst advantageously conprises a netal

el ement chosen fromthe group conprising Cu, Ag, Au, My, Ca, Sr, Ba, Zn,

Cd, Hg, Al, S% ln,, T...Y, Ga, Ti, Zr, H, Ge, Sn, PR Noo ol Cr, Mo,
W M, Tc, Re, Ee,oqégjgsgg, Co, Rh, r,BNi, Pd, 10 Pt,EQfTa)r\lét%an/iOdoeésa8 such as

Ce and conbinatigns tgfreof. . These catat%tic el enent s are used either in
the form of conmpounds*tRaPEtBSAdVANY aheolst YAt T east“ paftial Iy sol ubl e

in the Iiquid oxidatigaredbust HDgespylh@isendbéionsorac whi ch the oxidation
reaction is 15 carried out (hompbgeneous_catal ysis), or are supported on,
absorbed or bound to BAtYHeRingupHoPEr SLEAr @kt 1RERFXEAB+ G umi na, for

exanpl e (het er 008ngoys; 462l 3hvel Shen b1 a1 alysichsope elarakly, especial ly

upder the 20 conditrons In which e oxidation reaction is carried out:

e!ther_sglupkeséncéhefhydcmtalbsn.t@hbe cakaflygedadvantagedbuble in the

| i pophilic acidi¢ compound, soluble_in the hgdrocarbon/lipophilic
h

25 - or
aci di ¢ conpoafBr HfXEu em?B?%iﬁge%??Fqﬁ?ﬁseBhSEEmmﬁP% F$"Ronogeneous under

the conditigns iBivbieh the, reactiign s, corried, aui.c80 Agcording to one
preferred enbodi ment "of the” invention, the catalyst used is soluble in one
of these n8dialat FTbon¥te@perdturéroriat €he $enpBpatVireNat Ta.

Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd,
10 Pt, lanthanides such as Ce and combinations thereof.
These catalytic elements are used either in the
form of compounds that are advantageously at least
partially soluble in the liquid oxidation medium under

the conditions in which the oxidation reaction 1is
15 carried out (homogeneous catalysis), or are supported
on, absorbed or bound to an inert support such as
silica or alumina, for example (heterogeneous
catalysis) .
The catalyst is preferably, especially under the
20 conditions in which the oxidation reaction is carried
out:
- either soluble in the hydrocarbon to be
oxidized,
- or soluble in the lipophilic acidic compound,
25 - or soluble in the hydrocarbon/lipophilic
acidic compound mixture forming a liquid
phase which is homogeneous under the
conditions in which the reaction is carried
out.
30 According to one preferred embodiment of the
invention, the catalyst used is soluble in one of these

media at room temperature or at the temperature at



I

WO 01/ 66502 9 PCT/ FRO1/ 00686 which these nedia are recycled into a further
oxi dation. The term "sol uble" neans that the catalyst is at | east
partially soluble in the nediumunder 5 consideration. In the case of a

het er ogeneous catalysis, the catalytically active netal elenents are
supported on or incorporated into a m croporous or MEesSoporou 1 her al
matrix or into"® 93/\PREC%matrix or arein the form off 90 ot &%ﬁgHic
conpl exes grafted onto an organic or mneral support. The term

"i ncor por at edichebhssehaedihearaerafryisednierenenfubthehe support or that

t he process 58a9§5£0rned wi th conpl exes that are sterically trapped in
por ous strugdtures under the conditions of the 15 oxidation. In one
preferred enbodi merat teimt heolnveati asanthehahonbgenedbasyst het @rogeneous
catal yst consists of salts or conpl exes of tals fromgroups Vb (the Ti
group), Vblegfie RegFdAPYIY §PFBb%FhénC$h§rBﬁg§?mvy?ﬂefthe Mh 20 group),

VIT1 (the groHpiQL, Eeigrn . Co or Ni) and Ib (the Cu group) and cerium alone
or as a mxture. The preferred elenents are, in particular, Co and/or M
and/ or O and/ or IZr thef cace afdioheZerogenedhe cebateaifatibdd of netal in

he 1i id i dat i di o5 b 0 g n ol in
and | prief or 8BF 9 KECBonY 0Lbb 10 AR 3% TRECT R oAf Fon 2Rl €8 rorer o)

particul arl ynterbbeatedi datbon aficeypboalzpbatinescpopousdsisachlas
cycl ohexane and cycl ododecane to the corresponding 30 |inear diacids,
adi pi ¢ aci d"aR81¥08ECARBPCcaaBPYYMEACEBEHi KgOF 026RelPr BREr F8H ebodi nent of

the .inigntgggan-%eEghgﬁgscEB §bedi EeGEL Q4! dALL0ANn0brgaYcLohgxane to
adi pic acid, by a gas contalnPng oxygen,
mineral support. The term "incorporated" means that the
metal is an element of the support or that the process
is performed with complexes that are sterically trapped
in porous structures under the conditions of the
15 oxidation.

In one preferred embodiment of the invention, the
homogeneous or heterogeneous catalyst consists of salts
or complexes of metals from groups IVb (the Ti group),
Vb (the V group), VIIb (the Cr group), VIIb (the Mn

20 group), VIII (the group of Fe or Co or Ni) and Ib (the
Cu group) and cerium, alone or as a mixture. The
preferred elements are, in particular, Co and/or Mn
and/or Cr and/or Zr, Hf, Ce and/or Zr, Hf. The
concentration of metal in the liquid oxidation medium

25 ranges between 0.00001% and 5% (% by weight) and
preferably between 0.001% and 2%.

The invention applies more particularly to the
oxidation of cycloaliphatic compounds such as
cyclohexane and cyclododecane to the corresponding

30 linear diacids, adipic acid and dodecanoic acid.

According to one preferred embodiment of the

invention, it relates to the direct oxidation of

cyclohexane to adipic acid, by a gas containing oxygen,



4 WO 01/ 66502 10 PCT/FR01/00686 1in a liquid nediumand in the presence of
a catalyst. The catalyst preferentially conprises cobalt. The oxidation
reaction is carried out at a tenperature of between 50C and 200C and
preferably 5 between 70C and 180C. It may be carried out at atnospheric

pressure. However, it is generally carried out under re d rder to
keep the conpolenPd/665%2he reacti on Hgﬂiumir1quuidxﬁéﬁﬁiﬂﬁﬁgigissure

may be between 10 KPa (0.1 bar) and 20 000 KPa (200 bar) and 10 preferably
bet ween 100iKPa 1i1q®ad )medtun02Bd0ol KPahe (2DOSHEFS . Ofhe oXyyercused may be

i n pure fOrﬂlgrcgéafy:’r‘gsé£élf§r%\%ﬁbaff¥' 8&]& r_gélés SH&QaP@ ni trogen or hel i um

Air which is nofe or enriched wth oxygen may al so 15 be used. The
amount of oxygenThedoxhdatide nesdcubonsisadyantadeous| ytbetween 1 and 1 000

nol per nole of conpounds to be oxidized .,QXxidation.process may be
perfornmed EoRPFHADESTYC rb%E%%?Hiﬁ%g oa%dbggghgﬁgﬁgp?B%Egggbﬁ e 20 liquid

reactiongmegditipleayhog the 1gaetorisnagdveat agepushyotteated according to
known processes for, firstly, separating out and recovering the_acid

produced and;msspbediy, presyerengleteveroxidi zedoorerphtYi adryieti di zed
organi ¢ conpounds_.such_as_25_ cycl n opexa £
cyclohexangggF ?%%erc%f%fﬁg ea%ﬁ ?ggé?i%%p%%%#cggéig?%pggﬁégﬁﬁa. The anopunt
of catal yst thexpe&ssedn asedipear tenl ageidbyowei ghhe opreobate mayabéve to the
reaction mxture, 1is generally between 0.00001@6ang?$%§and preferably 30

[

bet ween 0. 0P2OWaRA D% KRet hBul PABS2VAI 4BsOB8i fig? RaF) "#%ever, it is
a matterof Jhaying, e, sutfibehenboagbhVviiypuhil gnatipheosarpati me not using

(100 bar).

The oxygen used may be in pure form or as a
mixture with an inert gas such as nitrogen or helium.
Air which is more or less enriched with oxygen may also

15 be used. The amount of oxygen fed into the medium is
advantageously between 1 and 1 000 mol per mole of
compounds to be oxidized.

The oxidation process may be performed
continuously or according to a batchwise process. The

20 liquid reaction medium leaving the reactor is
advantageously treated according to known processes
for, firstly, separating out and recovering the acid
produced and, secondly, recycling the unoxidized or
partially oxidized organic compounds such as

25 cyclohexane, cyclohexanol and/or cyclohexanone, the
catalyst and the lipophilic acidic compound.

The amount of catalyst, expressed as a percentage
by weight of cobalt relative to the reaction mixture,
is generally between 0.00001% and 5% and preferably

30 Dbetween 0.001% and 2%, without these values being
critical. However, it is a matter of having a
sufficient activity while at the same time not using

excessively large amounts of a catalyst which must then



extessively | arge anounts of a catal yst which nust then WD 01/ 66502 11

PCT/ FR0O1/ 00686 be separated fromthe final reaction mxture and recycled.
Besi des cobalt, the catalyst may al so conprise other conpounds based on
nmetal s chosen fromthe group 5 conprising nmanganese, copper, cerium

vanadi um chrom um zirconi um and hafnium or a conbi nati of, s of
t hese el ement sWO| 01/§68@¢ant ageous al sblto use a comﬁ&ﬂ%%h&ﬁéﬂpégﬁitiates

t he oxidation reaction, such as, for exanple, 10 a ketone _or an al dehyde.

Cycl ohexanobe, sehicatéd Arewache ohinat erpedi ade NAXEWEScade of the

oxi dati on OL cgfé hexane, is nost particularly indicated. CGenerally, the
initiator re%?%sen $ from0.01%to 20% by weight relative to the weight of
the reacti on m xtagedesedobd bt wi theutatheget prnopoal sonsohavisg a critical

value. The initiator is _especially useful during the start of the
oxi dat i on aﬁﬁhﬁﬁeﬁoWﬁ@UBQ?dQ?F%ﬁ P3 @%F?f%dcgﬁ?egtIﬁomtﬁﬁ%egg?ﬁpe bel ow

120C. It [ d t h ban. 20 Th
s ey, P ot roduced-FE9m t Agppetartepluhhevagagi han e
oxi dati on na?ggfso bg car??ed out i%pthe presence of water introduced from

the initialcstagéunf ziheopivvessd Bafnhdincared apobenathenrefction mxture

ggtained a%ég%n%Pngé%ga%%%g?%Eﬁsubjepted to various operations 25 to
parate ou o] énts in order, for exanple, to allow them
to be recycl ed i ntoitheaoxhdatbensantsbotal hew sheocmpbdsdpwbilobed to be
recovered. According to a first variant of the process, the 30 crude
reaction mi XouFéarestrRet OXiiBpeEPRATEBCEDBI T NGUEB 28 t ERPePRRTPESof from
igﬁ;tgf%?ﬁéafQétgﬁéngkeanmgiﬁghygéin@?c?@ﬁ@kaﬁ&ﬁéga%hiéﬁtignaOf at | east
reaction intermediate in the case of the oxidation of
cyclohexane, is most particularly indicated. Generally,
the initiator represents from 0.01% to 20% by weight
relative to the weight of the reaction mixture used,
15 without these proportions having a critical value. The
initiator is especially useful during the start of the
oxidation and when the oxidation is carried out at a
temperature below 120°C. It may be introduced from the
start of the reaction.
20 The oxidation may also be carried out in the
presence of water introduced from the initial stage of
the process.
As indicated above, the reaction mixture obtained
after the oxidation is subjected to various operations
25 to separate out some of its constituents in 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
30 crude reaction mixture is first subjected to cooling 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 thus obtained comprising a



acid forned. A nediumis thus obtained conprising a WO 01/ 66502 12

PCT/ FRO1/ 00686 solid phase consisting essentially of acid, at |east one

| i quid organi c phase essentially containing the unreacted conpound to be
oxi di zed, possibly the |ipophilic acidic conpound and the oxidation 5

i nternedi ates (or several organic phases if the |ipophilic acidic conpound
and the hydrocgoben /asgonot fully miscible at | ow t epefRRAUrA)0&SH a

| i qui d agueous phase essentially containing acidic oxidation by products

and the wat 51{@r8ﬁgs Thencatal yStBBYnPEaL Dy 40 9Peq0fat heegsgani c phases
if it is soluble Tn t%e said phase, or in t%e | ower aqueous phase. After

filtering officotigendrofaginng phassobtdent hel lyr ganteiakadagleous 1iquid
phases consisting of the filtrate or_the ntyj separ at ed by
settling, 1%“¥?a§%%ﬁ 52TPPHRY o %aﬁ?coﬁ a%%%s) é%%gg§£§e€§§led into a
further oxidabbgRileachtonicl tompyuhe afdiaphageridatponor to the operation
to crystallize the acid, to carry out a concentration of the reaction

M xt ur e. 520iMeevPEihgt s AC5eEBHETAr PARENSE PRESPFotestl’®the final crude

reaction x| 4Cg IRy DECt QIDVEdUALYG Bk -k ohy@X8gR oAl ade  eaper atur e

whi ch may be C. reaction mxture then separates by settling
into at |efsllyweibtcgbld phases: tempevatupee andadi tighadesdpsoessentially
cont ai ni ng the unreacted drocarbon, the .Lipophilkic.acidjc conpound and

t he oxidatiBﬂaS?n?E?ﬁEHFaiig,CSH aéﬂiﬁaUQSbglEigﬁ%%apﬁgéeggssentiaIIy
contai ni ng Hhesaetdsahar ord apdetheovatar faemedcaliependingeonnt he
solubility and nature of the catalyst, 30 it may resent in tge organi c

phase(sl0 revevefethpyorganida/ Phaard éépéFa?ﬁoﬁOng%gelBrEE?p??é i on or
crystallization,of ;the achd 1gaed.hNeble pAsEOf 2
After filtering off or centrifuging the solid, the
organic and aqueous liquid phases consisting of the

filtrate or the centrifugate are separated by settling,

15 if need be: the 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 concentration of
the reaction mixture.

20 According to a second variant of the process, the
final crude reaction mixture may be removed while hot,
for example at a temperature which may be up to 75°C.
The reaction mixture then separates by settling into at
least two liquid phases: one or more organic phases

25 essentially containing the unreacted hydrocarbon, the
lipophilic acidic compound and the oxidation
intermediates, and an aqueous liquid phase essentially
containing the acids formed and the water formed.
Depending on the solubility and nature of the catalyst,

30 it may be present in the organic phase(s), recovered by
solid/liquid separation before precipitation or
crystallization of the acid formed in the case of a

heterogeneous catalysis, or, if it is soluble in the



het er ogeneous catalysis, or, if it is soluble in the WO 01/66502 13

PCT/ FRO1/ 00686 aqueous phase, it may be extracted by liquid/liquid
extraction, on resin or electrodialysis. As in the first variant, the

|l i quid phases are separated by settling: the organic phase(s) may be 5
recycled into a further oxidation reaction. In these enbodi nents, the

| i pophi | i ¢ aci #Pc01¢66p6@nd used in ackdrdance with tHEAFRAMIGPS s
generally contained in or forns an essential elenent of the organic
phase(s). Camsecuenphyse afiermsegpae atkngadOedupyt heqatddliovhed and
optionally the liquid phase containjng th . vat er formed, the oxidation
by- pr oduct s€¥ahdct hecatal §SE1 ™t Ak ?#%gbﬁ?ﬁf% ¥ dic conpound is recycl ed

into the oxidatigg stepndi thrtheshydsnearbes 1nhich passastabeen oxidi zed
and the oxidation 15 internedi ates. Mreover, if the |ipophilic acidic

conpound i ssepataded nbpneephhsed of tRe e@¥deRt CoPNeRe (Foaf®Y oRe medi um it
1 o F; BUVEOLA00045 X, SORALBL Efle Pk BRI L BRONELEG  oRY SarTy) D Ot
ui 1558 el %er be

solid/li paration processes 2 ore treating the reaction
medi umto recovern thesaceédbpdodased, ohewliipophelaci dcpdoduced. In this

| atter case, the acid produced nay be recovergd bé eftraction wth water.
In these enPPEPABRE BXaFp! Bs2oFOTHRNFRVENT oh™E SBVEHRL &P mhY be added to

the reaCtiOgeﬂgggyﬂ}i@oHEQ?ﬁeaoinOQ£aE8rQ§téﬁreggéﬁﬁhgli@DeﬂénthﬁfaCidiC
oxi dation by- products and better recovery of the acid forned. The acid is

general |y receverednby phesepst at Conseduenhyyt hef£e6| FRAR2BRALEAE reacti on
T UL o E. FoscarL i Tah AR R AL e By Lk s phaget o, uoval
exanpl e, of c6heAchipgt entswbsr 207d8d290he oxidation by-products

and the catalyst, the lipophilic acidic compound is

recycled into the oxidation step with the hydrocarbon

which has not been oxidized and the oxidation

15 intermediates.

Moreover, if the lipophilic acidic compound is
solid in one phase of treatment of the reaction medium,
it will be advantageously separated out and recovered
by carrying out solid/liquid separation processes

20 either before treating the reaction medium to recover
the acid produced, or with the acid produced. In this
latter case, the acid produced may be recovered by
extraction with water.

In these embodiment examples of the invention,

25 water may be added to the reaction medium in order to
obtain better dissolution of the acidic oxidation by-
products and better recovery of the acid formed.

The acid is generally recovered by precipitation
during the cooling of the reaction medium. The acid

30 thus recovered may be purified according to usual
techniques disclosed in numerous patents. Mention may

be made, for example, of French patents Nos. 2 749 299
and 2 749 300.



and 2 749 300. WO 01/66502 14 PCT/FR01/00686 |If the non-organic or aqueous
| i qui d phase contains the catalyst, this catalyst is extracted either
before crystallization of the acid forned by precipitation or extraction
according to known 5 processes such as liquid/liquid extraction

el ectrodi al ysis or treatnent on ion-exchange resins, ex%gpfg or after
crystallizati oWOoP1YRESQEIi d fornmed bylextraction teéﬁﬁi &89 bed
above or the I|ike. 10 Other advantages and details of the invention will

energe nore cl eaffytha thhe-organiof ot hegesanpl £5Ibel oW2S@hi ch are given

ly f dj cat d i t P t f
Cobal 1(11) S08E61 ttere8 18 BUUST bandbat 802 b9 {100 mhal oot oo "

3, 5-di -terte-buhylbeazetre capsdaalezdtSSQINEdth@ 5@1@1f@fme@cbphexane at
room tenperature (colorless solution) $ rallel, an aqueous solution
consi sting E¥quph¥a6¥oﬂa@éreéﬁﬁa991@n4?cﬁoﬁ 189 dF anf AT oxi de (10.5 mmol)

S prepaéedﬁgggeﬁ% gssgcﬁ5a43lFHE£a/Piqﬁ?@aéitﬁééﬁﬁéﬁ tetrahydrate

di ssol ve of water (pink solution) are added thereto. The aqueous
sol ution |Sehddedodmalh51syotoheaanmenQSOBoignr@NChﬁﬂges¥¢$%nﬁg, at room

tenperature, After 3.h ueous I the cycl ohexane
phase is bl G&F %f?@?lgepSFa?Fﬁg tﬁ@y?gﬁﬁg ases 8£ ??%l%gggnd r emovi ng
the CyC'0heféﬂ§e8¥b908ﬁﬁﬂé&@§bﬁnte@hﬁ@qgegfdeéerbbue abystadbs ohecobal t
3, 5- d|-tertlbﬂtylbenzoate are recovered (M=525.5). Exanple 2:
i1Ke
10 Other advantages and details of the invention will
emerge more clearly in the light of the examples below,
which are given purely for indicative and illustrative

purposes.

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

15 butylbenzoate

2.42 g (10.3 mmol) of 3,5-di-tert-butylbenzoic
acid are dissolved in 60 ml of cyclohexane at room
temperature (colorless solution). In parallel, an
agueous solution consisting of 10 ml of water and

20 0.42 g of sodium hydroxide (10.5 mmol) is prepared and
1.28 g (5.13 mmol) of cobalt acetate tetrahydrate
dissolved in 10 ml of water (pink solution) are added
thereto.

The aqueous solution is added to the cyclohexane

25 solution with stirring, at room temperature. After 3 h,
the aqueous phase is colorless and the cyclohexane
phase is blue.

After separating the two phases by settling and
removing the cyclohexane by concentration, 2.69 g of

30 blue crystals of cobalt 3,5-di-tert-butylbenzoate are
recovered (M=525.5).

Example 2:



WO 01/66502 15 PCT/FRAO /00686 The follow ng are |oaded into a 125 m
titanium autoclave fitted with neans of heating via a heating collar, a
turbom xer and neans of introducing gas and of pressure regulation: 5 -
40.68 g (484.3 mml) of cycl ohexane - 4.87 g (33 mmol ) of 2-ethyl hexanoic
acid - 0.4811 g (4.91 mol) of cycl ohexanone - 0.42 (0.80 mol_ of Co) of
cobalt 3,5-di-WPePt/BaPYRbenzoate of Bdanple 1. 10 AfP%eTr/Fézlo(}s/iorQégt%e
reactor, the mxture is stirred at 1 000 rpm an air pressure (100 bar at
20C) is createdllamdf ¢hkowd xg uree | sodnded ethtThe 1&mpek dt Wik 1¥eaches 105C
in the bulk in mn_and this . tenperature is.mintai further 3
hours. 15 A?“Eté?g—]g%\é?i%]gt%% “c’fe'bkrler%ers’%)rrl? za i%%?é%ﬁ \F{e%c%]?rg%a(@{n?iture

conpri ses a-phese, COHMPLIHSHNOxEY Chiohexnenes anfl fnt poded pid ages Alder
separating out the cycl ohexane phase, the precipitate is dissolved in
acetic aci dof Tree9e1%s cTFekaheophase and the acetic solution are anal yzed

by gas cgromat ogr aphy, d6$n§ (@@y!? ASE) Cot | apetbhdkadabl e | bel ow. The
degree of conversion ( ‘0 he cycl ohexane is. 2.0% 25 TABLE | Products

Cycl ohexane Acsti c Totad.€BYW phasensbl wf od-eminy 1 nednehol ac By cl ohexanone*
0.08 <1 val erol actone b: 08 b. 65 <1 W3O} beR02 A8 RATEROL 00686
- 0.42 g (0.80 mmol of Co) of cobalt 3,5-di-
tert-butylbenzoate of Example 1.
10 After closing the reactor, the mixture is stirred
at 1 000 rpm, an air pressure (100 bar at 20°C) is
created and the mixture is heated. The temperature
reaches 105°C in the bulk in 10 wmin and this
temperature is maintained for a further 3 hours.
15 After cooling and depressurization, the reaction
mixture comprises a phase comprising cyclohexane and a
precipitate.
After separating out the cyclohexane phase, the
precipitate is dissolved in acetic acid. The
20 cyclohexane phase and the acetic solution are analyzed
by gas chromatography, and the results are collated in
Table I below.

The degree of conversion (DC) of the cyclohexane

is: 2.0%.
25 TABLE I
Products Cyclohexane Acetic Total CS%
phase solution mmol
mmol mmol
Cyclohexanone* 6.13 0.21 1.42%* 14.3
Cyclohexanol 5.45 0.19 5.64 57.0
Butyrolactone 0.08 0.08 <1
Valerolactone 0.05 0.05 <1




Sdccinic acid traces traces traces <1 GQutaric acid 0.17 0.24 0.41 4.1

Adipic acid 0.38 1.92 2.30 23.2 *cycl ohexanone assayed - initial

cycl ohexanone = cycl ohexanone forned. CS% = selectivity towards the

conmpound indicated in the 1st columm relative to the cyclohexane

converted. 5 CCNPARATIVE TEST 2 Exanple 2 is repeated he ppar at us
]e%ﬁgﬁﬁgxanoic

and under the"Safe/686P3ting conditiors, except that®

acid is |oaded and an anount of 40.2 g (479 mml ) of Pvrlnhpyanp is used.
10 The fol I@W@glirceeeli@s (Tabl exr349s are obtaggfed tBé@F%e of conver sion
(DC) of th iﬁ)’é’a{x*él ex 055%  TABLE hi—Pgogucts Tgrah mol &S%

Cycl ohexanpne 0 g g Cycl ohexanol [1.61 61.0] Butyroldctone 0. Qf 2.7
Valerolactoheqﬂroecde SU(cini@ i d traces913u1arﬁc3acid traces Adipic

acid 0.07 cl-oh n e none = 15
cyclohexanone %?%e ané&g g%gagéady gntxigilbyg |%&%§%§§?ed ebut wth

vari abl e angyslsheréndnet heyskdneolanm C aCI d. Table 111
anount s of roducts used 20 in each e es the

le | V.coll
results obt@FnedSBycaharysYstevathg b ?d ?WBﬂuﬁgd %%g?F%?Cgﬁ) 766502 17
PCT/FR01/00§§§ cbeaghi PB1 2 8E6Or dhnght oc{heonBkhRd dss¢eibed.in Exanple 2.

5 COMPARATIVE TEST 2

bel ow gi ves the

Example 2 is repeated in the same apparatus and
under the same operating conditions, except that no 2-

ethylhexanoic acid is loaded and an amount of 40.2 g

(479 mmol) of cyclohexane is used.
10 The following results (Table II) are obtained:
Degree of conversion (DC) of the cyclohexane: 0.55%
TABLE IT
Products Total mmol CS%
Cyclohexanone 0.83% 31.4
Cyclohexanol 1.61 61.0
Butyrolactone 0.07 2.7
Valerolactone 0.06 2.2
Succinic acid traces
Glutaric acid traces
Adipic acid 0.07 2.7
*cyclohexanone assayed - initial cyclohexanone =
15 cyclohexanone formed.
Examples 3 to 5
Example 2 is repeated, but with variable amounts
of 2-ethylhexanoic acid.
Table III below gives the amounts of products used
20 in each example, and Table IV collates the results

obtained by analysis of the oxidation medium after



TABLE 11 (expressed in g) Exanple 3 Exanple 4 Exanple 5 Cyclo Co -one Aci
Cyclo Co -one ci Cyclo Co -one Acid 40.360.10360.503 0

40. 170. 10700. 4593. 7022. 070. 10360. 496319.96 5 Cyclo = cycl ohexane Co =
catal yst expressed as g of catalyst of Exanple 1 -one = cycl ohexanone -ol
= cycl ohexanol Acid = hexanoic acid 10 The degrees of conversion of the
cycl ohexane ar&0 01/BesPA e 3: 0.52% -1Exanpl e 4: 1. 8308/ EREEMNFRE5: 2. 26%
TABLE IV 15 Products Exanple 3 Exanple 4 Exanple 5 Total CS% Total CS%
Total CS% wmwektimol, smobr@yobohexaheneetde*d@3c8ihe86inl17.6 0. 16* 2.7
Cycl ohexanol, 1.79 71.0 5.12 57.9 2.74 46.1 Butyrolactone 0.06 <1 0.11 1.9
val er ol act ofit2H°68 €1 Succinic acid 0.18 3.0 dutaric acid 0.33 3.7 0.75
12.6 Adipic acid 0.13 5. 2rApvd 1913 (2xPP=33ed ificygl ohexanone assayed -
initial cycl ohexanone = cyclohexanone fornmed. Exanple 6: Example 2 is
repeated, but using the followng 20 starting materials: W 01/66502 18

PCT/ FRO1/ 00686 %Qaﬁéjzgé%o.ﬁ oL i1 LT oteRane, 04688 U (47§ ol )
- 2. a (
(@]

of cycl ohexjanone, 11.4 mo of 3,5-di-tert-
Cyclo C -one AcidCyclol Co |-one AcidCyclol Co -one |Acid

40.36/0.1036/0.503] 0 [40.17/0.1070/0.459[3.70[22.07,0.1036{0.4963]19.96

5 Cyclo = cyclohexane

Co = catalyst expressed as g of catalyst of Example 1

-one = cyclohexanone

-0l = 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%

TABLE IV
15
Products Example 3 Example 4 Example 5
Total CS% Total CS% Total CS%
mmo 1 mmo 1l mmo 1
Cyclohexanone* 0.6% 23.8 1.56%* 17.6 0.16%* 2.7
Cyclohexanol 1.79 71.0 5.12 57.9 2.74 46.1
Butyrolactone 0.06 <l 0.11 1.9
Valerolactone 0.06 <1
Succinic acid 0.18 3.0
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 cyclohexanone =
cyclohexanone formed.
Example 6:

Example 2 is repeated, but using the following

20 starting materials:



but yl benzoic acid, 5 -0.1078 g (0.205 nmmol of Co) of cobalt 3,5-di-
tert-butyl benzoate. The degree of conversion (DC) of the cyclohexane is
1.26% The results of the analysis of the reaction medium 10 are given in
Tabl e V bel ow. TABLE V Products Total nmmol CS% Cycl ohexanone* 1.4 23.2
Cycl ohexanol 3.76 62.4 Butyrolactone Val erolactone Succinic acid GQutaric
acid 0.11 1.8 wAdiogi/6sadiad 0. 76 12.6 *&ycl ohexanone RESHERY 0qaf& i al
cycl ohexanone = cycl ohexanone forned. 15 Exanples 7 to 14 The procedure of
Exanple 2 is repeatedsoThe yests0. bel amolprefcayciederateusing 0.39 g (4
mol ) of cycl ohexanone and a wei ght 01 ca%al si consisting of the
acetyl acet onat e of coBaﬁ?8?n90§?agtW@ﬂ 54 ecgc N9%2H3Ve’ a concentrati on,
expressed as cobalt, of 57155001 ng/ kedo0f #eagttoninedi-ym The anounts of
cycl ohexane and of |ipophiTic acidic conpounds used are indicated in Table
VI below, Whtghbahgoicobtatle the results of the analysis of the 25
reaction_nedi a obf ai . 0 111 rn_co HMLh MC- N
H 1 N LEl d' d"@hﬁﬁﬁ?hﬁ \8.&%5 mmol Mok Cghcg% Q%ggly §,9~&?-
tert-butylbenzoate.

The degree of conversion (DC) of the cyclohexane is
1.26%.
The results of the analysis of the reaction medium

10 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 0.11 1.8
Adipic acid 0.76 12.6

*cyclohexanone assayed - initial cyclohexanone =
cyclohexanone formed.

15 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 weight of catalyst consisting of
the acetylacetonate of cobalt in oxidation state 3 to

20 have a concentration, expressed as cobalt, of
1 500 mg/kg of reaction medium.

The amounts of cyclohexane and of lipophilic
acidic compounds used are indicated in Table VI below,
which also collate the results of the analysis of the

25 reaction media obtained.
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Examples 15 to 20

The procedure of Example 2 is repeated. The tests
below were carried out using 0.39 g (4 mmol) of
cyclohexanone and a weight of catalyst, consisting 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 cyclohexane and of lipophilic
acidic compounds (octanoic acid) used are also

10 indicated in Table VII below, which also collate the
results of the analysis of the reaction media obtained.
The reaction temperature is 105°C for all these tests.
In each test, an additive comprising 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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Example 21
Example 8 was repeated, but using as lipophilic

acidic compound palmitic acid instead of octanoic acid.
Table VIII collates the amounts of cyclohexane and
5 of acidic compounds used and the analysis of the medium

obtained after oxidation.
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Exanpl e 8 was repeated, but using as |ipophilic acidic conpound palmtic
acid instead of octanoic acid. Table VIII collates the amounts of

cycl ohexane and 5 of acidic conpounds used and the anal ysis of the nedium
obtained after oxidation. UOo\ a) ~ \ UON -HU UUo 43 -HN ~0Q
a) oo WqgqOUH UN H(1 Q NWa O a) HUO>UH Urn a) a) EOa
rn UU O 25

Example 22

Test 8 is repeated, but adding ferric
acetylacetonate to the cobalt compound in order to
obtain 250 ppm of Fe in the medium.

5 The amounts of products and the results of the

analysis of the reaction medium obtained are collated

in Table IX.
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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
medium. The reaction time was increased to 6 hours.

The amounts of products and the results of the
analysis of the reaction medium obtained are collated

in Table X below.



H OUI-n 11 fj N UIl U4r_ ) n O NWW UCz+ Rr NWN 27 Exanple 23
Test 22 was repeated, but replacing the ferric acetylacetonate co-catal yst
wi th chrom um acetylacetonate in order to obtain 53 ppmof C in the 5
medi um The reaction tinme was increased to 6 hours. The amounts of
products and the results of the analysis of the reaction nedi um obtai ned

are collated inpTabtephetow—tHUolo d co Mco M OLU C) UOO0O r-
MM U (1 Uo\p HCl+ri r-i "¢S N 110 r-I o\
(9] o |o©
UOO\O . R
! m |o
<t |™M
cnq&:)o\om“?
© 0 © |~
™M (™M
T
-
@)
@
9
U  ov
(e
o —
s .
R
oe
@)
@] [fe}
O N
S RS
0}
g o
¢
¢ 8
> 5 2 £
— o < ™
© ea} v O -]
— >~ U ~ (o
N oM &) — fe
Iy
= o)
o
o
T -
L 0 0
c n E
S =5 E
O o O
Sy ™ {mM
| < | <
3]
0]
o 0 ~
C:\r—i
rU'UO
S5 |22
)
n ™M
S —_ ™
o SRy
Uru &
Iu} O —
© - M E
&} 4 LU QO
o | —
)
S
0} -
— pE]
o, ©
E ]
® I
» Q,
I IS
O |m
U |




Ou OLn (vr-A OOO0OCEr~ WUON>Urrn UHIH H(1) 0 OU
00 MMUda UOOU-'dOrr E1 41 UUromco ONN U MI M O
ri ULn Urdrt Il OE U~cUQI OUu, OE X04 WS

29

Examples 24 to 26

Example 8 was repeated, but using as lipophilic
acidic compounds p-chlorobenzoic acid or a mixture of
this acid with octanoic acid.

5 The amounts of products and the results of the
analysis of the reaction media obtained are collated in

Table XI below.
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104 IDI'DN U Q4 w UIDNNN W 01/66502 31 PCT/ FRO1/00686 We claim
1I Ahprocess for oxidizing substituted or unsubstituted, saturated
al i phatic or cl oal i phatic 5 hydrocarbons or aIkyIarona L C rbons to
aci ds or yéb(@@5@£ a liquid nediunmtby an oxidi zi ngf y%éé%?lsing

nmol ecul ar oxygen characterized in that one
We claim:

1. A process for oxidizing substituted or
unsubstituted, saturated aliphatic or cycloaliphatic
5 hydrocarbons or alkylaromatic hydrocarbons to acids or
polyacids in a liguid medium by an oxidizing agent
comprising molecular oxygen, characterized in that one
of the constituents of the liquid medium is an acidic
organic compound which is of lipophilic nature.

10 2. The process as claimed in claim 1,
characterized in that the hydrocarbon to be oxidized is
at least partially miscible with the lipophilic acidic
compound, under the conditions in which the oxidation

reaction 1s carried out.

15 3. The process as claimed in either of claims 1
and 2, characterized in that the lipophilic acidic
compound is chosen from the group comprising aromatic,
aliphatic, arylaliphatic or alkylaromatic organic
compounds comprising at least 6 carbon atoms.

20 4. The process as claimed in one of the
preceding claims, characterized in that the weight
percentage of lipophilic acidic compounds in the liquid
medium is between 1% and 99% by weight relative to the
total weight of the ligquid medium.

25 5. The process as claimed in claim 4,
characterized in that the abovementioned weight
percentage is between 10% and 80% by weight.

6. The process as claimed in one of the
preceding claims, characterized in that the lipophilic

30 acidic compound is chosen from the group comprising
hexanoic acid, heptanoic acid, octanoic acid,
2-ethylhexanoic acid, nonanoic acid, decanoic acid,

undecanoic acid, dodecanoic acid, stearic acid



of the constituents of the liquid nediumis an acidic organic conpound
which is of lipophilic nature. 10 2. The process as clainmed in claim1l,
characterized in that the hydrocarbon to be oxidized is at |east partially
m scible with the lipophilic acidic conmpound, under the conditions in

whi ch the oxidation reaction is carried out. 15 3. The process as cl ai ned
ineither of clains 1 and 2, charactetized in that the | i pophilic acidic
conmpound i s chosen fromthe group conprising aromatic, aliphatic,

aryl al i phat ieccordet&ybaronatic argakie PewnpolindsdeBhPRrSYRY at | east 6

carbon atons. 20 4. The pr - i kN one_of _ _precedi ng cl ains,
char act eri zed®T°°t ha ?%£a§%?%§f§§%£$§%2%gb%'o ’%i%%p%?f?c aci di ¢ conpounds
in the |iqubgcyDBehiol&sabet weent 424 amd: §PBehyoivei ghtdretative to the

total weight of the liquid nmedium 25 5. Th rocess_as clained in claim4,
char act er i z@EEY hPeRAP L€ haChBoveREht Pohed Qﬁgﬁﬁfﬁ%ﬁﬁb@ﬂf%ﬁghgiaB%tmeen 10%

and 80% By yej e RERQESSSnAS &t ahaedubo: oPec 88 khen ®regeding
cl ai s, %ha*%%%gﬁ?%gﬁ %% ?ﬁgt thenlipophilic 30 acidic conpouﬁg is chosen

from t he groupupsnprisiagabhéxandi cencibutheptapei cfaety, 20edandné aci d,

2- et hyl hexanoj c_aci d, .nonanoi ¢ _aci d ecanoi ¢ id, undecanoic acid,
dodecanoi ¢ 2t ﬁFlgFggﬁingﬂ?%lgzac%%c?%ﬁ%%%%ﬁyggacid) and the pernethyl
derivatives thefeof, TBe0gtadesy! sucelnitedcin, o2e5efli thert- butyl benzoic
acid, 4-tert-butyl benzoic acid, 4- octyl benzoic acid, tert-butgl hydr ogen
or t ho- pht habaeeedbngaphe hefi cCBRTaREAF ABeRi thablds SuBsP¥tdeetWi th al kyl

groups, ,Br ef erably; o LELtsRUbiL L¥PEenlalby actdea e substituted

phthalic aci erivatives. _
8. The process as claimed in claim 7,

characterized in that the catalyst is soluble in the
liquid medium under the conditions in which the
oxidation reaction is carried out.

15 9. The process as claimed in claim 7,
characterized in that the catalyst is insoluble in the
liguid medium under the conditions in which the
oxidation reaction is carried out.

10. The process as claimed in claim 9,

20 characterized in that the catalyst is a supported
catalyst comprising a mineral or polymeric support.

11. The process as claimed in one of the
preceding claims, characterized in that the oxidation
is carried out in the presence of a compound chosen

25 from the family comprising nitriles, hydroxyimide
compounds and halogenated compounds.

12. The process as claimed in claim 11,
characterized in that the abovementioned compound is a
nitrile compound chosen from the group comprising

30 acetonitrile and benzonitrile.

13. The process as claimed in claim 11,

characterized in that the abovementioned compound is a



7. The process as clainmed in one of the preceding clains, characterized in
that the oxidation 10 is carried out in the presence of a catalyst. 8. The
process as claimed in claim7, characterized in that the catalyst is

soluble in the [liquid nediumunder the conditions in which the oxidation
reaction is carried out. 15 9. The process as clainmed in claim?7,
characterized in that the catalyst is ihsoluble in the | i qui d medi um under

the conditions in which the oxidation reaction is carried out, 10. The
process as kYarasdinade| apmpoungocenapactePrzedsi arenat PR tatafyst is a

suppor ted — gal glyst, CONRL|$inG. 3 nGL A a0k DOLYARTi g aupport. 11, The

process as cl af ne n-one o e preceding ciains, characterized in that
the oxidation is4carThedpootesn dhecpatsedcenoflaivohpound chosen 25 from
the famly conprising nitriles, hydroxyi mde conpouynds and hal ogenat ed
conpounds. @@?r?ﬁéeﬁ?6€§s%na§h@Fa¥H%da ﬂVEWEPﬁfgg?H %ﬂgP%%?gr%gea in that

the abovenent i ggedsceaPeURHoLSdachBELR Feoorpeugdocposerptiomghe group
conprising 30 acetonitrile and benzonitrile. 13. The process as clained in
claim1l, chatacteriaedcincthdtorhel abbaeheneronedlteapeahdPriatacas

hydr oxyi m d ompound_chosen.fr p L S§ n
N-hydroxysuggﬁﬁgg?ﬁgoaﬁdaﬂghg%yggééggﬁgF?%ingggi%"#ﬁgsbr%%%ssags cl ai med
in claimillperehavactelignd, i perbatorbeeahplepehdheredeconpound is a 5

hal ogenat ed conpound. chosen fromthe group conprising cyclic or acyclic
fIuoroaliphEFFgEBPrEE?¥P36roHFFEEEPFEgeH§gP8chBBh ugﬁax?FﬁB?Oaronatic

hydrocar Bonse - 84Ghr85onRBES | Horet abygnecapenf | uor onet hyl cycl ohexane,

perfluoromethyldecalin, a,o,o-trifluorotoluene or 1,3-

bis (trifluoromethyl)benzene; fluoro or perfluoro esters

such as alkyl perfluorooctanoates and alkyl

perfluorononanoates; fluoro or perfluoro ketones such
15 as perfluorcacetone, fluoroalcohols or

perfluorocalcohols such as perfluorohexanol



per fl uor ohexane, perfluoroheptane, perfluorooctane, 10 perfl uorononane,
perfl uorodecalin, perfluoronethyldecalin, a,a,a-trifluorotoluene or 1, 3-
bi s(trifluoromethyl)benzene; fluoro or perfluoro esters such as al kyl

per fl uorooct anoates and al kyl perfluorononanoates; fluoro or perfluoro

ket ones such 15 as perfl uoroacetone, fluoroal cohols or perfluoroal cohols
such as perfluorohexanol 34 perfluorodttanol, perfluorononanol,

per fl uorodecanol, perfluoro-t-butanol, perfluoroisopropanol or

1,1, 1,3, 3, 3pbegafibuovoc2npl pppaot Jubtounooandtii | esrdotuopedétaoednitril es

such as perfluoroacetonitrile1 fl uor acids or gerﬁluoro aci ds such as
trifluor onePRYFHBARZGI & PREFECL peRELF F USF 3HBRZHPRAERT d° per f | uor ohexanoi ¢

acid, perfhuereheptanoiexaehdorbesthuepanet aneicoashd:ripesf byorononanoic
acid or perffuoroadlp[c acid, fluoro or perfluoro halides such as
per f | uor oi odeoétanecantdriperf FuehobFoRBOEL BAECAFEUBRBAKLhBs &F UOTO

per fl uor oam ne such as-.perfluoraqtri pylLapi.r I -yl am ne
or perfluor8??§5eﬂfy?§ﬁ%%§9r35éc ﬁ% %ﬁ%geé% g%?g}gpﬁéﬁéyﬁpg%%hgyﬁ¥he
precedi ng chaifs, pehasatherbpedzbhct hat dt heehytinocanbranoto beidxi di zed is
chosen fromthe_group conprising, cyclohexane and cycl ododecane. 16. The
process as BP&LABATPASBFaNM $52C1ehaPaEt alPz8AFARPhEt 2EhE  aci d produced is

adipic acid canedib9kCoackdor1ler FNgoPRO8esScaS Al FRdok-B One of
t he precedpﬁg%%ﬁggﬁs? charac?erizgg ?ﬁrtha?, aft%rc oiidation? t he phases

of the |iqubd pedflnpapehageparsasedhbgssperfingrphrgoactpeasenéne organic
Phase { o Tog b e UGk 2. 1 04 0EaEERT, cLNE,|LBgolL bl Bansiibd

such as perfluorotripropylamine, perfluorotributylamine

or perfluorotripentylamine.

15. The process as claimed in one of the
preceding claims, characterized in that the hydrocarbon
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.

17. The process as claimed in one of the
preceding claims, characterized in that, after
oxidation, the phases of the liquid medium are
separated by settling into at least one organic phase
formed by the unoxidized hydrocarbon, the lipophilic
acidic compound, the said organic phases being recycled
into a further oxidation and the acid produced being
extracted from the agueous phase.

18. The process as claimed in claim 17,

characterized in that the acid is extracted from the

aqueous phase by crystallization.



into a further oxidation and the acid produced being extracted fromthe
aqueous phase. 18. The process as clained in claim17, <characterized in
that the acid is extracted fromthe aqueous phase by crystallization. 35
19. The process as clained in one of clains 9, 17 and 18, characterized in
that the catalyst is recycled wth the organic phase(s). 20. The process
as claimed in one of clains 10, 17 and 18, characterized in that the
catalyst is separated fromthe quuiasnediun1by separation of the phases
by settling or by solid/liquid separation. 21. The process as clained in
ei ther of claimd9%7 TaedPr@cesiFapactediiFzed i ohig tthé G vt Which is

sol ubl e in the 1%qu%%'é§:[§%g%§§ A% OXL hackeqdrly o Hawi i gy extdaction,

separation on resins o el ectrodialysis. 22. The process as clainmed in
one of thewiphecéd pgaelndicphacledrsact eri zed in that the catalyst conprises
cobalt as catalytically active eleneq;“ . .
20. THe process as claimed in one of claims 10,
17 and 18, characterized in that the catalyst 1is
separated from the liguid medium by separation of the
phases by settling or by solid/liguid separation.
21. The process as claimed in either of claims 17
and 18, characterized in that the catalyst which is
soluble in the agqueous phase is extracted by
liguid/liquid extraction, separation on resins or by
electrodialysis.

22. The process as claimed in one of the

preceding claims, characterized in that the catalyst

comprises cobalt as catalytically active element.



