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PROCGESS FOR PREPARI NG ADI PI C ACI D BY HYDROCARBOXYLATI ON OF PENTENCK:&6Eh DS
The present invention relates to a process for preparing adi pic aci dedsy
hydr ocar boxyl ati on of 5 pentenoic acids, that is to say, by reaction of.
wat er and carbon nonoxide with at | east one pentenoic acid, in the presence
of a [hodiuh}based catal yst and of at | easty one iodinated pronmoter. A - .
proceSs i s proposed, in European Patent 10 Application No. 188,209, for

preparing |inear dicarboxylgsocddSror PRESAR BN ApIsidixensi d, by reaction
of unsat urat ed nmonocar boxylT¢ aci ds, I n particular penten-3-oic acid,

car bon nonoxi de and matg&,Egggbg%ggoxggnggogfog phnﬁgnn:baac@nsatalyst and
15 of an iodinated pronoter, the reaction being carried.out in a solvent
such as net hyl ene chl ori dehe! prebefitcinventioh +elates2409| ar pkccasd under a
total pressure of between 14 and 240 atm a tenperature of between 150 and
180[err] C and afbctpbepacisgraddbihehudénb?Ahaﬂdoé&rb&xylatipaphéres are
regarded as preferable. The carbon nonoxi de partial pressure is generally
between 10 &nd penfemodghecddsanfhptefier ol Fayet hyeweagting ©f wakepheres.
The choice of solvent is shown to be critical within the scope of the
process in quesBpgncasbongmenoxide with FGd&GG‘Fh&Pes8?9&#991§uéﬁlés acetic

acid are undesirable due to the | ow degrees | i_neari
n the presence of a ggdium— ased cata &gst and of at

least one iodinated’pramoter.
- A process is proposed, in European Patent

10 Application No. ;88,209, for preparing linear

| dicarboxylic acids, in particular édipic acid, by
reaction of ungaturated_monocarboxylic acids, in
'pgrticﬁlar penten-3-oic acid, carbon monoxide and
water, in the presence of a rhodium-based catalyst anﬁ

15 of an iodinated promoter, the reaction being carried
out in a solvent such as hethylgne chloride at a
temperature of ioo'to 240°C and under a totai_pressuré

. of between 14land 240 atm; a’ temperature of between 150

and 180°C and a total préssure of between 24 and 40 |

26 atmospheres are regaréed as preferable. The carbon
monoxide partial pressure isigenerally between 10 and
35 atmospheres-#nd preferably between 10 and 17
atmospheres. The choice of solven; is shown ﬁo be
critical within the scope of the process in question

25 and it is even judged that solvents such as acetic acid
are undesirable due to the low degreeé of linearity
obtained in their presence. |

Likewise, it is mﬁinﬁaineq that nonpolar
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obtained in their presence. Likewise, it is maintai.ned that nonpol ar 2.
sol vents such as cycl ohexane and toluene are al so undesirable, due to their
propensity to directly pronote the formation of branched products and
indirectly that of saturated ponocarboxylic acids. 5 A process
i's proposed, in European Patent Applicatiog No. 0,274,076, for prepar i ng

| i nedr carboxylic acids by hydroxycarboxylation of unsaturated esters.or of

al kenes cont ai N Ok &0Cs URSEh Ut &1 SIORALS | d)k FEQTR¢hd alé £BEHON atons in
the presence of 10 a- rhodlun}based catal yst and of ,an i1 odi nated pronoter.

The reaction l&nﬁﬂééiﬁﬁbﬂﬂI dile ot S OLNEIE ﬁiﬁﬁ%ﬁbﬂtﬁfEbﬂdibéétnftlOn from
met hyl ene chl oride, 1,2-dichloroethane .and aromatic-solvents, and an -

ali phatic or arpréhdte athe foitati@kodibimicked prothedts ardi S present as
15 the reaction accel erator, The carbon nonoxi de partial pressure.is

bet ween 10 and ﬂmmmxphenaam s i el ymdirsd oeabyoaty8l e R @At nospher es.
However, when startlng from pentenoic esters, the formation of nethyl
monoadi pat éis essenti al |3 processsts \wposed: in European Patent

"Application No. 0,274, 076, for preparing linear
'carboxyllc acids by hydroxycarboxylat;on of: unsaturated
egsters or of alkenes contaia;ng end unsaturation
comprising-frdm 4 to 16 carbon atoms in the presence of
10 a #hoﬁiuﬁ-based catalyst and of an iodinated promoter.
The reaction is ca:fied out in a solvent chosen without
distinction from methylene chloride, 1,2-aichlor0ethane
ahd aramatic'solvents, and an aliphatic or aromatic
acid with a pRa of between 4.2 and 5.2 is present as
15 the react:on accelerator. The carbon monoxlde partial
pressure is between 10 and 200 atmosphere and
preferably between 13 and 20 atmospheres.
However,'when-starting'frdm pentenoic'esté;a,
the formation of ﬁethyl monoadipate is essentially
20 observed. | |
Patent EP-A-0,477,112 describes the
prepafation of adipic acid by hydrocarboxylation of
pentenocic acids in the pfésence of rhodium and of an
iodinated promoter in a'aolvent chosan from carbéxylic
25 acids. | ‘ _
All these processes of the érior-art are used
in a solvent of one tyﬁe_or another.

.It has now beep;found that it is possible to



Patent EP-A-0,477,111 describes the preparation of adipic acid by
hydrocar boxyl ati on of pentenoic acids in the presence of rhodium and of an
iodinated pronoter in a solvent chosen fromcarboxylic 25 acids. Al

t hese processes of the prior art are used in a solvent of one type or

anot her. It has now been found that it is possible to 3 selectively
obtain adipic acid by hydrocarboxyl ati on df pentenoic acids in the presence

of a rhodi um basad 4ataNs bathd L ABIOUoIA 8 ByATRLATHILLIA dibId0 2

third solvent, 't IS t0 say, using solely one. of pentenoic

aci ds. The subjagk edbild@diidas 4 tha' PRidsaRces oS rhoRIREEBasEd Preparing
adi pic acid by reaction of water and Carbon nonoxide with at |east one

pent enoi ¢ aci dealtdlydt RN Y andlicdinaedduprbasedrcaithpat apdni0a of at
| east one iodinated pronoter, at a tenperature between 100 and 240[err]C,

at a pressure ghdadesolventst bethdsi topsaysuusinghavielyr oned arn at hat a)
the reaction is inplenented in the absence.of a third sol vent ' _
5 number of pentenoiq-acids. :
| The subjéct of the'présent invention is ﬁhus
a procéss for preparing adipic acid by':eaction of
water and carbo# monoxide with at least one'pentenoic.
acid, in the ﬁresepce_of a rhodium-based catalyst énd
10 - of at least one iodinated promoter, at a temperature.
between 100 and 240°C, at a pressure éreater‘than
atmogpheric.presspre, cha¥acteri§ed in that |
a) the reaction is implemented in the
absence of a third solvent
15 b) and the carbon monoxide partial
pressure, measured at 25°C, is less than
or equal to 20 bar.
Pentenoic acid is unaerstood té mean, within
the scope of the:presenf invention,'penten-z-oic acid,
20 penten-3-oic acid or;penten-4-oic~a¢id and their
mixtures.
| Penten-4-oic acid leads to goqd regults but
is sﬁill not.readily aﬁailable. |
Benten-ﬁ-oié acid, taken in isolation or as a
25 mixture with its isamers, is more pétticularly
suitable, consideriﬁg its accessibility and the
sétisfacto;y resultS'which it giées:within.the'scope of

the present process.
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15 - ) and the carbon nonoxi de partial pressure, nmeasured at-
25[err]C, is less than or equal to 20 bar. Pentenoic acid is understood to
mean, wWithin the scope of- the present invention, penten-2-o0ic acid, 20
penten-3-o0ic acid or penten-4-oic acid and their mxtures. Penten-4-oic
acid leads to good results but is still not, readi |y avail abl e. Penten-3-o0ic
acid, taken in isolation or as a 25 mxtdre with its isoners, is nore

particul arly suitable, co?ﬁ%gﬁ%%ggngié'gggggsﬁ@é&iﬁg angftggu§§glsfactory

results which it gives w e scope of the presenht process. '. 4 The

pentenoi ¢ aci dSoysediiPMin8t &AULALs S8NbPLPrOaHEEs AEBHRLE hr gy Oduct s
formed during their preparation, such as,” for -exanple, valeric acid, .

met hyl but yr ol ac¢Rees, préparacdén(l, siBhhab gl B2 ékadisld, Svalérethytsagci nic
‘acid. The process according to the present invention requires the .presence
of a rhodiun}baﬁedhphbatysblaémynébpd&dﬂpsouaesdjSmeahpbgbunarbeiagi&sed.
5 and ethylsudcinic acid.
The process according. to .the present -
invention requires the pre‘sénce of a rhodiﬁm-ba’sed
catalyst. Any rhodium source is capable of being used.
As examples of rhodium sources capable of
10 being suitable for use in .' ﬁhe present process, there
- may be mentib:;led: | |
Rh mgtal, Rh203;
RhCl,, Rhc13031120,
Rhﬁr3, RhBr,e3H,0,
15 RhI,, Rh(NO;);, Rh(NO;);¢2H,0,
 RB;(CO),Cl,, Rh,(CO)Br,, Rhy(CO),I,,
Rh (CO) C1 [P (C4H;) 515, |
Rh[P(C.Hg) 3J 2(CO)I,
Rh{P(C.Hs) ;1 4Br,
20 Rh, (CO) ,,, Rhs(c,o')gls, Rh(CO), (acac),
| Rh(Cod) (acac),, Rh(acac),,
Rh, (Cod) ,C1,, Rh, (CO,CH;),,
HRh (CO) [P (C¢H) 415,
(Cod = 1,5-cyclooctadiene, acac =
25 acetylacetonate) . |
More particularly suitable for use in the

present process are:
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As exanpl es of rhodi um sources capable of 10 bei ng suitable for use in
the present process, there may be nentioned: Rh netal, Rhlerr](err],

RhC [err], RnC[err].3Herr]O RhBr[err], RhBr[err]. 3H[err]O 15
Rhk[err], Rh(NOerr])[err], R(NJerr])[err].2H err] O

Rn[errf(CO[err]Cerr], Rh[err](CO)[err]Brgerr] Rh[err](CO)[err]I[err]
[ P(Cler 11 Her 11 [or 11| i (65 fe (@l Brf L er 1] Her r1)
err err err r Br, 20
%ESL’;W[ )[]e r], Rh[err] ferrip( 6Rﬁ?&g‘[err](acac), RﬁEO]o]cig(e;LLc;[err],
c)l[err

Rhlerr] (Cath{coydiin err CH :
HRh( CO) [P(C[err]H[err])[err]]{eﬂ]méﬂéoawl 5%%322%&2%2”%2{:”25

acetyl acetonate). Mre parghdo)l,cisyitable for use in the present process

ar e: HRh(CO)[P(C[err]H[err])[err] [err], Rh(CO) A [P (Cerr]Herr])
[err]][err], Rh[err](Cod)[mtd'ch)[,iela], Rh[err](C())[err]CJ[err]
5 - . RhI,, Rhc1303520, Rh(acac)a,

Rh(Cod) (acac),, Rh,(CO,CH;),, Rh,(CO);,,
" and Rhg(CO) -
| The quantity of rhodium to be used can vary
. within wide limits. ' | |
10 In general, a éuantiéy, eipressed in mole of
metallic rﬁodium-per litre of reaction mixture, of
between 10~% and 10'1 leads to'satisfactory results.
Lower quantities can be used; however, the reaction
velocity is observed to be low. ﬁigher quantities have
15 disadvantages only at an economic level. |
| | Preferably, the concentratioﬁ_of rhodium is
between 5-10°% and 102 (inclusive) mol/1l.
Todinated promoter is understood to mean,
within the scope of the present p?ocess, HI and the
20 organciodine compounds capable of generating ﬁI under
-_the reaction conditions and, in particular, the
¢;~C,palkyl iodides, methyl iodide being more
particularly recommended. |
The quantity of iédinated promoter to be used
25 is in general such that the I/Rh molar ratio is greater
than or equal to 0.1. It is not desirable for this
ratio to exceed 20. Preferably, the I/Rh molar ratio is

between 1 and 4 .(inclusiv_e) .



5 . - PRhl[err], RhC[err].3Herr]0, Rh(acac)[err], Rh(Cod)
(acac)[err], Rh[err](Cderr]CH err])[err], Rh[err](COJ[err], and
Rhferr](CO[err]. The quantity of rhodiumto be used can vary within w de
limts. 10 ° - In general, a quantity, expressed in nole of

metal lic rhodiumper litre of reaction m xture, of between 10[err] and - -
10[err] leads to satisfactory results. Lower quantities can be used; '
however, the reaction vel Qgial ¥ ey eddeeb¥e balt@r 08 lQ%EaEiQQeEhguﬁﬁhhﬁEgs
have 15 di sadvant ages only dt an econom ¢ Fevel. ‘Pre erably, the

concentration opgr hgd P?F:L:?sl&eta%@}dﬁn ke the?Biles@he’ LhvehBEbHS tR)

mol /1. |odinated prono S understood to nean, wthin the scope of the
present processgeberan] the JhantitgldF @dtes ¢anpeuddedCapabuenothat
generating H under the reaction conditions and, in particular, the
Clerr]-Clerr] al kite watied¢pentaniy acddi(d? meolag ratfopist betweehy0.01
recomended. The quantity of iodinated pronoter to be used 25 s in
general such thandt R@ |(ARclmslixe)ratio is greater than or equal to 0.1. It
is not desirable for this ratio to exceed 20. Preferably, the I/Rh nolar
ratio is between 1 and 4 A Aowes waipntity has the disadvantage of

excessively limiting the copversion. A higher quantity
is not desirable due to the loss of catalytic activity
cbserved. | '
10 'f. According-to an essential characteristic of
| the present process, the car?on mono#ide partial
.pressure,'measured at 25°C, ié.less than or equal to
Zb_bar.
When the carbon ﬁonoxide partial pressure,
15 ‘measured at 25°C, is greater than this v;lug, the
selectivity towards linear and/or branched diaci&s is
very low and the formation of significant quantities of
: 4-methy;butyrolactone, an undesirable compound;;is
recorded. | |
20 . A minimum carbon monoxide éartialipressure of
O.S'bar (measured at 25°C) is #ecommended. |
Preferably, the darbon monoxide partial
pressure, measured at 25°C, is less than or equal to
10 bar. |
25 ' It is possible to use carbon nonoxidglwhich
is substéntiaily pure or of technical quality, such as
ig.commercially available.

As shown above,'ﬁhe reaction temperature is



The .presence of water. is vital to the running of the process according to-
the present invention. In general, the quantity of water to be used.is such
t.hat the water/pentenic acid(s) nolar ratio is between 0.01 5 and 10
(inclusive). Alower quantity has the disadvantage of excessively limting
t he conversion. A higher quantity is not d@ﬁlrable due to the loss of -
catalytic activity observed. 10 According to an essentia

characteristic gf &anngﬁ Q%Spﬁaﬁe S, pbie SaabeﬂﬁﬂgﬁgﬁhggéggrBEavﬁen t he

pressure, ITE&SUI’E IS I ess th n or e

carbon nonoxi deppapbhg! 1RVEAEYLR, the tEﬁ?SHEEﬁrét i85b8tlbén 180JRRAL €T |
than this value the selectivity towards Tinear and/or branched diacids is

very |l ow and thegobermyihenusive)gni ficant’ quantities of
4- et hyl but yr ol act one, an undesirabl e conpound, is recorded. 20

A m ni mum car bon nonoxi deThar reaktpoasisr eagki8dSohar atmeapressusnt
25[err]C) is recommended. Preferably, the carbon nonoxide partial pressure,
measur ed at525[ greh€eri $hansatmbgphericqpaessuréOabd; . géberally, in |t is
pOSSIb|e to use carbon nonoxi de which
the liguid phase. -
The tota;.pressure can vary within certain
limits wﬁich will depénd on the ﬁrocedu:elretéined, on
- the carbon monoxide partial pressure and on those of
10 the cénsfituents of the reaction mixture at the chosen
reactioh témpefatufe and, if appropriate, on the
autogenéus pressure of the pentenoic‘acid(s).present.
| The reaction ﬁixﬁure-contains_ﬁater, one of
more rhodium sources, one or more iodinated promoters
15 and, if appropriate, all or part of the‘penteﬁdic
acid(s) iﬁvolved, and reaction products.
At the end of the reaction or of the time
-allotted to the latter, adipic acid is separated by any
suitable ﬁeans,rfor example by crystallisation.
20 '~ The examples below illustrate the present
invention.
EXAMPLE 1
The following.are introduced into a glass
flﬁsk purged beforehand with argon:
25 - 1.31 mmol of rhodium in the form of
[RhCl(Cod)],
- 0.35 g (2.5 mmol) of CH,I

- 2.29 g (127 mmol) of water



I's substantially pure or of technical quality, such as is comrercially

avai l-abl e. As shown above, the reaction tenperature is 7 between 100 and
240[err]C. For good inplenentation of the present invention, the
tenmperature is between 160 and -190[err] C (inclusive). The reaction is
carried out at- a pressure 5 ‘greater than-stnnspheric pressure and, -
generally, in the liquid phase. The total pressure can vary within certain

limts which will depend '(g]j_ch% p%‘ze%gnr eotfaiitpne[%(%e Q_%_Eﬂt{%t %%ritg)n nonoxi de

partial pressure and on tHhosé constituent s e reaction

m xture at the chosen rea%@@fﬂpgﬁwfﬁs@gn iof 1@3}%?&%&13,%} he

aut ogenous pressure of the pentenoi present. The reaction mxture

contains water, one or nDihd RRHIED ARG herdit i¥alTY ldd)aAtced
pronoters 15 and, if appropriate, all or part of thé pentenoic acid(s)

i nvol ved, and r 43¢ D ovied @ialipped wilth el taftildie arP domiectieditd thd | NE
allotted to the latter, adipic acid is separated by any suitable neans, for
exanpl e by & ystsupplyatdfipressurised gas. 2 bar of CO are adm:i.-ttegi
. | while cold -and the mixture is heated to 175°C éver
20 minutes. When this temperature is reached, the
pressure is adjusted to 8 bar. | ‘
After a period 6f reaction of 90'mdnuteé, co-
10  absorption has ceased; the aﬁtoclave is then cooled and
degassed. |
Thé reaction solution is #nalysed by gas
phase chramatdgraphy and by high ﬁrgssure liquid.
chromatography.
15 | ' The quantities of froduéts formed (molar
‘yield in_:elation'td converted penten-3-éic-acid) are

as follows:

- valeric acid | (Pa): /\/\ COOH =0 %
penten-4-~-o0ic acid (Pa): A"~ COOH = 9.5 %
20 penten-2-cic acid (Pﬁ') : | /\/\ :COOH = 7.5 %

4-methylbutyrolactone (M4L): _O.: e} - =16 %
' O
ethylsuccinic acid (A3) : .)\/,COQH =0 %
o ' HOOC . :

methylglutaric acid (a2):’ Hooc)\'/_\COOH =16 %



20 - The exanples below illustrate the present invention. EXAVPLE
1 The followi ng are introduced into a glass flask purged beforehand with
argon: 25 - 1.°31 nmol of rhodiumin the formof [RhC (Cod)][err]
-.. 0.359g (2:5 mol ) of CHerr]l - 2.29 g (127 mol ) of water -
55.2 g (552 mol ) of penten-3-oic acid. Thg flask is placed in a 125-ni -

aut ocl ave. The autoclave is hernmetically closed, placed in an oven equi pped

W th agitation gafbfondesded to thecky): sd’i‘)@p&“ thed gass 577 Bar of
CO are admitted while cold and the m-xture is. heaved~To SCPHOHr] C over 20
m nutes. Wen this tenperature is reached, the pressure is adjusted to 8
bar. After ‘a period of reaction of 90 m nutes, CO 10 absorption has ceased,
the autoclave is then coolleel degreegaf skinedirtty et} i BDI%tion is '
anal ysed by gas phase chromat ography and by hi gh pressure.liquid
chr omat ogr aphy. The degree of conversion of penten-3-oic acid
(DC) is 47 %. _
5 _ " The productivity, expressed in grams of
adipic acid produced ﬁer hour ahd'per litre of reaction
‘mixture (calculated over 30 min of CO absorption) is
1100 g/h.1. .
COMPARATIVE TEST 1 |
10 ' Example 1 is repeated under the same
. conditions but with the following'charges:

- 1.31 mmol of rhodium in the form of

[Rhc1 (COd) ] 2

0.35 g (2.5 mmol) of CH,I

15 2.29 g (127 mmol) of water

4.88 g (48.8 mmol) of penten-3-qic acid

43.2 g of acetic acid.
The following results are obtained:

DC of P3: 100 %

20

degree of linearityé 73 %

yield of adipic acid: 62 %
- productivity: 130 g/h.1
EXAMPLE 2 '_"
Example 1 is repeated according to its
25 procedufe, under the.foliowing conditions: '
| - téﬁperature: 175°C

- CO pressure: 20 bar



15 . The quantities of products fornmed (nolar yield in relation

to converted penten-3-o0ic.acid) are as follows: valeric acid (Pa):
[err] = 0 % penten-4-0ic acid (P4): [err] = 9.5 %20
penten-2-oic acid (P2): [err] -7 =7.5%

4- et hyl.but yr ol act one (ML) : [err] =16% et hyl succinic acid -

(A3): [erfr] =0 %nethylglutaric ad% (A2): [err] =16 % 9

adi pic acid (A1) le”]du:{:at %g%ﬁ; liﬁf%{:ﬂ%y (L) is 77 %ThThe
IS 0 e

degree of conversion of penten-3-oic acid ( _

productivity, exDf aSaeded i ba. Harflidy ¢ acid produced per hour and per
litre of reaction mxture (cal cul atel?gover 30 mn of CO absorption) is 1100
g/ h.l. COVPARATLVE TEST 1g b2 mmol of rhdddaip!ih kie fsxpead#ed under the

same conditions but with the followi ng charges: - 1. 31 nmol of rhodium
in the formof [RhC (Cod)ixteY {cod) 1,
5 - 0.105 g (0.468 mmol) of HI in the form of a

57 % solution in water

2.31 g (128 mmol) *of water

53.63 § (536 mmol) of penten-3-oic acid.
The following results are obtained:

10 DC of P3: 41 %

- degree of linearity: 55 %
- .yield of adipic acid: 42 %
- prodhctivit?: 170 g/ﬁ.l.
EXAMPLE 3
15 | Example 1 is repeated according to its

procedure, under the following conditions:
- temperature: 175°C . -
- co pressﬁre: 8 bar
- duration of.temperaturgz 265 min.
20 and the following charges:
- 0.192 mmol) of rhodium in the form of
[RhC1(Cod) 1,
- 0.105 g (0.468 mmol) of HI in the form of a
| 57 % solution in water l‘
25 - 2.31 g (128 mmol) of water
- 53.76 g (538 mmol) of péntén-3—oic acid.
The  following reéults are obtained:

-  DC of P3: 38 %



- . 0.359g (2.5 mol) of CHerr]l 15 _ L 2.29 g (127 mol) of
wat er - 4.88 g (48.8 mmol ) of penten-3-o0ic acid - 43.2 g of acetic
acid. The followi ng results are obtained: DC of "P3: 100% 20 - :
degree-of linearity: 73 % - yield of adipic acid: 62 % - productivity:
130 g/ h.l EXAMPLE 2 -Exanple 1 is. repeated gqeor ding to its 25 procedure,
underc the follow ng conditions: - = tenpefature: 175[err]C - CO

pressure: 20 bar 10 - 4 ig'lé'r {#01 4 3 @gulke: 180 min and the
follow ng charges: - - 0. rﬁairtlﬂf)o Q{%ﬁ% :%tn the form of
[RhC'(Cod)][err] 5 rield S HAipiD HaE .M ks of H in the formof a
57 % solution in water 2.§f'g (128 mol) of water 53.63 g (536 mmol ) of

pent en-3-o0ic acid. - productivity: 150 g/h.1



hd

'Thafollovm ng results are obtai ned: 10: " - - DC of P3: 41%degree of

linearity: 55 %yield of adeIC acid: 42 @6product|VL1v

170 g/h | . EXAMPLE

3 15 Exanple 1 is repeated according to its rocedure

the fol |l owi ng conditions: - tenperature: 175[err]C. mﬁumwwyﬁiﬁm
bar - . duration of tenperature: 205 mn.. 20 and t es
- ‘0.192 mmol) of rhodiumin the form of™f RhC (Cod) ] [err] . 105

(0.468 mmol ) of H in the formof a 57‘ﬁ%%#%5|0n i n water

2.31.9 (128 nmmol) of water 53.76 g (538

of penten- 3- 0|c aci d. The

following results are obt fi Nedpyscess FoPf ébafﬁhgbad1§¥ﬁﬂéﬁi&”b}'”eaf'ty

63 % vyield of adipic aC|d ‘49 % productivity:” 150

reaction of water and carbon monoxlde with at least one

pentenoic acid, in the présenqe of a rhodium-based

5 catalyst and of at least one iodinated promoter, at a

temperature between 100 and 240°C, at a pressure.

greater than atmospheric pressure, characterised in

that

a) the .reaction is implemented in the absence of

10 | a third solvent

b) and the carbon monoxide partial pressure,

measured at 25°C, is less than or equal to

20 bar.

2. Procéss-according to claim 1,

15 characterised in that the rhodium concentration in the

reaction mixture is between 10°% and 10-! mol/l

{inclusive).

) - 3. Process according to either of claims 1

or 2, characterised in that the I/Rh molar ratio is

20 greater than or equal to 0.1.

4. Process according to one of claims 1 to

-3, characterised in'that the I/Rh molar ratio is less

than or equal to 20.

5. Process according to one of claims 1 to

25 4, characterised in that the water/pentenoic acid(s)

mclar ratio is between 0.01 and 10 (inciusive).

6. Process éccordiné to one of claims 1 to

5, characterised in that the reaction temperature is
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12 4. Process for preparing adipic acid by reaction of water and carbon
nonoxi.de with at | east one pentenoic acid, in the presence of a
fhodi um based 5 catal yst and of at | east one .iod ;. at a
tenperature between 100 and 240[err]C, at a pressure, f :
at nospheric pressure, characterised in thatsa) t\:‘ﬂ\‘!{éﬁg‘ﬂr‘\mgm\ S
i npl enented in the absence of 10 . ' a thillg =and the
car bon nonoxi depgewben! 1pocandr esoreasured at 25[err]C, is |less than or
.equal to 20 bar. 2. Process according to claim1, 15 characterised in
that the rhodi um concent rati onProcehss aeectdimgntatone of dbainesnl 16berr]
and 10[err] nol/l (inclusive). 3. Process according to either of ctlains 1
or 2, charact erfsechapacherised inRbhat| thercarbon meoxide cpartiakan or

equal to 0.1. 4. Process according to one of clains 1 to 3, characterised
in that the |/RPrafarey Jneasutedeat 2R3, olsclers Eeppor equal to

5 10 bar.

8. Process according to one of claims 1 to
7. characterised in that the pentenocic acid used is
penten-3-oic acid'alone-or as a mixture with

pentep-4-oi¢ acid and/or penten-2-oic acid.



5. « " Process according to one of clains 1 to 25 4, characterised in that
thée water/pentenoic acid(s) nolar ratio is between 0.01 and 10 (inclusive).-
: 6.- Process according to one of claims 1 to 5, characterised in that the
reaction tenperature.is bet ween 160 and 190C. 7. Process according to
one of cl.ains 1 to 6, characterised in that the carbon nonoxide parti al
pressure, neasured at 25[err]C, .is | esg4than or equal to 5 10 bar. 8.
Process according to one of clains 1 to 7, characterised in that the-
pentenoic acid used is penten-3-o0ic aci d alone or as a mxture with
penten 4-0ic acid and/or penten-2-o0ic acid.

PROCESS FOR PREPARING ADIPIC ACID

BY HYDROCARBOXYLATTON OF PENTENOIC ACIDS

ABSTRACT

The present invention relates to a process
for preparing adipic acid by hydrocarboxylat:.on of
penteno:.c acids.

The subject is more éa:f:ticﬁlarly a prdcess
for preparing adipi;: acid by reaction of water and
carbon monoxide with at least one péntenoic acid, in
the presence of a rhodium-based cé.t_alyst and of at
least one iédinated promoter, at a temperature between
100 and 240°C, at a pressﬁre' greater than atmospheric'-
pressure, characterised in that
‘a) the reaction is implemented in'.the absence of a

third solvent . |

b) and the carbon monoxide partial pressure, measured

at 25°C, is less than or equal to 20 bar.



